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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 MicroController that is specifically designed for
high-speed control applications. With peripherals that are presently available and those
planned for the future, the MicroController 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 Coupled/Common
Mode Logic (ECL/CML), and Complementary Metal Oxide Silicon (CMOS). These products
provide the designer with various combinations of speed, packing densities, /O capabilities,
and power dissipation. Ail 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 LS| 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
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ORDERING INFORMATION

Package Styles

CK = Chip “S” visual and glassivation | = Hermetic laminated DIP
D = Microminiature SO molded (epoxy) N = DIP molded (epoxy)
EC = DMOS Products TO-46 header P = DIP (ground pin) molded (epoxy)
EE = DMOS Products TO-72 header Q = Hermetic laminated flat pack
F = Hermetic CERDIP R = Hermetic flat pack BeO base
FE = Hermetic CERDIP - 8 lead U = Plastic power (single-in-line)
G = Chip carrier, leadless, type C W = Hermetic flat pack - CERPAC
H = Hermetic metal header Y = Flat pack leads extended 4 sides
PART CROSS REF.  PRODUCT  PRODUCT FooT
NUMBER  PART NO. FAMILY DESCRIPTION NOTES
N74160N LOG Sync 4-Bit Decade Counter See
N74161N LOG Sync 4-Bit Binary Counter ~ Table 1

(‘Descnptlon of
Product Family
Product Family—See Table 4

—— > Industry Standard Part Number
—Complexity of Logic Parts

-———— Package Type—See Table 2

‘———————— Device Number

L Device Family and Temperature Range Prefix—See Table 3

CMOS GATE ARRAY
PART NUMBERING SYSTEM

SC C 0700 m 1
Semi Custom T

Identifier

Process Varation
C = CMOS

Basic Part Number Package
0330 | = Ceramic
0440 N Plastic
0700 G Ceramic
1100 A = Molded C
1700

Performance Varation
M = Medium speed (4u)
H = High speed (3p)
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ORDERING INFORMATION

ORDERING INFORMATION

The Signetics Military Products are available in a variety of dif- the packages. The ordering codes on the individual data sheets
ferent process levels and several different packages. The correct indicate the present or planned availability of the products.
ordering code or part number for the devices is an alphanumeric However, availability of specific part numbers can be obtained
sequence as explained below. Not all devices are available in all from your local sales office or franchised distributor.

Ordering Code

1) JM38510/07801BJB 3) S54S181F883B
LEAD FINISH LEVEL “B”
PACKAGE TYPE MIL-STD-883
CLASS “B” PACKAGE TYPE
SLASH SHEET NUMBER BASIC DEVICE TYPE

(BASIC DEVICE TYPE)

MILITARY TEMPERATURE RANGE
JAN QUALIFIED (—55 TO 125°C)

2) JB54S181

4) 181F

RB54S
]

F
L PACKAGE TYPE PACKAGE TYPE

BASIC DEVICE TYPE BASIC DEVICE TYPE

CLASS “B” MIL-STD-883, LEVEL “B”

JAN QUALIFIED

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

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

PACKAGES AVAILABLE*

F = Ceramic DIP

| = Ceramic DIP

Ceramic Leadless Chip Carrier
Ceramic Flatpack

* See Package Outlines section for more information

For the latest military product information, please request a
Military Products Guide from Publications Services,
408/746-2111.
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ORDERING INFORMATION

BIPOLAR LS| ORDERING INFORMATION
3X300 I/O Peripheral Components

Various 8X300/8X305 MicroController 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 N8T36F N8T36F-xxx
N8T36N 000-255 000-015 N8T36N N8T36N-xxx
N8X372N 000-255 000-015 N8X372N N8X372N-xxx
N8X374N 000-255 000-015 N8X374N NBX374-xxx
N8X376N 000-255 000-015 N8X376N NBX376N-xxx
NB8X382N 000-255 000-015 N8X382N NBX382N-xxx

MCCAP 8X300/8X305 CROSSASSEMBLER PROGRAM

MCCAP, the crossassembler program for the 8X300 and 8 X305 Micro-Controllers, is sup-
plied as a 9-track magnetic tape containihng 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
8X300 AS1-1 SS 800 ASCII
8X300 AS1-2 SS 800 EBCDIC
8X300 AS1-3 SS 1600 ASCII
8X300 AS1-4 SS 1600 EBCDIC
SINGLE/ FLOPPY
8X300 AS2SS DOUBLE DISK

Signetics
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PRODUCT STATUS DEFINITIONS

x

DEFINITION OF TERMS

Data Sheet Identification

Product Status

Definition

Formative or
In Design

This data sheet contains the design
specifications for product develop-
ment Specifications may change in
any manner without notice.

Advance Information

Sampling or
Pre-Production

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

Preliminary

First
Production

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.

No
Identification
Noted

Full
Production

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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BIPOLAR LSI CROSS REFERENCE GUIDE

BIPOLAR CROSS REFERENCE

Manufacture

|

AMD | FAIRCHILD | SIGNETICS

PACKAGE CROSS REFERENCES

Hermetic DIP D D,R F-FE
Molded DIP P P N
Mini-Molded DIP T T NE
Metal Can H H H
Small Outline (SO) — — D
AMD SIGNETICS
AM8X305 8X305
AM2960DC N2960
AM2964B N2964B
Fairchild SIGNETICS
9401 N9401N
9403A 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
duning the manufacturing 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 R and
D 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

Signetics

Defective Parts Per Million
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Figure 1. Reduction of Defects

twenty-fold. Today many major customers no ionger test
Signetics circuits. Incoming product moves directly from 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 conform-
ance into the administrative areas which affect order entry,
scheduling, delivery, shipping, and invoicing.

2-1
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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

100

90

80

70

Percent

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

2-2 Signetics
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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.

Signetics

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.

8%

$1.5%

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 testing of outgoing product. A separate corporate
level group provides direction and common facilities.

Quality and Reliability Function
e Manufacturing quality control
* Product assurance testing
e Laboratory facilities
—failure analysis, chemical, metallurgy, thin film,
oxides
e Environmental stress testing
e Quality and reliability engineering
e Customer liaison

2-3
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BIPOLAR LSI PRODUCTS

SIGNETICS—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 dedicated 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 hefore they occur.

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

e 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 glossary
is useful to you.

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

AOQ— 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.

AOQL— 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.

a— 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—

Signetics

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—LS| 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 [lI—LSI DIVISION RELIABILITY SUMMARY

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

Failure Rate
0.00%/1000 hrs.
0.00%/1000 hrs.
0.00%/1000 hrs.
0.68%/100 cycles
0.00%/1000 cycles

Operating high temperature life test:
Storage high temperature life test:
Temperature/Humidity Bias Stress:

Thermal Shock:
Temperature Cycle:

WAFER FAB

ASSEMBLY

100%
ELECTRICAL

OUTGOING
QC TEST

SHIPMENT

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 Il Re-
liability Program takes random samples
from production each period and tests
them to destruction.

Even after 1000 cycles of temperature
cycling more than 98%2% 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.

Burn-in option|

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

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

Signetics

Figure 4. The LSI Process
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BIPOLAR LSI PRODUCTS

BIPOLAR MICROPROCESSORS

8X300 FAMILY

FEATURES

e Minimum Parts Count

Bipolar Device Using Low Power
Schottky Technology

3

High Performance

Source/Destination Architecture

Design Flexibility

After-Sales Support

8X300 FAMILY

USER BENEFITS

Reduced Cost
Extended Life of Product

Full System Drive Without Buffering
TTL Compatibility
Proven Reliability

Without Added Delay

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

Single-Chip Processor
Full Complement of Support Devices

Development System
Training
Complete Documentation

Instruction Cycle Time of 200ns (8X305) or 250ns (8X300)
Bit Addressability — Instruction Data Formats of 1-to-8 Bits

Applications Support from Qualified Field Engineers

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

~ ~
Bxart Bxa7a
( <:> TRANSPARENT <:‘J> <::> ADDRESSABLE 110 <:>
1/0 PORT PROMIROM PORT WITH PARITY
PROGRAM |4 vseR
E
s INSTRUCTION SYSTEM
Bx372 8X320
<___> ADDRESSABLE <:__\J> > X <:> 816 BIT BUS <:>
110 PORT > cm'?:glffgn INTERFACE
ADDRESS
USER
SYSTEM o
A4 8X330
<:> ADDRESSABLE <:> BX305 FLOPPY DISK <:> DRKETTE
110 PORT CONTROLLER
MICROCONTROLLER
a a
Al Bx382 <)¢> BX360 RAM
) ADDRESSABLE 4 <:> MEMORY > WORKING
| <'r 110 PORT < ADDRESS STORAGE
# 7 ] DIRECTOR
\ IV BUS )
BX350 X353 %355
256 x 8 RAM 32x 8 RAM 32x8LIFO
WITH BUS WITH BUS WITH BUS
INTERFACE INTERFACE INTERFACE
NOTES
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BIPOLAR LSI PRODUCTS

BIPOLAR MICROPROCESSORS

8X300 FAMILY

PRODUCT LINE OVERVIEW

The Bipolar LSI Microprocessor product
line is centered around two high-speed,
Schottky-fabricated, MicroControllers 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 MicroControllers 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
MicroController, 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

special-purpose devices often required in
control applications. The excellent envi-
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.

PART NO. PRODUCT DESCRIPTION FUNCTION

8X300 MicroController 250ns processor for /0O and data control

8X305 MicroController 200ns processor for I/O and data control

8X310 Interrupt Controller 3 prioritzed interrupts with 4-level stack

8X320 Bus Interface Array 2-port RAM for 8/16-bit mailbox interfacing

8X330 Floppy Disk Controller 1Mb/sec 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 /O Port High-speed, 8-bit bidirectional, 3-state

8X372 Addressable 1/0 Port High-speed, 8-bit bidirectional, synchronous, 3-state
8X376 Addressable 1/0 Port High-speed, 8-bit bidirectional, asynchronous, 3-state
8X382 Addressable 1/0 Port High-speed, 4-in/4-out, 3-state

8T31 Transparent I/0O Port 8-bit bidirectional, 3-state

8T32 Addressable I/0 Port 8-bit bidirectional, synchronous, 3-state

8T36 Addressable 1/0 Port 8-bit bidirectional, asynchronous, 3-state

3-4
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BIPOLAR LSI PRODUCTS

MICROCONTROLLER

8X300

FEATURES

® Fetch, Decode, and Execute a 16-bit instruction in a
minimum of 250-nanoseconds (one machine cycle)

e Bit-oriented instruction set (addressable single-or-
multiple bit subfields)

e Separate address, instruction, and 1/0 buses

e Source/destination architecture

® On-Chip oscillator and timing generation

e Eight 8-bit working registers

e TTL inputs and outputs

e BiPolar Low-Power Schottky technology

e 3-State 1/0 bus

* Single +5V supply

ARCHITECTURAL OVERVIEW

The Signetics 8X300 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. Consider!l—5V operation, TTL bus
compatibility, and an on-chip clock—the result, a system
with fewer parts. Consider!—the inherent power of LSl 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 8-bit input/output data bus; except for the I/0
bus, there are no time multiplexing of functions.

PIN CONFIGURATION

1 PACKAGE

i

TOP VIEW

ORDER NUMBERS
N8X300!, S8X300-1, S8X300-2

Signetics
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CPU Architecture and PIN Designations For 8X300 Microcontroller
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BIPOLAR LSI PRODUCTS

MICROCONTROLLER 8X300

\TTTSERIESPASS T )
ANSISTOR
{_{LOCATED oFF-cHiP) |
I RAM
! <> ST%‘RTAAGE
—{z] (128 X 8)
—L=]
—1]
_..E —I L——— - LEFT BANK
{5
—{7]
EE 1-OF-128
5 1/0 PORTS
ﬁ(wFTehlp) = -]
OGR)
e = L]
(READ-ONLY
MEMORY)—8K X 16 13 NOTE
ROM/PROM
14
1-OF-12
1/0 PORTS
—] ]—— I RIGHT BANK
NOTE ::1[:
Up to 256 bytes can be directly interfaced STORAGE
to each bank With decoders and some (128 x8)
external logic, the I/0 complement can
be expanded to the point of critical timing
PIN NO. IDENTIFIER NAME AND FUNCTION ACTIVE STATE
2-9/45-49 AD-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 lines receive 16-bit instructions from program storage. A high voltage High
level equals a binary “1”; 115 is Least Significant Bit.
33-36 o-iv7 Input/Output Bus: These bidirectional thi tate lines cc icate with up to 5121/ O devices (256 Low
38-41 per bank). A low voltage level equals a binary “1”; IV7 i1s Least Significant Bit
10& 11 X1 & X2 C ti for a capacitor, a series-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 i1s used for clocking I/0 devices and/or synchronization of external logic. High
30 wC Write Command: When signal is high (binary 1), data is being output on pins IVD-IV7 of 1/0 bus. High
29 sc Select Command: When signal is high (binary 1), an address is being output on pins IVB-IV7 of 1/0 High
bus
31 B When the LB signal 1s low (binary 0), any one of up-to-256 |/ O 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
input/output operations. All addresses on the left bank that do not match are deselected.
32 RB When the RB signal is low (binary @), any one of up-to-256 /O 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 bled and selected for
input/output operations. All addresses on the night bank that do not match are deselected.
43 RESET When reset input is low (binary 0), the microcontroller is initialized—sets Program Counter/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 i (2N5320 or eq lent). —
12 GND Circuit ground. -
37 Vee Input connection for +5V power. —

Figure 2. Typical 8X300 System with Pin Definitions

Signetics 3.7



BIPOLAR LSI PRODUCTS

MICROCONTROLLER

8X300

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 int(ﬂ.upt-service subroutines. The user
interface (IVQ through IV7) is capable of addressing 256
Input/Output ports and, with the additional bank-select bit
(LB and RB), the number of addressable /O ports is 512—
the left bank and right bank each consisting of 256 ports.
The I/0 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 1/0O 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 1/0 device of the user.

PROGRAM STORAGE INTERFACE

As shown in Figure 2, 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 operations which are
to follow.

The Signetics 825115 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 |/0 data bus is used by the microcontroller to com-
municate with two fields of 170 devices. The complementary
LB and RB signals identify which field of the I/0 devices is
enabled.

Both data and address information are output on the 1/0
bus. The SC (Select Command) and WC (Write Command)
signals distinguish between data and address information
as follows:

SC wC FUNCTION

High Low 1/0 address is being output on the
170 (IV) bus

Low High 1/0 data is being output on the I/0
(IV) bus

Low Low Input data expected from selected
1/0 device

High High Invalid (not generated by 8X300)

DATA PROCESSING

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

registers (R1 through R6, R11, 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 1/0 bus to the
ALU inputs, and the ALU output to the registers and |/0 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. Any one 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/0 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
1/0 bus from the ALU, the data field (shifted and masked, as
required) is merged with prior contents of the I/0 latches to
form the output data. Bit positions of the 1/O data not
affected by the logic operations are not modified. Depend-
ing upon whether an 1/0 peripheral or an internal register
is specified in the instruction as the source of data, the
1/0 latches contain, respectively, |/O-bus source data or
destination data. For instance, when an internal register is
specified as a source of data and an |/0 peripheral as the
destination, data from the peripheral is read into the 1/0
latches at the start of the instruction cycle; processed data
is then merged with contents of the |1/0 latches to form the
1/0 output data at the end of the instruction cycle. When an
170 peripheral is specified as both data source and destina-
tion, data from the source is used both as the input to the
1/0 latches and as data to be processed; the processed
data is then merged with data from the 1/0 latches to form
the previously-described |1/0 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 /0 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 I115; simulta-
neously, new data is fetched via the input/output bus (Ivo
through IV7). At the end of the first quarter cycle, the new
instruction is latched in the instruction register and the new
1/0 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 1/0O 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/0 (IV) bus, control
signals are generated, and 1/0O data is setup for the output

3-8 Signetics



BIPOLAR LSI PRODUCTS

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.

I

4TH QUARTER |

1ST QUARTER 2ND QUARTER 3RD QUARTER
(625 ns) * (625 ns) (625 ns) (62 5ns)
- ¥ e ¥
INPUT INSTRUCTION &  LATCH & PROCESS  NEXT INSTRUCTION 1/0 ADDRESS OR
FETCH NEW DATA INPUT DATA ADDRESS, GENERATE 1/0 DATA VALID
CONTROL SIGNALS,
AND SETUP 1/0
P-l DATA FOR OUTPUT I MCLK—ACTIVE STATE l
NOTES
1 New instruction must be accepted and latched at end of first quarter cycle

nanoseconds
3 The address 1s output during third quarter cycle
4 1/0 bus drivers are active (turned on) during third and fourth quarter cycles

2 The 1/0 data latches are open for the first two quarter cycles, that 1s, for 125-

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

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

MSB LSB
U |
BIT POSITIONS -~
012 |3456789 10 1112 13 14 15
OPCODE OPERAND(S)

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:

e Arithmetic and Logic Operations (ADD, AND, AND XOR)
® Movement of Data and Constants (MOVE and XMIT)

® Branch or Test (JMP, NZT, and XEC)

Basic operations for each of the eight instruction classes
are as follows; a summary of the instruction set is provided
in Table 1.

MOVE —data in source register or |/ O-bus input is moved to
destination register or 1/0-bus output. Data can be shifted

and Cycle Time = 250 ns

INSTRUCTION SET

General Format and Basic Operations

The 16-bit instruction word (I0 through 15) from program
storage is input to the instruction register (Figure 1) and is

any number of places and/or masked to any length.

ADD—data in source register or 1/O-but input is added to
content of AUX (RO) register and the result is placed in the
destination register or 1/0-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 | OPCODE FORMATS DESCRIPTION SIG (INSTRUCTION (ADDRESS &
INPUT & DATA 1/0 BUS)
PROCESSING)
MOVE o] F1: Register to Register (s)=D
Move content of internal register specified by SC = L Hif “D" = 07g, 17g
012 3 456 7|89 10]1112131415 S-field to internal register specified by D-field V_VQ = L L
OPCODE S R D Prior to the “MOVE" operation, right-rotate LB = X Hif “D" = 17g
of internal source register by octal LB = X Lit“D" =07g
Invahid values of “S" value (O through 7) defined by the R-field
07, 17g, 20g-37g
Invalid values of “D"
10g, 20g-37g
F2: 1/0 Bus to Register Move right-rotated 1/O bus (source) data SC= L Hif “D" = 07g, 17g
> 7 by the S-hieid to internal register WweC = L L
01 3458 8 9 101112131415 specified by the D-field The L-field specifies LB= Lif “S" = 20g-27g |Hif “D" = 17g
OPCODE s L D the length of source data starting from the LB = Hif “S" = 30g-37g | Lt “D” = 07g
LSB-position and, if less than 8-bits, the re-
Valid values of “S” 20g-37g maining bits are filled with zeroes
Invalid values of “D” 10g, 20g-37g
F2: Register to 1/0 Bus Move contents of internal register specified by SC = L L
the S-field to the 1/0 latches Before wC = L H
0123 |4 5 6 7|8 9 1011112131415 on |/0 bus, data Is shifted as speci- LB = Lif “D” = 20g-27g | L1f “D" = 20g-27g
OPCODE s L D fied by the least significant octal digit of the D- LB = Hit “D" = 30g-87g [ Hf “D” = 30g-37g
field and the bits specified by the L-field are
invalid values of “S" 07g, 17g, 20g, 37g merged with the latched 1/0 data
Valid values of “D" 20g-37g
F2:1/0 Bus to 1/0 Bus Move right rotated 1/O-bus (source) data sC= L L
by the S-field to the I/ O latches Be- we = L H
012 3 4567|809 10[1112131415 fore on 1/0 bus, shift data as speci- B = Lif “D" = 20g-27g | Lif “D" = 20g-27g
OPCODE ) L D fied by the D-field, then merge source and LB = Hif “D" =30g-37g | HIf “D” = 30g-37g
latched |/0 data as specified by the L (length)
Valid values of “S” 20g-37g field
Valid values of “D" 20g-37g
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Table 1. SUMMARY OF 8X300 INSTRUCTION SET (Continued)
STATE OF CONTROL SIGNAL
DURING INSTRUCTION CYCLE
INSTRUC 1/0 CONT INPUT PHASE OUTPUT PHASE
CLASS | OPCODE FORMATS DESCRIPTION SIG (INSTRUCTION (ADDRESS &
INPUT & DATA 1/0 BUS)
PROCESSING)
ADD 1 Same as MOVE nstruction class (S) plus (AUX) =~ D Same as MOVE instruction class
Same as MOVE instruction class except that
contents of AUX (RO) register are ADDed to
the source data If there is a “carry” from MSB,
then OVF (overflow) = 1, otherwise OVF = 0
AND 2 Same as MOVE instruction class (S) A\ (AUX) =D Same as MOVE mstruction class
Same as MOVE nstruction class except that
contents of AUX (RO) register are ANDed with
source data
XOR 3 Same as MOVE instruction class (S) @ (AUX) =D Same as MOVE instruction class
Same as MOVE mnstruction class except that
contents of AUX (RO) register are exclusively
ORed with source data
XEC 4 Execute instruction at current page address
offset by J (literal) + (S). Return to normal
instruction flow unless a branch is encoun-
F3: Register Immediate tered.
" SC= L L
Execute instruction at an address determined
012 83 4 56 7|89 10111213 14 15 by rep! g the I der 8-bits of the Pro- ‘I'-_/_g: ; |)-(
OPCODE S J gram Counter with the following derived sum
* Value of iiteral (J-field) plus
Invalid values of “S": ® Contents of internal register specified by S-
07g, 17g, 20g-37g field
Valid values of "J". The PC 18 not incremented and the overflow
000g-377g status (OVF) is not changed
F4:1/0 Bus immediate Execute instruction at an address determined SC= L L
012 |3 4 56 7[8 6 101112181415 |2, eplacing the low-ord wes |t L
! 4 1 1 1 5-bits of Program Counter with the following _L_B_ = L if “S" = 20g-27g | X
OPCODE s L J derived sum LB= Hif “S" = 30g-87g | X
® 5-bit value of Iiteral (J-field) plus
i ugn . ® Value of rotated source data specified by
x:::: :::::: z: uf., ggs_g;,s S-field (The L-field specifies the length of
Bt It source data starting from the LSB-position
and, If less than 8-bits, the remaining bits
are filled with zeros, the Program Counter
1s not incremented and the overflow status
(OVF) 18 not changed )
NZT 5 If data specified by the S-field is not equal to
zero, jump to current page address offset
by value of J-field; otherwise, increment the
F3: Register Immediate Program Counter. sc= L L
it of internal register specified by S- '_
012 3456 78010111213 1415 field 1s non-zero, transfer to address deter- \'%C: ')'( ;‘(
OPCODE S J mined by replacing the low-order 8-bits of Pro-
gram Counter with “J”, otherwise, increment
Invalid vaives of “S" 07g, 17g, 20g-37g PC
Valid values of “J" 000g-377g
F4:1/0 Bus Immediate If nght-rotated I/ O bus data is non-zero, trans- L L
fer to address determined by replacing low- L L
012 3456 7]89 10)1112131415 order 5-bits of Program Counter with “J”, oth- Lif "8" = 20g-27g | X
OPCODE S L J erwise, increment PC (The L-field specifies Hif “8" = 30g-37g | X
the length of source I/0 data starting from the
agn LSB-position and, if less than 8-bits, the re-
Valid values of “S” 20g-37g
Valid values of “J" 00g-37g maining bits are filled with zeroes )
XMIT 6 F3: Register Immediate Transmit J ~ D
Transmit and store 8-bit binary pattern in J- L Hif D =07gor17g
012 3 456 7(8910 1112131415 field to internal register specified by D-field L L
OPCODE D J X HitD=17g
X LitD =07g
Invahd values of “D” 10g, 20g-37g
Valid values of “J" 000g-377g
F4: 1/0 Bus Immediate Transmit binary pattern in J-field to 1/0 bus L L
Before putting data on 1/O bus, shift hteral L H
012 [3 456 7|8 9 101112131415 |alue“J" as specified by the D-field and merge LD =20g-27g |L1f D =20g-27g
OPCODE D L J bits specified by the L-field with existing 1/0 Hif D = 30g-37g H1s D = 30g-37g
bus data If the L-field specifies more than 5-
Valid values of “D” 20g-37g t:‘u'sbs:ar;:leg sf:l:loﬂ:\:rtsa-posmon, all remain-
Valid values of “J" 00g-37g ing bits
JMP 7 F5: Address immediate Jump to address in program storage specified sC= L L
by A-field, this address 1s loaded into the Ad- we = L L
012 34567891011 12 1314 15 dress Register and the Program Counter LB= X X
OPCODE- A
Valid values of A 00000g-17777g
NOTES *RB is ot B, X = U
. .
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AND—data in source register or 1/O-bus input is ANDed
with content of AUX (RO) register and the result is placed in
the destination register or 1/0-bus output. Data can be
shifted and/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 |/O-bus output. Data
can be shifted and/or masked, as required.

XMIT—immediate data field of instruction word replaces
data in destination register or I/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:

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

NZT—least significant bits of program address are re-
placed by literal (J) field of instruction if the source register
or I/0-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

code (OPCODE) field and from one-to-three operand fields.
The operand fields are: Source (S), Destination (D), Rotate/
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-
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/or
(D) fields can specify an internal 8X300 register or any one-
to-eight bit 1/0 field; octal values for these registers and
Source/ 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 8X300 Register
00 Auxiliary (RO) 10 OVF (Overflow Register)—
used only as a source

01 R1 11 R11

02 R2 12 Unassigned

03 R3 13 Unassigned

04 R4 14 Unassigned

05 RS 15 Unassigned

06 R6 16 Unassigned

o7 *IOL Register—Left Bank 17 *I0R Register—Right Bank
1/0 Address Register; 170 Address Regis.xtar':
Used only as destination Used only as destination

NOTE
*If IOL or IOR 1s specified as a source of data, the source data 1s all zeroes
NOTES:
Octal Value 1 20g-27g specifies the LSB of a variable length field within the 1/0 port previously MSB <— BYTE —»LSB
selected by the left-bank (IOL) register Length of field 18 determined by R/L.
i 2. 30g-37g performs the counterpart function for the rght-bank register (IOR)

20 — Field within previously selected port with LSB position = 0

21 — Field within previously selected port with LSB position = 1

22 — Field within previously selected port with LSB position = 2

Note 1 23 — Field within previously selected port with LSB position = 3
24 — Field within previously selected port with LSB position = 4

25 — Field within previously selected port with LSB position = §

26 — Field within previously selected port with LSB position = 6

27 — Field within previously selected port with LSB position = 7

30 — Field within previously selected port with LSB position = 0

31 — Field within previously selected port with LSB position = 1

32 — Field within previously selected port with LSB position = 2

33 — Field within previously selected port with LSB position = 3

Note 2

34 — Field within previously selected port with LSB position = 4

35 — Field within previously selected port with LSB position = §
36 — Field within previously selected port with LSB position = 6

37 — Field within previously selected port with LSB position = 7
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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 Positon—~ 0 1 2 3 4 5 6 7

{EEEEER T

When either or both of the source and destination fields
specify a variable-length |/O data field, the (L) field speci-
fies the length of the 1/0O data field—see accompanying
diagram. If the source field specifies an I/0 address (20g-
37g) and the destination field specifies an internal register
(00g-06g, 07g, 11g, or 17g), the L-field specifies the length
of source data; the source data is formed by right-rotating
the 1/0 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 (00g,-06g, 10g,0r 11g) and the destination
field specifies 170 bus data (20g-37g), 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/0 latches to finalize
the 1/0 bus data. Hence, a one-to-eight bit destination data
field can be inserted into the existing eight-bit 1/0 port
without modifying surrounding bits. If both the source and
destination fields specify 1/0 bus data (20g-37g), the L-
field specifies the length of both the source and destination
data.

DATA LENGTH SPECIFICATION

012345867

LTI

1 L] e L=1
[ T T O e > L=2
[ T O T L=3
[ I T A L=4
| T T L=5
1| | L=6
| = L=7
e L=o0

To form the source data, the 1/0 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/0 bus data that was used to obtain
the source; thus, if the source and destination addresses
are on the same bank, the 170 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 8-bit (J) field is used to load a literal

value (contained in the instruction) into a register, into a

variable |1/ 0 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.

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

e When the source (S) field specifies a variable I/0 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 8X300 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 any one
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 8-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 |/0 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.

Signetics
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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 in Table 3, source/destination addresses are
specified using a five-bit address (00g through 37g). When
the most significant octal digit is a O or 1, the source and/or
destination address is an internal register; if the most signifi-
cant digit is a 2 or 3, an I/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 (O
through 7) indicates either a specific internal register ad-
dress or positioning information for the least significant bit
when specifying 1/0O bus data. Referring to Table 1, the
AUXiliary register (00) is the implied source of the second
argument for the ADD, AND, and XOR operations. IOL (desti-
nation address 07g) and IVR (destination address 17g) pro-
vide a means of routing address information to |/ O registers.
With IOL or IOR specified as the destination address, the
data is placed on the I/0 bus during the output phase of the
instruction cycle. Simultaneously, a select command (SC) is
generated to inform all 1/0 devices that information on the
1/0 bus is to be considered as an I/0 address. Since IOL
and IOR are not harware registers, they should never be
specified as a source address.

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 20g-27g, the left
bank of I/0 devices are enabled during the input phase of
the instruction cycle. With RB in the active-low state and a
source address of 30g-37g, the right bank of devices are
enabled. During the output phase, RB is low if the destina-
tion address is IOR (17g) or 30g-37g; LB is low if the desti-
nation address is |IOL (07g) or 20g-27g. Each address field

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

cycle.

Table 3. SOURCE/DESTINATION ADDRESSES

SOURCE AND/OR

2N(N=0,1,2,3
4,5,6,0r7)

DESTINATION SOURCE/DESTINATION
FIELD (OCTAL)
00 AUXiliary register (RO)
01-06 Working registers R1-R6, respec-
tively
o7 IOL Left-bank enable (Destination
only)
10 Overflow status—OVF (Source only)
1" Working register R11
17 IOR Right-bank enable (Destination

only)
If a source, 1/0 data is right-rotated
(7 = N) bits and then_masked as

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

If a destination, /0O 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.

If a source, 1/0 data is right-rotated
(7 — N) bits and then masked as
specified by the L-field. LB = high
and RB = low generated during input
phase.

If a destination, 170 data is left-shift-
ed (7 — N) bits and merged (speci-
fied by L-field) with data contained in
the 1/0 latches. LB = high and RB =
low generated during output phase.

3N(N=0,1,2,3,
4,5,6,0r7)

DESIGN PARAMETERS
Hardware design of an 8X300-based system largely con-
sists of the following operations:

e Selecting and interfacing a Program Storage device—
ROM, PROM, etc. (Pins 2 through 9 and 45 through 49
for 13-bit address interface; Pins 13 through 28 for 16-
bit instruction interface.)

e 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
38 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.)

Signetics

e Selection of 5-volt power supply and off-chip series-
pass transistor.

e 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/RESET Logic
Voltage Regulator
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DC CHARACTERISTICS (Commercial Part) 4.75v < Voo =< 5.25V, 0°C < Tp < 70°C
LIMITS
PARAMETER TEST CONDITIONS Min Typ Max UNIT COMMENTS
vVce Supply voltage 475 5.0 5.25 \' 5V +5%; pin 37 only
VIH High level 0.6 2.0 v X1 and X2
input voltage 2.0 All other pins
ViL Low level 0.4 v X1 and X2
input voltage 0.8 All other pins
VoH  High level VCC = min; Ioy = —3mA | 2.4 3.0 v
output voltage
VoL Low level Vce = min; loL = 6mA 0.39 0.55 AO through A12
output voltage Vgce = min; Ig = 16mA 0.39 0.55 v All other outputs
VCR Regulator voltage Vee =5V 3.1 \ From series-pass
transistor
Vic Input clamp voltage Vce = min; iy = —10mA -1.5 \" Crystal inputs X1 and X2 do
not have internal clamp diodes.
[T%] High-level input Vce = max; V)4 = 0.6V 3.0 mA X1 and X2
current VIH = 4.5V 1 50 pA All other pins
I Low-level input Vce = max; Vi = 0.4V -3 mA X1 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 Vce = max; VcR = VCRy | —30 —140 mA All output pins
output current (Note: At any time, no more
than one output should be
connected to ground.)
Icc Supply current Vce = max; VR = VCRH 160 mA
IREG Regulator control Vce = 5.0V -14 -21 mA
ICR Regulator current Vgce = max 230 mA 70°C
265 mA 25°C
290 mA 0°C
NOTES

1 Operating temperature ranges are guaranteed after thermal equilibrium has been

reached

2 All voltages measured with respect to ground terminal

AC CHARACTERISTICS (Commercial Part) CONDITIONS: Vcc = 5V (£5%), VN = OV or 3V, 0°C < Tp < 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 X1 clock period 125 125 ns
TCH X1 clock high time 62 62 ns
TcL X1 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 TaQ—7 TaQ ns Note 2
Tas X1 falling edge to 50 63 80 50 63 80 ns Note 7

address stable
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AC CHARACTERISTICS (Commercial Part) CONDITIONS: Vgg = 5V (£5%), Vjy = OV or 3V, 0°C < Tp < 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 |T1Q+T2q |T1Q+T2Q|(T1Q+T2qQ ns Notes 2, 3,& 7
address stable +5 +18 +35

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

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

Tis Instruction set-up time -7 =7 ns Note 10
(X1 rising edge)

™IS MCLK falling edge to 20 Ti1q—42 ns Notes 2, 4, & 10
instruction stable

TH Instruction hold time 45 45 ns Note 11
(X1 rising edge)

TMIH Instruction hold time) 60 T1Q—2 ns Notes 2 & 11
(MCLK falling edge)

TwWH X1 falling edge to 40 49 58 40 49 58 ns
SC/WC rising edge

TMWH MCLK falling edge to 125 130 136 |T1Q+T2q(T1Q+T2q|T1Q+T2Q ns Note 2
SC/WC rising edge +5 +10 ns

TwL X1 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 X1 falling edge to 48 60 70 48 60 70 ns
LB/RB (Input phase)

T™MIBS MCLK falling edge to 7 17 25 7 17 25 ns
LB/RB (Input phase)

Ties Instruction to LB/RB 27 35 27 35 ns
(Input phase)

ToBs X1 falling edge to 48 60 70 48 60 70 ns
LB/RB (Output phase)

TmoBs  MCLK falling edge to 132 137 147 |T1Q+T2q|T1Q+T2q (T1Q+T2q ns Note 2
LB/RB (Output phase) +7 +12 +22

Tips Input data set-up time 25 16 25 16 ns
(X1 falling edge)

TMIDS MCLK falling edge to 65 55 T1Q+T2Q|(T1Q+T2q ns Notes 2 & 5
input data stable —60 -70

TIDH Input data hold time 40 30 40 30 ns
(X1 falling edge)

TMDIH Input data hold time 125 112 T1Q+T2q|T1Q+T2Q ns Note 2
(MCLK falling edge) —-13

TODH Output data hold time 55 65 75 55 65 75 ns
(X1 falling edge)

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

Tobs Output data stable 74 84 94 74 84 94 ns Notes 12, 14, & 15
(X1 falling edge)

TMODS  Output data stable 150 160 170 |T1Q+T2q |T1Q+T2q |T1Q+T2Q ns Notes 2, 12,
(MCLK falling edge) +25 +35 +45 14, & 15
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AC CHARACTERISTICS (Commercial Part) CONDITIONS: Vg = 5V (+5%), VN = OV or 3V, 0°C < Tp =< 70°C

(Continued) LOADING:  (See test circuits)
LIMITS (INSTRUCTION LIMITS (INSTRUCTION
(NOTE 1) Min Typ Max Min Typ Max
Top Input data to output 104 120 136 104 120 136 ns Notes 13 & 15
data
THs HALT set-up time o] 0 ns
(X1 rising edge)
TMHS MCLK falling edge to 18 T1Q—44 ns Notes 2 & 6
HALT falling edge
THH HALT hold time 32 32 ns
(X1 rising edge)
TMHH  HALT hold time 50 Tig—-12 ns Note 2
(MCLK falling edge)
Tacc Program storage 80 ns
access time
Tio 170 port output enable 30 ns
time (LB/RB to valid
IV data input)
NOTES:
1. X1 and X2 inputs are driven by an I pulse with an o156 TEST CIRCUITS
volts; all timing parameters are measured at this voltage level.
2 Respectively, Tyq, Toq. Taq. and T4q represent time intervals for the first, second,
third, and fourth quarter cycles. ADDRESS v
3. Capacitive loading for the address bus is 150 picofarads.
4. Same as TIS but referenced to falling edge of MCLK.
5. Same as TIDS but referenced to falling edge of MCLK.
6. Same as THS but referenced to falling edge of MCLK 7810
7. TAS 18 obtained by forcing a valid instruction and an 1/0 bus input to occur earlier than
the specified minimum set-up time; the TAS parameter then represents the earliest UNDER TEST
time that the address bus 1s valid
8. TIA is obtained by forcing a valid instruction input to occur earlier than the minimum 3790 150pt
set-up time.
9. TIVA s obtained by forcing a valid I/0 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 I/O bus input that meets the 1/0 - OTHER
bus input set-up time (TIDS and TMIDS). — 5V
1. TH the hold time by internal latches of the 8X300 To generate
proper LB/RB signals, the instruction must be held valid until the address bus
changes. 2320
12 TODS 18 obtained by forcing a valid 170 bus input to occur earlier than the 1/0 bus
input set-up time (TIDS); this timing parameter represents the earliest time that the OUTPUT
170 output data can be valid. UNDER TEST
13. TDD 18 obtained by forcing a valid 170 bus input to just meet the minimum I/0 bus input S 1600 300pf
>

1

1
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set-up time; thus timing parameter represents the latest time that the 17O output data

can be valid.

The minimum figure for these parameters represents the earliest time that 1/0 bus

output drivers of the 8X300 will turn on.

5. For TIDS = 35 ns, TODS or TMODS should be used to determine when the output data
is stable.

>
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DC CHARACTERISTICS (Military Part) s8x300-1 —40°C < TC < 100°C Vg = 6V + 5%
$8X300-2 —20°C < TC =< 100°C VoG = 5V +10%

=

LIMITS
PARAMETER TEST CONDITIONS Min Typ Max UNIT
VIH High level input voltage
X1, X2 0.6 \"
All others 2.0 v
ViL Low level input voltage
X1, X2 0.4 v
All others 0.8 \
Vic Input clamp voltage Vge = min -1.5 \
(Notes 1 & 5) Iy = —10mA
([T¥] High level input current
X1, X2 Voe = max 3.0
VIH = 0.6V mA
All others Vce = max 0.05
VIH = 4.5V
TR Low level input current
X1, X2 : Vce = max -3.0 mA
ViL = 0.4V
Vo-iv7 Vg = max
ViL = 0.4V -0.3 mA
10-115 Veg = max
ViL = 0.4V -1.6 mA
HALT, RESET Vce = max
V|L = 0.4V —-0.4 mA
VoL Low level output voltage
AO-A12 Vce = min 0.55 Vv
IL = 4.25mA
All others Vce = min 0.55 v
loL = 16mA
VOH High level output voltage Ve = min 2.4 "
loH = —3mA
los Short circuit output current Vce = max -30 —140 mA
(Note 2)
lcc Supply current Vge = max 160 mA
(Note 4)
IREG Regulator control Vge = 5.0V —-14 -21 mA
ICR Regulator current Vcc = max 285 mA
TC = 25°C
ICR Regulator current Vce = max 330 mA
TC < 256°C
VCR Regulator voltage (Note 3) 3.1 v
NOTES
1 Crystal inputs X1 and X2 do not have clamp diodes 5 Test each input one at a time
2 Only one output may be grounded at a time 6 Ali voltages are with respect to ground terminal
3 From P! d under the foll 7 The operating temperature ranges are guaranteed after thermal equilibrium has been
VCC = Max, HALT = RESET = ADDRESS = IVX = 0 0V, all other pins open. reached
4 P 37 only 8. Storage temperature —65°C to +150°C

Signetics 3-17
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AC CHARACTERISTICS (Military Part) CONDITIONS: S8X300-1—Vgg = 5V (+5%) -40°C < Tg < 100°C
$8X300-2—Vg e = 5V (£ 10%) -20°C < Tg < 100°C
Sl s e B
Clock:
Tpc Processor cycle time 300 ns
Tcp X1 clock period 150 ns
TCH X1 clock high time 62 ns
TcL X1 clock low time 62 ns
Controls: o
THS HALT set-up time (X1 rising edge) o] ns
THH HALT hold time (X1 rising edge) 50 ns
Instructions:
TAS X1 falling edge to address stable CL = 100pF 35 92 ns
Tis Instruction set-up time (X1 rising edge) (o} ns
TIH Instruction hold time (X1 rising edge) 50 ns
TMCH MCLK high delay X1 =2.0vV 20 55 ns
TMCL MCLK low delay X1 =2.0V 20 55 ns
TWH X1 falling edge to SC/WC rising edge 80 ns
TwL X1 falling edge to SC/WC falling edge 80 ns
Tuss Instruction to LB/RB (input phase) 52 ns
TiBS X1 falling edge to LB/RB (input phase) 24 ns
ToBs X1 falling edge to LB/RB (output phase)| 90 ns
Tips Input data set-up time (X1 falling edge) 36 ns
TIDH Input data hold time (X1 falling edge) 50 ns
Tops Output data stable (X1 falling edge) 125 ns
ToDH Output data hold time (X1 falling edge) 35 85 ns
Tacc Instruction access time Provided by worst case timing 80 ns
Tio Data I/0 access time Provided by worst case timing 40 } ns
NOTES.

1 Operating temperature ranges are
reached.
2 Unless otherwise noted CL = 300 pF, VIN = 3V

after thermal has been

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

3-18

four quarter cycles (T1Q, T2qQ. T3Q. and T4Q) 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.

Signetics
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8X300 TIMING DIAGRAM
Trc |
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|
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i |

|
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Timing parameters for the 8X300 are normally measured
with reference to X1 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

Signetics

calculate the value by adding or subtracting two or more
parameters that are referenced to X1. 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 X1.
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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 I/0 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 170 port access time (TIO) < IV data set-
up time (Figure 4a).

Condition 2—Program storage access time (TACC) plus
instruction to LB/RB (input phase) plus 1/0
port access time (TIO) plus IV data (input
phase) to address < instruction time (Figure
4b).

Condition 3—Program storage access time plus instruction
to address =< instruction cycle time (Figure
4c).

i |
]
1
!
T 1 1
(= — : ! |
SC, WC, B or B ! : 1
1 |
! ! MCLK to TB/FB (input
:"' | ! |® phase) or instruction to
o ! ! : | [B/RB (input phase)
1 A | | 1@ 1/0 port access (TI0)
1 [N | ! 1 v data set-up time
i*_@—{.q ! i { (reterenced to MCLK)
| i
a Condition #1

.

@ Program storage access
| time

K2) MCLK to LB/RB (input
| phase) or instruction to
| LB/RB (input phase)
}@ 1/0 port access (TIO)
|@ W data (input phase) to
| eddress

I
@)
-
T_—__—_-__ _~ -

b Condition #2

|

]

1 ! 1
INSTRUCTION TO l
ADDRESS

| 1

5

\

A0-A12

'
1
!
1
T
I
|
1
|
1
1
|
|
|
|
I
|

|
|
!
1t
1
1
!
i
G

PﬂOGRAM STORAGE
ACCESS
c Condition #3

Figure 4. Constraints of 8X300 Instruction Cycle Time
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From condition #1 and with an instruction cycle time of
250 ns, the |/ O port access time (TIO) can be calculated as
follows:

TMIBS + TIO < TMIDS

TIO < TMIDS — TMIBS

TIO < 55ns — 25ns

TIO < 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 < TMIDS

thus, 25ns + 30ns < T1Q + T2q — 70

25ns + 30ns < % cycle — 70 therefore, the
worst-case instruction cycle time is 250 ns. With subject
parameters referenced to X1, the same calculations are
valid:

transposing,
substituting,
result,

TIBS + TIO + TIDS < % cycle
thus, 70ns + 30ns + 25ns < % 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 < 250ns
transposing, TACC =< 250ns — TIIBS — TIO —TIVA
substituting, TACC =< 250ns — 35ns - 30ns —105ns

thus, TACC =< 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 =< Instruction Cycle

thus, TACC =< 250ns — 170ns
and, TACC =< 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 #2/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 [B/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 in-
struction is valid 10 ns before the falling edge of MCLK and
adding the instruction-to-LB/RB delay (TIIBS) = 30ns), the
L[B/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 |/ O 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 X1 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
L[B/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/or” 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 any one 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

[————-’MCLK

| FIRST
QUARTER-CYCLE

X1 ———=f

SECOND
QUARTER-CYCLE

OSCILLATOR SEQUENCER

THIRD
QUARTER-CYCLE

X2 ——=

FOURTH
QUARTER-CYCLE

INPUT
PHASE
QUTPUT
PHASE

X1

INTERNAL 1 ™~ L |

CYCLES I FIRST T SECOND T THIRD T FOURTH 1
QUARTER-CYCLE  QUARTER-CYCLE  QUARTER-CYCLE  QUARTER-CYCLE

| INPUT | OUTPUT |

I PHASE T PHASE 1

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 (Cy) values, the
cycle time can be approximated as:

Cx (in pF) APPROXIMATE CYCLE TIME
100 300 ns
200 500 ns
500 1.1 us
1000 20 us

INTERNAL | N l
QUARTER-CYCLES T T
MCLK
ADDRESS
Ao-A12
INSTRUCTION //
lo-115

INPUT OUTPUT

NOTES
(/7] DENOTES CHANGING DATA

B2 venoTEs HIZ

Figure 6. Timing Relationships of 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 (fy) of the crystal;
the series-resonant quartz crystal connects to the 8X300
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 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

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 = 8MHz.

Using an External Clock: The 8X300 can be synchronized
with an external clock by simply connecting appropriate
drive circuits to the X1/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
X1/X2 lines can be interfaced to TTL logic as shown in
Figure 8.

+ 1=—| I—I L—J I—
[ N N I |
500 LI A I R A |
PULSE 8X300
GENERATOR MICROCONTROLLER
500
- ‘ x= LI LT LI
PULSE GENERATOR CHARACTERISTICS
Zoyt = 500 Vour = 0-1 VOLT

RISETIME <107SEC SKEW <10ns

vee $

[—

CLOCK — 8X300
MICROCONTROLLER

o I Y g BN

AAA
VWW-SAAN-

e = OPEN COLLECTOR

TTL DRIVER CHARACTERISTICS
FALL TIME <10,SEC

SKEW BETWEEN COMPLEMENTARY OUTPUTS
<10ns

Figure 7. Clocking with a Pulse Generator

Figure 8. Clocking with TTL

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
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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/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 8X300.

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 8X300. As long as the
HALT line is active-low, the SC and WC lines are low (inac-
tive) and the input/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
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1 e HALT signal can switch from High to Low at any time during this interval. TH—hold time from X1 to HALT (independent of instruction cycle time)
2. The HALT signal can switch from Low to High at any time during this interval ~ Tyg—set-up time from MCLK to HALT (dependent upon instruction cycle time| )

Timing Descriptions: TmHH—hold time from MCLK to HALT (dependent upon instruction cycle time)
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VOLTAGE REGULATOR

All internal logic of the 8X300 is powered by an on-chip vee PARAMETER  CONDITIONS LmTS
voltage regulator that requires an external series-pass tran- Slech)R e VeE = 2V, >50
sistor. Electrical specifications for the off-chip power tran- 100mA < I¢ < 500mA

sistor and a typical hook-up are shown in the accompanying BEON Ve = SV, Ic = 500mA <1V
diagram. To minimize lead inductance, the transistor should 4+ VCESAT  IC=500mA,lg=50mA <05V
be as close as possible to the 8X300 package and the TOoM VeR eveeo >15V
emitter should be ac-grounded via a 0.1-microfarad ceramic NOTE = f >30MHz
capacitor. Typical approved parts—2N5320, 2N5337
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FEATURES

¢ Fetch, Decode, and Execute a 16-bit instruction in a
minimum of 200 nanoseconds (one machine cycle)
Bit-oriented instruction set (addressable single-or-
multiple bit subfields)

Separate buses for Instruction, Instruction Address
and Three-State 1/0

Thirteen 8-bit general-purpose working registers
Sourcel/destination architecture

Bipolar low-power Schottky technology/TTL inputs and
outputs

On-chip oscillator and timing generation

Single + 5V supply

¢ 0.9-in. 50-pin DIP

PRODUCT DESCRIPTION

The Signetics 8X305 MicroController (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, and/or 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 /O and pro-
gram memory, the 8X305 uses a 13-bit instruction ad-
dress bus, a 16-bit instruction bus, an 8-bit bidirectional
multiplexed 1/0 data/address bus and a 5-bit I/O control
bus.

A wide selection of 1/0 devices, interface chips, and
special-purpose parts are available for systems use. In
most applications, the more powerful 8X305 is function-
ally interchangeable with its predecessor — the 8X300.

Signetics

ASSOCIATED DOCUMENTATION
Other documents directly relating to design and applica-
tions use of the 8X305 MicroController 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, | PACKAGE

[« o
w
el
-
2
n
-
O
o
o
o
=

TOP VIEW

ORDER NUMBERS

8X305N, 8X305!
S8X3051/883B, S8X3051/883C
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Registers R1-R6, R11 and R14-R16 are general-purpose working registers

In any instruction where R7 (IVL) or R17 (IVR) 1s specified as the destination, the 8-bit value 1s
output on the IV bus as an IV device enable address (SC = High)—R7 = left bank and R17 = night
bank, the results are also stored into the specified internal register and may later be accessed

as source data

R12 and R13 are general-purpose working registers for all operations except transmit (XMIT)
The least significant bit of register R10 (OVF) 1s used to reflect the carryout status resulting from

the most recent ADD operation

Auxihary register RO #1 is a general-purpose working register that holds the implied operand for
Arthmetic and Logical operations; the content of this register 1s repeated in AUX #2 (shown dotted)
The duplicate register is physically part of the ALU and I1s shown separate only for layout

convenience

Internal working registers cannot be operated on by the MASK logic

During NZT instructions the ALU tests for all bits equal to “0” (Transfer if A+ 0)—refer to BASIC

OPERATIONS that follow

Figure 1. Architecture and Pin Designations for 8X305 MicroController
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VCR|1 '50 VR
A2 49] Ay
Ae[3] [48] Ao
As[4] [47] Av0
Aqf5] [26] A+
As[e] [45] Av2
A7 m 44] RALT
] w (23] RESET
Aol 8 j 42{ MCLK
Im o) [41] Vo
x2[11) : 40] VA

ano iz g | [39] iV2
to[13) NnZ [38] iva
Iy x o [37] vee
12 1] © O [36]iva
I (@] [ss] iv6
1 1] o [salive
s [1g] 9 J33)iv?
s [19] J32) B
2] = Fis
Is [30] we
1o [22] |26] sc
1o [23] (28] s
11 [24] [27] 1a
12 [28] (26] 13
PIN NO. IDENTIFIER FUNCTION
1 VCR Regulated voltage input from series-pass transistor (2N5320 or equivalent)
2-9, 45-49 Ag-Aq, Program Address Lines: These active-high outputs permit direct addressing of up to 8192 words of program
storage; Ay, Is least significant bit
10, 11 X1, X2 Timing generator connections for a capacitor, a series resonant crystal, or an external clock source with
complementary outputs.

12 GND Ground.

13-28 lo—li5 Instruction Lines: These active-high input lines receive 16-bit instructions from program storage; Iy Is
least significant bit.

29 sC Select Command: When high (binary 1), an address is being output on pins VO through V7.

30 wC Write Command: When high (binary 1), data is being output on pins VO through V7

31 B Left Bank Control: When low (binary 0), devices connected to the Left Bank are accessed (Note. Typically,
the LB signal is tied to the ME input pin of I/O peripherals).

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 input pin of I/O peripherals).

33-36, VO-IvV7 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”, IV7 is
Least Significant Bit.

37 Vee +5V power supply.

42 MCLK Master Clock: This active-high output signal 1s used for clocking /O devices and/or synchronization of
external logic.

43 RESET When RESET input is low (binary 0), the 8X305 1s initiaized — sets Program Counter/Address Register
to zero and inhibits MCLK For the period of time RESET Is low, the Left Bank/Right Bank (LB/RB) signals
are forced high asynchronously.

44 HALT When HALT input I1s low (binary 0), internal operation of the 8X305 stops at the start of next instruction;
MCLK s not inhibited nor 1s any internal register affected; however, both the Left Bank/Right Bank (LB/RB) signals
are synchronously driven high during the first quarter of the instruction cycle time and remain high during
the time HALT is low

50 VR Internally-generated reference output voltage for external series-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 MicroController 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 1V7) is capable of uniquely address-

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 any one 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.

£ ™
( —_——— )
T T SERiES PASS
TRANSISTOR
LOCATED OFF-
LUOCATED OFF.cH)
]V Legend:
—{2] & Ag |ag—>—] Bl =0 DATA AND ADDRESS
[ — =INSTRUCTION ADDRESS
—{3] A Ao |48 44, =INSTRUCTION
\—‘—E As Ao J47!
5] & o i
"‘—E A3 A1z |as]
M]7] A2 HALT [4a]=«— ) USER 8
] CONTROLLED
L\*-@ A RESET a3 INPUTS
—~ 8X350 RAM
R—E Ao E meLk fa2) @6x8) [N\
_L——-h__‘g X1 = vo [a1 /
XTAL —_
PROGRAM STORAGE (OFF.cmp)%j—E X2 8 Vi Jag) 4
(READ ONLY MEMORY) 8= _
8X x 16 ROM/PROM 12 GND 0wz Iv2 |39
= <0 —
13} 1o LY iV3 |3s]
o LEFT BANK
14] h o Vee J37] +5V
3} _ RIGHT BANK
15§ 2 E V4 )36
164 I3 iV |35 ‘
17} 1a V6 |34
18} | V7 |33
° _ T toress
9] 16 RB |32 - Jl—— > ADDRESSABLE
_ 8 LOCATIONS
20] 17 B [31
21 1s we |ao]
22 lo SC |29 J
23] 1o I15 |28] —
24} h1 l1a §27! L J
254 h2 l13 |26

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” (S, S4), “D" (Dg, D4), “R", “L", “J”, and “A”

MOVE OPERATIONS
- REGISTER-TO-REGISTER >
SOURCE DATA PROCESSING ALY DATA PROCESSING DESTINATION
(PRE-ALU) (POST-ALU)
RO-R17 as specified by Right rotate as specified No operation No operation RO-R7, R11-R17 as
“s" field of instruction =%~ by “R" field of instruction P = specified by “D" field of
instruction
[ REGISTER-TO-IV BUS >
SOURCE DATA PROCESSING ALV DATA PROCESSING DESTINATION
(PRE-ALU) (POST-ALUY)
R0-R17 as specified by No operation No operation Shift and merge as Vanable length field of TV
“S” field of instruction > _>{ =1 specified by “Dg" and “L" [~P| bus—Left Bank (LB) or
fields of instruction Right Bank (RB) as speci-
fied by “Dg" and “Dy"
fields of instruction
- IV BUS-TO-REGISTER >|
SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION
(PRE-ALU) (POST-ALU)
Vanable length field of v Right rotate and mask as No operation No operation RO-R7, R11-R17 as
bus— Left Bank (LB) or = specified by “Sp” and L = [t~ = specified by "D" field of
Right Bank (RB) as speci- fields of instruction instruction
fied by “S4" and “Sg"
fields of instruction
| iV BUS-TO-IV BUS ]
SOURCE DATA PROCESSING ALY DATA PROCESSING DESTINATION
(PRE-ALU) (POST-ALU)
Varable length field of v Right rotate and mask as No operation Shift and merge as Variable length field of v
bus—Left Bank (LB) or —— specified by “Sg"” and “L" > specified by “Dg” and “L” 1 bus— Left Bank (LB) or
Right Bank (RB) as speci- fields of instruction fields of instruction Right Bank (RB) as speci-
fied by “S4"" and “Sp" fied by “Dg" and "“Dy"”
fields of instruction fields of instruction

ADD OPERATIONS

REGISTER-t0-REGISTER —3»{ SOURCE }—#»{ PRE-ALU |y
REGISTER-TO-IV BUS  —{ SOURCE }~#{ PRE-ALU }~—¢
IV BUS-to-REGISTER ~ ~—{ SOURCE = PRE-ALU |}
IV BUS-to-IV BUS [ SOURCE [ PRE-ALU }——p

AND OPERATIONS

REGISTER-to-REGISTER =] SOURCE |~{ PREALU |——}

REGISTER-TO-IV BUS  ——[ SOURCE [ PREALU
IV BUS-t0-REGISTER ~ ~—»] SOURCE |~ PRE-ALU |y

TV BUS-to-IV BUS =3[ SOURCE |3 PRE-ALU J=——)

EXCLUSIVE OR (XOR) OPERATIONS

REGISTER:t0-REGISTER ==#{ SOURCE }=» PRE-ALU Jo=—y
REGISTER-TO-IV BUS  ——3»] SOURCE =~ PREALU }=—
IV BUSt0-REGISTER ~ ~3-[ SOURCE = PREALU
IV BUS-to-IV BUS =] SOURCE }=~9»| PRE-ALU Jy

Signetics

¥——{ POST-ALU }—p-[ DEST
=—{ POST-ALU |~=»={ DEST
bemef POST-ALU |=po| DEST
#=——{POST-ALU J=p| DEST |

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

+=—{POST-ALU || DEST |
b= POST-ALU Jmp{ DEST |
b= POST-ALU ]| DEST |
Y= POST-ALU }=p»{ DEST |

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

b= POST-ALU }~3»[ DEST ]
=] POST-ALU }=—3»] DEST |

—{PosTALU}=»[ DEST ]
=i POST-ALU }=p={ DEST ]

Same as MOVE operations, except
source data 1s Exclusively ORed
with contents of AUXiliary Register
RO via the ALU
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EXECUTE (XEC) OPERATIONS

[

XEC, REGISTER

Y

SOURCE

DATA PROCESSING
(PRE-ALU)

ALU

DATA PROCESSING
(POST-ALU)

DESTINATION

RO-R17 as specified by

No operation.

Add source data to 8-bit

No operation.

Replace 8 LSB of Address

field of instruction

fields of instruction

specified by “J” field of
instruction (0 < J =< 37g)

“S” field of instruction - field specified by Instruc- | Register* with 8-bit sum
tion literal (0= J < 377g) from ALU
*PGM CTR unchanged
- XEC, IV BUS >
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 “S”  fmep| specified by “Sp” and “'L” }-—» source data to 5-bit literal fmee—g-] Register* with 5-bit sum

from ALU

*PGM CTR unchanged

NON-ZERO TRANSFER {NZT} OPERATIONS

(PRE-ALU)

- NZT, REGISTER
SOURCE DATA PROCESSING ALY

RO-R17 as specified by

No operation

Test contents of source

DESTINATION

If $=0, increment PC by

“S” field of instruction. = =P register for all zeroes [ o ] 1, 1f S0, replace 8 LSB
of AR and PC with literal
specified by “J” field of
instruction

[ NZT, IV BUS >

SOURCE DATA PROCESSING ALU DESTINATION

(PRE-ALU)

Left or Right Bank of IV Rotate and mask as Test contents of masked If $=0, increment PC by

bus as specified by S [=%™] specified by “Sq” and “L” [P field for all zeroes. =P = = == == == = | 1§50, replace 5 LSB

field of instruction fields of instruction of AR and PC with Iiteral
specified by “J” field of
nstruction

TRANSMIT (XMIT) OPERATIONS

- XMIT, REGISTER >

SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION

(PRE-ALU) (POST-ALU)
0 =< J =< 377g—value No operation No operation No operation RO-R7, R11, R14-R17
specified by “J” field of [~ > — Load 8-bit integer speci-
instruction fied by “J” field into
register specified by “D”
field
- XMIT 8-BITS IMMEDIATE, IV BUS g
SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION
(PRE-ALU) (POST-ALU)
0 < J = 377g—value No operation No operation No operation Left (R12) or Right (R13)
specified by “J” field of > > > Bank of IV bus as speci-
instruction fied by “D” field of
instruction
|- XMIT VARIABLE-BIT FIELD IMMEDIATE iV BUS >
SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION
(PRE-ALU) (POST-ALU)

0 < J < 37g—value No operation No operation Shift and merge source Left or Right Bank of IV

specified by “J” field of =31 e 2| data as specified by “Dg” bus as specified by “D”

instruction and “L” fields of field of instruction

instruction
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JUMP (JMP) QPERATION
il JMP, ADDRESS -

0s< A < 17777g - value

Load Address Register

specified by “A” field of
instruction

Program Storage Interface

As shown in Figure 3, program storage is connected to
output address lines Ag through A4, (A12=LSB) and input
instruction lines Iy through l45. An address output on
Ag/A4, identifies one 16-bit instruction word in program
storage. The instruction word is subsequently input on
lo/l45 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
calculations.

1/0 Interface and Control

An 8-bit bidirectional /O bus, referred to as the Interface
Vector (IV) bus, provides a communication link between
the MicroController and the two banks of 1/0 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 1V bus is inac-
tive (three-state). A functional analysis of the Left and
Right Bank signals is shown below:

| and Program Counter with
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 TV bus interface with its
associated driver circuits and internal latches. The on-
board memory and the TV 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, any one or all of the functions
(Rotate/Mask/Shift/Merge) can operate on 8 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 8X305 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 PHASE ————¢———— OUTPUT PHASE ————|

B 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; IV bus is three-state. 50ns

Both data and I/0 address information are multiplexed on
the IV bus. The SC (Select Command) and WC (Write Com-
mand) signals distinguish between data and /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 iV 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.

1st 2nd 3rd 4th
QUARTER QUARTER QUARTER QUARTER

50ns 50ns 50ns

INPUT LATCH AND NEXT LATCH IO
INSTRUCTION, PROCESS INSTRUCTION ENABLING
DECODE INPUT DATA ADDRESS, ADDRESS OR
INSTRUCTION GENERATE 110 DATA INTO
AND, IF CONTROL SELECTED
REQUIRED, SIGNALS, AND  PERIPHERAL.
FETCH NEW SETUP IIO
DATA DATA FOR
ouTPUT

MCLK
]-—(Acnvs——l
Notes: STATE)

New instruction must be accepted and latched at end of first quarter cycle.
The 1/O data latches are open for the first two quarter cycles, that 1s, for 100
nanoseconds.

3 The address changes during third quarter cycle

4 IV bus drivers are active (turned on) during third and fourth quarter cycles

N

Signetics

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
lo-115 and decoded. If an /O operation is indicated, new
data is fetched from a specified internal register or via the
IV 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, IV 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 I/O-enabling address or the I/O data into
peripheral devices connected to the IV 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 (I through I45) 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.

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

| MsB LsB}

BIT POSITIONS — 012 |3456789 10 11 12 13 14 15

OPCODE

OPERAND(S)

The 3-bit operation code (OPCODE) define any one 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
XOR

MOVE
XMIT

e Program Control
XEC
NZT
JMP

} Arithmetic and Logic Operations

} Movement of Data and Constants

} Branch or Test

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
(S), 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=0 OPERATION=(S) -»D
Register-to-Register Move content of Internal register specified by sc L H1f D=07g, 17g
S-field to internal register specified by D-field
0 [1l2 3 I 4 | 5 I 6 l |8 I 9 I1O "lelf [14F5 Prior to the “MOVE* operation, right-rotate con- we L L
OPCODE S R D tents of internal source register by octal value (0 B H LifD=07g
§=00g-173 D=00g-07g, 11g-17g through 7) defined by the R-field B H LifD=17g
Register-to-IV Bus (Note) Move contents of internal register specified by the sC L L
S-field to the IV bus Before outputting on IV bus,
1
0 l l 2 3T4 | 5 | 5 I |8 | 9 |10 " |12|13l14| 15 data Is shifted as specified by the least significant W_C L H
OPCODE s L D octal digit of the D-field and the bits specified by LB L 1f D=20g-27g L 1f D=20g-27g
D, . Dy the L-field are merged with the latched I/0 data RB L1 D=30g-37g L f D=30g-37g
8=00g-17g D=20g-37g
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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=0 OPERATION=(S) =D
IV Bus-to-Register (Note) Move right-rotated TV bus (source) data specified by the sc L H 1t D=07g 17g
0 | 1 I 2|3 I 4 I 5 lil 7 3lg B 1 I 12 l 13Jj4l 15] | S-field to internal register specified by the D-field The WC L L
L-field the length of source data starting from —
OPCODE S L D the LSB-position and, if less than 8 bits, the remaining LB L1t §=20g-27g L1t D=07g
Sq E So bits are filled with zeros RB Laf $=230g-37g LifD=17g
§=20g-37g D=00g-07g, 11g-17g
IV Bus-to-IV Bus (Note) sc L L
| Move nght-rotated IV bus (source) data by the
of1f121314|516]7]8)9[10)11]12[13]14]15 v —
r T I I I I l l | l l S-field to the I/O latches Before outputting on IV bus, we L il
OPCODE S L D shift data as specified by the D-field, then merge source B Lif $=20g-27g | Lif D=20g-27g
Sy ¢ Sg Dy ¢ Do and latched I/0 data as specified by the L (length) field BB L1if 5=305-37g L if D=30g-37g
§=20g-37g D=20g-37g

CLASS=ADD OPCODE=1 OPERATION = (S)+ (AUX) =D

Same as MOVE instruction class

Same as MOVE instruction class except that contents
of AUX (RO0) register are ADDed to the source data If
there 1a a ““carry’”’ from MSB, then R10 (OVF) = 1
(overflow), otherwise OVF = 0

Same as MOVE instruction class

CLASS=AND OPCODE=2 OPERATION = (S) A (AUX) =D

Same as MOVE instruction class

Same as MOVE instruction class except that contents
of AUX (R0) register are ANDed with source data

Same as MOVE instruction class

CLASS=XOR OPCODE=3 OPERATION=(S) @

(AUX) =D

Same as MOVE instruction class

Same as MOVE instruction class except that contents
of AUX (RO) register are Exclusively ORed with source
data

Same as MOVE instruction class

CLASS=XEC OPCODE=4 OPERATION = Refer

to Description

Register Immediate Execute instruction at current page address offset by SC L L
J (teral) + (S) Return to normal instruction flow unless
of 1 Je]sfe]sfefr]eforofn]rzfu]u]n] | s ercouored we : L
OPCODE S J Execute instruction at an address determined by replac- LB H H
— 00a- _ ~ ing the low-order 8 bits of the Address Register with B H H
$=00g-17g J =000g-377g the following derived sum
Value of literal (J-field) plus contents of internal
register specified by S-field
The PC 1s not incremented and the overflow status
(OVF) 1s not changed
IV Bus Immediate (Note) Execute instruction at an address determined by replac-
ing the low-order 5 bits of Address Register with the SC L L
of1]2]a]a]s]e]7] 8] o] r1]r2]13]14]15] | tonomng denved sum — - -
OPCODE S L J 5-bit value of literal (J-field) plus value of rotated —
S, » S, source data specified by S-field The L-field specifies LB Lif S=20g-27g H
1. 0 the length of source data starting from the LSB posi- RE L if S = 30g-37 H
$=20g-37g J=00g-37g tion and, if less than 8 bits, the bits are 877’8
filled with zeros, the Program Counter 1s not incre-
mented and the overflow status (OVF) is not
changed
CLASS=NZT OPCODE=5 OPERATION = Refer to Description
Register Inmediate sc L L
If data specified by the S-field i1s not equal to zero, jump
0—[ 1 I 2]3 I 4 I 5 I 6 I 718 I 9 le 11' 12‘ 13I 14Ji5 to current page address offset by value of J-field, other- we L L
OPCODE S J wise, increment the Program Counter B H H
$=00g-17g J=000g-377g If contents of internal register specified by S-field is non- RB H H
zero, transfer to address determined by replacing the
low-order 8 bits of Address Register and Program
Counter with “J”’, otherwise, increment PC

Signetics
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Table 1. FUNCTIONAL DESCRIPTION OF INSTRUCTION SET (Concluded)
STATE OF CONTROL SIGNAL
DURING INSTRUCTION CYCLE —
INSTRUCTION WORD DESCRIPTION SEE FIGURE 3
CONTROL INPUT OuUTPUT
SIGNAL PHASE PHASE
CLASS=NZT OPCODE=5 OPERATION = Refer to Description
TV Bus Immediate (Note) If nght-rotated and masked IV bus 1s non-zero, transfer sC L L
2]3fa[s]e[7]8]o[10]11]12[13]14]15] |toaddress d by low-order § bits of [y L L
° I ! I | l I l l l J L L J Address Register and Program Counter with “J”, other- —
OPCODE s L J wise, increment PC (The L-field specifies the length LB L1t §=20g-27g H
s ¢ o of source I/O data starting from the LSB-position and, RB L if $=30g-37g H
if less than 8 bits, the remaining bits are filled with
S=20g-37g J=00g-37g Zeros )
CLASS=XMIT OPCODE=6 OPERATION=J =D
XMIT, Reglsler Store 8-bit value specified by “'J” into register specified sC L L
of1]2[a[4]5]6[7[8] 9 ro[1]12[1a]1a]15] (™ we L L
OPCODE ) J B H H
D=00g-06g, 11g, 14g-16g  J = 000g-377g RB H H
XMIT, TV Bus Address Enable I/O device on the bank specified by “D"’, whose SC L H
1 address Is the 8-bit integer specified by ““J"'. Address L L
o[1]2]3]a]s]e[7][8]e]r0][11]12]13]1a]15 " tored m regte wc
OPCODE D J B H Lit D=07g
D=07g, 17g J=000g-377g RB H LitD=17g
XMIT 8 Bits Immediate, IV Bus (Note) Store value of 8-bit integer In the previously enabled sC L L
1/O port, at the bank destination (LB or RB) fied
0 I ! l 2 31 4 rf'rs I 718 | 9 l 1°| 11112]]3 [14 | 15 by “D” Contents of R12 or R13 remain unchanged Vf L H
OPCODE D J LB H LifD=12g
D=12g-13g J=000g-377g RB H Lif D=13g
. ETva Transmit Least Significant “L” bits of “J” field to sC L L
XMIT Variable Bit Field Immediate, IV Bus (Note) “Lbit” field of IV bus specified by “D", if “L" 1s greated o - v
ol 1]2]a]4]s]e[7]8]o]r]11]12]1a]ra]15] |thans bus, the msB bis of field s filled
with zeros T8 [LifD=20g-27g | LIf D=20g-27g
OPCODE D L J }.___._ " -
5 7 0o RB  [L1f D=30g-37g | Lif D=30g-37g
D=20g-37g J=00g-37g
CLASS=JMP OPCODE=7 OPERATION = Refer to Description
Address Immediate Jump to address In program storage specified by sC L L
A-field; this address Is loaded into the Address Register
° I ! l 2 31 4 | 5 I 6l7jj I 9 I 10| " l 12! 13—' 14T15 and the Program Counter we L L
OPCODE A w® H H
A =00000g-17777g RB H H
Note.

Sp specifies the LSB of rotated input data field
Sy specifies the bank of TV bus from which source data will be input

Do spectfies bit position in O device with which LSB of processed data will be aligned and

D4 specifies the bank of TV bus which will be the destination

Operations Code Field. The 3-bit OPCODE field specifies
one of eight classes of 8X305 instructions; octal designa-
tions for this field and operands for each instruction
class are shown in the preceding table.

Source (S) and Destination (D) Fields. The 5-bit ““S” and
“D” fields specify the source and destination, respective-
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ly, for whatever operation is defined by the OPeration
CODE. The “S” and/or “D” fields can specify an internal
8X305 register or any one-to-eight bit field within an 1/0
device; octal values and source/destination field assign-
ments for all internal registers are shown in Table 2.
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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
RO (AUX)—General R10 (OVF—Overflow
00s purpose register X X 10g register) X
01g R1‘—General purpose X X 114 R11—General purpose X X
register register
R2—General purpose R12—General purpose
024 register X X 128 register (Note) X X
R3—General purpose R13—General purpose
03g register X X 135 register (Note) X X
04g R4—General purpose X X 144 H14.—General purpose X X
register register
055 R5—General purpose X X 155 R1§—General purpose X X
register register
065 RBfGeneraI purpose X X 165 R1§—General purpose X X
register register
R7—Special purpose R17—Special purpose
07g register (refer to next X X 174 register (refer to next X X
paragraph) paragraph)
Note

R12 and R13 function as general purpose working regtsters for all operations except transmit (XMIT) During a transmit instruction where R12 or R13 1s the destination, the 8-bit
“J" field 1s iImmediately transferred to the IV bus, for this operation, the contents of the designated register remain unchanged

In instructions where R7g (IVL) or R17g (IVR) is specified
as the destination, the 8-bit value is output on the IV bus
as an |/O 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 (R7g or R17g) and may later be accessed as
source data. When the IV bus is specified as a source
and/or destination, the “S” and “D” fields are split into
two parts, that is,
* Source (S)=S4, Sg and Destination (D)= D4, Dy where,
S specifies the LSB of rotated input data field
S, specifies the bank of TV bus from which source data
will be input
Dy specifies bit position in 1/O device with which LSB
of processed data will be aligned and
D, specifies the bank of TV bus which will be the
destination

DESIGNATES LEFT
(2) OR RIGHT (3)
BANK OF IV BUS

DESIGNATES LSB OF
/0 DATA—REFER
TO TEXT DESCRIPTIONS

S| [So %
OR| [OR =
0

LsB

D | {Do

1 ‘
20g

21g
22
23g
245

25,
8

26,
8

27

Notes
1 The field length of 0-to-8 bits I1s specified by the “L” field
2 For the Right Bank, 30g-37g perform equivalent I/O functions

Signetics

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 I/O 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 8 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 Positon—= 0 1 2 3 4 § 6 7

ELEEEEL

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 1/O data field — see following
diagram. If the source field specifies an IV address
(20g-37g) and the destination field specifies an internal
register (00g-07g, 11g-17g), 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 8 bits, all remaining bits are set to zero
prior to processing data in the ALU. If the source field
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specifies an internal register (00g-17g) and the destina-
tion field specifies IV bus data (20g-37), 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 TV DATA LENGTH SPECIFICATION.
The destination data is merged with data in the 1/0
latches to finalize the IV bus data. Hence, a one-to-eight
bit destination data field can be inserted into the existing
8-bit 1/0 port without modifying surrounding bits. If both
the source and destination fields specify IV bus data
(20g-37g), the “L” field specifies the length of both the
source and destination data.

IV DATA LENGTH SPECIFICATION
(No Rotate Function Specified)

012345¢67

HEERREEE

LI T O T T B L=1
L B B R B L=2
[ T T 2 L=3
L N A L=4
I e L=5
[ L=#6
| - L=7
|- L=0

To form the source data, the TV bus input data is right-
rotated according to the source address and then masked
to the required length—see IV DATA LENGTH SPECIFI-
CATION. If 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 IV bus data that was used to obtain the source;
thus, if the source and destination addresses are on the
same bank, the 1V 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
1/0 Port is changed to contain the contents of the source
1/0 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 1/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.
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¢ 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:

e 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 IV 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.

e For a “satisfied” NZT instruction, the low-order 5 bits
(NZT source is 1V 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 (00g-37g). 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 digitis 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 (00g) is the implied source

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

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

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 I/O 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.

Signetics

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

e Ordering Information

Voltage Regulator

e DC Characteristics

* AC Characteristics

e Timing Considerations

e Clock Considerations

o HALT/RESET Logic

PARAMETER CONDITIONS LIMITS

ICR hte > 50

Vce=2V;
100mA < Ig < 500mA

VBEgN VGE=5V;Ic=500mA < 1V
+ VCESAT ¢ =500mA; Ig=50mA < 0.5V
TOM YR Bugeo > 15V
NOTE = fy > 30MHz
Typical approved parts—2N5320, 2N5337
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DC CHARACTERISTICS (Commercial Part) 4.75V < V. < 5.25V, 0°C < T < 70°C
ABSOLUTE MAXIMUM RATINGS
Storage Temperature (Tgrg) ratings are from — 65 to + 150°C
PIN DESCRIPTION RATING UNIT PIN DESCRIPTION RATING UNIT
Vee Supply voltage +7.0 \ All other pins | Logic input voltage 5.5 \'
X1, X2 Crystal input voltage 2.0 \
LIMITS
PARAMETER TEST CONDITIONS - UNIT COMMENTS
Min Typ Max
Vcc  Supply voltage 4.75 5.0 5.25 \"
v High level 0.6 2.0 v X1 and X2
M input voltage 2.0 55 Al other pins
v Low level 0.4 v X1 and X2
L input voltage 0.8 All other pins
High level —mine e
VoH output voltage Vcc =min; loy= 3mA 2.4 v
v Low level Voo =min; lop =6mA 0.55 v Ap through Ay,
OL  output voltage Vee = min; loL = 16mA 0.55 All other outputs
_ 3.1 Ta=0°C
Ver  Regulator voltage Voo =5V 29 \" TA=70°C
TR Crystal inputs X1 and X2 do not
Vic Inputclamp voltage Vee=min; ljy= — 10mA -15 v have Internal clamp diodes
| High level Ver = max Viy=0.6V 4.0 mA | X1 and X2
M input current cc= Vig=4.5V 50 uA | All other pins
-3 X1 and X2
Low-level -0.2 IVO-1vV7
= M = 0. A
e input current Ve =max; ViL=0.4V T 10-115
-0.4 HALT and RESET
. Ve = max; (Note: At any time, no
los iﬂfrltnc:;rj.:gm more than one output should be -30 —140 [ mA | All output pins
P connected to ground.)
_ 180 Ta=70°C
lcc  Supply current Vee = max 195 mA TA=0°C
Max available base drive for
lreg Regulator control Vee=5.0V -10 -25 | mA series-pass transistor
_ 200 Tao=70°C
lch  Regulator current Ve = max 230 mA TA=0°C
Notes.
1 Op [¢] ranges are after thermal equilibrium has been reached

2 All voltages measured with respect to ground terminal

AC CHARACTERISTICS (Commercial Part) CONDITIONS: 4.75V < V¢ < 5.25V; 0°C < Tp < 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
Tec Processor cycle time 200 200 ns
Tep X1 clock period 100 100 ns
TeH X1 clock high time 50 50 ns
ToL X1 clock low time 50 50 ns
TmoL MCLK low delay 15 40 15 40 ns
Tw MCLK pulse width 40 60 Taq—-10 Taq+ 10 ns Note 2
Output driver turn on time Tia+ Tiq+
Twooo  meik falling edge 125 145 Toq+25 Toq+45 | ™ Note 9
3-38 Signetics
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AC CHARACTERISTICS (Commercial Part) CONDITIONS: 4.75V = V¢ = 5.25V;0°C < T, < 70°C

(Continued) LOADING: (See test circuits)
LIMITS (INSTRUCTION LIMITS (INSTRUCTION)
PARAMETER (Note 1) CYCLE TIME = 200ns) CYCLE TIME > 200ns) | yNITS | COMMENTS

Min Typ Max Min Typ Max

Output driver turn-on time

Tol (SCIWC rising edge) 20 20 ns Note 10
Too Input data to output data 85 105 85 105 ns
Tuns MCLK falling edge to HALT falling edge 30 Tiq—20| ns Note 2
Tmun HALT hold time (MCLK falling edge) 65 Tiq+15 ns Note 2
Tacc  Program storage access time 60 ns
1/0 port output enable time
Tio (CRIRB to valide IV data input) 3 ns
Tmas MCLK falling edge to address stable 140 T:;?;:O ns [Notes2,38&4
Tia Instruction to address 140 Toq+90| ns | Notes2,3&5
Tiva Input data to address 85 85 ns Notes 3 & 6
Twmis  MCLK falling edge to instruction stable 30 Tiq—20| ns Notes 2 & 10
Instruction hold time
TmiH (MCLK falling edge) 55 Tiq+5 ns Notes 2 & 8
MCLK falling edge to SC/WC Tig+ Tig+
Thwn rising edge 105 125 Tyq+5 Toq+25| ™ Note 2
MCLK falling edge to SC/WC 5 15 5 15 ns
Thwe falling edge
MCLK falling edge to LB/RB
Tmies (Input phase) 10 25 10 25 ns

Tuss  Instruction to LB/RB (Input phase) 25 25 ns

MCLK falling edge to LB/RB T T
Tvmoss g edg 115 145 at 1t ns Note 2
(Output phase) T+ 15 Taq+ 45
: . Tiq+
Twips MCLK falling edge to input data stable 55 T 1Q 45| NS Note 2
20~
Input data hold time Tiq+
T ) 1 1Q ns Note 2
MIDH  (MCLK falling edge) 5 T+ 15
Output data hold time
Tuoon iput dat 11 11 ns
(MCLK falling edge)
Tiq+ Tio+
T Output data stable (MCLK falling edge, 130 150 1a ! ns Note 2
MODS p ( g edge) Toq+30 Toq+50
NOTES
1 X1and X2 inputs are driven by an external pulse generator with an amplitude of 1 5 volts, all iming parameters are measured at this voltage level
2 Respectively, T1q, Toq, T3q, and T4q represent time intervais for the first, second, third, and fourth quarter cycles
3 Capacitive loading for the address bus is 150 picofarads
4 TpmAas 's obtained by forcing a valid instruction and an I/0 bus input to occur earlier than the specified minimum set up time
5 Tja s obtained by forcing a valid instruction input to occur earlier than the minimum set up time
6 Ty 's obtained by forcing a valid I/O bus input to meet the minium set up time
7. Timys represents the setup time required by internal latches of the 8X305 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 I/O bus input that meets the I/O bus input set up time (Tips and Tmips)

TmiH represents the hold time required by internal latches of the 8X305 To generate proper LB/RB signals, the instruction must be held valid until the address bus changes
The minimum figure for these parameters represents the earliest time that /O bus output drivers of the 8X305 will turn on

This parameter represents the latest time that the output drivers of the input device should be turned off

S©ow
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TEST CIRCUITS
ADDRESS OTHER
E— sV sv
7810 2320
OUTPUT ouTPUT
UNDER TEST UNDER TEST
3790 150pt 1690 300pf

ABSOLUTE MAXIMUM RATINGS storage Temperature (Tsrg) ratings are from —65 to +150°C

PIN DESCRIPTION RATING UNIT PIN DESCRIPTION RATING UNIT
Vee Supply voltage +7.0 " All other pins Logic input pins 5.5 \
X1, X2 Crystal input voltage 2.0 \'

DC CHARACTERISTICS (Military Part) 45V < Vg < 5.5V, —55°C < Tg = +125°C

LIMITS
PARAMETER TEST CONDITIONS UNIT COMMENTS
Min Typ Max
Vee  Supply voltage 45 5.0 5.5 \"
. : 0.6 2.0 X1 and X2
Viy High level input voltage 20 \ All other pins
R 0.4 X1 and X2
ViL Low level input voltage 0.8 v All other pins
Vo High level output voltage Veec=min; loy = —3mMA 2.4 \
Y Low level output Vee =min; lo. =6mA 0.55 v Ao through A,
OL  voltage Ve = min; lo, = 16mA 0.55 All other outputs
35 Tg= —-55°C
Ver  Regulator voltage Ve =5V 3.1 v Tc=0°C
26 Tc=125°C
Crystal inputs X1 and X2
Vie Input clamp voltage Vee=min; Iy= —10mA -15 v do not have internal
clamp diodes.
R . _ Vip=0.6V 4.0 mA | X1 and X2
iy High level input current Vee = max Vi = 4.5V 50 WA All other pins
-3 X1 and X2
e Low-level input current Ve = max; V =0.4V -03 mA IVo-1v7
cc -16 10-115
-04 HALT and RESET
_— Vge = max; (Note: At any time,
los gzﬁ:n“:'rcun output no more than one output should | —30 —140 | mA | All output pins
be connected to ground.)
_ 175 Tc=125°C
lec Supply current Vge = max 205 mA To= -55°C
' Max available base drive
lreg  Regulator control Vg =5.0V -10 -25 | mA for series-pass transistor
_ 180 Tc=125°C
lcr Regulator current Vee = max . 260 mA To= —55°C
NOTES
1. Operat ranges are after thermal equilibrium has been reached.

2 All voltages measured with respect to ground terminal.
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AC CHARACTERISTICS (Military Part) CONDITIONS: 4.5V < Vg =< 5.5V; —55°C < T < 125°C
LOADING: (See test circuits)

LIMITS (INSTRUCTION LIMITS (INSTRUCTION)
PARAMETER (Note 1) CYCLE TIME = 250ns) CYCLE TIME > 250ns) | yNITS | COMMENTS
Min Typ Max Min Typ Max
Tec Processor cycle time 250 250 ns
Tep X1 clock period 125 125 ns
TcH X1 clock high time 62 62 ns
TeL X1 clock low time 62 62 ns
Tmce  MCLK low delay 15 40 15 40 ns
Tw MCLK pulse width 47 72 Taq— 15 Tsq+10| ns Note 2
Output driver turn-on time Tia+ Tia+
TMODO  (MCLK falling edge) 145 178 | 1,0420 Toq+50| M Note 9
Output driver turn-on time
Tol (SCIWC rising edge) 20 20 ns Note 10
Too Input data to output data 80 115 80 115 ns
Tuus  MCLK falling edge to HALT falling edge 40 Tia-22| ns Note 2
Tmun  HALT hold time (MCLK falling edge) 80 Tiq+18 ns Note 2
Tacc  Program storage access time 90 ns
1/0 port output enable time
To  (TBIRB to valid V data input) 40 ns
Twas MCLK falling edge to address stable 160 Tha+ ns |Notes2,3&4
Toq+35
Tia Instruction to address 160 Tq+98| ns Notes 2,3 &5
Tiva Input data to address 90 90 ns Notes 3 & 6
Twmis MCLK falling edge to instruction stable 40 Tiq—22( ns Notes 2 & 10
Instruction hold time
TmiH (MCLK falling edge) 70 Tig+8 ns Notes 2 & 8
MCLK falling edge to SC/IWC Tiq+ Tiq+
Trwn rising edge 127 154 Toq+2 Tiq+20| ™ Note 2
MCLK falling edge to SC/WC
TWAL  falling ed geg 9 5 25 5 25 ns
MCLK falling edge to LB/RB
Twes  (nput phas‘g 9 10 35 10 35 ns
Tuss  Instruction to LB/RB (Input phase) 30 30 ns
MCLK falling edge to LB/RB Tia+ Tia+
Tmoss  (Output phase) 140 70 10415 Tig+4s| Note 2
Tmps MCLK faling edge to input data stable 75 TT;° ;0 ns Note 2
20—
Input data hold time Tio+
TMIDH  (MCLK falling edge) 140 Toq+ 15 ns Note 2
Output data hold time
TmooH  (MCLK falling edge) " 1 ns
Output data stable Tiq+ Tia+
TmoDs  (MCLK falling edge) 150 180 |1,0425 Toa+55| M Note 2
NOTES
1 X1and X2 inputs are driven by an external pulse generator with an amplitude of 1.5 volts, all timing parameters are measured at this voltage level.
2 Respectively, T1q, T2q, Taq, and T4 represent time intervals for the first, second, third, and fourth quarter cycles.
3. Capacitive loading for the bus 1s 150
4 Tpas Is obtained by forcing a valid instruction and an /O bus input to occur earlier than the specified minimum set up time.
5. T|a is obtained by forcing a valid instruction input to occur earlier than the minimum set up time.
6 Tjya Is obtained by forcing a valid I/0 bus input to meet the minium set up time
7 Tms represents the setup time required by internal latches of the 8X305. 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 1/O bus input that meets the I/0 bus input set up time (Tpg and Ty ps)

TmiH represents the hold time required by internal latches of the 8X305. To generate proper LB/RB signals, the instruction must be held valid until the address bus changes
The figure for thes P the earliest time that /O bus output drivers of the 8X305 will turn on.

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 (T1q, T2q, Taq, and
T4q) 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.

System determinants for the instruction cycle time are:
¢ Propagation delays within the 8X305

e Access time of Program Storage

¢ Enable time of the I/O 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 I/O port access time (TIO) <
V data set up time (Figure 5a).
Program storage access time (TACC)
plus instruction to LB/RB (input phase)
plus I/O port access time (TIO) plus IV
data (input phase) to address =< instruc-
tion cycle time (Figure 5b).

Program storage access time plus in-
struction to address < instruction cycle
time (Figure 5¢).

Condition 2 —

Condition 3 —

e v . ' —_ 1 1 ;
MCLK —!:—-/:_L MCLK j_/_\ : J/_\.‘— MCLK ﬂ + : A !
| | 1 ! | )
: = oo | - ! i . i
Worive %C Lo s %QC_J- U e | EE :3@( |
bot 1 1 ! — 1 1 I ! INSTRUCTION! !
| T ! ! ! 05,8 | L ! ‘ : E 110 ADDRESS| :
ol | LT T
Wo-lvz| I ACCESS

@ mcLK to L_BIR_B_(Iﬂgul phase) or
instruction to LB/RB (input phase).

@ 110 port access (TIO).

® W data set-up time (referenced to
MCLK).

a. Condition #1

@ Program storage access time.

(@ MCLK to LE/RE (input phase) or
instruction to LB/RB (input phase).

® 10 port access (TIO).
@ WV data (input phase to address.

b. Condition #2

¢. Condition #3
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8X305 TIMING DIAGRAM
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From condition #1 and with an instruction cycle time of
200ns, the 1/0O port access time (TIO) can be calculated as
follows:
TMIBS + TIO < TMIDS
transposing, TIO <= TMIDS = TMIBS
substituting, TIO < 55ns — 25ns
result, TIO < 30ns

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

TMIBS + TIO < TMIDS

thus, 25ns+ 30ns < Tyq+ Toq—45

25ns+30ns =< 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 =< 1/2 cycle
thus, 45ns + 30ns + 25ns =< 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 < 200ns
transposing, TACC =< 200ns — TIIBS — TIO - TIVA
substituting, TACC = 200ns — 25ns — 30ns — 85ns

thus, TACC =< 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 < Instruction Cycle

thus, TACC < 200ns — 140ns
and, TACC =<60ns, 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 — TACC
=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 I/O port with fast ac-
cess time (TIO) because the address bus will be stable
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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 any one 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:

Cy (in pF) APPROXIMATE CYCLE TIME
100 300ns
200 500ns
500 1.1us
1000 2.0us

Crystal Timing. When a crystal is used, the on-chip
oscillator operates at the resonant frequency (f,) 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 (HC 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 (f,) of the crystal is related to the
desired cycle time (T) by the equation: f,=2/T; thus, fora
cycle time of 200 nanoseconds, f,=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.

Signetics
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HALT TIMING DIAGRAM

l«———  HALTCYCLE ——»
| |
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ANA VAN AN YA T T YR YR Y YR VA VR N/ 1171771770777 7777
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‘ |

Tmns —»| e |

|

Yunn——{ |l—

scnwc—-\—/—————;\ /‘-*—
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Notes.

1. The HALT signal can switch from High to Low at any time during this interval. Ti—hold time from X1 to AALT (independent of instruction cycle time)

2. The HALT signal can switch from Low to High at any time during this interval TMHS —8et-up time from MCLK to HALT (dependent upon instruction cycle time)
Timing Descriptions. TmHH—hold time from MCLK to HALT (dependent upon instruction cycle time)

Tg—set-up time from HALT to X1 (independent of instruction cycle time)

INTERNAL
QUARTER-CYCLES

MCLK

ADDRESS
Ap-A12

INSTRUCTION
lo-115

SC/WC

OUTPUT

NOTES

V/777) DENOTES CHANGING DATA
BY oenoTes Wiz

Figure 7. Timing Relationships of 8X305 1/O 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
MicroController must be driven from a master clock, the
X1/X2 lines can be interfaced to TTL logic as shown in
Figure 9.

. LI LI L
500
PULSE 8X305
GENERATOR 1 MICROCONTROLLER
s00
_ , L

PULSE GENERATOR CHARACTERISTICS
Zoyt = 500 VouT = 0-1 VOLT
RISETIME < 10ns  SKEW <10ns

Figure 8. Clocking with a Pulse Generator

.
No— FEO N R I
Po- » Xy
Vee I: 1K
cLock — |——1; 8X305
< MICROCONTROLLER
o S«
—D- b I T O
o = OPEN COLLECTOR

TTL DRIVER CHARACTERISTICS:
FALL TIME =< 10ns

SKEW BETWEEN COMPLEMENTARY OUTPUTS
=<10ns

Figure 9. Clocking with TTL

RESET TIMING DIAGRAM

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:
¢ 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.
¢ The input/output (IV) bus goes three-state and remains
in that condition as long as the RESET line is low.
* The Select Command and Write Command signals are
driven low and remain low as long as the RESET line is
low.
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.

e LT

RESUME NORMAL OPERATION

N T A R

Note 1
RESET —» ote

Ag-Arz—>

Notes:

configuration

1 A High to Low transition of the RESET signal will force the Address Bus to an all-zero 2 The RESET signal can switch from Low to High at any point within this time interval and,

in all cases, MCLK will occur at least one-quarter cycle time later as shown
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8-BIT LATCHED BIDIRECTIONAL 1/O PORT

FEATURES

* Dual bidirectional ports
* Independent port op
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

(User-port

PRODUCT DESCRIPTION

The 8T31 is an 8-bit bidirectional data register
designed to function as Input/Output interface
elements in 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 |/O 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 (UD0-UD7) has priority. The mas-
ter enable (ME) signal enables or disables the
microprocessor bus regardless of the state of
the other inputs but has no effect on the user
bus.

A unique feature of these parts is their ability
to start up In a predetermined state. If the clock
1s maintained at a level of less than 0.8 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

| it |
| |
| |
| s |
UD 0 ——— R s wo
| |
| |
| l
| |
| |
| |
| |
| |
| |
! ONE OF EIGHT |
| BIT SLICES |
| |
IS 44
1 —
RC
MCLK
BOC
BIC Jo~+——ME
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PIN CONFIGURATION

8131

N PACKAGE

wor 1]
wos 7]
wos 3]
up4 | 4
wos 3]
w02 5]
w1 [7]
uon[3]
AL
i [1]
W [

GND |12

24| Vee
23] v7
[22] ive
21] vs
Efv_-z
[19] v
@w‘;
[17] v
[16] ivo
[15] we
[14] Re
[13] meLk

TOP VIEW

ORDER NUMBERS
NBT31N, N8X31N
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8131

PIN DESIGNATION

PIN SYMBOL | NAME AND FUNCTION TYPE
1-8 UDO0-UD7 | User Data I/0 Lines. Bidirectional data lines to | Acitve high
communicate with user's equipment three-state
16-23 | IVO-IV7 Microprocessor Bus. Bidirectional data lines to | Active low
communicate with controlling digital system. three-state
10 BIC: Input Control. User input to control wnting into | Active low
the I/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, stores con-{ Active high
tents of IV0-IV7 as data.
14 RC Read Command. When RC is low, data is| Active low
presented on IVO-IV7.
13 MCLK-" Master Clock. Input to strobe data into the | Active high
latches. See function tables for details
24 Vee 5V power connection.
12 GND: 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
o= vy == MICROPROCESSOR BUS
ME RC wC MCLK BIC 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
3-48 Signetics

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 of the 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.
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8-BIT LATCHED BIDIRECTIONAL 1/O PORT

8131

DC ELECTRICAL CHARACTERISTICS Vvcc =5V +5%, 0°C < Ta < 70°C unless otherwise specified.

LIMIT
PARAMETER TEST CONDITIONS S UNIT
Min Typ Max
Input voltage: Vv
ViH High 20
ViL Low 8
Vic Clamp I, = 5mA -1
Output voltage: Vee = 4.75V Y
VoH High 24
VoL Low .55
Input current!: Vee = 5.25V MA
hH High Viy = 5.25V <10 100
e Low V. = .5V -350 -550
Output current2: mA
los Short circuit Voo = 4.75V
UD bus 10
IV bus 20
lcc VCC supply current Vge = 5.25V 100 150 mA
NOTES
1 The input current includes the three-state/open collector leakage current of the output
driver on the data lines
2 Only one output may be shorted at a time
PARAMETER MEASUREMENT INFORMATION
LOAD CIRCUIT FOR THREE-STATE OUTPUTS INPUT WAVEFORM
ALL DIODES
ARE 1N914
39002 S1 OR EQUIVALENT S2 90% |- 90% 30V
Ve O—WWA—O —O
= t, t
ouTPUT T W] S1OPEN LS Sm
UNDER r Z H | S2 CLOSED Y5
TEST | H L | S1 CLOSED
—=C_ Z L | S2 OPEN
I L Z | S1CLOSED
L H Z | S2 CLOSED
NOTE CL includes fixture capacitance
CLOCK PULSE WIDTH DATA DELAY TIMES
Clock Referenced
MCLK
15V, 15v
INPUT
ty DATA
OuUTPUT
DATA

Signetics

3-49

||



BIPOLAR LSI PRODUCTS

8-BIT LATCHED BIDIRECTIONAL 1/O PORT

8T31

AC ELECTRICAL CHARACTERISTICS 0°C=<TA<70°C,Vge =5V * 5%

DATA AND
CONTROL

TEST LIMITS
PARAMETERS INPUT CONDITIONS Min Tve Max UNIT
uD X 25 38 ns
tpp  User data relay! MCLK C_ = 50pF 45 61 ns
toe User output enable BOC C_ = 50pF 18 26 47 ns
BIC 18 28 35 ns
top  User output disable BOC C_ = 50pF 16 23 33 ns
IV X 38 53 ns
tpp P data delay’ MCLK C_ = 50pF 48 61 ns
WE
toe uP output enable RC C, = 50pF 14 19 25 ns
wC
WE
too  uP output disable RC C_ = 50pF 13 17 32 ns
WC
tw Minimum pulse width MCLK 40 ns
X’ 15
BIC 25
X IV X 55
tseup Mimimum setup time2 ME 30 ns
RC 30
wC 30
DX 25
BIC 10
IV X 1
tyoo  Minimum hold time? ME 50 ns
RC 5
wC 5
NOTES
1 Datadelays referenced to the clock are valid only if the input data is stable at the arrival
of the clock and the hold time requirement 1s met
2 Setup and hold times given are for “normal” operation “BIC setup and hold times are for
auser write operation RC setup and hold times are for an I/0 Port select operation ME
and WC setup and hold times are for a microprocessor bus write operation
3 Times are referenced to MCLK
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES OUTPUT ENABLE AND DISABLE TIMES
(Three-State Outputs)
LOW LEVEL
ENABLING
meLk ittt CONTROL -\\I o
/ ouTPUT N 18V 7 v HIGH LEVEL
Tsv : e _/ 1| ENABLING
‘ol
8IC ————r__J ’ E*’I |I“ou"‘l
< tsETUP |+ HoLD —| DATA 1sv | |
—_—— - —_———— OUTPUT 1 |‘5W_VOL
T 1 T
|
|
|

il
=V
DATA {
QUTPUT 2 | 18v [ I

ftop=1
WAVEFORM #11S FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE
OUTPUT IS LOW WHEN THE THREE-STATE DRIVER IS ENABLED WAVEFORM #21S
FOR THE OPPOSITE CONDITION
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8-BIT LATCHED ADDRESSABLE BIDIRECTIONAL 1/O PORT

8132/8136

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)

e 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.

8T 36 —Three-state, field-programmable
(addresses 0-255), asynchronous
user port

PRODUCT DESCRIPTION
8T32/8T36. Each of these I/0 Bytes is an
addressable and bi-directional register
designed for use as an interface element in any
system with TTL-compatible buses. (Note.
Since these I/0 Bytes are frequently used with
the 8X300 Microcontroller and its associated
Interface Vector bus, the 8T32-8T36 family of
parts are commonly called IV Bytes.) Each I/O
Byte contains eight identical data latches (Bits
0 through 7); the latches are accessed from
either of two 8-bit ports—one port connecting
to the microprocessor (8X300) 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 /O 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-
dress/data bus. A Master Enable (ME) input
1s 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 0.8 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

uo7 [1]
ups [2]
ups [3]
ua [4]
b3 [5 |
u2 6|
o1 7]
upo [8]
=0
%
GND @

_2__‘|Vcc
EW
E]w’i

17] Vi
[16] Vo
[15] we
[12] sc
13] Mok

TOP VIEW

ORDER NUMBERS
CONTACT LOCAL SALES REPRESENATIVE

A stock of 8T32s and 8T36s 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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8-BIT LATCHED ADDRESSABLE BIDIRECTIONAL 1/O PORT

8T32/8136

TYPICAL BLOCK DIAGRAM

mr . T iorsmiTsuces |

|
|
a a :
UD0 ——— o

R s

! I
| !
| !
| !
| |
I I
| |
| \ |
| AoDRESS I
| |
! |
| |
N O -
FROM OTHER —“
Torrsoces
nln
s
L I we
MCLK
BOC
BIiC < ME

*Switch indicates synchronous/asynchronous user write option Switch shown for synchronous version
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8-BIT LATCHED ADDRESSABLE BIDIRECTIONAL /O PORT

8132/8136

PIN DESCRIPTION

PIN SYMBOL | NAME AND FUNCTION TYPE
1-8 UDO0-UD7 | User Data I/0O Lines Bidirectional data lines to Active high
communicate with user’s equipment Either tri-
state or open collector outputs are available
16-23 | iVO-1V7 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 I/O Port onto the user data lines
1 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/0 Port, if selected, stores contents of
IV0-IV7 as data.
14 SC Select Command. When SC is high and WC1s | Active high
low, data on IV0-1V7 is interpreted as an address
1/0 Port selects itself if its address is 1dentical
to uP 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 vCcC 5V power connection
12 GND Ground
Table 1. USER PORT CONTROL FUNCTION
- o 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'tcare
Table 2. MICROPROCESSOR PORT CONTROL FUNCTION
. . STATUS 1/0 PORT
ME SC wcC 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 Input Address
L H H H L X Input Address
L H H H H X Input Dataand 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 con
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 1s 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
Microcontroller.

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 I/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 i1s
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/O Port was selected. The
data is also interpreted as an address. The /O
Port sets its select status If its address matches
the data read when SC and WC were both
high; 1t resets its select status otherwise.

BUS OPERATION

Data written into the /O Port from one port will
appear inverted when read from the other port.
Data written into the 1/0 Port from one port will
not be inverted when read from the same port.
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8-BIT LATCHED ADDRESSABLE BIDIRECTIONAL 1/O PORT 8132/8136

AC ELECTRICAL CHARACTERISTICS 0°C<TA=70°C,Vcc =5V £5%

TEST LIMITS
PARAMETER INPUT CONDITION Min Tvp Max UNIT
uD X 25 38
tpp User data delay (Note1) M_CiK' C|_ = 50pF 45 61 ns
BICt 40 55
tog User output enable BOC C| = 50pF 18 26 47 ns
BIC _ 18 28 35
top User output disable BOC C = 50pF 16 23 33 ns
VX _ 38 53
tpp MP data delay (Note 1) MCLK C\ = 50pF 48 61 ns
ME
tog uP output enable SC C = 50pF 14 19 25 ns
wcC
ME
top MP output disable SC C = 50pF 13 17 32 ns
wC
MCLK 40
tw Minimum pulse width BICt a5 ns
uUD xO 15
BIC* 25
. . VX 55
tseTyp Minimum setup time ME (Note 2) 30 ns
SC 30
WC 30
ubD xO 25
BIC* 10
L . VX 10
tHoLp Minimum hold time ME (Note 2) 5 ns
SC 5
wC 5

e Applies for 8T32.
1 Applies for 8T36.
O Times are referenced to MCLK for 8T32, and are referenced to BIC for 8T36.

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. BIC setup and hold times are for a user write operation. SC setup and hold times are for /O Port
select operation. ME setup and hold times are for both IV write and select operations.
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8T32/8136

DC ELECTRICAL CHARACTERISTICS 0°C=<Tp<70°C,Vgg =5V £ 5%

LIMITS
PARAMETER TEST CONDITIONS UNITS
Min Typ Max
ViH High-level input voltage 2.0 55 \
ViL Low-level input voltage -10 8 \
Ve Input clamp voltage I} = -5mA -1.0 \
liH High-level input current! Vce =525V <10 100 uA
ViH = 5.25V
e Low level input current? Vce = 5.25V -350 -550 uA
ViL= .5V
VoL Low-level output voltage Vce = 475V .55 v
loL = 16mA
VoH High-level output voltage Vcec = 4.75V Vv
lon = -3.2mA 2.4
los Short-circuit output current?
UD bus Vce = 4.75V 10 mA
IV bus Vee = 4.75V 20 mA
Icc Supply current Vce = 5.25V 100 150 mA
NOTES Absolute Maximum Ratings:
1 The input current includes the Three-state/Open Collector leakage current of the 3 v
output driver on the data lines SuPpIy VO'tage """"""" 7
2 Only one output may be shorted at a time
3 These imits do not apply during address programming Inpm voltage3 """""" 55V
TEST LOAD CIRCUIT TEST LOAD CIRCUIT
(OPEN COLLECTOR OUTPUTS) (THREE-STATE OUTPUTS)
v ALL DIODES
cc ARE 1N914
390Q st OR EQUIVALENT s2
Vec O—VW—O —0 ~o—
390Q TEST 1Ke
POINT 4 AAA—— | L
OUTPUT TEST POINT FROM "
OUTPUT L—H S1OPEN
UNDER I Z~H S2 CLOSED
S TEST 1 H~L S1 CLOSED
CL Z - L S2 OPEN
I L—- 2 S1 CLOSED
= H - Z S2 CLOSED
NOTE: C_includes fixture capacitance. NOTE: C; includes fixture capacitance.
VOLTAGE WAVEFORMS
INPUT WAVEFORM CLOCK PULSE WIDTH
90% |- 90% 3.0v
10% 10%
ov
t
r tr<5 ns tf
t,<5ns
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VOLTAGE WAVEFORMS (Cont'd)

DATA DELAY TIMES DATA DELAY TIMES
Input Data Reference Clock Referenced

,/ 8735 AND 8736

MCLK

INPUT DATA

OUTPUT DATA

outPUT INPUT DATA
DATA

OUTPUT DATA

SETUP AND HOLD TIMES OUTPUT ENABLE AND DISABLE TIMES
(Three-State Outputs)

LOW LEVEL
contnor ! S ENABLING
1.5V 1.5V
MCLK outPUT /N /| HIGH LEVEL
[ =—l———— ~ ENABLING
. [ toE 1 I~'on>§
| |
e — » DATA AN
-V
¥ T T oL
F—toe—! | I | v,
DATA ./ I 7% o
f 1.5V | |
DATA AND OUTPUT 2 | | V|
CONTROL Ftop-
oD’

Waveform #1 1s for an output with internal conditions such that the out-
put 1s Low when the three-state driver 1s enabled Waveform #2 1s for
the opposite condition
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8-BIT LATCHED ADDRESSABLE BIDIRECTIONAL 1/O PORT

8T32/8136

ADDRESS PROGRAMMING

The 1/0 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 = V¢¢, SC = WC =
MCLK = GND). Leave all Microprocessor
Bus 1/O_pins open.

ADDRESS PROGRAMMING PULSE

2. Raise Vg to 7.75V + .25V.
3. After Vg 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 Vg to OV. (Note 1).

5. Repeat this procedure for each bit where
a low-level match is desired.

6. Verify 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 1,

the uP bus will appear inverted on the user
bus outputs. (Use normal V¢ and input
voltage for verification.)

After the desired address has been pro-

7.75V
Veer
i |
=<—<1 SEC. —»t‘ ov
ADDRESS 0% ——18V
PROGRAMMING |
PULSE UD 0-UD 7 0% L | ! ! w
| |
it L imse]
10008 >t, >1,8
Figure 1
PROTECT PROGRAMMING PULSE
PROTECT 0% v
PROGRAMMING | \
Pusewoow? o/, ‘ |
| | | ov
JE Py - Y>1008 | qms
Figure 2

Set V¢ and all control inputs to OV. (Vg =
BIC = BOC = ME = SC = WC = MCLK
= 0V). Leave all Microprocessor Bus /O
pins open.

. Apply a protect programming pulse to every

user data bus pin, one at a time. The

3. Verify that the address circuitry is isolated
by applying 7V to each user data bus pin
and measuring less than 1mA of input cur-
rent. The conditions should be the same as
in step 1 above. The rise time on the
verification voltage must be slower than

grammed, a second procedure must be fol- voltage should be limited to 14V; the cur- 100us.
lowed to isolate the address circuitry. The pro- rent should be limited to 150mA. Apply the
cedure is: pulse as shown in Figure 2.
PROGRAMMING SPECIFICATIONS?
TEST LIMITS
PARAMETER CONDITIONS win Tvp Wox UNITS
Veer Programming supply voltage
Address 7.5 8.0 \
Protect 0 \
lecp Programming supply current Veep = 8.0V 250 mA
Max time Vggp>5.25V 1.0 s
Programming voltage
Address 175 18.5 v
Protect 13.5 14.0 \%
Programming current
Address 75 mA
Protect 150 mA
Programming pulse rise time
Address A 1 us
Protect 100 us
Programming pulse width 5 1 ms
NOTE
1. If all programming can be done In less than 1 second, Vgc may remain at 7.75V for the entire programming cycle.
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8-BIT LATCHED ADDRESSABLE BIDIRECTIONAL /O PORT 8132/8T136

APPLICATIONS

Figure 3 shows some of the various ways to
use the I/O 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 SIGNETICS
status signals. I/O Port 1 functions bidirec- 8132
tionally for data transfer and I/O Port 2 provides :>
a similar function for discrete status and con- /O PORT 1 uD0-UD7

trol lines. I/O Ports 3 and 4 serve as dedicated <:>

output and input ports, respectively.

APPLICATIONS

ME
L o
O BOC
1/0 PORT 2
B z
—_— — Q
Vo-iv7 ME &
i i BRi~ w
SIGNETICS <: |___-o BIC 2
8X300 MCLK, ___ &
MICROCONTROLLER > {1 __oBoc 9
SC, WC o«
w
[
— = g
RB UDO-UD7
1/0 PORT 3 >

1 —
wE L 1 Vee
BOC_[ BIC

UD0-UD7
1/0 PORT 4 Q:
WE Vee
ach_ Boc

Figure 3
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8-BIT LATCHED BIDIRECTIONAL 1/O PORT

8X371

FEATURES

e 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 8X305 (or 8X300)
MicroControllers
Single +5V supply
e 0.4inch 24-pin DIP

PRODUCT DESCRIPTION

The 8X371 1/0 Port is a bidirectional device designed for
use as an interface element in systems that use TTL-

8X371 PACKAGE and PIN DESIGNATIONS

N, | PACKAGE
vor [1] hd 24] Vee
ups [2] 2 23] V7
uos[3]} é [22] iV6
upa[4] § 21] iv5
ub3[3 <, [x)va
wo2l6] £ % § [19] V3
wif] Qo [Ev2
uDo [5] 55 mw
70¢ (7] 3 5] ivo
UIc [io = [15] we
W 8 [mec
GND [13] McLK
TOP VIEW

ORDER NUMBERS

N8X371N, N8X3711
$8X3711/883B, S8X3711/883C

PIN.NO. IDENTIFIER FUNCTION

1-8 UD7-UD0  Three-state, bidirectional User Data (UD)
bus, UDO and corresponds to 1VO

9 uoC User Output Control—active low input to
enable data output to UDO-UD7

10 uIC User Input Control—active low input to enable
data input from UD0-UD7

1 ME  Master Enable—active low input to enable the
IV bus for data input, or data output, UD-bus
operations are unaffected

12 GND Ground

13 MCLK  Master Clock—active high input (from
MicroController used to strobe data nto data
latches from the 1V and UD buses

14 RC Read Control—active low input to enable data
output to TVO-IV7

15 wWC Write Command—active high input (from
MicroController) to enable the writing of data
into the data latches from the IV bus (provided
UIC 1s not low)

16-23 WO-IV7  Interface Vector (Input/Output Bus)—
threeitate, bidirectional, MicroController data
bus, IVO corresponds to UDO

24 Vce +5V power supply

Signetics

compatible busses. Typically, the 8X371 is used with the
8X305 MicroController and its associated Interface Vector
(V) bus; however, it can also be used with the 8X300
MicroController or an equivalent microprocessor. The
8X371 is functionally the same and pin-for-pin compatible
with the older 8T31/8X31 but features improved per-
formance and 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 MicroController (TV
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 situationi_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 forinput, all
input-data transitions are propagated to the other bus, if
enabled for output.

WV WRITE

IV READ

Mcn.KoD«

Figure 1. Logic Diagram for 8X371 I/O Port
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8-BIT LATCHED BIDIRECTIONAL 1/O PORT

8X371

FUNCTIONAL OPERATION

UD Bus Control

As shown in Table 1, the User Data (UD) bus interface is
controlled by the UTC and UOC inputs. Data input to the UD
bus is synchronous 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
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 TV bus is shown in Table 2; this
bus is controlled by RC, WC, ME, and MCLK. The Vbus is
enabled for output (MicroController read operation) when
ME, RC, and WC are all low. Data is written into the data
latches from the TV 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 TV and UD busses operate independently.

The MicroController Left Bank (LB) and Right Bank (RB)

Table 2. INPUT/OUTPUT CONTROL OF IV BUS
_ _ _ FUNCTION
ME RC WC | MCLK | UIC OF IV 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
1/0 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 I/O port from either bus will appear
inverted when read from the other bus. Data written into
either bus will not beinverted 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 IV 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).

DC ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Vce Power supply voltage +7 Vde
. . VIN Input voltage +55 Vdc
COMMERCIAL 475V < Vcc =525V, 0°C < Ta=<70°C TstG Storage temperature range -65 to +150 °C
MILITARY. 45V < Vcc <55V, -65°C < Tc < 125°C
LIMITS (COMMERCIAL, LIMITS
PARAMETER TEST CONDITIONS T (CoMpERaAl | LIMITS GILTAT) )y
Min | Typ | Max | Min | Typ | Max
Vee Supply Voltage 475) 5 [525| 45 5 55 \
ViH High Level Input Voltage 20 20 \
ViL Low Level Input Voltage 08 0.8 \
VecL Input Clamp Voltage Vce=Min, 1=-10mA -15 -1.5 \
liH High Level Input Currentl Vcc=Max, VIH=2 7V 5 100 5 100 pA
I Low Level Input Current! Vecc=Max, ViL<05V -350 | -550 -350( -550 uA
VoL Low Level Output Voltage _ _
iV Bus (VO-1V7) Vecc=Min, loL= 16mA 055 055 Vv
User Bus (UD4-UD7) Vecc=Min, loL=24mA 055 055 Vv
VoH High Level Output Voltage Vce=Min, loH=-3.2mA 24 24 \
los Short Circuit Output Current3 _
IV Bus (IVO-IV7) Veo=Max -20 20 mA
UD Bus (UD4-UD7) Vecec=Max -10 -10 mA
lcc Supply Current Vce=Max, ME=U00C=Vcc 90 | 150 90 | 150 mA
Notes

1 The input current includes the Three-state leakage current of the output driver on the data lines
2 Only one output may be shorted at a time
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8-BIT LATCHED BIDIRECTIONAL 1/O PORT

8X371

AC ELECTRICAL CHARACTERISTICS (Cont!d)
COMMERCIAL: 4.75 <V <5.25V, 0°C =T, =<70°C

MILITARY: 4.5V <Vc=<5.5V, -55°C<T=<125°C LOADING. See TEST LOADING CIRCUITS

ERE LIMIT IM
PARAMETER REFERENCES TEST CONDITIONS S (Commercial)| LIMITS (Military) UNIT
FROM TO Min | Typ | Max | Min | Typ | Max
Pulse Widths:
twy Clock High tMCLK | IMCLK 35 35 ns
tweo User Input Control Wwic tUIC MCLK = High 35 35 ns
Propagation Delays: .
tpp1 UD Propagation ub v MCLK = Hgh
Delay RC =WC = ME = UCl = Low 30 30 [ ns
tpp2 UD Clock Delay — UD=Stable;
MCLK Y AC = WG = ME = i = Low 50 50 | ns
tpps UD Input Delay —— UD = Stable; MCLK = High
ic v BC = WC = ME = Low 50 50 ns
tpps IV Data — MCLK = WC = UIC = High;
Propagation Delay v ub ME =UOC=RC =Low 45 45 ns
tpps IV Data WC =UIC = High; IV = Stable
Clock Delay MCLK | UD | ME_UOC=RC=Low 55 5 | ns
Output Enable Timing: .
toe1 UD Output Enable uocC ubD UIC =High 30 30 ns
toez UD Input Recovey +0IC ubD UOC = Low 30 30 | ns
toes IV Data — —
Master Enable ME v WC=RC=Low 22 25 ns
toga IV Data — __
Read Enable {RC vV WC=ME =Low 25 25 ns
toes IV Data —
Write Recovery IWC vV RC =ME = Low 25 25 ns
Output Disable Timing:
topt UD Output — —
Disable 100C up UIC = High 25 25 | ns
top2 UD Input _ —
Override wic ub UOC =Low 30 30 ns
tops? IV Data — —
Master Disable tME v WC =RC =Low 20 20 ns
topa IV Data _ __
Read Disable tRC v WC =ME = Low 20 20 ns
tons IV Data N
Write Override tWC \Y RC =ME =Low 20 20 ns
Setup Time:
fst UD Clack Setup ub | wmcLk | UiC=Low 15 15 ns
ime
ts2 UD Setup Time ub tuic MCLK =High 15 15 ns
ts3 User Input Control —_
Setup Time ic IMCLK 25 25 ns
tes IV Data — e
Setup Time v IMCLK | WC=UIC =High; ME = Low 35 35 ns
tgs2 IV Master Enable - .
Setup Time IME IMCLK | WC=UIC=High 30 30 ns
tes IV Write Control — e
Setup Time tWC IMCLK | ME-=Low; UIC=High 30 30 ns
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AC ELECTRICAL CHARACTERISTICS (Cont’d)

PARAMETER REFERENCES TEST CONDITIONS LIMITS (Commercial)| LIMITS (military) UNIT
FROM TO Min | Typ | Max [ Min | Typ | Max
Hold Times:
th U%Sfcﬁm . WMCLK | up | OiG=Low 15 15 ns
the U%gg"%:e 10IC UD | MCLK=High 15 15 ns
tha Us:;,g"}"‘;gmtm' IMCLK | tuiC 0 0 ns
e W,zﬁ‘ffﬂm . IMCLK v WC=UIC=High: ME=Low | 5 5 ns
ths? W,_':’(')Tdsﬁlrnfe"ab'e IMCLK | 1ME | WE=OC=High 0 0 ns
e W,_m;eTg:gm' MCLK | WwcC | ME=Low; =UIC=High 0 0 ns
Notes'

1 Tl'Ee parameters are measured with a capacitive loading of 50 pf 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 after the falling edge of MCLK to avoid unintended writing into or selection of the I/O port
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= THREE-STATE

= CHANGING DATA

| tws bty
| | |
MCLK y \ |
H o
! | tss | fotes
i
{ /
uic A : / 7
b
| \ [
b se | '
: | |——(Note 2)—»"7":5;’
| [ |<——'5‘ |t —]
H | | __(Note2) (Note 3) \
UD nput
FROM USER %/
SYSTEM) |
| | J—
Il I Static Conditions __ uoc
| I ! SC = WC = ME - Low [
| | | JOC = High |
| 1 | Notes |
1 1 [ 1 The actual time for stable |
I I | data on the IV bus Is the
] | | latest propagation from |
| | | tep1. teD2. and tPD3 |
| | | 2 The UD input must satisfy —_—
i | | the setup-time require-
1 | ments for both tsi and ts»
! t 3 Mimmum hold-time re- \
! ! f 1| quired for the UD input 1s |
! 'y (Note 1) the earlier of the tmes
| |=tppaNote 1)—| specified by ti1 and tp |
'
topz (Note 1) —> f=toe
I uob I
IV (outpur (ouTeur
to Microprocessor) SYSTEM)

a. User Data Input Timing

%

|
|
| !
|

[=too2>|
1

b. User Data Output Timing

F—‘oo*—’l

%, S/

|

|

Static Conditions |
UOC - Lo |

|

UOC - Low
UIC - High

*PARAMETER KEY

|
} MICROPROCESSOR
| CONTROL SIGNAL

AC TIMING PARAMETERS

fe—tw1—>|
| |
MCLK Micro-
] ) processor
P——tse——’l Control
\ | ~ the | Signal* H |
[
wc * :‘—l"ss—_" |—toe* ]|
| fa— t,.—=1 v
| | | | (Mouwur to
icro-

STATIC CONDITIONS

UD (0UTPUT 1o User
SYSTEM)

c.

MicroController Write Cycle Timing

> ME toes
%X e ox
sc toes

tons SC =WC =LOW
t SC =ME =LOW

oD4 —_—
tops RC = ME - LOW

d. MicroController Select Cycle Timing

Figure 2. Timing Diagram
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TEST LOADING CIRCUITS

iV BUS uD BUS

+5V +5V

bS

2320 1600
OUTPUT OUTPUT 1
UNDER UNDER Ot

TEST TEST 3 |
<
169 0 300 pf 1200 & ]. 100 pf

<

3-64 Signetics



BIPOLAR LSI PRODUCTS

8-BIT LATCHED BIDIRECTIONAL 1/O PORT

8X371

APPLICATIONS

In some applications, performance of a MicroController
system can be enhanced by using the 8X371 I/O Port
instead of an addressable 8X372 port. Using a technique
referred to as Extended Microcode or Fast IV 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
designsand 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 (D16 and D17),
permitting any one 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 I/0
ports are placed on the Left Bank of the TV bus.

I/0 PORT SELECTION USING EXTENDED MICROCODE

8X371
1/0 PORT
#0

ivo-iv7
8X305
micROCONTROLLER 'C
MCLK
B
Ag-Ay, Ik

1-OF-4
DECODER
(745139)

Ao

AsA,

Dy-Dss

PROGRAM MEMORY
(ROM/PROM)

2
D FLIP-FLOP
(74574)

o 0 9 8

8X371
1/0 PORT
#2
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8X372/8X376

ADDRESSABLE/BIDIRECTIONAL 1/O PORTS

FEATURES

e 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 MicroController port address
Three-state TTL outputs with high-drive capabilities
Power-up to predetermined logic state
Directly compatible with 8X305 or
8X300 MicroControllers
Single +5V supply
0.4 inch 24-pin DIP

PRODUCT IDENTITY

8X372—Synchronous, three-state, bidirectional /0O port
with programmed address.

8X376—Asynchronous, three-state, bidirectional 1/0 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/0 ports are
used with the 8X305 MicroController and its associated
Interface Vector (TV) bus; however, either port can also be
used with the 8X300 MicroController or an equivalent

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, each 1/0 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 MicroController (TV bus)
and the other to the user system (UD bus). Separate
controlsare provided foreach 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.

Boththe 8X372 and 8X376 are available with preprogrammed
addresses (010 through 25510), either device can be field-
programmed over the same address range. Input/output
operations can begin once the I/0 port is selected and
appropriate control signals are generated. Port selection is
implemented by putting the I/0 port address (010-25510) on
the TV 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 MicroController, provides the capability
of organizing the TV bus into two separate and independent
banks of 1/0 devices.

N, | PACKAGE
PIN.NO. IDENTIFIER FUNCTION
um[j 28] Vee 1-8 UD7-UDO  Three-state, bidirectional User Data 1UD) bus, UDO
.. corresponds to IVO
UDOZ 3 23] V7 9 uoC User Output Control—active low input to enable data output
ups[3] 2 E @ to UD0-UD7
o 10 U User Input Control—active low input to enable data input
upa[a] © ﬁg [21] VB from UD0-UD?
wsE] & E = |20]iva 11 Master Enable—active low input to enable the iV bus for
uan § Q. m V3 data input, data output, or IV address selection/deselection,
x<g UD-bus operations are unaffected
D1 [7] ga'g i8] iv2 12 GND  Ground
uDo [8] 5 X = Vi 13 MCLK Master Clock—active high input - from MicroController
- -3 8 3 used to strobe data into data latches from the IV bus and.
Uoc 3] < [18ivo for the synchronous 8X372, from the UD bus, MCLK also
Uic [10 '-_' a 5] we synchronizes |V address selection
_ =m 14 Select Command—active high input_from MicroController
ME[11 g sc to enable TV address input from the IV bus for device
selection
GND |12 MCLK
[: 3] 15 wWC Write Command—active high input from MicroControlier
to enable the writing of data into the data latches from the
TOP VIEW IV bus, provided UIC is not low
ORDER NUMBERS 16-23 V0-1v7 Interface Vector Input/Output Bus —three-state,
. 1IVO ds t
NBX372N or NBX376N Blggecnonal MicroController data bus. IVO corresponds to
N8X3721 or N8X376!
S8X3721/883B or S8X3721/883C 24 Vee +5V power supply
$8X3761/883B or S8X3761/883C
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Figure 1. Logic Diagram for 8X372/8X376 1/0 Ports
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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 TUIC 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 IV bus should not be read during
the time the data latches are changing due to user input.)
Output drivers onthe UD bus are enabled when UOC is low
and UIC 1s high

Table 1. INPUT/OUTPUT CONTROL OF UD BUS
oic U0t IMcLK FUNCTION OF UD BUS
8X372 8X376
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

X = don’t care

TV Bus Control

Input/output control of the TV 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/0O port
stores the result of the most recent 1V address selection.
The latch is set when the internally preprogrammed address
of the port matches the address on the TV 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 TV bus can transfer data
only when the selection latch is set. As shown in the
APPLICATION DIAGRAM, the MicroController Left Bank
(LB) and Right Bank (RB) outputs can control the MEunputs
fortwo banks of I/0 devices, thus, acting as a ninth address
bit.

Table 2. INPUT/OUTPUT CONTROL OF IV BUS

— [ T

WE | sc | we [moik | O | SE-RCTION | FUNGTION OF
L L L X X Set Output Data
L L H H H Set Input Data

L H L H X X Input Address*
S D Tl DR P % and adaress
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 1s updated

Data 1s written into the data latches of a selected device
from the IV bus when WC, MCLK, and UIC are all high and
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ME is low. To prevent data-input conflicts, inputs from the
TV bus are inhibited when UIC is low; under all other
conditions, the TV and UD busses operate independently

Output drivers on the TV 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 IV0-IV7 is
interpreted as both input data and IV address. Provided UTC
is high, the data is latched into the data latches whether or
not the I/0O port has been previously selected. If the
preprogrammed address of the I/O port matches the bit
pattern on 1V0-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 IV 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” level (UD bus outputs high if
enabled).

ADDRESS PROGRAMMING AND ADDRESS PROTECT

Programming Procedures

Both 8X372 and 8X376 can be programmed to respond to
any address within a range of 010 through 2551¢0. In an
unprogrammed state, low level (<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 (=2.0V) 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: Set all control inputs to the inactive state—
UIC =UOC = ME= Vgc and SC=WC =
MCLK = GND; leave the UD and IV bus pins

open.
Step 2:
Step 3:

Increase Vg to Vegp.

After Vcc has stabilized, apply a single pro-
gramming pulse (Figure 2) to the user-bus bit
that corresponds to the desired high-level TV
address bit. The I/O port is programmed
from the user bus (UD0-UD?7) for addressing
from the MicroController bus (IVO-1V7).

Return V¢c to 0-volts. (Note. If the pro-
gramming of all address bits is completed in
less than 1-second,Vcc can remain at9.0-volts
for the required interval of time.)

Step 4:

Step 5: 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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Table 3. PROGRAMMING SPECIFICATIONS

thereare no programming errors, subsequent

Veer

N/

| |
l+=—<1.0 sec —i

ADDRESS

PRO-

GRAMMING 90°/nf—\ ——————— 9.0v
PULSE 10% ! P d ! ov
UD INPUT, 1 i

‘ ) VT 05ms<t,<1.0ms

t

4

Figure 2. Address Programming Pulse

Step 6: To verify that the address is properly pro-
grammed, return Vcc to +5V, set IV0-IV7 to
the desired (inverted) binary address pattern,

set ME=WC=Lowand SC=MCLK= High. If

A
10 55 . ! ov

LIMIT! i VBT o ;
PARAMETERS MITS UNITS data wr}tten frgm I\L/JOD!)VZ”(D\;VC High) will
Min | Typ| Max appear inverted on - .
VC%FI’t— Programming supply Address Protect
Vi .
age Address 875! 9.0 | 9.25 v After programming t.he I./O Port, steps shou!d bfe taken to
Protect 0 v isolate the address circuits and make these circuits perma-
Maximum time Vocp =5 25V 10 | Sec ently immune to further change.
Programming voltage Step 1: Set Vcc and all control inputs to 0-volts (Vcc
ddress 87519019251 Vv =UIC=U0C=ME=SC=WC=MCLK=0V);
Protect 8.75 9.25 v IVO-IV7 = open circuit.
Pr°g'a’“’2'(§‘3,§s‘;"e“‘ 5 mA Step 2: Taking one pin at a time, apply a protect
Protect 50 mA programming pulse (Figure 3) to each user-
tr — Programming pulselnse bus bit (UDO-UD7)—refer to Table 3 for
time min/max specifications pertaining to voltage
Address 10 100 uS and current.
Protect 10 100 uS
tw—Programming pulse width | 05 10 mS

- ~Zor

Sms<t,<1.0ms

Step 3:

Figure 3. Protect Programming Puise

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.)

DC ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Vce Power supply voltaged +7 Vdc
COMMERCIAL 475V < Vgc £5.25V, 0°C = TA<70°C VIN Input voltage3 +55 Vdc
MILITARY 4.5V < Vcc <55V, -55°C < Tc < 125°C Tste Storage temperature range -65 to +150 °C
LIMITS (COMMERCIAL) LIMITS T,
PARAMETER TEST CONDITIONS 12 A SMOSMRIE G
Min | Typ | Max | Min | Typ | Max
Vcc  Supply Voltage 475 | 5 |525| 45 | 5 | 55 v
ViH High Level Input Voltage 20 20 \
ViL Low Level Input Voltage 0.8 08 \Y
VeL Input Clamp Voltage Vce=Min; [|=-10mA -1.5 -1.5 \
I+ High Level Input Currentt Vce=Max; ViH= 2.7V 5.0 | 100 5.0 [ 100 uA
L Low Level Input Current! Vcc=Max, ViL=0.5V -350 | -550 -350 | -550 nA
Vou Low Level Output Voltage _ _
iV Bus (VO-IV7) Vce=Min, loL=16mA 0 55 055| V
User Bus (UD0-UD7) Vec=Min, loL=24mA 055 0.55 \"
VoH High Level Output Voltage Vce=Min; loH=-3.2mA 24 24 Vv
los Short Circuit Output Current2 _
iV Bus (VO-IVT) Vce=Max -20 -20 mA
UD Bus (UD0-UD7) Vcec=Max -10 -10 mA
lcc Supply Current Vec=Max, ME=UOC=Vcc 90 | 150 90 | 150 [ mA
NOTES:

1. The input current includes the Three-state leakage current of the output driver on the data lines.

3 These imits do not apply during address programming.

Signetics
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AC ELECTRICAL CHARACTERISTICS

COMMERCIAL" 475V < Vcc <525V,0°C<Ta<70°C

MILITARY: 4.5V < Vcc < 55V, -55°C=Tc<125°C
LOADING" See TEST LOADING CIRCUITS

REFERENCES' LIMITS (COMMERCIAL) [  LIMITS (MILITARY)
PARAMETER FROM To TEST CONDITIONS Min | Typ | Max | Min| Typ| Max UNIT
Pulse Widths:
tw1 Clock High MCLK MCLK 35 35 ns
twa  User Input Control yuic t0IC | MCLK=High 35 35 ns
Propagation Delays:
trD1 UD Propagation - MCLK=High
Delay ub V' | sc=wc =ME=UiC=Low % 80 | ns
trD2 UD Clock Delay — UD=Stable,
(8X732 only) fmoLk V' | sc=wc=ME=0iC=Low 50 50 | ns
tpps  UD Input Delay = ~; | UD=Stable, MCLK=High;
yuic A% SC=WC=ME = Low 50 50 ns
tp4 IV Data MCLK=WC=UIC=High,
Propagation Delay v ub ME=UOC=SC=Low 45 45 ns
tps IV Data WC=UIC=High; IV=Stable,
Clock Delay tmcLk upb ME=UOC=SC=Low 55 55 ns
Output Enable Timing: -
toE1 UD Output Enable {uocC ub UIC=High 30 30 ns
toe2  UD Input Recovery fuic UD |UOC=Low 30 30 | ns
toes V Data —_ Vi e
Master Enable {ME [\ WC=SC=Low 22 25 | ns
toes IV Data we WV | SC=ME=Low 25 25 | ns
Write Recovery
toes IV Data — —
Select Recovery ¥SC v SC=ME=Low 25 25 ns
Output Disable Timing:
toor  UD Output {0oc uD | UiC=High 25 25 | ns
Disable
topz  UD Input {0ic | up |UOC=Low 30 30 | ns
Override
tops? IV Data — Vi Can_
Master Disable tve IV | WC=SC=Low 20 20 | ns
tops2 IV Data = e
Write Override twe v SC=ME=Low 20 20 | ns
tops? IV Data tsc W |wWc=ME=Low 20 20 | ns
Select Override
Setup Times:
ts1 UD Clock Setup TR
Time (8X372 only) ub MCLK | UIC=Low 15 15 ns
ts2 UD Control Setup uD fuic | McLK=High 15 15 ns
Time
ts3 User Input Control —_
Setup Time (8X372 only) | YYIC | IMCLK 25 25 ns
tsa V Data — WC=High or SC=High,
Setup Time v MCLK | GF_ | ow, UIC=High 35 35 ns
tss3 IV Master Enable WC=High or SC=High,
Setup Time IME | IMOLK | (515 _high 80 % ns
tss IV Write Control tWC | $MCLK | SC=ME=Low, UIC=High 30 30 ns
Setup Time
3-70 Signetics




BIPOLAR LS| PRODUCTS

ADDRESSABLE/BIDIRECTIONAL 1/O PORTS

8X372/8X376

AC ELECTRICAL CHARACTERISTICS (Cont'd)

REFERENCES LIMITS (COMMERCIAL) | LIMITS (MILITARY)

PARAMETER T ERRNCES TEST CONDITIONS Min T 2o0 T Mox | Win TronT Max] UNIT
ts7 "éjﬁf%g:“‘m' 1sC | JMCLK| WC=ME=Low 30 30 ns

Hold Times:

tht Uﬁmi"(’g)"(a';g'gmy) IMCLK | UD |UiC=Low 15 15 ns
tH2 U'_?m?;‘it::; oic UD | MCLK=High 15 15 ns
tH3 User Input Control —

Hold Time (8x372 only | MCLK | fUIC 0 0 ns
the IV Data = | WC=High or SC=High;

Hold Time MOLK V' ME=Low, UIC=High 5 5 ns
tHs3 IV Master Enable == | WC=High or SC=High,

Hold Time MCLK tME UiC=High 0 0 ns
the 'L;’:’;"ﬁmfg"‘m' IMCLK | WC |SC=ME=Low, DIC=High 0 0 ns
thr IV Select Control IMCLK | 4SC | WC=ME=Low 0 0 ns
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 50pf and represent the output driver turn-off time
3 If MEsto 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 /0 port.
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Figure 2. Timing Diagram
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APPLICATIONS

One way of using I/O Ports in a microprocessor-based
system is shown in the following application diagram; there
are many other ways of implementing I/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/0 Port #1
is setup for bidirectional data transfersand I/0 Ports #2 and
#3, respectively, serve as dedicated outputand input devices.

Vo-iv7

8X305
MICROCONTROLLER

MCLK
RB

(Note 1)

Notes

1 Up to 256 discrete addresses can be
assigned to each bank (LB or RB)

2 The 8X376 can be implemented in an
identical manner

g wc '/O;:?“T uic
§ MCLK (Note 2)
{ ME uoc

weC (Note 2)

| USER

Vo-iv7
uD0-UD? SYSTEM

sC 8X372

wc VOPORT gow

O

MCLK  (Note 2)
ME

§

g Vo-Iv7
sC

UD0-UD7
8X372
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FEATURES

® Two bidirectional 8-bit 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 MicroController port address
Three-state TTL outputs (for all except parity error flag)
High drive capabilities

Power-up to predetermined state

¢ Directly compatible with 8X305 MicroController

e Single +5V supply

e 0.6 inch, 28-pin DIP

PRODUCT DESCRIPTION

The Signetics 8X374 is an addressable 8-bit 1/0 Port that
features on-chip party generate/check logic. The 8X374
port is designed for applications that require an 8-bit bi-
directional interface element with parity-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

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 through either of two 8-bit busses, one
connecting to the MicroController (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. 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 parity features of the chip by simply select-
ing odd or even parity via the Parity SeLect (PSL) input pin.
When data 1s output to the UD bus, a parity bit is generated
and appended to each byte of data; for incoming data, par-
1ty 1s checked and the result i1s transmitted to an error-flag
latch. The status of the latch (0 = 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
avold false errors while data latches are changing.

N,F PACKAGE

ubn7 1 A 28 JVce
up6 [] 2 L 7 17
ubs[}3 ‘:';S 26 [11Ve
upa[]a Eg 25 []1V5
uba[]s §§ 24 [1TVa
ubD2[] s EE 23[]iIV3
o1l 222 =pv2
ubo[]s ggé 21 Vi
PB[] 9 55 20 [1iV0
PSL[] 10 ’;5 19 [EF
uocn .':'g 18 [JEFH
oicz 38 wpwe
ME[] 13 @ 16[]SC
GND[] 14 15 [JMCLK

TOP VIEW

ORDER NUMBERS
NBX374N, 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 SelLect input control; even parity
=1 and odd parity = 0.

11 Uoc User Output Control — active low input

to enable data output from UDO-UD?7.

o
=
o

User Input Control — active low input
to enable data input from UD0-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
MicroController 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-
ing 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; VO corresponds to UDO.

+5V power supply.

14 GND
15 MCLK

16 SC

20-27 IVO-iV7

28 Vce
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I |
| Al A |
l ONE OF EIGHT |
I s R BIT SLICES ,
o {—p— 9 +— — -
| PROGRAMMED |
l ADDRESS BIT |
PARITY BIT
LATCH PB
- PARITY )
GENERATE/CHECK
FROM LOGIC
REMAINING 4
SEVEN DATA
LATCHES. l—>
PSL
r—o<—<— EFH
FOR REMAINING E
SEVEN PROGRAMMED ERROR
ADDRESS BITS, SAME D FLAG Q@ EF
LOGIC AS SHOWN IN LATCH
ABOVE DOTTED BOX.
UD READ
UD WRITE
L IV READ
IV WRITE
gL—j )
R s
ADDRESS -
SELECTION
LATCH _
QL Qu ll
poy L B
sc N
N
we Low
— VOLTAGE
WE GD CLAMP
N
MCLK >

Figure 1. Logic Diagram for 8X374 1/0 Port
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The 8X374 is available with either preprogrammed addresses
(010 to 255100 or unprogrammed; the device can be field-
programmed over the same address range as the prepro-
grammed port. Input/Output operations to the Micro-
Controller bus can begin once the 8X374 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/0O 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 1/0 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-Bit 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

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 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.

Signetics

Table 2. INPUT/OUTPUT CONTROL OF IV BUS
Selection | Function
ME | SC [ WC | MCLK |UIC | Latch of IV Bus
L X X Set Output Data
L H H H Set Input Data
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 *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
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
SelLect (PSL) input control, 1 = even parity and 0 = odd par-
1ty. As data and parity 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 MicroController software corres-
ponds to a high level on the UD bus even though the IV bus
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8X374

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 (< 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 (= 2.0 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 = Vcc 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 \
Protect 0 \
Maximum Time Vcc >5.25 V 10 | sec
Programming voltage:
Address 875 | 90 [ 925| V
Protect 875 9.25
Programming current:
Address 5 mA
Protect 50 | mA
ty — Programming pulse rise
time:
Address 10 100 | ws
Protect 10 100 | ws
tw — Programming pulse width 0.5 10 | ms

Step 2: Increase Vcc to Veep.

Step 3: After Vcc has stabilized, apply a single program-
ming puise (Figure 2) to the user-bus bit that corresponds to
the desired high-level IV address bit. The I/O port is pro-
grammed from the user bus (UD0-UD?7) for addressing from
the MicroController bus (1IVO-I1V7).

Step 4: Return Vcc to 0 volts. (Note: If the programming of
all address bits is completed in less than one second, Vcc
can remain at Vccp for the required interval of time.)
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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 Vcc to +5 V and set IV0-1V7 to the desired address
pattern (inverted). Set ME = WC = Low and SC = MCLK =
High to select the programmed 1/0O 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.

o jL—S 1.0 SEC:—I\_”—/

eon/;?t—_\ %—\-ﬂ ----- Vcer
10Y%
- 35 ov

tr 05ms<ty<10ms

UD INPUT

Figure 2. Address Programming Pulse

ADDRESS PROTECT

After programming the 1/0 Port, optional steps can be taken
to 1solate the fuse circuits and to make these circuits per-
manently immune to further change.

Step 1: Set Vcc and all control inputs to 0 volts, Vcc = UIC
= UOC = ME = SC = WC = MCLK = 0V, IV0-IV7 = open
circuit.

Step 2: Taking one pin at a time, apply a protect program-
ming pulse (Figure 3) to each user-bus bit (UD0O-UD7). Refer
to Table 3 for min/max specifications pertaining to voltage
and current.

Step 3: Verify that the address circuits for each bit are iso-
lated by applying Vcce, in turn, to each user-bus pin
(UD0-UD7) and measuring less than 200 microamperes of
input current. (Note: Setup conditions are the same as those
in Step 1.)

90%
UD INPUT
10%

—’l tr

————— — Vcer
‘__/-—\—o Vv

05ms<tw<10ms

Figure 3. Protect Programming Puise
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ADDRESSABLE /BIDIRECTIONAL 1/0 PORT WITH PARITY 8X374
ABSOLUTE MAXIMUM RATINGS
Parameter Rating Unit
Vce Power supply
DC ELECTRICAL CHARACTERISTICS voltage!3] +7 Vv DC
COMMERCIAL: Vcc =5 V (£5%); "TI:A = 30000 VIN Input voltagel3! +5.5 v DC
AST70° S
MILITARY: Vcc =5 V (+10%); Ta = -55°C TstG Storage temperature | -65 to +150 C
Tc<125°C range
Limits Limits
(Commercial) (Military)
Parameter Test Conditions Min | Typ | Max | Min | Typ [ Max | Unit
Vce Supply Voltage 475| 5 [525|45| 5 | 55 \"
ViH High Level Input Voltage 20 20 Vv
ViL Low Level Input Voltage 0.8 0.8 Vv
VoL Input Clamp Voltage Vce = Min; h=-10 mA -15 -1.5 Vv
liH High Level Input Currentl] Vcec=Max; ViH=27V 5.0 | 100 5.0 | 250 uA
I Low Level Input Current(1] Vcec =Max; ViL=05V -350 | -550 -350|-550 | uA
VoL Low Level Output Voltage Vce = Min; loL =16 mA 0.55 0.55 v
1V Bus (IVO-IV?)
User Bus (UD0-UD7) and PB Vce = Min; loL =24 mA 0.55 0.55 Vv
EF Vce = Min; loL =8 mA 0.55 0.55 Vv
VoH High Level Output Voltage EF Vce = Min; lon = -1 mA 24 2.4 \"
Others Vce = Min; lon =-3.2 mA 24 24 Vv
los Short Circuit Output Current(?] Vce = Max -20 -20 mA
IV Bus (IVO-1V7)
UD Bus (UD0-UD7) Vce = Max -10 -10 mA
Icc Supply Current Vce = Max; ME = UOC = Vce 90 | 150 90 | 160 mA
Notes:
1. The input current includes the high-Z leakage current of the output drivers (IVO-1V7, UD0-UD7) 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.
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ADDRESSABLE /BIDIRECTIONAL 1/0 PORT WITH PARITY 8X374
AC ELECTRICAL CHARACTERISTICS
COMMERCIAL: Vcc =5V (£5%); TA=0°C, TA<70°C
MILITARY: Vcc =5V (£10%); TA=-55°C, Tc <125°C
LOADING: See TEST LOADING CIRCUITS
Limits Limits
References (Commercial) (Military)
Parameter From To Test Conditionsl1] Min |Typ | Max | Min |Typ | Max | Unit
Pulse Widths:
twi1 Clock High MCLK | {MCLK 35 35 ns
twa  User Input Control tUIC | #UIC | MCLK = High 35 35 ns
Propagation Delays: _
trp1  UD Propagation ubD v MCLK=High 40 40 ns
Delay SC=WC=ME=UIC=
Low
tepz  UD Clock Delay fMCLK | IV | UD=Stable, 50 50 | ns
SC=WC=ME=UIC=
Low
tpps  UD Input Delay fUIC | IV | UD=Stable; 50 50 | ns
MCLK = High;
SC=WC=ME=Low
trps IV Data v UD |MCLK=wC=TIC= 45 45 | ns
Propagation Delay High;
ME =UOC =SC = Low
tros IV Data MCLK | UD | wC=UIC = High; 55 55 | ns
Clock Delay IV = Stable,
ME =UOC =SC = Low
troe  Error Flag Propagation | UD,PB | EF MCLK = High; 55 55 | ns
Delay UIC = EFH = Low
tro7  Parity Generate v PB MCLK =wC=UIC= 55 55 | ns
Propagation Delay High; UOC = ME = Low
tros  Error Flag Strobe VEFH EF 20 20 ns
Delay!3]
Output Enable Timing: .
toer  UD Output Enable tUOC | UD, PB | UIC = High 30 30 ns
toe2  UD Input Recovery fUIC |UD,PB | UOC=Low 30 30 | ns
toes IV Data Master ME v WC=SC=Low 22 25 | ns
Enable
toes IV Data Write WC IV | SC=ME=Low 25 25 | ns
Recovery
toes IV Data Select ¥sC v SC=ME=Low 25 25 | ns
Recovery
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ADDRESSABLE /BIDIRECTIONAL 1/0 PORT WITH PARITY 8X374

AC ELECTRICAL CHARACTERISTICS (Continued)

Limits Limits
References (Commercial) (Military)

Parameter From To Test Conditionsl1] Min | Typ | Max | Min | Typ | Max | Unit
Output Disable Timing: _
top1 UD Output Disable {uOC UD, PB | UIC =High 25 25 ns
top2 UD Input Override fuic UD, PB | UOC = Low 30 30 ns
topa IV Data Master Disable | ME % WC =SC =Low 20 20 | ns
tops IV Data Write Override | AWC v SC =ME = Low 20 20 | ns
tops IV Data Select Override | #SC 1Y WC = ME =Low 20 20 | ns
Setup Times:
tg1 UD Clock Setup Time |UD,PB | #MCLK | UIC =Low 15 15 ns
tso  UD Control Setup Time |UD, PB fUIC | MCLK = High 15 15 ns
tg3  User Input Control yUiC IMCLK 25 25 ns

Setup Time
ts4 TV Data Setup Time v ¥MCLK | WC = High or SC = High; 35 35 ns

ME = Low; UIC = High

tg5!2! IV Master Enable — WC = High or SC = High,

Setup Time ME MCLK UIC = High 30 % ns
tse iV Write Control R TS

Setup Time WwC MCLK | SC = ME = Low; UIC =High 30 30 ns
ts7 IV Select Control SC | IMCLK | WC =WE = Low 30 30 ns

Setup Time
Hold Times:
t41 UD Clock Hold Time MCLK | UD,PB | UIC = Low 15 15 ns
tH2 UD Control Hold Time fuic UD, PB | MCLK = High 15 15 ns
tHg  User Input Control —

Hold Time MCLK LIV]]e} 0 0 ns
tH4 IV Data Hold Time tMCLK v WC =High or SC = High, 5 5 ns

ME = Low, UIC = High

tys'2l TV Master Enable —— | WC =High or SC = High;

Hold Time MCLK ME T1G = High 0 0 ns
tyg IV Write Control I S S

Hold Time ¥MCLK wC SC = ME = Low; UIC = High 0 0 ns
ty7 IV Select Control Yy

Hold Time YMCLK ¥SC WC =ME = Low 0 0 ns

Notes:

1 All measurements to the IV bus assumes the address selection latch 1s set

2 1f ME 1s to be high (inactive), 1t 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 UIC = High and MCLK = Low and changing the state of the PSL input before each EFH pulse.
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TIMING DIAGRAMS

USER DATA INPUT TIMING

| tws H'm»i Legend:

MCLK

|
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SYSTEM) | t
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lo K 00000,
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*PARAMETER KEY
MICROPROCESSOR

CONTROL SIGNAL AC TIMING PARAMETERS STATIC CONDITIONS
ME toes tops SC =WC =LOW
wc toes toos sc= M—_E: Low
sc toes toos wC = ME - LOW
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TEST LOADING CIRCUITS

iV BUS UD BUS
+5 +5
2320 1600
OuTPUT OUTPUT
UNDER UNDER
TEST TEST
1690 300 pF 1200

ERROR FLAG
+5
4680
OUTPUT
UNDER
TEST
100 pF 3669 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,

APPLICATIONS DIAGRAM

exercise system control, read system status and, by using
the 8X374, implement a bidirectional parity-controlled data
stream To use the parity capabilities, the user need only
select even or odd parity (PSL = 1 or 0) and connect the PB
pin to the system parity bit The EFH and EF pins can be
wired according to system requirements

iVo-IvV7

ME  gxar2
SC  1/0 PORT
| we

MCLK

uD0-UD7

uocC

8

Wov? PB
ME 8X374 PsL

_ (Note 1)

sc . VOPORT EF
WITH PARITY EFH
wc

uoc

i

MCLK uic

Note:
1. Up to 256 discrete addresses can be assigned to each bank (LB or lﬁ).

B
sc | USER
8X305 we SYSTEM
MICROCONTROLLER
ivo-iv7
MCLK — UD0-UD7
75 | (Note) SC gyar2 Veo
WC /o PORT UOC [ _
MCLK =
ME uic
NO-V7  upo-Un7 |
[\
C SC  gxar2 v
WC  OPORT QIC |— cc
~—={ mckL =
™ UoC
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4-INPUT/4-OUTPUT ADDRESSABLE 1/O PORT

8X382

FEATURES

Bidirectional 8-bit MicroController (IV) bus

User bus—four input bits and four output bits

Independent bus operation

Synchronous user data input

Programmed MicroController port address

Three-state TTL outputs with high-drive capabilities

Power-up to predetermined logic state

Directly compatible with 8X305 or 8X300
MicroControllers

Single +5V supply

0.4 inch 24-pin DIP

e & 0 ¢ 0 o o o

PRODUCT DESCRIPTION

The 8X382 I/0O Port is an addressable, three-state device
designed foruse as an interface elementin systems that use
TTL-compatible busses. Typically, the 8X382 is used with
the 8X305 MicroController and its associated Interface
Vector (TV) bus; however, it can also be used with the 8X300
MicroController 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 /O port

8X382 PACKAGE and PIN DESIGNATIONS

consists of eight data latches—bits 0 through 7. These
latches are accessed through either of two busses—an 8-bit
bidirectional TVbus connected to the MicroControllerand a
User Data (UD) bus consisting of four 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 (TV4-TV7) can be written into via the TV bus; eight bits of
/0 address can be written from the TV bus. Separate
controls are provided foreach bus and both busses operate
independently. The I/O 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. 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/0 port address (010-25510) on the IV bus; once
selected, the I/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 MicroController,
provides the capability of organizing the TV bus into two
separate and independent banks of I/0 devices.

PIN NO. IDENTIFIER
1-4 uUD7-UD4
5-8 UD3-UDO
N, | PACKAGE
9 uoC
wri] [24] voe
uoe [2] 23] V7 10 uic
uos 3] £ [22] V6
upa[4] 59 W 11 ™ME
us 5] Eo hLygwa
S 8 w —
voe[6] B34 a 9] iva
wi[F] 'é g 5] iv2 12 GND
g —
voo[8] Tz [V 13 MCLK
oc 9] S mw
(I im| 18] we
ME [17} 13) sC 14 sc
GND [12] 13| MCLK
TOP VIEW 15 wC
ORDER NUMBERS
NBX382N, N8X382! 16-23 VO-IV7
S8X3821/883B, 8X3821/883C
24 Vee

FUNCTION

Three-state, dedicated output lines for user data, UD7
corresponds to V7

Dedicated input lines for user data, UDO corresponds to TVO

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 TV bus for data
input, data output, or TV address selection/deselection, UD-bus
operations are unaffected

Ground

Master Clock—active high input (from MicroController) used to
strobe data into data latches from theTVEAs and bits UD0-UD3
of the UD bus, MCLK also synchronizes IV address selection

Select Command—active high input (from MicroController) to
enable TV address input from the TV bus for device selection

Write Command—active high (from MicroController) to enable
the writing of data into the data latches from the TV bus,
provided UIC i1s not low

Interface Vector (Input/Output Bus)—three-state, bidirectional,
data bus, TVO corresponds to UDO

Supply Voltage
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N uDx
|24 (UD4-UDy)

Q
- DATALATCH
| ONE OF |
l S R FOUR BITS I
Vx
(V3-iV7) |
| erocrammen | |
| ADDRESS BIT | |
| > |
| |
—_—— e ———— .
Fe———————————— — 1
| ] /\1‘ | 7 |
+ a Q |
| I PROGRAMMED DATA LATCH |
_QC( ADDRESS BIT
| S LI |
| |
o, — !
(IVo-1V3)
| ONE OF I
| FOUR BITS | nean
| |
| |
I D UDy
(UDo-UD3)
e e e e e e — ] k —
«— UOC
IV WRITE
| [ IV READ \—‘*—"I
[ —— USER
FOR OTHER SIX [ WRITE
BITS, SAME LOGIC
AS SHOWN ABOVE
=
; ﬁq..__ Ui
R s
ADDRESS
SELECTION
LATCH __
L aL
| ~ T
N l | 1]
)]
we l I [N
ME IN l l
R VOLTAGE
MCLK > I'] “cLame

Figure 1. Logic Diagram for 8X382 1/O Port
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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 TIC low,
information is written into the data latches only when MCLK
is high. The output drivers of UD4-UD7 bus are enabled
when UOC is low

Table 1. INPUT/OUTPUT CONTROL OF UD BUS
oic Toc | meik FUNCTION OF UD BUS
UD0-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

1V 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 IVbus 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
MicroController Left Bank (LB) and Right Bank (RB)
outputs can control the ME inputs for two banks of 1/0
devices, thus, acting as ninth address bit.

Data is written into the data latches of a selected device
from the IV bus when WC = MCLK = High and ME = Low.
Output drivers on the TV bus of the device with the address
latch setare enabled with ME, WC, and SC low. With SCand

Bus Logic Levels

Data written into the 1/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 MicroController software corresponds to a high
level on the UD bus even though the IV 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 (<0.8V) inputs on all TV bus lines (address
25510) will select the device. To program a given address bit
to match a high level (=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: Set all control inputs to the inactive state—
UIC=U0C=ME= Vg and SC=WC =
MCLK = GND; leave the UD and IV bus pins
open.

Step 2: Increase Vg to Vgep.

Step 3: After Vgc 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 (UD0-UD?) for addressing from the
MicroController bus (IV0-IV7).

Table 3. PROGRAMMING SPECIFICATIONS

WC both high (shaded entry of Table 2), the bit pattern PARAMETERS LIMITS UNITS
present on IV0-1V7 is interpreted as both input data (TV4-1V7 Min | Typ | Max
only) and TV address. The data in TV4-IV7 is latched in Vcep — Programming supply
whether or not the I/0 port has been previously selected. !f voltage Address 875| 90| 925 v
the preprogrammed address of the I/O port matches the bit Protect 0 v
pattern on IV0O-IV7 when SC and WC are both high, the Maximum time Voop S5.25V 10 Sec
selection latch is set; otherwise, it is reset. (Note. The Programming voltage: -
MicroController never drives both SC and WC high at the Adgress g&: 875|190 | 925 v
same time.) Protect 8.75 925| v
Table 2. INPUT/OUTPUT CONTROL OF IV BUS Programming current:
SEL FUNCTION OF ?gdd,rests > ma

ME | SC | WCIMCLK | LATCH VBUS tr — Prograr;(l)'n?rig pulselrise 2 A

L L L X Set Output Data time

L L H H Set Input Data (1V4-1V7 only) Address 10 100 uS

L H L H X Input Address* Protect 10 100 uS

L (2] H M % input Data (E\“?Z-ﬁﬁ onhly} tw— Programming pulse width | 0.5 1.0 mS

and address®

L X H L X Inactive

L H X L X Inactive Step 4: Return Vcc to 0-volts. (Note. I/f the program-

L L X X Not set Inactive ming of all address bits is completed in less

H X X X X Inactive than 1-second, Vcc can remain at 9.0-volts

X =don't care * Selection latch i1s updated

3-86
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Step 5: Steps 1 through 3 are applicable to the Step 1: Set_\/cc and all controlinputs to 0-volts (Vcc
programming of each address bit that re- =UlC = UOCiM£_= SC=WC = MCLK =
quires a high-level IV match. GND = 0.0V); IVO-IV7 = open circuit.

Step 6: To verify that the address is properly pro- Step 2: . ; ;

- p2: Taking one pin at a time, apply a protect
grammed, return Vcc to +5V, set IVO-IV7 to programming pulse (Figure 3) to each user-
the desired (inverted) binary address pattern, bus bit (UDO-UD7)—refer to Table 3 for
setME=WC=Lowand SC= MCLK= High. If min/max specifications pertaining to voltage
there are no programming errors, subsequent and current
data written from 1V4-TV7 (WC = High) will '
appear inverted on UD4-UD7. Step 3: Verify that the address circuits for each bit

| |
t=—< 1.0 sec.—{

""" 9.0V
vccp% Sl‘ / \
ov

ADDRESS

PRO- o —\ 9.0v

GRAMMING __10%! ‘ d h ov

PULSE i i |

(oiNPUT) Ty Zosms=t,<1.0ms
.

is isolated by applying 9-volts, in turn, to
each user-bus pin (UD0-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

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.

£c

90°:?L——\ ———————— 14v

10% /! %

| ELd OV
e Zoan

t 5ms<t,<1.0ms
r

Figure 3. Protect Programming Pulse

DC ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Vee Power supply voltage3 +7 Vdc
VIN Input voltage3 +55 Vvdc
COMMERCIAL. 4.75V < Vcc < 525V, 0°C < Ta < 70°C
T St t X{ -65 to +150 °C
MILITARY: 46V < Vce < 5.5V, -55°C < Tc < 125°C ste  Slorage lemperature range °
PARAMETER TEST CONDITIONS LIMITS (COMMERCIAL) |  LIMITS (MILITARY) UNIT
Min | Typ | Max | Min | Typ | Max
Vce Supply Voltage 475 | 5 |525 |45 5 5.5 Vv
ViH High Level input Voltage 20 20 \"
ViL Low Level Input Voltage 0.8 0.8 \%
VeL Input Clamp Voltage Vecc=Min, I=-10mA -1.5 -1.5 Vv
T3} High Level Input Currentl Vcc=Max, ViH=2 7V 50 | 100 5.0 | 100 uA
he Low Level Input Currentt Vecc=Max, ViL=0.5V -350 | -550 -350 | -550 nA
lozH High-Z State Output Current— _ _
High Leveld Vcc=Max, Vou=2 5V 100 100 pA
lozL  High-Z State Output Current— - — - ~
Low Level Vcc=Max, VoL=0.5V 100 100 uA
VoL Low Level Output Voltage — Min- _
iV Bus (VO-IV7) Vec=Min; loL= 16mA 0.55 0.55 \
User Bus (UD4-UD7) Vcec=Min, loL=24mA 0.55 0.55 \
VoH High Level Output Voltage Vecc=Min, loH=-3.2mA 24 24 \
2
los ShﬁnBSlsr?IE\;—:)%Fm Current Ve =Max 20 20 mA
UD Bus (UD4-UD7) Vce=Max -10 -10 mA
lcc Supply Current Vcc=Max, ME=UOC=Vcc 90 | 150 9 | 150 | mA
Notes

1 The input current includes the Three-state leakage current of the output driver on the data lines

3 These limits do not apply during address programming

Signetics

2 Only one output may be shorted at a time
4 Applies only to pins UD4-UD7
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AC ELECTRICAL CHARACTERISTICS

COMMERCIAL: 4.75V < Vcc <5.25V,0°C< TA<70°C

MILITARY: 4.5V < Vcc < 5.5V, -55°C < Tc <125°C

LOADING: See TEST LOADING CIRCUITS

REFERENCES' LIMITS (COMMERCIAL) | LIMITS (MILITARY)
PARAMETER FROM To TEST CONDITIONS Min | Typ | Max | Min | Typ | Max UNIT
Pulse Widths:
twi  Clock High MCLK | jMCLK 35 35 ns
twa User Input Control +uic fUIC | MCLK=High 35 35 ns
Propagation Delays:
tPD1 UD Propagation — MCLK=High ___
Delay UDo-3 Vo-3 | 56— \we=ME=0IG=Low 30 30 | ns
trD2 UD Clock Delay v UDo-3= Stable, MCLK=High;
MOLK | Vo3 | 6 \we = ME = UIC = Low %0 80 | ns
tpD3 UD Input Delay — — UDo-3= Stable; MCLK=High,
18]l Vo3 | sc=wC=ME= Low 50 50 | ns
tps IV Data v MCLK =WC=High;
Propagation Delay WVa-7 UDa-7 ME=UOC =SC=Low 45 45 | ns
teps IV Data Va-7=Stable, WC=High;
Glock Delay MCLK | UD-7 | 256G =sC=Low 55 56 | ns
Output Enable Timing:
toe1 UD Output Enable yuoC UD4-7 30 30 | ns
toes IV Data —_— P
Master Enable ME IV |WC=SC=Low 22 25 | ns
toes IV Data v _TE_
Write Recovery twe IV |SC=ME=Low 25 25 | ns
toes IV Data vl -y
Select Recovery 15C v | WC=ME=Low 25 25 | ns
Output Disable Timing:
tob1 UD Output [—
Disable fuoC | uDar 25 25 | ns
tops? IV Data - — e
Master Disable VE IV |wC=sC=Low 25 25 | ns
tops2 IV Data v -y
Write Override twe IV |SC=ME=Low 20 20 | ns
toos? IV Data tsc V |WC=ME=Low 20 20 | ns
Select Override
Setup Times:
ts1 UD Clock —_
Setup Time UDo-3 | {MCLK | UIC=Low 15 15 ns
ts2 UD Control —_ i
Setup Time UDo-3 {UIC | MCLK =High 15 15 ns
ts3 User Input Control —
Setup Time yUIC [ MCLK 25 25 ns
tsa iV Data — WG =High or SC=High;
Setup Time v IMCLK ME=Low, 8 % ns
tss3 IV Master Enable — _ _
Setup Time ME {MCLK | WC = High or SC=High 30 30 ns
tss IV Write Control WC | JMCLK | SC=ME=Low; 30 30 ns
Setup Time
ts7 IV Select Control Ysc | MCLK | wC=NME=Low 30 30 ns
Setup Time
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AC ELECTRICAL CHARACTERISTICS (Cont'd)

REFERENCES LIMITS (COMMERCIAL) |  LIMITS (MILITARY)
PARAMETER FROM To TEST CONDITIONS Min | Typ | Max [ Min [ Typ| Max UNIT
Hold Times:
tH1 UD Clock T
Hold Time {MCLK ubD UiC=Low 15 15 ns
tH2 UD Control — i
Hold Time fuic UD | MCLK =High 15 15 ns
tH3 User Input Control _—
Hotd Time MCLK | fuiC 0 0 ns
tHa Data Hold Time jMCLK v WC =High or SC=High, 5 5 ns
ME=Low
tHs3 Master Enable —_— o _ X
Hold Time {MCLK ME WC=High or SC=High; 0 0 ns
the IV Write Control MCLK | ywC | SC=ME=Low 0 0 ns
Hold Time
tz IV Select Control IMCLK | 4sC | WC=ME=Low 0 0 ns
Hold Time
Notes*

1 All measurements to the IV bus assumes the address selection latch 1s set
2 Th_e_s_e parameters are measured with a capacitive loading of 50 pf and represent the output driver turn-off time.
3 If ME 1s to be high (inactive), it must be setup before the rising edge and held after the falling edge of MCLK to avoid unintended wniting into or selection

of the 1/0 port

Signetics
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(Note 2)

Note 3)
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SYSTEM)
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| |
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Static Conditions
S

C = WC - ME - Low,
UOC = High

The actual time for stable
data on the IV bus 1s the
latest propagation from
tpo1. tPp2, and trp3

The UD input must satisfy
the setup-time require-
ments for both tsj and ts2
Minimum hold-time re-
quired for the UD input is
the earler of the times
specified by th1 and th2
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to Microprocessor)
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a. User Data Input Timing
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b. User Data Output Timing
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| |
MCLK / \
I
, t57 I<_lH7’:
| t
sC ( : *
[ || |
— ! tss 1 ts—
i 70N I 7
v Je—1sq — |ty —
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Micro-

processor)
d. MicroController Select Cycle Timing

Micro-
processor
Control
Signal*

o/

| e top"—]
N —
_ |etoe* > oD i
v !

(OUTPUT to % y
Micro-

UOC Low

I
|
Static Conditions !

UIC High =

UD (OUTPUT to User
SYSTEM)

7K

c. MicroController Write Cycle Timing

*PARAMETER KEY

MICROPROCESSOR

CONTROL SIGNAL AC TIMING PARAMETERS STATIC CONDITIONS

ME toes toos SC=WC=LOW
wc t()ES tODS SC = IEZ Low
sC toes tops WC = ME - LOW

e. MicroController Output Enable Timing
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TEST LOADING CIRCUITS

WV BUS
+5V
2320
OUTPUT
UNDER
TEST
169 0 300 pf

uUD BUS
+5V
160 0
OUTPUT
UNDER
TEST
120 Q 100 pt
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APPLICATIONS

When compared to other MicroController ports in the
8X370 series, the 8X382 has some unique features that
provide real design advantages in certain applications.
Connection of the I/0 port to the MicroController is simple
and straightforward in that like pin names are tied together.
The system designer must also decide on which bank of the
MicroController 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 MicroController.

The 8X382 is unique because it can be used for both
dedicated input and output operations. In the system

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, I/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 control/status signals can be grouped within the
same device position.

8X305
MICROCONTROLLER

8X3721/0 EIGHT (8) DEDI- ‘
PORT CATED OUTPUTS
u
s
E
THREE (3) DEDI- R
> \TED OUTPUTS, P s
aﬁ;:T'/o FIVE (5) LINES — |y
NO CONNECTION ——— |[s
—— T
E
< u
|
N
8X3721/0 EIGHT (8) DEDI- - E
PORT CATED INPUTS H
F
A
c
ONE (1) DEDICATED _ &
=—— weur —
sxsr2i/0 J——— j—
PORT [——— - SEVEN (7)LINES —
NO CONNECTION ———

8X305
MICROCONTROLLER

u

8X3721/0 EIGHT (8) DEDI- ‘ s

PORT CATED OUTPUTS £

R

s

Y

THREE (3) DEDI- s

- CATED OUTPUTS _mmmmgp- | T

8X372 /0 I‘:":’f"{’]) DEDICATED ——
PORT —

FOUR(@)LINES —— |,

NO CONNECTION — |y

T

E

R

F

A

8X372 /0 - EIGHT (8) DEDI- h c

PORT CATED INPUTS E

Figure 5. Logic Diagram for 8X382 1/0 Port
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FEATURES

Three prioritized interrupts

Subroutine handling capabilities

4-level LIFO stack for return address storage
Interrupt masking by software and hardware
Stack full flag

Directly compatible with 8X305 MicroController

Bipolar ISL (Integrated Schottky Logic) and low-power
Schottky technology

Single +5 volt power supply
0.6 inch, 40-pin DIP

e o o o o o o

PRODUCT DESCRIPTION

The Signetics 8X310 Interrupt Control Coprocessor (ICC)
supports the 8X305 MicroController in systems that are
interrupt driven and those that require subroutine handling
capabilities.

As shown in Figure 1, the ICC provides three prioritized
interrupt request lines, INT O (highest priority), INT 1 and

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 MicroController. When an interrupt request is serviced,
the ICC forces the MicroController to jump to one of three
fixed locations in program memory; instruction addresses 4,
5, and 6 correspond to INT O, 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.

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
MicroController.

p, -
s PROGRAM MEMORY  A-ai K ; \\
INSTRUCTION ADDRESS
BUS BUS
INTQ ——————] m';‘:g'm L STACKFULL
INT1 —————
INT2 —————>] 8X310
m'r;g::ﬂ ] INTERRUPT CONTROL
COPROCESSOR
lo-hs _ Achn w
MCLK HALT
MCLK HALT
8X305 - —’
s MICROCONTROLLER "0 J

Wo-ivz

SYSTEM INTERFACE IV BUS

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 autcmatically 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

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.

N, | PACKAGE 13-19, lo-ls, Bidirectional instruction bus; lo is

anor] U o hves 21-29 I7-l15 MSB. When acting as an _input, the

N 30 8 ICC decodes the instruction flow

a3 38 A (binary pattern on lo-l15) between

ast] & 37 DA program storage and the

Al s = 36 [0 An MicroController. During an interrupt

[ I g « A or return cycle, the ICC outputs a

A7 Eg pAAT JMP instruction to the

:E ; % @ zz g':w MicroController via these lines —refer
INTO eou E o to FUNCTIONAL OPERATION of

':1 LLI >y |—0 k1) o} IcC

|NT1E11 §D-O 30 [ImMCLK :

INT2[]12 E E »Phs 30 MCLK Master CLocK — active high input
:“E 13 xQ 28 he from 8X305 MicroController used for
I:E :: Bo Z g:: a timing reference and system
v 16 Z I synchronization.
g7 24 ko 31 RD ROM (or PROM) Disable — active
s 18 2t high output used to disable normal

GN:E ;: Z g: program storage so that the ICC can

force an instruction to the
TOP VIEW MicroController.
ORDER NUMBERS 32 STF STack Eull — active high output.
N8X310N, N8X310l When the LIFO stack is full, STF goes
$8X3101/8838, S8X3101/883C high and remains high until at least

Pin one register in the 4-level stack is

No. Identifier Function empty.

1,20 GND Ground. (Note: The printed circuit 33 1D Interrupt Disable — active high. When
board should not use the ICC as a this input pin is driven high, servicing
bridge for external ground.) of all interrupt requests is suspended.

2-9,  Ar-Ao, Program address input lines from 34 HALT Active low output. Suspends all

35-39 A12-Ag MicroController. Active high. Ao is processing operations of the
MSB. MicroController during period when

10-12 INT 0-INT 2 Interrupt request input pins. INT 0 has the source of instruction data is
the highest priority and INT 2 the changing between the ICC and
lowest — Edge-triggered on a low-to- program storage.
high transition. 40 Vce +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 MicroController
to respond to interrupt requests by diverting the program
flow of the 8X305 MicroController 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 any one of the ICC input
pins INT O, 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

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 O 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 O 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).

GD—GND
(20)—GND
: : 4-LEVEL @D—ste
LIFO STACK «~—@0D)—Vec
Ao —e(D—— ] — QDo
M—e(D— — D
Ap—(T)— p—-C) 1
> TN —G@D—t
A—e(G)— —CD~—>1
As——-.@—-—/ |5
Ae—e(D— ] Tasie — @t
A7 (2)—A —CD—>t
" (e
Ag—(38)— MGt
Aw——-@—-‘ \——@Hh
At—eG)— —C
Atz (G e PR
" INSTRUCTION trr
| MDDt
INT 1—(T1 )——l
| API?IIDOI:ESVK ‘—.“—‘ ha
INT 2 @ LOGIC \——®<———|,5
‘ ‘ GO—FRT
m__..@__J————‘ |
“loeic” INTERNAL CHIP i
MCKL —=(30)- " 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:

e 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.

e 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 conflict.) The JMP instruction
from the ICC transfers the MicroController 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-

ular interrupt. Details of these operations are described
later.

INT O oo it eanns Address 4
INT 1 it e ieennes Address 5
INT 2 i i i Address 6

Return from Interrupt Service Routine

Upon completion of the interrupt service routine, the user
codes the special RETURN instruction. When executed, the
ICC performs the following steps

e The return address is popped from the LIFO stack.

e The ICC disables program storage and forces a JMP
instruction onto the MicroController instruction bus with
the return address from the stack. (The HALT signal is
driven low for one instruction cycle.)

e 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:

Address Instruction Comment
0 (any) First instruction executed after system reset
L] L]
L] L]
3 JMP MAIN Jump around interrupt vector locations.
4 JMP SERVO Service INT 0 interrupt.
5 JMP SERV1 Service INT 1 interrupt.
6 JMP SERV2 Service INT 2 interrupt.
7 MAIN (any) Continue main program.
L] L]
. L]
SERVO (any) Begin INT 0 service routine.
L] L]
L] L[]
MAIN R6,R6 ICC RETURN instruction. End INT 0 service
routine (resume main program execution).
SERV1 (any) Begin INT 1 service routine.
L] L]
L] [ ]
MOVE R6,R6 RETURN from INT 1 service routine.
SERV2 (any) Begin INT 2 service routine.
L] L]
L] L]
MOVE R6,R6 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

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.

Instruction Codes

8X305 Description

Instruction

Assembler

Binary

Operation

of ICC Operation

SET MASK

lIo = MSB l1s = ITSB
000 00101 000 00101

NOP

MOVE R5R5

CLEAR MASK MOVE R4,R4

RETURN MOVE R6,R6

PUSH MOVE R3,R3

CLEAR
INTERRUPT

MOVE R2,R2

000 00100 000 00100

000 00110 000 00110

000 00011 000 00011

000 00010 000 00010

When executed, sets
interrupt mask, thus
inhibiting all interrupt
servicing.

NOP When executed, clears
interrupt mask for all

interrupts

NOP When executed returns
program to address at

top of LIFO stack.

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.

NOP

NOP Clears all interrupt
requests; an interrupt
service routine that is in

progress is unaffected.

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 (latch). 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

Signetics

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 MicroController 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 MicroController encounters an XEC
(Execute) instruction an interrupt will not be serviced. This
is because the XEC causes the MicroController 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
MicroController. 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 MicroController'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 MicroController 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.

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
MicroController.)

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.

L] L]

L] o

L] L]

SUBR (any (any instruction) | Execution of sub-

address) routine starts here.

L] L]

L] L]

L] L]

(any address) MOVE R6,R6 RETURN instruc-
tion causes ICC to
transfer program
back to X+2.

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
(ID) input of the ICC. Then, even if the internal mask and
priorities permit interrupt servicing, the interrupt request
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must still wait for the most recent service routine or subrou-
tine to return.

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 during 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 MicroController is reset.) Specifically,
the Instruction-bus drivers 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 1s
set so that any initialization routine by the user will not be
interrupted until a CLEAR MASK instruction (MOVE R4,R4)
is executed. The LIFO 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 MicroController
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:
e Interrupt mask is set to inhibit other interrupts.

e HALT output is driven low to stop internal operation of
the 8X305 MicroController for one instruction cycle;
MCLK is unaffected. ROM Disable (RD) output is driven
high to disable program memory.

From the falling edge of MCLK 1:

e 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:
e The ICC forces a JMP onto the instruction bus to one of
three fixed vector addresses:

Signetics

INTO Lo s Address 4
INTT Address 5
INT 2 e e Address 6

e 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:

e Instruction-bus drivers of the ICC are disabled.

e ROM Disable (RD) 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 nstruction Initiates the foliowing
sequence of events:

From the rising edge of MCLK 1:

e Interrupts are temporarily inhibited through third MCLK
cycle.

e HALT output is driven low to stop MicroController for
one instruction cycle.

o RD output is set high to disable program memory.

From the rising edge of MCLK 2:

e HALT output is driven high (cleared).

e 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:

e [nstruction-bus drivers of the ICC are disabled.

e RD is cleared enabling the program memory.

e |f 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 MicroController will resume execution of the instruc-
tion at the return address.
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APPLICATION HINTS

e 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 1/O port from the 8X300 Family.

e |f 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)

For both service routines and subroutines, the user may
need to save the contents of some or all of the working
registers of the MicroController so that operation of the
main program 1s 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.

SUBROUTINE AUTOMATICALLY EXECUTES TWICE

MOVE R6,R6

Address Instruction
X (even) SUBR2 MOVE R3,R3 Push X+1 onto stack
X+1 (odd) (start of subroutine)
[ ]
L] L]

RETURN — First time jumps to X+1, second
time jumps back to main program

SUBROUTINE AUTOMATICALLY EXECUTES THREE TIMES

X (odd) SUBRS3 MOVE R3,R3

X+1 (even) MOVE R3,R3

X+2 (odd) (start of subroutine)
L] L]

L] L]

Push X+2 onto stack
Push X+2 onto stack

SUBROUTINE AUTOMATICALLY EXECUTES FOUR TIMES

X (even) SUBR4 MOVE R3,R3

X+1 (odd) MOVE R3,R3

X+2 (even) NOP

X+3 (odd) (start of subroutine)
L L]

L] °

Push X+1 onto stack
Push X+3 onto stack

according to an index value.

® In a manner similar to the MicroController multi-way branch technique, one of several subroutines can be selected

SUBROUTINE CALL SELECTED BY VALUE INR)

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
L] L]
L] L]
(any) TABLE JMP SUBO Call SUBQ If R1=0
JMP SUB1 Call SUB1 If R1 = 1.
L]
L]
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DC ELECTRICAL CHARACTERISTICS

COMMERCIAL: Vcc =5.0 V (5%); 0°C < TA<70°C

MILITARY: Vcc =5.0 V (x10%); TA =-55°C

Tc<125°C
ABSOLUTE MAXIMUM RATINGS
Parameter Rating Unit Parameter Rating Unit
Vcc Power supply voltage +7 vV DC Vo Off-state output voltage +5.5 Vv DC
VIN Input voltage +55 VvV DC TstG Storage temperature range —65 to +150 °C
Limits Limits
(Commercial) (Military)
Parameter Test Conditions Min | Typ | Max | Min | Typ [ Max | Unit
ViH High Level Input Voltage 20 20 Vv
ViL Low Level Input Voltage 0.8 0.8 \"
VoH High Level Output Voltage Vce = Min,; loH =-1.0 mA 2.4 24 Vv
Vce = Min.| COMMERCIAL:
loL =8 mA 0.55
VoL Low Level Output Voltage Vv
MILITARY: 0.55
loL = 4.25 mA
VcL Input Clamp-Diode Voltage Vce = Min; IcL =-10 mA -1.5 -15 \
i1 High Level Input Current Vcc=Max; VH=27V 100 100 uA
liL Low Level Input Current Vcec = Max; ViL=04V -550 =700 | uwA
los Short Circuit Output Current Vcc = Max; Vo=0V -15 -80 | -15 -80 | mA
Vce = Max; lo-115 = High-Z
Ta=0°Cl2 200
Icc Supply Current TA=70°C 185 mA
Ta=-55°Cl2] 230
Tc=125°C 170
AC ELECTRICAL CHARACTERISTICS COMMERCIAL: Vcc =5.0 V (£5%); 0°C < TA< 70°C
LOADING: See TEST LOADING CIRCUITS MILITARY: Vcc =5.0 V (+10%); TA=-55°C
Tc<125°C
Limits Limits
References (Commercial) (Military)
Parameter From To Test Conditions Min | Typ | Max | Min | Typ | Max | Unit
Pulse Widths:
twiH  Interrupt High HNT; {INT; 30 30 ns
twiL  Interrupt Low YINT; fINT; 35 35 ns
twmH MCLK High MCLK | {MCLK | For all Functions 40 47 ns
Propagation Delays:
tpRH  RD High tMCLK tRD Interrupt or Return 70 75 ns
tPRL  RD Low MCLK {RD Interrupt or Return 15 17 ns
tpHL  HALT Low MCLK | {HALT | Interrupt or Return 70 87 ns
tpuH  HALT High fMCLK | HALT | Interruptor Return 65 75 | ns
tpsH  Stack Full High IMCLK {STF Interrupt or Subroutine 105 105 | ns
Call
tpsL  Stack Full Low {MCLK {STF Return or Reset 110 115 | ns
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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 Setupl(3l | HNT; | tMCLK 35 35 ns

tsA Address Setup Ao-A13 | #MCLK | Interrupt, Subroutine 0 0 ns

Call, or Reset

tsc  Instruction Setup!s! lo-15 {MCLK | All Commands Ngte Nate ns

tsp  Interrupt Disable ID tMCLK 30 30 ns
Setupl3]

Hold and Reset Recovery

Times:

thiL  Interrupt Low Input tMCLK | AINT; 15 15 ns
Hold(3I

tHA Address Hold {MCLK Ao-13 Subroutine Call or Reset | 75 90 ns

tHC Instruction Hold YMCLK lo-15 All Commands 55 55 ns

tup  Interrupt Disable HoldI3 | {MCLK ID 25 25 ns

tRI Interrupt Reset YMCLK HINT; Reset or Cancel 70 70 ns
Recoveryl4] Command

Output Enable/Disable Delays:

toec Instruction Output tMCLK lo-15 Interrupt or Return 70 87 ns
Enable

tobc Instruction Output tMCLK lo-15 Interrupt or Return 40 47 ns
Disable

Notes:

1.
2.

respectively.

All electrical characteristics are guaranteed after power is applied and thermal equilibrium has been reached.
The 200 and 230 millampere values are worst case over the entire temperature range for the Commercial and Military parts,

. Parameters tsiH, tHIL, TsD, and tHp are used only to determine whether an interrupt request will be serviced during the current or a
subsequent instruction cycle The INT; 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 INT, 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 tsp and tHp make it uncertain as to whether or not masking applies during the current instruction cycle.

. When clearing interrupt requests (including a reset operation), any new low-to-high transitions appearing at the INT; inputs that
occur before tri risk being cleared and therefore ignored; however, any transition after tri is certain to be latched.

. COMMERCIAL: tsc (minimum) = 15 ns — tpRL (actual).

MILITARY: tsc (minimum) = 17 ns — tpRrL (actual).
(The required instruction enable time for the program memory depends on the sum of the tprL and tsc.)

TEST SETUPS
RD, STF, and HALT Outputs —
206 ()
PIN UNDER TEST
50 pF

22v

lo-l15 Outputs (toec and topc) tpzH and tpHz:

206

PIN UNDER TEST OT'\NV—O ov

50 pF

tpzL and tpLz:

Notes:

-

206 ()

PIN UNDER TEST O—TAN\,—O 30V

50 pF

1. Vmeas = 1.5 V for all input signals and RD, STF, and

HALT outputs.

2. For lo-l15 (toec): VMEAS = 1.5V
For lo-l15 (tobc): VMEAS (tpLz) = VoL + 0.5 V
VMEAS (tPHZ) = VOH - 0.5 V
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TIMING DIAGRAMS

INTERRUPT REQUEST TIMING:

tHIL tiH—
MCLK / \
twiL f—twin.
INT 0,1
AND 2

INTERRUPT SERVICE TIMING:

ath 1st 2nd 3rd
t-arR = otR - atR 1+ atR

twmH
|

e |
WIH ‘

INTO 1
AND 2 I |
| +
|
Il

|
|
|
.
|
.
|
L
|

<—|SA—.{
=t +
Ag-Arz | PUSH THIS ADDRESS INTO LIFO STACK
. L
! tonc - r
lo-l1s | JUMP TO ADDRESS 4,5, OR 6
| (OUTPUT FROM 8X310)
4 T
' ) e
tPRH— | tpRL-|
RD |
|
tpHL— tPHH. |
L
HALT | |
|
| tesH.
|
STF |
tsp. tHp

CLEAR INTERRUPT INSTRUCTION TIMING:

s /\ /AN N\ aN
X

\ p

J.
! |
ool MOVE R2, R2 |
oshs (CLEAR INTERRUPT INSTRUCTION) |

tRl

INTO. 1,
AND 2

HIGH Z STATE

X

V//////]] cHaNGING DATA
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TIMING DIAGRAMS (Continued)

CALL SUBROUTINE TIMING:
— twmH
MCLK \ A /-\
| tsa e tha |
—~+ t
PUSH THIS ADDRESS PLUS ONE
Ao-Arz 1 ODD ADDRESS INTO LIFO STACK | X
.
T
tsc |<— |
the ]
T &
1p-l15 (FROM ><
ngagcfmm MOVE R3, R3 (CALL SUBROUTINE) JMP TO SUBROUTINE | X
MEMORY) ,
tesH
STF
RETURN TIMING (FROM INTERRUPT OR SUBROUTINE):
' twmn
| | | |
. | I F— .
t r t t t
Ao-Arz | X I | x | |
L | n +
tsc | i |
tHe . tooc—f |
i move e, Rs — RETURN INSTRUCTION N \ JMP TO ADDRESS STORED IN |
018 FROM PROGRAM MEMORY o RO ':’.‘.‘.‘.’.’.’.’A'ﬁ STACK (FROM 8X310)
e
tPRH—] tPRL—1
R |
RD | |
toHL—1 tPHH |
-
t
HALT |
tpst.
STF )
RESET TIMING:
MCLK _/-_\ /_\ /—\
tsa tHa |
-
Ao-A12 ADDRESS 0 FIRST NON-ZERO ADDRESS X
1
Io'm
INTO 1.
AND 2
Legend: M HIGH Z STATE
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FEATURES

16-byte/2-port interface

8- or 16-bit primary port (Host) interface
8-bit secondary port interface

DMA or programmed /O operation
Two three-state bidirectional ports

Single 5V supply
40-pin package

ARCHITECTURAL OVERVIEW

(User selectable)

Two 8-bit flag registers (handshake control)

Secondary port is bus compatible with 8X305

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) Microcontroller (secondary port) and User's

BLOCK DIAGRAM

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 conptrol 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.

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.

SECONDARY PORT

PRIMARY PORT

PORT LOGIC

sc —C2)—
we ——(23)—
ADDRESS LATCHES
AND
DECODE LOGIC
o _@—'_'T
Vi —(25 ) L
vz 8
8X305
J— RI' /R IVER!
V3 DRIVERS/RECEIVERS
Vg —(28 )—~——
Ve
V7~

1s X 8 MEMORY
_________________________ -
" FLAG REGISTER 1 | FLAG REGISTER i SeRpORT
| PRIMARY ADDRESS || PRIMARY ADDRESS ! ADDL:iESRS":)ECODE
| BYTE—Og | | BYTE—~1g :
| WORD —~ Note ! WORD —~ Note |
| SECONDARY ADDRESS 608 | | _SECONDARY ADDRESS 618 |
iGEN PURPOSE | REGISTERu rGEN PURPOSE REGISTER,
IPRIMARY ADDRESS 'PRIMARY ADDRESS | | PROTECTBIT
! BYTE - 2g ' | BYTE-3g y | status
: WORD —~ Note : | WORD —~ Note !
1
[SECONOARY ADORESS 625 _| |SECONDARY ADDRESS 635 . (D o
__________ L I IZZZZ”Z_”
‘GEN PURPOSE REGISTER! GEN PURPOSE REGISTERI ~— :: >——ws
:PRIMARV ADDRESS ! |PRIMARY ADDRESS ! R/W
BYTE - 4g ! BYTE ~ 58 |
| WORD - Note | | WORD - Note ' USERPORT PIOE
\ '
ADDRESS 645, |SECONDARY ADDRESS 658 LOGIC A3
________ g I e iy —
lGEN PURPOSE REGISTER, |GEN PURPOSE REGISTER| A2
PRIMARY ADDRESS | |PRIMARY ADDRESS !
I' BYTE - 68 | | BYTE—T7g ! Al
| WORD - Note || _WORD - Note : A0
{SECONDARY ADDRESS 668 | |SECONDARY ADDRESS 675 | o s
————————— a4 pm = — = — — — — o €
|GEN PURPOSE REGISTER! 1GEN PURPOSE REGISTER, T
IPRIMARY ADDRESS | IPRIMARY ADDRESS i
| BYTE — 108 LI BYTE~ 118 1 ~———CGD—0ma
| WORD ~ Note I | WORD —~ Note !
'ssconmav ADDRESS 708 _; 'Lsscoumnv ADDRESS 718 ! —.—-—@—— D6A
[GEN PURPOSE REGISTER|, [GEN PURPOSE REGISTER, ~——CDO—os
IPRIMARY ADDRESS | IPRIMARY ADDRESS I +——6 ——n0aa
| BYTE— 128 | | BYTE~ 138 |
| WORD —~ Note I | WORD — Note 1 re——C——o3a
| DARY ADDRESS 728 ! | ARY ADDRESS 738 | (3 )—
{seCotourY ADoREs 72| |SECOMOARY A0DRESS 75 _ C— o
————————————————————— 16 e (9 )—
|GEN PURPOSE REGISTER! [GEN PURPOSE REGISTER, USER-PORT DA
IPRIMARY ADDRESS | |PRIMARY ADDRESS DRIVERS/RECEIVERS DOoA
| BYTE - 148 | | BYTE~ 158 |
| WORD - Note | | WORD ~ Note ! ——C1)——o78
4g 1 Y ADDRESS: 75,

[ssCotewny aooress 74a _ | {sEcononny Aooress 75 | ——GD— 0%
___________ Ry | DS
IGEN PURPOSE REGISTER! |GEN PURPOSE REGISTERI r~——C3)—oss
IPRIMARY ADDRESS | IPRIMARY ADDRESS | F~——4)—— p4g

| BYTE - 168 I1 BYTE—~ 178 1

! WORD ~ Note |1 _WORD - Note ! r=——C5)— 038
|

{sscouDanY obness 765 | |seCoNoan Aooness TTe _ | e G o2s

Note

In The Word Mode, The Registers Are Addressed In Specific Pairs — ~——C7)—o

Byte 0/Byte 1, Byte 2/Byte 3, Byte 4/Byte 5 Byte 14/Byte 15, And L__,__._m

Byte 16/Byte 17 bos

Figure 1. Block Diagram of 8X320 Bus Interface Register Array

Signetics

3-105




BIPOLAR LSI PRODUCTS

BUS INTERFACE REGISTER ARRAY | 8X320

N, | PACKAGE

anp [T} = vee

BMAE [2] [35) 8/W
LIZYEX [56] a0
064 [2] [57] a1
@ | Dsa[E] [36] A2
z § | paafE] [35] A3

@ § D3A[7 [54] FioE

< | Dp2a E 53] R/ W
ou] SR s
DOA[i6]  INTERFACE  [31] V7
e LG =R
oeg [z} [29] iv5
» Dsg [13] va
a ﬁ D4g [14] 3
8E 7 om [E] iz
2 D28 V1
DB Vo
00B [7] [35) we
e [19] sc

GND [77] mcLk

TOP VIEW
ORDER NUMBERS
NBX320N, N8X320!

PIN NO. PARAMETER FUNCTION
1,20 GND Ground Circuit ground.
2 DMAE Direct Memory Enables primary port to facilitate DMA transfers; does not affect secondary port.
Access Enable
3-18 DOA-D7A/  Primary Data Port Sixteen 3-state lines used for data transfers to-and-from the primary data port; most
DOg-D7g significant bit is DOg and least significant bit is D7 .
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 SC and WC.
22 sSC Select Command With SC high, WC low, MCLK high and ME low, data on IVO through V7 is interpreted as
an address. If any one of the 16 register addresses (60g-77g) matches that on the 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 /0 bus—at which time, the old
register is deselected and a new register may or 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 Vo-iv7 Secondary Data Port | Eight 3-state lines used to tra_nsfer data or /0 address to-an_d-from the secondary data
port; most significant bit is IVO and least significant bit is IV7.
32 ws Write Strobe When active l‘ﬁgh, data appearing at the primary port (DOA-D7 5 /D0Og-D7p) is stored in
the register array if the primary port is in the write mode.
33 R/W Read/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 |/O En- | When active low, primary port operates in programmed input/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 B/W Byte/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 vVee Power +5 volts.

All barred symbols (DMAE, 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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OPERATING CHARACTERISTICS

Memory Organization

Memory and address correlation for the 16-register array is
shown in Figure 2. From the primary port, the sixteen 8-bit
registers can be addressed in either (8-bit) or word (16-bit) for-
mat; in the word mode, the registers are addressed in pairs—
0g/18, 2g/3g, 4g/5g, - - . 14g/15g, and 16g/17g. From the secondary

port, all registers are addressed in byte format—60g through
77g. The memory consists of two 8-bit flag registers and fourteen
8-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.

W W7 MSB LSB
Voo FLAG REGISTER " R
11001111 —»-| SECONDARY PORT ADDRESS = 60g [
PRIMARY PORT ADDRESS = 0g o000 -BYTE MODE
FLAG REGISTER ooox  WORD MODE
11001110 PORT =61g
PRIMARY PORT ADDRESS = 1g <Y oopy BYTEMODE
GENERAL PURPOSE REGISTER
11001101 —»-| SECONDARY PORT ADDRESS = 628
PRIMARY PORT ADDRESS = 2g 0010
ENERAL PURPOSE REGISTER 001X
11001100 SECONDARY PORT ADDRESS = 638
PRIMARY PORT ADDRESS = 3g <«—— 0011

Gi.NERAL PURPOSE REGISTER
11001011 —»| SECONDARY PORT ADDRESS = 64g

PRIMARY PORT ADDRESS = 4g

11001010

GENERAL PURPOSE REGISTER o10%
PORT ADDRESS = 65g

GENERAL PURPOSE REGISTER
11001001 —»-| SECONDARY PORT ADDRESS = 668

PRIMARY PORT ADDRESS = 6g

PRIMARY PORT ADDRESS = 5g -—— 0101
o110
GENERAL PURPOSE REGISTER o
SECONDARY PORT ADDRESS = 67g
PRIMARY PORT ADDRESS = 7g - 0111 PRIMARY

PORT

GENERAL PURPOSE REGISTER
11000111 —»-[ SECONDARY PORT ADDRESS = 70g
PRIMARY PORT ADDRESS = 10g

PORT

11000110

GENERAL PURPOSE REGISTER 100K
PORT ADDRESS = 71g

PRIMARY PORT ADDRESS = 11g -—— 1001

GENERAL PURPOSE REGISTER
11000101 —»| SECONDARY PORT ADDRESS = 72g
PRIMARY PORT ADDRESS = 128

1010

11000100

SECONDARY PORT ADDRESS = 73g
PRIMARY PORT ADDRESS = 13g - 1011

GENERAL PURPOSE REGISTER } Toix

GENERAL PURPOSE REGISTER
11000011 —»-| SECONDARY PORT ADDRESS = 748
PRIMARY PORT ADDRESS = 143

-

-~

-

-

-

-

-
secqoumr |~ oron

N

N

N

N

N

N

1100

11000010

GENERAL PURPOSE REGISTER 110x
PORT = 75g

PRIMARY PORT ADDRESS = 15g - 1101

GENERAL PURPOSE REGISTER
N~ 11000001 —»-| SECONDARY PORT ADDRESS = 765
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Figure 2. Memory and Address Organization for the 8X320
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In either byte or word mode, the write-protect logic, imple-
mented by bits FO and F1 of register 60g, inhibits the primary
port from writing into addresses 16g and 17g, respectively. Both
write-protect bits (FO and F1) 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 60g and FO
through F7 of 61g are controlled by the fourteen general-purpose
registers. When any one 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 60g (Og) [F2 F3 F4 F5 F6 F7

Registers | 61g (1g) FO F1 F2 F3 F4 F5 F6 F7
Octal

Address of

Controlling Primary 2 3 4 5 6 7 101112 13 14 15 16 17
Byte Secondary| 62 63 64 65 66 67 70 71 72 73 74 75 76 77

Table 2. RELATIONSHIP BETWEEN FLAG REGISTER
BITS AND THOSE OF PRIMARY
AND SECONDARY PORTS

——-—( FLAG REGISTER 60g >———
PR'”;S:¥——— DOA Din D2a D3s D4y D5a D6 D7a

RERERRE
REGISTERF;ﬁ'g—’I F7 ' F6 I F5 | F4 [F3I F2—[ F1 1 Fd
SECONDARY I I i 1 I I 1 I

RT——— V0 Vi V2 V3 V&4 VB V6 W7
MSB LsB

~——————{  FLAGREGISTER61y )

PRIMARY _____ . po; D1g D25 D3s D4g D5s Dés D7g

e Pttt
REGISTERF;ﬁg_’l”lFGJFS F‘T”l”l“ |F°]
IR A A

—— W0 Vi V2 V3 Va4 Vs Ve V7
MSB LSB

SECONDARY
PORT

FUNCTION AND CONTROL OF PRIMARY PORT
The primary port provides an 8-bit (byte) or 16-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 (DO to
D0g, D1p to D1, ... and D74 to D7g); when data is input or out-
put on DOA through D74, the remaining eight lines (DOg through
D7p) are high-Z and vice-versa.

3-108

Other than the Byte/Word control line, specific operating char-
acteristics of the primary port are controlled by two signals—
PIOE (Programmed 1/0 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 /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
(A0 through A3) and the Byte/Word control line—see Figure 2
and Table 4. In the DMA mode of operation, A1, A2, and A3 are
not used; data is read-from or written-into preassigned
registers: bytes 16g (76g) and 17g (77g) for the byte mode of
operation and bytes 14g (74g)/15g (75g) and 16g (76g)/17g (77g) for
the word mode of operation. In both cases, switching between
bytes 16g and 17g in the byte mode and 14g/15g and 16g/17g in
the word mode is controlled by A0 (the least significant address
bit). Refer to Table 5.

Table 3. MODE CONTROL OF PRIMARY PORT

MODE PIOE | DMAE
Disabled (output) 1 1
Programmed 1/0 [o] 1
DMA X (o]

X = Don't Care

Table 4 defines programmed 1/O operation of the primary port in
terms of read/write functions and Byte/Word control. In the byte
mode, data is read-from or written-into the even addresses (0g,
2g, 4g, 6g, 10g, 128, 14g, and 16g) via data lines DO through D74;
data is read-from or written-into odd addresses (1g, 3g, 58, 78,
11g, 13g, 158, and 17g) via data lines DOg through D7g. When AQ
is low (logical 0), even addresses are selected and when AQ is
high (logical 1), odd addresses are selected; thus, AO is the LSB
of a 4-bit address. In the word mode, the state of AQ 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, A1 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 AO. The
state of the Byte/Word control line determines whether the data
word is 8 bits or 16 bits. The A0 address line correlates eight of

Table 4. PRIMARY PORT OPERATING IN
PROGRAMMED 1/0 MODE

o DOA-D7p DOg-D7g
MODE B/W | AO | (Even Addresses) | (Odd Addresses)
Read |0 (Word) Stored Data Stored Data
Read |1 (Byte)| O Stored Data HI-Z
Read |1 (Byte)| 1 HI-Z Stored Data
Write |0 (Word)| X Write Write
Write |1 (Byte)| O Write No Change
Write | 1 (Byte) | 1 No Change Write

X = Don't Care

Signetics
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the sixteen data lines (DOA-D7 or DOg-D7pg) 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-D7p for bytes 14g and 16g and via DOg-D7g for bytes 15g
and 17g. The byte mode of operation is similar, except that the
unused eight lines are three-stated.

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
(60g-77g) 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

Table 5. DMA OPERATION OF THE PRIMARY PORT

MODE | BYTE/WORD | AO DOA-D7a DOg-D7g
Read 0 (Word) 0 |Data stored in |Data stored in
byte 14g byte 15g
Read 0 (Word) 1 |Data stored in |Data stored in
byte 16g byte 17g
Read 1 (Byte) 0 |Data stored in HI-Z
byte 16g
Read 1 (Byte) 1 HI-Z Data stored in
byte 17g
Write 0 (Word) 0 | Write to byte Write to byte
14g 15g
Write 0 (Word) 1 [ Write to byte Write to byte
16g 178
Write 1 (Byte) 0 | Write to byte HI-Z
16g
Write 1 (Byte) 1 HI-Z Write to byte
17g

STATUS
ME sC! wC! MCLK R/W LATCH FUNCTION OF SECONDARY BUS

L L L X X Set Output data from 8X320 memory to 8X305

L L H H H Set Data from 8X305 is input and written-into a previously-selected memory loca-
tion of the 8X320 (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 1s interpreted as an
address; if address is within range of 60g-77g 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’

essor never generates this condition

)

The SC and WC lines should never both be high at the same time, the 8X305 proc-

Duning 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 n
error conditions or resolve conflicts
X=Don't Care.

©

of indicate
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DC CHARACTERISTICS 0°C < Tp =< 70°C; 4.75V < Vg < 5.25V
LIMITS
PARAMETER TEST CONDITIONS' 2 Min Typ Max UNIT
Vce Supply voltage 4.75 5 5.25 v
VIN (L) Low level input voltage 0.80 v
VIN (H) High level input voltage 2.0 v
VoL Low level output voltage Vee = 4.75V; loL = 16mA 0.55 v
VoH High level output voltage Voo = 4.75V; IoH = —3mA 2.40 \"
\/o'8 Input clamp voltage ) = —5mA -1.00 \
Icc Supply current Vee = 5.26V (Both ports high-Z) 270 mA
los Short circuit output currentd Vce = 4.75V -20 —=100 mA
IN (L) WC, MCLK, SC, & ME Ve = 5.25V; VL = 0.50V -1.0 mA
IN (L) B/W Vgg = 5.25V; V) = 0.50V -1.6 mA
IIN (L) AO-A3 Vce = 5.25V; V| = 0.50V -1.0 mA
N (L) DMAE Voo = 5.25V; VL = 0.5V —-800 kA
IN (L) WS, PICE, & R/W Voo = 5.25V; V| = 0.5V —400 uA
N (L) Vo-1V7 Voe = 5.25V; V) = 0.5V —400 uA
each line
IN (L) DOA-D74/D0g-D7g Vce = 6.25V; V)L = 0.5V —400 HA
each line
IN (H) WC, SC, MCLK, & ME Vg = 5.25V; Viq = 5.25V 100 uA
IN (H) B/W VGe = 5.25V; V|4 = 5.25V 240 kA
IN (H) A0 Vgee = 6.25V; Vi = 5.25V 120 HA
Y] (H) A1-A3 Vge = 5.25V; V| = 5.25V 60 uA
N H) DMAE Vce = 56.25V; V| = 5.25V 120 uA
N (H) ws, PICE, & R/W Ve = 5.25V; V|4 = 5.25V 60 kA
N (H) IVO-1V7 and DOA-D7/DOg-D7g Voe = 5.25V; V| = 5.25V 100 KA

Notes

1 Operating temperature ranges are guaranteed after terminal equilibrium has been

reached
2 Allvoltages are measured with respect to ground terminal
3 Short only one output at a time

TEST CIRCUIT
5V
2320
OUTPUT
UNDER TEST c
1690 300pf

Note*
Cy includes jig and probe capacitance
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AC CHARACTERISTICS OF PRIMARY PORT 0°C < Tp < 70°C; 4.75V < VoG < 5.25V
Loading: See Test Circuit

Legend: WRITE CYCLE
CHANGING DATA 777 ADDRESS (
iz B (A3 ~ A0) {
Twsp TwHA
ADDRESS ACCESS TIME DATAIO = = -} r—
ADDRESS (D0A~D7aD08~D78) ___ | /N o o e e e b - - _}_
(A3~ A0) Twsc TwHo
Twsa
Taa I
PIOE, DMAE & RIW K
DATA IO
(DOA ~ D74/D0g ~ D78) Twp —=|-—TwHc—
PRIMARY PORT ENABLE/DISABLE TIMES WRITE STROBE (WS) ~
— TeD1
PIOE, DMAE
IV (OUTPUT TO
MICROCONTROLLER)
DATAIO XX Teo2
(DO ~ D74/DO0g ~ D7g)
LIMITS
PARAMETER FROM TO - UNIT
Min Typ Max
Tan Address Access Time A3-A0 D0A-D7,/D0g-D7g 45 ns
) . {PIOE
Tce Primary port enable time \DMAE DO0A-D7,/D0g-D7g 30 ns
T Primary port disable time T—PQE DO0A-D7,/D0g-D7, 35 ns
cp \DMAE A-DU/7a/DUg-Dipg
Twsa Address setup time A3-A0 tWs 40 ns
Twha Address hold time {WS A3-A0 0 ns
Twsp Primary port data setup time DO0,~-D7,/D0g-D7g tWs 30 ns
Twhp Primary port data hold time WS D0A-D7,/D0g-D7g 0 ns
PIOE tws 30 ns
Twsc Write mode control setup time DMAE tWs 40 ns
RIW tWs 30 ns
PIOE 10 ns
Twhc Write mode control hold time WS DMAE 10 ns
RIW 10 ns
Twp  Write strobe pulse width 25 ns
Tepy'  Primary port data delay DOA-D7,/D0g-D75 V0-1V7 75 ns
Tepz2  Primary port data delay from WS WS iVO-1V7 75 ns
Notes*
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.
Signetics 3-111
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AC CHARACTERISTICS OF SECONDARY PORT

0°C < Tp < 70°C, 4.758V < Vg¢ = 5.26V
Loading: See Test Circuit

Tsp2—=1<—Thp2
e 2

DO0A-D74/D0g-D7p

OUTPUT CYCLE

Legend: INPUT CYCLE
CHANGING DATA tw —|
THREE-STATE
Ea MLk k
Tspg———{ THDs
SELECT CYCLE
" wce
Tsp2 —|<—THD2
MCLK K
ME
Tsp1r  |=——Tup1
‘—If“'fsm——*' Thps [ TV (INPUT FROM
MICROCONTROLLER)
sC

MICROCONTROLLER
CONTROL SIGNAL*

%

‘—T‘%

iV (INPUT FROM 77 IV(OUTPUT TO
MICROCONTROLLER MICROCONTROLLER)
*PARAMETER KEY

MICROCONTROLLER CONTROL SIGNAL STATIC CONDITIONS

ME SC=WC=LOW

we SC=ME=LOW

sc WC=ME=LOW

LIMITS
PARAMETER FROM TO UNIT
Min Typ Max

tw MCLK pulse width 30 ns
Tsp1 Data setup time Wo-1v7 {MCLK 35 ns
Tsp2 ME setup time ME #MCLK 30 ns
Tsp3 SC setup time sC {MCLK 30 ns
Tspa WC setup time wcC +MCLK 30 ns
Thp1 Data hold time MCLK Wo-1V7 0 ns
Tup2 ME hold time ¥MCLK ME 0 ns
Thps SC hold time MCLK sC 0 ns
THpa WC hold time ¥MCLK we 0 ns
Trps (Note) IV propagation delay v DO05-D7,/D0g-D7g 45 ns
Toe Output enable ME, SC, or WC Vo-1V7 30 ns
Tob Output disable ME, SC, or WC VO0-1V7 20 ns

Note:

Measured with MCLK = High and control signals of the primary port set for output data from the same register
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FEATURES
e 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-bits disk status)
Write Precompensation
with on/off control
On-chip phase lock loop
CRC generator with
software-controlled error correction capabilities
® 40-pin package
e +5 volt operation

PRODUCT DESCRIPTION
The Signetics 8X330 Floppy Disk Formatter/Controller is
a monolithic peripheral device of the 8X300 Family. The

BLOCK DIAGRAM

chip uses Bipolar-Schottky/I2L-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 (M FMIMzFM) 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.

NOTES
1 Components shown with dotted lines are located off-chip

distinction 1s not shown in the diagram

are shown in other areas of this data sheet

1
2 Certain bits of the status/control registers connected to the 1/0 bus are ‘read-only’, this ,I

3 Greater detail for the more complicated blocks (Phase-Lock Loop, Data Separator, etc )
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8X330 PACKAGE/PIN DESIGNATIONS

N PACKAGE
GND |1 40} Vce
x2 E 39] VR
x 3] 38] veR
oW [] 7 c2
wE| . ] o
oc 6] [35] cco
ocs [7] [34] PUP
ocs 8] 3] FON
ocs [9] FLOPPY DISK 32] V7
FORMATTER- _
ocs [10 CONTROLLER [31) V6
ocz [17] [30] Vs
oct [iz [20] Va
ss [13 [28] V3
ps4 [12 [27) vz
os3 [15 i
sz [16 @ o
os1[17 [24] we
PF[18 [23] sc
wa 19 22] mcLk
GND [20 21] WE
TOP VIEW
ORDER NUMBER
NBX330N

PIN NO. MNEMONIC & DEFINITION FUNCTION

1,20 GND Ground Circuit ground

2,3 X1, X2 Crystal inputs Inputs from a crystal that deter-
mines frequency of an on-chip
crystal oscillator

4 DW Data write A series of negative-going pulses
transmitted to the disk drive The
data write signal produces pulses
(with  precompensation, if re-
quired) for data and clock in accor-
dance with the applicable encod-
ing rules (FM, MFM or M2FM)

5 DR Data read Negative-going pulses transmitted
from the disk drive to a Schmitt-
trigger input of the 8X330, these
pulses represent encoded data and
clock from the disk media

6-12 DC1-DC7 Disk commands Seven outputs from the 8X330 that

= allow general-purpose control, of
one or more disk drives

13-17 DS1-DS5 Disk status Five general-purpose Schmitt-
trigger inputs from the disk drive
(or drives) that provide status infor-
mation for the 8X300
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PIN NO.

18

21

22

23

24

25-32

33

34

35

36-37

38

39

40

MNEMONIC & DEFINITION

PE

MCLK

sC

wC

cco

C1,C2

VCR

VR

Vce

FUNCTION
Power fail Schmitt-trigger input from exter-
nal logic that is active (low) when
the “user-sensed” power supply
voltage drops below a predeter-
mined value

When active (low), this 40-
milllampere open-collector output
enables wniting to the disk media
When PF is low, the write gate I1s
inhibited during periods of power
supply uncertainty

Write gate

Master enable When this input signal is active
(low), the 8X330 can be accessed
and enabled by the 8X300 (Refer to
the LB and RB pinout discriptions

of the 8X300 for further detail )

When active high and with ME in
the active-low state, this input sig-
nal provides a means whereby the
1/0 output from the 8X300 I1s inter-
preted as an enabling address
(provided there s an address
match) or as input data (if one of
the 8X330 registers has already
been selected)

Master clock

Select command When this signal is active (high),
the information output on pins TV0-
V7 of the 8X300 is interpreted as
an address input by the 8X330

Write command  When this signal i1s active (high),
the information output on pins IV0-
V7 of the 8X300 1s interpreted as
input data by the 8X330

Input/output Eight three-state input/output lines

lines that provide bidirectional data
transfers between the 8X300 and
the enabled I/O device, V7 is the
Least Significant Bit.

Pump down Open-collector output of on-chip

output phase detector which indicates (by

a negative-going, quantized,
pulse-width modulated signal) that
internal CCO frequency is too
high

Open-collector output of on-chip
phase detector which indicates (by
a negative-going, quantized,
pulse-width modulated signal) that
internal CCO frequency is too low.

Pump up output

Frequency Con- Variable input current from ex-
trol Input for Cur- ternal  low-pass filter that
rent-Gontrolled  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 nput from emit-

voltage ter of external series-pass transis-
tor, this voltage powers internal
logic of chip

Reference volt- Reference voltage output to base

age of series-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 (FM) or double-
density (MFM/M2FM) codes. Interface requirements are
simple—on one hand, consisting of the 8X300 microcon-
troller and, on the other, the two disk drives. All 8X330
control and data registers directly linked to the micropro-
cessor interface (Figure 1) are addressable and appear to
the 8X300 as simple I/O ports; a 13-bitaddress busand 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 (DC1-DC7), five (5) input status lines (DS1-DS5), a write
gate (WG), a data- write output (DW), and a data-read input
(DR). The twelve command/status lines are not dedicated;

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.

Vo

8732
/0 PORT

CONTROL

BOC

USER-DEFINED
DRIVE-CONTROL
SIGNALS

7] ano
_ 0} vee
0t
—_ %) va
= —_— %] ver
FROM EXT ] GND;
Loaic L =
R — i8] F
%] c1
Wo-ivT 3] c2
25] Vo
8X300 3 0
LER
7] w2
sc 7| W3
we %) WA
Mo ] Ve
BorfB —
37| e
52 V7
P 16 A sc

MICROPROGRAM

Vo

FLOPPY DISK
FORMATTER/
5  CONTROLLER

Vee

oT32
/0 PORT

CONTROL

Bic

cco [35}—e— I 1o oisk
pup [i}—w—] LOW-PASS DRIVES
PON [33}—»—r
x1 z'__:—r:LI

(7T

oc1[izp- J|>

ocz 77 HEAD smh—————l >—

ocs[iEb— ok seuecrn—— >+

oce [ To—— oisk sELECT 42 —_>_.

ocs [ - SELECT {)

et [T Jo——— HEAD LOAD _———_—_—D_>

0C7 [§ Jo——— LOW WRITE CURRENT —-D—o

W [ToJo—— WRITE GATE ———————— &

OW [ 4 Jo——— WRITE DATA _____D_.

os1 [T~ READY

0s2 |76 Jo—— TRACK 0 ————————————

os3 [i5]o-

0s4 14 WRITE PROTECT e

oss [i3k-

& [z

|- FROM DIsK
RIVES

USER-DEFINED
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 8X300 and
8X330 consists of twelve (12) lines—IV0-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 8X300. An expanded view of this interface is
shown in Figure 3 and, as indicated, the 8X330 appears asa
number of addressable registers (110g-127g and 132g-1373)
under input/output control of the 8X300. 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 8X330 are described
in the paragraphs that follow; in all of these registers, bit 0 is
the Most Significant Bit (MSB).

NOTE

When power s first applied to the 8X330, the Disk Command lines (DC1-DC7), the Write
Gate (WG) output, and contents of Command/Status Register #2 (CSR #2) are set to 1
(hgh) The wakeup state of all other bits 1s undefined

General-Purpose Register File

This general-purpose (scratch pad) memory is directly
accessible by the 8X300 and is used to store system vari-
ables such as track address, sector address and other
necessary parameters. The sixteen 8-bit registers (110g-
1278 provide sufficient on-chip memory to accommodate a
minimum of two disk drives; the maximum number of 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.

COMMAND/
STATUS
REGISTER #3

ADDRESS—134g

COMMAND/
STATUS
REGISTER #4
ADDRESS—135g

1/0 BUS

—— > D!SK
COMMANDS

BUFFERS/
DRIVERS

COMMAND/
STATUS
| REGISTER #1

| AoDRESS-1325

COMMAND/
STATUS
REGISTER #2

| ADDRESS—133g

SECTOR LENGTH
REGISTER

ADDRESS—136g

GENERAL-
PURPOSE
REGISTER FILE

(16 8-BIT REG)

ADDRESSES
110g-127g

DATA REGISTER

ADDRESS—137g

1/0 BUS

REGISTER
CONTROL
LOGIC CONTROL

DISK
STATUS
. POWER
FAIL
CHIP CONTROL LOGIC .« WRITE
GATE
rfO—WTPAES-: CHIP STATUS
r-db- ,"ll]l-} L FILTER , and CONTROL
[ I I
READ DATA
FROM DISK
BYTE PHASE-LOCK LOOP (PLL)
COUNTER and DATA-SEPARATION LOGIC

l

SYSTEM CLOCK
PRECOMPENSATION CLOCK
DATA/CLOCK WINDOW
SYNCHRONIZED DATA

DATA PROCESSING and
ERROR-CHECK FUNCTIONS

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 132s)
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/0 bus.

Bit 0 (Write Gate Enable)

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 0, the WG 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 0, 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 (Data Register Control)

When set to 0, contents of data register consists of inter-
leaved data-and-clock bits; starting from the MSB (IVO)
position, register 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 8X300. Since each byte of data
from the processor becomes an interleaved pattern (4-bits
of data and 4-bits of clock) in the 8X330 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 8X330 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 8X300 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 8X330 in Read
mode and with Bit 3set to 0, 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
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a 1. This puts the 8X330 in the Address-Mark search mode.
Accordingly, all bits of the CRC Register are presetto 1, the
BYte TRAnsfer flag is inhibited, and the 8X330 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 8X330 starts CRC computation and
synchronizes BYTRA to the byte boundaries. Note that the
8X330 presumes an Address Mark by finding achangein the
preamble pattern; however, it is up to the 8X300 to read the
Address Mark and to establish its validity or non-validity

In write mode, setting the Sync Enable bit to 0 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 0
when read.

NOTE
The Load Counter bit must be set one or more instruction cycles after setting the Byte
Counter MSB, that 1s, bits 4 and 5 of CSR 1 cannot be set during th 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 1/Bit 4) is asserted—refer
to preceding description.

NOTE
The Byte Counter MSB must be set one or more instruction cycles before the Load
Counter bits—bits 4 and 5 of CSR 1 cannot be set during the same instruction cycle

Bit 6 (BYTRA)

During a disk read operation, the BYte TRAnsfer flag is
automatically set to 0 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 0 when 8-bits are transferred from the
Data Register to the Data Shift Register. BYTRA (a read-
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only bit) is reset to a 1 when the Data Register (address 137g)
is selected by the user’s program. During read/write opera-
tions, the 1-to-0 transition 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 CSR 1
NZT BYTRA, TEST

Bit 7 (Disk Status 1)

Reflects state (0 or 1) of input DS1 (pin 17); this is a user-

definable read-only bit.

NOTE
A high input on any one of the Disk Status lines of the 8X330 1s 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 133g)

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 Data/Clock Pattern BitBeing Bits Already Written
Time (in Data Shift Reg)  Written to Disk
2T (Late) 0 1 0 1 0 o o
2T (Late) 0 1 [} 1 0 0 1
2T (Early) .1 0 0 1 0 1 0
2T (Early) 0 0 0 1 0 1 0
1
where, T= if bit 7 of CSR 2 (1/2F) = 1

crystal frequency

T=— 2 fbit7ofCSA2 (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 setto 1, data from the
Data Register is transferred to the disk, provided the Write
Gate Enable bit (CSR1/Bit 0) is set to 1. With WGE set to 0
and the Read Mode bit set to 1, the current-controlied
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
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(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 0.

BS 0 BS 1 Bit Cell
0 0 0
0 1 1
1 0 2
1 1 3

Bit 4 (Preamble Select)

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 (E1 and E2)
Together, E1 and E2 select the encoding scheme used to
write data on the disk—refer to truth table that follows.

E1 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 250K-bits per second in the
single-density (FM) mode and 500K-bits per second in the
double-density (MFM/M2FM) mode. When set to 0, the
transfer rates are halved—125K-bits and 250K-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 freq xtal freq
64 32
9 xtal freq xtal freq
32 16

Command/Status Register #3 (CSR 3/Address 134g)

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.
0 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 135g)

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 7) 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

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 137s

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/Bit 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.

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 (CCO). 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 may or 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
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#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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Figure 5.

Phase Detector Characteristic for

Single-Density (FM) Format

Figure 6. Phase Detector Characteristic for
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Data Processing and Error-Check Functions CSR1 and CSR2. For the sake of simplicity, control lines

. o and much of the control logic associated with the data
These functions of the 8X330 are summarized in Figures 7 processing and error-check functions are omitted in the
and 8. The read/write operations are software-controlled by read/write diagrams.

previously-described bits of command/status registers

CRC
~A GENERATOR
WRITE
CRC ENCODE COMP GATE
ENABLE ENABLE ENABLE/DISABLE ENABLE
@ cLOCK WRITE
2 DATA DATA SHIFT PRECOMPENSATION
@ - MULTIPLEXER [~ ENCODING —>1 TO DISK
> REGISTER REGISTER LOGIC LoGIC
LA
Figure 7. Simplified Block of Data Processing and Error Check Functions—Write Mode
l ; CRC
—\ﬂ GENERATOR
CRC
ENABLE BYTE SYNC
ENABLE
g DATA DATA SHIFT
0 | — MULTIPLEXER
> REGISTER REGISTER CLOCK/DATA PULSE READ
SEPARATION SYNC FROM
LOGIC CIRCUITS DISK
LJ PHASE LOCK LOOP

Figure 8. Simplified Block of Data Processing and Error Check Functions—Read Mode
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DC CHARACTERISTICS vgg = 5V (£5%), Tp = 0°C to 70°C
LIMITS
PARAMETER TEST CONDITIONS UNITS COMMENTS
Min | Typ | Max
VIH High level input voltage 2.0 Vee v For all inputs except X1, X2,
viL Low level input voltage -1.0 0.8 \ C1,C2, CCO, and VcR
Vcc  Supply voltage 475 5.0 | 5.25 v 5V (+5%)
Vcr  Regulator voltage Vce =5V 3.1 \ From series-pass transistor
VoL  Input clamp voltage Vgce = Min -1.0 v Inputs X1, X2, C1, C2, and CCO
IIN = —5mA do not have internal clamp
diodes.
VoH High level output voltage Vce = Min; 2.7 \' £1 through DC7 (Pins 6-12) &
IoH = —0.4mA DW (Pin 4)
Vce = Min; IoH = —3mA 2.4 \ IVO-IV7 (Pins 25-32)
VoL Low level output voltage Vce = Min; 0.5 v DC1 through DC7 (Pins 6-12);
loL = 8mA PUP, PDN (Pins 33, 34); DW
(Pin 4)
Ve = Min; IgL. = 16mA 0.55 v IVO-IV7 (Pins 25-32)
Ve = Min; IgL = 40mA 0.55 v WG (Pin 19)
IcEX Open-collector leakage Vce = Min; 100 | uA WG (Pin 19); PUP (Pin 34);
current with output setto 1. | Vouyt = Voo PDN (Pin 33)
4 High level input current Vee = Max; VN = 2.7V 20 HA DS1-DS5 (Pins 13-17);
PF (Pin 18); DR (Pin 5)
40 uA | ME (Pin 21); MCLK (Pin 22);
SC (Pin 23); WC (Pin 24)
Vgoe = Max; With C1 (Pin 36) under test, C2
VIN = 5.25V; (Pin 37) is open and, vice-versa.
CCO (Pin 35) input 4 mA
current = OmA
Vce = Max; V| = 6.26V
CCO (Pin 35) input 2 mA
current = 1mA
Vce = Max; 4 mA With X2 (Pin 2) under test, X1
VIN = 0.6V (Pin 3) is open and, vice-versa.
Ve = Max; VN = 4.5v 50 | uA | VO - IV7 (pins 25-32)
Vcco Input voltage for Vee = 5V; Tp = 26°C 750 mv
current-controlled CCO input current
oscillator (Pin 35) = 300 A
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DC CHARACTERISTICS (Cont'd) Vg = 5V (£5%), T = 0°C to 70°C

PARAMETER TEST CONDITIONS LIMITS UNITS COMMENTS
Min | Typ [ Max
e Low level input current Vce = Max; —400| pA EI-DS5 (Pin_s 13-17);
VIN = 0.4V PF (Pin 18); DR (Pin 5)
—800| A ME (Pin 21); MCLK (pin 22);
SC (Pin 23); WC (Pin 24)
—4 mA X1 (Pin 2), X2 (Pin 3), with X1
under test, X2 is open and,
vice-versa.
Vce = Max —
VIN = 0.5V —550| pA IVO-IV7 (Pins 25-32)
los  Output short-circuit current | Vog = Max; -15 —100| mA | DC1-DC7 (Pins 6-12) & DW
Output = “1”; VoyTt = “0". (Pin 4)
(NOTE I
At any time, no more than one output -30 —140 mA IVO-IV7 (Pins 25-32)
should be connected to ground)
Ilcc  (Pin 40) Vce = Max 200 | mA
ICR Vce = Max 250 mA
IReg  (Pin 39) Vcc=5V;VCcR=0V&VR=2V| —16 -27| mA
NOTES Vee
1 Op p ranges are d after thermal equiibrium has been e %
reached 40
2 All voltages measured with respect to ground terminal Vee —b 1ut

3 Unless each test req

that Vop be plied through a series-

pass transistor as shown in the accompanying drawing
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AC CHARACTERISTICS v =5V (£5%), Tp = 0°C to 70°C

MNEMONIC | REFERENCE INPUT OUTPUT | Min Typ Max COMMENTS
PD PE WG 4 60ns Refer to Note 3 and Test Loading Circuit #1.
tpD #/ MCLK WG A 100ns
tpp MCLK WG 100ns
trD A MCLK |DC1-74 70ns | Refer to Note 3 and Test Loading Circuit #2.
tPD MCLK |DC1-7\_ 70ns
tow \_PF_/ 50ns
tow \ DR _/ 50ns
tow DW Note 1
tSETUP \_SC Input on DS1-5 56ns Note 2
tSETUP \__Wwc Input on DS1-56 55ns Note 2
tSETUP \__ME Input on DS1-5 55ns Note 2
tHOLD \__SC Input on DS1-5 Ons Note 2
tHOLD \_WcC Input on DS1-5 Ons Note 2
tHOLD ME_  |Input on DS1-5 Ons Note 2
N I\

OE—ME,

SC & WC \ SC 1/0 bus 25ns
\_wc

Refer to Test Loading Circuit #3.
__ ME

top—ME, -—SC_/_’" 1/0 bus

SC & WC (three-state) 30ns
WC 4

tw (MCLK Aotk L 45ns

pulse width) MCLK

tsp (data MCLK \ 1/0 bus 50ns

setup time)

tsp (ME setup | ey ME 45ns

time)

tSD (SC setup MCLK sc 45ns

time)

tsp (WC setup | Mok \ we 45ns

time)

tHD (data hold | ek \ 1/0 bus Ons

time)
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AC CHARACTERISTICS (Cont'd) Vgg = 5V (£5%), Ta = 0°C to 70°C

MNEMONIC REFERENCE INPUT OUTPUT Min Typ Max COMMENTS
typ ME hold | ———— ME Ons
time) MCLK
tHp (SC hold Ons
time) MCLK \ sC
tHp (WC hold Ons
time) MCLK wec
NOTES
1 Write pulse width = 2/Fyyay, that 18, for 8MHz crystal, tp,, = 250nsec (typical)
2 Changes on DS1-5 are not stored in read mode (ME = 0, SC = 0, and WC = 0)
3 During the period when MCLK 18 high, measurement 1s made with ME = Low, SC = Low,
and WC = High
TEST LOADING CIRCUIT
CIRCUIT #1 CIRCUIT #2 CIRCUIT #3
+sv
+5v +sv
TEST
POINT L RL1 2 ma
Q >
1100 508 S 2020
FROM OUTPUT FROM OUTPUT 3
UNDER TEST UNDER TEST UNDER TEST O I
cL cL RL2 CL < RL2
I 308F 300pF 5450 SOPF S 1e00
TIMING DIAGRAM
PROPAGATION DELAY TIME PULSE WIDTH WAVEFORM
\
INPUT 15V 15V 15v
I\,
A | :
! —!
[*—ta ] |
| | r—|pw—-——>=
}
\/ 1 1
ouTPUT X1
/
SETUP & HOLD TIMES OUTPUT ENABLE AND DISABLE TIMES
Vo-ivT
I/’
REFERENCE 15V -‘\I /
1 ﬁgp:;rno!- -/.sv X‘.SV
:"sﬂuv*}*lnom A ’

\
DATA/CONTROL % 15v
\,

./
xhﬁv
4

DATA
OUTPUT =0

3

=N

top
ng

5v

’ VoL
— ( Vo
DATA
OUTPUT =1 15V sv
4/ l
too
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CLOCK REQUIREMENTS

Crystal Oscillator.The on-chip crystal oscillator circuit is
designed for operation using an external series-resonant
quartz crystal; alternately the crystal osci!lator 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
oscillator 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 (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

When the crystal oscillator is externally-driven, typical
waveforms are as follows:

TYPICAL WAVE FORM

CLOCKING XTAL OSC WITH PULSE GEN

+ 3(X1)

500
PULSE
GENERATOR 8x330
= S

- 2 (X2)

PULSE GEN CHAR
Zoyt =500
Vour=0-2V
RISETIME < 10ns
SKEW <10ns
COMPLEMENTARY OUTPUTS

CLOCKING XTAL OSC WITH OPEN-COLLECTOR
TTL

3 (x1)

o—AAA
Vv
=

cLock 8X330

1 2(X2)

- \

tpw

FREQ

FREQUENCY = 8MHz (TYP)16MHz (MAX)

tpw=50% (TYP)
tgKEW < 10ns
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FLOPPY DISK FORMATTER/CONTROLLER

8X330

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 current to the 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 Figure 9 (current-versus-frequency)
and Figure 8 (capacitance-versus-frequency) show how
these design parameters affect operation of the CCO overa
temperature range of 0°C to 70°C. A suitable test circuit for
verification/validation of the current-controlied 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

+8V

8200

FROM TTL 4700
TOTEM-POLE
ouTPUT

TO C2 (PIN 37)

r TO C1 (PIN 38)

0.1uf

CLOCKING WITH PULSE GENERATOR

8200

4700
AAA— TO €2 (PIN 37)

TO C1 (PIN 38)
500 |
01ut I

OUTPUT OF
PULSE GEN

ok
wed

? I 1
2 70°C
2 T
» 25°C \‘
1
7
A\
1 \
15
g \\ 0°C
é 1“4 /
>
2 »
H N
g n N
L - NN
=Vee 525V
10 3'- vee a1y \ N
° \\
Ve sy f)
s A ¥4 AN
7
.
s
g R8s e g EEEIEEEEREEEEERE

CURRENT IN MICROAMPERES

Figure 9. Current

-
rsus-rreq
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y with: Vcc = 5V and Capacitance = 25 Picofarads
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FLOPPY DISK FORMATTER/CONTROLLER 8X330
22
, \ LITTTTTTITTIT
» PoiT —
19 ct owja ——J
" . - fiiaeind
17 —
\ X1 axa0
16 Vee
15 X2 j
i 14 « _{
z cco 3 i)
5 13 oc t—o
5 12 l.omusmsreus;ml ||
w @
£ P an’s-t 1.2 3 4 5 6 7 |
10 70C 1328-0 1 1 1 X X X X | |
13%-X 1 X X X 1 1 1
WE-1 1 1 1 1 1 1 1
9
8
7
6
5
“ 2 2 8 & 8 8 % ¢ 8 8 8 8 R £ 8 8 8 8 8

CAPACITANCE IN PICOFARADS

Figure 10. Capacitance-versus-Frequency with: Vcc = 5V, VCR = 2.5V, and | = 300.A

VOLTAGE REGULATOR ELECTRICAL SPECIFICATIONS

All internal logic of the 8X330 is powered by an on-chip *PARAMETER CONDITIONS LIMITS
voltage regulator that requires an external series-pass hte Vce = 2V >50
transistor. Electrical specifications for the off-chip power VBEON Vce = 5V/Ic = 500mA <1V
transistor and a typical hook-up are shown in accompany- VCESAT Ic = 500 mA/Ig = 50 mA <0.5V
ing diagrams. To minimize lead inductance, the transistor BVceo >8V
should be as close as possible to the 8X330 package and the ft >30 MHz
emitter should be ac-grounded viaa 0.1-microfarad capaci- *Medium power NPN silicon (0°<Ta<70°C) recommended parts 2N5320, 2N5337
tor.

TYPICAL HOOK-UP
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MEMORY ADDRESS DIRECTOR 8X360

FEATURES solution for DMA and other applications requiring large working-
« Address control for working storage storage memories and high-speed data transfers. Once initial-
¢ 16-bit addressing capability ized with such informgtion as starting address, ending address,
¢ Byte and word addressing support byte count, address increment, address decrement, etc., the
o Automatic increment and decrement 8X360 performs all bookkeeping chores automatically and all
* 11 Address and word-count registers address-management software is off-loaded from the processor.
« Reduces number of 8X305 instructions required The 8X360 can be addressed by conventional means or by ex-

tended microcode; system status is available to the user via /O
PRODUCT DESCRIPTION pins.

The 8X360 Memory Address Director (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 ORDERING INFORMATION
memory. The MAD provides a highly-efficient and cost-effective N8X360N, N8X360I, S8X360!

BLOCK DIAGRAM OF 8X360

IV BUS R
CONTROL Vo-iv7

iV BUS INTERFACE

4
RSO0- AND REGISTER
RS3 ADDRESS LOGIC

THREE STATE

CONTROL

PROGRAMMABLE
CLK — DIVIDER
ADDRESS 16
COMMAND > Gaulgaé\lyon n] ADDRESS w Ao-Ars
BUFFERS
STATUS ADDRESS
REGISTERS
ABORT
TRANSFER
COMPLETE
8X360 APPLICATIONS
IV BUS
8X305 Y
64K x 8
CONTROL 1/0 PORT MEMORY
SIGNALS MATRIX

16-BIT
<:> ABDRES

8X360 ADDRESS

}¢—————————— COUNT CONTROL
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2048-BIT BIPOLAR RAM (256 x 8) 8X350(T.S.)
FEATURES TYPICAL 1/0 STRUCTURE PIN CONFIGURATION
e On-chip address latches v +v
e 3-state outputs DISABLE F PACKAGE
e Schottky clamped TTL
¢ Internal control logic for 8X300 system 70 o7 Ej [22] vee
o Directly interfaces with the 8X300 o6 [Z] [71] a7
bipolar microprocessor with no 0s 7] 7]
external logic s ©
o May be used on left or right bank o4 [2] [19] As
oN o3 [5] 18] s
APPLICATIONS g o2 [€] 7] a0
® 8X300 or 8X305 working storage 04 [7] [76] A2
Do E E] Ay
DESCRIPTION = v we 2] [12] 40
The 8X350 bipolar RAM is designed princi- we [ig] 73] mewk
pally as a working storage element in an 20K
8X300 based system. Internal circuitry is oNo [0 [72] sc
provided for direct use in 8X300 applica- TOP VIEW
tions. When used with the 8X300, the RAM F=Cerdip
address and data buses are tied together ORDER NUMBERS
and connected to the IV bus of the system. = aX350N, 8X350F
The data inputs and outputs share a com- = SEX350F/8838
mon 1/0 bus with 3-state outputs.
The 8X350 is available in commercial and ABSOLUTE MAXIMUM RATINGS
military temperature ranges. For the com-
mercial temperature range (0°C to + 75°C) PARAMETER RATING UNIT
specify N8X350-F, and for the miltiary tem-
perature range (-55°C to +125°C) Vce Supply voltage +7 Vde
specify S8X350-F. VIN Input voltage +5.5 Vdc
Output voltage Vdc
VOoH High +5.5
Vo Off-state +5.5
Temperature range °C
TA Operating
Commercial Oto +75
Military —55 to +125
TsTG Storage —65 to +150
TRUTH TABLE  note x = Don't care BLOCK DIAGRAM
BUSSED
MODE ME | SC |WC | MCLK | DATA/ADDRESS
LINES A9 O—n}
Hold address :;(‘r n;w MEMORY CELL MATRIX
Disable dataout | 1 | X X | High Z data out o surFen DECODE 9z x 642008
Input new address | O | 1 (o] 1 Address rao—s T
Hold address High 2 T T
A5 O
Disable dataout | 0 | 1 [ O (o} High Z data out v
As O—>1 I e L-I COLUMN SELECT
Hold address A70—> 10F 8
Writedata | 0 | O | 1 1 Data in e e—— LaTcH ” 1r
sC O—
Hold address = READ/WRITE CIRCUIT I
Disable d:ta outf{ 0 |0 |1 0 High Z data out - t “ ”
Hold address o
Read data 0|0 | X |Dataout we o- ouTPUT BUFFERS I
Undefined state'2 | 0 | 1 | 1 1 —_ ] J j J [ ' j l
Hold address12 Do Dy D2 D3 D4 Ds Dg D7
Disable dataout [ O | 1 1 0 High Z data out
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2048-BIT BIPOLAR RAM (256 x 8) 8X350(T.S))
DC ELECTRICAL CHARACTERISTICS2 N8X350: 0°C < Tp < +75°C, 4.75V < Vgg < 5.25V
S8X350: —55°C =< Tp < +125°C, 4.75V < Vgc =< 5.25V
N8X350 $8X350
PARAMETER TEST CONDITIONS Min | Typ | Max | Min | Typ | Max UNIT
Input voltage v
ViL Low! Ve = Min .85 .80
VIH High? Vce = Max 2.0 2.0
Vic Clamp':3 Vce = Min, |y = —12mA -1.2 -1.2
Output voltage Vgce = Min \
VoL Low'4 loL = 9.6mA 0.5 5
VOH High'5 IoH = —2mA 2.4 2.4
Input current HA
I Low VIN = 0.45V —100 —150
H High VIN = 5.5V 25 50
Output current uA
IO(OFF)  High Z state ME = High, VoyTt = 5.5V 40 60 uA
ME = High, VoyT = 0.5 V -100 -100
los Short circuit3.6 SC = WC, ME = Low,
VOUT = OV, Stored High -20 -70 | —15 -85 | mA
Icc V¢ supply current? Vee = Max 185 200 mA
Capaditance ME = High, Vgg = 5.0V pF
CIN Input VIN = 2.0V 5 5
Cout Output Vour = 2.0V 8 8

AC ELECTRICAL CHARACTERISTICS 2,9 N8x350: 0°C < Tp < +75°C, 4.75V < Voo < 5.
$8X350: —55°C < Tp =< +125°C, 4.75V < Vg =< 5.25V

25V Rq= 4700, Ro=1k®, CL = 30pF

N8X350 S$8X350

PARAMETER T0 FROM Min | Typ | Max | Min | Typ | Max UNIT

Enable time ns
TE1 Output Data out SC— 35 40
Te2 Output Data out ME— 35 40

Disable time ns
Tp1 Output Data out SC+ 35 40
Tp2 Output Data out ME+ 35 40

Pulse width ns

Tw Master clock® 40 50

Setup and hold time ns
TsA Setup time MCLK—- Address 30 40
THA Hold time Address MCLK— 5 10
Tsp Setup time MCLK— Data in 35 45
THD Hold time Data in MCLK— 5 10
Ts3 Setup time MCLK— ME- 40 50
TH3 Hold time ME+ MCLK— 5 5
Ts1 Setup time MCLK— ME- 30 40
TH2 Hold time ME- MCLK— 5 5
Ts2 Setup time ME- SC—,WC— 0 5
TH1 Hold time sC- MCLK— 5 5
THa Hold time wC— MCLK— 5 5

Notes on following page
Signetics 3-131



BIPOLAR LS| PRODUCTS

2048-BIT BIPOLAR RAM (256 x 8)

8X350(T.S.)

TIMING DIAGRAMS

TRANSPARENT ADDRESS READ CYCLE

+av
MCLK 15 * ov
I.-— T
st +av
ME 10.12 q 1 sv
ov
e TsA —— THA
P -z +av
ADDRESS / A DATA OUT -z
W BUS 1 sv-x- DDRES 'W/ 15v  DATAOUT 45y o
TH1—>  |e——TE1 fe—To1—|
+av
sc 1012 ’ 15v Y 15v
ov
we = 010,12 o
LATCHED ADDRESS READ CYCLE
+av
MCLK 18V o
— TH2 |e— oy
ME 1012 15V 1.5V
ov
|e— TE2 —>| Tp2 |e—
/) A DATA OUT HI-Z +av
IV BUS / DON'T CARE! //// % / VALID
2 J ov
—| Ts2 je— .
Wwe iz Tev ! +3
ov
+av
SC = 010,12 o
LATCHED ADDRESS WRITE CYCLE
+av
MCLK % 1.5V * 15v
]4———Tw~—> o
|——Ts3— THa |e— v
ME 1 X 15V 15V
ov
'4——Tsu-——>| TH |-—
- +av
) sus%nowv cune% DATA IN VALID Wllr i
ov
ma ML +av
we 1,12 /11 *mv
ov

SC = 010,12

ov

NOTES

s

~Noon

© ®

10
11
12

3-

All voltage values are with respect to network ground terminal
The operating ambient P ranges are d with tr
exceeding 400 linear feet per minute and a 2-minute warm-up
Typical thermal resistance values of the package at maximum temperature are

©a Junction to ambient at 400fpm air flow - 50°C/watt

©p Junction to ambient - still air - 90°C/watt

©ja Junction to case - 20°C/watt

Test each pin one at a time

Measured with a logic low stored Output sink current i1s supphied through a resistor to
Vec

Measured with a logic high stored

Duration of the short circuit should not exceed 1 second

Icc 's measured with the write enable and memory enable inputs grounded, all other
inputs at 4 5V and the output open

Minimum required to guarantee a Write into the slowest bit

Applied to the 8X300 based system with the data and address pins tied to the IV Bus

arr flow

SC + ME = 1 to avoid bus conflict
WC + ME = 1 to avoid bus confhict
The SC and WC outputs from the 8X300 are never at 1 simultaneously

132 Signetics

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.

Tp2 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.

Tsp 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%
ov %‘ 10%
Sns

— Ja—sns

+30v =
%
| x 90%#

BN i v | e

Measurements All circuit delays are measured at
the +1 5V level of inputs and output
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2048-BIT BIPOLAR RAM (256 x 8)

8X350(T.S.)

TYPICAL 8X350 APPLICATION

Signetics

SIGNETICS
+5V HE?)ET HALT 8732
A4-A12 \ 9
""" . : ) UDO-UD?
sovemcs || H ‘ PRV C—
825115 2N5320 !
512x8 = :">
PROM 10-17 '
]
vee| va|  vea| L ME
— A4-A12 T ! o B
CE2 | CE —
2 | CEq = BOC
sTroBE - VBo-vB7
-— 8X300
[ P MICROCONTROLLER MoK N
W
-~ 4 /o UDO-UD?
= — 1/0 PORT
 — TN E ——>
Y B
S
WE
X X2
A ! |_|‘_] GN:J_ Y- -
SIGNETICS Ag-At2 2 = ¢ §
825115 8.0 MHz :
512X8 u
SROM 18-115 N o £
\ D!
1] vore CE—
CE2 | CEy _o>
a——
ME
;——-—O Bic
0 B0C
8x350
L4 256X8 A
AN ¢ ’> UDO-UD7
N L4
o= | L_J> 1/0 PORT <:>
A
NE ME
I |——O BicC
BOC
LOADING CONDITION
Vee
1K
PULSE
GENERATOR Vee
51
50V 1K T
L Ao Ve
o 50V
v |
= L
PULSE MeLK puT On
GENERATOR [ O, sc
PULSE j_ R, CL
—o,
GENERATOR o = E (CAPACITANCE INCLUDING
_T_ SCOPE AND JIG)
PULSE
= Y =
= GENERATOR \ =
_T_ WC  snp
All resistors values are typical and in ochms
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8X353

BIPOLAR RAM (32x8)

FEATURES

¢ 32 bytes of storage

¢ Dedicated port address

* Fast select feature for use with extended microcode
* 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

ing storage element in 8X305-based systems. The 8X353 is
ideal for applications requiring a relatively small amount of data
storage and maximum /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
I/0 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 IV bus. A block diagram and sum-
mary of operation is shown below.

ORDERING INFORMATION

Contact Local Sales Representative

(2 ivo
A i
G iv2
— (9 ivs
R D) 1/0 BUFFERS ﬁ G Vi
mE>CD- aDivs
MCLK-»(B CONTROL 3 a®ive
> LOGIC @ v
sc»D—
we»G1) READ/WRITE AMPLIFIERS
GND
8 ~<«—Q20) Ve
Ao7—>(D
Ape—>(2) 10, 32
AD5>(3) P LATCH DECODER I% MEMORY CELL MATRIX
Apa—>»(C2D) i>
Ap3—>(5)
SUMMARY OF OPERATION
INPUT RESULTING OUTPUT
== == SELECT v ADDRESS ADDRESS SELECT
ME sc we MGLK S LATCH BUS BUS DATA LATCH LATCH
H X X X H X Ignore Ignore Keep Keep Keep
H X X H L X Ignore Input Keep Update Keep
H X X L L X Ignore Ignore Keep Keep Keep
L L L L L X Output Ignore Keep Keep Keep
L L L L H L Ignore Ignore Keep Keep Keep
L L L L H H Output Ignore Keep Keep Keep
L X L H L X Ignore Input Keep Update Keep
L L H L X X Ignore Ignore Keep Keep Keep
L L H H L X Input Ignore Update Keep Keep
L L H H H L Ignore Ignore Keep Keep Keep
L L H H H H Input Ignore Update Keep Keep
L H L L X X Ignore Ignore Keep Keep Keep
Input *
L H L H X X (Address) Input Keep Update Update
Not
X H H X X X Defined
Notes

Depending on IV bus data X = don’t care
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LIFO STACK MEMORY (32x8)

8X355

FEATURES

* 32 bytes of storage

e 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

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
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.

ORDERING INFORMATION

Contact Local Sales Representative

AN O———— ___
;:_: (D FouT
@O
»(3) EoUT
RESET O—> FULL/EMPTY @
LOGIC
s EO— CONTROL
WE LOGIC N\ 2
MCLK
sc
wc QD——>
ﬁ @ W
2
A3 i
QD vz
32x8 G5 iva
OR “
UP/DOWN > MEMATRC @ wva
COUNTER j:> s
1 ®
R —— @ w
LOGIC
)| T
|
N\
GND
Vee
TYPICAL CASCADED CONFIGURATION
INPUT RESULTING OUTPUT
[} (] - COMMENTS
FOUT BN El FIN EOUT FOUT || EOUT FOUT PUSH POP
# FIN EOUT X X L L Not possible Empty and full status
T I L L L H Update H Yes No Top of data stack at top of #1
#2 FOUT EIN L L H L H Update No Yes Top of data stack at top of #2
Gl EouT L L H H Update Update Yes Yes Top of data stack within #2
1 i X H X X L H No No Top of data stack below #2
#3 Fout EIN . Top of data stack moves from
FIN EOUT H L X H Not defined bottom to top
i/i— H L H L H L No No Top of data stack above #2
Notes.

Status signals and Push/Pop operations reference stack chip #2
X = don’t care

Signetics
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PRODUCT SUPPORT

8X300 FAMILY

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 Automation)
¢ Universal Development System

* Relocating macroassembler

¢ Full speed in-circuit emulator/debugger

* Maximum memory support

8X305 ICEPACK (Manufactured by Sigen Corp.)
¢ Full speed in-circuit emulator/debugger
RS-232 interface to CP/M or Intellec

4K word memory/8-bit extended microcode
Low cost

Signetics 8X305 Prototyping System

® Single board module

* RS-232 interface

* Resident monitor

e 256 to 4096 words of Writable Control
Storage

e Minimum cost

SOFTWARE

MCCAP CrossAssembler

e 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

— Intellec/ISIS object code

APPLICATIONS SUPPORT

Field applications engineers
Product applications engineers
Application notes

e Floppy disk controller

s ECC

e Hard disk controller

e 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

3

~
BXaTT X374
( TRANSPARENT <:> <::> ADDRESSABLE 110 <:>
/0 PORT PROM/ROM PORT WITH PARITY
PROGRAM |« UseR
€
STTAG INSTRUCTION SYSTEM
8X372
> BX310 £X320
ADDRESSABLE eRn B16-BIT BUS
110 PORT > CION$ROEE;R INTERFACE
ADDRESS
USER
SYSTEM .
BXaTe v X330
ADDRESSABLE <:> B%305 <:> FLOPPY DISK <j‘> DISKETTE
110 PORT CONTROLLER
MICROCONTROLLER
4 4
i> 8X382 % 8X360 RAM
4 ADDRESSABLE a <:> MEMORY WORKING
< 1I0 PORT < ADDRESS STORAGE
DIRECTOR
. —J
\_ IV BUS
X350 X353 X355
256 8 RAM 32 8 RAM a2 8LIFO
WITH BUS WITH BUS WITH BUS
INTERFACE INTERFACE INTERFACE
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PREFACE

8X300KT41SK

8X305 Prototyping System

This document provides the information required to understand, set up and operate the
8X305 Prototyping System It 1s recommended that the user become thoroughly familiar
with the 8X305 MicroController and the high speed peripherals that support the device
For this purpose, the following documents are recommended

e 8X305 Users Manual — comprehensive functicnal detail, interface characteristics,
hardware and software design data, and systems information for the 8X305
MicroController

e 8X300 Family Product Capabilities Manual — overview of the 8X300 Family of parts,
including application information on the 8X305 MicroController and its support
devices.

e MCCAP Manual — complete description of the powerfui MicroController Cross-
Assembler Program for the 8X300 and 8X305

e Data Sheets — electrical and functional characteristics for each member of the
8X300 Family and related parts.

8X305 MicroController

8X310 Interrupt Control Copracessor

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 1/0 Port
8X372/8X376 Addressable 8-bit Bidirectional 1/0 Port
8X374 Addressable 8-bit Bidirectional {/O Port with Parity
8X382 Addressable 4-IN/4-OUT 1/0 Port

8X60 FIFO RAM Controller

Signetics
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INDEX 8X300KT1SK
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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
Signetics 8X305 MicroController 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 MicroController 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 remainder 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:

e User interaction

e Loading Writeable Control Storage

e |oading and reading 8X305 registers
and 1/O devices

e 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.

Signetics

1.2.4 8X305 MICROCONTROLLER
AND PERIPHERALS

An 8X305 MicroController 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 (ICC). 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 1/0 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.



BIPOLAR LSI PRODUCTS

8X300KT1SK

SYSTEM SETUP

2.1 POWER CONNECTIONS

CAUTION

Power connections must be prop-
erly made; otherwise, component
damage will result.

Power connections to the Prototyping
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
1s 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 suppled 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 VDC) 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 1s connected as shown in
Table 2-1

Table 2-1 RS-232 CONNECTOR

Pin
[\l& Signal
GND

TXD

Description

Ground

Transmit Data(in)
Receive Data(out)
Request to Send(in)
Clear to Send(out)
Data Set Ready(out)
Ground

o N OO A~ W NN =
)
=
n

Carrier Detect(out)

host computer, be sure to interchange
TXD (pin 2) with RXD (pin 3), and RTS
(pin 4) with CTS (pin 5). 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 Prototyping
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
BO Rate

0 19200
1 9600
0 4800
1 2400
0
1
0

B1
0
0
1

1200
600
300
110

i L Lo oo o|®
oo -

1 1
(0 = Switch off, 1 = Switch on)

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
I1s selected by setting the LF switch
located next to switch BO to the ON
position

2.4 EXTERNAL OSCILLATOR
CONNECTIONS

RS-232 specifications call for data com-
munications equipment (DCE), such as
this system, to be connected to data
terminal equipment (DTE), such as the
user's CRT terminal When connecting
this system to another DCE, such as a

4-8

CAUTION

To prevent possible damage to the
crystal, never apply an external oscil-
lator signal to X1 or X2 input with

crystal Y2 connected to the circuit.

Signetics

The Prototyping System s supplied
with a 10 MHz crystal, therefore it
operates the 8X305 MicroController 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-
totyping System to operate either with
or without an 8X310 in the circuit, a
jumper 1s incorporated into the ROM
Disable (RD) 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
1S not present, this jumper must be
connected to the board at location R14
to permanently enable the Writeable
Control Store RAMs
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3.1 POWER UP AND
DIAGNOSTICS

When power is applied to the Prototyp-
ing System, resident diagnostic pro-
grams are executed to test the Micro-
Controller and Writeable 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 Prototyping System s 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

1 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
“n” = 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, R10 may be accessed by its
alternate name OVF by entering
“”)

G GO execute users 8X305 pro-
gram:
Accepts a starting memory ad-
dress and executes at full speed
until a breakpoint or keyboard
entry 1s reached. Then the con-
tents of the registers and the next
executable instruction are dis-
played, and single stepping can
proceed

STEP, single step user’'s program:
Accepts a starting memory ad-
dress and displays the contents
of the registers and the instruc-
tion at that memory address The
instruction 1s 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-
iIng an exclamation point or
cleared by typing a backspace A
new 8X305 instruction and exten-
sion Instruction is then entered
by typing an |, 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
command except action Is upon
the nght-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

X XCODE, temporarily set extended
microcode latch:
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 1s 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 n Figure 3-1a, b and c.

3.4 SAMPLE USAGE

The sample program in Figure 3-3 1s
shown to give the user an idea of a
typical session and includes most com-
mands used by the Prototyping 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 Right-
Bank of the IV Bus and to 1/0 Port 001
on the Left-Bank Since extended
microcode 1s 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
1ssued 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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CRGICION.

(control — C)

(numbers)

el

|

= 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 @

= OCTAL BASE NUMBER SYSTEM USED THROUGHOUT
= MONITOR’S RESPONSE TO INPUT OR SYNTAX ERRORS
= CONNECTOR TO NEXT SYNTACTIC ELEMENT

Figure 3-1a. Syntax Definitions

Signetics
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r \
Input Instructions

OF (5 S N T )

new Instruction %ew extension
next addr

Register Examine/Change 4

register number

= contents

new value

next register no

Go Execute

a¥@ @—( erecuiing

breakpoint encountered

any keyboard entry

Step Execute

[remory sdgess 1 @)

C>< execute one instruction

Memory Examine/Change

O ®
Q—)(address

breakpoint display

instr/extns

@ = breakpnt, = clear, @ = set

Left-Bank Examine/Change

bank address )
I . .
Right-Bank

next bank address
QG (

= contents }—3{ new value
J
Dump Memory

start addre stop address ]————————e@——)(dump to RS-232 )—'

Fill Memory

Set Temporary Extension

O (XCODE) latch contents new extension >@——J

Figure 3-1b. Syntax Flow

Signetics 411
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l new instruction H source destination
r )
@y e 1
(ADD) 1/0
@ *Reg-to-Reg operation
@ **any 1/0 operation
source
f—‘_—/;‘_ﬂ
&E——® ®
&2 ® ®
destination
——
@H—® ®
® ®@
Coaredes ] ooy * (@)
[eop adaress | 2= o) M@
right
m bank T
[obtmmedas ] . S@

,
,
5-bit iImmediate :
bank address :

oo

(typical):
AUX R1_R2 A3 R4 RS Re_R7_ OVERI RIZ RIS R4 RIS RI6 A17
377 000 017 037 000 000 0Ot 222 000 000 000 360 300 000 000 000

00013 — MOV 02 4 37 /244

note — First two lines are column headers, printed each breakpoint
or each 20 single steps

— Third hine 1s register contents

— Fourth line is breakpoint, address — instruction/extension
This 1s the next instruction to be executed in single step

4-12

Figure 3-1c. Syntax Flow
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*

* DUMP 00000 00014
DUMPING HIGH BYTES
(STX)

00'C0'24B9COAC'68'7401'1070'11'F1°

(ETX)
DUMPING LOW BYTES
(STX)

00'00'08'BF'10'FF'FF'96'06'FF'7D'40'D7’

(ETX)

DUMPING EXT BYTES

(STX)
00'00'00'00'00'50'00'00°00°00'00'00"00'
(ETX)

*

Figure 3-2. Example of ASCIl HEX QUOTE Format

Signetics

3.6 ASClHl 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-bit byte is represented by
2 ASCII HEX characters (0, 1, 2, 3, 4, 5,
6,7,8 9 A, B, C, D, E, F) followed by a
single quote (). As many bytes as
necessary may be transmitted until an
ETX (ASCII End of Text) 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 1s not an 8X310 instruction It
1s valid, however, to start running and
encounter a breakpoint or stop on an
8X310 Instruction and then continue
single stepping the program.

4-13
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8X305 PROTOTYPING SYSTEM
REV.B

SYSTEM CHECK OK.
:

i Power Up Message l

* DUMP 20 40
DUMPING HIGH BYTES....

DUMPING LOW BYTES....

DUMPING EXT BYTES....

C7'CF'C0'C6'26'06'06'E0'F2'00'00'FE'00'A2'FF'00"
EF!

* INPUT 000
00000 I: JMP 20 /000 .
* INPUT 2
00020 I. XMT 07 133 /000
00021 | XMT 17 001 /000
00022 |. XMT 00 001 /000 {Program Input |
00023 | XMT 6 0 /0
00024 I+ ADD 6 0 6 /000
00025 |. MOV 6 0 27 /000
00026 |. MOV 6 0 37 /000
00027 I: JMP 00000 /000
00030 I-
* MEMORY 0
00000 JMP 00020 /000
00001 MOV 00 0 00 /000 .
* MEMORY 20
00020 XMT 07 133 /000
00021 XMT 17 001 /000
00022 XMT 00 001 /000 lD|splay of Program Entered]
00023 XMT 06 000 /000 1
00024 ADD 06 0 06 /000
00025 MOV 06 0 27 /000
00026 MOV 06 0 37 /000 Change Instruction at Location 27
00027 JMP 00000 /000  I: JMP 24 /000 . M Mod
* LB 132 = 347 While Still in Memory Mode
LB 133 = 002
L LB Iz =73 [ Display of Current Data at —I
* RB 000 = 377 | 17V Addresses
RB 001 = 377 .
* GO 0 Program Stopped by Hittin,
RUNNING .... STOPPED {anngey PP Y 9
AUX R1 R2 R3 R4 R5 R6 R7 OVF R11 R12 R13 R14 R15 R16 R17
001 171 300 132 213 346 263 133 000 037 075 365 246 040 335 001
00027 = JMP 00024 /000 T - R7 Contains RB Address 133 _|
001 171 300 132 213 346 263 133 000 037 075 365 246 040 335 001
00024 - ADD 06 0 06 /000 i |
001 171 300 132 213 346 264 133 000 037 075 365 246 040 335 001 R6 Increments
00025 - MOV 06 0 27 /000 T ntains LB Address 001
001 171 300 132 213 346 264 133 000 037 075 365 246 040 335 001 R17 Conta J
00026 - MOV 06 0 37 /000
* LB 133 = 264 . | | Contents of 133 (LB) and
* RB 001 = 263 . | | 001 (RB)
*

ASCII HEX QUOTE Format

58701'01'00'06'17' 1F' 14'B7'00'00'8B'00'83'FF'00"
FB'

00'00'00'00'00'00'00'00'00'00'00'00'00'00'00'00"

| Location 20-40 Octal

Jl Examine Registers l

Fill Instruction Memory
Locations 1-4 in ASCII

EF'.
*
RO = 001 |
* R6 = 264 .
* R7 = 133 |
* R17= 001 .
*
* FILL 00001
FILLING HIGH BYTES....
20'40'60'E0Q"
FILLING LOW BYTES....
00'01'02'03"

FILLING EXT BYTES....
00'FF'FF'00".
*

* MEMORY
00000 JMP
00001 ADD

00000
00020
00 0 00

/000
/000

HEX QUOTE Format

Examination of Memory Verifies
Fill Operation Above Note
Extended Microcode at Locations

00002 AND
00003 XOR
00004 JMP
*

00 0 01
00 0 02
00003

1377
1377
/000 | .

00002 and 00003 were Filled with
FF HEX as Indicated by 377 Octal

Figure 3-3. Sample Usage

Signetics
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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 |V 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
1 Vo BUS (MSB)
3 Yl BUS
5 V2  BUS
7 V3 BUS
9 V4 BUS

1 V5 BUS

13 V6 BUS

15 V7 BUS(LSB)

17 Voo 5V

19 Ve 5V

21 HALT  Halt

23 RESET  Reset

25 MCLK  Clock

27 B Left-Bank

29 RB Right-Bank

31 SC Select Control

33 WC Write Control

(Alleven  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 any one of the 8X372 I/O ports.
(One 8X371 non-addressable I/0O port
may be substituted, but ONLY if all
other components on that bank are
removed.)

Table 4-2 1/0 PORT CONNECTORS
J4, J5, AND J6

Pin
No. Signal Description
2 ub7 User Data (LSB)
4 ub6 User Data
6 ubD5 User Data
8 ub4 User Data
10 ub3 User Data
12 ub2 User Data
14 ub1 User Data
16 ubo User Data (MSB)
18 UOC  Output Control
20 uIC Input Control
(Alodd  GND Ground
pins)

Signetics

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 I/0O 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 Description
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
(Aleven GND  Ground
pins)

4-15
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Table 4-4 8X320 SIGNAL

CONNECTIONS

Signal Description
B/W Byte/Word Control
A0 Primary Port Address (LSB)
A1l Primary Port Address
A2 Primary Port Address
A3 Primary Port Address (MSB)
PIOE Programmed /0 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 Primary Data Port
D1A Primary Data Port
DOA Primary Data Port
D7B Primary Data Port
De6B Primary Data Port
D5B Primary Data Port
D4B Primary Data Port
D3B Primary Data Port
D2B Primary Data Port
D1B Primary Data Port
DOB Primary Data Port (MSB)

4.5 8X310 CONNECTIONS

The 8X310 is connected to the 8X305
MicroController 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 Interrupt 0 Input
INT1 Interrupt 1 Input
INT2 Interrupt 2 Input
4-16

4.6 8X320 CONNECTIONS

An 8X320 Bus Interface Register Array
has ben provided on the IV Bus as a
Right-Bank I/0 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/0O 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/O 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-bit 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 J1, 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

Table 4-5 8X360 SIGNAL

CONNECTIONS

gg_nil Description
CLK Clock Input
TC Terminal Count Status
LABN Loop Abort Control
TSCL Tn-state Control
A0 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
A1 Address Output
A12 Address Output
A13 Address Output
Al4 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 8X300KT41SK
Table 4-6 MEMORY EXPANSION CONNECTOR J1
Pin Pin
No. §i_gﬂall Description No. Signal Description
1 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 oD Output Disable 8 112 8X305 Instruction
9 BKPT Breakpomt 10 111 8X305 Instruction
11 W Write 12 110 8X305 Instruction
13 — No Connection 14 19 8X305 Instruction
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 1 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 A1 8X305 Address 46 E1 Extended Microcode
47 A12 8X305 Address (LSB) 48 EOQ Extended Microcode
(MSB)
49 Vg 45V 50 Voo 45V
Signetics 4-17
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As can be noted with the aid of the
block diagram in Figure 5-1, the 8X305
prototyping system board contains cir-
cuits which may be categorized as
follows:

1. Monitor Processor

2. 8X305 MicroController and Family
3. Writeable Control Store

4. Run/Step 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 |/0 port contents.

The 8X305 can execute instructions
from Writeable Control Storage or an
instruction that is latched into the 8243

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

8X300KT1 SK

accomplished by a XMT followed by a
MOV.)

5.2 8X305 FAMILY

With the following two exceptions the
8X305 MicroController 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.

[PROTOTYPINGAREA =~~~ —~ —~ — —~—~ =~~~ —"—=——=—=—=—=—=—=7 1
[T [3a ] J2 |
L 3 1 ‘ J
- f----------= - - - - ==~
8X360 8X320 l 8X372 l 8X372 J L 8X372 8X350 I
MEMORY ADDRESS REGISTER 1/0 PORT 1/0 PORT 1/0 PORT RAM
DIRECTOR ARRAY £ 4 [ o 4 [
ﬁ ﬁ \V.4 < A4 <
o ]
IVBUS <}
LATCH v
. 8X305
c °8M°gf’ TER ¢ z MICROCONTROLLER
u —
7S 8243 EXTENSION A !
(——|1/0 EXPANDER >
‘ I
2732 1 ADDRESS
EPROM -
THETEI [ insTRUCTION]
TO o 8255 828212 8X310 INTERRUPT
CRT = CONTROL
PARALLEL I/0 NSTRUCTION COPROCESSOR
RAM
261 K 825212 ‘MNT—j RUN/STEP
EPCI U CONTROL LOGIC

USER HALT
USER RESET
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Figure 5-1. Detailed Block Diagram
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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. Any one 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 Signetics (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 825212 RAMS

T\
AWan

WRITE CYCLE FOR 1420 RAMS

CE1
(U3PIN 10)
W-_—\__/_

Figure 5-2. Write Cycle Variations

Signetics

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 MicroController.

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.

4-19



BIPOLAR LS| PRODUCTS

APPENDICES

4-20

o0 ® >

8X300KT1SK

Appendices

8X300KT1SK Prototyping System Schematic
8XB300KT1SK PCB Layout and Parts Placement
Parts List

Memory Expansion Assembly Schematic
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Item No. Manufacturer Part Number Description Designator Qty.
1 Signetics MC1488N Quad Line Driver U1 1
2 Signetics SCN2661CC1N28 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 us 1
6 Signetics N74S112N Dual J-K Flip-Flop use 1
7 Signetics N74S10N Triple NAND Gate u7 1
8 Signetics N74S32N Quad OR Gate us 1
9 Signetics N74S11N Triple AND Gate usg, u10 2
10 Signetics MC1489N Quad Line Receiver Ui 1
11 Signetics N74LS373N Octal Latch U138 1
12 Intel P8255A PPI ut4 1
13 Signetics 82S212N 256 x 9 RAM u15, U18, U21 3
14 Signetics N8X310N Interrupt Control Coprocessor u1é 1
15 Intel 2732A-4 4096 x 8 EPROM ut7 1
16 Signetics SCNB035AC6EN40 8-Bit Microcomputer ut19 1
17 Intel P8243 Input/Output Expander u20 1
18 Signetics N74F373N Octal Latch u22 1
19 Signetics 8X305I/N MicroController u23 1
20 Signetics N8X360N Memory Address Director u24 1
21 Signetics N8X320N Register Array u2s5 1
22 Signetics N8X372-000N 1/0 Port u26 1
23 Signetics N8X372-001N 1/0 Port u27 1
24 Signetics N8X372-002N 1/0 Port uz28 1
25 Signetics N8X350N 256 x 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 Saronix NMPO51L Crystal, 5688 MHz Y1 1
32 Saronix NMP100L Crystal, 10000 MHz Y2 1
33 2N5320 Transistor Q1 1
34 ALCO DSS-4 Switch, Mini-dip B2 B1,BO, LF 1
35 Smith 230 Binding Post 4
36 1N914 Diode CR1 1
37 CAP, 01 uF 28
38 CAP, 47 uF, 20V C2,C3 C4 3
39 CAP, 47 uF, 6V C1 1
40 CAP, 47 pF cs 1
41 CAP, 01 uF Cé 1
42 RES, 1K, 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 HH Smith 2501 Bolt, Nylon 4 — 40 x 3/8" P1 2
48 HH Smith 2554 HEX Nut, Nylon 4 — 40 P1 2
49 BURNDY DILBQ50P-101 Socket, 50 Pin u23 1
50 TI C844002 Socket, 40 Pin U14, U16, U19, 5
U24, U2s
51 Tl C842802 Socket, 06" 28 Pin u2 1
52 Tl C842402 Socket, 0.6” 24 Pin u17, uU20 2
53 EMC 17424-01-445 Socket, 04" 24 Pin u26, U27, uz28 3
54 Tl C842202 Socket, 04" 22 Pin U15, U18, 4
u21, u29
55 Tl C842002 Socket, 03" 20 Pin uz2 1
56 Signetics PCB-82001 P C Board 1
57 HH Smith 2450 Rubber Bumper 5
Appendix C. Parts List (continued)
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FEATURES

¢ Diagnostic Monitor for controlled program execution, 32

breakpoints, register, memory and /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.

4-26

* 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.

Signetics




BIPOLAR LSI PRODUCTS

ICEPACK

8X305

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:

e Powerful screen oriented Editor for easy program
deviopment.

e 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-

Signetics

py system, ICEPACK Emulator, interface adapter, CP/M 2.2
and all ICEPACK 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 (CP/M System) (Emulator)
Height 7.5 inches 190mm 1 inch 25mm
Width 9.5 inches 241mm 6 inches 152mm
Depth 14.5 inches 368mm 8 inches 204mm
Weight 13.0 pounds 5.9 kg 1 pound .45 kg

Environmental
Operating Temperature: 0°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
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DEVELOPMENT DATA 1/O 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 1K 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.

e |/O Port Programmer for 8X372, 8X376, 8X382.

Software Features

e 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.

L]

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
8X300/305 includes the AA-572-8X35 In-Circuit Emulator, the
AA-572-8X35-M Emulator Extension and the AA-574-8X37 I/O
Port Programmer. The Emulator Extension provides an extra
sixteen bits of word length over the basic sixteen bits required
for the 8X300/305 processor and may or 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 35 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 8X300/305.

The 8X300/305 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.

T I PROM SOCKETS ] I 8X300/305 SOCKET J
T 1
| et w 1 r__—'__—""-___——l
| EXTENSION i | 8X300/305 |
| INTEREACE | | USER INTERFACE |
| T ] | T ™ ]
! 1 EMULATOR | | [ emuLator | |
| EXTENSION | |
8K x 16 8K x 16 ADDRESS
: MEMORY | : MEMORY CONTROL |
== e ———— J L. ———F————= I — J
INFORMATION BUS |
]
POWER 32 KB MASTER FL'PY DISK
suppuss MEMORY PROCESSOR CONTROLLER
INPUT/OUTPUT BUS J
AA-570
I RS-232 J l RS-232 I I U ?, Gplgsr | CABINET
1 ] |

TERMINAL PRINTER

| ADAPTOR I

DUAL DISK
UNIT

BLOCK DIAGRAM OF EZ-PRO CONFIGURED
TO SUPPORT 8X300/305 DEVELOPMENT
WITH 32-BIT WORK LENGTH

Printed with permission from American Automation
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DEVELOPMENT DATA 1/0O PORT PROGRAMMER

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 825137, 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 /O (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 EPROMSs. With ap-
propriate off-line equipment, information in the EPROMs may
be transferred into bipolar PROMs.

The I/O 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 I/O port.
Complete checking is then accomplished including validation
of the address and transfer of information in both directions
through the port.

Signetics

8X300/8X305
EZ-PRO SYSTEM ELEMENTS
FOR 8X300/305 SUPPORT
Model Description
AA-570-200 Basic Development Unit
AA-59X Dual Disk Unit
AA-572-8X35 In-Circuit Emulator for §X300/305
AA-572-8X35-M Emulator Extension
AA-562 Printer, RS232 Interface
AA-563 Video Terminal with Screen Editor
AA-553 PMFORM, PROM Formatter Program
AA-574-8X37 1/0 Port Programmer
AA-574-27XX 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 I/O 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 MicroController Cross Assembler Program (MCCAP) has
been developed to support the Signetics 8X300/8X305
MicroController. 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 MicroController 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.

Signetics

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 1V 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 AS1-1SS 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 Intellec™ Microcomputer
Development System with 64K memory under the contorl of
ISIS 1l 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/IN3001

FEATURES

Schottky TTL process
45ns cycle time (typ.)
Direct addressing of standard bipolar
PROM or ROM
512 microinstruction addressability
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 flag input functions
4 flag output functions

BLOCK DIAGRAM

DESCRIPTION

The SN3001 MCU is 1 element of a bipolar
microcomputer set. When used with the
SN3002, 54/745182, ROM or PROM mem-
ory, a powerful microprogrammed com-
puter can be implemented.

The 3001 MCU controls the fetch sequence
of microinstructions from the micropro-
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

N3001N, N30011, S3001I

PIN CONFIGURATION

| PACKAGE

ERA

TOP VIEW

ORDER NUMBER
S/N3001

MA8 MA7 MAG MA5 MA4
o 0 O

MA3 MA2 MA1 MAO
o

ERA O-

ROW
ouTPUT

—0

| | COLUMN

OUTPUT

EN O—
y

]

FCO O

FC10- FLAG
CONTROL
FC2 O—

cz
FLAGS

FC3 0

F
LATCH

ADDRESS REGISTER

l O ISE

NEXT ADDRESS CONTROL

O PRO

PR PR

PR1
LATCH °

PX7 PX6 PXS PX4

§X3 5X2 X1 SX0

Signetics
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MICROPROGRAM CONTROL UNIT

S/N3001

PIN DESIGNATION

PIN SYMBOL

NAME AND FUNCTION

TYPE

1-4 PX-PX;,

5,6,8,10 SXy-8X,

7,9,11 PR,-PR,

12,13
15,16

FCy-FC3

14

17 Fi

ISE

19
20

21-24
37-39

25

CLK
GND
AC-ACq

EN

26-29
30-34

MA-MA,
MA,-MAg
ERA

36 LD

40 Vee

Primary Instruction Bus Inputs
Data on the primary instruction bus is tested by the JPX function to
determine the next microprogram address.

Secondary Instruction Bus Inputs

Data on the secondary instruction bus is synchronously loaded into the
PR-latch while the data on the PX-bus is being tested (JPX). During a
subsequent cycle, the contents of the PR-latch may be tested by the
JPR, JLL, or JRL functions to determine the next microprogram address.

PR-Latch Outputs

The PR-latch outputs (SXo-SXj) 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
The flat logic control inputs are used to cross-switch the flags (C and 2Z)
with the flag logic input (Fl) and the flag logic output (FO).

Flag Logic Output

The outputs of the flags (C and Z) are multiplexed internally to form the
common flag logic output. The output may also be forced to a logical

0 or logical 1.

Flag Logic Input

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-latch
when the clock input (CLK) is low.

Interrupt Strobe Enable Output

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
All jump functions are selected by these control lines.

Enable Input
When in the high state, the enable input enables the microprogram
address, PR-latch and flag outputs.

Microprogram Column Address Outputs
Microprogram-Row Address Outputs

Enable Row Address Input

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

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-latch or the generation of the interrupt strobe
enable.

+5 Volt supply

Active low

Active low

Open Collector

Active high

Active low

Three-state

Active low

Active high

Active high

Three-state
Three-state
Active high

Active high

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

The functional control of the MCU provides
bo