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Selecting a processor no longer
requires wading through dozens
of manuals. Electronic Design’s
uP Data Manual describes each
processor’s performance and the
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available hardware and software
support. Also included are spec
summary tables, discussions of
spec pitfalls and a primer for the
uP beginner. Start on page 54.
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Sure, you've already made a smart decisi _ _
resistors. After all, the cost per resistor in a network package can be 40%
less; they require only 10-15% of the P.C. board space needed by discretes;
- and component count is reduced as much as 95% with resistor networks.

But, when choosing a network supplier, you should also consider these‘points:

1. Bourns has the broadest network product line in the industry — over 1000
part numbers in all. And our standard DIP circuits range from simple pull-up
configurations to Thevinin-equivalent ECL terminators and memory interface
circuits. : ;

2. Bourns Krimp-Joint™ offers both a mechanical and electrical bond that lap
or butt joint construction doesn’t provide. The lead is crimped onto the net-
work element and a high-temp, reflow-resistant solder is used to prevent
failure during wave soldering and in circuit thermal cycling and vibration.

3. Bourns was the first manufacturer to offer a complete line of off-the-shelf,
super low profile SIPs with demonstrated automatic insertion capability.

These are the facts. So, now you can be even more ‘‘discreet”. We're sure you'll
specify Bourns Resistor Networks — direct or through your local distributor.

Send today for our new 1977 Resistor Networks Catalog.

TRIMPOT PRODUCTS DIVISION, BOURNS, INC., 1200 Columbia Avenue,
Riverside, CA 92507, Telephone 714 781-5415 — TWX 910 332-1252.

, choosing networks over discrete
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For Immediate Application — Circle 130
For Future Application — Circle 230



SURPRISEK!

Introducing HP's New
Optically Coupled Line Receiver

Eliminate troublesome system ground loops and increase long distance communication noise immunity with
HP’s new easy-to-use optically coupled line receiver. An internal IC regulator serves as a line termination
and allows direct connection to transmission lines without any additional components.
Use of a high-speed, high-gain output photo IC permits data rates in excess of 10 Mbits/second. An internal
shield provides excellent common mode rejection even at these high data rates.
The HCPL-2602 is designed for high-speed data transmission
applications such as computer-peripheral interface, instrumentation,
and simplex/multiplex data transmission.

Priced at $6.65* in quantities of 1000, the HCPL2602 is instockat ~ HEWLETT hﬁ: PACKARD

any franchised distributor. In the U.S., contact Hall-Mark, Wilshire or the
Wyle Distribution Group (Liberty-Elmar) for immediate delivery.
In Canada, just call Zentronics, Ltd. «u.s. Domesic price only 1507 Page Mill Road, Palo Alto, California 94304

01703 For assistance call: Washington (301) 948-6370, Chicago (312) 255-9800, Atlanta (404) 955-1500, Los Angeles (213) 877-1282
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TO-5 RELAY UPDATE

The Relay of Tomorrow
is here today:
the Centigrid.

Out of Teledyne’s TO-5 relay technology has evolved  supply advantages. And for RF switching, the
the Centigrid® — the ultimate subminiature relay. Centigrid’s low inter-contact capacitance and

It combines the proven TO-5 relay design concept contact circuit losses provide high isolation and
and internal construction into an even more compact low insertion loss up through UHF frequencies.
package. Low profile height — just .230” (5.84mm) —

with terminals spaced on a.100” (2.54mm) grid To top it all off, the Centigrid is qualified to levels

permitting direct pc board mounting without the “L" and ““M” of MIL-R-39016, including the internal
need for lead spreading. diode suppressed versions.

Add to this the same low coil power For complete specification data
consumption as the TO-5 on the Relay of Tomorrow, contact
relay, with obvious _ Teledyne Relays, the technology

thermal and power leader in the relay industry.

“9*™ TELEDYNE RELAYS

3155 West El Segundo Boulevard, Hawthorne, California 90250, Telephone (213) 973-4545
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8-bit
DAC's that
think

otherwise.




They come in 8-bit packages. They
cost an 8-bit price. We keep telling every-
one that theyre 8-bit DAC’s. There’s
only one problem: they don't think so.
They think theyre 12-bit DAC's.

Advanced Micro Devices announces
a new family of 8-bit, companding D/A

The new industrial converters,
Am6070/71 can be used in servo con-
trols, digital recording, microprocessor
oriented control systems, data trans-
ceivers, data acquisition and control,
industrial controls, measurement, auto-
mation and pollution monitoring. Wow !

Plus Advanced Micro Devices, being

Converters: Am6072/73 for telecom-
munications systems, and Am6070/71
for industrial control systems. (Am6070
and 6072 are built to u-law specifica-
tions; Am6071 and 6073, to A-law.)

Their logarithmic transfer function
consists of 15 linear segments, or chords.
A particular chord is identitied with a
sign bit input and three chord select
imput bits.

Each contains 16 uniformly spaced
linear steps determined by four step
select input bits. This gives you a dy-
namic range of 72db—the same as a
12-bit linear converter!

the helptul and thoughtful servant we
are, supplies a complete package of
supporting components for our com-
panding converter systems. (Neat stuff
like Sample/Hold LF398, successive
approximation registers and comparators.)
And, weTe the only guys who do.

The Am6072/73. Pertect for your
low-cost telephone system. The
Am6070/71. Pertect for your industrial
control problems. You pay for 8-bits, but
you get 12-bit capability, plus everything
else you need, all under one roof. Send
for the applications note. Just ask for
the 8-bit DAC’s that think otherwise.

Advanced Micro Devices

Bipolar LSI. N-channel, silicon gate MOS. Low-power Schottky.
Multiple technologies. One product: excellence.

1

Advanced Micro Devices, Inc. ® 901 Thompson Place, Sunnyvale, California 94086 e Telephone (408) 732-2400 e
Distributed nationally by Hamilton/Avnet, Cramer and Schweber e
Distributed regionally by Arrow, Bell, Century, Future, RAE and Sheridan.

CIRCLE NUMBER 23



When You Buy a Power Supply,
Why Not Get the Best?

MFG SER. NO
MFG. PART NO
MFG. MODEL
NPUT RANGE o
INPUT TRANSIENTS 60V — 01§
INPUT TERM +
OUTPUT

CPS

AMPS MAX

MFG SER NO
MFG PART NO

OQUTPUT TERM +
MAX BASE TEMP

FUSE INPUT @ AMPS MAX

28 VDC to DC 28 VDC to 400 A 400 A to DC
(55,463 Hrs.) (61,387 Hrs.) (56,148 Hrs.)
Model C95D Model S3D Model W5D

Abbott's New Hi-Performance Modules

are designed to operate in the strin-
gent environment required by aero-
space systems — MIL-STD-810B
and MIL-STD-461A for electro-
magnetic interference.

RELIABILITY — MTBF (mean time
between failures) as calculated in
the MIL-HDBK-217 handbook can
be expected in excess of 50,000
hours at 100°C for all of these
power modules. The hours listed
under the photos above are the
MTBF figures for each of the
models shown. Additional informa-
tion on typical MTBF’s for our
other models can be obtained by
phoning or writing to us at the
address below.

QUALITY CONTROL — High relia-
bility can only be obtained through
high quality control. Only the high-
est quality components are used in
the construction of the Abbott
power module. Each unit is tested
no less than 41 times as it passes
through our factory during fabrica-
tion — tests which include the scru-

tinizing of the power module and
all of its component parts by our
experienced inspectors.

NEW CATALOG—Useful data is con-
tained in the new Abbott Catalog.
It includes a discussion of thermal
considerations using heat sinks and
air convection, a description of
optional features, a discussion of
environmental testing, electromag-
netic interference and operating
hints.

WIDE RANGE OF OUTPUTS — The
Abbott line of power modules
includes output voltages from 5.0
volts DC to 740 volts DC with
output currents from 2 milliamperes
to 20 amperes. Over 3000 models
are listed with prices in the new
Abbott Catalog with various inputs:

60~ to DC

4002 to DC

28 VDC to DC

28 VDC to 4008
12-28 VDC to 60 A~

Please see pages 1037-1056 Volume 1 of your 1975-76 EEM (ELECTRONIC ENGINEERS MASTER Catalog)
or pages 612-620 Volume 2 of your 1975-76 GOLD BOOK for complete information on Abbott Modules.

Send for our new 60 page FREE catalog.

LABORATORIES,
general offices

5200 W. Jefferson Blvd./Los Angeles 90016

(213) 936-8185 Telex: 69-1398

abbot FIEEYIEICIE

INCORPORATED

eastern office
1224 Anderson Ave./Fort Lee, N.J. 07024
(201) 224-6900 Telex: 13-5332
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Across the desk

Late WOM tester

We regret the delay in our publica-
tion of the April 1 announcement of the
new Tektronix WOM tester. The sys-
tem is intended for use with the
Signuteks 9046 X N random-access
write-only memory or equivalents. The
system is unique in its testing neu
devieces (which enhance or deplete re-
gardless of gate polarity).

The tester provides fast, clean pulses
by use of Pushme-Pullyou Drivers.
Quadra-state comparators allow flex-
ibility in checking WOM outputs with
only 12 clock phases.

The system uses TEKTEST IXX,
Version 999.99, which is neither up-
ward nor downward compatible with
other test languages due to its unique
language structure. Users can be freed
of problems with hexadecimal, octal
and other cumbersome languages, and
revel in the simplicity of ones and
zeros. No compilers, assemblers or
translators are needed, so there is am-
ple space for test programs.

The instruction set includes:

BH Branch and Hang

1B Ignore Inquiry and Branch

TDB Transfer and Drop Bits

DO Divide and Overflow

SRZ Subtract and Reset to Zero

Pl Punch Invalid

SSJ Select Stacker and Jump

FSRA Forms Skip and Run Away

RASC Read and Shred Card

SRSD Seek Record and Scar Disc

BST Backspace and Stretch Tape

RIRG Read Inter-Record Gap

UER Update and Erase Record

SPSW Scramble Program Status
Word

EIOC  Execute Invalid Op Code

EROS Erase Read-Only Storage

PBC Print and Break Chain

CM Circulate Memory

MLR Move and Lose Record

CRN Convert to Roman Num-
berals

DMPK Destroy Memory Protect Key

DC Divide and Conquer

EIP Execute Programmer Im-
mediate

LCC Load and Clear Core
HCF Halt and Catch Fire

IDC Initiate Destruct Command

The address ports of the WOM are
multiplexed with a negative frequency
to achieve optimum resolution. The
drain on the WOM is tested by monitor-
ing a 5-gallon bucket.

Handlers are easily interfaced to this
tester with only 500 signal lines. The
system is capable of binning into two
categories: one for NO-GO DIPs, the
other for FAILED I?R. If the IR mode
occurs, it's time to call the power-
distribution agency to find out how
many substations went “WOM” as they
exceeded maximum dissipation.

Depending on configuration, this
machine will sell competitively from
$1.98 to something less than the na-
tional debt.

For more information Circle 120

More resolution

Peter Simmons, marketing manager
of EMI Technology’s Instrumentation
Division, now reminds us that his firm,
too, markets a 6-'2-digit voltmeter. In
our March 1 story on Guildline Instru-
ments’ 7-%-digit instrument (ED No.
5, p. 18), we said that the highest-
resolution DVM available in the United
States was the 6-%-digit Dana/Keith-
ley 6900. The Model SM215 from EMI
and the DM-1000 from Julie Research,
New York, also resolve 6-%2 digits.

(continued on page 272)

Electronic Design welcomes the opinions of its readers on the issues raised
in the magazine's editorial columns. Address letters to Managing Editor,
Electronic Design, 50 Essex St., Rochelle Park, NJ 07662. Try to keep letters
under 200 words. Letters must be signed. Names will be withheld upon request.
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Twice Actual Size

111
FULLY QUALIFIED

JANTX/JANTXV
RATINGS

OPTRON
OPTICALLY COUPLED
ISOLATORS

NEW JAN 4N22A SERIES
OFFERS
HIGHEST RELIABILITY

You can’t buy a more reliable optically
coupled isolator than one of OP-
TRON's new JAN 4N22A series. The
popular JAN 4N22A, 4N23A and
4N24A all feature fully qualified
JANTX and JANTXV ratings.

These new OPTRON isolators
consist of a high efficiency, solution
grown gallium arsenide LED and a sili-
con N-P-N phototransistor in a hermet-
ically sealed 6-pin TO-5 package.
Minimum input-to-output isolation
voltage for the series is 1000 volts and
minimum current transfer ratios range
from 25% for the 4N22A to 100% for
the 4N24A.

New “A" version OPTRON
isolators are a significantimprovement
over the older 4N22 series since the
case is isolated from the sensor and
LEDtoeliminatetheneedforaninsulat-
ing spacer in many applications.

OPTRON also offers a new
JEDEC registered series of high relia-
bility isolators in a 4-pin TO-18 pack-
age. The 3N243 series includes three
devices with the same reliability and
similar characteristics as the JAN
4N22A TO-5 series, yet in a smaller

package.

In addition, OPTRON's
complete line of optically
coupled isolators includes
other immediately available
standard devices in high-rel
metal cans and low cost DIP
and other plastic config-
urations for almost every
application.

Detailed technical information on
optically coupled isolators and other
OPTRON optoelectronic products . . .
chips, discrete components, limit
switches, reflective transducers, and
interrupter assemblies . . . is available
from your nearest OPTRON sales rep-
resentative or the factory direct.

OPTRON, INC.

1201 Tappan Circle
Carrollton, Texas 75006, us A
TWX-910-860-5958

®  214/242-6571

3N243
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Intel delivers the 8085,
designers ] Just

D o Sink your teeth into Intel’s new 8085.
s You'll find it’s the only micro-
» _ computer that combines the
% performance, economic
advantages and total support
G o " " it takes to be recognized as
the new mdustry standard So it’s no surprise that there are already four announced
sources for the 8085. In fact, the deeper you go, the better the 8085 gets.

The 8085, even more than the 8080 it succeeds, is a total design solution,
not just a component. It delivers higher performance, for capabilities far beyond the
8080’s. It has a higher level of integration, so you can design your products with
fewer components, making them more competitive and more profitable.

And to help you get those products to market quicker we've given the 8085
the industry’s broadest base of system and development support.

Yet the 8085 is fully compatible with the 8080. So your investment
in existing designs is protected, and implementing
new designs is simplified by the wealth of 8080
software and peripherals at your disposal.

It all adds up to a design solution you won'’t
be able to resist. That's true for a broad range
of applications. The 8085 can be designed in
as an economical stand-alone three-chip system
using the 8085 CPU, the 8155 256-byte RAM
with I/O and timer, and the 8755 2K-byte
EPROM with I/O or its interchangeable 8355
ROM with I/O.

You can expand this basic system for larger
applications using additional RAM, ROM,
EPROM and Intel’s complete family of first and sec-
ond generation peripheral controllers, including our
four new programmable peripheral controller chips—
the 8271" Floppy Disc Controller, 8273* Synchronous
Data Link Controller, 8275 CRT Controller and 8279
Keyboard/Display Interface. All these components
including 8755 EPROM operate from a single +5V supply.

*Available 4th Quarter 1977




the new microcomputer
cant resist.

A multiplexed data/address bus permits integration of many auxiliary system
functions—such as clock generation, system control and multiple interrupts —
onto the 8085 chip while maintaining 8080 compatibility and the same 40-pin
package. And forward-thinking engineers will realize that it is also a link to Intel’s
future generation microcomputer products.

No microcomputer can match the 8085 as
a total design solution because no microcomputer
can come close to the 8085’ support base. Sup-
port for the 8085 includes the Intellec® micro-
computer development system with resident
PL/M, the high level programming language that _
can cut months off your software development |
time. Intellec is the only development system
with ICE-85," providing in-system emulation for
faster system development and debugging. Then
there’s application assistance, training classes
and seminars worldwide. And a comprehensive
development software library at your disposal.

The quickest way to get a taste of the
8085s power and versatility is with the SDK-85
System Design Kit. It’s available now for only
$250. You can order SDK-85 and all MCS-85™
components directly from your nearest Intel
distributor: Almac/Stroum, Components
Specialties, Cramer, Hamilton/Avnet, Harvey
Electronics, Industrial Components, Pioneer,
Sheridan, L.A. Varah, Wyle Liberty/Elmar
or Zentronics.

Or, for more information on the 8085 and
SDK-85, use the reader service card or write: Intel Corporation, 3065 Bowers
Avenue, Santa Clara, California 95051. Telephone: (408) 246-7501.

intal delivers.
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When you’re small
you've got to be tough to last.

This rugged little }4-watt fixed resistor (.145 L x .062 D) is hard to beat in durability. It's the
Type BB...part of a family that has passed nearly 800 million unit test hours without a
single failure. It's small enough to be mounted on .300 by .100 hole centers, eight
in the same space as one dual in-line package. It takes transient pulses that would
knock out most any film resistor of similar dimensions. Performance is excep-
tionally consistent from one resistor to the next. We have the space-saving
resistors you need. Our distributors have them when your need is now.

UL, 7L/ L A/ Lellsy //

Proved in nearly 800 million unit
test hours without failure.

PLsE Hert e rzp-
characteristics offer out-

standing protection against
S, - T D transient surges.

typically less than 200 PPM over
normal operating temperature range
o +152C 10-E75°C.

Quallty in the hest tra'dltlon‘

RO AR
v°«°\‘;o\‘\\°
ALLEN-BRADLEY
Milwaukee, Wisconsin 53204 e EC146
N
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Precision
quad op amps.

Precision.

PMI’'s new OP-09 and OP-11
are pin-compatible with the
un-precision quads now on

the market.

The quad op amp has finally come of age. With the
introduction of the OP-09 and OP-11, PMI has made
it a truly workable reality. Consider:

Low Vos and other goodies.

Since quads can’t be nulled —there aren’t enough pins
available —the user is at the mercy of whatever input
offset voltage (Vos) he happens to get. PMI refined
the manufacturing process to get Vo5 under control.
We came up with the lowest V5 of any quad op amp
made today.

At the same time, we gave the OP-09 and OP-11 the
highest gain and the lowest drift of any quad op amp.
We expanded bandwidth, reduced offset and supply
current, and increased the slew rate. Here it is in
black and white:

OP-09/0P-11 Features

TYP. MIN./MAX.
e Low Vg 0.30 mV 0.5 mV MAX.
* Low offset current 8.0nA 20 nA MAX.
* Low supply current (Total for all 4) 3.5mA 6 mA MAX.
* Voltage gain 250K 100K MIN.
e Slew rate 1.0 V/uS 0.7 V/uS MIN.

= Matched positive and negative slew rate for low distortion.
* Bandwidth 2.0 MHz MIN.

We make them match.

Another important advantage: we guarantee that all
four op amps will match in terms of Vo5 and CMRR.
Here’s how we specify them:

Matching Characteristics

DUAL INSTRUMENTATION AMPLIFIER 2 OP AMP DESIGN
(1/2 CIRCUIT SHOWN)
R1 R2 R3 R4

Ein'|

Einz(}

These matching dc characteristics should interest you.
They reduce distortion, improve system performance,
and simplify your design. But that’s not all.

We've given all four op amps symmetrical positive and
negative slew rates—an important thing to keep in
mind for audio system design.

It's fair to say that the OP-09 and OP-11 are the most
accurate, most advanced and the only precision quad
op amps on the market. And they are on the market—
available now, today.

Like to check one out? Be our guest. Just drop us a
line on your company's stationery, telling us if you'd
prefer an OP-09 (4136 pinout) or an OP-11 (148/4741
pinout). We'll be glad to send literature and a sample.

Precision Monolithics Incorporated
1500 Space Park Drive

Santa Clara, California 95050

(408) 246-9222.
TWX: 910-338-9222
Cable MONO.

]
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OP-09A/E 0P-09
OP-11A/E 0P-11
Parameter Symbol “ Min { Typ | Max | Min | Typ
Input Offset Voltage Match | AVyg - |05 |075 | - 0.8
Common Mode Rejection ACMRR | — ; 1:0%.182D - 1.0
Ratio Match |94 [120 | - |94 [120

(Match exists between all four amplifiers)

20 | mV

Units

uV/IV
| dB



When you buy disk systems from us,
you get a lot more than just
high-performance hardware...

At System Industries, we take great
pride in translating the latest disk
storage technologies into high-per-
formance hardware. But by itself,
superior hardware would not have
made us the world’s largest indepen-
dent supplier of minicomputer disk
systems. Equally important have been
the people behind the hardware.
High-performance people. That's We'd like to tell you more about our
what you get with every disk system v high-performance people and prod-
you purchase from System Industries. SN \ ucts by sending you “The Bit" — our
From responsive delivery to com- » N quarterly newsletter. To receive your
plete software support, our people free copies, simply drop us a short
know how to meet your specific note with your business card. Or
requirements. phone your request to the System
You can also add low price— Industries sales/service office
the lowest in the industry for nearest you.
OEM-quantity purchases. Be- We make good disk drives work
cause we buy more disk drives ¥ better, and we think you should
than any other independent, we ° know why.

...you get the support of
high-performance people.

can afford to pass the savings on
to our customers.

We believe the best business rela-
tionship is a mutually profitable one.
That's why we're ready to help our cus-
tomers become self-sufficient in han-
dling their future disk storage needs.
And that’s why our customer base con-
tinues to grow rapidly.

System %ndustries

an equal opportunity employer
525 Oakmead Parkway

P.O. Box 9025

Sunnyvale, California 94086
(408) 732-1650, Telex: 346-459

Sales/Service Offices:
Boston: (617) 492-1791. New York: (201) 461-3242; (201) 694-3334; (516) 751-8686; (716) 385-3021.
Washington, D.C.: (202) 337-1160. Cincinnati: (513) 661-9156. Los Angeles: (714) 752-8904.
Houston: (713) 465-2700. Atlanta: (404) 491-0161. Sunnyvale HQ: (408) 732-1650.
Germany, Dusseldorf: 0211-400606. Sweden, Stockholm: 08-236-640.
United Kingdom, Woking: (4862) 70725.
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It also comes assembled.

If you need dials, we have dials. If you
need handsets, we have handsets. If you
need Touch Calling keysets,
we've got ’em by the thou-
sands. Ringers and hook-
switches, too. Or, if you need
complete telephones, we
have them for you in all the
latest styles and colors.

You get communications
components faster from GTE
Automatic Electric because, out-
side of the Bell System, we're the
largest manufacturer of telephone
equipment in the U.S.If you need it,
we have it.

Use the coupon below for a complete

catalog. Or if you're in a real hurry, call
John Ashby at (312) 681-7632.

When it comes to quality com-
ponents, call THE SOURCE:
GTE Automatic Electric.

| Please send your catalog of
| communications components. I
| Please send more information and prices

(MBI 5) o Y L
(Quantity) (Product)

Title = I

Address i e o I
City W State Zip

Telephone

Mail to: Mr. J. D. Ashby, B-4, GTE Automatic Electric, I
Northlake, Illinois 60164.

| onss

Name_____

Company

AUTOMATIC ELECTRIC

CIRCLE NUMBER 10
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MICYODRroCESSOES . -
costs o' lotol 1 = (Rl Wrong. At KELTEC FLORIDA we build
high efficiency multiple-output power supplies to
outlast and out-perform *“off-the-shelf”’ units.
We've developed a proven series of powe 88"
supplies ideal for microprocessor applicatiogé™"
that can be easily tailored to your indi i
specs. Quickly . . .no lengthy deve
phase, at a great saving
Plus, you're offered a choice of inp!
output current levels, and packaging confi

CHOOSE THE SPECS. YOU NEED:

OUTPUT CURRENTS
INPUTS AVAILABLE  AVAILABLE
115VAC47-400Hz + 5VDC@ 2to 10A
230VAC47-400Hz -5VDC@ 0.5t0 3A
24,36 0or 48 VDC +120r+15VDC
@ 0.5t0 2A
115VAC —~120r-15VDC
w/Battery Backup @ 0.51t0 2A

CONSTRUCTION: Fully Enclosed, Open Frame, or
PC Mount (depending on output
power).

EMI/RFI: Input and Output filtering custom
designed as required.

REGULATION: Typical specs. are 0.5% or 1% for
+5 VDC; and 2% or 3% for -5,
+12(15), and —12(15) outputs;
line, load, and temp.

RIPPLE & NOISE: 1% P-P

EFFICIENCY: 65-75% depending on input and
output power chosen.

If you don’t see what you need . . . specify it your way.

Very powerful reasons for making the power supply for

your next microprocessor application one of KELTEC

B 6 i s FLORIDA's rugged, powerful, dependable and versatile units.
3 . Drawer &

Fort Walton Beach, Florida 32548 The right power supply for your needs.

(904) 651-1210 » TWX 510-730-7775 Call Larry Thompson — the right man to help you with your needs.

CIRCLE NUMBER 11
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SMALLER!
INTERCHANGEABLE!
AVAILABLE NOW!

MUVVARL

r MOTOR SHOWN ACTUAL SIZE

NEW!

high performance

“Floppy disc”
motor

Howard has built a new “High Performance” FHP motor

ideally suited for your “floppy disc” drives. It is 16.7%

shorter than other motors of equal power — just 23 ”

in height. Interchangeable with other motors and

available right now! Specifications on this new reluctance

synchronous motor: 1/100 HP, 115/230 VAC, 50-60 Hz;

speeds, 1500 to 1800 RPM, voltage range, 90 to 127 volts.
Has UL and CSA approval pending. fen

And you can get it from 1/100 HP to s

1/10 HP in PC, capacitor start or split-

phase models. L S il |
GET ALL THE FACTS. Write for full /s i] /
specifications, torque curves and other e /

data today.

HOWARD INDUSTRIES One North Dixie Highway, Milford, lll. 60953. Phone: (815) 889-4105

CIRCLE NUMBER 12




The newDAC standard.
AnalogDevices'complete

10-bit monolithic DAC.




Less thanabuck abit.

You can pay at least twice as much
for a 10-bit IC D/A converter and
still not get the degree of accuracy
and stability of our new AD561. Sell-
ing for less than $10, the AD561 sets
a new standard of price and per-
formance for the other guys to

shoot for.
As for accuracy, the AD561 is

uaranteed to =%LSB max of 10-bits
%or even=+%4LSB —and that’s 11-bits).
Monotonicity is guaranteed over

the full operating temperature range.

The excellent stability is made pos-
sible by a unique buried zener
voltage reference and Analog
Devices’ proprietary thin film re-
sistor process. And for settling time,
there’s nothing faster: less than
250ns for the worse case transition;
that's fast enough to build a 5 usec
ADC. Current-to—voltage conversion
with an op amp is direct and simple:
trimmed application resistors mean
no calibration trimmers are needed.
How did we achieve this break-
through? With the industry’s most
advanced monolithic processing and
our pioneering technique of laser
wafer trimming. The kind of ad-
vances that have quickly pushed us

to the top and made us the leading
supplier of D/A and A/D converter
components.

The AD561 joins another group
of Analog Devices’ pacesetters: a
series of monolithic CMOS con-
verters that also set new performance
standards. At the same time they
set a lot of microprocessor users free
of analog interface problems. One is

the 10-bit successive approximation
AD7570 ADC. Another is the multi-

plyin§ 10-bit DAC, AD7522, the
only device that can be loaded in
either parallel or serial modes.

And the AD561 joins the in-
dustry’s 12-bit IC DAC standard,
AD563.

Find out how you can cut in
half the cost of your 10-bit IC D/A
converters and still get true, 10-bit
performance by writing for our data
sheet. Contact Analog Devices, the
real com any in Frecision measure-
ment and control.

ANALOG
DEVICES

Theredl IC convertercompany;

CIRCLE NUMBER 13

Analog Devices, Inc., Box 280, Norwood, Massachusetts 02062 East Coast: (617) 329-4700, Midwest: (312) 894-3300, West Coast:
(213) 595-1783, Texas: (214) 231-5094, Belgium: 031 38 27 07, Denmark: 02/84 58 00, England: 01/94 10 46 6, France: 686-77 60, Germany:
089/53 03 19, Japan: 03/26 36 82 6, Netherlands: 076 14 21 50, Switzerland: 022/319704 and representatives around the world. :



You Can Do More with HP Microprocessor Power Supplies...

BECAUSE YOU CGell
[RIPLE OQUIPUIN

62368 TRIPLE ouTPU
ACKARO

of your microprooessor system, HP’s compact, 1ow cost

lab power supplies offer more. For example, Models
6236B and 6237B offer three adjustable output voltages.
Model 6236B covers 0 to 6V at up to 2.5A. Model 6237B
is 0 to 18V at up to 1A. Both have plus and minus out-
puts of 0 to 20V that track within 1%, or you can switch

Og

V POWEN SUPPLV

viding three different output voltages.'l‘l’lere are no turn
on/off voltage transients so your circuit is protected
against damage. Both models are designed to make
development work with microprocessors easier.

623\’0 muu DuTPUT DC
IO1E:

A wARmus A

EMOVING COVER!

for the end rout...

where you can feature a triple output OEM Modular
Supply specifically designed for powering microproces-
sor systems. Model 62312D provides three isolated,
independently adjustable outputs. The main output is
rated at 4.75V to 5.25V at 3A. Two others each range
from 4.75V at 0.38A to 12.6V at 0.6A. Other standard

features to help optimize your microprocessor design
include an internal AC line fuse, fixed foldback current
limit, over voltage protection on the main 5V output,
remote programming terminals for margin testing and
much more, Write for complete details or contact your
nearby HP field sales office.

HEWLETT“ PACKARD

1507 Page Mill Road, Palo Alto, California 94304
For assistance call: Washington (301) 948-6370, Chicago (312) 255-9800, Atlanta (404) 434-4000. Los Angeles (213) 877-1282

CIRCLE NUMBER 14
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Codec converts with
ladder of Cs, not Rs

The first telecommunications coder-
decoder set to use switched capacitors
instead of resistors in a/d and d/a
conversions can maintain accura-
cies of one in 8000. The codec also takes
advantage of fundamental CMOS prop-
erties. Furthermore this accuracy is
obtained without the need for laser
trimming.

Slated to be second-sourced by Ni-
tron, Cupertino, CA, this single-line,
logarithmic companding codec from
Siliconix, Santa Clara, CA, has already
proved useful to telephone companies
converting to digital networks. They
set the codec’s performance specifica-
tions to fit their needs for PCM voice
transmission. Moreover, “because of
the large-volume demands of the tele-
phone industry, the designer who
builds single-line codecs into his equip-
ment can be assured of a wide choice
of types, and low prices from many
viable suppliers,” comments Fred
Glynn, a telecommunications consul-
tant with the San Francisco Research
Group.

But the Siliconix codee may find uses
in other audio fields as well, since it
crams into 8-bit words the same high
signal-to-noise ratio and speech quality
of a 13-bit conventional a/d.

Requiring no external components,
the codec consists of two CMOS chips
in 14-pin DIPs. The DF 331 coder chip
accepts a voice waveform, band-lim-
ited by filters to 4 kHz, does a/d con-
versions at 8-kHz under control of an
external sample clock, and outputs an
8-bit PCM word for each sample. The
DF 332 decoder accepts 8-bit words,
performs d/a conversions, and outputs
the reconstructed analog wave shape
via an on-chip sample-and-hold ampli-
fier.

In standard telephone applications,
the output bits of 24 DF 33ls are
interleaved (multiplexed digitally) to
form a single 1.544-Mbit/s PCM bit
stream. Digital multiplexing is ac-
complished by tying the open-drain
outputs of all 24 coders to the same
pull-up resistor, and sequencing the
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coders’ sample clocks from separate
taps of a shift register. The PCM bits
are sent to the distant location, and
distributed to 24 decoders.

Within the codec, logarithmically
weighted groups of 256 identical 0.7-pF
capacitors provide a 16-segment piece-
wise-linear transfer characteristic that
assigns small quantizing steps to low-
signal amplitudes and progressively
larger steps to high-signal amplitudes.

Right now, the DF 331 and 332 follow
the u-225 law, the standard compand-
ing characteristic in the United States.
The European standard A-law will be
incorporated into later codecs.

Siliconix is now shipping samples of
the u-law codec, and plans to deliver
in volume by year-end. Similar A-law
codecs are scheduled for sampling by
year-end and production in the first
quarter of 1978. Both versions will be
second-sourced by Nitron. Siliconix
will provide masks, process informa-
tion, and technical assistance to
McDonnell Douglas division, which ex-
pects to be producing both u-law and
A-law units in volume soon after
Siliconix. Prices will be below $10.

Small 32-digit multimeter:
the lowest-cost of the low

At $49.95, the PDMS35 is not only the
least expensive 3-1/2 digit multimeter
but also half the price of the previous
record holders. Measuring a scant 6 X
3 X 1-1/2 in., the Sinclair Radionics
multimeter is styled much like the
firm’s handheld calculators.

Four ranges for ac and four ranges
for dec voltage measurements are of-
fered, as well as six direct-current
ranges and five resistance ranges.

Part of the reason for the PDM35’s
very low price is that it has no circuitry
to measure ac amperes, according to
John T. Nicholls, head of Sinclair’s
instrument division. However, it does
have LSI digital circuitry, discrete
BiFet amplifiers instead of single-chip
a/d converters, and thick-film re-

sistance ladder networks—all of which
help bring down the cost, while hiking
reliability.

Until now, the lowest-priced 3-1/2-
digit instruments went for just under
$100 and came from, among other com-
panies, B&K Precision, Chicago, and
Sinclair, whose DM2 is priced at $99.

The PDM35 is the first in a new
series of DMMs Sinclair plans to in-
troduce over the next six months. On
tap is a 4-1/2-digit multimeter with
automatic range selection and a price
tag of around $200.

The PDM35 operates either from
throwaway 9-V batteries or from an
optional ac adapter. Its rated accuracy
is +(1% of reading +1 count) on dc
voltage and current ranges, +(1% of
reading +2 counts) on ac voltage
ranges, and +(1.5% of reading +1
count) on resistance ranges.

Resolution is 1 mV de, 1 V ac, 1 nA
de, and 1 Q. Polarity is selected auto-
matically, and overrange (beyond 1999
counts) is indicated by horizontal bars
on the most-significant digits and ze-
roes on the other digits.

Radionics has also introduced the
first programmable calculator to use a
single chip. Advanced mathematical
and scientific capabilities are com-
bined with a 36-step keyboard-entry
program memory in a handheld unit
about the size of a king-sized pack of
cigarettes. At $29.95, the Cambridge
Programmable can handle pro-
grammed calculations in math, finance
and statistics, physics and engineering,
and electronics, as detailed in a four-
book, 294-program library ($9.95). Ori-
ginal programs can also be developed.

Chip can interface micro
with bus—all by itself

Making and using IEEE 488-com-
patible devices will soon be a lot easier.

A new chip can easily interface a
microcomputer to the IEEE 488 bus
without the expensive controllers cur-
rently used.

The 68488 from Motorola, Phoenix,
AZ,is asemiconductor implementation
of the talker/listener state diagram of
the IEEE bus, and can be used alone
as long as logic circuitry is available
to control it. But a better way to use
it, according to Motorola application
engineer George Nelson, is to hook it
up to a 6800 or 6802 microprocessor.

The 68488 provides a microprocessor
with bus information when addressed.
but if the chip recognizes that an ad-
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dress is not its own, it ignores the
address and leaves the micro un-
disturbed. Otherwise, it informs the
micro that it is being addressed and
tells it to go into a talk or listen mode.

The mode selected depends on the 7-
bit address code sent. Five bits are
actually used to supply address in-
formation, while the other two are used
to designate the mode.

The 68488 decodes these two addi-
tional bits and uses the information to
control bidirectional transceivers,
which handle the flow of data to and
from the bus.

The 68488 can be programmed for a
particular address by entering binary
data via external switches connected to
three-state logic devices. When a read
signal comes from the micro, the three-
state devices are enabled and the data
presented by the switches are read into
the chip. This address information will
remain in the 68488 memory until it
is changed or until power is removed
from the device.

The first applications of the new 488
interface IC will probably come from
Motorola. Current plans call for the
chip to be included in an updated ver-
sion of the company’s 6800 evaluation
board. The chip will also be used in an
IEEE-compatible DVM board and an
IEEE-compatible DMM board.

The 68488 is currently being sampled
and will be available off the shelf in
December. The price in 100 quantities
will be $13.75.

uP packs mini power
but stays Z80-compatible

A 16-bit microprocessor, optimized
for compiler-generated code, will be
able to matech a PDP-11/70 minicom-
puter’s processing power. Not only
that, but the Z8000, being developed by
Zilog, Cupertino, CA, will be assembly-
language compatible with the Z80 8-bit
microprocessor.

Programs that run on a Z80 will be
able to run on the Z8000, providing the
assembly code is available, states
Ralph Ungerman, Vice President. A
special translator program is being
developed for code conversion.

The Z8000 will have an addressing
range of millions of bytes—when used
with a special auxiliary circuit. How-
ever, since it will be housed in a 40-
pin DIP, the basic addressing range of
the uP will be 65,536 words, assuming
a 16-bit address bus.

But since the processor is designed
to handle compiler generated code, the
memory-expansion circuit will proba-
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bly have to be used frequently. Com-
piler code tends to be quite lengthy and
can easily require more memory than
the basic addressing range can handle.

Instruction capabilities have not
been fully defined as yet, but the short-
er instructions are expected to execute
in well under 1 ws. Typical high-level
instructions will include hardware
multiply and divide.

Now you can watch
two shows at once

The latest advance in remotely oper-
ated color television receivers is a sec-
ond channel-monitoring capability,
which is being offered in sets just
introduced by Barco Electronics of
Belgium.

Using charge-coupled devices, Barco
engineers have been able to design a
system that inserts a miniature image
of the program presented on a second
channel in the top left-hand corner of
the program being viewed. A viewer
simply presses the CCD mode switch
on the remote control unit and then
punches in the number of the second
channel to be monitored.

Two receiver sections are used to
produce the individual video signals.
The second video signal is then read
into two charge-coupled devices, which
reduce the bandwidth from 5 MHz to
1.6 MHz. By reading the signal out of
the CCD at a three-times-faster rate,
the 5-MHz bandwidth is restored.

Read-in and read-out operations to
the CCD are synchronized by the field
and sync pulses of the main video
signal. As a result, the two video sig-
nals can be combined and displayed as
one on the TV screen.

Another development from Barco is
what is touted as the world’s first
worldwide color television receiver.
Called the Seagull, the receiver can
receive all color systems, including
PAL, PAL M, PAL N, SECAM H,
SECAM V, NTSC 4.43 and NTSC 3.58.
The set’s power supply accommodates
220-V, 50-Hz and 110-V, 60-Hz power
sources.

In the works is a version of the
Seagull that will automatically ex-

amine an incoming TV signal and ac-
tivate the appropriate decoding
circuitry.

Plastic insulation is
safer than asbestos

A new low-cost, high-temperature
plastic insulation eliminates the haz-
ards of handling asbestos-coated wire
when fabricating and assembling the
wiring for high-volume applications
like electrical appliances.

EXL-150, a tough, cross-linked
polyolefin insulation developed by
Prestolite Wire Co., Port Huron, MI,
can not only be handled more easily,
but it also resists abrasion better than
ashestos and another high-tempera-
ture insulation, silicone. EXL-150 is
easier to terminate and mark than
asbestos, which is soft and easily dam-
aged, and difficult to mark for identi-
fication.

Prestolite wire insulated by EXL-150
costs only slightly more than asbestos-
coated conductors, which are the low-
est cost, but less than silicone-in-
sulated wire which costs one and a half
times as much as asbestos.

EXL-150 is rated at 150 C by Under-
writers’ Laboratories. To attain this
rating it has passed accelerated aging
tests at 180 C for five days followed by
158 C for 90 days.

Solar energy may power
rendezvous with comet

Solar energy may be the ultimate
source of fuel for a space ship that will
rendezvous with Halley’s comet in
1986. If NASA scientists have their
way, solar energy will be used to pro-
duce electricity to power mercury-ion
engines, which will provide the actual
motive force for the spaceship.

Ion rocket engines and solar-sail sys-
tems had been investigated for several
vears. But the former was finally
chosen to be the source of power for
interplanetary shuttles used in the
1980s and beyond. The ion drive was
chosen primarily because it is less risky
to use and has greater growth poten-
tial, according to Dr. Kenneth L.
Atkins of the Jet Propulsion Labora-
tory in Pasadena, CA, and head of the
propulsion study team.

The ion-drive spacecraft will be
ready for launching from the Space
Shuttle in late 1981 or early 1982, but
probably won’t be used for any major
application until the anticipated ren-
dezvous with Halley’s comet.
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New Metoxilite MINI-STIC rectifiers are now
available at competitive commercial prices.
We have retained the superior technology and
premium materials developed for aerospace
programs. Stable electrical characteristics
are maintained through Semtech’s unique
internal design. Ideal for high voltage high
density packaging, these multi-junction
devices are used successfully in single as
well as polyphase high voltage rectifier
circuits.

Not epoxy!
Our rectifiers are
cased in Metoxilite.

To provide rugged minimum sized devices,
metal oxides (Metoxilite) are fused directly to
the junction pin assembly at high
temperatures to form non-cavity hermetically
sealed, monolithic rectifiers. Thermal
expansion characteristics of Metoxilite are
matched with the internal structure allowing
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the rectifiers to withstand extreme
thermal shock. Designed for use in
encapsulated or oil environments.

X-Ray Equipment
applications.

Our Sub-miniature High Voltage Rectifiers are
used in X-Ray equipment. These devices form the
building blocks for high voltage sticks such as the

Used in CRT . “*X-WAY STIC’’developed by Semtech.

Power Supplies.

Our fast recovery multi-chip devices are w ‘

especially designed for high voltage Type: SH75 & SH100

multipliers used in TV receivers PIV @25°C: 7500 & 10.000V

and monitors. Average Rectified Current @55°C in Oil: 200mA

e ) —— Static Forward Voltage , 100mA @25°C: 12V

Cd , D.C. Blocking Voltage @25°C: 7500 & 10,000V

Case Size (Max.): .450"L x .160"D
Type: FM50, 75, 100 & 150
PIV: 5,000, 7,500, 10,000 & 15,000V 1975 NATIONAL SBA SUBCONTRACTOR OF THE YEAR

Average Rectified Current @25°C:
SEMTECH

25 & 10mA
Static Forward Voltage ,10mA @25°C:

10 & 20V CORPORATION
- X 652 Mitchell Road, Newbury Park, California 91320
Reverse Recovery Time (Max.): 300ns (805) 498-2111 » (213) 628-5392 & TWX: 910-336-1264
Case Size (Max.): CHICAGO: (312) 352-3227 » DALLAS: (214) 2346523
. » " DAYTON: (513) 274-8356  FLORIDA: (305) 644-5404
FM50 & 75; .300"L x.120°D MARYLAND: (301) 937-0070 @ NEW JERSEY: (201) 654-4884
FM1 00 & 1 50 400”'. X .1 20"D SAN FRANCISCO: (415) 494-0113

EUROPEAN SALES: Bourns AG Zug, Switzerland (042) 232-242
CIRCLE NUMBER 15
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Intel delivers PDP-11 memory
for peopie who can't afford to wait.

When you'’re in a hurry for more semiconductor
memory for your PDP-11, call Intel. We deliver
memory for the full PDP-11 line. And because
we're the largest manufacturer of semiconductor
memory in the world, delivery is when you
want it.

Why wait? Since you've chosen the leader to
supply your minicomputer, it makes sense to go
to the leader for memory, too. That’s us.

Intel memory systems save you more than
time. Our in-1670 add-on memory for the
PDP-11/70 is one example. It gives you four
times the capacity in the same frame compared
to the DEC MJ11-A core memory. And built in
Error Correction Code (ECC) and Error Logging
improve up-time and reduce maintenance time by
automatically correcting and recording single-bit
failures and detecting and recording double-
bit errors.

Intel Memory Systems
1302 N. Mathilda Avenue
Sunnyvale, California 94086

O Please call me at /

I can’t wait! Must have delivery in [J5 Days [J30 Days [0 ______ Days

For PDP-11 add-in memory go with our
in-4711 plug in boards. You'll get memory that’s
even faster than DEC’s. 16K words per hex-wide
board. With or without parity. To further expand
PDP-11 memory and reduce UNIBUS™ loading
choose our in-4011 add-on. With memory man-
agement you can expand to 128K words in 16K
increments. And since the in-4011 requires only
one UNIBUS load, you get added system
flexibility.

Get more memory for your LSI-11 and
PDP-11/03 in less space with our in-1611 add-in
memory. You get up to 32K words, in 8K
increments, on a single, two-wide, board. That’s
up to eight times the memory you get with a
DEC board.

When you can’t afford to wait call us at
800-538-8476. In California and Canada, call
408-734-8102, x575. We'll save you time, and
much more.

intgl delivers.

Ext.

following:

O LSI-11, PDP-11/03
O PDP-11/04

O PDP-11/05

O PDP-11/34
O PDP-11/35

Name/Title

[J Please send me information on semiconductor memory for the

O PDP-11/40
O PDP-11/45

O PDP-11/55
O PDP-11/70

Company

Mail Station

Address

City/State/Zip

R P e e

UNIBUS is a trademark of Digital Equipment Corp. Maynard, Mass.
CIRCLE NUMBER 16



You Don't Have

To Beg, Borrow
Or Bu

Rent'em From GE

Short or long-term instrument rentals give and one of them is near you. In addition to

you flexibility and economy. maintaining our Rental Inventory, they can

GE has over 9,000 instruments available for  also repair and calibrate your own equipment.
immediate shipment: oTek Scopes oBiddle Don't borrow someone else’s GE Rental
Megger Insulation Testers oH-P Signal Catalog. Call collect (518) 372-9900 or your

Generators o Honeywell Oscillographs nearest Sales/Service Center.
o Complete Data Systems o Esterline Angus

Recorders o GE Chart Recorders oModems (((QuiCK.rennl®
oCommunication Terminals . . .all calibrated
to the mcL:JnLlJfoc'Turer’s SPECs. PR Innr um¢nts

We have over 100 Sales/Service Centers,

ALA. BIRMINGHAM (205) 925-3101 » ARIZ. PHOENIX (602) 278-8515 or 8516, TUCSON (602) 294-3139 @ CAL. LOS ANGELES (213) 642-5350, SAN FRANCISCO (415) 436-9260 » COL.
DENVER (303) 371-1260 ® CONN. SOUTHINGTON (203) 621-4059 @ FLA. JACKSONVILLE (904) 751-0610 ® GA. ATLANTA (404) 457-5563  ILL. CHICAGO (219) 933-4500 @ IND. INDIAN-
APOLIS (317) 639-1565  KY. LOUISVILLE (502) 452-3311  LA. NEW ORLEANS (504) 367-6528 « MD. BALTIMORE (301) 332-4700 ® MASS. BOSTON (617) 396-9600 Ext. 160, SPRING-
FIELD (413) 781-1111 « MICH. DETROIT (313) 285-6700 Ext. 208  MINN. MINNEAPOLIS (612) 522-4396 ® MO. KANSAS CITY (816) 231-4377, ST. LOUIS (314) 965-7115 N.J. CLIFTON
(201)471-6556 « N.Y. BUFFALO (716) 876-1200, SCHENECTADY (518) 385-2195 @ N.Y.C. CLIFTON, N.J. (201) 471-6556 @ N.C. CHARLOTTE (704) 525-0311 ® OH. CINCINNATI (513) 874-
8512, CLEVELAND (216) 523-6382, TOLEDO (419) 691-3501 @ OR. PORTLAND (503) 221-5101 ® PA. PHILADELPHIA (609) 424-4450, PITTSBURGH (412) 462-7400 ® TEX. DALLAS (214) 357-

7341, HOUSTON (713) 672-3570 @ VA. RICHMOND (804) 232-6733 « WASH. SEATTLE (206) 854-0211 ® W.V. CHARLESTON (304) 345-0920 » WISC. MILWAUKEE (414) 744-0110 e
PUERTO RICO PONCE (809) 843-4225

GENERAL & ELECTRIC

CIRCLE NUMBER 17
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NOwW you can
Mass ermnate
WIth rioton connectors.

24

Here’s another industry

first from 3M that’s good news
for you: the Scotchflex brand
Delta Ribbon Connector
System for intra-system or
I/0 interconnections. In
computer applications, in
telecommunications, in any
place or any way you want
to use flat cable and ribbon
connectors, this versatile
system can do the job at
sharply reduced assembly
time and labor costs.

With Scotchflex Delta
Ribbon Connectors,

no stripping, soldering or
other wire preparation is
necessary. You can mass
terminate a parallel-lay
50-conductor (25-pair) .0425”
center-spaced flat cable in
less than 30 seconds with one
step. That’s about ten times
faster than other available
methods. And thanks to 3M’s
field-proven, gold-plated
berylium copper U-contacts,

all connections are
reliably corrosion-resistant
and gas-tight.

After termination, there
are more savings. You can
buss from point to point
without disassembling or
breaking existing cables. And
there’s no need to redesign
or rework first generation
components. This Scotchflex
system mates perfectly with
all standard miniature ribbon
connectors.
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.IN 30 seconds or less!

There’s no costly
investment to make in
equipment or training. All you
need are two locator plates
and the Scotchflex manual
or pneumatic assembly
press. You can start mass
terminating assemblies
quickly and economically.
No special operator skills
are required. Rejects and
reworking are greatly
minimized.
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The Scotchflex Delta

Ribbon system includes
50-position male and female
connectors, plus appropriate
bail mount, screw mount and
jack screw kits, strain relief
clips and dust covers. Color-
coded flat cable is available
in parallel-lay conductors
#28 AWG stranded or

#26 AWG solid.

CIRCLE NUMBER 18

Only 3M offers you so

broad a range of flat cable
and system components.

A nationwide network of
stocking distributors. Best
off-the-shelf availability.
Proven performance. And
the unmatched experience
of the people who pioneered
mass terminations.

“‘Scotchflex” is a registered trademark of 3M Co.

Scotchflex
Systems

from 3M.
The source

See our
3[ II catalog in EEM,
COMPANY page 2256
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@, CENTRALAB MONOPANEL KEYBOARDS

TheTOUCH Switch System ...

.Now available from

Centralab Distributors

You'll meet keyboard requirements
faster, easier and at surprisingly low
cost with MONOPANEL — Centralab'’s
touch-sensitive keyboards. They help
solve design problems, simplify and
reduce cost in assembly and produc-
tion and give your product a competi-
tive edge in appearance, design and
function. And now, 16 standard key-
boards are in stock for immediate de-
livery from Centralab Distributors.

Don't confuse MONOPANEL with
other keyboards. Even though they're
priced about the same, MONOPANEL
keyboards are superior in construc-
tion, reliability, quality and value. First
of all, they're backed by Centralab’s
more than half-century of experience
in switch manufacturing. They're 100%
tested. They're tough — designed for
long, trouble-free life; have no mech-
anical parts to wear out. And they've
been proven in use. The basic Mono-
panel key switch has undergone more
than 70,000,000 switching cycles
without failure.

Your Centralab Distributor can furnish
16 standard keyboards. Select from 12
or 16 positions; with alpha-numeric or

telephone format numeric nomencla-
ture; white or black bezel; with or with-
out mounting flange. All units have
.025" square terminals that are suit-
able for solder, wirewrapped or plug-
on quick connects. One side common
or X-Y switch interconnections are
available.

For complete product and price in-
formation contact your Centralab
Distributor. Or, for the name of your
distributor, call Centralab Distributor
Products, Milwaukee (414)228-2911.

Products you need
from people who care.

DISTRIBUTOR PRODUCTS
|

AR
u
CENTRALAB
Electronics Division
GLOBE-UNION INC

5757 NORTH GREEN BAY AVENUE
MILWAUKEE, WISCONSIN 53201

THIS IS HOW
MONOPANEL WORKS

B (C)

To Give You Long-Life,
Trouble-Free Keyboards.

MONOPANEL is a thin, light,
flat, front panel subassembly
with micro - motion touch
switches already mounted and
interconnected. Each MONO-
PANEL is a multilayer assemb-
ly containing (A) a flexible,
tough, moisture proof polyester
membrane with graphics and
flexible conductors screened
upon the rear surface; (B) a thin
spacer with holes for each
switch provides an .007" air-
gap; (C) a circuit board with
switch circuits on its face, join-
ed by plated through-holes to
interconnections on its back.

The basic switch closure is mo-
mentary, normally open. Light
touch pressure (2 oz. typical)
on the smooth, flexible front
panel closes the contact. Re-
leasing pressure allows the
front panel membrane to re-
turn, opening the contact.

Ceramic capacitors ® Filters ® Thick Film Circuits ® SWilches e Potentiometers ® Trimmer Resistors

CIRCLE NUMBER 19




Electronic Design’s

GOL BOK IS BEING USED

AT
LITTON

“I KNOW OF NO OTHER PUBLICATION
WHICH HAS THE AMOUNT OF NECESSARY
INFORMATION SO CLOSE AT HAND.”

M.A. Richards is Component Engineer at Litton G/CS, Woodland Hills,
California, a leading producer of inertial navigation systems. Richards
is responsible for hybrid microcircuit activity including evaluation,
selection of and vendor liason. His directory? Electronic Design’s
GOLD BOOK.

Richards estimates that he and his associates have purchased equip-
ment and components worth $500,000 through use of the GOLD BOOK.

“The most useful feature is the directory of companies and their
local representatives. | know of no other publication which has the
amount of necessary information so close at hand. | find the rating of
companies and the number of employees, dollar volume and list of
key officials very useful. The GOLD BOOK is superior. | use it several
times a day.”

The GOLD BOOK is working for advertisers because it's working
for 90,000 engineers, engineering managers and specifiers — like Mr.
Richards — throughout the U.S. and overseas.

IF IT'S ELECTRONIC...IT'S IN THE GOLD BOOK




News

Digital tape recording is denser,
but standardization isn’t standard

Digital recording on tape, whatever
its width, is getting denser. And then
some. Quarter-inch-wide tape in
cartridges has shot up to 6400 bits per
inch. Half-inch reel-to-reel drives are
running at 6250 bpi and full-inch tape
for instrumentation is packing 33,000
bpi and 42 tracks across the head. But
while density increases, the near-term
likelihood of standardization decreas-
es, particularly for quarter-inch car-
tridges.

Just as the American National
Standards Institute was about to come
up with a standard format for 3M
quarter-inch-tape cartridges, IBM’s in-
troduction of the 5100 desktop com-
puter upset the apple cart. The 5100
uses the 3M tape cartridge, but not the
ANSI-proposed standard data format.
So the tape industry’s elation at having
the “Giant of Armonk” ratify its stand-
ard was simultaneously dampened by
the knowledge that IBM data formats
almost automatically become industry
standards.

Two other firms have introduced
“nonstandard” 6400-bpi 3M tape
drives. For example, the Model 3400
drive announced by Data Electronics
of Pasadena, CA, “is used almost ex-
clusively for backing up Winchester
disc drives,” according to marketing
manager Sam Thompson. The unit
reads and writes data at 30 inches per
second and moves tape for rewind or
search at 90 ips. A similar device is the
Loadstar 6400-bpi drive from Micro-
data, Irvine, CA.

(The term “cartridge” was in-
troduced by 3M to differentiate its belt-
driven unit from Philips’ “cassette,”
which uses a pinch roller. They both
shuttle a length of tape from one reel
to the other. The 3M cartridge should
not be confused with those transport
schemes based on an endless loop of

Dick Hackmeister
Western Editor

28

(rraanay vevenny 4

Besides this 28-track model, Bell &
Howell's Data-tape Division, Pasa-
dena, CA, supplies 42-track digital
instrumentation recorders with pack-
ing densities of 33,000 bpi, data
throughput rates of 150 Mbits/s, and
error rates of one bit in 10-billion.

tape. These too can be called cartridges,
as with Tri-Data’s “Cartrifile” unit.)

Half-inch goes full-cycle

Meanwhile, reel-to-reel half-inch
tape drives are growing smarter and
denser at the same time. Today, these
tape drives, which used to run at 1600
bpi, can now run at 6250 bpi—and
correct multiple-track errors without
processor intervention. This involves
adding an intelligent data format-
ter/checker at the front end.

For 6250-bpi recording, data are
first accepted into the formatter’s buf-
fer memory, where partitioning and
expanding take place, then divided into
4-byte subgroups and 8-byte full
groups.

Each data byte gets a parity bit.
Then an error checking and correction
(ECC) byte is generated and imbedded
in the data stream following each of the
4-byte subgroups. (The ECC is gener-
ated cyclically on the four associated
data bytes plus parity.)

When reading, the formatter looks
at an 8-byte full group and the two
ECCs. Because of the mathematics in-
volved, it can detect and correct both
single and double-bit errors without
the help of the processor.

This technique, called “group-coded
recording” (GCR), comes from IBM, so
of course it is IBM-compatible. And,
not too surprisingly, it has been ac-
cepted as an ANSI standard.

The half-inch drives’ increase from
1600 bpi to 6250 bpi makes phase-
encoded recording unsuitable. Instead,
the earlier nonreturn-to-zero (NRZ)
recording technique must be used.
Phase-encoded recording uses either
one or two flux reversals per bit time.
At 6250 bpi, flux-reversal density re-
sulting from normal data streams ex-
ceeds the maximum density of the tape
(see box). Today’s magnetic tape can
only support about 9500 flux reversals
per inch before the signal-to-noise ratio
degrades to the point where the tape
cannot be read without excessive er-
rors.

Even though 6250-bpi tape drives use
NRZ recording, they retain the benefit
of self-clocking by coding the data so
that no more than two consecutive
ZEROs are allowed in the data stream.
The “read” clock need only adjust to
three frequencies that correspond to a
stream of ONEs, alternating ONE-ZE-
ROs or two ZEROs and a ONE.

Group-coded recording accommo-
dates the consecutive-zero restriction
and formats data so that multiple-
track errors can be detected and cor-
rected. This is a quantum jump over
simple parity checking and other data
integrity schemes that would demand
the host processor’s attention.
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microNOVA ke

Southern Railway has a long track
record of being one of the most profitable
rail systems in the country. To help stay
on that track, they decided to increase the
speed and flexibility of their online distrib-
uted communications network. So Southern
Railway 1s now changing dumb terminals
into intelligent ones throughout its rail sys-
tem, using microNOV A microcomputers.

Southern Railway found that only the
Data General microNOVA microcom-
puters could help them cut costs and keep
track of some 75,000 freight cars moving
over 10,500 mules of track, and do it the
way Southern Railway wanted to. Control-
ling rolling inventory like that takes a lot
of flexibility. And that’s the big advantage
Data General microNOV A microcompu-

eps on trackin'.

ters bring to any application. Whether in a
chip, on a board, or as a packaged system.
With the speed, flexibility and software
of a minicomputer and the economies of
microprocessor technology, microNOVA
microcomputers let you do things your way.
That’s why they’re setting track records
in all kinds of applications.

Mail to: Data General, Westboro, MA 01581
[J Send microNOVA technical literature.

[] Send literature and have your sales representative call.

INAITie Set NP el o A s
utleVE OB CE - Ty
(Company = Sl il 1
Address
City __ el LS s uSiate L5 L1

NOVA is a registered trademark of Data General Corporation
CData General Corporation, 1977

Data General, Westboro, MA 01581, (617) 366-8911. Data General (Canada)
Ltd., Ontario. Data General Europe, 15 Rue Le Sueur, Paris 75116, France,
50-006-06. Data General Australia, Melbourne (03) 82-1361. ED1011

T e S I ] 1 b
CRPRGR PRy Ak )

¢» DataGeneral

Its smart business.
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Flux Reversals

Flux reversals are the key to
digital recording, no matter which
recording method is used. Bits
(ONEs and ZEROs) are encoded
with flux reversals on the tape as a
function of the magnetic polarity
(direction) of small, contiguous
lengths of tape.

In earlier return-to-zero record-
ing, a ONE was encoded as a period
of flux reversal (opposite magnet-
ization) against a background of all
ZEROs. As the tape was moved
across the fine coils of wire in the
read head, flux reversals at the
leading and trailing edges of the
ONE would induce small voltages in
the detector coils. One of these volt-
ages would be amplified to a ONE.

Since with RZ recording the trail-
ing edge of the flux-reversed seg-

ment was redundant, nonreturn-
to-zero recording soon became popu-
lar. (Any flux reversal, in either
direction, indicates a ONE; a ZERO
manifests no indication.) But since
there was no time reference, NRZ
recording did not resolve the prob-
lem of dealing with a string of
consecutive ZEROs—which Zero
was which?

Phase-encoded recording solved
the problem. At every bit time, at
least one flux reversal occurs—one
reversal indicates a ZERO, two re-
versals, indicate a ONE. The flux
reversal is in one direction for a
ZERO, another for a ONE. This
scheme provides a self-clocking
mechanism that can track a string
of repetitive bits, no matter how
long it is.

Still, the 6250-bpi drives are not all
that popular.

“The cost of developing a 6250-bpi
tape drive is over $1-million,” accord-
ing to Steve Arnaudoff, marketing
manager for Kennedy Tape Co., Alta-
dena, CA. “And all that R&D would go
out the window if semiconductor firms
were to introduce LSI formatter
chips.” Meanwhile, all tape-drive eyes
are on the Model 1900 6250-bpi GCR
drive introduced by Storage Technolo-
gy Corp. of Louisville, CO, at the NCC
last June. If it is well received, a lot
more 6250-bpi drives could hit the mar-
ketplace.

New uses for 1l-in. recorders

At the same time, full-inch digital
instrumentation recorders, nudged
forward by spaceborne and geophysi-
cal applications, now pack in up to
33,000 bpi and 42 tracks across the
head. In one geophysical application,
searching for oil, huge amounts of raw
data need to be accumulated and burst
into a host processor. Standard 1-in.
instrumentation recorders exist with
data-throughput rates up to 150
Mbits/s and error rates down to one
bit in 10 billion—for an entire 2-mile
reel of tape.

Data protocols and intelligent for-
matting are the key to these low error
rates. The 1-in. recorders format the
data somewhat like data-communica-
tions protocols—they use synchroniz-
ing words with particular bit patterns
and differentiate them from raw data.

In Bell & Howell’s high-density sys-
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tem, for example, a sync word consists
of 10 repeated ONE-ZEROs followed by
ZERO-ONEs. The double 00 line in the
center is made unique, so it cannot be
replicated by data because of parity
differences.

At 33,000 bpi, each bit takes up a
mere 30 microinches along the tape.
Dynamic and static skew can be prob-
lems, so the Bell & Howell system uses
the syne words to monitor and correct
for it.

Because the short “data wave-
lengths” in the ferrite medium of data-
recording tapes are substantially
smaller than the thickness of Mylar
backing, the problem of noise due to
“print-through”—overlapping layers
of tape magnetizing each other—is re-
duced to nil. Print-through is reduced
even more because high-density sys-
tems do not saturate the ferrite medi-
um as other technologies do. The B-H
curve in the Bell & Howell system, for

Capacitive loop sensing eliminates
the “'steps’ that occur with photodi-
ode sensing. A flexible, Mylar-backed
conductive film is exposed to the back
of the vacuum column (a thin vertical
line). In this Model 9300, 125-ips,
6250-bpi tape drive from Kennedy,
the magnetic tape, with atmospheric
pressure on one side of the loopand a
vacuum on the other, causes the con-
ductive film to be deformed for a
length equal to its position in the
vacuum-buffer column. A servo con-
trol system responds to capacitance
changes, which in turn indicate loop
position.

example, is driven to no more than 10%
of saturation.

Supporting bursts of very high-
speed data from a satellite or from an
unmanned geological monitoring site,
requires a high rate of data through-
put. Under certain conditions, time is
compressed by high-density systems a
factor of 80:1 or more.

If 150 Mbits/s is too fast for a host
computer, data can be down-translated
by a factor of 64 or less.um

For more information...

Bell & Howell Co.

300 Sierra Madre Villa
Pasadena, CA 91109
(213) 796-9381

Bob Hawn

Data Electronics, Inc.
370 N. Halstead Street
Pasadena, CA 91107
(213) 351-8991

Sam Thompson
Kennedy Co.

540 West Woodbury Rd.
Altadena, CA 91001
(213) 798-0953

Steve Arnaudoff

Microdata, Inc.
17481 Red Hill Ave.
Irvine, CA 92714
(714) 540-6730
Bud Bleininger

Stora%e Technology Co.
2270 S. 88th Street
Louisville, CO 80027
(303) 666-6581

Erick Ringjob

Tri-Data, Inc.

800 Maude Ave.

Mountain View, CA 94043
(415) 969-3700

R. J. Hlava
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The new Fluke 3041A programming station with the 3040A Logictester™ for uP boards you haven’t even designed yet!

Check one: Fluke’s (171 [(1¥3
in digital board testers.

Correct on both counts.

More Fluke logic test systems are
in production and service applications
than anyone’s. And more are shipped
each month. Two ways of saying
we're #1.

And, our customers spent less get-
ting us there than they could have
with anyone else. That makes us #3
on average cost.

But low front-end cost is only the
start. You’ll get lower programming,
training and start-up costs than you
thought possible. The highest test
rates in the business, too, because
boards run at rated speeds, including
dynamic yP boards at multi-MHz
rates.

More importantly, you’ll test with
confidence. If your board passes our
tester, it'll work in your system. It’s

that simple. And reliable; more Fluke
systems sold prove it.

The heart of our 3040A is a new
merged sequence technique which
lets you mix your test codes with au-
tomatically-generated sequences. And
the best simulator around: your own
known-good board. And dynamic LSI/
fault isolation, automatic, manual or
both!

Fluke hasn’t forgotten about the
bad boards either. After the tester
nails the bad ones, we automate the
troubleshooting. Our Autotrack™ com-
puter-guided troubleshooting leads
the operator to the fault. With the
new 3041A programming station, you
describe the board onto a floppy disk
and the 3040A does the rest.

The 3040A, with up to 240-pin ca-
pability, is $60,000 to $95,000*, de-

pending on option configuration.

The 3020A logic test system, at
about $32,000%, is perfect for produc-
tion test of all popular logic families.

For light production test or field
service, our model 3010A has 128-
pin capability for under $15,000%.

Call (415) 965-0350, collect. Ask
for the complete story on our high-
ranking Logictester™ family, or the
location of the closest Fluke office.
Or, write: Fluke Trendar, a subsid-
iary of John Fluke Mfg. Co., Inc.,
630 Clyde Ave., Mountain View, CA
94043.

In Europe, write: Fluke (Nederland)
B.V.,P.O0. Box 5053, Tilburg, The Neth-
erlands. Phone: (013) 673-973. Telex:
52237.

*U.S. price only.

Command Performance: Demand Fluke Logic Test.

For literature, Circle 283

FLUKE
®

For demonstration, Circle 284




News

Spectrum analyzer on a chip?
Analog CCD module comes close

By computing Fourier spectra faster
than a large-scale digital computer, a
new analog CCD chip makes it prac-
tical to design spectrum analysis into
bandwidth-compression and speech-
recognition designs for commercial and
consumer devices. So says John Rado,
president of Reticon Corporation of
Sunnyvale, CA. Reticon’s Chirp Z-
Transform (CZT) transversal filter
chip, the R5601, is the first device
available to the OEM that can compute
Fourier transforms economically.

“Our CZT-CCD approach cuts size,
weight, and power dramatically, per-
haps in some cases by 50 to 1,” Rado
explains, pointing to a two-board spec-
trum analyzer module, built to demon-
strate the use of the chirp chip. “This
little module, taking up 80 square in-
ches, gives you all the same answers
as a digital Fourier analyzer that uses
a dedicated minicomputer and half a
rackful of other gear.” And while the
latter group takes only six micro-
seconds per data point, Rado adds, the
system costs $40,000. The Reticon mod-
ules work just as fast, but for around
$800.

Performing many precise analog
multiplications simultaneously in real
time, the R5601 chip converts 512 time
samples to 256 spectral lines. It does
the convolution calculations for both
discrete Fourier transforms (DFTs)
and power spectral density plots
(PSDs), starting from a sampled-data
analog input with a de-to-50-kHz
bandwidth.

The chirp chip boasts a 70-dB
dynamic range, peak-signal-to-rms
noise, and can separate two adjacent-
frequency signals that are 50 dB dif-
ferent in amplitude. Total harmonic
distortion is less than 1%. Moreover,
the average inefficiency of trans-
ferring the analog charge from one

Dave Barnes
Western Editor
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This photomicrograph of a quad CCD filter shows chirp (linear FM) waveform
in metal mask. Output spectrum waveform is superimposed.

physical position in the CCD device to
another is less than 1 X 10-4.

CZT algorithm shines in CCD

The CZT algorithm, developed at
MIT in the late 1960s, is named for the
chirp, a linear FM waveform that
rapidly sweeps from low frequencies to
high. The algorithm calls for pre-
multiplying the signal by the chirp
waveform, then circulating the product
in the chirp filters, as shown in the
block diagram. For PSD, the outputs
of the filters are squared and summed.
But for the actual Fourier coefficients
for magnitude and phase, the outputs
are postmultiplied by another chirp
waveform.

The CZT algorithm alone has no

special advantage over other FFT
methods for digital implementation,
but the CZT-CCD approach is more
accurate than conventional FF'T meth-
ods, according to Charles Gopen,
Reticon’s marketing manager for
analog products. In digital Fourier
analysis, the errors in calculation in-
crease as the square-root of N, the
number of samples, he explains. But
most of the CZT-CCD errors are inde-
pendent of N.

“At 512 points,” says Gopen, “this
system with its 9-bit tap-weight pre-
cision is more accurate over-all than a
digital FFT system with 13 bits.”

Multiplying DACs do the pre-
multiplication, getting their chirp-

(continued on page 34)
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Dow Gorning 631 molding
The es of silicone.
The advantages of epoxy.
And something more.

At first it might appear pretentious to announce a new
generation of semiconductor-grade molding compounds. “New
generation” implies a product so outstanding, so totally unique, that
it overshadows all existing technology. But that is precisely what we
have developed. We've taken the best advantages of silicone. The
best advantages of epoxy. And put them together in one very unique
product. Dow Corning®631
silicone/epoxy molding
compound.

What this new
generation of molding
compound means to you
is that now you have
the best advan-
tages of silicone
and epoxy 1n one
product specifi-
cally designed
for integrated
circuit applica-
tions. And it
means some-
thing more. It
means that
now every
other molding
compound 1s
second best.




Dow Corning 631. Better than silicone.
com poun g Dow Comning 631 silicone/epoxy mold-

ing compound represents a breakthrough
in a very real sense. It’s the only molding compound that combines the
compatibility and ease of molding of silicone compounds with the salt
atmosphere resistance of epoxy
compounds. The graph at right
proves our point. After 600 hours’
exposure to corrosive salt atmos-
phere, none of the devices that
were molded in Dow Corning 631
silicone/epoxy compound failed. I o2
That’s a major advantage over ordi- e e e
nary silicone molding compounds. SR eI b Tt o g v 2
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Dow Corning 631. Better than epoxy. Dow Corning 631’s advantages
over silicone are only half the story. It’s also the only molding compound
that combines the high strength and strong lead seal of epoxy with the
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outstanding mois-
ture resistance of
silicone. The auto-
clave resistance of
Dow Corning 631
1s very nearly as
high as that of ar
all-silicone mold
ing compound.
And look what
happened on
85°C/85%
R.H.-bias
testing.
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Dow Gorning 631. Unmatched design flexibility. Dow Corning 631 sili-
cone/epoxy molding compound gives you the compatability, the moisture
resistance and the unmatched ease of molding of silicone compounds.
It gives you excellent 85/85-bias protection. It gives you the high
strength, the strong lead seal, and the superb salt spray resistance of
epoxy compounds. And it gives you all those advantages in one product.
You can solve a problem with Dow Corning 631 that you wouldn’t even
approach with conventional molding compounds.

You have our word on how good Dow Corning 631 is. But we
don’t want you to just take our word for it. We want you to see for your-

self. For samples and more information, write Dow Corning Corporation,
Box 1767, Midland, Michigan 48640. Or, for immediate attention, call
(517) 496-4682.

Dow Corning 631silicone/epoxy molding compound.
Now everything else is second best.

Hong Kong Brussels Sao Paulo
Dow Corning Asia, Ltd. Dow Corning International, Ltd. Dow Corning do Brazil Ltda.
P&O Building, 9th Floor Chaussee de la Hulpe, 177 Caiza Postal 4102-01000
21 Des Voeux Road C 1170 Brussels, Belgium S3o Paulo, Brazil
Ph. 5-258035/7 Ph. 02/673.80.60 Ph. 52-2572, 52-8672
Toronto Munich Mexico City
6747 Campobello Road Dow Corning GmbH Dow Corning de Mexico, S.A.deC.V.
Mississauga, Ontario L5N 2M1 8 Munchen 50 Paseo de las Palmas 751, Piso 5
416/826-9700 Pelkovenstrasse 152 Mexico 10, D.F., Mexico

Ph. 89/14861 Ph.90554031 10

France

Dow Corning SarL

140 Avenue Paul Doumer
92500-Rueil Malmaison, France
Ph. 1/977.0040

DOW CORNING



Your best source for SCRs

is one
you may never have heard of.

Would you believe Teccor? That's right. Teccor. Contact your local Teccor representative or call
, us at 817-267-2601. Tell us about your specific
ny. i : .
in \gitrew'?fht gvseT?lloggrgpmopr:g;;segompa y SCR applications. We'll get you the information
3 plants, and over 16 million dollars or samples you need for evaluation.
in sales, we're not small at all. You may not know us, but we
Our reputation for dependable figure it's only a matter of time.

Just think of us as the world’s
largest unknown source for SCRs.

\ “IEccoRr

TECCOR ELECTRONICS, INC.
P.O. Box 669 Euless, Texas 76039

quality is known around the world.
Has been for 13 years.

To give you the design flexibility
you want, we offer the widest
selection of SCR package designs
in the industry.

/,’. ‘
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At the same money you're
paying now — maybe less.



(continued from page 32)

waveform values from ROM storage.
All the pre and postprocessing circuits
are available on the CZT prototype
module.

Although the R5601 chip is designed
for sampling rates from 500 Hz to 2
MHz, the CZT module is set up just for
100-kHz operation. Or it can be con-
trolled by an external signal of up to
200 kHz.

Quad-channel chirp chip

The R5601 chip itself is a surface-
channel CCD split-electrode filter, in
which analog charge packets are
shifted along by a four-phase clock. It
is packaged in a standard 22-pin DIP,
and requires standard MOS-level
clocks.

As with any CCD, digital or analog,
mobile minority-charge carriers are
stored in depletion regions under
pulsed electrodes. The charges move in
the direction dictated by the clocks, and
the sampled signal moves down what
amounts to an analog delay line.

Transversal filters, a fairly recent
blossom in the CCD garden, are formed
by splitting the pulsed electrodes. The
location of the split is chosen to form
capacitors whose size is correctly re-
lated to the tap-weight function. As the
sampled analog signal moves down the
line, each packet of charge introduces
a current proportional to the product
of its tap weight and its signal
amplitude. The common connection be-
tween electrodes sums these currents,
and the basic convolution calculation
—summing many products—is ac-
complished.

Transversal filters can be made with
some impressive specifications, such as

A CZT (chirped-Z transform) algo-
rithm is implemented with external
components in addition to the four
transversal chirp filters of the R5601.

This split-electrode structure forms
capacitors that hold the tap-weight

function. Analog charges induce
product currents that are summed
and fed to differential amplifiers.

linear phase response, 1-MHz sampling
rate, 100-dB/octave skirt steepness,
and stopband rejection of 50 dB or
more. For the CZT application, the tap-
weight values are produced on the
metal mask with an accuracy of +8
bits, and the complex convolution is
performed by multiplying the input
samples by these chirp-related tap
weights.

Two types of chirp chips are avail-
able, the R5601-1 with linear-chirped

waveforms, and the R5601-2 with the
same function multiplied by a Hanning
window function. With the Hanning
function, energy leakages into adjacent
spectral lines are reduced. But this
technique is used only in power spec-
tral density applications, where phase
information is not required. As a re-
sult, the 5601-1 can do either the total
discrete Fourier transform or the PSD,
while the 5601-2 can do only the PSD.
Both devices, however, contain four
512-tap split-electrode transversal fil-
ters, with two sine chirps and two
cosine chirps.

Each R5601 chip customer is re-
quired to buy at least one complete CZT
module which requires only de power
to operate. The Reticon module is
priced at $600 including documenta-
tion, but without the CCD device.
Either type of R5601 chirp chip costs
$675 in unit quantity, or $265 in quan-
tities of 100 and up. The availability
of modules and chips is immediate, for
sample quantities.

As new as the CZT-CCD capabilities
are in the OEM market, the product is
not an untried, unprecedented design.
Reticon has been active for several
years in producing related devices.

But the direct forerunner of the
R5601 was developed by Texas Instru-
ments under U.S. Navy contract. Tech-
nical contributions came also from GE,
RCA, Bell Labs, and MIT (see IEEE
Journal of Solid-State Circuits, Vol.
SC-11, No. 1, Feb., 1976, pp. 75-84.).

In addition, increasing the integra-
tion level of its CZT devices under
Army and NASA contracts, TI has put
the chirp multiplier DACs and clocks
on a chip with its 500-point and 32-
point CCD filters, and even includes
the ROMs to feed the DACs on the 32
point chips. mm

Software distribution is a problem
in personal computing—with solutions

With the ever increasing demand for
computers by hobbyists and small
businessmen, a problem that has been
around for a long time but largely
ignored is finally getting some atten-
tion—how to distribute software
quickly and efficiently. Several solu-
tions have been introduced, but so far
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the least expensive way is to enter data
into a computer from a series of bars,
which are somewhat similar to the
codes found on supermarket products.
The width of the bars varies to repre-
sent a one or a zero, and seven bars can
be used to represent one ASCII-coded
character.

Other techniques include

= Magnetic tape cassettes.

= Floppy discs.

= Floppy ROMs.

= Magnetic cards.

= Semiconductor ROMs.

Actually, the simplest way is to print
a listing of the program and send it out.
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HYBRIDS
RUSH IN WHERE
MONOLITHICS FEARTO TREAD.

When you want fo mix semiconductor technologies, maintain cost-
effectiveness and avoid buying bulky subsystems, the only answer
is hybrids. And when your requirements put equal emphasis on small
size, high volume, high quality and low cost, Fairchild is the answer.
Although most people know us as one of the component giants of
the western world, we also happen to be one of the world's largest
suppliers of custom hybrids.
No other manufacturer can match our total hybrid capabilities.
We custom-design and volume-produce hybrids for telecommunications,
automotive, consumer electronics and industrial control applications.
Our facilities in California and Hong Kong can turn out more reliable
hybrid products ina day than most hybrid makers can produce in a week.

IF WE'RE SO GOOD, WHY AREN'T WE FAMOUS?
Just about everything we make is custom. For example, we designed

and now produce a hybrid ignition module for a major automobile

manufacturer. We also make tuner control/station memory units for

AM/FM radios and TV, products for telecommunications systems,

and voltage regulators for industrial applications.

IT HELPS TO HAVE FRIENDS ON THE INSIDE.

If we're known for anything, it's cost-effectiveness. There are two
reasons. First, we're a volume manufacturer. Our ability to turn out
hybrids in very large quantities translates info considerable cost savings
for our customers. Second, Fairchild is one of the world's leading
semiconductor manufacturers. We don't have to depend upon outside
suppliers for the delivery, reliability or quality of the components we
use. We also work directly with the people who design our components.
So custom design time (and cost) is held o a minimum. The result is a
better product at a lower cost to our customers.

BEFORE YOU SEND US YOUR = /1R & 11 LoD
BREADBOARD. FAIRCHILD

R R AR
Get out your company letterhead

and write to us about the kind of require- CALL us ON IT.
ments you might have. We'll send you 77
a comprehensive booklet on the world's (415 ) 962 -3 I
most comprehensive hybrid facilities.

Your Fairchild sales office, distributor or representative could also help

you get your hands on a copy. The phone number at the bottom of this

ad is a direct line to our Hybrid Products people. Fairchild Camera and
Instrument Corp., 464 Ellis Street, Mountain View, California 94042.
Telephone: (415) 962-3771. TWX: 910-379-6435.
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FRAME IDENTIFICATIONS

Computer programs printed in a bar-code format can be entered directly from
a printed page into a computer with the aid of a scanner from Micro-Scan.
Sensitivity is so good, that even photocopies of the bar code can be read.

But it is also the most inconvenient.
Someone has to sit by a terminal and
type the program in—which can be
very time-consuming and inefficient if
the program is long, as most useful
ones are.

Punched paper tape, which reduces
entry time drastically, can be read on
most computer systems. But paper
tape is awkward to handle and easily
damaged. Reproduction is a problem,
too, because paper tapes can only be
reproduced one at a time. So if large
quantities are needed, it takes a while
to prepare the tapes.

But the bar-scanner technique de-
veloped by Walter Banks, head of the
computer communications network
group at the University of Waterloo in
Canada, combines the mass production
and low cost of the printed page with
the ease of inputting data directly into
a computer. To read the bar code, a
simple hand-held scanner is used to
scan a line of code. The output of the
scanner is a TTL-compatible serial sig-
nal that is then fed into any parallel
port of any computer. The signal is fed
to the computer in the most significant
bit position so it looks like a sign bit.
A test is performed to see if it is a one
or zero. Additional software converts
the data to alphanumeric information.
Only 256 bytes of machine language
code are required to handle the input
and interpretation of data entered
from the bar-code scanner.

Several companies are preparing en-
tries into the bar-code scanner arena.
One scanner, just introduced by Micro-
Scan Associates of Natick, MA, sells
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for $97, which is an order of magnitude
cheaper than any available optical
scanners. The expensive optics nor-
mally used have been eliminated, ex-
plains Frederick L. Merkowitz, de-
signer of the unit. All the scanning
head consists of is a rectangular
aperture placed in front of a Texas
Instruments TIL 139 LED-phototran-
sistor pair. The lenses generally seen
in scanners aren’t needed, Merkowitz
notes, because the rectangular aper-
ture makes it possible to integrate light
over the whole bar, while units that use
lenses only look at a small circular
portion of the bar.

This difference in reading also
enables the Micro-Scan unit to read
photocopies as well. No other scanner
available can do that, Merkowitz
claims.

Although the Micro-Scan is not yet
in wide use, Merkowitz notes that there
are several promising applications
pending. Right now, computer pro-
grams can be entered directly from a
book or magazine article. One hobby
magazine has already started printing
programs in machine-readable, as well
as human-readable, form.

Minicomputer manufacturers have
expressed interest in using bar codes
and scanners to patch already released
software, Merkowitz goes on, or to use
them even to distribute small software
packages. They might also be used with
scientific calculators to enter pro-
grams.

Data density per printed page is
about the same as that for conventional
program listings and input speed to a

computer is comparable to that of pa-
per tape.

Magnetic tape has problems

Meanwhile, magnetic tape is widely
used throughout the industry to store
software programs. But there is no
standard available. Efforts to stand-
ardize tape format for personal com-
puting has met with limited success.
There are still about a half dozen dif-
ferent recording techniques used.

Consumer-computer manufacturers
like to use cassette tapes as a distribu-
tion medium because almost everyone
has a reader—the conventional cas-
sette recorder. The big problem for the
software distributor, however is that
cassettes are expensive and have to be
produced one at a time. And for data-
storage applications, high-quality tape
and recording equipment are a must.
In addition, several different recording
formats must be provided to cover the
whole market.

Floppy discs, which have become the
darling of micro/mini users, have simi-
lar problems. They do have a much
larger storage capacity, and are faster,
but like cassettes, they have no stand-
ard. An IBM design is used by many
manufacturers, but only for physical
disc drives. Many IBM-compatible
discs cannot be used on other IBM-
compatible machines because the tech-
nique used for storing and retrieving
data differs from unit to unit. And
floppy discs are an expensive storage
medium, typically $8 per disc.

Floppy ROM debuts

Another approach to the mass dis-
tribution of software is a flexible vinyl
record that can be bound into a maga-
zine. Known as a floppy ROM, it com-
bines the convenience of cassette tapes
with the low cost of records.

As with cassettes, most people al-
ready have a reader for the floppy
ROM, their conventional hi-fi system.
The floppy ROM itself can be mass-
pressed like conventional records and
made for only about 10¢ apiece. They
can store about 4 kbytes of data. In-
terfacing to a computer is done via
cassette-interface electronics.

A variation on the floppy ROM is the
conventional phonograph record. With
this approach, longer recording times
become available—which means that
either longer programs or multiple pro-
grams can be recorded or, as is current-
ly being done, one program can be
recorded with several different record-
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...with Burroughs new microprocessor-controlied thin display systems!

Burroughs announces a major advance in its popular line of
SELF-SCAN® gas plasma displays: microprocessor-control and
memory! This means big savings plus the greatest operating and
packaging flexibility everin the flat panel display of
alphanumeric information.

Your engineers will “light-up”, too, as they discover operating
advantages unmatched by any display. The new SELF-SCAN I
displays are bright, crisp, easy-to-read. And, with Burroughs'
unique new simplified control circuitry, the display panel —
complete with electronics — is less than 2" thin for easy
installation in compact designs.

The display’s built-in microprocessor memory and control
eliminate the need for you to design, develop and build circuitry
to effect display operation. Just feed in appropriate 8-bit
signals for the characters and control commands and you're
in operation. Large system manufacturers save 95% of the
engineering and development time formerly required and small
system producers can now use displays since ‘‘design-in"’ cost
is no longer a significant factor.

Adapting the Burroughs displays to your needs is as easy as a
change in software. Their operation can be tailored for any pro-
duct and changed for others with different display requirements.

The display subsystem operates off an 8-bit bi-directional
buss or a TTL buss. Data can be entered at rates up to 1 MHz.
and, with the addition of a keyboard and communication
interface, it becomes a low-cost, compact data terminal!

The system's edit and control routine allows insertion, deletion
and blinking of letters or lines, increasing or decreasing
brightness, right-to-left data entry, etc.

Light up your customers and your engineers. And lighten your
costs with Burroughs SELF-SCAN Il microprocessor-controlled
displays. For a copy of our SELF-SCAN Subsystems Brochure,
write Burroughs Corporation, Electronic Components Division, P.O.
Box 1226, Plainfield, New Jersey 07061 or call (201) 757-5000.
Overseas, contact Burroughs ECD International, Buckingham
House, The Broadway, Stanmore, Middlesex, England.

Vou tan see the difference
Burroughs

DISTRIBUTED BY HAMILTON AVNET AND CRAMER ELECTRONICS b
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Bar coded programs are illuminated by a LED and sensed by a phototransistor.
The pulse produced by the transistor is amplified and fed to a comparator.

An adaptive threshold circuit that is

used as a reference for the comparator

helps eliminate noise. The output of the comparator then goes to a peripheral

interface adapter (PIA) and then to

ing techniques so that it can interface
with any of the cassette interface elec-
tronics currently available.

The latest medium to be introduced
for the mass distribution of software
is a card about the size of a credit card.
The Kilobyte card is manufactured by
Vertel Electronics. Although it is a
magnetic-storage medium, it doesn’t
suffer from the high reproduction costs
generally associated with magnetic
storage. Cards can be produced in long
strips and then cut up afterwards.
They don’t have to be recorded one at
a time.

the computer.

Each card contains four tracks of
data that store 256 bytes, so that by
passing it through a reader 4 times, it
can yield 1024 bytes of data. This is
equivalent to 30 to 50 lines of a conven-
tional Basic language program.

Firmware being offered

For large, sophisticated programs,
the PROM is gaining in popularity as
a distribution medium. Software that
has been placed in hardware is known
as firmware. While this concept has
been around for a long time, only the

recent low cost of semiconductor ROMs
and PROMs has made it a feasible
software-sharing technique.

A real-time operating system for the
6800 microprocessor is being offered as
firmware by Microware in Des Moines,
IA, and by AMI, a semiconductor man-
ufacturer that produces the 6800.

Microware’s RT-68 can easily be sub-
stituted into any system that uses
Motorola’s Mikbug ROM. The RT-68
has the same entry points as the Motor-
ola device and is a real-time task sched-
uler that can handle 16 chores at one
time.

Computer-to-computer exchange

The most sophisticated way of dis-
tributing software is by a computer to
computer exchange. This has been done
by large computers for a long time via
different data networks, and has now
become feasible for small computers as
well.

One way is to equip computers with
a cassette-tape interface and have
them talk to each other through these
interfaces. Another way is simple
frequency-shift keying over conven-
tional communication lines, which
makes it possible for computers all
over the world to converse with each
other and exchange software. um

Power transistor process boosts performance

A new breed of power transistors
offers the rugged safe-operating area
generally associated with single-
diffused-base transistors and the econ-
omy and complementary structures of
epitaxial-base devices.

Announced by Motorola Semicon-
ductor, Phoenix, AZ, the transistors
are fabricated with what Motorola
calls a power-base process. This tech-
nique reduces the crowding of current
into destructive hot spots, according to
Ralph Greenburg, Motorola’s manager
of power products. A base-spreading
resistance ring is used to produce a
uniform current flow in the relatively
thick epitaxial base region.

Base-spreading resistance should
not be confused with base or emitter-
ballast resistors that have been used
in the past, says Greenburg. In an npn
device, the base-spreading resistance
takes the form of a ring structure that

38

surrounds the N+ emitter area in the
center of the power-semi chip. This
ring is fabricated by making an extra,
deep P+ diffusion in the area sur-
rounding the emitter.

sase METAL BASE METAL  passivaTION

OXID

P+ CONTACT LAYER| P+ CONTACT LAYER
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Power-base transistors (bottom) are
constructed very much like conven-
tional epitaxial devices (top).

———

Some additional changes are re-
quired in the standard epitaxial-base
process to produce the new power-base
devices. The epitaxial-base region and
the collector-base are thicker than usu-
al. And, since the thicker bases result
in a lower gain, the concentration of
impurities in the emitter is changed to
bring the gain back up.

Comparing the new power-base de-
vices with those currently available,
Greenburg notes that they yield per-
formance similar to that of single-
diffused devices but with a much
smaller chip. For example, a single-
diffused device fabricated on a 180 X
180-mil chip can be replaced by a
power-base device whose chip is only
120 X 120 mil. Not only does this size
reduction cut costs, but also the mod-
ified epitaxial-base process is an in-
herently less expensive process than
single-diffused. am
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prague...Prime source for

SOURGE DRIVERS

HIGH-VOLTAGE, HIGH-CURRENT INTERFACE ICs

Sprague Source Drivers are “high-performance” integrated cir-
cuits targeted for low-level logic applications requiring interface
to solenoids, MUXed LEDs, lamps, vacuum fluorescent displays,
stepping motors, telecommunications relays, triacs, SCRs, PIN
diodes, and other high-level peripheral loads. Inductive-load
drivers incorporate internal diodes for suppression of voltage
transients. All types have input current-limiting resistors for
compatibility with standard logic families.

@ Type UDN-2956A and UDN-2957A 14-lead DIP designs are
customarily used for switching the ground side of telecommuni-
cations relays (usually —48V). Positive input and “enable” levels
activate the output load.

® Series UDN-2980A 18-lead DIP devices are 8-channel source
ICs for general applications, including MUXed LEDs (segment-
driver/common-cathode; digit-driver/common-anode), lamps,
relays, solenoids, motors, triacs, etc. An appropriate logic “1"” on
the input switches the output “on”; an input inverter buffers the
high supply voltage from the logic circuitry. A prime application
is the replacement of current-sinking ICs which may experience
logic malfunctions associated with high ground currents (IR
buildup) or ground noise.

® Type UDN-6118A and UDN-6128A 18-lead DIP devices are
intended for vacuum fluorescent display interface. A positive
input signal causes the driver outputs to switch high. Internal
pull-down resistors minimize component count as well as reduce
circuit cost.

Application Telecommunications Relays, PIN LEDs, Relays, Motors, Lamps, Triacs, Vacuum Fluorescent Display
Diodes, & General-Purpose Power Solenoids, & General-Purpose Power Segment and Digit Driver

m)n?ber UDN-2956A UDN-2957A UDN-2981A/83A | UDN-2982A/84A UDN-6118A UDN-6128A

Sustaining 50V (UDN-2981A) | 50V (UDN-2982A)

Voltage 80V 80V 80V (UDN-283A) | 8OV (UDN-2984) 85V 85V

Source

Current 500mA 500mA 500mA 500mA 40mA 40mA

No. of

Drivers 5 b 8 8 8 8

Input 6-15V 5V 5V 6-15V 5V 6-15V

Engineerin

e 20309 20310 20313

For application engineering assistance on these or other interface
circuits, standard or custom, write or call George Tully or Paul
Emerald, Semiconductor Division, Sprague Electric Company, 115
Northeast Cutoff, Worcester, Mass. 01606. Telephone 617/853-5000.

FOR FAST INFORMATION, CALL YOUR NEAREST SPRAGUE SALES OFFICE:

ALABAMA, Sprague Electric Co.. 205/883-0520 « ARIZONA, Sprague Electric Co.. 602/279-5435  CALIFORNIA, Sprague Electric Co . 213/649-2600; Wm. J Purdy Co., 415/ 347-7701; KCE
Corp., 714/278-7640 « COLORADO, Wm J. Purdy Co . 303/777-1411 » CONNECTICUT, Sprague Electric Co.. 203/261-2551 » DIST. OF COLUMBIA, Sprague Electric Co. (Govt. sales only).
202/337-7820 » FLORIDA, Sprague Electric Co., 305/831-3636 » ILLINOIS, Sprague Electric Co., 312/678-2262  INDIANA, Sprague Electric Co., 317/253-4247 » MASSACHUSETTS, Sprague
Electric Co , 617/899-9100; Sprague Electric Co.. 413/664-4411 « MICHIGAN, Sprague Electric Co., 517/787-3934 « MINNESOTA, HMR. Inc . 612/920-8200 » MISSOURI, Sprague Electric Co.,
314/781-2420 » NEW JERSEY, Sprague Electric Co . 201/696-8200; Sprague Electric Co., 609/795-2299, Trinkle Sales Inc . 609/795-4200 « NEW MEXICO, Wm. J. Purdy Co., 505/266-
7959 « NEW YORK, Sprague Electric Co.. 516/549-4141, Wm_ Rutt, Inc., 914/698-8600; Sprague Electric Co.. 315/437-7311; Mar-Com Associates, 315/437-2843 & NORTH CAROLINA, Electronic
Marketing Associates, 919/722-5151  OHIO, Electronic Salesmasters, Inc., 800/362-2616; Sprague Electric Co.. 513/278-0781 » PENNSYLVANIA, Sprague Electric Co 215/467-5252; Trinkle
Sales Inc.. 215/922-2080 e TEXAS, Sprague Electric Co . 214/235-1256 « VERMONT, Ray Perron & Co.. Inc.. 617/762-8114 e VIRGINIA, Sprague Electric Co.. 703/463-9161
WASHINGTON, Sprague Electric Co., 206/632-7761 « CANADA (Ontario), Sprague Electric of Canada, Ltd.. 416/766-6123 « CANADA (Quebec), Sprague Electric of Canada, Ltd., 514/683-9220

For Engineering Bulletins and a ‘Quick Guide
to Interface Circuits’, write to: Technical
Literature Service, Sprague Electric Company,
347 Marshall Street, North Adams, Mass. 01247.

488-1136

SPRAGUE

THE MARK OF RELIABILITY

...and you thought we
only make great capacitors.
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Check out TIs

new 4K static RAMs.

They've got
everything
you ever liked
about the 2102.

And more.

2102 1K TPs New 4K
Static RAM Static RAMs
SIMPLE TO USE / . 7
NO CLOCKS. NO
TIMING STROBES.

e— "T.l_.'.\\ ——anno
ADDRESSES VALID ETC
2000
ACCESS TIME
e OO <>

40

Like the popular 2102, Tl's new 4K static
RAMs are easy to use. Minimize system
overhead; no refresh; simple address-
ing. It's easy!

No clocking needed for Tl's fully static
4K RAMs. No edges. Just present an ad-
dress to the selected device and data
can be read at access time. That’s it.
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21021K
Static RAM

TI's New 4K
Static RAMs

FULLY STATIC. ACCESS
TIME =CYCLE TIME.

DATA VALID -
NO TIME LIMIT.
| 3
—gapen
ADORFSS[SSVOVO VALID
pave —ipoo
ACCESS TIME
T saroeee (2] 5] 3.
’\V ¥ 6—__‘% —, NOTIME
DATA OUT VALID |
000K Ll
SINGLE +5 V SUPPLY.
FULLY TTL COMPATIBLE.
+10% TOLERANCE
SUPPLY.
HIGH SPEED.
[ 2102 ]

L ! L 1 1 1 1 1 ! I
1000 900 800 700 600 500 400 300 200 100
ACCESS/CYCLE TIME (ns)

A“c"é’e"ss 4K x1 1K x4

150 ns TMS 4044-15 TMS 4045-15
200 ns TMS 4044-20 TMS 4045-20
250 ns TMS 4044-25 TMS 4045-25
300 ns TMS 4044-30 TMS 4045-30
450 ns TMS 4044-45 TMS 4045-45

LOW POWER.
Four Low Power 1K One Tl 4K Static
i Static RAMs (2102AL-2) | RAM (TMS 4044-25)
Max. Access 250 ns 250 ns
Min. Cycle
Operating 1368 mW 500 mw
Power (Max.)
Package(s) 4 x16 pin 1x 18 pin
Board Area 3.7 1.0
Ratio

HIGH DENSITY 18-PIN PACKAGE.

=

Fully static RAMs are totally asynchro-
nous. Require no precharge or recovery
time. Access and cycle times are always
the same.

Fully static RAMs offer output data that
are valid as long as the address is valid.
Makes designing straightforward. No
limit on output valid time. No extra
circuitry.

Just one +5 V supply needed. Full TTL
compatibility on all inputs and outputs
with full 400 mV guaranteed dc noise
immunity.

Improved power supply tolerance means
less stringent regulation. Less cost.

TI's new 4K static RAMs take up where
the 2102 left off. Offering a wide choice
of speeds from 150 ns to 450 ns maxi-
mum access/minimum cycle. Plenty of
performance to match today’'s and to-
morrow's CPUs.

Compare the power savings of the new
4K statics to the low power 21L02. For
equivalent speed, the new TMS 4044
uses 63% less power.

For super low standby-power/battery-
backup operation, use the pin-compati-
ble 20-pin TMS 4046/47 Series. Data is
retained down to 10 mW.

The new 4K statics come in industry-
standard, 18-pin packages, plastic or
ceramic. A density improvement of al-
most four-to-one over 2102s.

FOR DATA SHEETS, application reports, price and delivery, call your nearest authorized Tl distributor or Tl field sales office.

TEXAS INSTRUMENTS

1977 Texas Instruments incorporated
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A little knowledge about
computers can be expensive.
Alotcanbefree.

1. The inside story on how our full 2. How Commercial ECLIPSE 3. The secret of having computer power where
PRODUCT LINE makes the difference ~ Systems answer the diverse demands your business needs it. Our book on CS/40

to you. business makes today on a data system. SMALL BUSINESS SYSTEMS tells.
Reader Service #101 Reader Service #102 Reader Service #103

1t's
Smart
Pusinesg

4. Describes seven important SUP- 5. Find out how our Real-Time Disc 6. IT’SSMART BUSINESS to
PORT SERVICES that get systems Operating System SOFTWARE can get know how our way of doing business
up and running, then keep them there. you on-line fast, and keep you there. benefits our customers.

Reader Service # 104 Reader Service #105 Reader Service #106

7. How OEM’s solve the dilemma of 8. What you need to know about getting 9. The last word in microprocessor-
keeping their system costs down with our  everything for a DATA ACQUISITION  based microNOVA systems with full
NOVA 3 COMPUTER FAMILY. and CONTROL system from one place. 16-bit NOVA architecture.

Reader Service # 107 Reader Service #108 Reader Service #109
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10. The amazing story behind our unique
heuristic MULTI-PROGRAMMING
operating system.

Reader Service #110

13. A wealth of information about how
our computers are being used in actual

APPLICATIONS.
Reader Service #113

16. What's the most you can expect to get from
a mid-range mini today? What you get with

an ECLIPSE S/130 — the standard setter.
Reader Service #116

19. 1976 was a very good year. Our
ANNUAL REPORT could be

good for you.
Reader Service #119
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11. What to do when you need fast, 12. NOVA 3 systems, software and
fast access to MASS STORAGE. support let you customize a system to
Reader Service #111 your application.

Reader Service #112

14. Wonder what sets the benchmark 15. Is there a sensible way to use computers
for big performance computer systems? in DATA COMMUNICATIONS?
Wonder no more, it’'s ECLIPSE S/230.  The message comes through clear.

Reader Service #114 Reader Service #115

17. You want terminals that work the

same way you do? You want the facts on catalog. They’re too important to be
our DASHER TERMINALS. kept a mystery.
Reader Service #117 Reader Service #118

r---—------------—---—-;
Mail to: Data General, Westboro, MA 01581 ED1011

[[J Yes, I'd like to pick your brains. Please send me the brochures I have circled.

[JI'm in a hurry. Have your sales representative bring in the brochures I have circled.

Brochure numbers: 1 2 3 4 56 7 8 9 10 11 12 13 14 15 16 17 18 19

Name R ot, y IXE Title
Company R ¥ \
Addess ' WA L
R T St i f Zip

Data General, Westboro, MA 01581, (617) 366-8911. Data General (Canada) Ltd., Ontario. Data General, Europe,
15 Rue Le Sueur, Paris 75116, France, 50-006-06. Data General Australia, Melbourne (03) 82-1361.

©) Nova and ECLIPSE are registered trademarks of Data General Corp., 1977. DASHER is a trademark of Data General Corporation. l

¢y DataGeneral ;
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if you’re designing ATE systems

yvou really ought to talk to _

our power supplies

.. . hundreds of models
interface the IEEE 488 BUS
through the |
KEPCO SN-488 programming system

Write Dept. BY F-05 for all the details KE P D D -

131-38 SANFORD AVENUE - FLUSHING, N.Y. 11352 U.S.A.-(212) 461-7000 - TWX # 710-582-2631 - Cable: KEPCOPOWER NEWYORK
CIRCLE NUMBER 30




Washington report

Space Shuttle instruments chosen

Five instruments have been chosen for the experimental payload of NASA’s
second orbital mission for the Space Shuttle. This flight, scheduled for 1979,
will be the first with a predominantly scientific payload: The first mission will
be devoted almost entirely to monitoring the performance of the spacec:aft itself.

The instrument, an active radar of a type used in the Landsat earth-resources
satellite program, is intended to operate in the microwave region of the spectrum.
Landsat uses visible and near-infrared observations, and NASA considers active
microwave sensors particularly valuable for mineral exploration and observa-
tions in areas usually covered by clouds. Another Landsat-type instrument, a
multispectral IR radiometer, will test various combinations of near-IR bands
not now used by Landsats.

Other instruments on the spacecraft will be used in experiments to measure
the amount and circulation of carbon monoxide in the middle and upper
troposphere; to find concentrations of chlorophyll in ocean water in an attempt
to locate fish feeding grounds; and to examine the correlation between lightning
and various types of severe storms. This last experiment will use a standard
16-mm movie camera rigged with a photocell to record lightning flashes as signals
on a film sound track.

Cruise missile price tag put at $3.2-billion

Cruise missiles needed to fill the gap in strategic defenses left by the
cancellation of the B-1 bomber will cost $3.2-billion, the Pentagon now estimates.
While the number of missiles needed has not been given, Navy Capt. Walter
M. Locke, the Defense Department’s cruise missile program manager, has
estimated that the cruise missiles will cost up to $1-million each when inflation
is taken into account.

Testifying recently before the House Armed Services Committee, Locke stated
that $104.6-million in procurement funds will be needed for fiscal year 1978,
which begins Oct. 1, and that another $142.5-million will be earmarked for
procurement in fiscal year 1979. These funds are above and beyond the $218-
million to be spent on cruise-missile development in fiscal 1978. According to
Locke, the development funds will be used to prepare for the competitive flyoff
in 1979 between Air Force and Navy Cruise missiles (ED No. 19, Sept. 13, 1977,
p. 45) and to gear aircraft to accommodate cruise missiles.

$1.2-billion AWACS offer to Iran goes to Congress

Congress is considering a $1.2-billion Defense Department proposal to sell an
air defense system to Iran—seven E-3 Airborne Warning and Control System
aircraft ($718.7-million) plus maintenance, training and spare parts ($510.2-
million).

The offer had earlier been blocked by Congress on grounds that AWACS was
more expensive than alternate systems and that selling the electronics-laden
aircraft to Iran might cause top-secret cryptographic equipment to fall into the
hands of the Soviet Union.

President Carter attempted to reassure Congress by promising that such
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sensitive equipment as the KG-40 encipherment system, the Joint Tactical
Information Distribution System, signal-intelligence equipment, electronic
counter-countermeasures and a security mode of identification of friend and foe
(IFF) would not be included in the deal.

Meanwhile, the Pentagon sought to override objections that there was a better
alternative to AWACS by doing a comparative study of AWACS vs both the
Navy’s E-2C airborne warning aircraft and a ground-based radar system known
as Seek Sentry. According to the Pentagon Study team, AWACS would be
available in six and a quarter years at a total cost of $2.25-billion, including
12 existing Westinghouse ADS-4 ground radars, while 21 E-2C aircraft and the
same radars would cost $1.95-billion and take six and a half years. However,
the BE-2C is a smaller aircraft and would not have the speed, range or on-station
time of AWACS.

Air Force to develop anti-satellite weapons\

The Air Force is launching a program to develop anti-satellite weapons to
match recent Soviet experiments with hunter-killer satellites that were tested
against Russia’s own satellites. Although a 1958 treaty bans weapons in space,
it does not forbid a nation from testing them against its own satellites.

The top-secret Air Force effort, known as the Satellite Defense Technology
Program, will study launching projectiles from both spacecraft and aircraft
against hostile satellites. Anti-satellite weapons, which would be developed for
the North American Air Defense Command, would fire small, lightweight
projectiles from satellites orbited by Atlas or Titan boosters.

The studies will also consider high-flying aircraft that can go into a steep
climb and fire projectiles into space from pods mounted under their wings. An
Air Force F-15 fighter recently demonstrated that it could climb to an altitude
of 96,000 feet in less than three and a half minutes.

NASA using IR to study air turbulence

A new round of tests to improve measurements of clear-air turbulence (CAT)
through infrared radiometry techniques is due to begin in mid-October under
a joint program of the National Aeronautics and Space Administration and the
National Oceanic and Atmospheric Administration. The tests will try to de-
termine how much IR readings are affected by the direction the turbulence is
approached and which IR wavelengths indicate the duration and intensity of
the turbulence most reliably.

Earlier NOAA tests had achieved an 81% reliability in detecting CAT ahead
of an aircraft, and NASA plans to check those results with an IR radiometer
mounted in a Lear Jet. The radiometer will read the fluctuation in water vapor
associated with CAT. An accelerometer will measure turbulence actually
encountered.

Capital Capsules: The Air Force has ordered full-scale development of the Precision Location
Strike System, an array of airborne sensors to pinpoint and attack enemy
air-defense radars. Lockheed Missiles & Space Co. was chosen as the prime
contractor in June and awarded a $30-million contract, but actual payment was
held up pending final approval. . .After a series of delays, the Sikorsky Aircraft
Div. of United Technologies Corp. was chosen over the Boeing Vertol Div. to
supply the air frame for the Navy’s Light Airborne Multi-Purpose System
(LAMPS) Mark III anti-submarine-warfare helicopter. At the same time,
the Navy admitted that LAMPS prime contractor IBM had an 8% avionics
“cost growth.”
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New: The First Monolithic
D/A Converter System.

Nooneelse
can give you an 8-bi‘|' DAC Ideal Architecture for Computer-Based Systems.
i 'pher 1 -chi The 5018 has built-in latches and extremely low
W“'h G“ pe." OI funchons ) .Chlp' input loading (1/100 TTL load per line). These fea-
It's truly mlcroprocessor-compatlble tures make it a good choice for multiple-peripheral,
bus-oriented microprocessor or computer-
and costs $695! based systems. The low input
loading lets you drive many
Single-chip D/A converter cir- g . converters from a single bus.
cuits have been around a long iz s s _ Iaalaglaadogt g sl The latches then permit the

bus to service several periph-
erals at its maximum
throughput rate.

time. But so have the design
problems that go along with
them when interfacing with
microprocessors—selection Temperature stability is
of op amps, voltage refer- i i an added plus. The reference
ence, latches and the vari- S ST | . voltage can be adjusted for
ous other active compo- | l voutace | ! I correct full-scale value with
nents you've had to add to minimal temperature effects.
use them. Temperature-related inac-

Now, for the first time, curacies are also minimized
you can simplify your sys- because the precision, low-
tem design by using the temperature coefficient resis-
Signetics 5018 Monolithic tors are on the chip.
D/A Converter System. It Other Signetics DACs.
combines, on a single The 5018 is our newest D/A
chip, the converter circuit conversion product. The coupon

and all the required periph- below will help you learn more
eral functions—a voltage ref- about it. If you’d like other data
erence, input latches, and an output amplifier. It sheets on our other D/A converters listed below, be
costs, in quantities of 100 and up, only $6.95. That'’s sure to check the appropriate boxes or call your

e reason why it saves you money, nearest Signetics distributor.
educe Partsy éount ax);d Assen}llbly Costs. =

The 5018 is a system simplifier and cost reducer. You

can forget about the costs associated with all those

extra parts. Material control is simpler. Incoming - -
test and inspection costs go down. Component handling EI “ntlns
and assembly expenses can be reduced as much

as 75 percent.
a subsidiary of U.S. Philips Corporation

Signetics Corporation

811 East Arques Avenue
Sunnyvale, Calfornia 94086
Telephone 408/739-7700

i To: Signetics Information Services, 811 E. Arques Ave. i
" PO. Box 9052, MS 27, Sunnyvale, CA 94086 i
SIGNETICS D/A CONVERTERS [ [ Please send me information on the 5018 DAC System |
5018—Monolithic D/A Converter Sys'tem' | Bl e initare el s th ther D/A . . |
5007/5008—8-Bit, High Speed, Multiplying DAC (+0.19%) s SRELIRT DA XOTOEeIn o te i
5009—8-Bit, High Speed, Multiplying DAC (+£0.1%) 1 [ 50075008 [ 5009 [ McC1408 ]
MC 1408—8-Bit, Multiplying D/A Converter s i
[ 1have an urgent requirement. Please have a D/A conversion
i specialist phone me at once:( ) X !
i
| Name Title !
§ Company Division i
I Address MS b
i City State b !
CIRCLE NUMBER 31
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Incredible
performance...

at unbelievable

TRW hybrids shatter the price/performance barrier
for RF output power, linearity and dynamic range!

You'll have to see it to believe it! And we're ready Then take a look at the price. Now, in your produc-
to show you proof. Take a look at some of our typical tion units, you can get the performance you’'d only
applications. Look at the gain quoted for each. expect from precision laboratory gear.

TRANSMITTER DRIVERS:

600 mW
8 mW CW or PEP
1-200 MHz Skoitg -32 dB IMD 2%25540*
281 HPA 3
/ / Gain =18.5 dB $ s
400 mW
8 mW CW or PEP
10-400 MHz —-32 dB IMD 304 2%5 -
CA 2800 HPA | .
Gain=17 dB $ EACH
500 mW
3 mW CW or PEP
30-300 MHz & -32 dB IMD 3%2860
A 2840 HPA 90"
Gain=22dB $ EACH
600 mW
0.2 mW CW or PEP
2-150 MHz —32 dB IMD CA2830 _
| CA 2830 HPA ——} $40.00
Gain=34 dB EACH
400 mW
0.2 mW CW or PEP
10-400 MHz —-32 dB IMD CA 2870
CA 2870 HPA $59.50°
Gain=33 dB EACH
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RECEIVER APPLICATIONS:
40 MHz to 100 MHz IF amplifier.
STANDARD IF
-20V
2mw 100mW 15 signal PR
RF PRE AMP | CA 2875R hios s $3!A.c§0
t Gain =17.5 dB
L.O. Es
HIGH PERFORMANCE IF
Input
70 =20 MHz
NF=3dB )
Zin=750Q i | pug
Ret. Loss =26 dB -0V
RF- CA 2876R Pl ca 2875R > o7
4
L.O. Gain=22 dB Gain=17.5dB
20V
Po=24 dBm (Harm'’s —40 dB)
Zo=750 CA 3876 R
CA 2875R Output $31.50"
Ret. Loss =26 dB EACH
Ip3 = +40 dBm
Gain=17.5dB
INSTRUMENTATION APPLICATIONS:
+24 V
+26 dBm Leveled CA 2820
CA 2820 G\ $27.93"*
r Y EACH
1-520 MHz Gain=30dB -
SWEPT
“U.S. list prices in 100's =

These applications are only the beginning.

TRW RF linear hybrids can revolutionize design
after design...with incredible performance at
unbelievable prices. Let us prove it. To get complete
data sheets, send us the coupon.

To find out how you can get a free sample and

test fixture, call Don Feeney at (213) 679-4561.

TRMW/ rr semiconpucTors

ANOTHER PRODUCT OF A COMPANY CALLED TRW

TRW RF Semiconductors
An Electronic Components Division of TRW, Inc.
14520 Aviation Boulevard, Lawndale, California 90260

[J Please send me your new RF linear catalog.
[J Please have an applications engineer contact me.

(Phone)

Name

Position

Company Name

Address

City State Zip ED

CIRCLE NUMBER 32
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GET FETs
FOR
RF,
AUDIO,
VIDEO,
MIXERS,

SIGNAL SWITCGHING,

GURRENT SOURGES,

HIGH VOLTAGE

Dial (415) 968-9241 for samples or design help

It's that simple. Just ask for Walter Wong.
He'll be glad to help you decide which of our
broad FET line will meet your need and how
to use it best. Or drop him a line on your
company letterhead. He'll send your sample
by return mail.

FETs for all applications. Whatever you're
designing—if it's a function FETs can handle
—you can be sure we’ll have a FET with the
precise characteristics to meet your need.
You can be sure, too, that the performance
of production orders will be consistent with
the samples you test.

Profit by our experience. We've been making

FETs longer than anyone else. We have a
longer reliability history (ask about our in-
volvement in Hi Rel programs, for instance).
We lead the industry in high voltage FETSs; in
monolithic duals for matched performance.
And we’re price-competitive across the
board.

Ask for applications help. If you'd like design
assistance in the best use of FETs for your
specific application, just ask. If your need
is more general, our FET Application Data
Book is just off the press. It, too, is yours
for the asking. So dial our number today
and ask.

‘" TELEDYNE SEMICONDUCTOR

1300 Terra Bella Avenue, Mountain View, California 94043 Tel: (415) 968-9241 TWX: 910-379-6494 Telex: 34-8416

SALES OFFICES:

DOMESTIC: Salem, N.H. (603) 893-9551; Stony Brook, N.Y. (516) 751-5640; Des Plaines, IL (312) 299-6196;
Los Angeles, CA (213) 826-6639; Mountain View, CA (415) 968-9241 = INTERNATIONAL: Hounslow,
Middlesex, England (44) 01-897-2503; Tiengen, West Germany 7741-5066; Kowloon, Hong Kong 3-240122;

Tokyo, Japan 03-405-5738.

CIRCLE NUMBER 33
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Editorial

The trademark

An attorney wrote the other day and insisted that
I cease and desist from using his client’s trademark
as a generic term. Well, we're eager to protect
people’s trademarks, so we always capitalize the
first letter. But in this case, I argued in my letter
to the attorney, we didn’t feel the word was a
trademark, as it had seen widespread usage by
other manufacturers and his client’s leading com-
petitor had been using it generically for years.

But I'm not a lawyer, I pointed out, so I would
stop using the term until the squabble with his
leading competitor was resolved. And it was.

The company whose lawyer had approached me :
—let’s call it Company A—began legal action against the chief competitor—
Company B. One day, one of the attorneys on Company B’s side asked its president
to sign some documents. When the president asked what it was all about, he
was told, “This is in reference to Company A’s suit against us.” “Suit? What
suit?” the president asked. And he was told—for the first time. “What!” he
shouted. “ ‘Lead Arm’ is going to sue us? That’s ridiculous. That guy couldn’t
even throw a football straight when we were in school together. I'll take care
of this right now.”

So he telephoned “Lead Arm,” Company A’s president, and asked about the
suit. The response went something like, “So you’re still playing football without
a helmet, ‘Wrong Way.” What suit? What are you talking about?” And when
“Wrong Way” told “Lead Arm” about the copyright-infringement litigation,
“Lead Arm” said, “This is the first I've heard of it. That's absurd. I'll stop it
right now.” After an exchange of pleasantries and promises to buy lunch, “Lead
Arm” called the head of his legal department and demanded, “Don’t you guys
have anything better to do with your time? Knock off this nonsense.” And that
was the end of the suit.

Well, it’s nice to see a wrangle end amicably and sensibly. Perhaps it was
fortunate, in this case, that the “contestants” were old college buddies. One
wonders, though, how many other problems in management and engineering
could be solved with a simpler, more direct approach. How many times do we
tackle problems with a time-hallowed, absurd ritual? How often do we do things
by formula, when some common sense and a departure from tradition would
be simpler, less costly, and far more effective?

e A

GEORGE ROSTKY
Editor-in-Chief
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The 8080A diagram

At this writing, National Semiconductor is offering 60
support products for its 8080A microprocessor. (Most are off
the shelf; all are compatible with National’s standard
MICROBUSM™ and with microprocessors of the future.)

§ Micro Bus
Digital I/0

Part No. Description

8202 ;ri-gtate g-git gus Briver i )

8203 ri-State 8-Bit Bus Driver (Inverting 0

82LS05  10ut of 8 Binary Decoder Peripheral Control

83C06 8-Bit 1/0 Latch e

8208  8-Bit Bidirectional Bus Driver S0 Mo L Dl waon

8212 8-Bit Input/Output Port 8244 90-Key Keyboard Encoder

8213 Bidirectional 8-Bit 1/O Port 8242 16-Key Keyboard Encoder

8216 4-Bit Bidirectional Bus Driver , . 396*i<geny gggfa%arc% =T

8226 4-Bit Bidirectional Bus Driver (Inverting) 8248* 6-Digit Display Controller
8253* Programmable Interval Timer
8254 Programmable Bit Addressable Interface
8255 Programmable Peripheral Interface

8257* Programmable DMA Controller

8258* Advanced Programmable DMA Controller
8259* Programmable Interrupt Controller

8272* Floppy Disk Formatter/Controller

8276* CRT Controller

8285 Character Generator

8292 8-Bit A/D Convertor with 16-Channel
Analog Mux

8294 3-3/4-Digit DVM with Multiplexed

BCD Outputs
8298* LLL 8080A “Basic” Interpreter Plus
Hex Debugger
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Intel couldnt run.

Intel offers only 29 support products.

Which leaves us with 31 more ways we can help you
get the job done.

And that’s kinda nice.

8080A Microprocessor

Part No. Description
8224 Clock Generator and Driver for the 8080A CPU

8228 System Controller and Bus Driver for the 8080A CPU
8238 System Controller and Bus Driver for the 8080A CPU

Communications
Part No. Description
ggso ésynchronous ('éommunications Elemfent
51 rogrammable Communications Interface
8252* f\dv?fnced Programmable Communications Memory
nterface S
8261* Programmable Communications Subsystem Part No. Description
8274* Multi-Protocol Communications Controller- 8356 2048X8 ROM, 128X8 RAM 1/0
SDLC, ADCCP Bisync, DDCMP 8154 128X8 Static RAM with 16-Bit 1/0
8283*  Advanced SDLC, ADCCP Protocol Controller 8364/ 8192X8 MOS Mask ROM
8364E* (E is 2708 Compatible)
8316A/E 2048X8 MOS Mask ROM
8332E 4096X8 MOS Mask ROM
(2708 Compatible)
1702A 256X8 EPROM
8704 512X8 EPROM

2708/8708 1024X8 EPROM
8101A-4 256X4 Static RAM with Separate 1/0
8111A-4 256X4 Static RAM with Common 1/0
8102A 1024X1 Static RAM
74C920 256X4 CMOS Static RAM
with Separate 1/0
74C921 256X4 CMOS Static RAM
with Common |/O
74C929 1024X1 CMOS Static RAM
2114 1024X4 Static RAM
MM257 4096X1 Static RAM
DM87S296* 512X8 Bipolar PROM
5290 16K Dynamic RAM
8316A/E Mask ROM (2708 Compatible)
DM74S472* 512X8 Bipolar PROM/20-Pin DIP
MM5204 512X8 EPROM

*Available soon.
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Microprocessor
Data
Manual

This manual has four sections to help you evaluate
the microprocessors, microcomputers and bit slices
available from over 30 manufacturers.

The first section of the Data Manual deals with
microprocessor specifications and some of the pitfalls
you should avoid as you try to narrow the choice to
a specific model. Included are summary tables of
many device specifications as well as cross references
by model number and an alternate-source directory.

The second section features a primer article intended
for the microprocessor novice or for those who want
a refresher. The primer reviews most microprocessor
fundamentals and contains a glossary of commonly

used microprocessor-related terms.

The third section contains a data page for each
microprocessor or family of processors. Each page has
a complete description of the processor, its family of
support circuits with prices as of Aug. 1, 1977, a
description of the architecture and a discussion of
available software and the unit’s instruction set.

The fourth section contains a Focus report on floppy-
disc drives, the most popular bulk-storage device now
in use with microprocessor-based equipment. Learn-
ing how to avoid specification pitfalls will be an
important part of picking the best drive for your
microcomputer system.

Contents

Microprocessor selection guide..Dave Bursky, Associate Editor.. page 55
Microprocessor fundamentals....Ed Gellender, Consultant....... page 74
Microprocessor data page....... -2 L ¢ R SO S et T e page 82
Focus on Floppy-disc drives..... Dave Barnes, Western Editor... page 196
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Microprocessor selection guide

Every microprocessor can do a job—but with its own
language, architecture, support circuits and develop-
ment aids. Knowing one particular microprocessor’s
language (instruction set) doesn’t mean you can easily
switeh to another.

Selecting the best microprocessor, microcomputer
or bit slice has become a nightmare. Once you've
selected one, you face another bad dream—testing it.
Because a uP is designed to be general-purpose, it can
handle a virtually unlimited number of code combina-
tions. Some manufacturers have calculated that, even
when operating the processor at top speed, it would
take over 10 years to check all code combinations.

To help sort out the various models, word sizes and
performance ranges, ELECTRONIC DESIGN presents its
Microprocessor Data Manual. In it you will find
performance summaries of every available processor
and summary tables to help you compare similar
units. Also, to help you locate a processor by manufac-
turer or model number, we have included cross-
reference tables and an alternate-source directory.

Three major classes of processor components are
covered in this Manual:

1. Microprocessor—a general-purpose processor
on one to three chips. It contains an arithmetic and
logic unit (ALU), an address and data bus (sometimes
multiplexed), a built-in instruction set, and the basic
control logic.

2. Microcomputer—an all-in-one general-purpose
processor that is similar to the microprocessor except
that the chip contains the main control program in
read-only memory (ROM) and possibly a clock os-
cillator, some input/output (I/0) capability, and some
read-write random-access memory (RAM).

3. Bit slice—an enhanced subsection of the
microprocessor’s ALU. Besides the slice, which is
available in two or four-bit sections, other circuits
must be added to provide the basic control logic.

There are, of course, other classes of microprocessor
components—dedicated controller chips that are
either custom-designed or preprogrammed for specific
applications. Calculator chips, floppy-dise controllers,
microwave-oven controllers and many industrial
process-control circuits are typical examples.

Selection can start with data-word size

To start selecting, many companies recommend that
you first decide on the word size and the type of
instructions needed. Then you can determine the
execution speed and 1/0 capability needed. Once these
four basics are nailed down, you're free to look at price,
power drain, technology and available support.

Instruction-compatible microprocessors are avail-
able in more than one technology to provide per-

ELECTRONIC DESIGN 21, October 11, 1977

formance demanded by some applications. You can
pick and choose from bipolar technology (ECL, I2L,
STTL or TTL) or MOS (CMOS, NMOS or PMOS).

If you plan to use an off-the-shelf processor, you
can select data-word lengths of 1, 4, 8, 12 or 16 bits
for microprocessor chips, 1, 4, 8 or 16 bits for micro-
computer chips and 2 or 4 bits for bit slices. (An 8-
bit ECL slice is expected next year from Fairchild.)

Performance summaries of the three processor
types are provided in Tables 1, 2, and 3, respectively.
While all performance specs have been normalized for
easy comparison, you can still be misled by manufac-
turers if you don’t read the fine print.

Computing speed is a case in point. Often, manufac-
turers use a basic cycle time or period—sometimes
called a microcycle—to specify the instruction execu-
tion speed. But a microcycle is not necessarily the
inverse of the clock frequency—it’s often a multiple,
possibly two or three times the clock frequency. Each
instruction is then defined as requiring several micro-
cycles for execution.

As a result, a three-microcycle instruction may
actually require three, six or nine clock cycles. What's
more, longer instructions such as multiply and divide
can require tens or even hundreds of microcycles.

Clock speed can be misleading, too, if taken for a
measure of processor speed. One microprocessor can
perform basic operations—such as a register-to-reg-
ister add—faster than another unit running at a
higher clock because of variations in its internal
architecture. In this instance a clock-rate spee is not
very important.

Other speeds can give false indications of processor
speed, including minimum instruction time, inter-
rupt-response time, and addition time. Like cycle time
and clock rate, these specs don’t measure such impor-
tant factors as the over-all time needed to perform
critical routines in an application. Excluded, for in-
stance, are the delays incurred when the processor
must get data from memory. You can solve this
dilemma by tailoring a program that compares the
performance of several machines doing the same job.

Such a benchmark can help determine the power
of the processor’s instruction set, and circumvent
another oft-abused spec—the number of instructions.
Microprocessor comparisons based on this number
abound, but don’t make a choice based only on this
number. Make sure you can use all the commands.

Examine the instruction set carefully

A number won'’t tell you which instructions are put
aside for data movement and manipulation, for de-
cision and control and for input and output. Some
microprocessors have many more I/0 commands than
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Table 1. General-purpose microprocessors
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Motorola MC14500 [CMOS 1/4 (1o 1 FRS G 11 1/1 Yes |No [Yes/1 | 1[0 Yes [ No | No* | No No [No | No | Needs external program counter 451
Intel 4004 [PMOS 4/8 4k (46  [0.74/2 | 10.8/21.6 | No | Yes |Yes/l | 16| 3x12 |No | No | Yes | No |16 |15 Yes |Yes |Yes | Superseded by 4040 452
Intel 4040 [PMOS 4/8 8k (60 0.74/2 | 10.8/21.6 | No | Yes |Yes/1 | 24| 7x12 |No | No | Yes | Yes | 24 (15 Yes |Yes | Yes | General-purpose 4-bit uP 453
NEC Microcomputers wuPD541 [PMOS 4/8 4k |69 05/2 | 64/384 | Yes |Yes|Yes/8 [ 4 | 812 [No [ Yes| Yes | Yes | 42 |55 Yes [No |No | Intended for electronic cash registers, etc. 454
Fairchild 2 chip F8 |NMOS 8/8 64k 169 |2/1 2/13 Yes | Yes |Yes/1 | 64| RAM | Yes | Yes| Yes | Yes | 40 512 Yes |Yes | Yes | Usually used with program storage unit 455
General Instrument 8000 |PMOS 8/8 1k |48 08/2 | 1.25/3.75 | No | Yes |Yes/1 | 48| 0 No | No | Yes | Yes |40 (512 No |Yes |Yes | Predecessor of F8 457
Intel 8008 |PMOS 8/8 16k |48 08/2 | 125/375 | No |Yes |Yes/1 | 6 | 7x14 |No | No | Yes | Yes |18 |5,—9 Yes |Yes | Yes | Predecessor of 8080, still in wide use 458
Intel 8080A [PMOS 8/8 64k |78 |26/2 | 1.5/375 | Yes3|Yes|Yes/1 | 8| RAM [No | Yes | Yes | Yes |40 (5125 Yes | Yes |Yes | By and large, still the most popular 459
Intel 8085 |[NMOS 8/8 64k |80 N 1.3/585 | Yes |Yes|Yes/4 | 8| RAM |Yes| Yes| Yes | Yes |40 |5 Yes |Yes |Yes | 8080 code compatible, has built-in clock 460
MOS Technology MCS-650X [NMOS 8/8 64k |56 [4/1 0.5/3.5 Yes |Yes|Yes/l | O | RAM |[Yes| No | Yes | Yes | 40 |5 Yes | Yes |Yes | Provides 13 addressing modes 461
MOS Technology MCS-651X [NMOS 8/8 64k |56 |4/2 0.5/3.5 Yes |Yes|Yes/l | O | RAM [No | No | Yes | Yes |40 (5 Yes |Yes |Yes | Similar to 650X but needs 2¢ clock 462
Motorola M6800 [NMOS 8/8 64k (89 2/1 1/25 Yes |Yes |Yes/1 | 0| RAM |No | Yes| Yes | Yes | 40 {5 Yes |Yes |Yes | Available in new depletion-load version 463
Motorola M6809 (NMOS 8/8 64k {100+ |2/1 2/5 Yes |Yes [Yes/1 | O | RAM |[Yes| Yes| Yes | Yes [ 40 |5 Yes |Yes |Yes [ Enhanced 6800 command set 464
Motorola M6802 |NMOS 8/8 64k |89 2/1 2/5 Yes |Yes [Yes/1 | O | RAM |Yes| Yes| Yes | Yes | 40 |5 Yes | Yes |Yes | Has 128 x 8 on-chip RAM 465
National Semiconductor SC/MP ::gi 8/8 64k (46  |4/1 5/10 malos Yes | Yes/1 | O | RAM |Yes| Yes | No* | Yes | 40 (57 Yes | Yes [Yes | Has handy daisy-chain capability 466
only .
NEC Microcomputers wPD 8080A|NMOS 8/8 64k (78 2/2 1.92/8.16 | Yes3 | Yes [ Yes/1 | 8 | RAM |No [ Yes | Yes | Yes [ 40 [512,—5 Yes |Yes [Yes | Pin compatible but does BCD subtraction 467
RCA 1802 |CMOS 8/8 64k |91 6.4/1 | 2.5/3.75 |Yes |[Yes|Yes/1 | 16| RAM [Yes | Yes| Yes | Yes | 40 |3 to 12 Yes |Yes |Yes | Superseded two-chip version 468
RCA 1803 |CMOS 8/8 64k (91 6.4/1 25/3.75 |Yes |Yes |Yes/l 16/ RAM | Yes | Yes| Yes | Yes| 28 (3 to 12 Yes |Yes |Yes | Trimmed down version of 1802 469
Scientific Microsystems SMS-300 Bi-| 8/8 8k+ (8 10/1 Yes | No |No 0 No Yes 50 No |Yes |Yes | Very specialized instruction set 470
polar
Signetics 2650 [NMOS 8/8 32 |75 1.2/1 4.8/9.6 Yes | Yes | Yes/1 71 815 |No | Yes| Yes | Yes| 40 |5 Yes | Yes |Yes | Has two higher speed versions 471
Zilog 280 [NMOS 8/8 64k |150+ |4/1 1/5.75 Yes | Yes | Yes/1 14| RAM [ No | Yes| Yes | Yes| 40 (5 Yes | Yes |Yes | 8080 instructions are a subset 472
Intersil 6100 |CMOS 12/12| 4k (81 4/1 2.5/5.5 Yes |No |Yes/1 | O | RAM |Yes | Yes| Yes | Yes| 40 |4 to 11 Yes | Yes |Yes | Emulates PDP-8 instruction set 473
Toshiba 13190 ;!'A‘((J)i 12/12| 4k [108 |2.5/1 10/30 Yes [No [Yes/8 | 8 | RAM | Yes | Yes| Yes | Yes| 36 |5 —5 Yes |Yes |Yes | Has multiply and divide inst. 474
Data General mN601 |NMOS 16/16| 32k (42 833/2 | 1.2/295 |Yes |No |Yes/1 | 4 | RAM | Yes | Yes| Yes | No | 40 (510,14, —4.2 Yes |Yes |Yes | Emulates NOVA instruction set 475
Fairchild 9440 12L 16/16| 64k (42 10/1 Yes [No |Yes/1 | 4 | RAM | Yes | Yes| No®*| No | 40 No |No |No | Emulates NOVA instruction set 476
Ferranti F100L BiA| 16/16| 32k |28 20/1 1:19/5.75 |Yes |No |Yes/1 | O [ RAM [ No | Yes| Yes [ Yes| 40 |5 Yes |Yes [Yes | Can do double word operations 456 -
polar
General Instrument CP1600 (NMOS 16/16| 64k |87 4/2 1.6/48 Yes |No |Yes/1 | 8 | RAM | No |Yes| Yes | Yes| 40 |512,—3 Yes |Yes |Yes | All internal registers can be accumulators a7
National Semiconductor INS8900/PACE lmgSS/ 16/16| 64k |45 2/2 2.5/5 No |Yes | Yes/6 | 4 | 10x16 | No | Yes| Yes | Yes| 40 (58,—12 Yes |Yes |Yes | Architecture intended for data handling 478
Panafacom MN1610 |NMOS 16/16| 64k |33  |2/2 2/6 Yes® [No | Yes/3 | 5 [ RAM | No |Yes| Yes | No | 40 (5123 Yes |No |No 479
Texas Instruments TMS9980 |NMOS 16/161 16k |69 4/4 32/496 |Yes® [No | Yes/4 | 16| RAM | Yes | Yes| Yes [ No | 40 |512,—5 Yes |Yes |Yes | Small version of TMS 9900 480
Texas Instruments TMS/SBP9900 mlos 16/16| 64k |69 4/4 2/31 Yes® | No | Yes/16{ 16| RAM | No | Yes| Yes | No | 64 [512,—5 Yes |Yes |Yes | Emulates 990 mini instructions 481
Western Digital WD-16 INMOS 16/16| 64k |116 |3.3/4 | 2.1/780 Yes | Yes | Yes/16| 6 | RAM | No | Yes| Yes | Yes| 40 |512,—5 Yes |Yes [No | Very similar to DEC LSI-11 529

1. Has 8-bit external buses and 16-bit internal buses

2. With maximum clock 3. Except clock lines

4. Standard TTL or MOS circuits will suffice




others, and are thus tailored for a specific group of
applications. Instructions that you want but are not
included in the instruction set can be provided with
programmed routines, although you’ll probably sacri-
fice some speed to get the extra commands.

Examine a particular unit’s programming manual
carefully. The number of instructions claimed for a
processor can increase from one page to another.
Often, this increase stems from the different ways
used to define instructions. Many instructions are
available in different modes or operate on different
bits of a data word. Each variation in the same basic
instruction produces a different operation code—a
different instruction.

For example, the programming manual for a Z80
microprocessor says there are 158 “different” instruc-
tions. But taking into account all the possible address-
ing modes and variations, the 158 instructions become
696 operation codes. (Just to go back to the testing
problem, there are 696! possible combinations of
instructions. Multiply each instruction by 1.5 us—
assuming a 4-MHz clock—and then figure out how
many years you’ll need for a full test.)

Common addressing modes include direct, im-
mediate and indirect, but many processors offer other
modes, such as register, page 0, register indirect,
extended, implied and relative.

Often, the most flexible instruction sets are avail-
able in 16-bit processors, since the units closely
resemble minicomputers in both performance and
design. For example, some 16-bit processors offer
multiply and divide instructions that execute in tens

of microseconds. Eight-bit processors can be pro-

grammed to do the same calculation, but take milli-
seconds to do the job. In general, processors with the
same word length offer similar performance.

Analyze the uP’s architecture

Chip vendors will tout the computer-like features
of microprocessors every chance they get. These in-
clude the number and function of on-chip registers,
the type and depth of the stack register, interrupt
capability and the direct-memory-access feature. But
when it comes to architecture, the chip vendors lose
their voices to minicomputer manufacturers. They
can’t deliver as much performance.

The number of internal registers included in a
processor is not really critical unless you are designing
a minimal one or two-chip system. Essentially, the
only register a processor needs is an accumulator.
However, the accumulator must have access to memo-
ry, and an instruction set should permit immediate
addressing and data manipulation between the memo
ry and the accumulator. If indirect addressing i
available, even special indexing registers can be i
itated by using memory locations as registers.

The advantage of using on-chip registers instead
memory space is that the instructions are faster ar
the bits required are fewer. For example, not near

ELECTRONIC DESIGN 21, October 11, 1977

as many bits are required to specify one of several
predefined working registers as to specify a memory
location. And since the registers are on-chip, access
times are much shorter than for normal memory.

The type and*flexibility—not just the quantity—of
these on-chip registers is also important. Not every
“general purpose” register can be incremented, tested
for zero, decremented, or have other operations per-
formed. Not every register can be used for program-
loop control or counting or even indexed addressing,
without some fancy programming tricks or excessive
time delays.

Even the source and destination points for these
registers must be examined. A processor should be
able to load registers directly from memory—and
memory from registers—without having the data first
go into its accumulator.

Microprocessors are split about 50-50 between those
that have on-chip subroutine stack registers and those
that don’t. The units without use memory as a
subroutine stack, so they can handle an almost un-
limited number of program subroutines. However,
their chips must have a stack-pointer register, which
must be set by one of the initialization instructions
to point at the area of memory reserved for the stack.
When the stack is on the processor chip, there is a
limit to the number of subroutine levels that can be
stored in the stack.

If an application involves asynchronous or unpredic-
table events, an interrupt capability on the processor
is essential. Most units claim some form of interrupt
capability, but only a few of the newer units can
handle several levels of prioritized interrupt. Most of
the processors announced in the last year can handle
single-line, multilevel and vectored interrupts. And all
their registers are automatically saved in the stack
when an interrupt comes along; after the interrupt
is serviced, the register contents are automatically
estored.

When large amounts of data must be transferred
hack and forth between a uP’s memory and per-

herals, your processor should be able to withdraw

elf from the loop and permit direct-memory ac-
ses (DMAs). Most of the newer units can do that
! even have one or two pins dedicated to a DMA-
trol function. A DMA transfer can often be five
'n times faster than transferring data through the
essor itself for I/0 applications.

le on the number of I/O lines

st microprocessors provide the means to control
‘output operations via specialized circuits. Mi-
iputers, on the other hand, usually have some
I/0 capability built in. If your application
s a fixed number of input lines and a fixed
¢ of output lines, one of the all-in-one chips
e the answer, since they offer as many as 32
s in a single package. However, when your
uirements are subject to change, one of the
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Table 2. All-in-one processors
2 & 1 i E|gs
sg = §§ g g gg Eg § £ gé gg s = = gé g% SE
Plagl S | 28] _EcH e 55 | 8| g 2l8f 22 Tefrg i | 5 |BF|sE|zi|it
§2 |25| 5. | 82| BE |Bs| gt |Ss| E& | Bl E|SE|Sz|cE|ESicE B | BE |cs|®Elii|is e
Company bevie| S5 |28 S3| S8 | s& |53 58 |2%| 23 |p5jgE|2E|3%| 52 |EcPB 5 i8 E R HIE T — g5
General Instrument SBA| NMOS | 1/8{120X1|1024%8 No 8 800 Yes | 1.25/1.25 | Yes|No | No | 16 | RAM | 31 | No| 40 5,12 Yes | No |No |No | Will have expandable version 482
Essex International $X-200f PMOS | 4/8 | 64X4 |1024X8 Yes 41 400 Yes 20/20 No|Yes [Yes/I| 1 | RAM | 16 | No| 28 10t0 20 |Yes | Yes |Yes |Yes | Has touch switch interface 483
ITT Semiconductor 7150 PMOS 7 ? NAl ? ? 25 Yes ? ot A R ? ? 14 | Yes |14/18/24 =15 No | No |No |[No | Designed for washing machines 484
National Semi MM57109| PMOS | 4/8| 5X32 | NA. Yes 70 400 No | 1220/1 S| Yes|VYes Yes/1| 4 1 11 |Yes| 28 9 No | No [No |No | Has scientific calculation ability 485
MM57140/57152| PMOS | 4/8 | 554 | 630%8 No 35 280 Yes 16/16 Opt{Yes| 0 2 4 24 | No 28 79 t0 95 |Yes | Yes |No |Yes | Drives LEDs or fluorescents 486
MM5799( PMOS | 4/8| 96X4 | 1536%8 No 35 400 Yes 10/20 Opt)Yes| 0 2 5 23 |Yes| 28 79 to 95 |Yes | Yes |No |Yes | Serial 1/0 and LED drive 487
MM5781/82| PMOS | 4/8 | 1604 | 2048 %8 Yes 35 400 No 10/20 Opt{Yes| 0 2 5 24 |Yes| 28 79 to 95 |Yes | Yes |No |Yes | Two chip set 488
NEC Microcomputers wPD548| PMOS |4/10| 96X4 [1920X10|  Yes 72 200 No 10/20 Yes| Yes |Yes/2| 4 | RAM | 35 [ No| 42 -10 Yes | Yes [No |No | Can interface to keyboard 489
uPD546| PMOS | 4/8 | 964 | 20008 No 80 440 No 10/40 Yes| Yes [Yes/1| 3 6 35 | No 42 -10 Yes | Yes | No |Yes [ Has 6-bit programmable timer 490
uPD547| PMOS | 4/8| 64X4 [1000X8 No 58 440 No 10/40 Yes|Yes [Yes/1| 1 | RAM | 35 | No| 42 -10 Yes | Yes [No |Yes | Instructions are 546 subset 491
uPD545| PMOS | 4/8| 32x4 | 640%8 No 58 440 No 10/40 Yes|Yes [Yes/1| 1 | RAM | 21 | No| 28 =10 Yes | Yes | No |Yes | Can handle high voltages 492
Panasonic MN1400| NMOS |4/8 | 64X4 |1024X8 No 75 300 Yes 10/20 Yes|Yes [Yes/1| 2 | RAM | 30 [No| 40 5 No | Yes | Yes |Yes | Complete all-in-one controller 532
MN1402| NMOS |4/8| 32X4 | 768%8 No 57 300 Yes 10/20 Yes|Yes [Yes/1| 2 | RAM | 19 | No 28 5 No | Yes | Yes |Yes | Smaller 1/0 version of 1400 533
MN1498| NMOS |[4/8| 64X4 | NA. Yes 68 300 Yes 10/20 Yes| Yes [Yes/1| 2 RAM 18 | No 40 5 No | Yes | Yes |Yes | Handles 1024 bytes of external memory | 534
MN1493| NMOS |[4/8| 64X4 | NA. Yes 75 300 Yes 10/20 Yes| Yes [Yes/1| 2 | RAM | 31 [No| 64 5 No | Yes [ Yes |Yes | Handles 2048 bytes of external memory | 535
Rockwell PPS-4| PMOS [4/8]| 0 0 Yes 50 T200/«|100k No 5/15 No | Yes [Yes/1| 2 1 12+ |Yes| 42 [—17/+5—12 |Yes | Yes | No |Yes | Combination ROM/RAM/I/O available | 493
wo clocks

PPS 4/2| PMOS (4/8| 0 0 Yes 50 | 200/400 Yes 5/15 No|Yes| No | 2 1 12+ |Yes| 42 —17/+5—12 | Yes | Yes | No |Yes | Same as PPS-4 but has internal clk 494
PPS-4/1 MM77| PMOS |4/8 | 96X4 [1344X8 | RAM only [ 50 100/4 Yes 10/40 Yes| Yes [Yes/1| 2 [2+RAM| 31 |Yes| 42 —15/45,—10 | Yes | Yes | No |Yes | 1/0 includes serial channel 495
MM78| PMOS |4/8 | 1284 |2048%8 | RAM only | 50 100/4 Yes 10/40 Yes|Yes [Yes/1| 2 [2+RAM| 31 |Yes| 42 —15/+5,—10 | Yes | Yes | No |Yes | Software compatible with 77 496
MM76| PMOS |4/8| 48X4 | 640X8 | RAM only | 50 100/4 Yes 10/40 Yes|Yes [Yes/1| 1 [1+RAM| 31 |Yes| 42 [—15/45—10 |Yes | Yes | No |Yes | Primarily used for keyboard display 497
MM76/C| PMOS |4/8 | 48X4 | 640X8 | RAM only | 50 100/4 Yes 10/30 Yes|Yes |Yes/1| 1 |1+RAM| 39 |Yes| 52 |—15/+5—10 |Yes | Yes | No |Yes | Has high-speed counter 498
MM76/D| PMOS |4/8 | 48%4 | 640X8 | RAM only | 50 100/4 Yes 10/30 Yes| Yes [Yes/1| 1 [1+RAM| 37 [Yes| 52 —15/45,—10 | Yes | Yes [ No |Yes | Has a/d converter on chip 499
MM76/E( PMOS |4/8 | 48X4 [1024X8 | RAM only | 50 100/4 Yes 10/30 Yes| Yes [Yes/1| 1 |1+RAM| 31 [Yes| 42 —15/+5—10 | Yes | Yes | No |Yes | Larger ROM than MM76 500
MM76/L| PMOS -|4/8| 484 | 640X8 | RAM only | 50 100/4 Yes 10/30 Yes| Yes [Yes/1| 1 |1+RAM| 31 [Yes| 40 6 to 11 Yes | Yes [ No |Yes | Low voltage version of 76 501
MM75( PMOS [4/8 | 48%4 | 670%8 | RAM only | 50 100/4 Yes 10/40 Yes|Yes [Yes/1| 1 |1+RAM| 22 |Yes| 28 [—15/+5—10|Yes | Yes [ No |Yes | Reduced 1/0 version of 76 502

Texas Instruments TMS-1000 [PMOS/NMOS | 4/8 | 64X4 |1024X8 No 43 400 Yes 15/15 Yes| Yes |Yes/1| 1 2 [23/25|Yes | 28/40 15 Yes | Yes [ Yes |Yes [ Alsoa 35V familyand a low voltage family
TMS 1070/1270 and TMS 1100/1300 | 503
TMS-1100 |PMOS/NMOS | 4/8 128X 8 | 2048 X8 No 40 400 Yes 15/15 Yes| Yes [Yes/1| 1 2 |23/28| Yes | 28/40 15 Yes | Yes | Yes |Yes | Pin compatible with TMS-1000 504
TMS-1018| PMOS [4/8 | 64X4 | NA. No 43 400 Yes 15/15 Yes|Yes | No [NA.| NA 4 1 No| 28 15 Dedicated number cruncher 505
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2 Externally 8 bits, internally 16 bits 3 User defined

? Not available

1 Not applicable

more general-purpose units would probably be better.

Ideally, when you pick a processor with I/0 lines
on the same chip, you'd like to be able to configure
each line as you need it. With some processors, you
can configure each line to act as either an input or
an output. But many processors don’t have this
capability—and skimming the data sheet may not
uncover this deficiency.

Often, the I/0 lines are already dedicated—some
fixed as outputs and the rest as inputs. And, even if
they are programmable, they might be programmable
only on a word basis. Individual lines cannot be set
as input or output. Some all-in-one circuits can be
expanded beyond their limited on-chip I/0 capability,
but by the time you add all the necessary expansion
circuits, you’ll be wishing that you had used a general-
purpose chip instead.

While you're checking the capabilities of the I/0
lines, check the capabilities of the I/0 instructions.
Processors with dedicated I/0 lines usually have
special instructions for manipulating bits, setting
mask codes and even performing operations directly
on the bits in the port. General-purpose processors
usually don’t have any I/0 port lines, but there are
many specially designed support circuits available to
provide both serial and parallel I/0 ports.

Serial I/0 capability is available only on a few
processor chips but if you need only one serial port
along with some parallel I/0 lines you should consider
a processor with serial I/0 to keep the chip count
minimal. Controlling the serial port is done via the
program so no extra hardware is needed, except for
a buffer or level shifter.

For almost all processors, data sheets claim TTL
compatibility—but don’t expect most MOS processors
to drive more than one normalized or low-power TTL
load. Older processors can’t even drive that much of
a load without pull-up resistors or MOS-to-TTL level
shifters and buffers.

Few microprocessor spec sheets deal with noise
immunity—an important spec if your processor will
be used in industrial environments. Comparing input
levels for peripheral circuits with the address-output
levels of a certain processor may reveal little or no
protection against unwanted transients. If you don’t
have the needed noise immunity, you will quickly
discover the need when you move the prototype from
the lab bench to the factory floor.

However, some CMOS processors can provide noise
immunity without much strain since the signal swings
typically range from the supply to ground. Of course,
you can get around the noise problem by using
inexpensive level shifters and pull-up resistors, but
they take up valuable board space and power.

You can also roll your own processor

Now that bit-slice chips are available, you can
design your own multichip processor. A bit-slice-based
processor will be two to five times faster than NMOS
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Table 3. Bit-slice families

Jaquiny
812419

517
827

518

519
520

521

522
523
524
525
526
527

528

Comments

ALU has nine more instructions than 2901,

including multiply and divide.

Need external register file

Uses IMP-4 ALUs with big ROM

Has pipeline register

Does not have pipeline register

3|qejieA. S)N2IID
yoddns pazijedadg

Yes | Has widest number of second sources

Yes | CMOS version (34705) operates at 2 MHz

1978| Only 8-bit slice

Yes | Only 2-bit ALU available

No | Has double-addressing capability

Yes | Fastest bit slice available

No
No

No | Two development systems available

No
No

Yes | Very flexible instruction set
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2900 | STTL
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CMOS
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100k 8-bit

3000 | STTL
5700/6700 | STTL

Intel

Monolithic Memories

10800 | ECL
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IMP-4 |PMOS | 00A/520
IMP-8 [PMOS | 00A/520
IMP-16 [PMOS | 00A/520

National Semiconductor

SBP-0400A
SBP-0401A

Texas Instruments

745481 | STTL

*In definition stage

processors since just about every
slice is bipolar and takes under 100
ns to execute an instruction. Right?

Wrong. The 100 ns refers to a
microinstruction—not a complete
instruction as in microprocessors.

In a microprocessor, micropro-
grams tell the logic circuits in the
chip how to route data and set up
the ALU to perform an operation.
In a bit slice, you must program
these instructions into the micro-
program memory. (The micro-
program memory consists of a
ROM array that is not part of the
addressable RAM or major pro-
gram space.)

Normally, a programmed bit-
slice processor may require any-
where from 100 to 1024 words of
microprogram memory to control
all the operations. Each word, in
turn, can consist of many bits since
it can be used to control more than
just the processor slice. It can also
control peripherals, memories and
other processor subfunctions. De-
pending on the application, a
microprogram-control word can be
from about 10 to 60 bits long.

The advantages of micropro-
gramming your own processor ver-
sus buying a programmed chip in-
clude the ability to write your own
macroinstructions and thus cus-
tomize for your application.

With microprogramming, you
don’t need as much control hard-
ware either—software does more
of the peripheral control than with
a macroprogrammed processor.
This proves invaluable in applica-
tions requiring in excess of tens of
thousands of units. Microprogram-
ming also presents a good alter-
native when a system must be
emulated or when critical short
routines must be executed rapidly.

However, microprogramming
does have a drawback. Since the
programmer works very closely
with the timing relationships of the
machine itself and on a machine-
language level (the 1’s and 0’s),
developing a program is difficult.
Each application requires a dif-
ferent microprogram, with a dif-
ferent instruction set, so designs
cannot be transferred readily. Nor
can software design aids, most of
which are geared for a fixed in-
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struction set, be used with a bit-slice processor’s
alterable macroinstruction set.

What’s happening

Even in the short interval since ELECTRONIC DESIGN
presented its microprocessor roundup (ED No. 14, July
5, 1977, p. 26), new microprocessors and micro-
computers have been introduced.

For example, Texas Instruments claims a first with
its TMS9940—the first 16-bit microcomputer chip. It
is instruction compatible with the other TMS9900
products except for four instructions. The develop-
ment version puts a 2048-byte erasable PROM and the
processor on the same chip, while the production
version puts a mask-programmed ROM on the chip.

Drifting down to the low-end microcontrollers: Both
Toshiba and Panasonic (Matsushita) have introduced
4-bit processors for dedicated-control applications.
Toshiba offers the T3444 and 3472 processors for high-
speed data handling and man/machine interfacing,
respectively. Preprogrammed versions of the T3444
are available as floppy-disc controllers and cassette
controllers.

Panasonic’s MN1400 family consists of four models,
each with a different amount of on-board memory and
different features. The MN1499 is the prototyping unit
and has provisions for external memory and 75 in-
structions.

The other newcomer is the 4-bit S2000 developed
by American Microsystems. It is a display-oriented
microcomputer with a 1k X 8 on-chip ROM and drivers
for either a LED or vacuum fluorescent display.
Meanwhile, more details have finally come out about
the 2903, an enhanced version of the 2901A bit slice
from Advanced Micro Devices. The 2903 has nine
additional instructions—unsigned multiply, two’s
complement multiply, increment by one or two,
sign/magnitude two’s complement, two’s complement
multiply correction, single length normalize, double
length normalize and first divide op., two’s comple-
ment divide, and two’s complement divide, correction,
and remainder. No other processor slice has multi-
plication or division routines.

Products that will appear in early 1978 include an
8-bit ECL processor slice currently being developed
by Fairchild, the Z8 microcomputer from Zilog, and
a 2-k X 8 version of the 8048 from Intel.

More details of the Zilog Z8 all-in-one micro-
computer have been released since the product was
brought to light in the ELECTRONIC DESIGN roundup.
The 8-bit processor chip includes a 96-byte RAM,
where each byte can act as an accumulator. Data can
be transferred back and forth to any RAM word by
the I/0 ports or ALU. Although the Z8's instruction
set has fewer basic instructions than the Z80, more
variations are possible. So the number of op codes
increases.

Of the 32 I/0 lines on the Z8, 16 are set up to be
individual-line programmable as input or output,
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eight lines are set to be byte-programmable as input,
output or bidirectional, and eight can be divided into
4-bit sections, each of which can be either input, output
or bidirectional lines. Software controls all the port
I/0 lines and the control commands can be either
mask-programmed on the processor chip or stored in
external memory.

External memory for the Z8 can be expanded so that
the processor addresses both 65 kbytes of ROM and
another 65 kbytes of RAM or ROM. The processor also
has an on-chip prioritized interrupt structure that is
software-controllable. Up to six interrupts can be
handled without any support circuits.

The processor executes its instructions fairly fast
—the shortest instruction can run in 0.75 us and the
longest in 1.9 us.

Also on the Z& chip are two software-controllable
8-bit counter/timers that can interrupt the processor.
One timer has an 8-bit prescaler that is also software
programmable so that large timing loops can be used.

Zilog is also readying the Z8000, an NMOS 16-bit
microprocessor with the equivalent processing power
of a minicomputer such as the 11/70 made by Digital
Equipment Corp. (Maynard, MA). The Z8000 will have
a RAM-addressing capability of millions of bytes (with
the use of a special memory-expander chip) and have
advanced instructions such as hardware multiply and
divide.

The processor has been optimized to execute
compiler-generated code, according to company of-
ficials. It can perform instructions in less than 1 us
(for the shortest instruction). Still, the processor
instructions will be compatible with the assembly-
level mnemonics already in use on the Z80. A trans-
lator program will also by available to transfer
assembly-level Z80 programs into Z8000 op code.

Both the Z8 and Z8000 will not be available until
1978, with the Z8 scheduled for early 1978 and the
73000 for late 1978.

This year has been a good one for alternate-source
agreements. Even Intel has selected a few companies
to whom it will provide masks for its 8048 and 8085
microprocessors. Monolithic Memories has finally
found an alternate source—ITT—for its 5701/6701 bit
slice just as it starts manufacturing the 2901A bit slice
as an alternate source to AMD.

In the 4-bit area, Texas Instruments has quietly
postponed its introduction of NMOS equivalents to its
TMS-1000 family. But even more quietly, TI has
announced a CMOS equivalent. The only 4-bit CMOS
processor on the market, it should find a home in many
portable and battery-operated items.

Take a close look at some units

Most of this year’s development activity has been
in 8-bit microprocessors and microcomputers. The
Mostek 3870 single-chip microcomputer is in a head-
to-head confrontation with the Intel 8048. Both units
have many of the same features, with the Mostek chip
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Processor alternate source directory

typgelr'\‘ﬁ:lrfber E;ia (vt::;;;i Technology Original source Alternate sources ;?aagt: ::z:g::,
1600, 1610 16 NMOS General Instrument EM&M Semiconductor 164
1650, 1655 8 NMOS General Instrument EM&M Semiconductor 106
1802, 1803 8 CMOS RCA Hughes & Solid State 130
Scientific
1872 4 PMOS Western Digital None 116
2650 8 NMOS Signetics Advanced Memory Systems | 144
National Semiconductor
2900 4 STIL Advanced Micro Devices Fairchild, Monolithic 180
Memories, Motorola,
National Semiconductor,
Raytheon, Sescosem,
Signetics
3000 2 SEUE Intel Signetics 176
3850 8 NMOS Fairchild Mostek, Motorola 132
3859 8 NMOS Fairchild Discontinued —
3870 8 NMOS Mostek Fairchild, Motorola 110
4040/4004 4 PMOS Intel National Semiconductor 124
5701/6701 4 STl Monolithic Memories ITT Semiconductor 182
6100 12 CMOS Intersil Harris Semiconductor 154
6400 8 NMOS Motorola None —
65XX 8 NMOS MOS Technology Rockwell, Synertek 138
6800, 68A00, 8 NMOS Motorola American Microsystems, 140
68B00 Fairchild, Fujitsu,
Hitachi, Sescosem
Thompson CSF
6801 8 NMOS Motorola None* —
6802 8 NMOS Motorola None 142
6809 8 NMOS Motorola None* 118
7150 4 PMOS ITT Semiconductor None
8000 8 PMOS General Instrument AEG, SGS-ATEs 112
8008 8 PMOS Intel None 148
8035, 8048, 8 NMOS Intel Advanced Micro Devices, 108
8748 NEC and Signetics
8041, 8741 8 NMOS Intel None 120
8080A 8 NMOS Intel Advanced Micro Devices, 134
NEC, National Semi-
conductor, Signetics,
Texas Instruments
8085 8 NMOS Intel Advanced Micro Devices, 136
NEC
8900 16 PMOS National Semiconductor None 166
9002 8 NMOS Electronic Arrays Discontinued -
9080 8 NMOS Advanced Micro Devices Actually an alternate 134
source for 8080
9405, 34705 4 STTL/CMOS Fairchild (Macrologic) Signetics 178
9440 16 12 Fairchild None 160

*This product is still in development

offering double the ROM capacity and the Intel device
a larger instruction set.

Intel introduced the 8048 and 8085 processor fami-
lies last year, with a flurry of industry firsts. A pin-
compatible unit with the 8048, the 8748 has all the
features of the 8048, but instead of containing 1024
bytes of mask-programmable ROM, the 8748 contains
1024 bytes of ultraviolet, erasable, programmable
read-only memory. Not only is the PROM included
on the chip, but the chip itself can operate from a single
5-V supply—another first.

Support for the 8048 and 8085 comes from a family
of 8-bit auxiliary chips, including the 8155, a 256 X
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8 static RAM with programmable 14-bit timer and 22
lines of programmable I/0—all on one chip. There’s
also the 8355/8755, a 2048 X 8 ROM with 16 lines of
programmable I/0, or a 2048 X 8 UV EPROM with
16 lines of programmable I/0. Both the 8155 and
8355/8755 also help simplify the interface between
Intel’s other new processor, the 8085, and the outside
world.

The 8085 is a souped-up 8080A with two more
instructions, some new control lines, an on-chip clock
oscillator, and a faster instruction-execution speed.
However, to get the additional control capability while
keeping the processor in its 40-pin package, something
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Generic Data word e e Data manual
type number size (bits) echnology Original source Alternate sources page number
9900 16 12L/NMOS Texas Instruments American Microsystems 170

(NMOS version)
9940 16 NMOS Texas Instruments None* 114
9980 16 NMOS Texas Instruments None 172
10800 4 ECL Motorola None 184
14500 1 CMOS Motorola None 122
8X300 8 STTL Signetics None 128
745481 4 STTL Texas Instruments None 188
100 K 8 ECL Fairchild None* 98
COPS 4 PMOS National Semiconductor None —
F8 8 NMOS Fairchild See 3850 158
F100L 16 Bipolar Ferranti None 190
IMP-4, 8, 16 4, 8, 16 PMOS National Semiconductor Rockwell
Macrologic 4 STTL/CMOS | Fairchild See 9405, 34705 —
MCP-1600/WD-16 | 16 NMOS Western Digital None 174
Micromachine 8 NMOS Fairchild See 3859 —
mN601 16 NMOS Data General None 162
MN1400 4 NMOS Panasonic None 90
- MN1610 16 NMOS Panafacom None ' 168
PACE 16 PMOS National Semiconductor Rockwell
PPS-4 4 PMOS Rockwell National Semiconductor 126
PPS-4/1 4 PMOS Rockwell None 104
PPS-4/2 4 PMOS Rockwell None 126
PPS-8 8 PMOS Rockwell National Semiconductor 152
PPS-8/2 8 PMOS Rockwell None 152
$2000 4 NMOS American Microsystems None 88
SBA 1 NMOS General Instrument None 84
SBP0400A/ 4 12L Texas Instruments None 186
0401A
SC/MP, SC/MPII 8 NMOS/PMOS | National Semiconductor Rockwell, Signetics, 150
Western Digital
SMS-300 8 STTL Scientific Microsystems Signetics —
SX200 4 PMOS Essex International None 96
T3190 12 PMOS, NMOS| Toshiba None 156
T3444 4 NMOS Toshiba None 92
T3472 4 NMOS Toshiba None 94
TMS1000, 1100, | 4 CMOS, NMOS| Texas Instruments Motorola for CMOS 86

1200, 1300 or PMOS version
uCOM 42 4 PMOS NEC None 100
uCOM 43, 44, 4 PMOS NEC None 102

45
8 8 NMOS Zilog None* —
280 8 NMOS Zilog Mostek, Sharp 146

had to be forfeited.

So the 8080A’s totally separate data and address
buses had to go. The 8085 has the eight most-signifi-
cant address bits brought out to their own pins, but
the eight least-significant address bits are multiplexed
on the eight data-bus lines. So that a complete system
can be formed with only two chips, the 8355/8755 and
the 8155 have internal address latches that can hold
the first eight bits of the address.

The 8085 contains the equivalent of the bus con-
troller and clock generator on its chip. All the 8080A’s
software is compatible with the 8085. The only changes
you may have to make are in timing loops since the
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time will change with the higher clock frequency. The
processor chips, of course, are not pin-compatible, so
upgrading the system really means redesigning the
circuit board. However, all chips in the 8085 can
operate from a single 5-V supply.

Mostek’s 3870 doesn’t have any new specialized
support circuits, but it is compatible with all the older
F'8 processor circuits and software. So popular is the
3870, in fact, that Fairchild, the original developer of
the F8, has scratched plans to market its own one-
chip microcomputer, the 3859. Instead it will
alternate-source the 3870, currently the only 8-bit
microcomputer with 2048 bytes of on-chip storage.
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croprocessor
model number

Table 4. Directory of .Ps by vendor
f nufacturer

AEG

Advanced Micro Devices

Advanced Memory
Systems (Intersil)

American Microsystems

Data General

EM&M Semi

Essex International
Fairchild

Ferranti
Fujitsu
General Instrument

Harris Semiconductor
Hitachi

Hughes

Intel

Intersil

ITT,

Monolithic Memories
MOS Technology
Mostek

Motorola

National Semiconductor

NEC

Panafacom
Panasonic
Philips
RCA
Raytheon
Rockwell

SGS-ATES

Scientific Microsystems
Sharp

Siemens

Signetics

Solid State Scientific
Synertek
Texas Instruments

Thomson CSF/Sescosem
Toshiba
Western Digital

Zilog

Series 8000*
2900, 8048*, 8080*, 8085*

2650*

'6800*, 9900*, S$2000

mN601 (microNova)
CP1600*, 1610*, 1650%,
1655*

SX200

Macrologic (9405), 100K,
2900%*, 3850(F8), 3870%,
6800*%, 9440

F100-L

6800* e

CP1600, 1610, 1650, 1655,
SBA

6100*

6800*

1802*

3000, 4004/4040, 8008,
8048, 8080A, 8085
IM6100

1600*, 5701/6701%, 7150
2900%*, 5701/6701

65XX

3850*, 3870, Z80*

2900*, 3850%*, 3870%*, 6400,
6800, 6801, 6802, 6809,
10800, 14500

2650%, 2900*, 4004/4040%,
8080A* COPS, IMP-4, 8, 16,
INS8900, PACE, PPS-4%*,
PPS-8*

8048*, 8080A*, uCOM 42,
43, 44, 45

MN1610

MN1400

8080A*

CDP1802

2900*

65XX*, PPS 4, 4/1, 4/2, 8,
8/2, SC/MP II*

Series 8000*

SMS-300

Z80%*

8080A*

8X300, 2650A, 2900*, 8048*,
8080A*, 8085*, 9405%,
34705*, SMS-300*

1802*

65XX*

745481, 8080A*,
SBP-0400A/0401A,
TMS-1000, TMS-9900, 9940,
9980

2900*, 6800*

T3190, T3444, T3472
1872, MCP1600/WD-16,
SC/MP II*

Z8, 780, 78000

*Alternate source product
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Meanwhile, no 16-bit processor has captured a
dominant market share. The biggest 16-bit trend is
price reductions. General Instrument, for instance,
recently introduced an $8 version (100 qty) of its
CP1600 16-bit microprocessor. The low-cost 1610 is
totally pin and software-compatible. Performance,
however, was traded off for low cost—the 1610 oper-
ates at a 2-MHz maximum clock instead of 4 MHz,
and comes in a plastic—not ceramic—40-pin DIP.

National Semiconductor has upgraded its PMOS 16-
bit microprocessor, the PACE, with an NMOS
equivalent, the INS8900, which performs better for
the same price. (National, however, isn’t pushing the
PACE any more and rumors indicate it will be
discontinued in the near future.)

Ferranti’s bipolar 16-bit processor, the F100L, is not
well known in the U.S. But with its rapid clock speed,
it can provide high performance, and since it’s a
bipolar device, it can operate over the full military
temperature range.

The only other 16-bit bipolar processor is the
SBP9900 from TI. The SBP9900 and its NMOS
equivalent, the TMS9900, as well as a “shrink” (16-
bit internal data bus, 8-bit external) version, the
TMS9980, are all software-compatible with each other
and with TI's 990 series of minicomputers. Software-
development costs for the 9900 can be kept down since
the 990 minicomputers have an extensive program
library.

The same is true for the mN601 (microNova) from
Data General. The 16-bit mN601 is software-com-
patible with the company’s Nova series of mini-
computers, so it has a vast repertoire of applications
software. Also available are all the peripheral devices
and interface circuits already designed for the Nova
minicomputers.

Fairchild has announced a bipolar (I°L) 16-bit ma-
chine, the 9440, that emulates the Nova 1200
minicomputer-instruction set. However, due to
patent-infringement lawsuits brought on by Data
General (the developer of the Nova), the 9440 will not
be available for a while.

Getting all the hardware together for a prototype
system is probably the easier half of system design.
The harder half is getting the software to control the
system. Writing the code to control the micro-
processor, microcomputer or bit slice can take about
double the time you typically allot for it—and possibly
cost as much as $100,000. However, the software cost
can be amortized by the number of systems produced
since it is a one-shot expense.

Speed program development with design aids

Almost every manufacturer of a processor product
—and several other manufacturers—offer some form
of development system to help you develop both
hardware and software for the processor. However,
features vary considerably from one manufacturer’s
system to the next. Depending on the features each
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system offers, be prepared to spend anywhere from
$6000 to $15,000 for a system that permits you to
program only one manufacturer’s processor.

Only one or two systems can program more than
one manufacturer’s processor—that capability will
cost you about $25,000. But what do you get for the
money? Typically you're buying a microcomputer with
about 32 kwords of RAM, several kwords of ROM, a
dual floppy-disc system, a CRT terminal and a printer,
paper-tape reader/punch and possibly a PROM pro-
grammer. The floppy-disc memory and the ROMs
contain most of the control programs needed to
develop your own programs.

If you don’t want to invest in major equipment such
as a development system, you can use a computer
(usually a large one) to develop your programs. But
depending on how long it takes to develop your
program, going this route could be more expensive in
the long run.

Typical programs you would use during a program-
development cycle include an assembler, editor and
a compiler. There are also large programs written in
Basic, variations of PL/1 and Fortran that are used
first to develop programs in these higher-level lan-
guages, then to translate the instructions down to the
actual operation code needed to control the processor.
These languages, though, generate more code than is
necessary. But that’s the price you pay if you don’t
want to work in the assembly language of the process-
or itself.

An assembler is a program that translates
assembly-language statements into machine code that
your processor can execute. However, there are many
types of assemblers, each with its idiosyncrasies.

Essentially, an assembler reads statements written
in mnemonic or symbolic form and produces the op
codes necessary to run the processor. Errors due to
misuse of the assembly language can be detected by
the better assemblers and pointed out before the code
is programmed into the processor.

Most assemblers offered require two passes through
the mnemonics to be assembled before they complete
their job. Usually, on the first pass the assembler
assigns addresses to all jump symbols and labels used
in the program. On the second pass, all instructions
are converted into binary, with all the correct jump
locations inserted into the proper places.

More efficient assemblers require only one pass
through the mnemonic listings to do the job complete-
ly, which cuts the time needed to obtain binary codes.
Many of the assemblers also offer the convenience of
transferring the binary codes directly to a paper tape
or PROM, thus providing a permanent record of the
program and putting it in a form easy for the processor
to digest.

The more powerful assemblers often include anoth-
er feature, called macro capability. This feature per-
mits short, oft-used mnemonic routines to be repre-
sented by a new mnemonic that can then be sub-
stituted into the program under development. When
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the final program is assembled, the macroassembler
automatically substitutes the proper code sequence.

Editor programs permit you to write programs in
assembly language and to change them at will with
simple commands. They are available either on time-
sharing systems or on most of the purchasable de-
velopment systems. With editors, you can add
documentation; store, combine and retrieve programs;
and deliver programs to paper tape or printers.

The coding process is usually comipleted with a
loader. Usually stored in ROM, a loader transfers the
binary programs from paper tape into RAM, from
ROM into RAM or from some form of magnetic
storage into the computer. A relocating loader auto-
matically readjusts program addresses and loads the
resulting instructions into the computer. Another
feature some loaders offer is a linking capability,
which lets you use routines with undefined labels.
Missing label definitions are filled in as the program
is loaded.

Compiler programs let you develop your program
in a higher-level language. Since many programmers
are familiar with languages such as Fortran or PL
or Basic, this capability cuts development time. The
biggest factors in deciding whether or not to use a
high-level language are turnaround time and memory
size. (Code generated by high-level languages can
require about 20 to 50% more memory space than
assembly-language-generated programs.)

In addition to the basic development aids, sim-
ulators, emulators and debuggers are usually man-
datory to track down errors that might still remain
in the code. For the same reason hardware emulators
and in-circuit emulation are handy capabilities to have
in a development system.

Don’t overlook the learning aids

Anyone interested in designing uP-based equipment
is immediately confronted with a bewildering variety
of evaluation kits, learning aids, design aids, teaching
aids and programming aids. Because the uP market
has grown so rapidly, there are no exact definitions
for the aids.

“Aids” currently range from under $200 to well over
$20,000 depending on the features. But one subgroup,
from $100 to $900, permits just about anyone to get
“hands on” experience with a particular processor.

Almost all the inexpensive microprocessor design
aids are aimed at 8-bit devices—there are no 4-bit
microprocessor or microcomputer design aids. There
are, however, several inexpensive evaluation kits for
the two-bit Series 3000 bit slice and the 2900 4-bit slice.

For the 8-bit processors, Intel offers several kits as
well as preassembled boards for its 8080A and 8085.
Motorola offers several kits for its 6800. National
Semiconductor offers a kit and some boards for the
SC/MP. RCA offers a designer’s kit for its 1802.
Intersil offers a learning system for its 6100. MOS
Technology offers a system for its 6502. Both Fairchild
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and Mostek offer boards for the F8. Zilog offers a
family of boards for the Z80. Signetics offers a board
for the 2650 and another for its 8X300. American
Microsystems offers several kits for the 6800. And the
list of “offerings” keeps growing as more processors
are developed.

Software for microprocessors can also be as confus-
ing to select as design aids. Basically, software is
available in resident and nonresident forms—and
there are several hundred variations in each form.
Resident software consists of programs written in the
instructions of a specific microprocessor and ready to
run on a system that uses that micro. Nonresident
software consists of programs that run on one process-
or (typically, a minicomputer or larger processor) to
help you develop the software of another processor
(typically at uP).

Most microprocessor-development systems, which
range from the $100 kit to the $20,000 work station,
come with some form of resident software—if the
system is designed to develop code for one type
of microprocessor. Some development stations,
though, don’t have truly resident software. For exam-
ple, the 8002 universal microprocessor development
system from Tektronix (Beaverton, OR) uses the
2650 as the main controller, but it can also be used
to develop code for the 8080A, 6800, Z80 and TMS9900
processors.

For less expensive systems, the software included
is usually minimal and often stored in ROMs (some-
times referred to as firmware). The more expensive
systems usually contain either a paper-tape reader or
a floppy-disc drive to permit large programs to be
entered and help you develop software.

Firmware on most of the smaller development
systems usually consists of a monitor program that
permits you to use either a TTY or CRT terminal with
the board and write your programs in machine code.
Such commands as examine a memory location,
change its contents and examine the next location,
start execution at a specific location, and establish
breakpoints to allow selected program sections to be
executed are available on most monitors.

However, if you want the convenience of working
in assembly language, you’ll have to use a fairly large
development system, since most assembly-language
programs require several thousand bytes of RAM.
Extensive program-development systems are avail-
able from most processor vendors, but other alter-
natives are available from many companies. Future-
data Computer Corp. (formerly Microkit) in Santa
Monica offers a flexible system that provides
assembly-language capability for the 8080, Z80 and
the 6800. Other companies offering systems include
muPro (Cupertino, CA) and Wintek (Lafayette, IN).
The muPro System 80, intended for 8080A users, not
only lets you develop programs for the 8080A, but also
contains an in-circuit emulator, a field-test system,
and an 8080 microcomputer. The system uses a lan-
guage developed by muPro called BSAL-80, a non-
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mnemonic language.

The Wintek systems use the 6800 and, since they
are designed on a standard 44-pin circuit card (dual
22-pin), can be installed in a standard card rack.

Although not quite design aids, some of the newer
microcomputer systems such as the PET made by
Commodore (Palo Alto, CA) and the TRS-80 made by
Radio Shack (Fort Worth, TX) come ready-to-use and
let you write programs in Basic and load or store the
programs on a magnetic-cassette transport. The 6502-
based PET has an IEEE-488 interface bus, so it can
figure in many instrumentation applications. What’s
more, the price for the processor with integral CRT,
12 k of ROM, 4 k of RAM, cassette deck and 70-key
keyboard is only $595.

The Z80-based Radio Shack system also includes 4
k of RAM and 4 k of ROM, but has a separate video
monitor, cassette deck and keyboard/CPU as well.

Don’t want hardware? Try time-sharing

The accessibility of large computers and time-
sharing services has sparked the processor manufac-
turers to develop higher-level programs that can run
on the large machines and be shared by hundreds of
users at the same time. Programs are now available
in machine language, forms of PL/1, Fortran and
Cobol to permit you not only to develop programs in
higher languages but also to get processor-compatible
code when you're done.

Such programs are usually not as efficient as
assembly-language programs. However, some time-
sharing companies have helped reduce the inefficien-
cies by developing their own software for program
development. For instance, the Boston Systems Office
uses large minicomputers in its time-sharing network,
and develops its own software in the minicomputers’
assembly language. What this means is more efficient
use of the computer’s time and thus smaller time-
sharing bills.

Some of the other larger companies that offer uP-
development programs include National CSS (Nor-
walk, CT), General Electric Information Services
(Bethesda, MD), First Data (Waltham, MA), United
Computer Systems (Kansas City, MO) and Tymshare
(Cupertino, CA). Each company’s original programs
will offer different features, so you must get each
company’s manual and compare features to make sure
you get what you need.

A high-level system often lets you develop the
program for your system before the hardware can be
prototyped—sometimes even before a dollar is spent
for hardware—since complete simulators and
emulators are available for many processors. Cross-
assemblers are commonly available in Fortran, ver-
sions of PL/1 and assembly language. Some as-
semblers even provide more than one machine-code
format for absolute and relocatable code listings.

Compiler and integrator programs are available in
PL/M, PL/W, PL/Z, MPL, Fortran, Cobol, Forth. And
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if that isn’t enough alphabet soup, there are at least

as many that have gone unnamed.

However, all isn’t roses with time-sharing services
—computer time is expensive. If you're concerned with
CPU time, keep a careful watch over the use of a
terminal with a time-shared computer. And CPU time
isn’t the only big expense. Storage space reserved,
output time and communication links, and manpower
will also cost you dearly.

Software costs can vary widely, depending on the
design approach taken by the programmer. Some
programmers can also keep the hardware cost down
by transferring some of the hardware into software
routines handled by the microcomputer. Often, the
more functions you can assign to software, the more
flexible the final system. Of course, you shouldn’t
burden the processor with so many little things that
it can’t do the job you originally wanted it for.

Software cost can get bothersome if you saddle
capable programmers with a new and totally un-
familiar instruction set. The learning curve starts at
the peak cost and must be given time to work its way
back to average as the programmers become familiar
with each processor’s language. And with the approx-
imately 40 languages that have appeared the last six
years, it will take a while before they catch up.

When you start a microprocessor development pro-
gram, don’t just consider the circuit hardware and the
programming language—look at the development sys-
tem itself. One of the most overlooked items is some
form of high-speed, hard-copy output device. Sure, the
ASR-33 teletypewriter is the industry workhorse—
but it’s too slow for many program-development uses.

Say you’ve spent the day working on a program and
you want to get a printout of your 2000-line program
with all comment notes to check out. If you're using
a 10 to 50 character-per-second printer, forget it.
Assuming each line has about 50 characters and the
printer chugs away at 10 cps, you’ll have to wait about
three hours for the listing. With a 50-cps printer the
delay is less—only half an hour.

Does your system use a cassette, cartridge or disc-
file system? Floppy-disc operating systems usually
offer the fastest performance, but they’re also the
most expensive. But in a dual-disc system one disc
holds main operating programs, while the other stores
user programs. This method helps reduce access time,
while providing a more flexible development system.

If there is an ideal development system, it hasn’t
been put on the market yet. Ideally, the basic hard-
ware should include a universal CPU, a full comple-
ment of RAM and ROM-based bootstrap-loader pro-
grams, general-purpose interfaces for terminals,
printers, disc drivers, PROM programmers, paper-
tape readers/punches, etc., a CRT terminal with a few
programmable keys and a high-speed printer capable
of 50 to 100-cps hard-copy outputs. Of course, the
floppy dises that come with the system should hold
the development programs you’ll need to write the
software for your system.am
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Need more information?

Listed below are the original-source microprocessor
manufacturers and most of the alternate source
vendors. For additional companies consult ELgc-
TRONIC DESIGN’s Gold Book under IC, Central Process-
ing Unit and Computers, Digital, Micro.

AEG, 6 Frankfurt 70, AEG Hochhaus, Federal Republic of Germany.
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Advanced Memory Systems, 1215 Hammerwood Rd., Sunnyvale, CA 94086.

(408) 734-4330. Circle No. 406

Advanced Micro Devices, 901 Thompson Pl., Sunnyvale, CA 94086. (408)

732-2400. Circle No. 407

American Microsystems, 3800 Homestead Rd., Santa Clara, CA 95051. (4308&
246-0330. Circle No.

Data General, Route 9, Southboro, MA 01772. (617) 485-9100.
Circle No. 409

Electronic Memories & Magnetics, Semiconductor Div., 12621 Chadron Ave.,
Hawthorne, CA 90250. (213) 644-9881. Circle No. 410

Essex International, 564 Alpha Dr., Pittsburgh, PA 15238. (412) 963-9322.
Circle No. 411

Fairchild, 1725 Technology Dr., San Jose, CA 95110. (408) 998-0123. (MOS)
Circle No. 412

Fairchild Semiconductor, 464 Ellis St.,, Mountain View, CA 94042. (415
962-3816. (Bipolar). Circle No. 41

Ferranti Ltd., Western Rd., Bracknell, Berkshire RG12 1RA, England.
Circle No. 414

Fujitsu Ltd., 6-1, Marunouchi 2 Chome, Chiyoda-ku, Tokyo, Japan.
Circle No. 415

General Instrument, 600 W. John St., Hicksville, NY 11802. (516) 733-3130.
Circle No. 416

Harris Semiconductor, P.O. Box 883, Melbourne, FL 32901. (305) 727-5400.
Circle No. 417

Hitachi, Ltd., Nippon Building, No. 6-2, 2-Chome, Ohtemachie, Chiyoda-ku,
Tokyo 100, Japan. Circle No. 418

Hughes, Solid State Div., 2601 Campus Dr., Irvine, CA 92715. (714) 752-6396.
Circle No. 419

ITT Semiconductor, 74 Commerce Way, Woburn, MA 01801. (617) 935-7910.
Circle No. 420

Intel, 3065 Bowers Ave., Santa Clara, CA 95051. (408) 246-7501.
Circle No. 421

Intersil, 10900 N. Tantau Ave., Cupertino, CA 95014. (408) 996-5000.
Circle No. 422

MOS Technology, Valley Forge Corporate Center, 950 Rittenhouse Rd., Nor-
ristown, PA 19401. (215) 666-7950. Circle No. 423

Monolithic Memories, 1165 E. Arques Ave., Sunnyvale, CA 94086. (408

739-3535. Circle No. 42
Mostek, 1215 W. Crosby Rd., Carroliton, TX 75006. (214) 242-0444.
Circle No. 425

Motorola Semiconductor, 3501 Ed Bluestein Bivd., Austin, TX 78721. (512)
928-2600. (MOS) Circle No. 426

Motorola Semiconductor, 5005 E. McDowell Rd., Phoenix, AZ 85008. (602
244-6900. (Bipolar). Circle No. 42

NEC Microcomputers, 5 Militia Dr., Lexington, MA 02173. (617) 862-6410.

Circle No. 428

National Semlconductor 2900 Semiconductor Dr., Santa Clara, CA 95050.

(408) 737-5000. Circle No. 429
Panafacom Ltd., 2-10-16 Jiyuzaoka, Mezuro-ku Tokyo, Japan 152.

Circle No. 430

Panasonic, 50 Meadowland Parkway, Secaucus, NJ 07094. (201) 348-7276.

Circle No. 431

Philips Industries, Electronic Components and Materials Div., P.O. Box 523,
Eindhoven, the Netherlands. Circle No. 432

RCA, Box 3200, Route 202, Somerville, NJ 08876. (201) 685-6423.
Circle No. 433

Mountain View, CA 94040. (415) 968-9211.
Circle No. 434

Rockwell International, P.O. Box 3669, RCOI-Dept. 720, Anaheim, CA 92803.
(714) 632-2321. Circle No. 435

SGS-ATES, Via C Olivetti 1/20041, Agrate Brianza, Italy.

Raytheon, 350 Ellis St.,

Circle No. 436

Scientific Microsystems, 520 Clyde St., Mountain View, CA 94043. (415)

964-5700. Circle No. 437
Sharp, 22-22 Nagaike-Cho, Abeno-ku, Osaka, 545, Japan.

Circle No. 438

Siemens AG, Central Information Dept., Oskar-von-Miller Ring 18, D-8000
Munchen 2, Federal Republic of Germany. Circle No. 439

Signetics, 811 E. Arques Ave., Sunnyvale, CA 94086. (408) 739 7700.
Circle No. 440

Solid State Scientific, Montgomeryville Industrial Park, Montgomeryville, PA
18936. (215) 855-8400. Circle No. 441

Synertek, 3050 Coronado Dr., Santa Clara, CA 95051. (408) 241-4300.
Circle No. 442

Texas Instruments, 13500 North Central Expressway, M/S 308, Dallas, TX
75222. (214) 238-2011. Circle No. 443

Thomson-CSF, Sescosem, 101 Boulevard Murat, 75781 Paris Cedex 16, France.

Circle No. 444

Toshiba Transistor Works, 1 Komukai Toshiba-cho, Kawasaki-shi Kanagana-
ken, Japan. Circle No. 445
Western Digital, 3128 Red Hill Ave., Newport Beach, CA 92663. (714) 557-3550.
Circle No. 446

Zilog Microcomputers, 10460 Bubb Rd., Cupertino, CA 95014. (408) 446-4666.
Circle No. 447
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Everything
. you need to think
CMOS microprocessing.

Just choose your level.

Intersil IM6100 CMOS 12-bit Microprocessor
and details the Intercept Prototyping System,
the Intercept Jr. Tutorial System and our whole

o‘?sf&f‘:{g‘“ family of IM6100 CMOS components.

1 Our free CMOS Data Book describes the
®

puter kit on the market. $49. The

fully-documented kit includes the
IM6100 microprocessor, one IM6101
PIE, one IM6312 ROM, the IM6403 UART, and, three IM6561
1k RAMs. For an additional $32.50, we’ll include the PC board.

2 The least expensive microcom-
&

Learn to think CMOS. $281. The Intercept Jr.,
3 one-card battery powered operating system helps
. . & ® you to learn (or teach) CMOS microprocessor
- e programming. Fast. The Intercept Jr. package includes a
Ty # multi-function keyboard, 8-digit LED display, 256 words
of RAM memory, a resident microinterpreter, provisions
for modular expansion...and, complete instructions.
Options include: 1K x 12 CMOS RAM and battery
backup; 2K x 12 PROM; Serial I/0; Audio Cassette

Interface, and Tutorial Modules.

Prototype your systems
4 in CMOS. $2,850. With the
@

Intercept Prototyping Sys-
tem. A complete microcomputer
development system that includes
4K words of CMOS memory

with on board battery backup.
Prototype systems. Develop software.



about low power CMOS?

Call Intersil.

For quite a while, people have been telling you CMOS
was on the way. At Intersil, it’s here. Now. At prices
that make CMOS thinking practical.

Evaluate the IM6100 in your range of applica-
tions. To help, we offer a full range of paper-
tape software, w'ich includes utility routines
and diagnostic packages, editor and assembler
software, floating point package, debugging
programs and high level languages.

Int>rsil 6970 floppy disk operating system
includes all Intercept software and allows
you to prototype systems. Fast. Typically, it
allows you to develop complete software pack-
ages in about 1/10th of the normal time. If
you’re thinking CMOS, the 6970 could pay for
itself in developing your first program.

5 Add Floppy Disk for $5,100. The
®

ARIZONA — Liberty Electronics, Kierulff Electronics. CALI-
FORNIA — Elmar Electronics, Intermark Electronics Inc.,
Kierulff Electronics, Liberty Electronics, Schweber Electronics.
COLORADO —Century Electronics, Elmar Electronics,
Kierulff Electronics. CONNECTICUT — Arrow Electronics,
Schweber Electronics. FTLORIDA — Arrow Electronics, Dip-
lomat/Southland, Inc., Schweber Electronics. GEORGIA —
Arrow Electronics, Schweber Electronics. ILLINOIS —Schweber
Electronics, Kierulff Electronics. INDIANA — Advent Electronics,
Inc., Sheridan Associates. MARYLAND — Arrow Electronics,
Schweber Electronics. MASSACHUSETTS — Arrow Electronics,
Kiernlff Electronics, Schweber Electronics. MICHIGAN —
Schweber Electronics, Sheridan Sales. MINNESOTA — Arrow

PERIPHERALS THAT MAKE
YOUR CMOS SYSTEM WORK
TYPE DESCRIPTION 100
IM6100 CMOS 12-bit microprocessor $15.00
IM6101 CMOS Programmable Interface 8.65
Element
IM6102 CMOS Memory Extender/ Interval 15.00
Timer/DMA Controller
IM6312 CMOS 1024 x 12 ROM *
IM6402 CMOS UART 4.00
IM6508 CMOS 1024 x 1 RAM 5.00
IM6512 CMOS 64 x 12 RAM 5.00
IM 6561 CMOS 256 x 4 RAM 5.00
*Consult factory
COMING SOON

Type Description When
IM6103 CMOS 20 Bit I/0 Port 4th Qtr
IM6504 CMOS 4096 x 1 RAM 4th Qtr
IM6603 CMOS 1024 x 4 EPROM 4th Qtr

YOUR INTERSIL DISTRIBUTOR HAS ALL
INTERSIL CMOS PRODUCTS IN STOCK. NOW.

i

INTNERS[ILL

10710 Tantau Avenue . Cupertino, CA 95014
For CMOS information call: D. W. Sohn.
Marketing Manager, Digital Products.
Telephone: (408) 996-5000 (800) 538-7930
TWX: 910-338-0171

Electronics, Schweber Electronics. MISSOURI—-LCOMP.
NEW JERSEY—Arrow Electronics, Diplomat IPC, Corp.,
Schweber Electronics. NEW HAMPSHIRE — Arrow Electronics.
NEW MEXICO — Century Electronics. NEW YORK — Arrow
Electronics, Components Plus, Harvey Federal Electronics,
Schweber Electronics. NORTH CAROLINA —RESCO. OHIO—
Arrow Electronics, Schweber Electronics, Sheridan Associates,
Sheridan Sales. OKLAHOMA — Component Specialties. PENN-
SYLVANIA — Schweber Electronics, Sheridan Sales. TEXAS —
Component Specialties, Schweber Electronics. UTAH — Century
Electronics. WASHINGTON — Kierulff Electronics, Liberty Elec-
tronics. WISCONSIN — Arrow Electronics. CANADA — CESCO,
R.A.E. Ind. Elect. Ltd., Zentronics Ltd.
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How to

save a million dollars

and improve your product

A million dollars is, actually, a con-
servative estimate.

If you are using a number of
standard chips in your product, and
come to us for a custom MOS/LSI
circuit, you’ll probably find that your
savings are considerably higher.

Most of our customers have.
Even those with production runs of
less than 20,000 a year.

What’s interesting is that when
many of them came to us, savings
were not uppermost in their minds.
They wanted to make their prod-
ucts smaller, lighter, more versatile,
or more reliable.

Our circuit achieved whatever
aim they had in mind. And the sav-
ings followed almost automatically.

Where the savings came from.
Obviously, switching from a number
of IC circuits to a single MOS/LSI
circuit eliminates the cost of all
those other circuits.

But that’s only the beginning.
There’s also the cost of quality con-
trol on all those circuits; the cost of
inventorying and other in-plant han-
dling costs; and the cost of wiring
them all together.

And the cost of failures. With a number of
IC’s wired together, the failure rate has to be
high. The more IC’s, the higher the failure rate.
And then, you've got to locate the cause of
each failure, fix it, retest it, and, frequently, junk
it. (And that’s not even considering the cost of
failures happening when seemingly good units
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get out in the field.)

And improve your product?
Going to a custom MOS/LSI circuit
from a number of standard IC’s
improves your product in a number
of ways.

There’s always an increase in
reliability—generally a spectacular
increase. There’s always at least a
small decrease in weight. There'’s
always an opportunity to decrease
size. There’s always a reduction in
power consumption.

And there’s generally a way
to make your product do things it
could never do before—which in-
creases its marketability.

And with all of these, go those
tremendous cost savings.

Deal only with qualified people.
To get the most of these benefits
you must, of course, deal with peo-
ple who are highly qualified in
both the design and production of
MOS/LSI circuits. And can give your
job intense, personal attention.

At LSI Computer Systems you
can deal only with such people.
And every job receives complete,

personal attention from top-flight people from

CIRCLE NUMBER 34

basic concept to delivery of packaged chips.
We've been helping companies realize the
full benefits of custom MOS/LSI circuits for
over eight years, now. We'd be glad to help you.
Call or write Ron Colino, VP Marketing,
LSI Computer Systems, 1235 Walt Whitman
Road, Melville, NY 11746. (516) 271-0400.
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Mostek3870.
Single and available. Under $10.

Mostek’s new MK 3870 single-chip
microcomputer delivers more
performance for less cost, and it's
available now. The MK 3870 is the first
microcomputer-on-a-chip designed
with complete system capability and
offering full compatibility with a
multi-chip processor family. For less
than *$10 the device offers important
features to solve a wide range of
control and logic replacement
applications.
® 2K x 8 ROM @ 64 x 8 RAM
® 32 bits I/O + Strobe ® Programmable
Timer @ On-chip OSC/Clock
® 5V = 10% Power Supply ® Multi-chip
Expandability ® Low Power (typ.300mW)

The MK 3870 provides twice the
program storage of other single-chip
devices and can execute the complete
F8 instruction set of more than 70
commands, providing complete
software compatibility with the versatile
F8 multi-chip family.

The MK3870 is fully supported
with a complete line of low-cost
development aids. They include the
Software Development Board (SDB
50/70), Application Interface Module
(AIM 70), and the MK 3870 Emulator
(EMU 70) for field prototyping.

MOSTEK

The MK 3870-based VAB-2 is a
typical example of logic
replacement.

For customers desiring to evaluate
the MK 3870 in an actual application, a
pre-programmed version is available
for $50. This particular device has
been designed to replace much of the
logic normally required for
sophisticated video terminal
applications. The complete Video
Adapter Board (VAB-2), is available
through our distributors for $195. Call
or write today for a data sheet.

*1000 piece quantity. Plastic DIP.

1215 West Crosby Road « Carrollton, Texas 75006 « (214) 242-0444
MOSTEK GmbH + West Germany « Telephone: (0711) 701096
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Microprocessor Data Manual

Microprocessor Basics: Part 20

Learn microprocessor fundamentals.

Even if you are familiar with uPs, you may find
this review of basic concepts useful and refreshing.

As microprocessors (uPs) become more and more
acceptable as basic building blocks for all kinds of
“Intelligent” systems there is a tendency to assume
that all engineers have a working knowledge of them.
As a result, many uP articles that appear today—even
many of the so-called “basics”—umnexpectedly leave
some readers in a dust cloud of vectored interrupts.

For those of you who missed the primer article about
uP fundamentals that ELECTRONIC DESIGN ran back
i 1975, the following article will introduce the basics.
While no prior knowledge of uPs is required, a little
knowledge of computer programming and basic digital
logic will help. A brief glossary of terms is included
to summarize many of the buzz words.

A microprocessor can be thought of as a box with
three sets of signal lines coming out of it (Fig. 1):

1. Address lines (often 16 of them), are all outputs
and at any time may be at a logic 1 or 0, which indicates
a binary number from 0 to 65,535 (“64 k”).

2. “Data” lines (usually eight for an 8-bit uP) can
act as inputs or outputs (bidirectional).

To find out what they are doing, look at

3. The control bus, whose most important segment
is the read/write line. This output indicates whether
the data lines are outputting (writing) or acting as
inputs (reading).

At agiven time, a uP will output an address between
zero and 64 k, a read or write status, then will either
output an 8-bit data word onto the data lines or accept
data from the lines. The control bus also contains
control lines for interrupts, resets, and other features,
depending on the particular processor.

The memory is organized like this...

There are 64-k possible memory addresses, typically
organized in groups of 8 bits (Fig. 2). A group of bits
in parallel is called a “word,” but the 8-bit word occurs
so frequently that it has its own name—a byte.

Each byte of memory is accessed by the address
lines. Until its individual address is called, it appears
open-circuited. The byte being addressed is either
pulled from the memory location onto the data lines
or changed to match the byte of data on the data lines,

Edward Gellender, Consultant, 26 Middle Neck Rd., Roslyn,
NY 11576.
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1. A microprocessor, in its simplest form, can be thought
of as a black box with three sets of wires coming out of it.

depending on the status of the read/write line, shown
in the block diagram of Fig. 3.

Rarely will all 64 kbytes of addressable memory be
used. The capability is there, but only as much
memory as is required by the application is ever used
—sometimes less than 1024 bytes. Often in such
systems, decoding is simplified by not using all 16
address bits.

To deal with large binary numbers, certain sim-
plifications are extremely helpful. To this end, hex-
adecimal notation is often used (see box, p. 75).

A microprocessor’s memory is generally organized
into blocks of addresses that serve specific areas:

1. Program.

2. Scratchpad and data storage.

3. The “stack.”

4. Input/output (I/0) ports.

The program is a series of instructions to direct
processing. Each instruction can contain one or more
bytes. The first byte of a multibyte instruction pro-
vides the basic information, including the number of
additional bytes in the instruction. Steps within an
instruction proceed serially byte by byte. And unless
otherwise indicated, a uP will “look” at the instruc-
tions sequentially, starting with a specific memory
address and incrementing the address.
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In most cases, a uP reads only from the program
section of memory since programs are often stored
in read-only memories (ROMs). In developmental
systems, however, more flexible program storage is
usually required. To this end, read/write random-
access memories (RAMs) should be used. However,
this permits the original program to be stored on a
magnetic cassette, so that it can be entered each time
the power is turned on. This inconvenience is com-
pensated by ability to change the program at will and
rerecord it on the cassette. The corrected tape can be

0
T
2 PROGRAM
A R e e
e TR
L]
2 }1/0
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.
STACK
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2. Everything the microprocessor is hooked into fits into
the category of memory organized into specialized blocks.

generated by one of several means—sometimes from
a program already in the development systems, called
a resident assembler, or from a “cross-assembler”
program on a large computer. Or from a number of
time-sharing services that have various cross-as-
semblers in their software arsenals. And simpler pad
and pencil techniques can also be used quite suc-
cessfully for short programs.

An intermediate programming step is to use
EPROMs (erasable programmable read-only memo-
ries), which can be erased with ultraviolet light. Once
programmed, however, they can retain their informa-
tion indefinitely. With uPs that serve to control
routine operations, use of factory-programmed ROMs
will minimize cost, but sacrifice flexibility.

Examine a typical program sequence

Having come this far, consider a program sequence
that illustrates a simple procedure. Suppose a byte
of data were to be moved from one memory location
to another. Assume that the address of the previous
instruction is 0100 and that the contents of byte 24F1
are to be moved into 2407, neither address being in
the program section of memory. Table 1 shows how
it’s done.

Step 1. The next consecutive address after 0100,
0101, is read. Its contents are TA, which is interpreted
as “Read data from the address given by the next two
bytes.”

Step 2. The least significant byte (F'1) is read.

Step 3. The most significant byte (24) is read.

Step 4. The consecutive-address sequence on the

Hex notation explained

Hexadecimal notation groups together four binary
digits to form one digit representing a count from zero
to 15. Obviously, some one-digit characters are needed
to represent the decimal two-digit numbers from 10 to
15. The six letters, A through F, are used for this.

Hexadecimal notation is very convenient for micro-
processors since it gives good counting densities and
works very well with the multiples-of-four binary
words usually encountered in a uP.

To understand the hexadecimal notation, take a
number like 107. In binary notation, this becomes
1101011. Breaking this number into two groups of four
digits, you get 0110 and 1011. The first of these is equal
to 6, while the second one is 11. In hexadecimal
notation, 107 becomes 6B.

Note that the highest memory address in a micro is
hexadecimal FFFF.

To convert from decimal to hexadecimal, or vice
versa, you must first convert the number into binary
and then into hexadecimal as previously illustrated.

Decimal conversion guide

Decimal Hex Binary

o

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111
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Glossary of some microprocessor related terms

Category I: Basics

Bit: 2 minimum logic element. A binary number of
either O or 1.

Word: any group of bits indicating a single number
or expression.

Byte: a word consisting of eight bits.

Address: a specific memory location that is called
out by the program counter.

Hex: short for hexadecimal: numbers calculated to
the base 16.

Register: a device that stores one word of data, and
often consists of several flip-flops.

RAM (random-access memory): a data-storage de-
vice that can retain and produce on demand any
data placed in it.

ROM (read-only memory): a device that has data
permanently entered into it to be outputted on
demand.

PROM: a programmable ROM in which a program
is entered by the user before installation into equip-
ment, as opposed to a factory-programmed ROM.

EPROM: A PROM that can be erased and reused
indefinitely. Most EPROMs are erased under ul-
traviolet light and can be recognized by the clear
cover over the silicon ‘‘chip.”

Decoder: usually a device that detects a certain
specific address on the address bus.

Bus: a group of wires that carry related binary
signals, usually a word, as in a 16-wire address bus.
A bus can be bidirectional, as in the case of a data
bus.

Category ll: Parts of a microprocessor

Accumulator: a register in the microprocessor that
operates on data. It is so-called because these
registers were first used to accumulate totals.

ALU (arithmetic and logic unit): the circuitry that
performs the manipulations on data held in the
accumulator.

I/0 (input/output): hardware that interfaces a micro-
processor system with the outside world.

Port: a place through which inputs and outputs—
either data or instructions—are channeled. A uP can
have more than one port or can address many. Port
size, though, is often specified in bits, ranging from
4 to 16 bits.

Processor Status Word (PSW): a word of readily
available status information provided to indicate the
result of specific operations.

Program Counter: two 8-bit registers used to gener-
ate the 16-bit address. The registers are called PCH
and PCL and are used for the higher-order and lower-
order bytes, respectively.

R/W (read/write): a control output of the micro-
processor that indicates if data are being transferred
from the microprocessor to memory, or vice versa.

Scratchpad: an area of the main memory set aside
for short and often done calculations.

Stack: storage for data during subroutines or inter-
rupts.

Stack Pointer: two 8-byte registers containing the
address of the top (most recent end) of the stack.

Category Ill: Programming

Assembly Language: a compromise between the
user’'s thoughts and the numerical notation of the
microprocessor. Assembly language is the closest
technique to the actual numerical codes that still
retains some speaking-language characteristics.

Branch: depending on the status of a particular bit
in the status register, the program will jump by the
indicated amount if the condition is met, or merely
increment if not.

Cross-Assembler: a program on a larger computer
that allows a microprocessor programmer to use
assembly language. The assembler reduces the pro-
gram to the machine language.

DMA (direct memory access): a process in which a
microprocessor is removed temporarily from a sys-
tem to allow data to be transferred rapidly in or out
of memory without microprocessor control.

Interrupt: an external signal that causes a micro-
processor to jump to a specific subroutine. Inter-
rupts are maskable or nonmaskable. A maskable
interrupt may be delayed until a mask bit is lowered.

Iterative Loop: a programming technique whereby
a process is repeated a specified number of times.

Jump: a programming instruction that breaks the
consecutive-instruction programming sequence
and resumes elsewhere in the program.

Machine Language: Numerical coding, representing
instructions, usually in the form of groups of bytes,
used by the microprocessor.

Peripheral: a unit operated with a microprocessor
system such as a keyboard or a printer.

Program: a set of sequential instructions that a
computer follows.

Subroutine: a program within a program that per-
forms a specific, often-used function.

Vector: a specific address loaded into a microproces-
sor's program counter to force the uP to start
processing at a specific address.
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address bus is momentarily interrupted, and the
contents of byte 24F1 are read. The contents are TA —
but now the TA represents data, not an instruction as
in Step 1.

Step 5. The consecutive-address count resumes at
0104. The next instruction, 4A, is interpreted as “Write
the data stored in the processor into the address given
by the next two bytes.”

Step 6. The least significant byte (07) is read.

Step 7. The most significant byte (24) is read.

Step 8. The consecutive addresses are interrupted
again, while TA is placed into address 2407.
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ADDRESS | MICROPROCESSOR <_W____-
R/W (CONTROL BUS)
D‘E?;JSER'; > ENABLE 8-POLE SWITCH
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BYTE ¢ 1)
BITS ¢-7 2
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£2235 BYTE 65,535
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3. Microprocessor-to-memory connection via the buses
can be thought of as shown above. Note that each 8-pole
switch can be closed one pole at a time.

A simple machine program
Step Address Data
no. bus lines R/W
1 0101 7A R
2 0102 F1 R
3 0103 24 R
4 24F1 7A R
5 0104 4A R
6 0105 07 R
7 0106 24 R
8 2407 7A w
9 0107

Step 9. The consecutive addresses resume.

Note that the uP follows a rigid sequence to keep
track of which bytes are instructions, which are data,
which are addresses, and so on. Thus, the same byte
(TA in the example) can be placed on the data lines
at two different times and have two separate mean-
ings.

Note also, that the least significant byte of an
address is handled first, although it isn’t crucial. Some
processors do it this way while other processors do
it the reverse. Just make sure to check which way it
should be done when you start to program.
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The scratchpad and data storage serve to store data
temporarily. “Scratchpad memory” usually desig-
nates an area of memory used for many quick data
transfers. It is the most frequently used memory
segment. Some microprocessors have simplified in-
structions that can only be used in a certain small
part of the memory (say, the first 256 bytes), where
the most significant byte of the addresses is zero. The
scratchpad is usually placed in such a location.

The data-storage area is similar to the scratchpad,
except that just the usual processor instructions can
be used. Thus data may be addressed slower than in
the scratchpad area. Data storage is used for the bulk
of the memory, and RAM is most often used for data
storage.

The stack is a read/write block of memory used to
“remember” the next consecutive address and as-
sociated data when the address lines are taken over
by a sequence of nonconsecutive addresses, as in a
subroutine. More will be said about the stack when
subroutines are discussed.

1/0 ports are simply a means for getting into and
out of a uP, which is virtually a closed system with
no way of communicating with the outside world. A
typical port is an 8-bit register that can have data
loaded into it or read out by means of external signals.
It also has an address decoder to detect when the uP
is addressing it. At such a time, either the contents
of the data bus are put into the register (output port)
or the contents of the register are placed on the data
bus (input port).

If, for the program sequence of Table 1, address 2407
does not go to a RAM but is decoded and used to load
the contents of the data lines (7TA) into a register, the
data are accessible at the outputs of the register (an
output port) until the register is supplied with new
data. Thus the data stored in memory at address 24F1
and accessible only by programming are now available
to the outside world via an output port (Fig. 4a). If
such a register’s address is called with the outputs
connected to the data lines, the register would be an
input port (Fig. 4b).

What goes on inside?

So far the microprocessor has been treated as a
“black box” that always knows which words to place
on the address and data lines. Look inside to see how
the uP figures out what to to.

The simplest uP consists of a program counter, a
controller and an accumulator (Fig. 5a). The program
counter often consists of two cascaded 8-bit counters
—the low and high-byte registers (or the least and
most significant bytes). When power is applied, the
program counter is forced to a particular starting
address that holds the first line of the program. The
first line is then read into and interpreted by the
controller. The program counter is then increased by
one count unless that line has information that
drastically modifies the counter.
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communicating with the outside world. In “‘a,” address
2407 and a WRITE command load the data bus into a
register. In 'b,”” data are loaded into the register. Address
24F1 places them onto the data bus.
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Any data read in or out via data lines are read to
or from the accumulator, which is also an 8-bit
register. All logic and math manipulations occur in
the accumulator. For example, a word can be read
from memory and added to one already in the ac-
cumulator. The result is stored in the place of data
used to generate it.

Fig. 5b depicts a more complex microprocessor.
Certain tests on the accumulator such as checking for
zero, a positive result, a negative result, or something
else, are often needed, and indicators are provided by
bits in the status register. A carry bit for additions
indicates sums in excess of the accumulator capacity.
Another bit indicates when the accumulator holds all
zeros. Certain program instructions require the in-
struction decoder to monitor those status bits and a
few others.

A number of auxiliary registers can be provided for
modifying the program counter, additional ac-
cumulators, or readily available scratchpad memories.

Control the P with a program

Having covered the basics, you are ready to learn
about basic programming instructions to move and
process data, and modify a program.

Data-move instructions transfer data from memory
into the accumulator and vice versa, or from the
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accumulator to an auxiliary register or other combina-
tions. Data-processing instructions include adding,
logic ANDing and rotating data around the ac-
cumulator. Those instructions are carried out in the
arithmetic and logic unit (ALU), which consists of the
accumulator and status register, as well as the
circuitry performing the mathematical operations to
the accumulator.

After each program step, the program counter
usually increments by one count. When data are read
into the processor from the memory, the program
counter may momentarily be set to some different
value. But then it is restored to the last instruction
plus one.

If you want to, you can change the program counter
to continue at some other point in the program. A
number of instructions will help. Unconditional jumps
are used to change the program counter to some
entirely new value.

Conditional jumps, or branches, can force a program
jump under specific conditions. For instance, when the
accumulator contains zero the zero bit of the status
register detects that and a jump on zero command
can divert program flow.

Sometimes a particular process is repeated many
times during the program. Rather than repeat the
program section each time, the program can call a
subroutine (a subservient program) whenever it is
needed. This particular process is written in a separate
part of program memory, usually after the main
program. Getting to the subroutine is similar to the
unconditional jump. Bear in mind, however, that the
present location of the program sequence must be
memorized for the program to return to where it left
off after completing the subroutine.

The stack is used for this purpose. It is an area of
memory reserved primarily, but not exclusively, for
program addresses. A stack pointer, which refers to
addresses placed in the stack, is initialized to a desired
value at the beginning of the program to the starting
point of the block of memory locations reserved for
the stack. When a subroutine is called, the contents
of the program counter are incremented and placed
in two bytes of the stack memory (16 address bits in
two bytes). The stack pointer is lowered by two counts.
At the end of the subroutine, the two bytes are read
from the stack into the program counter to call the
next consecutive instruction as if no change had taken
place. Of course, the stack pointer is brought back up
to keep the bookkeeping up-to-date.

But suppose the contents of the accumulator, status
register or other registers are needed later and cannot
be kept in their present locations while the subroutine
is being executed. The first instructions in the sub-
routine may also load these contents onto the stack.
The last instruction in the subroutine will have to
restore these registers to their original status. The
stack pointer, of course, will be changed accordingly.

Another alternative is for subroutines to call other
subroutines to be performed, then return first to the
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original, or main subroutine, and finally to the main
program. Calling subroutines within subroutines, or
nesting, can continue indefinitely, as long as there is
enough room in the stack. Each time an address is
loaded onto the stack, the stack pointer is decremented
by two bytes. The next address is then placed in the
next two bytes, and the stack pointer is decremented
again. Each time a return from subroutine is executed,
the top address is taken from the stack and the stack
pointer is incremented twice. When the main program
is running again, the stack pointer will return to its
initial value.

Sometimes, the program can be modified by data
stored in a particular memory location. For instance,
data stored in one place can indicate the address where
some other data are to be sent. The programming steps
described so far do not allow for this.

Indirect addressing helps

Some sort of indirect addressing is included in a
uP, to allow the data to provide some form of steering
to the program. One technique is to place a byte of
data into one byte of the program counter, and then
have the uP read or write data between that composite
address and the accumulator. At the end of that step,
the old program counter contents (plus one) are
reintroduced.

I/0 ports are often used for data transfer into and
out of the system. However, the uP must determine
whether or not an input has occurred and data have
been loaded into an input port.

One way to determine if data are present is to allow
the processor program to test one bit of an input port
periodically. If data are brought in, that bit can be
set to 1 by external circuitry and reset to 0 via an
output port after the data are entered. This approach
is very slow, however, so a faster method is generally
used.

The essence of the faster method is to provide a
special input to a uP. It is called an interrupt input.
During normal operation, the processor ignores all
input ports. Should data be entered, an external signal
is brought to the interrupt input, without going
through the program.

Once the instruction in progress is completed, the
processor acts as if a “call subroutine” is being read.
The program counter and status-register contents are
placed on the stack and the program counter is forced
(or vectored) to the address where a program servicing
the interrupt begins. The interrupt is serviced and a
return from interrupt, similar to a return from
subroutine, restores the program counter and status
registers to the initial values.

In general, when one of several inputs causes an
interrupt, the interrupt program scans the inputs to
determine which one has new information. The most
time-critical input is scanned first, then successively
less critical inputs.

When a high-priority input is completed, scanning
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5. A simple microprocessor consists of just a few basic
blocks (a). A more realistic uP (b) includes a few ‘“‘frills"”
that make it operational.

resumes. Eventually, all the inputs are serviced ac-
cording to their relative priority. High-priority inter-
rupts can break in on lower-priority interrupts. As
with subroutines, interrupts can be nested.

Interrupts can be either maskable or nonmaskable.
A mask bit can delay servicing of an interrupt until
the bit is lowered. Nonmaskable interrupts do not
respond to a mask bit and are serviced immediately.

Sometimes, data or programs must be quickly
loaded from memory into an external unit, or vice
versa. These are jobs for direct memory access (DMA).
DMA capability means that a uP can be effectively
decoupled from the address, data, and read/write
buses. An external device will control those lines to
rapidly transfer blocks of data directly into memory,
and bypass the uP.am
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Of the many benefits offered by
Multiwire, one of the most important is
its simplicity of change and repair.
Multiwire boards are normally easier
to change after assembly or in the
field than multilayer.

All wires are exposed in the typical
Multiwire board. To make a change,
use a blade to cut the conductor that
you want to correct, and remove a
portion of the wire to avoid bridging.
Then, just solder in a jumper wire and

Multiwire:
Field modifiable.

fasten down with epoxy or urethane.

Changes in Multiwire boards can
easily be accomplished in minutes by
field service technicians.

Multilayer changes, of course, are
an entirely different story. Corrections
are difficult at best and frequently
impossible. As one engineer familiar
with multilayer puts it: “Corrections . . .
are something of a disaster.”

With Multiwire, to replace a discrete
or DIP that has failed, the component
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Field

is simply unsoldered:; the plated-
through holes stand up just as well if
not better than regular PC board
holes. With multilayer, however, a
soldering iron often lifts the land off
the board, with many ensuing
problems.

Of course, Multiwire will need fewer
repairs to begin with. The Multiwire
manufacturing method has far greater
yield, usually better than 99%
reliability at incoming inspection.

And now, consider some other key
advantages of Multiwire: Shorter lead
times. No artwork required except for
basic ground planes and plug-in
connections. Lower design and
tooling costs. Much faster first-piece
delivery.

To take advantage of Multiwire, all
you supply us is an interconnection
list from which we prepare the input
data for our numerically controlled
machines. Or you can prepare your

Multilayer:
discardable.

own input from our software. Since all
of the logic is placed by N/C-
controlled equipment made up from
the wire running lists, changes in
circuit design only require a change
in your wire list.

For more information, write to
Multiwire Marketing Department.
Or call us at 516-448-1117.
In New England, 603-889-0083.
In California, 714-991-6030.
For Texas, 214-234-2873.

Multiwire from Photocircuits.

Division of Kollmorgen Corporation, Glen Cove, New York 11542
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Using the Microprocessor Data Manual

The Data Manual microprocessor data pages are organized first by processor data-
word size, then by generic family, by technology and finally by original source
manufacturer (within each generic family processors are listed alphabetically by
original manufacturer). Generic families included in the manual are:

Processor generic family Manual pages Processor generic family Manual pages
1-bit microcomputer, NMOS page 84 8-bit microprocessor, Bipolar page 128
4-bit microcomputer, CMOS page 86 8-bit microprocessor, CMOS page 130
4-bit microcomputer, NMOS page 88 8-bit microprocessor, NMOS page 132
4-bit microcomputer, PMOS page 96 8-bit microprocessor, PMOS page 148
8-bit microcomputer, NMOS page 106 12-bit microprocessor, CMOS page 154
8-bit microcomputer, PMOS page 112 12-bit microprocessor, PMOS page 156
16-bit microcomputer, NMOS page 114 16-bit microprocessor, Bipolar page 158
4-bit microcontroller, PMOS page 118 16-bit microprocessor, NMOS page 162
8-bit microcontroller, NMOS page 120 2-bit processor slice, STTL page 176
1-bit microprocessor, CMOS page 122 4-bit processor slice, Bipolar page 178
4-bit microprocessor, PMOS page 124 4-bit processor slice, PMOS page 190
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Here's what'’s on a manual page

[GENERAL PRODUCT DEFINITION %
[MANUFACTURERS MODEL No. Pl ORIGINAL %
SOURCE
[ALTERNATE SOURCES ™ MANUFACTURE!

OVERALL DESCRIPTION OF PROCESSOR AND FAMILY AND
A SUMMARY OF PERFORMANCE

Specifications

DIAGRAM OF TABULAR SPEC LISTING
PROCESSOR ARCHITECTURE

Hardware

SUMMARY OF PROEESSOR

ARCHITECTHEE ED TABULAR LISTING
E OF

SUPPORT COMPONENTS|
e G OM MEN S e

BREAKDOWN OF INSTRUCTION SET
OUTSTANDING OR UNUSUAL

SOFTWARE FEATURES

SOFTWARE SUPPORT HARDWARE SUPPORT OTHER
THAN CHIPS
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New, High Performance
Microelectronic Converters

Datel has them...

PDODATEL

D/A CONVERTER
DAC-HP16BMC

MADE

46-Bit D/A Converters
DAC-HP16BMC &
DAC-HP16DMC

» 16 Binary Bits—0.003% Linearity
« 4 BCD Digits—0.005% Linearity
¢ 15 ppm/°C max. Gain Tempco
» 0 fo +10V or =5V Output
e Price: $419.00 (1-24), $77.50 (100's)*

When high resolution and stability are de-
manded, Datel's DAC-HP series provides
the performance—applications such as
precision signal reconstruction, automatic
test systems, and ulira-linear ramp genera-
tion. DAC-HP's excellent performance re-
sults from special low tempco nichrome
thin-film resistors, laser trimmed for optimum
linearity, and alow tempco zenerreference
circuit. Models are available for —25 to
+85 and —55 to +125C operation.

DDareL

A D CONVERTER
ADC-HS12BGC

» 8 usec. Conversion Time
¢ 6 usec. Acquisition Time
« 5 Programmable Input Ranges
100 Megohm Input Impedance
o Price: $149.00 (1-24), $95.00 (100’s)*

Datel's ADC-HS12BGC is the first 12-bit A/D
converter with a self-contained sample-
hold. Particularly useful in 42-bit data
acquisition systems, ADC-HS is ideal for
the many systems applications where a
sample-hold is required ahead of the A/D.
Fabrication is with hybrid thin-film tech-
nology using laser-trimmed nichrome resis-
tor networks. Models for —25 to + 85C and
—55 to +100C operation are available.

*U.S.A. domestic prices only

DATEL

s
- ASYSTEMS, INC.

1020 Turnpike St, Canton, MA 02021
Tel: (617) 828-8000

Santa Ana, CA (744) 835-2751, (L.A.) (213) 933-7256 - Sunnyvale, CA (408) 733-2424 - Gaithersburg, MD (301) 840-9490 - Houston, TX (713) 932-1130
OVERSEAS DATEL (UK) LTD—TEL: ANDOVER (0264) 51055 - DATEL SYSTEMS SARL 620-06-74 - DATELEK SYSTEMS GmbH (089) 78-40-45
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1-bit midrocomputer, NMOS

SBA (Sequential Boolean Analyzer)

Alternate sources: None.

General Instrument Corp.
600 West John St.
Hicksville, NY 11802
(516) 733-3107

A simple, low-cost single-bit processor, the SBA can directly evaluate a set of Boolean
equations. Thirty programmable inputs and outputs as well as memory make the SBA a
true 1-bit microcomputer. An n-channel, ion-implanted device, the SBA is designed for

ease of use, in simple control applications.
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The Sequential Boolean Analyzer consists of a
program memory that holds a set of Boolean func-
tions that define systém operation as well as 30 input
buffers that are latched at the start of the evaluation
of Boolean equations, and four pages of 30 stored-
state flip-flops which can be grouped to emulate
counters and shift registers. Also included are a
logic unit that can perform the logic functions and
a stack that holds a'set of Boolean values used to
evaluate the input equation.

Comments

The results of Compare and Invert instructions are
stored in either the:stack, memory or output. Inputs
for logic operations are from the stack or memory,
or from inputs. The stack is 16 x 1 bit and the state
store is 120 x 1 bit. There are 24 basic instructions,
all of which exeéute-;in the same amount of time.
The processor is designed to process Boolean
equations based on-the status of the 30 I/O lines.

An SBA Compiler pgéduces optimized codes from
Boolean equation inputs, and an SBA simulator
provides software simulation of the SBA.

The programming f6r the SBA is via Boolean
expressions. An 8-bit:-word provides the instruction
code, five bits of the code provide an address for

Specifications

Data word size: 1 bit

Address bus size: None*

Direct addressing range: None*

Instruction word size: 8 bits*

Number of basic instructions: 24

Shortest instruction/time

(All): 125pus

Clock frequency (min/max): 10 kHz/
800 kHz

Clock phases/voltage swing: Internal

Dedicated I/O control lines: 30

Package: 40-pin DIP

Power requirements: 12 V/? mA
5V mA

* No external address lines are available but
the SBA can address up to 1023 words of on-
chip program memory.

Hardware
Model Description Price
SBA CPU $4
(2500 qty)
SBA-1 Same as SBA but
uses external N/A
PROM/RAM

the inputs, outputs or stored states and, if two of
the 32 available addresses are reserved for address-
less instructions, the remaining three bits of the
code enable a total of 24 instructions to be made
available. Most of the instructions are AND, NAND,
OR, Ex-OR, and stack or I/O operations.

Hardware support will be the SBA-1, a version with
external RAM or PROM for prototyping, otherwise
there are no prototyping systems available.
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The“hand-off)” It’s another plus
from OMRON’s triple threat.

The triple threat quarterback is OMRON's user-programmable intelligent terminal—the 8035.

8035 scores with up to a 28K memory and peripheral floppy discs for removable, virtual storage.

The running back is our 8038. It's equipped to make all the smart moves—on or off the line. 8038 can
accept—and run with—hand-off PROM programs developed by the 8035—saving you up to 40-50% on-line
time. 8038 is microprocessor-controlled, has storage capability and is operator-oriented.

If you'd like to use our hand-off option you can also count on 40-50% savings in hardware costs.

In addition to all the basic plays to control routine disc operations, the software system provides a resident
monitor, a symbolic assembler, editor, debugger and utilities for systems generation, communications and copy
operations. Device drivers are also provided for interfacing with CRT,communications adaptors and external
peripherals. Discs provide memory storage and can be used in creating PROM s reflecting a user program. Final
score: it's a winner!

Write or call Michael L. Squires for details and specifications, Information Products Division, Omron
Electronics, Inc., 432 Toyama Drive, Sunnyvale, CA. 94086. (408) 734-8400.

for auniverse of exceptionally reliable CRT systems.
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4-bit microcomputer, CMOS, NMOS or PMOS

i Texas Instruments Inc.
TMS1 000 famlly P.0. Box 5012, M/S308
Dallas, TX 75222
(214) 238-2011
The TMS1000 family of single chip microcomputers is available in about 35 models
—the unprogrammed evaluation processors (the TMS1099/SE1 and 1098/SE2), the
general purpose family (the TMS1000, 1070, 1100, 1200, 1270, 1300 and other models)
and some already preprogrammed units that can go right into an application (the
TMS1018, 1022, 1117 and 1121). All processors have on-chip ROMs that range from
1024 X 8 to 2048 X 8 and on-board RAMs of either 64 X 4 or 128 X 4. Also, versions
with up to 16 output lines can be had.

Alternate sources: Motorola for CMOS version.

v Specifications
AR RataaRaa®R  Data word size: 4 bits
o ! Address bus size: Internal
% ‘:‘.‘:&" | oy Direct addressing range: 2048
SERE | e words, max__
' Instruction word size: 8 bits
Number of basic instructions: 54
Shortest instruction/time
(All instructions): 6 us min.
Clock frequency (min/max): 50 kHz/1
L R
Clock phase/voltage swing: 1/Vsupply
Dedicated 1/O control lines: A6smax., vt
Package: 28 or 40-pin
DIPS or
sy 64-pin
! o evaluator
: Feo we ] | ]! Power requirements: 3to 35V at
! £ u N R 1 to 10 mA,
[f’:;_ : depending
gy | Hardware
BHA LW
Model Description Price
The architecture of all the TMS1000 products is very (5000 qty)
similar, with the main differences appearing in the
size of the RAM and ROM and the number of 1/O TMS1000 | 28-pin microcomputer | Under $4.
lines. All processors have an internal clock gener- TMS1070 | 28-pin microcomputer | Under $4.
ator, but can accept a single-phase clock signal if TMS1100 | 28-pin microcomputer | Under $4.
timing must be generated externally. Just the single TMS1200 | 40-pin microcomputer | Under $4.
chip is needed to form a minimal working system. TMS1270 | 40-pin microcomputer | Under $4.
TMS1300 | 40-pin microcomputer | Under $4.
TMS1098/
- Comments SE1 64-pin evaluator N/A
The instruction set contains a total of 54 commands TMS1099/
that are divided into five basic groups: 12 register SE2 64-pin evaluator N/A
reference instructions, 27 arithmetic and logic oper- TMS1330 |Combo CPU, a/d
ations, three bit-manipulation commands, five 1/O converter ,and
instructions and seven memory addressing. keyboard controller $7.
TMS1024 |4 x 4 1/O nder Under $3.
Software support for the TMS1000 family consists TMS1025 |4 ; 7 I;O ::ggndzr Under 23_
of an assembler, simulator, a high-level language TMS1976 |CPU to capacitive
compiler (TIML) and a variety of utility programs. keyboard interface | Under $3.
There is no program library available.
Special features of the software include the wide with the 64-pin system evaluator chips that permit
variety of register and accumulator operations pos- external RAM and ROM interfaces and prototype
sible as well as the individual bit set, reset and test boards for the evaluation chips. Also available is the
operations on the contents of a memory location. AMPL development system which permits assembly
and simulation and will soon permit in-circuit
Hardware support for the TMS1000 family starts emulation.
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- Coming through...

with a vital part in product design

It's what'’s up front that counts. That's why it pays off
" to involve Belden in the early stages of a project.

We know the codes, specs and electrical/environ-
mental parameters you're faced with. We've come
through with answers to some extraordinary new
applications.

As much as any component, wire, cable and cord,
can make a critical difference in your product’s per-
formance. And your costs. By drawing on thousands of
high-quality standards—and a wealth of custom engi-
neering knowhow—we can tailor an answer to fit your
needs. Exactly.

We can even help you cope with the economics of
wire processing, assembly and installation. Our prob-
lem solving experience ranges from innovative

BELDEN

75 TN

ANNIVERSARY,

packaging to total manufacturing analysis.

Whether you need cord sets, special harnesses,
shielded cable construction, flat cable—or help put-
ting it all together, involve a Belden Wire Specialist.
He'll come through with everything we've got. For
answers right now, phone:

317-966-6661 Electronic Division or mark 400 on reader
service card.

312-986-1600 Electrical Division or mark 401 on reader
service card.

312-887-1800 Transportation Division or mark 402 on
reader service card.

Or write Belden Corporation, 2000 S. Batavia Ave.,
Geneva, IL 60134

BELDEND®

Coming through...

with new ideas for moving electrical energy

H-2-6 ©1977 Belden Corporation
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4-bit microcomputer, NMOS

S2000

Alternate sources: None.

American Microsystems Inc.
3800 Homestead Rd.

Santa Clara, CA 95051

(408) 246-0330

A single-chip, 4-bit microcomputer built with silicon-gate, depletion-load NMOS technol-
ogy, the S2000 includes, on-chip, a 1 k x 8-bit ROM, 64 x 4-bit RAM, 50/60-Hz timer
and clock oscillator. Most of its 61 instructions are executed in 4 us. Among 29 I/O
lines are LED drivers (and a 7-segment display decoder), as well as a touch-control
interface. The device operates from a 9-V supply and has power-on reset circuitry.

Kizeelize8

Kags

Da..r
SE_ECTOR

4

DU'~5
|sececron

RAM
256 BITS
6 x4x4

The architecture of the S2000 microcomputer in-
cludes /O ports for almost every application—there
are seven-segment display outputs, touch-control
inputs, LED or vacuum-flourescent drivers
(S2000A), a voltage comparator, a 64 X 4 RAM, a
three-level stack and an on-chip clock oscillator. All
lines are TTL compatible and the eight D lines also
have three-state capability.

Comments

The instruction set for the S2000 processor consists
of 61 commands that are divided into the following
groups: 14 ROM and RAM instructions, 13 condi-
tional skip commands, 12 arithmetic and logic
operations, 11 1/O directives and 11 register instruc-
tions.

Software support includes a text editor, assembler,
real-time debugger, floppy-disc operating system,
software simulator, macroprogram library, self-
diagnostic programs and many applications ori-
ented programs. All these programs are designed

Specifications
Data word size: 4 bits
Address bus size: 13 bits
Direct addressing range: 8192 words
Instruction word size: 8 bits
Number of basic instructions: 61
Shortest instruction/time
(Most): 4 us
Longest instruction/time
(Jump to subroutine): 8 us
Clock frequency (min/max): Dc/1 MHz
Clock phases/voltage swing: 1/internal
Dedicated 1/0 control lines: 29
Package: 40-pin DIP
Power requirements: 9 V/26 mA
Hardware
Model Description Price
S2000 4-bit microcomputer $3.50
(100-k qty)

No special interface
circuits are needed

to run on the MDC, a microcomputer development
center.

Special features of the software include the fact
that all but two instructions execute in one machine
cycle and that some instructions can do several jobs
simultaneously. For instance, the XCD command
exchanges the accumulator contents with a RAM
location, decrements register BL, modifies register
BU and does a conditional jump.

Hardware support consists of the MDC micro-
computer development center, which includes a
CRT terminal, a dual-floppy-disc system, the
DEV-2000 real-time debug breadboard, printer and
logic analyzer (40 channels X 1024 events). There
is also a single-board S2000 evaluator that uses a
UV EPROM memory to permit program testing.
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FAIRCHILD

We’ll Pul You

OnThe Bus

i

Our new pp-based interface couplers
will link virtually any programmable
instrument to the IEEE 488 bus even
though their input and output is not
bus compatible.

RS-232 TO BUS Here's a new,
inexpensive way to convert your
teletype to a 488 bus printer. For
about $900, the Model 4884 will pro-
vide a bi-directional data link between
the parallel IEEE 488 bus and the
RS-232 serial data path. And it’s not
limited to teletype. The 4884 will
make any 20mA device such as print-
ers and recorders bus-compatible.
DVMs AND COUNTERS TO BUS
Building an ATE system? You may
have a pool of older instruments, But
the DVMs and counters aren’t 488
compatible. For about $800 you can
buy a Model 4881 that will take data
from any DVM, counter, or other
instrument and put it on the bus.
BUS TO FREQUENCY SYNTHE-
SIZERS AND PULSE GENERATORS
Want to control stimulus devices?
For the same $800, a Model 4882 can
control any programmable instrument
from the bus. Or, use it to just output
parallel data. It responds to a status
request from the controller and
passes all data without alteration.

(Without Taking You For A Ride.)

HOW ABOUT A BI-DIRECTIONAL
COUPLER For about $900, the 4884
combines capability and operational
features of the 4881 and 4882 in one
unit. It can be used to control or take
data from a measuring device, accept
program commands from the bus,
pass the commands on to a DVM'’s
control inputs, initiate readings and
output data when addressed. You can
even reduce it to “talk-only” or “listen-
only” by setting the mode switches.
AND THERE’S MORE TO THE
FAIRCHILD LINE Fairchild also
offers other instruments. The 6600
takes paper tape input and interfaces
to CRTs, modems or remote CPUs.
The 1700 takes BCD output and inter-
faces with TTYs, CPUs modems and
paper tape punches. Write: Fairchild
Instrumentation, a unit of Fairchild
Camera and Instrument Corp., 1725
Technology Drive, San Jose, CA 95110
Phone (408) 275-6600 or (408) 998-0123.

R R o i
FAIRCHILD
A R R RN R
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4-bit microcomputers, NMOS

MN1400 series

Alternate sources: None.

Panasonic Co.

50 Meadowland Parkway
Secaucus, NJ 07094
(201) 348-7276

The MN1400 series of microcomputers consists of four models, each with different
amounts of on-chip program memory. The ‘‘standard’” model is the MN1400, witha 1k x 8
on-chip mask-programmed ROM and 75 instructions. A “‘shrink’” version of the unit,
dubbed the MN1402 offers 57 instructions and only a 768 x 8 program memory. Also
available are two versions that have no on-chip memory. The MN1498 can address 1 k x 8
of external memory and offers 68 instructions. The largest processor is the MN1499, with
an addressing capability of 2 k x 8 and 75 instructions. All processors have a two-level
subroutine stack and on-board RAMs of 64 x 4 bits, except for the 1402, which has a 32 x

4 bit RAM.

Complete all-in-one microcomputers on a chip, all
parts in the MN1400 family have on-board clock
generators, and up to 64 x 4 bits of RAM. All units
have a two-level subroutine stack and different
amounts of 1/O capability. The MN1400 provides 12
individually settable latched output lines on one of
its ports, eight simultaneously settable lines on
another output port, four more lines on another
output port and two sets of four lines each on two
input ports. The 1402 has two 4-bit input ports, two
4-bit output ports and one 5-bit output port. The
1498 has fewer ports since the program memory
must be externally addressed—it has one 4-bit input
port, one 4-bit output port and one 9-bit output port.
Lastly, the 1499 has all the ports of the 1400 and
in addition has the interface necessary to handle
external memory.

Comments

Specifications
Data word size: 4 bits
Address bus size: 11 bits (max)
Direct addressing range: 2 k (max)
Instruction word size: 8 bits
Number of basic instructions: 57 .to: 75
Shortest instruction/time
(several commands): 10 us
Longest instruction/time
(Branch/Jump): 20 us
Clock frequency (min/max): dc/300 kHz
Clock phases/voltage swing: 1/5 V
Dedicated I/O control lines: 20
Package: 28, 40 or 64-
pin DIP
Power requirements: 5 V/100 mA
Hardware
Model Description Price
MN1400 | CPU, 40-pin, 75 instru-| approx.
tions $8
(1000 qty)
MN1402 | CPU, 28-pin, 57 instru- same.
ctions
MN1498 | CPU, 40-pin, 68 instru-| consult
ctions factory
MN1499 | CPU, 64-pin, 75 instru- $75.
ctions unit qty

Both the MN1400 and 1499 have a set of 75
instructions that are divided into four basic groups:
18 data transfer commands, 18 arithmetic and logic
directions, nine |/O instructions, and 30 control
commands. Both the 1402 and 1498 instruction sets
are subsets of the 75 commands of the 1400.

Support software for the MN1400 family consists
of a cross-assembler program for use on large
computer systems. The cross-assembler contains
error diagnostic and macro instructions, and is
written in Fortran. Additional support is also avail-
able on minicomputers such as the PFL-16A made
by Panafacom Ltd. Hardware simulation as well as
editing and debug routines are available. There is

no formal program library, but various application
programs are available on request.

Special instructions in the MN1400 family include
bit reset and bit set commands for data stored in
memory as well as a wide choice of /0O commands.
The built-in counter/timer is totally software con-
troller—special instructions are used to preset the
circuit or to enable or disable the counter.

Hardware support is performed by the MN1499, a
system evaluator circuit. The 1499 requires external
memory but to help debug programs it has a single-
step control line that can be used to go through
programs one line at a time.
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COULD A 53 RESISTOR SAVE YOU
A 5300 FIELD SERVICE CALL?

It sure could.

When the equipment you've built
fails at the worst possible moment
in the field, you may suddenly learn
just how expensive a mere resistor
can be. You may learn the hard way
that the dollar or two you saved at
the drawing board has cost you hun-
dreds or even thousands in warranty
service. And quite possibly even
cost you a customer.

Not every resistance application
cries out for Vishay quality. You may
often do without this quality and
still suffer no dire consequences.

P4

TCR
to O+1ppm/°’C

Vishay

ELECTRONIC DESIGN 21, October 11, 1977

But when you need a precision resis-
tor or trimmer for rock-solid stability
and reliability, think of this:

Some precision resistors offer you
tight tolerance at the expense of
poor frequency response. Others
offer low inductance and fast rise at
the expense of poor temperature
characteristics. Only Vishay Bulk
Metal® resistors offer you the com-
plete set of top performance charac-
teristics, including TCR as low as
0%+1ppm/°C, a combination that
will most often free your equipment
from that tormenting bug.

Only Vishay resistors give you all six top performunce specs.

CIRCLE NUMBER 41

And now Vishay offers you the
chance to make your own custom
bulk-metal resistors for breadboard,
prototype, or even production use.
Call or write for information on the
simple calibration and encapsulation
of Vishay resistors in your own plant.
Vishay Resistive Systems Group,

63 Lincoln
Highway,
|I\DAaIvern, /-\

A 19355;
phone (215) V’SHAY
644-1300; .\ RESISTIVE
TWX 510- SYSTEMS
688-8944. GROUP

6505

91
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4-bit microcomputer, NMOS

13444

Alternate sources: None.

Toshiba Transistor Works

1 Komukai Toshiba-cho Kawasaki-shi
Kanagawa-ken Japan

044-511-3111

The T3444 is a general-purpose microprogrammable controller and is available either
unprogrammed or in two preprogrammed versions: The T3444A is designed as a floppy-
disc controller, and the T3444B as a digital cassette controller. All inputs and outputs are
TTL compatible and both chips have a 4-bit data bus and the 8-bit command bus. Both

buses have three-state capability.

g RN —_ Specifications
e e 1 -------------- }‘J Data word size: 4 bits
Covind! N s VR e Address bus size: 8 bits
: e “T = Direct addressing range: Internal
\$ | e A Instruction word size: 4 bits
) ——— ot Number of basic instructions: N/A
. . Shortest instruction/time N/A
: ] i - i Longest instruction/time N/A
sy ——G = ﬂ“f‘ . R Clock frequency (min/max): Dc/0.8 MHz
e s 008 iR Clock phases/voltage swing: 1/TTL
g e s O i Pl AT Dedicated /0 control lines: 24
Yo e AL Package: 40-pin DIP
e T Lot e T Power requirements: 5 V/200 mA
‘ I”“ g ROM ':_ P
g Tl 256 x 24 bits 5- GND (0 V)
Hardware
The architecture of the T3444 revolves around two — -
8 X 8 bit data RAMs that feed in to the ALU. There  [Model | Description Price
are 16 lines for dedicated inputs and eight lines (100 qty)
dedicated as outputs. The processor also has a T3444 Controller, any version $23.
separate serial /0 section as well as an on-board
clock circuit.
Comments D SR TR

The software set of the T3444 is user determined
since the processor is microprogrammable. Pro-
gram storage space consists of an on-board 256 x
24 bit control memory.

Software support consists of a microassembler in
Fortran and in G-MAP (Honeywell Computer’s as-
sembly language). There is no program library.

Special features of the software include a cyclic-
redundancy-check capability as well as special
functions.

Hardware support includes a breadboard circuit
consisting of about 110 TTL devices on a board.
Program development proceeds by using PROMs
in the TTL equivalent.
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Same great name. Same great color.

And now a neat new way to definitive display performance.
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Consider the new Noritake-Ise dot-matrix line-up— In short, consider Noritake-Ise period

9,10,16, 20 and 40-character line displays. for dot matrix (or segmental) displays.

Variety aimed at giving you more design potential. Itrons always help you design more competitively.
Or consider our unique 400-dot graphics display

with 17m/m depth and low 35V drive rating. o ®
It's aimed at helping you think low voltage, l r. ” ”
portability and economy all at the same time.

ST Y IR AL A 3

L N
DC209A2

Dimension: 41(H) x208(W) x10.5(D)mm Character Size: 9.0(H) x6.3(W)mm

I Ra 2321
DCI5A2 FG48D6

Dimension: Dimension:

24(H) x75(W) x7.2(D)mm 25.5(H) x56.5(W) x7(D)mm
Character Size: Character Size:

5.05(H) x3.55(W)mm 8.0(H) x4.2(W)mm

DMA0OAL i

Dimension: 114(H) x130(W)x  y 17(D)mm

.
FG209M2
Dimension: 41(H) x208(W) x10.5(D)mm Character Size: 9.0(H) x5.4(W)mm

NORITAKE CO.,LTD. Mt

Electronics Division Electronics Office (U.S.A.) F.R. Germany UK. Europavia France Hong Kong ]
1-1, Noritake-Shinmachi 22410 Hawthorne Blvd, NEUMULLERGmbH 8  ITT Component Service  5-Avenue, Leon Harmel 92167, oom 1403 Shing Loon Bidg, ,!(s)ta EE‘EC,TRho" (S CORP.
-26 Stanley Street, Hong Kong ox 40, Ise-shi
Nishi-ku, Nagoya-Shi, Torrance California 90505, Mienchen 2 Edinburgh Way, Harlow, Antony Cedex, France Phone: 5-232420 Telex: HX83151  Mie-Pref., Japan
Japan USA Karlstrasse 55 Essex, UK Phone: 666-21-10 Taipei Phone: (0596) 39-1111
Phone: NAGOYA Phone: (213) 373-6704 F.R. Germany Phone: 0279-3351 Telex: 42204381 72-9 SEC 2, JEN Al RD., Taipei Telex: 4969523
(052) 561-7111 Telex: 230674910 Phone: 089 (599)1230  Telex: 81146 Phone: 351-0293 Telex: 11176
Telex: J59738 NORITAKE Telex: 522106
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4-bit microprocessor, NMOS

13472

Alternate sources: None.

Toshiba Transistor Works

1 Komukai Toshiba-cho Kawasaki-shi
Kanagawa-ken, Japan

044-511-3111

This microprogrammable 4-bit processor is intended to provide up to a 16-digit numeric
display and handle a 64-key input. It is a silicon-gate NMOS device, operates from a
single 5-V supply, and its data bus is three-state. A large instruction set (67) includes
advanced instructions, like variable-length (1 to 16 digits) decimal/binary arithmetic
operations. All inputs and outputs are TTL compatible. A two-level interrupt and 12-

bit address bus are other features.

Ao~11
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REPEAT RAM ADDRESS
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DBo~s =) Conte) | (a¥xad) REGISTER(16¥x4P)H1— sDo 3
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TIMING REGISTER (16%x1 B
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RUN P-KEY]
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HOLD ROM & CONTROL —xgy| | (232 %
TRg (256Wx 24P1t) REG.
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The architecture of the T3472 is,oriented for binary
and BCD data manipulation and display. All I/O lines
are TTL compatible and the data bus has three-state
capability. Display control logic and the clock as
well as the keyboard scan control circuitry are
included on the processor chip.

Comments
The instruction set of the T3472 contains a total
of 67 commands divided up as follows: 17 data
transfer commands, 17 arithmetic instructions, 11
logic operations, four /O commands, nine branch
instructions and nine control operations.

Software support for the T3472 consists of a cross-
assembler written in Fortran. There is no program
library available.

Special features of the software include the
capability of instructions to handle variable length
data(from 1 to 16 digits), and the capability to handle
both binary and BCD arithmetic operations.

Specifications
Data word size: 4 bits
Address bus size: 12 bits
Direct addressing range: 4096 words
Instruction word size: 8 bits

Number of basic instructions: 67
Shortest instruction/time

(Load immediate): 33 us
Longest instruction/time
(Compare 16 bits): 360 us
Clock frequency (min/max): Dc/1 MHz
Clock phases/voltage swing: /AL E
Dedicated I/O control lines: 16
Package: 42-pin DIP
Power requirements: 5 V/195 mA
Hardware
Model Description Price
(100 qty)
T3472 Microprocessor $13.00
T3473 Printer controller
(for Seiko CR-101T) $6.50
T3538 Printer controller
(for Seiko CR-330) $6.50
T3474 16 kbit mask-
programmable ROM $9.50

Hardware support for the T3472 consists of the
EX-4/01, a board containing 4096 words of RAM,
4096 words of PROM, a control panel with numeric
display and a keyboard.
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VIOLDED TANTALUMS:

KEMET Precision-Molded, Solid Tantalum Capacitors with axial leads are tailor-made for your high-
speed, automatic insertion operations.

Their self-insulating epoxy cases are distinctively shaped for positive polarity identification, and
provide unexcelled dimensional stability and lead concentricity.

You get extremely high capacitance-to-volume ratio, excellent performance characteristics from
-55°C to +85°C, and solid KEMET quality throughout. At a surprisingly low in-place cost.

Specify the T320 Series for sub-miniature, extended-range units in three tubular case sizes, and
CV range from 0.1 to 68 uF, 6 to 50 volts. Or the KEMET “Bullet” T310 Series in four standard cases,
and CV range from 0.1 to 330 uF, 6 to 50 volts. Write for complete data.

Components Department, Union Carbide Corporation, P.0. Box 5928, Greenville, SC 29606; phone:
(803) 963-6300; TWX: 810-287-2536; Telex: 57-0496.

Or see your local KEMET Capacitors Distributor.
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COMPONENTS DEPARTMENT

KEMET is a registered trademark of Union Carbide Corporation
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KEMET OFFERS YOU MORE.
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In Europe: Union Carbide Europe, S.A. 5, Rue Pedro-Meylan,
Geneva 17, Switzerland Phone: 022/47 4411 Telex: 845-22253




4-bit microcomputer, PMOS

SX 200

Alternate sources: None.

Essex Group Wire Assembly Division
Semiconductor Operations

564 Alpha Drive y

Pittsburgh, PA 15238

(412) 963-9322

A 4-bit PMOS microcomputer in a single 28-pin package, the SX 200, combines CPU
with 1024 X 8 bits of ROM and 64 X 4 bits of RAM. In addition to data storage, there
are 16 individually settable, resettable and testable flag bits for program control. The
outputs are mask programmable via a PLA; some outputs are individually settable and
resettable under program control and others output parallel data. Direct input is

provided for capacitive touchplates.
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The architecture of the SX 200 processor is typical
of the small all-in-one microcomputers—the on-
chip ROM feeds instructions to the ALU and to the
flag register while the RAM provides the workspace.
The processor contains its own clock and touch-
switch interface to make a complete system using
capacitive touchplates to enter data. The output
section contains three ports—a 12-bit output port,
a 7-bit output port and a 4-bit input port.

Comments

Specifications

Data word size:
Address bus size:
Direct addressing range:

4 bits

4 bits
1024 bytes
(internal)

Instruction word size: 8 bits
Number of basic instructions: 41
Shortest instruction/time
(Any): 20p
Clock frequency (min/max): Dc/400 kHz
Clock phases/voltage swing: 1/internal
Dedicated I/O control lines: 24
Package: 28-pin DIP
Power requirements: 10 Ato 18.5V/25
m

Hardware

Description
4-bit CPU
There are no support
circuits available.

The instruction set contains 41 basic instructions
that all execute in one cycle. The instructions can
be split into the following groups: three branch
instructions, eight constant operations, two bit-
manipulation operations, 20 register, accumulator
and RAM operations, and eight control and I/O
instructions.

Software support is provided by the company for
the SX 200 in the form of assembly and high-level
assembler and simulator programs. There is no
program library available.

Special features of the software start with the fact
that all instructions require the same amount of time
to execute. The 16 individually settable, resettable
and testable flag bits greatly improve program
control. Data can be input in BCD, thus simplifying
many interfaces.

Hardware support consists of a programmable
emulator that is used to verify the system and
program design.
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Authorized General Electric Semiconductor Distributors

ALABAMA

Argo and Co., Birmingham 35201; 205/787-4652

Forbes Distributing Co., Birmingham 35233; 205/251-4107
Hamilton/Avnet, Huntsville 35806; 205/533-1170

ARIZONA
Hamilton/Avnet, Phoenix 85034; 602/243-4151
Kierulff Electronics, Phoenix 85040; 602/243-4101

ARKANSAS
Carlton-Bates, Little Rock 72209; 501/562-9100

CALIFORNIA

Brill Electronics, Oakland 94606; 415/834-5888

Cramer Electronics, Irvine 92705; 213/771-8300

Cramer Electronics, Sunnyvale 94086; 408/739-3011
Elmar Electronics, Mt. View 94042; 415/961-3611
Hamilton Electro Sales, Culver City 90230; 213/558-2011
Hamilton/Avnet, Mt. View 94040; 415/961-0272
Hamilton/Avnet, San Diego 92123; 714/279-2421
Kierulff Electronics, Los Angeles 90022; 213/725-0325
Kierulff Electronics, Palo Alto 94303; 415/968-6292
Kierulff Electronics, San Diego 92123; 714/278-2112
Marshal, G. S., Company, El Monte 91731; 213/686-0141
Schweber Electronics (L.A. Div.) Costa Mesa 92626; 714/556-3880

COLORADO
Electronic Parts, Denver 80210; 303/744-1992
Hamilton/Avnet, Denver 80216; 303/534-1212

CONNECTICUT

Bond Radio Supply, Waterbury 06702; 203/757-0546
Cramer Electronics, N. Haven 06473; 203/239-6641
Hamilton/Avnet (Georgetown), Wilton 06829; 203/762-0361
Schweber Electronics, Danbury 06810; 203/792-3500

FLORIDA

Cramer Electronics, Hollywood 33020; 305/923-8181
Cramer Electronics, Orlando 32814; 305/894-1511
Hamilton/Avnet, Hollywood 33021; 305/925-5401
Schweber Electronics, Hollywood 33020; 305/927-0511

GEORGIA

Cramer Electronics, Norcross 30071; 404/448-9050
Hamilton/Avnet, Norcross 30071; 404/448-0800

Lykes Electronics, Norcross 30071; 404/355-2223
Schweber Electronics, Atlanta 30340; 404/449-9170
ILLINOIS

Cramer Electronics, Mt. Prospect 60056; 312/593-8230
Hamilton/Avnet, Schiller Park 60176; 312/671-6094
Newark Electronics Corp., Chicago 60624; 312/638-4411
Schweber Electronics, Elk Grove 60007; 312/593-2740
Semiconductor Specialists, Chicago 60666; 312/279-1000
INDIANA

Fort Wayne Electronics, Fort Wayne 46801; 219/423-3422
Graham Electronics, Indianapolis 46204; 317/634-8202
Hutch and Sons, Inc., Evansville 812/425-7201

Pioneer Standard, Indianapolis 46250; 313/478-2700
IOWA

Deeco, Inc., Cedar Rapids 52406; 319/365-7551
KANSAS

Hamilton/Avnet, Lenexa 66215; 913/888-8900
LOUISIANA

Lykes Electronics, Harvey 70059; 504/486-7441
MARYLAND

Arrow Electronics, Baltimore 21227; 301/247-5200

Cramer Electronics, Gaithersburg 20760; 301/948-0110
Hamilton/Avnet, Hanover 21076; 301/796-5255

Pioneer Standard (Washington), Gaithersburg 20760; 301/948-0710

Schweber Electronics, Rockville 20852; 301/881-2973

MASSACHUSETTS

Cramer Electronics, Newton Center 02159; 617/969-7700
Cushing, T. F.,-Inc., Springfield 01101; 413/788-7341
Gerber Radio, Dedham 02026; 617/329-2400
Hamilton/Avnet, Woburn 01801; 617/273-2120
Schweber Electronics, Waltham 02154; 617/890-7044

MICHIGAN

Hamilton/Avnet, Livonia 48150; 313/522-4060

Pioneer Standard, Livonia 48150; 313/525-1800

R.S. Electronics, Livonia 48150; 313/491-1000

Schweber Electronics, Troy 48084; 313/583-9242
Semiconductor Specialists, Farmington 48024; 313/478-2700

MINNESOTA

Cramer Electronics (Bonn), Edina 55435; 612/835-7811
Gopher Electronics, St. Paul 55113, 612/645-0889
Hamilton/Avnet (Minneapolis), Edina 55435; 612/941-3801
Schweber Electronics, Eden Prairie 55343; 612/941-5280
Semi tor Speciali Bloomington 55420; 612/854-8841

MISSOURI

Hamilton/Avnet, Hazelwood 63042; 314/731-1144

L-Comp, Kansas City 64120; 816/221-2400

Olive Industrial Electric, University City 63130; 314/863-7800

NEBRASKA
Scott Electronics, Lincoln 68504; 402/466-8221

NEW JERSEY

Arrow Electronics, Moorestown 08057; 609/235-1900
Arrow Electronics, Saddle Brook 07662; 201/797-5800
Cramer Electronics, Little Falls 07424; 201/785-4300
General Radio Supply, Camden 08102; 609/964-8560
Hamilton/Avnet, Cedar Road 07009; 201/239-0800
Hamilton/Avnet, Mt. Laurel 08057; 609/234-0483
Schweber Electronics, Somerset 08873; 201/469-6008

NEW MEXICO
Cramer Electronics, Albuquerque 87108; 505/265-5767
Hamilton/Avnet, Albuquerque 87117; 505/765-1500

NEW YORK

Arrow Electronics, Farmingdale 11735; 516/694-6800
Cramer Electronics, East Syracuse 13057; 315/437-6671
Cramer Electronics, Hauppauge 11787; 516/231-5600
Cramer Electronics, Rochester 14623; 716/275-0300
Hamilton/Avnet, East Syracuse 13057; 315/437-2641
Hamilton/Avnet, Rochester 14623; 716/442-7820
Hamilton/Avnet, Westbury 11590; 516/333-5800
Rochester Radio Supply, Rochester 14614; 716/454-7800
Rome Electronics, Rome 13440; 315/337-5400
Schweber Electronics, Rochester 14623; 716/461-4000
Schweber Electronics, Westbury 11590; 516/334-7590
Standard Electronics, Cheektowaga 14225; 716/685-4220

NORTH CAROLINA

Cramer Electronics, Winston-Salem 27102; 919/725-8711
Dixie Radio Supply, Charlotte 28203; 704/377-5413
Southeastern Radio Supply, Raleigh 27603; 919/828-2311

OHIO

Electronic Marketing Corp., Columbus 43212; 614/299-4161
Hamilton/Avnet, Cleveland 44143; 216/461-1400
Hamilton/Avnet, Dayton"45459; 513/433-0610

Hughes Peters, Inc., Cincinnati 45227; 513/351-2000
Hughes Peters, Inc., Columbus 43211; 614/294-5351
Pioneer Standard, Cleveland 44105; 216/587-360C

Pioneer Standard, Dayton 45404; 513/299-7273

REM Electronics, Warren 44482; 216/373-1300

Schweber Electronics, Beachwood 44122; 216/464-2970

OKLAHOMA
0il Capitol Electronics, Tulsa 74145; 918/622-8520

PENNSYLVANIA

Almo Electronics Corp., Philadelphia 19114; 215/698-4021
Pioneer Standard, Horsham 19044; 215/674-5710
Pioneer Standard, Pittsburgh 15238; 412/782-2300

Rosen Electronics, York 17403; 717/843-3875

Schweber Electronics, Horsham 19044; 215/441-0600

RHODE ISLAND
Edwards, W. H. Company, Warwick 02888; 401/781-8000

SOUTH CAROLINA
Dixie Radio Supply, Columbia 29202; 803/779-5332

TEXAS

Hamilton/Avnet, Dallas 75240; 214/661-8661
Hamilton/Avnet, Houston 77042; 713/526-4661

Norvell Electronics, Dallas 75240; 214/233-0020

Schweber Electronics, Dallas 75240; 214/661-5010
Schweber Electronics, Houston 77036; 713/784-3600
Sterling Electronics, Dallas 75220; 214/357-9131

Sterling Electronics, Houston 77003; 713/627-9800
TENNESSEE

Industrial Electronics, Knoxville 37920; 615/5673-7135
UTAH

Hamilton/Avnet, Salt Lake City 84119; 801/972-2800
Newark Electronics Corp., Salt Lake City 84115; 801/486-1048
VIRGINIA

Sterling/Meridian Electronics, Richmond 23220; 804/369-0221
Virginia Radio Supply, Charlottesville 22901; 804/296-4184
WASHINGTON

Almac/Stroum Electronics, Seattle 98108; 206/673-2300
Hamilton/Avnet, Bellevue 98005; 206/746-8750

WEST VIRGINIA

McJunkin Corporation, Nitro 24143; 304/348-4907
WISCONSIN

Marsh Electronics, Milwaukee 53214; 414/475-6000
Hamilton/Avnet, New Berlin 53151; 414/784-4510

GENERAL &3 ELECTRIC
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“I BELIEVE THE GOLD BOOK IS ONE OF
THE MOST IMPORTANT BOOKS ON MY SHELF.”

Darrell D. Tilus is Master Engineer at TWA, Kansas City. He's in charge of design and/or purchase of equipment used to test aircraft “‘black
boxes,” and specifies the needed equipment and components. His directory? Electronic Design's GOLD BOOK.

Mr. Tilus estimates that he used the GOLD BOOK two or three times a week during the past year, rates it “‘extremely useful” and has
purchased over $10,000 worth of test equipment, components and devices through its pages.

“l can count on the GOLD BOOK to give me and my fellow engineers the address and phone of all the electronic/electrical
companies | need to contact. | think it's far superior to the others (especially the EEM) in the directory pages.”

If you're looking for electronic products — do what Mr. Tilus does — look first in the GOLD BOOK.

IF IT'S ELECTRONIC...IT'S IN THE GOLD BOOK
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4-bit microcomputer, PMOS

COPS series

Alternate sources: None.

National Semiconductor, Inc.
2900 Semiconductor Dr.
Santa Clara, CA 95051

(408) 737-5000

The COPS family of PMOS processor chips consists of four different processor circuits
or circuit combinations—the MM5781 and 5782 combination processor and ROM
circuits, the MM5799 all-in-one processor, the MM57140/57152 single-chip processor
(the 140 drives LEDs, the 152 handles fluorescents) and the MM57109 single-chip number
cruncher. The 5782 is the processor half of the two chip set and contains a 160 X 4 bit
RAM. The 5781 is the ROM half and can hold up to 2048 X 8 bits (an expansion chip, the
57129, can hold up to 4096 X 8 bits). On the 5799 up to 1500 X 8 bits of ROM are available
and on the 57140 only 630 X 8 bits. RAM space on the 5799 and 57140 decreases to 96 X 4

and 55 X 4, respectively.

i

il

The architectures of the devices in the COPS family
of processors are similar. Variations in memory size
and I/O capability are the major differences. Most
of the processors provide BCD or seven-segment
outputs plus all can handle a direct keyboard
interface. Only the MM5782 requires an external
clock oscillator all other circuits have internal
clocks.

ol gemments ¥
The instruction set between all four processor
models is compatible—the instructions of the
smaller processors are a subset of the larger chips.
The largest processor MM5799 offers 41 instruc-
tions that can be broken down as follows: 18 control
and ALU commands, 10 I/O directions and 13
memory operations. The other processors have 36
and 33 (for the 57140 and 5782, respectively). The
57109 has 70 pre-programmed commands to handle
calculations.

Software support for the COPS series consists of
a cross assembler and simulator program available
on an IMP-16 computer system. No program library
is available.

S - Specifications ninae
Data word size: 4 bits
Address bus size: Internal
Direct addressing range: Up to 4096
bytes

Instruction word size: 8 bits
Number of basic instructions: 33 to 41
Shortest instruction/time

(Single word): 10 us
Longest instruction/time

(Double word): 50 us
Clock frequency (min/max): 70/400 kHz
Clock phases/voltage swing: 4 internal
Dedicated 1/0O control lines: 11 to 24
Package: 28-pin DIP

Power requirements: 9V/8to 15 mA

B __Hardware i
Model Description Price
(100 qty)
MM5781 |2k x 8ROM &1/O N/A
MM5782 | 4-bit microcomputer $14.35
MM5799 | 4-bit microcomputer N/A
MM57109 | 4-bit number cruncher 12.00
MM57140 | 4-bit microcomputer,
LED N/A
MM57152 | Same as 140 but
fluoresc. N/A
MM5785 | Interface to RAMs N/A
MM5788 | Interface to printer N/A
MM57129 | 4k x 8ROM & 1/0 N/A

Special features of the software include simple
BCD data handling and serial as well as parallel data
handling instructions. All instructions require either
one or two clock cycles.

Hardware support includes the IMP-16P micro-
based hardware and software development system,
including a ROM simulation capability. Chips
without ROMs are also available so that external
RAM and PROM can be used for program develop-
ment.

ELECTRONIC DESIGN 21, October 11, 1977
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Amphenol Micro-Miniature Connector Series.
Minimum size at a miserly price.

Reduced size. And reduced weight. Those are just two
good reasons for choosing your connectors from this
economical trio:

Amphenol 220 Series connectors. For high-contact density
rack-and-panel applications. Sturdy monoblock body,
injection-molded polycarbonate, 52 or 104 contacts.

Amphenol 221 Series multi-purpose strip connectors.
Polycarbonate or nylon, 4” and 6” strip lengths, on .100!
.075" and .050" contact centers, in contact arrangements
of 60, 53 and 80. Use as is, or cut the strips to lengths
(or stack) as desired.

Amphenol 223 Series connectors. For circuit modules

RAMO

BUNKER

potted-in or surface-mounted; also for rack-and-panel,
cable-to-cable, and cable-to-panel. Polycarbonate or
nylon bodies, 5, 9, 17, 25, or 33 contacts.

More savings: new Econo-Tac™ contacts. Gold-over-
nickel plating. Stamped, crimp-removable contacts,
supplied on 20,000-contact reels or loose. Ideal for high-
volume production with the Amphenol semi-automatic
termination equipment.

Get most popular sizes immediately from your Amphenol
Industrial Distributor. Or for more information, call

Harry Jaeger, (312) 986-3770. Or write Amphenol North
America Division, Bunker Ramo Corporation, Dept. C17A,
900 Commerce Drive, Oak Brook, Illinois 60521.

The right idea
at the
right time.

AMPHENOL

CIRCLE NUMBER 45



4-bit microcomputer, PMOS

uCOM-42 (uPD548C)

Alternate sources: None.

NEC Microcomputers, Inc.
5 Militia Dr.

Lexington, MA 02173
(617) 862-6410

The uCOM-42 is a 4-bit single-chip microcomputer designed for electronic cash register
and vending applications. Containing an on-chip ROM of 1920 X 10 bits and a 96 X
4 bit RAM, the processor still has 35 lines available for I/O operations. The /O lines
can handle an 8 X 4 key keyboard as well as an eight-digit LED display and electronic
printer without any additional support circuits.

AT

ROM
1020 X 10

rac | rouv
@ ] — TRie)
— J——
N p:

oP7

00-7

RAM

C: e 96X4
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The architecture of the uCOM-42 is designed direct-
ly for the electronic cash register market and key-
board controllable appliances. The |/O structure
handles an 8 X 4 keyboard, an 8-digit LED display
and peripherals. The on-board RAM can also be
expanded off the chip. All I/O lines are TTL com-
patible and all outputs can handle up to —35 V.

Comments
The instruction set of the uCOM-42 processor
contains 72 instructions divided as follows: 11
accumulator manipulation commands, five
load/store directives, five data pointer manipulation
directions, four register manipulation instructions,
three bit manipulation operations, seven skip and
jump instructions, three subroutine commands,
four interrupt directives, nine I/O operations, 20 port
manipulation instructions and one no-operation
command.

Software support for the uCOM-42 consists of a
cross assembler that runs on the company’s 8080A-
based PDA-80 program development system. Also
available is the PDA editor program. There is no
program library available.

e Specifications
Data word size: 4 bits
Address bus size: 11 bits
(internal)
Direct addressing range: 1920 words
(internal)
Instruction word size: 10 bits
Number of basic instructions: 72
Shortest instruction/time
(Add): 10 us
Longest instruction/time
(Return from subroutine): 20 us
Clock frequency (min/max): 100/200 kHz
Clock phases/voltage swing: 1/TTL
Dedicated I/O control lines: 15
Package: 42-pin DIP
Power requirements: —10 V/-30
mA
s = Hardware. o
Model Description Price
uCOM-42 | Microcomputer
(5000 qty) $5.50
There are no
specialized
support circuits.

Important software features include the fact that
allinstructions require justasingle cycle. And, many
commands are multifunction and have auto incre-
ment and auto-decrement capability.

Hardware support comes in two forms—an eval-
uation chip or an evaluation kit. The chip is available
so that external ROM or PROM can be used to
prepare the program. It also has a hold line to stop
operation so that instruction execution can be
examined. The other aid is an evaluation kit that
provides single-step, breakpoint and register dis-
play capabilities.

ELECTRONIC DESIGN 21, October 11, 1977
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4-bit microcomputer, PMOS

NEC Microcomputers
5 Militia Dr.
Lexington, MA 02173
(617) 862-6410

uCOM-43, uCOM-44, uCOM-45 (uPD546C, 547C, 550C)

Alternate sources: None.

The uCOM-43, 44 and 45 family of all-in-one 4-bit microcomputers is designed for
dedicated controller applications. The major differences between the different models
is the amount of memory space available on each chip—the 43 is the largest with 2000
X 8 bits of ROM and 96 X 4 bits of RAM. Next step down is the 44 with 1000 X 8
of ROM and 64 X 4 of RAM. The smallest chip is the 45, with a 640 X 8 ROM and
a 32 X 4 RAM. Other differences are in the number of 1/O lines and a timer included

on the uCOM-43 chip.
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The architecture of the uCOM 43, 44 and 45 all-in-
one processors is the same except for varying
amounts of ROM and RAM. All chips have an on-
board clock circuit and have TTL compatible 1/0
lines. The largest circuit, the 43, has an on-board
programmable timer, a three-level stack, a flag
register and six working registers. The |/O ports are
divided as follows: two 4-bit input ports, two 4-bit
I/0O ports, four 4-bit outputs and one 3-bit output.

Comments

The instruction set consists of 80 commands for
the uCOM-43 and each of the instruction sets for
the 44 and 45 are just subsets of the 80. The 44 and
45 have 58 instructions in their repertoire. The major
instruction set is broken down as follows: six
arithmetic, 11 jump, branch and skip, 11 I/O, two
timer, 26 register and memory manipulation, three
comparison and 10 register exchange operations.

Software support is provided by a cross assembler
that runs on the company’s 8080A-based PDA-80
hardware and software development system. Also
available is the PDA-80 editor program and a Fortran
IV cross assembler for a 16-bit host computer. There
is no program library available.

Special features of the software start with the fact
that 73 of the 80 instructions require just a single

Specifications
Data word size: 4 bits
Address bus size: Internal
Direct addressing range: Up to 2000
bytes
Instruction word size: 8 bits
Number of basic instructions: 80 (max.)
Shortest instruction/time
(Clear accumulator): 9.1 us
Longest instruction/time
(Return to subroutine): 36.4 us
Clock frequency (min/max): 150/440 kHz
Clock phases/voltage swing: 1/Internal
Dedicated I/O control lines: 21 to 35
Package: 42-pin DIP
Power requirements: —10 V/—30 mA
Hardware
Model Description Price
uCOM-43 | 4-bit microcomputer $5.50
uCOM-44 | 4-bit microcomputer 3.40
uCOM-45 | 4-bit microcomputer 2.70
All prices are for
50,000 qty
purchases.
There are no support
circuits available.

byte. Six instructions provide multiple functions.
There are also a total of 25 test-and-skip directions.

Hardware support for the uCOM-43, 44 and 45 starts
with the uPD556D evaluation chip, which is the
same as the uCOM-43 except that the address lines
for the ROM are now available for external program
memory. Also available is an evaluation kit that
provides single-step, breakpoint and register dis-
play operations to aid program development.

ELECTRONIC DESIGN 21, October 11, 1977



TYPE 192P PACER® FILM CAPACITORS

T o T,

R

BEAT THE
SPACE/COST
SQUEEZE

Polyester-film dielectric, heat-shrinkable plastic sleeve . . .
the kind of construction that saves both space and cost.

Unique construction . . . all turns of extended foil electrodes
terminated in metal end caps . . . assures best-possible
non-inductive capacitor section.

End caps provide controlled dimensions . . . suitable for
automatic insertion on printed wiring boards.

High humidity resistance . . . end caps over capacitor sec-
tions are effective moisture barriers.

Voltage ratings from 80 to 600 WVDC. Capacitance values
from .0001 to .39 wF. Standard capacitance tolerances,
+5%, =+10%, =+20%. Operating temperature range,
—55°C to 4-85°C.

Write for Engineering Bulletin 2066C to
Technical Literature Service, Sprague Electric Co.,
347 Marshall St., North Adams, Mass. 01247.

4sP-7123

THE BROAD-LINE PRODUCER
OF ELECTRONIC PARTS

CIRCLE NUMBER 264

SERIES 207C300/207C400 MODULES

ACTIVE FILTERS
FOR USE
WITH MODEMS

® Designed for low speed modem applications.

® Provide all necessary filtering for originate only, answer
only, or answer/originate operation.

® Series 207C300 transmit modules feature 6-pole filter to
suppress output sidebands, reduce harmonic distortion.

@ Series 207C400 receive modules include 10-pole filter to
eliminate noise and local carrier signals.

@ Absolute max. ratings include supply voltages of 418V
(Ves), —18V (Vee), 5.5V (Voo). Operating temp. range is 0°
to 4-70°C. Storage temp. range is —40° to +-125°C.

Write for Engineering Bulletin 22113 to
Technical Literature Service, Sprague Electric Co.
347 Marshall St., North Adams, Mass. 01247.

THE BROAD-LINE PRODUCER
OF ELECTRONIC PARTS

452-7130

SPRAGUE

THE MARK OF RELIABILITY

CIRCLE NUMBER 266
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TRIGATE® PULSE TRANSFORMERS

THE INDUSTRY’S
LOWEST-COST
SCR TRIGGERS

Dependable enough for industrial equipment, yet priced for
high-volume commercial use.

Balanced pulse characteristics and energy transfer, mini-
mum saturation effect, fast pulse rise time, increased cur-
rent capability, improved energy transfer efficiency.

Variety of turns ratios available with line voltage ratings to
240 VAC or 550 VAC. Operating temperature range,
—10°C to 4-70°.

Plug-in design, protected by thermoplastic sheath. Axial-
lead and pre-molded designs also available.

Write for Engineering Bulletin 40003B to
Technical Literature Service, Sprague Electric Co.
347 Marshall St., North Adams, Mass. 01247.

4s5C-7124

THE BROAD-LINE PRODUCER
OF ELECTRONIC PARTS

CIRCLE NUMBER 265

TYPE 715P FILMITE® ‘L’ CAPACITORS

LOW
DISSIPATION
FACTOR

® Polypropylene film dielectric . . . similar to polystyrene in

high a-c current-carrying capability, but has added advan-
tage of 105°C operation.

@ Conformally coated with flame retardant epoxy.
® Ideal in solid-state TV vertical circuits, r-f generators, pulse-

forming networks, plus other applications where high a-c
current flow is found.

® Capacitance change with temperature less than 3% over

operating temperature range of —55°C to -+85°C.

@ Capacitance values from .001 to .47 wF, voltage ratings

from 400 to 1600 WVDC.

Write for Engineering Bulletin 2090 to
Technical Literature Service, Sprague Electric Co.
347 Marshall St., North Adams, Mass. 01247.

45P-7126

THE BROAD-LINE PRODUCER
OF ELECTRONIC PARTS

CIRCLE NUMBER 267
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4-bit microcomputer, PMOS
PPS-4/1 family

Alternate sources: AEG Telefunken.

Rockwell International
P.O. Box 3669
Anaheim, CA 92803
(714) 632-3729

A family of 4-bit, single-chip, microcomputers, the PPS-4/1 Models MM75, 76, 77 and 78
include CPU, RAM, ROM, I/O and clock circuitry on a single chip. On-board ROM ranges
from 640 to 2048 bytes and on-chip RAM spans 48 to 128 4-bit words. Three special
versions of the MM76 are also available—the E version with an expanded ROM, the D
version with an a/d converter and the C model with a high-speed counter.

e Specifications
i) Data word size: 4 bits
E Address bus size: Internal
oy & Direct addressing range: Internal
G Instruction word size: 8 bits
Number of basic instructions: BTOreYN
Shortest instruction/time
(Most): 125ps
Clock frequency (min/max): 40/120 kHz
Clock phases/voltage swing: Internal
Dedicated /O control lines: 22 to 39
Package: 28 pin DIP or
42 and 52-
: o pin QUILs
The architecture of the PPS-4/1 devices resembles Power requirements: 15 V/5 mA
that of a complete minicomputer—all the necessary
circuits are included on a single chip. All chips
except the MM77 and 78 have a 48 X 4 bit on-board
RAM. The 77 and 78 contain 96 X 4 and 128 X 4 Hardware
RAMSs, respectively. All chips have one 8-bit bidirec- Model D ioti Pri
tional port as well as two conditional interrupt lines, Spa SHEARISD 100'609
except for the MM75 which has only one interrupt. ( aty)
MM75 CPU with 640 bytes
of ROM $6.10
o SN Comments - MM76 CPU with 640 bytes
The instruction set of the PPS-4/1 processors is of ROM 8.00
divided into nine basic categories—RAM address- MM76C | CPU with counter
ing commands, bit-manipulation directions, regis- MM76D | CPU with a/d converter
ter-to-register operations, arithmetic instructions, MM76E | CPU (expanded MM76)
ROM addressing commands, logic comparison in- MM77 CPU with 1344 bytes
structions, I/O directions, conditional transfer oper- of ROM 9.50
ations and register/memory instructions. MM78 CPU with 2048 bytes
of ROM 10.75
Software support for the PPS-4/1 family consists of

a Fortran IV cross assembler available either for
direct purchase or on time-sharing networks (GE
and Tymshare). Also available is the PPS MP Univer-
sal Assemulator that contains supervisors, as-

semblers, and a text editor as well as debug rou-
tines.

Software features include specialized instructions
for the software controllable converter and counter
in the MM76D and C versions, as well as a large
number of general-purpose /O commands.

Hardware support for the PPS-4/1 family consists
of various processor modules that plug into the PPS
MP Universal Assemulator—the complete resident
development system for the family. There are also
a wide number of support modules for the As-
semulator—memory, /O, personality and prototyp-
ing cards are available.

ELECTRONIC DESIGN 21, October 11, 1977
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THERE'S A

» Designers
* Engineers
Technicians
* Electricians
» Inspectors g
Assemblers with Mirror
Scientists Scale
Environmentalists =800
Experimenters
Students
Teachers
* Hobbyists
y Overload
Protected
(e i $128.00
260-6N 260-6P Overload
with Mirror Overload Protected
Scale Protected in Roll Top
$82.50 $119.00 Case
$129.00 260-6XLPM
) Overload
32 ey Protected
260-6R1 Overl ith Mi with Mirror
in Roll Top P;Ic?treg?edd vsvétge e J Scale
ngeso with Mirror in Roll Top | $131.00
$89. Scale Case I
$122.00 $92.50 COMPLETE LINE OF PROBES,

LEADS, CARRYING CASES AND
OTHER ACCESSORIES AVAILABLE.

~Al Bl ECTRONIC / Jass=1Tay, NICTDIRIITNAL il « AN
;AL ELECTRONIC - L 1T HICAL NSTRIB Ot Y e 1¢ .atalog 4500

SIMPSO cLECIRIC CGCUNVIFAN]Y KATY INDUSTRIES
853 Dundee Avenue, Elgin, lllinois 60120 e (312) 697-2260

CABLE: SIMELCO e Telex: 72-2416

IN CANADA: Bach-Simpson, Ltd., London, Ontario

IN ENGLAND: Bach-Simpson (U.K.) Ltd., Wadebridge, Cornwall

IN INDIA: Ruttonsha-Simpson Private, Ltd., Vikhroli, Bombay BLECTRCAL EQUPMENT

CIRCLE NUMBER 48
ELECTRONIC DESIGN 21, October 11, 1977 105




106

8-bit microcomputer, NMOS

PIC 1650/PIC 1655

Alternate sources: None.

General Instrument Corp.
600 W. John St.
Hicksville, NY 11802
(516) 733-3000

Manufactured with ion-implant, n-channel processing, the PIC 1650 and PIC 1655 are
byte-oriented, stand-alone processors that include 512-word user-defined ROMs for
program storage and 32 eight-bit internal registers (RAM), all on-chip. The 1650 has 32
user-defined I/O lines and the 1655 has 20 lines.

Specifications Dedicated I/O control lines: 826r20
Data word size: 8 bits DETERAS: %?,;?;%55)
Address bus size: Internal 40-pin
Direct addressing range: — DIP(1650)
Instruction word size: 12 bits Power requirements: 5 V/50 mA
Number of basic instructions: 30
Shortest instruction/time Hardware
Most): 4 us
Lo(n est)instruction/time g s Lesoniption Eeice
(P%ogram counter sKips): 8 us PIC 1650 | CPU (2500 min order) $8.00
3 ; e PIC 1655 | CPU (2500 min order) $6.00
Clock frequency (min/max): 0.1/1 MHz PIC 1664 | CPU with ext. memory N/A
Clock phases/voltage swing: Internal (for prog. dev.)
RTCC’ n?éelssfe": (cF:) REGISTER § n(——fa—> RBO-7
W REGISTER (FSR) 32 (F:‘:Em ‘g’
]8 [‘mcc REG (F1) =
8 £
ARITHMETIC E 8
LOGIC T @ <> RBO-7
o RETURN ADDRESS =
REGISTER (RAR) =
4 2 LEVEL =
i_, b;‘”&;"‘:;d INSTRUCTION | ~
STATUS REG(F3 = — DECODE | =
S 2 cowinm | g
[ PROGRAM | o
COUNTER (F2) [€—-1 i
(PC) |
; G | 8
Rexr CLOCK PROGRAM ROM l §
o | GEnemaTom [ 9192 512:12 I S
o T R i, SO

CLOCK
ouT

The PIC 1655 differs from the 1650 only in the
number of I/O lines. All lines are TTL compatible.
There are four 8-bit parallel ports on the 1650 as well

Comments
The instruction set of the PIC 1650/1655 contains
30 commands, including 18 for arithmetic and logic
operations on the 32 internal registers. Another
group of four operates on individual bits, while a
third group of eight is for literals, subroutine stack-
ing, and program control.

The software available includes an assembler
(PICAL), a debugger (PICBUG), and a software sim-
ulator (PICSIM) that are written to run on the Gimini
16-bit microcomputer system. A Fortran version of
PICSIM is also available.

as 32 8-bit general-purpose registers and a built-in
clock generator to supply all the timing signals. The
1655 has only two 8-bit and one 4-bit ports.

Software features of the PIC1650/1655 instruction
set include individual bit set, reset and test opera-
tions as well as BCD arithmetic capability in the
accumulator. The general purpose input/output
lines can be programmed to scan keyboards, drive
multiplexed displays, etc.

Hardware support is provided with the PIC
Emulator, a single-board development tool with
software debugger, Teletype interface, and in-
Circuit emulation. Also available is the PIC 1664 a
version of the 1650 that uses external PROM or RAM
for prototyping.

ELECTRONIC DESIGN 21, October 11, 1977
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HOLD DOWN PROM SOFTWARE DEVELOPMENT
COSTS WITH DATA 1/O SYSTEMS.

With Data I/O PROM programming You can then review the program as
systems you can develop and test PROM many times as you need to check against
programs before committing a single truth tables, edit or make changes. Once
PROM. the program is perfect, you can begin

You simply load your program into the  programming with the assurance that the
system using the Data I/O PROM Program- tfirst PROM you program will work.
mer keyboard or remote interface. The pro- Data I/O Universal Programmers
grammer system can emulate any commer- interface with all microprocessor
cially available PROM —including MOS. developmental systems.

We’d like to tell you more.
This fact filled tabloid gives you
valuable information about
PROM programming technology
To get your copy, circle reader
service number or contact Data
[/O Corporation, PO. Box

308, Issaquah, WA 98027
Phone 206/455-3990

Programmers from $1095.00 THE pROM PROGRAMMER PEOPLE.

oy 7

For more information, Circle No. 180




108

8-bit microcomputer, NMOS

MCS-48 (8035, 8048 and 8748)

Alternate sources: Advanced Micro Devices, NEC and Signetics (Philips)

are official second sources via mask exchange.

Intel Corp.

3065 Bowers Ave.
Santa Clara, CA 95051
(408) 246-7501

There are three versions of the basic processor available—the 8035, which is just a
processor without any on-chip program memory; the 8048, which has the processor
along with 1024 bytes of mask-programmable ROM on the same chip; and the 8748,
which contains the processor and 1024 bytes of UV erasable PROM on the same chip. All
three versions are made via an NMOS silicon-gate process and contain a 64 X 8 data
RAM, 27 I/O lines, a counter/timer and an on-board clock generator in addition to the
processor. And, all three versions of the processor are pin-compatible.

.

P2

CONTROL ANO TIMING
X

x*ﬁ?

i

The basic architecture of the MCS-48 family is highly
bus oriented, with almost every sub block tied into
the bus. All three eight-bit ports provide latched
outputs. If more program memory is needed than
is on the chip, ports 0 and 2 can be used to output
an address to external memory.

———————Comments
The instruction set of the MCS-48 family consists
of 96 instructions split into 24 register operations,
26 accumulator operations, 23 conditional and un-
conditional transfers, 131/O control instructions and
10 other system control instructions.

Software support for processors includes a macro-
assembler on paper tape or floppy disc, a resident
text editor in the MDS development system and
Debug software as part of the ICE-48 in-circuit
emulator system. Also, MCS-48 programs are avail-
able through the company'’s Insite program library,
which contains over 350 programs.

——— Specifications ————
Data word size: 8 bits
Address bus size: 12 bits
Direct addressing range: 4096 words
Instruction word size: 8 bits

Number of basic instructions: 96
Shortest instruction/time

(50% of commands): 2.5 us
Longest instruction/time
(remaining 50%): 5 us
Clock frequency (min/max): 1/6 MHz
Clock phases/voltage swing: Internal/TTL
Dedicated I/O control lines: 27
Package: 40-pin DIP
Power requirements: 5 V/65 mA
——————Hardware ———
Model Description Price
(100 qty)
8035 CPU without ROM $13.55
8048 CPU with consult
mask-program- factory
med ROM
8748 CPU with UV PROM $175.00
8155 RAM, 1/O & timer 14.00
8205 1 of 8 binary decoder 2.80
8212 8-bit /O port 2.90
8214 priority interrupt 4.65
8216 Bidirectional bus drive 2.75
8226 Inverting bus driver 275
8243 /0 expander 5.00
8253 Programmable timer 17.55
8259 Interrupt controller 17.20
8279 Keyboard/display
interface 14.10
8355 ROM & 1/0 expander e
8755 UV PROM & /O 125.00

Unique features of the software include AND and
OR operations directly to the 1/0O ports for bit set
and reset operations. Accumulator bit test opera-
tions and indirect fetch for table look-ups are also
possible.

Hardware support includes the Prompt-48, abench-
top stand-alone development system and the In-
tellec Microprocessor Development System (MDS),
afull microcomputer based system with 16 k of RAM
and 2 k of ROM and software and hardware in-
terfaces for peripherals.
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snap action switch

.Jor POSITIVE switching in low energy circuits

Now your 4 to 100 milliampere, 4 to 30 volt circuits
can have the same high reliability you've learned
to love in Cherry snap action switches. Because,
our “heart of gold” snap action switches have the
same long life coil spring mechanism, the same
large overtravel as all of our snap action switches.

They also have gold crosspoint contacts. A con-
figuration with knife-edge contact area so small (9
millionths of a square inch)...with contact force
so great (about 5,000 psi) .. .and gold alloy so pure
and film-free . .. you are absolutely assured of posi-
tive contact every time. For 50 million operations
and beyond.

Cherry Gold Crosspoint Contact Switches are
available in virtually every snap action design in

CHERRY

Cherry switches now available locally from distributors.

CHERRY ELECTRICAL PRODUCTS CORP, 3609 Sunset Avenue, Waukegan, IL 60085

Cherry's big catalog. And you know what a wide
variety of switch types, sizes and mounts that is.
Choose any switch design from a basic open or
general purpose to a panel mount pushbutton, low
torque, miniature, subminiature or subminiature
module. Chances are 99 to 1 that the switch you
have chosen is available with gold crosspoint con-
tacts. Which will make designing low energy cir-
cuits a whole lot easier...and a whole lot better.
(No love letters, please.)

For free test sample and complete catalog, just
TWX 910-235-1572...or PHONE 312-689-7700.

I CHERRY |
* |
[

CIRCLE NUMBER 50
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8-bit microcomputer, NMOS

MK3870

Alternate sources: Fairchild and Motorola.

Mostek Corp.

1215 W. Crosby Rd.
Carroliton, TX 75006
(214) 242-0444

A complete microcomputer on a single chip, the MK3870, can execute the instruction set
of the F8. The 8-bit device executes more than 70 instructions, allowing expansion into
multichip configurations with software compatibility. Featured on-board are 2048 bytes
of ROM and 64 bytes of scratchpad RAM. The processor operates from a single 5-V
supply and contains 32 lines of bidirectional I/O and a programmable timer.

XTL | INTERRUPT [ EXT INT
TIMER
XTL 2 SO Locic

ROM
ADDRESS
REGISTERS PHOSHAM

4 ROM
PO, P,DC,DCI

[ CONTROL
INDIRECT [accumuLATOR| oes
AD a
ADDRESS 3 ALY STATUS
REGISTER g REGISTER

11

2048x 8

I

MAIN_DATA_BUS REGISTER

POWER

ON
CLEAR
TEST STROBE RESET

The architecture of the 3870 is identical to that of
the original F8, with the extra features of ROM and
RAM added to the original chip. Also included on
the chip is an 8-bit timer and an 8-bit prescaler. The
3870 can form a complete processor system without
any other additional circuits aside from the power
supply. All lines are TTL compatible.

Comments
The instruction set of the 3870 is compatible with
that of the F8 processor. There are 76 basic instruc-
tions, divided as follows: 15 accumulator reference,
eight memory reference, 12 branch and jump, 13
address modification, 15 scratchpad memory refer-
ence and 13 miscellaneous control instructions.

Software support for the 3870 processor includes
resident debug, edit and assembly programs, non-
resident Fortran-IV cross assembler for 16-bit and
larger minicomputers, and many ROM-based soft-
ware packages. There is no general program library,
but the factory can be consulted for specific pro-
gram needs.

Important features of the software include com-
pact instruction codes (60% of the instructions
require just one byte), auto-incrementing and auto-
decrementing are possible, register and memory
pointers are available, the processor can perform

s Specifications

Data word size: 8 bits

Address bus size: 11 bits
(internal)

Direct addressing range: 2048 words

Instruction word size: 8,16, or 32 bits
Number of basic instructions: 76
Shortest instruction/time

(Register reference): 2 us
Longest instruction/time
(Subroutine call): 13 us
Clock frequency (min/max): 1/4 MHz
Clock phases/voltage swing: Internal
Dedicated I/O control lines: 32 1/O lines
plus two
control lines
Package: 40-pin DIP
Power requirements: 5 V/70 mA
e Hardware
Model Description Price
(100 qty)
MK3870 | 8-bitmicrocomputer $19.00
MK3850N | F8 CPU 10.75
MK3853N | Static memory
interface 9.50
MK3871N | Parallel /O and timer 9.50

relative addressing and all 1/O instructions require
a single byte.

Hardware support for the 3870 includes the F8
evaluation kit with 1024 bytes of RAM, a TTY monitor
with breakpoint capability and a Fortran cross
assembler. An assembler, editor and debug routine
are also available on the company’'s SDB-50/70
software development board. The largest system is
the AIM-70, a complete real-time emulation system
that provides snapshot software in ROM.

ELECTRONIC DESIGN 21, October 11, 1977
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Mail to:

NITRON NVM Marketing
10420 Bubb Road
Cupertino, CA 95014

TELL ME MORE!
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8-bit microcomputer, PMOS

Series 8000

Alternate sources: AEG and SGS-ATES.

General Instrument Corp.
600 West John Street
Hicksville, NY 11802
(516) 733-3000

The Series 8000 logic processor system is a multiple-chip set—the LP8000 processor
chip, the LP6000 control memory and the LP1030 clock generator. Able to access 16
kwords over its all-MOS-level buses the Series 8000 system offers 24 bidirectional 1/0
lines. There are 48 general-purpose 8-bit registers on the LP8000 as well as an 8-bit
bidirectional I/O port. The LP6000 control memory contains 16 lines of bidirectional I/O in

addition to the 1 k X 8 control program.

il
LR LR LU AL

The architecture of the Series 8000 is based on a
three-chip set—the CPU, ROM and clock generator.
In the processor is an 8-bit ALU, a 48 X 8 register
file, a four-word address stack and eight bidirec-
tional 1/O lines. The 8-bit data bus and 6-bit control
bus combine to provide a 14-bit memory address.

Comments
The instruction set consists of 48 basic commands
that are divided as follows: 11 register operations,
nine jump instructions and 31 accumulator opera-
tions (including Binary and BCD Add, logic OR, AND
and Exclusive-OR, and Compare).

Software support for the Series 8000 is composed
of a Fortran IV cross assembler and simulator that
can run on many minicomputer systems or is avail-
able from various time-sharing vendors. There is no
program library available.

Special features of the software include the many
accumulator operations and the multiple position
bit shifts possible when handling BCD arithmetic.

Hardware support consists of several modules that
permit ROM or PROM to be used to develop the

_Specifications e
Data word size: 8 bits
Address bus size: Internal
Direct addressing range: 16,384 bytes
Instruction word size: 8 bits
Number of basic instructions 51
Shortest instruction/time
(many): 5 us
Longest instruction/time
(Load accumulator from
module indirect) 15 us
Clock frequency (min/max): 500/800 kHz
Clock phases/voltage swing: Ly ALk [
Dedicated |/O control lines: 24 (3-chip
syst.)
Package: 40-pin DIP
Power requirements: 5 V/30 mA
—12 V/70 mA

(LP8000 only)

Hardware
Model Description Price*
(100 qty)
LP8000 8-bit processor chip $10.00
LP6000 1k X 8ROM& 161/0
lines 10.00
LP1000 Memory interface 8.50
LP1010 I/0 buffer 7.50
LP1030 800 kHz clock
generator 2.50
*Main marketempha-
sisisin Europe.

software. There is also a prototyping system avail-
able—the GIC 8000—that has resident hardware
and software debug aids.
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T-METER TOUGH

This digital thermometer is virtually indestructible...drop
proof, shock proof, water proof, chemical proof, you name
it. We have hurled it against stone walls, immersed it in
boiling water for an hour, and submerged it for a week in a
salt water fish tank without harming it. Its electronics are
cast in silicone. Its teflon-coated probes and cables resist
chemicals. It is so rugged that we confidently offer a

3 Year Full Warranty.

Tough, accurate, and versatile, spanning —100°C to 200°C
and —150°F to 400°F, the T-Meter (with standard probe)
achieves +0.5°C (+=0.9°F) accuracy over —55°C to 125°C
(—67°F to 257°F). Optional high accuracy probes for
special applications achieve +0.1°C (0.15°F), covering

the MIL range in 20°C increments. You can supplement the
standard 3’ probe with lengths of 10’, 25’, and 100’. And
you can special order lengths to 3,000'!

Tough as nails and nuisance-free, this fully guaranteed
pocket-sized time-saver will cut your costs in a host of
practical applications. Our reps stock T-Meters at $239.
Standard probe, $25. General purpose high accuracy
probe, $30. Others available.

ECD CORP.

196 Broadway
Cambridge, MA 02139
(617) 661-4400

CIRCLE NUMBER 52

SALES OFFICES: AL, Huntsville (205) 533-5896; AZ, Scottsdale (602) 947-7841; CA, Costa Mesa (714) 540-7160; CA, Sunnyvale (408) 733-8690; CO, Denver (303) 750-1222;

FL, Winter Haven (813) 294-5815; GA, Chamblee (404) 457-7117; IL, Elk Grove Vill (312) 593-0282; IN, Indianapolis (317) 293-9827; MD, Silver Spring (301) 622-4200;

MA, Wakefield (617) 245-5940; MN, Minneapolis (612) 781-1611; MO, Kansas City (816) 358-7272; So. NJ/Philadelphia (215) 674-9600; NM, Albuquerque (505) 299-7658; NY, Great Neck
(516) 482-3500, (212) 895-7177, Syracuse (315) 446-0220; NC, Raleigh (919) 787-5818; OH, Centerville (513) 433-8171; TX, Houston (713) 688-9971; TX, Richardson (214) 231-2573.
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16-bit microcomputer, NMOS

TMS 9940

Alternate sources: None.

Texas Instruments Inc.
P. 0. Box 5012, M/S 308
Dallas, TX 75222

(214) 238-2011

A 16-bit CPU, with RAM, EPROM and |/O circuitry contained in a single 40-pin package.
The TMS 9940 also contains a timer/event counter, aflag register, and reconfigurable /0.
Instructions are compatible with the TMS 9900 and, in addition, include two new
instructions for manipulating BCD data and a single LIIM instruction to load an interrupt
mask. Memory-to-memory architecture features multiple register files, in RAM, for faster
response to interrupts and greater programming flexibility. The processor implements
four levels of interrupts including the internal decrementer, which can be programmed

as a timer or event counter.
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The TMS 9940 is a complete 16-bit computer system
on asingle chip. On the chip are 2048 bytes of ROM
or UV PROM, 128 bytes of RAM, as well as an event
counter/timer, a flag register and up to sixteen
reconfigurable 1/O lines. Even the clock generator
isincluded on the chip. All lines are TTL compatible
and the /O lines are software configurable as either
inputs or outputs.

Comments

Software for the TMS 9940 consists of all the
instructions available on the TMS/SBP 9900 except
for four commands that aren’t applicable to the all-
in-one configuration. Also, three new instructions
have been added to simplify the manipulation of
BCD coded data and to simplify masking opera-
tions. The 9940 can handle four levels of interrupt,
and includes an internal decrementer that can be
programmed as a timer or event counter.

Support software for the TMS 9940 consists of
assemblers, editors, simulators and debuggers.
High-level languages will also be available shortly.
There is also a program library available since most
software is code compatible with the company’s 990
series of minicomputers.

Specifications

Data word size: 16 bits
Address bus size: 15 bits
Direct addressing range: 32,768 words
Instruction word size: 16 to 48 bits
Number of basic instructions: 68
Shortest instruction/time

(Jump): 2 us
Longest instruction/time

(Divide): 45.2 us
Clock frequency (min/max): Dc/5 MHz
Clock phases/voltage swing: 1/TTL
Dedicated I/0O control lines: 16
Package: 40-pin DIP
Power requirements: 5 V/160 mA

Hardware
Model Description Price
(100 qty)
TMS 9940|16-bit all-in-one CPU N/A
TMS 9901 (Programmable $8.75
interface
TMS 9902 |Asynchronous 7.50
interface

TMS 9905(8:1 multiplexer 1.26
TMS 9906 |8-bit latch 1.55
[TMS 9907 |8:3 priority encoder 1.01
[TMS 9908(8:3 priority encoder 1.01

The most outstanding features of the software
include the multiple register file capability and the
flexibility it offers. The processor makes use of the
minicomputer instruction set of the 990 series,
including hardware multiply and divide commands.
The software controllable counter/timer also pro-
vides a handy capability to implement timing loops.

Hardware support for the TMS 9940 includes all the
support for the 9900—the TM 990 microcomputer
modules, the PX 990 cassette-based prototyping
system, and AMPL, a floppy-disc based develop-
ment system. And, since most of the software is 990
code compatible, all the mini hardware is also at
the designer’'s disposal.
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Our new series of male and fe-
male “D” connectors offer you a
cost effective external mass termi-
nation cable and connector system
second to none. Its uniqueness be-
gins with a one-piece “D” con-
nector package that meets industry
standards for size, pin spacing,
and contact reliability. With no
loose parts to match up, positive
cable-to-contact alignment is as-
sured. Conductors are mass termi-
nated in seconds with our standard
BLUE MACS™ hand or bench
tools. The results? Faster installa-
tion, higher reliability.

Contact pins are spaced on
.0545"” centers — a perfect fit for
any standard inter-cabinet “D”" type
connector application. Our new
“D” connectors are designed to
mate with standard .050” pitch flat
cable as well as our new, improved
jacketed cable — the only flexible
flat cable engineered specifically
for out-of-cabinet use.

3208 Humboldt St. « Los Angeles, CA

anew
meaning
to cost
gffectiveness.

The Ansley BLUE MACS™ jack-
eted cable is U.L. listed for ex-
ternal interconnection of electronic
equipment. Electrically, it outper-
forms standard jacketed twisted
pairs in typical I/O applications.
And there’s no special zipper lock
tubing required — reducing the
need for an extra cable accessory.
Installation is faster, easier. And
like all Ansley connectors, you can
daisy chain our “D” types any-
where in the cable — along with
our DIP socket, card edge, or pc
board connectors.

Cable alignment and high con-
tact reliability is assured — because
both cable and connector are
grooved for absolute alignment.
Our patented TULIP™ 4-point in-
sulation-displacing contacts are
permanently fixed and sealed-in
to provide a reliable, gas-tight,
corrosion-free mass termination.

For the full reliability/cost ef-
fectiveness story and technical
data, call or write:

T=B8 / Ansley

T&B/Ansley Corporation ¢« Subsidiary
of Thomas & Betts Corporation

0031 » Tel. (213) 223-2331 +



4-bit microcontroller, PMOS

CR1872

Alternate sources: None.

Western Digital

3128 Red Hill Ave.

P.O. Box 2180

Newport Beach, CA 92663
(714) 557-3550

A low-cost 4-bit microcontroller for dedicated control applications, the CR1872 includes
adirectinterface for keyboard or thumbwheel switches and decoded LED segment driver
outputs. The on-chip ROM holds 512 X 10 bits, and the on-chip RAM is 32 X 4 bits.

512 x 10 ROM

+ -_
CLOCK

CLOCK
OUTPUT OVERRIDE

The stand-alone processor has scanned inputs and
decoded outputs: seven input lines, 16 output lines,
and LED segment driver outputs. All lines are
compatible with TTL or CMOS logic families. In
addition to the 512 X 10 bit on chip ROM, the 1872
has a 32 X 4 bit scratchpad RAM and on-board clock
generator.

Comments

Specifications

4 bits
None*

Data word size:
Address bus size:
Direct addressing range: None*
Instruction word size: 10 bits
Number of basic instructions: 34

Shortest instruction/time
(Load Literal):

Longest instruction/time
(BCD/ALU operations):

Clock frequency (min/max): 5 kHz/150 kHz
Clock phases/voltage swing: Internal or 1/5V
Dedicated I/O control lines: 30

Package: 40-pin DIP

Power requirements: 12 V/5 mA typ

*The address bus is internal so the direct addressing
range is limited to the 512 words of on-board ROM.

1 cycle

up to 32 cycles

Hardware

Model Description

The instructions set is broken into four groups:
program control (6), conditions (14), /0 (5), and ALU
(9). All instructions are optimized for dedicated
control applications and BCD data handling and
display.

Software support consists of Assembler, Editor,
and Simulator programs which can run on PDP-11
minicomputers.

The software set used by this processor is op-
timized for dedicated controller applications. A
version of the processor pre-programmed as a timer
is available for evaluation.

CR1872 | CPU
No other support cir-
cuits available.

Hardware support includes a prototyping system
that can be used in the SC/MP low-cost develop-
ment system (LCDS) made by National Semi-
conductor. There is also a circuit card available that
has a 64-pin version of the chip to permit external
PROM connections for program development.




Now there’s an all-purpose
encapsulant that gives you sili-
cone performance at the price of
organics. Dow Corning Sylgard"
170 A&B silicone elastomer. A
two-part liquid encapsulant that
cures at room temperature or can
be heat accelerated to increase
production rates.

Sylgard 170 carries the UL
94VO rating, the very highest
rating for flame retardancy for
this type of product.

Sylgard 170 offers excellent
temperature stability. It is

reversion resistant at hlgh
temperatures. And that means
greater reliability and longer
product life under the most
severe environmental conditions.

Sylgard 170 has great
dielectric properties, too. So it’s
perfect for general potting and
encapsulating jobs ﬁ)o ke modules,
relays, power supplies, ampli-
fiers, ferrite cores and connectors.
At a price that’ll let you keep

So add it up. Safety and
reliability throughout the tem-
Ferature range. Longer product

Reasonable price. Sylgard
170 silicone elastomer. Pour it on.

Call your Dow Cornin
resentative or write Dow C%mmg

?oratmn , Department A7-511,

land, Michigan 48640.

DOW CORNING

a margin of profit in your product
as you build in an extra margin [

of safety.
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4-bit microcontroller, PMOS

7150

Alternate sources: None.

ITT Semiconductors
74 Commerce Way
Woburn, MA 01801
(617) 935-7910

The 7150 microcontroller is designed for low-cost control of large appliances such as
dishwashers and washing machines. It is a dedicated controller and does no calcu-
lations. There are 15 possible control input lines and 10 machine control output
functions. The circuit is available in either an 18, 24 or 28-pin DIP, depending upon the
number of control lines needed by the application. With the on-board ROMs, up to 10
machine control functions of up to 20 program steps each, can be defined.
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The architecture of the 7150 uses two ROMs to
control the various output functions. There is no
ALU since no data manipulation is required. How-
ever, there are two analog inputs to the processor
that are used with an on-chip difference amplifier
to form a temperature sensing circuit.

Comments
The instruction set of the 7150 is strictly internal
—all commands are predetermined by the manufac-
turer and the multiple program inputs determine the
sequence of instruction execution.

Software support is nonexistent since the 7150
comes factory programmed.

Unusual software features include special sub-
routines and a capability to speed up programs by
a factor of 64.

Specifications
Data word size: Internal
Address bus size: Internal
Direct addressing range: Internal
Instruction word size: Internal
Number of basic instructions: N/A
Shortest instruction/time
(Not applicable): N/A
Longest instruction/time
(Not applicable): N/A
Clock frequency (min/max): Dc/25 kHz
Clock phases/voltage swing: 1/10 V
Dedicated I/O control lines: 25 (max)
Package: 18, 24 or
28-pin DIP
Power requirements: —15 V/30 mA
Hardware
Model Description Price
(100 qty)
7150 Microcontroller N/A
7121 Program positioner N/A
7122 Display driver N/A

Hardware support is nonexistent. All that is avail-
able are the two support circuits for program posi-
tion and numeric display.

ELECTRONIC DESIGN 21, October 11, 1977
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FOR CALCULATORS
CP728 MPU

FOR TV GAMES
THE AY-3-8900 MPU

FOR APPLIANCES
THE PIC1650 MPU

FOR “ANYTHING"_ /
THE PIC1670 MPU

MMUNICATIONS
MPU

w
FOR TEEE
THE CP1

!! ’, General Instrument standard microprocessors are optimized
for the application they serve . . . a unique approach that
minimizes interface circuit requirements and eliminates

unnecessary costs. For example, the standard micropro-
cessor designed as a numbers cruncher isn’t the optimum
vehicle for appliance control. It requires too many external
circuits to interface it with the appliance and it carries along
overhead hardware you simply don’t need. In contrast,

the Gl ““dedicated’ approach provides the optimum inter-

face LSI to best tailor the standard microprocessor to its

application. And Gl's “‘dedicated’ solutions are drawn from our
broad experience in the consumer and telecommunications markets.
L]

Standard microprocessors...dedicated to help
our customers compete.

GENERAL INSTRUMENT CORPORATION
MICROELECTRONICS

600 WEST JOHN STREET, HICKSVILLE, NEW YORK 11802

CIRCLE NUMBER 55
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8-bit microcontroller, NMOS

8041/8741

Alternate sources: None.

Intel Corp.

3065 Bowers Ave.
Santa Clara, CA 95051
(408) 246-7501

The 8041/8741 Universal peripheral interface processors are designed to operate as slave
microcomputers in 8080, 8085, 8048 or other 8-bit systems. They contain 1 kbyte of
program memory (ROM or EPROM), I/O ports, an 8-bit CPU, clock and timer/counter in a
40-pin package. The interface processor also has a built-in single-step mode.
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Since the device is a complete microcomputer, it
can function as a stand alone unit. Of the 18 I/O
lines, 2 are for input only, and 16 are input-output

—___Specifications_________

Data word size: 8 bits
Address bus size: 10 bits
Direct addressing range: 1024 words
Instruction word size: 8 bits
Number of basic instructions: 90
Shortest instruction/time

(Many instructions®): 2.5 us
Longest instruction/time

(Many instructions): 5 us
Clock frequency (min/max): 1 MHz/6 MHz
Clock phases/voltage swing: VT
Dedicated 1/O control lines: 18
Package: 40-pin DIP
Power requirements: 5 V/65 mA

* The instruction set is divided about 50/50
between 2.5 and 5 us instructions.

Comments

Included in the set of 90 instructions are 14 data
moves, 28 accumulator and register operations, six
flag, 20 branch and subroutine call, 12 timer and
control and 10 I/O commands. All instructions are
either one or two bytes and are executed in one
or two machine cycles.

]

108IT
PROGRAM
COUNTER

88IT
TIMER/
EVENT COUNTER

under program control. All I/O lines are TTL com-
patible and the bus port is three-state. An 8-bit
timer/counter and a clock are on the chip.

S i __Hardware Pl W
Model Description Price
(100 qty)
8041 ROM version of UPI N/A
8741 UV PROM version of
UPI $156.
8243 1/0 expander

Support software consists of a macro assembler
that can be used on the company’s Intellec Micro-
processor Development System.

Software features allow asynchronous data, com-
mands and status to be transferred to an external
(master) processor. Both 8-bit I/O ports are software
configurable to act as inputs or outputs on a line
by line basis. The internal counter/timer is software
controllable.

Essentially the same hardware support offered for
8080 systems is used with the 8041/8741. This
includes the Intellec Microcomputer Development
System (MDS) and the ICE-41 in-circuit emulator.
When used as a slave unit in an 8080 based system,
the device can perform keyboard scanning, printer
control and display multiplexing.

ELECTRONIC DESIGN 21, October 11, 1977



Even in today’s digital world, there are hundreds of applica-
tions where the infinite resolution and graphic indication of a
linear slide control work best.

is are al-
ready in use in rapid transit speed controllers, X-ray and blood
analysis equipment, petrochemical plant servo-controls, of-
fice copiers, solar energy instrumentation and many other
unique applications.

Duncan linears can be set instantly and accurately. And reset
perhaps 50 million times without significantly changing their
characteristics (thanks to our special RESOLON® conductive

Series 400 puts you in control.

plastic element). Even lay people find their operation self-
explanatory.

You can order Series 400 Slidelines with single or dual ele-
ments, in values from 600 to 250k ohms, with 70 or 108mm
stroke lengths and linear, audio, or balance tapers with your
choice of tolerance. There’s even an exclusive dual-slider ver-
sion that’s perfect for setting both upper and lower limits.

So next time you're designing a control system, stop and think

about theg,advantages of going analog. Then grab onto a Slide-
* line and take control! Write
us for complete literature.

1. X-ray equipment controller

2. Reproducing machine tone control

3. People mover speed controller

4. Rapid transit system speed/brake controller
5. Medical instrumentation for cardiac
diagnostic machine 6. Controller for blood
analyzer

DUI\ICANSEaIS.IE‘E!RONICS

BYSTRON e+ DONNER

2865 FAIRVIEW ROAD » COSTA MESA, CALIFORNIA 92626
PHONE: (714) 545-8261 TWX 910-595-1128

CIRCLE NUMBER 56
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1-bit microprocessor, CMOS

MC14500B ICU

Alternate sources: None.

Motorola

5005 E. McDowell Rd.
Phoenix, AZ 85036
(602) 244-3716

Designed as a programmable logic controller, the single chip, 1-bit CMOS industrial
control unit replaces multi-bit processors or hardwired logic in decision-oriented tasks.
Housed in a 16-pin package, the device accepts 16 four-bit instructions. Each instruction
performs logical operations on data appearing on a 1-bit bi-directional data line. The
main attribute of the device is its simplicity in control system applications.
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A minimum system consists of the processor, an
external memory, program counter, 8-channel data
selector and an 8-bit addressable latch. Instruction
lines are TTL compatible and the 1-bit bi-directional
data line has three-state capability. On-chip there
are three 1-bit registers that are directly ad-
dressable, and the clock oscillator.

Comments

Sixteen 4-bit instructions comprise the entire set.
There are seven logic instructions, five program
control, two output and two no operation. All opera-
tions are performed at the bit level. Looping control
structure is used, where the program counter feed-
ing the external memory that inputs instructions to
the processor wraps around after reaching its
highest value and repeats the program.

The idea of this processor is not to require the use
of any additional software support. Designed pri-
marily as an industrial controller, the device is
oriented towards a simple, repetitive control func-
tion.

Time invarient software is the important feature of
this processor. This means that the processor can
effect a conditional jump without parallel loading
the program counter with the jump address. Whole
blocks of instructions can be either turned on or off.
This leads to the looping control structure in which
the same sequence of commands are encountered
with certain blocks of code being selectively

__Specifications
Data word size: 1 bit
Address bus size: Variable
Direct addressing range: As de-
termined
by adress bus
Instruction word size: 4 bits

Number of basic instructions: 16

Shortest instruction/time
(All are performed

in same time): 1 us
Clock frequency (min/max): dc/1 MHz
Clock phases/voltage swing: 1/supply
voltage
Dedicated I/O control lines: 4
Package: 16-pin DIP

Power requirements: 3to 18 V/2 mA

. Hardware
Model Description Price
(100 qty)
MC14500B|1-bit processor $4.88
MC14099 |[8-bit addressable 2.22
latch
MC14599 |8-bit read/write ad- 2.81
dressable latch with
master reset
MC14512 |8-channel data select 0.98

enabled or disabled. In conventional systems the
execution time of the program varies with the state
of the input signals.

No prototyping hardware is available for this circuit.
The design cycle for implementing a working sys-
tem is intended to be so short as not to require any
additional hardware or software. Particular em-
phasis is made of the fact that this processor is
much easier to use than 4, 8 or 16-bit models.

ELECTRONIC DESIGN 21, October 11, 1977



a, MULTI-TASK

-
Disk opeRATIN
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MUPRO 80  The complete solution

MUPRO FEATURES

Real-Time Execution from emulator or users’
system memory

Multi-User/Multi-Task Disk Operating System
(MUTE)

Block Structured Assembly Language (BSAL)
and user oriented software packages

Transparent Control/Display Console

Compact and ruggedized system packaging

4

MANUFACTURED BY:

MUPRO

424 Oakmead Parkway
Sunnyvale, California 94086
(408) 737-0500

TWX 910-339-925I

Circle 268 for demo and technical data

YOUR BENEFITS

More thorough and flexible system test capability

More efficient use of software personnel permits
simultaneous use by up to four programmers

Saves software development and maintenance
time while retaining the size, speed and flexibility
of assembly language programs

Provides total use of microprocessor. No
memory, |/O or interrupt restrictions

Single system provides total solution to
development, test and field service needs

WORLDWIDE SALES AND SERVICE BY:

DATA 1I/0

16,

P.O. Box 308 / 1297 N.W. Mall
Issaquah, WA 98027(206) 455-3990
Telex 320290

Circle 269 for technical data
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4-bit microprocessor, PMOS

MCS-40 (4004 and 4040)

Alternate sources: National Semiconductor.

Intel Corp.

3065 Bowers Ave.
Santa Clara, CA 95051
(408) 246-7501

The MCS-40 microcomputer family includes the 4040 and 4004 central processing
circuits and a comprehensive line of support chips. Both circuits are PMOS and are
instruction compatible, but the 4040 is an enhanced device, with 14 more instructions
than the 4004 for a total of 60 commands. Other differences between the CPUs include
a larger address stack in the 4040 (seven levels instead of three), a larger scratchpad
in the 4040 (24 instead of 16), and the 4040 also has interrupt and single-step capability.
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The architecture of the MCS-40 processors is almost
identical except for the expanded stack and scratch-
pad areas of the 4040 as compared to the 4004. A
minimal system typically requires three chips—the
CPU, a clock generator and a memory circuit.

Comments
The instruction set of 60 commands for the 4040
and 46 instructions for the 4004 are compatible—
all 4004 instructions can run on the 4040. Instruc-
tions are broken into three groups—basic opera-
tions, machine-only instructions, and I/O and RAM
commands.

Software support for the MCS-40 family consists of
the MAC40 cross assembler and a 4004/4040 cross
simulator (Interp/40) that are available on time-
sharing systems and for in-house computer sys-
tems. There is also a program library containing
over 50 programs.

Specifications
Data word size: 4 bits
Address bus size: 12 bits
Direct addressing range: 8192 words
Instruction word size: 8 bits

Number of basic instructions:
Shortest instruction/time

60 (4004: 46)

(Add): 10 us
Longest instruction/time
(Jump): 20 us
Clock frequency (min/max): 0.5/0.75
MHz
Clock phases/voltage swing: 2/15 V
Dedicated /O control lines: 8
Package: 24-pin DIP
(4004: 16-pin
DIP)
Power requirements: 15 V/40 mA
Hardware
Model Description Price
(100 qty)
4004 4-bit CPU $5.00
4040 Enhanced 4-bit CPU 5.50
4003 10-bit shift register 275
4265 Programmable
general-purpose /O 3.85
4269 Programmable
kbd/disp. TA A
4201A Clock generator 3.25
4008/9 Memory interface ckts. 6.50 ea
4289 Standard memory
interface 8.20
4002 320-bit RAM & 4 1/0
lines 4.45
4001 256 X 8 ROM & 1/0 10.00
4308 1024 X 8 ROM & 1/0 8.50
4316 2048 X 8 ROM 16.90
4702A 256 X 8 EPROM 11.70

Important software features include the BCD adjust
instruction for decimal arithmetic and a register
bank switch command for data save operations.

Hardware support for the MCS-40 family consists
of the Intellec 4/Mod 40 hardware and software
development system, with PROM resident monitor
and peripheral interfaces. Also available are RAM
memory boards and a designers kit.
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4-bit,
one-chip
micro-
computers

Brainy enough
for anything
fromTVgames
to industrial
controls.

Block diagram of MN1400
with on-chip, 1024 x8-bit ROM.

Now Panasonic offers you a whole family of TTL
compatible, one-chip microcomputers. So you can
choose the combination of features and capabilities
that are most cost-effective for your application.
From appliances to gas pumps and electronic
scales, to copiers, POS and intelligent terminals,
tractor controls and countless others.

Why pay for costly 1/0 interfacinq, when
Panasonic puts it all on the chip?

Our MN1400 family is ideally suited for control
functions with its extensive array of on-chip 1/O
facilities. There’s an 8-bit presettable counter/timer, a
clock generator, an arithmetic logic unit, and several
input and output ports. Units are available with a
self-contained 1024x8-bit ROM and a 64x4-bit
RAM memory.

Still more flexibility and
efficiency from Panasonic.

For flexibility, our instruction set contains up to 75
instructions. To give you TTL compatibility, all our
family members operate on +5V. And for extra
computing speed, we've utilized N-channel E/D MOS
construction.

Panasonic can help you cut
development time and costs.

Our Evaluator, the MN1499, can help you design,
evaluate and debug programs quickly. In addition,
software is available for a number of applications.

The Panasonic family
of one-chip microcomputers.

MN1400 | MN1402 | MN1498 MN1499
40-Pin 28-Pin 40-Pin 64-Pin
Package Plastic DIP | Plastic DIP| Plastic DIP | Ceramic DIP
Power Supply +5V +5V +5V +5V
Instruction 10us 10us 10us 10us
Cycle Time
Instruction Set 75 57 68 75
Internal Internal External External
— ';;:"“"“" 1024 x 8 bits|768 x 8 bits|1024 x 8 bits| 2048 x 8 bits
ey (8192 bits) | (6144 bits) | (8192 bits) | (16384 bits)
Total 64 x 4 bits | 32 x 4 bits| 64 x 4 bits | 64 x 4 bils
on Chip RAM (256 bits) | (128 bits) | (256 bits) | (256 bits)

16-bit microprocessors, too.

They're ideally suited for a wide variety of com-
puter peripheral and business machine applications.
Designed with minicomputer architecture LOCOS
MOS N-channel construction for optimum speed and
thruput efficiency.

For complete information and prices, write to
Panasonic Electronic Components, One Panasonic
Way, Secaucus, N.J. 07094; or call (201) 348-7269.

Panasonic.
just slightly ahead of our time

CIRCLE NUMBER 58
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4-bit microprocessor, PMOS

PPS-4, PPS-4/2

Rockwell International Microelectronic Devices

P.0. Box 3669
Anaheim, CA 92803

Alternate sources: AEG Telefunken and National Semi. (714) 632-3729

Forming either a three or two-chip processor, the PPS-4 and PPS-4/2 central processor
chips provide over 50 instructions and 12 dedicated 1/O lines. The 4/2 CPU is a newer
version of the 4 and can operate with an inexpensive 3.58 MHz crystal. The PPS-4
requires an external clock. Both processors, though, are totally instruction compatible
and have 8-bit instruction/data buses and 11-bit address buses. The one major difference
is that the PPS-4/2 CPU automatically floats all output lines when power is turned on;
the PPS-4 doesn’t. And, the 4/2 can directly drive low-power LED display segments.

PPSA2 CPU
PN 11660
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The straightforward architecture of the PPS-4 and
4/2 revolves around the 4-bit accumulator and the
three four-bit 1/O buses. All lines are designed for
direct MOS-level interfaces so to connect to other
logic families buffer circuits must be used. The
PPS-4 requires an external clock while the 4/2 just
needs an external crystal.

Comments

The instruction set contains a total of 50 commands
that can be grouped as follows: 10 arithmetic and
logic, 24 data transfer, six transfer, five skip, four
1/0 and one special address generation instruction.

Software support for the PPS-4 and 4/2 includes
a Fortran IV simulator and cross assembler for use
on in-house computer systems and time-share
networks as well as resident assemblers, super-
visors, text editors and debug routines for use on
the PPS MP Universal Assemulator hardware and
software development system.

Special features of the software include the
capability to perform an automatic memory address

______Specifications

Data word size: 4 bits
Address bus size: 12 bits
Direct addressing range: 4096 words
Instruction word size: 8 bits
Number of basic instructions: 50
Shortest instruction/time

(Transfer): 5 us
Longest instruction/time

(Load B long): 10 us
Clock frequency (min/max): 199 kHz
Clock phases/voltage swing: 412 V

(PPS-4); Inter-
nal (PPS-4/2)

Dedicated I/O control lines: 12
Package: 42-pin QUIL
Power requirements: 17 V/26 mA
Hardware
Model Description Price
(100 qty)
PPS-4 CPU $18.15*
PPS-4/2 | CPU 10.00*
10706 Clock generator 7.45
10738 Bus interface 4.50
11049 Interval timer 8.50
10696 General purpose I/0 8.50
10930 Serial data controller 15.00
*Price as of Oct. 1. Peripheral chip
prices were also cut on Oct. 1.
Consult distributors for current cost.

modification in addition to the basic data transfer
instruction, and software controllable interrupts.

Hardware support for the PPS-4 and 4/2 starts with
simple CPU modules designed to plug into the PPS
MP Universal Assemulator. Other modules available
as plug-ins include memory boards, |//O boards and
prototyping modules.
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SAY HELLOTO OUR MODELIOL.
AND GOODEYE TO CALIBRATION HASSLES.

Meet a new kind of instrumentation portable, |
one so self-contained that all the calibration |
equipment you'll ever need is built right in.

Just press AUTO TEST and Honeywell's
new Model 101 checks itself and tells you
what, if anything, needs adjustment. You can
do a complete calibration in about half the
usual time, and do it with only a screwdriver a microprocessor makes. For details, or for
or simple tweaking tool. ademonstration of the Model 101, contact:

But don't think of the 101 as just a more portable Darrell Petersen, Honeywell Test Instruments Division,
portable. Because it's also a more advanced lab system. Box 5227, Denver,CO 80217.(303) 771-4700.

WE’LL SHOW YOU A BETTER WAY.

Honeywell

CIRCLE NUMBER 59

One that comes with up to 32 data channels
—wideband or intermediateband, speeds
from 15/16to 120 ips, programmable selec-
|| tive track sequencing, and large reels for
up to 32 hours of recording time.

Compare the Model 101 with your pre-
senttape system and see what a difference
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8-bit microcontroller, bipolar (STTL)

8X300

Alternate sources: None.

Signetics

811 E. Arques Ave.
Sunnyvale, CA 94086
(408) 735-8055

Featuring control-oriented instructions, the 8X300 is a fixed instruction microcontroller.
Each of the eight 16-bit control instructions can be executed in 250 ns. The single-
chip device handles 8-bit data and can execute data formats of one to eight bits at
equal speed. Processor timing can be set via an external crystal or clock source.

The architecture of the 8X300 is designed so that
several operations can take place simultaneously
—shift, merge, rotate and mask. A minimal system
contains the 8X300, some memories and several 8-
bit I/O ports. All lines are TTL compatible and the
8-bit interface bus has three-state capability.

Comments
The instruction set contains only eight instructions
—Move, Add, AND, XOR, Execute, Nonzero transfer,
Transmit and Jump. Input data can be rotated and
masked while output data are shifted and merged
—all within a 250 ns cycle time.

Software support for the 8X300 consists of a cross
assembler. There is no program library available.

Unusual software features include the simplicity of
operation and the identical 250 ns execution speed
for each instruction. The circuit uses addressed |/0
so the instructions can address up to 512 8-bit I/0
ports directly from data bus.

Specifications
Data word size: 8 bits
Address bus size: 13 bits
Direct addressing range: 8192 words
Instruction word size: 16 bits

Number of basic instructions: 8
Shortest instruction/time

(All instructions): 250 ns
Clock frequency (min/max): Dc/4 MHz
Clock phases/voltage swing: Internal or
external TTL _
Dedicated |/O control lines: 8
Package: 50-pin DIP___
Power requirements: 5 V/450 mA
Hardware
Model Description Price
(100 qty)
8X300 8-bit microcontroller $48.75
8T32 8-bit programmable
I/0 port 3.50
8T33 8-bit programmable
1/0 port 3.50
8T35 8-bit programmable
1/0 port 3.50
8T36 8-bit programmable
I/0O port 3.50
8T39 Bus extender 5.40

Hardware support consists of the 8X300KT100SK,
a designers kit and McSim, a development system
produced by Scientific Microsystems, Mountain
View, CA. McSim has an in-circuit emulation
capability.

FOR BURNDY CORP. INSERT CIRCLE 39 b
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“Here’s proof!”

Burndy DIPsockets outperform the o

Fa

Forget everything you’ve ever known —or -
thought you knew —about DIP sockets. And
especially about DIP socket costs.

Burndy’'s new low-cost, high-reliability
GTH DIP sockets have changed everything for
the better. Now, for just pennies you can use
DIP sockets where you never dreamed of using
them before — to enhance your product without
pricing it out of the market.

And in most cases, using our DIP sockets adds
nothing to overall costs. It can even result in a
net cost reduction in many applications by
simplifying design. Speeding installation.

Laboratory Proof

COMPARATIVE TEST DATA (Durability and Moisture)

TESTS CONDUCTED PER MIIL:-S-83734A(USAF)
REPORT NO. F7608-762 SUMMARY

TEST PERFORMED MIN. | MAX. AVG.
GROUP1 Burndy
Mating Force GTH Contacts
Ibs./contact 0.600 | 0.730 | 0.643 Brand A Type 1
Tin Contacts
Contact Withdrawal Force Brand B
o0z. w/.008" blade 2.500 R.100 4.940 Tin Contacts
Brand C
Insulation Resistance I'in Contacts
600 VAC for 1 min 2x108 2x10¢ | 2x108 Brand D Type 1
Gold Contacts
Contact Resistance 2.950 5.860 4.650 Brand E
Tin Contacts
GROUP 2 Brand F
Vibr. & Mech. Shock 5.050 5.930 5.420 Gold Contacts
Brand A Type 2
Durability (50 cycles 5.050 6.750 5.520 Tin Contacts
Brand C
GROUP3 Gold Contacts
Insulation Resistance Brand G
5,000 megohms min. 2x108 2x108 2x108 Gold Contacts
Brand D Type 2
Ins. Res. after Moist. Res Gold Contacts
5,000 megohms min 2x10% 2x108 2x 108 Brand G
Tin Contacts
GROUP 4 Brand E
Contact Resistance 5.200 6.350 5.545 Gold Contacts
Brand H
after Corrosive Atmos 4.850 6.350 5.519 Tin Contacts

Improving quality control and reducing your
reject ratios.

In short, you enjoy all the advantages of IC
pluggability (field serviceability, simplified
design, faster installation