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BRAND-REX TAPE CABLE -
SOMETHING FLAT TO ROUND OUT THE
BROADEST LINE IN THE INDUSTRY.

TAPE CABLE is a flat, flexible

cable —the newest addition
to the long line of Brand-Rex
cables which already include
bonded and woven ribbon
cable, insulated copper and
aluminum strip for power dis-
tribution, and a wide range of
standard round configurations.
TAPE CABLE is produced
in a new Brand-Rex facility in
Manchester, Conn. It is avail-
able in an almost endless
variety of constructions:

* Round or flat conductors,
solid or stranded, bare or
plated —drawn in-house
to permit precise tolerance
control.

¢ From 1 to 200 conductors
the same or mixed
cross-sections and sizes.

* Many insulation types,
including PVC, polyester,
Kapton*, Teflon*.

* Unshielded, or shielded
onone or both sides.

* Controlled spacings to
meet any electrical or
mechanical requirement.

* Signal cables for digital
data transmission in
computers.

BRAND-REX

ELECTRONIC & INDUSTRIAL CABLE DIVISION

TAPE CABLE can be sup-
plied in bulk or as assemblies.
Brand-Rex’'s well-known
design capability is yours to
draw on. Where necessary,
we will design TAPE CABLE
systems consisting of cables
terminated to printed wiring
boards, connectors or flexible
printed circuits for your par-
ticular application.

For complete information,
send for the new Brand-Rex
TAPE CABLE brochure. Brand-
Rex Company, Electronic and
Industrial Cable Division,
Willimantic, Ct. 06226,
203/423-7771.

Teltronics. Inc . telephone equipment and components [ Brand-Rex. Ltd (Scotland), wire and cable
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SURPRISE!

1IP's New Stackable
buhmmlal ure Lamps

\ HP has tour new LED Tamps in radial lead subminiature epoxy packages. And thev can be
easily stacked on 2.21mm (0.087") centers for high density applications. These lamps otter
\ a high on/oft contrast ratio conthined with a wide viewing angle,

Choose the HP 5082-4100 for the red. -4150 tor the veliow. -4190 for the green
\zmd 4160) for our new high-cfficiency red.
Contact Hall-Mark. Schweber. Wilshire or the Wyle Distribution Group
(Liberty, Elmar) tor immediate deliver.

Write for our Optoelectronics —
product selection guide and getall HE ‘VLETT@ PACKARD
the details on HPS broad line of LED lamps.

Sales and service from 172 offices in 65 countries.
401 Page Mil Road Pato Attc Calforma 14304
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The

rugged 3968A gives you

you 8 channels, FM andor

dlrect, andallyourdatawmdsupon%-mchtape.

In tough

situations

like this, you

can make good

use of an eight

<hannel recorder
that's compact and
rugged and still maincains
laboratory performance.

So those were the ground rules we
set when we designed the HP model
3968A. It's compact because it packs
eight channels of data on V4-inch

Circle 2 onreader service card

instrumentation tape. It's built
tough, with modular constraction
that gives you the latirude to change
from FM to Direct, or Direct to
FM with just one plug-in board.
The 3968 A gives you direct
frequency response to 64,000 Hz;
FM 10 5,000 Hz. Six record/
reproduce speeds provide a 32: 1
time base compression or expansion
for flexibility and easy data analysis.
For easy operation, HP built in a
calibration source that works with

push-button convenience.

Other standard features include
tape/tach servo, flutter compensa-
tion, TTL remote control and voice
annotation capability.

The price is right (8 channel
FM base price $8300, USA domestic
price only). And HP's exceptional
new 3968A Instrumentation Recorder
is the one eight channel machine
that lets you have all that
capability and sull wind up with
everything on a V4-inch tape. ueo

HEWLETT hp PACKARD

Sales and service from 172 offices in 65 countries.

15C1 Page Mill Road Paio All

antornia 94304
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Highlights

Cover: Making it with microprocessors, 74
Microcomputers on chips are not only revo-
iutionizing and expanding the electronics
universe—they’re also turning circuit-design
techniques upside down. Opening up
ahead of the engineer is a myriad of op-
portunities requiring new disciplines. This
special issue is a guide to both.

Cover device is a 6800 microprocessor
from Motorola Semiconductor.

Introduction, 76

Chips and boards, 78: This roundup of the lat-
est devices puts them in perspective, ex-
plaining where they fit best.

Software, 104: Effective programing depends
on the right choice of language level and
caution in using support software.

Design aids, 114: Some of the new develop-
ment systems can emulate not-yet-built
hardware and can handle more than one
type of processor chip.

Testing, 125: Level of confidence is all-impor-
tant in determining which chip-testing tech-
niques are right for a given application.
Applications, 134: Designers of fourteen suc-
cessful microprocessor-based systems out-
line what they did and why it worked.

And in the nextissue. . .

Preview of Electro/76 . . . special report
on industrial lasers . . . a guide to com-
puter-aided-design programs.
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icroprocessors represent the

closest thing to a revolution to
hit digital circuit design in a long
time. True, these potent little pack-
ages of computing power have been
available for a couple of years. Yet
the pace of progress in both appli-
cations and device development has
built up so fast recently that “tech-
nological evolution” seems too slow-
footed a term to describe the phe-
nomenon.

To help all of our readers to un-
derstand what microprocessors are,
how they work, and how they can be
used, we are publishing this special
issue of Electronics. In it, you'll find
a 62-page package of micro-
processor information, ranging from
hardware to software, from circuit
and device specifications to appli-
cations details.

The result of many months of
planning and countless man-hours
of preparation, reporting, and writ-
ing, this report should prove valu-
able to the newcomer to micro-
processors as well as the designer
who has been with microprocessors
ever since they first came on the
scene.

The team that put together the
roundup. under the direction of
executive editor Sam Weber, was
headed by senior editors Larry
Altman and Steve Scrupski. whose
areas of specialty, solid state and
computers, respectively, overlap in
microcomputers. And, because the
growth in microprocessor appli-
cations is having such an impact on
so many other areas, the rest of the
team represented a cross section of
electronics. Contributing were Don
Blattner, circuit design editor; Dick
Gundlach., communications: Jerry

Publisher’s letter

Lyman, packaging and production;
Margaret Maas, industrial; Andy
Santoni, instrumentation; and Jerry
Walker, consumer.

he long-awaited expansion of

citizens’ band is going to
have to be awaited a while longer
yet. Presented with new evidence
that the planned upping of alloca-
tions to about 50 channels from the
present 23 will bring on an un-
wanted level of intermodulation in-
terference between channels in the
new range, the Federal Communi-
cations Commission has called for
more studies of the proposed expan-
sion.

In his Probing the News article on
the new snag. Dick Gundlach, com-
munications editor, says, *“The crux
of the problem, is this: any two
channels operating in the proposed
expansion, separated by either 450
or 460 kilohertz, would mix in the
receiver front end. They would gen-
erate intermodulation products that
would be passed by the extremely
wide 455-kHz intermediate fre-
quency section used on most CB sets.
This signal would effectively blank
out reception across the entire
band.”

So turn to page 37 for the details
on this latest development in the
citizens' radio saga and what it
means to set makers and users alike.
And, if you missed it. be sure to
read the special report in the March
4 issue for all the background on
where CB stands today.
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don't settle for half
a power supply

at+60°C

We build power supplies with sufficient built-in heat exhaust
capacity, that they require no external sinking whatever. They'll
maintain their full rating right up to +71°C and, thanks to
internal radiators, run their exterior coo/. This conforms with
IEC recommendations that discourage—for safety reasons—
external fins that run hot to the touch.

The Kepco Group CPS Linear Power Supply Modules range
from 100 watts to 1000 watts offering 0—6V and 0—15V fully
adjustable, programmable outputs with rectangular (not fold-
back) adjustable current limiting. A fast-acting overvoltage
crowbar is built-in, linked to a double-pole on-off circuit
breaker. The Kepco CPS is a precision stabilizer. A 100% load
change produces less than 0.005% effect in the stabilized d-c
voltage. Noise is suppressed well under 0.2 mV rms (2 mV p-p
measured to 10 MHz) and recovery from a step-load or impulse
load is complete in less than 50 microseconds.

250-500W Module

100W Module

1000W Module

Model €CPS 15—50, unmetered Power Module
shown with “ears’ for 19" rack mounting.
The ears are detachable for chassis mounting.

CPS IS

a no-compromise
computer power supply!

Write Dept. CL-14 for your copy of
the new Kepco Power Supply Hand-

book and Catatog. K E p C D@

KEPCO, INC. « 131-38 SANFORD AVENUE « FLUSHING, N.Y. 11352 U.S.A.
(212) 461-7000 » TWX %710-582-2631 = Cable: KEPCOPOWER NEWYORK
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A Smart Way to Beat Your
Power Supply Size Problem

MFG SER. No [

INPUT TRANSIEN
INPUT TERM + |

OUTPUT TERM + |
MAX BASE TEmp |
FUSE INPUT @

INCOREOLaTr,
%2 LR,

i ' ]
[T0 i,
TS 60V — 01 sec

 lamps

AMPS max

14" thin, 294" namow, 294" short

yet this converter produces 1000 volts
DC, regulated, from a battery input of
28 VDC! It weights less than 15 ounces.
This is only onc of our wide varicty of
many small light weight converters, in-
verters and power supplies — there ar
over 3000 models listed in our newest
catalog, including size. weight and prices.
If you have a size problem, why not send
for an Abbott catalog?

MiIL SPEC ENVIRONMENT — All of the her-
metically scaled power modules listed in
our new catalog have been designed to
meet the severe environmental conditions
required by modern acrospace systems,
including MI1.-STD-810B. They are her-
metically  scaled  and  encapsulated  in
heavy steel containers. New high per-
formance units can meet MIL-STD-461A.

RELIABLE — Highest quality components
are used in Abbott power modules to yield
the high NTTBEF (mean time between fail-

ure) as caleulated in the MIL-HDBR-217 |

handbook. Typical power modules have
over 100,000 hours MTBI — proving that
the quality was built in from the beginning.

WIDE RANGE OF OUTPUTS  Any voltage
from 5 volts 1XC to 710 V' DC is available
by sclecting the correet model you need
from our catalog with any of u varicty
of inputs inclading:

60ecto DC

400acto DC

28 VCC to DC

28 VDC to 400

12-38 VDC to 60 oo

Please see pages 1037-1056 Volume 1 of your 1975-76 EEM (ELECTRONIC ENGINEERS MASTER Catalog)
orpages612-620 Volume 2 of your 1975-76 GOLD BOOK for complete information on Abbott Modules.

Send for oui riew 60 page FREE catalog.

LABORATORIES.
poeneral offices

5200 W. Jefferson Blvd./los Angeles 90016

(213) 936-8185 Telex: 69-1398

INCORPORATED
eastern office

1224 Anderson Ave./Fort Lee, N.J. 07024

(201) 224-6%900 Telex: 13-5332

"“See Us at ELECTRO '76 |.E.E.E. Show in Boston, Booth No. 2112"
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Readers’ comments

Shun big-brother tinkering

To the Editor: An editorial in the
Feb. 5 issue [p. 13] says that the
Federal budget priorities are out of
balance. You end with a true state-
ment concerning the strength of na-
tional security ultimately resting
upon the health of the society that it
protects. The rest of your argument
is entirely specious. however.

The health of our society has
been constantly undermined by the
Federal Government’s spending
money that does not exist. You
seem to advocate more of the big-
brother tinkering with the market.
wherein lies the gravest danger to
the nation’s health.

National defense happens to be
one of the very few things that gov-
ernment can do better than any one
else. It isn’t necessarily done too
well, but the Government's level of
competence goes down precipitously
when it moves into other areas.

H. W. Holland
Union Carbide Corp.
Greenville. S. C.

Get off that bandwagon

To the Editor: The proposal to con-
trol the number of engineers gradu-
ating from the nation’s universities
[*Professional activities split 1EFE.”
Feb. 19, p. 86] is an example of a
wheel-less bandwagon.

Colleges are now chartered. ac-
credited, and, in most cases, aided
by the state. The heads of engineer-
ing departments run them like little
Roman empires and are trying to
improve cash tflow and keep cost per
student reasonable by accepting the
maximum number of students. Any-
one who thinks politicians in the 50
states and hundreds of department
heads are going to let the IEEE run
their empires and control the num-
ber of graduates probably was born
yesterday.

At the Federal level. there are
people who constantly are saying
that the Russians are going to get
ahead of the U.S. because they
graduate more engineers than we
do. So the Feds would be against
any reduction in the number of en-
gineering graduates.

Finally. the antitrust people cer-

Electronics/April 15, 1976



What's new in solid state.. . .

Announcing the I-chip

COSMAC CPU and the
4-chip CMOS system.

Now, a CMQOS system that really delivers
the promise of the microprocessor. It's the
expanded RCA 1800 family with CDP183J2, our
new one-chip COSMAC CPU. And it gives you
an unsurpassed combination of flexibility, per-
formanca and cost effectiveness.

This cost effectiveness starts wilth price:
$23.50 for the CDP1802CD in 100-piece
quantities. But there’s more to it.
Simple COSMAC architecture
lowers memory costs because
of 1-byte instructions and
internal address pointers.

(el It also reduces I/0
Vo costs. Plus cesign
. and learning costs.
¢) o
o 0
2
Rr
~ < )
M
SIS
‘ P ¥
¥ <
ADDR BUS I
J —
COP1821SD
- CDP1822SD
‘ LN CDP1824D
‘m’«:‘\ S

Then you have the familiar CMOS savings.
Single power supply. Single-phase clock. Less
cooling and other equipment, thanks to low
power and high tolerances.

For all these reasons, we believe no other
microprocessor matches the RCA 1800 for
system ccst effectiveness. What's more, you
can get the whole system from us: CPU, ROM,
RAM, /0. Everything you need including
complete design support. From the first house
in CMQOS.

For more information, contact your local
RCA Solid State distributor. Or RCA.

Write: RCA Solid State. Box 3200, Somerville, NJ
08876; Ste. Anne de Bellevue H9X 3L3, Canada;
Sunbury-on-Thames, U.K; Fuji Bldg., Tokyo, Japan.

Circle 7 on reader service card

NO N2 MRD

DATA
-

>
- CONTROL
5C0 SCt }

-

DMA-IN OMA CUT t

|
FF1-EF4 I|

'RCA 1800. The full spectrum in one low cost system.

)




Recording

hard
ata?

.

J 11335 e iy —

9oy ey ey
NN e 7

cavn

Analog or digital?

One or sixteen channels?

Short or long term?

The “Instrument Professionals”
can help you make the right choice
from the thousands of recorder
types and sizes in inventory.
Delivery is immediate.
Performance guaranteed.

Write or call for data on our other
specialties: Instrument Leasing
Computer Peripherals « Equipment
Sales . Instrument Service.

Get our
FREE .
Catalog

Coninenta|
Rentals

Div. Continental Leasing Co., Inc.
175 Middlesex Turnpike, Bedford,
MA, 01730 (617)275-0850

Metuchen NJ, (201) 549-8500; Gaithersburg,
MD (301) 948-4310; Dallas, TX (214) 357-
1779; Elk Grove, IL (312) 439-4700; Costa
Mesa, CA (714) 540-6566; Santa Clara, CA
(408) 735-8300; Los Angeles, CA (213)
477-7521
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Readers’ comments

tainly will take a dim view of any at-
tempt to control the number of en-
gincers. since the professions no
longer are exempt from the antitrust
laws,
Willic Handzuik
Philadelphia. Pa.

But will it make an impact?

To the Editor: Milton Alpern has
taken another step toward stable ca-
reers and professionalism for engi-
neers ["Manpower predictions draw
firc.” March 4. p. 76]. It was heart-
ening to sce some hard data on the
engineer-cmplovment problem.

The fact that it took one profes-
sional enginecring society a vear
and a half to comprehend such con-
vincing data s evidence for the
depth of establishment entrench-
ment on these matters.

Anthonv M. Marqués
Cambridge. Mass.

Value received is the key

To the Editor: It is true that some
middle-aged engineers carn  high
salaries for design work that can be
performed equally well by junior
engineers carning 50% to 60% as
much. However. it also is true that
some  middle-aged engineers  are
able to perform the work in less
than half the tume expended by
their juniors.

The greatest value that can be
placed on the middle-aged engineer
is his potential breadth of engineer-
ing skills. which so often goes unrec-
ognized by management. A funda-
mentally sound syvstems approach
can save hundreds of thousands of
dollars in the overall cost of a pro-
gram. It is more likelv to come from
the experienced engineer.

(Name withheld)

Correction

The description by Stephen W.
Fields of National Semiconductor
Corp. of the manner in which
pseudo-color home video games
create their color [March 4. p. 48]
was given inadvertently as a de-
scription ot the operation of Na-
tional's new MMS57100 chip that
generates specitic color signals for
such games.

INPUT/
OUTPUT

Connection
Systems

% SMPL SERIES

GM SERIES

| GFPL SERIES

Provides

1. Reduction of Assembly Time
2. Reliability

3. High Density

4. Stock Availability

Specifications

* Sizes — Miniature and
subminiature

e Contacts — .150 and .094
spacing, #20-#30 wire size

e Contact Arrangements — 2
through 50

e P.C. Board Mountable
Connector — Pin or socket
contacts. straight or
90° angled

e Cable Connector — Pin or
socket contacts —crimp
removable. solder. or
wrap post

e Accessories — Polarized guides
or threadlocks. metal shells
hoods. and strain reliefs

POSITRONIC
INDUSTRIES INC.

208 West Center
CONNECTOR Rogersville. Missouri 65742
DIVISION 417-753-2851 Telex 436445

Representatives and distributors
located throughout United States.
Canada. and Europe.

Send for catalogs. Samples avail-
able for specific applications.
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EMI FILTER

CAPITAL OF THE WORLD

FROM CERAMIC POWDER TO MIL-APPROVED TEST LAB...
ERIE HAS IT ALL, UNDER ONE ROOF

Only one company can deliver your total EMI Ceramic Filier needs ... ERIE. We've been
applying sophisticated ceramic and related technologies to developing supetior tilters tor

35 years. Today ERIE has, by far, the broadest line of subminiature EMI Filters in thie world.
trom tiny high trequency titters to broad band filters 1o cuszom filker assemblies, ERIE oftens
the ultimate in quality. And you get single-source responyibility too, tor we build the
complete tilter in a plant devoted exclusively to the desigm and manuafacture of EN Filters.
S0 come to ERIE for your tilter needs. We'll put a team to work omryour particular application.

Acrospace. Communications. Avionics, Industrial Equipment. Whatever the market, we can

help eliminate electromagretic “noise” and emissions. Inthe meantime, write for our
complete catalog ... EMI Filters o1 call 613/392-2581.

ERIE TECHNOLOGICAL PRODUCTS, INC. E
Erie, Pennsylvania 16512




"Some cbmpanies
try to be all things
to all people.

We try to be
the best source

of electronics for
precision measurement

and control.”

2-‘ President |




"Analog Devices. We're for real.”

What's real is our commitment to understanding and satisfving the needs of
our customers. In innovative and imaginative ways. With electronic products that
acquire, convert, condition and display process data used in precision measurement
zm(]| control.

What'’s real is our worldwide, technicallv-oriented sales force capable of pro-
\'iding direct su port in terms ()fpr()duct, resources and engineering assistance in
solving circuit design and application problems. In a realistic, economical way.

What's real is Analog Devices™ particular expertise in precision analog circuitry.
And the application of it to those mar{z'ets —industrial automation, test instrumentation,
laboratories, medical electronics and avionics —where precision measurement and
control are of genuine concern. Where the manufacture of critical life support systems,
process amtnﬁ instrumentation, complex navigation systems and the like, depend on
the functional reliability and precision of our products.

What's real is our advanced line of data conversion, signal conditioning and
resistor components. And their significant impact on the design of data acquisition and
control svstems, particularly as they are implemented with microprocessors.

What's real is our more than 10 vears experience in converter products that
has enabled us to produce the leading line of IC Converters. Our second generation
DPM’s featuring MOS/LSI circuitry and large LED displays. Our
precision resistors with both high performance and low price.

Our modular isolation amplifiers F(I))r safety in bioelectronics.
Our new line of modular V/F Converters offering a higher level
of performance and reliability.

Just afew of the hundreds of components, circuits and
svstems designed and delivered by Anaﬁ)o Devices. Your
best source in precision measurement an control.

We're for real.

ANALOG
DEVICES

The real company
in precision measurement
and control.

Analog Devices, Inc., Norwood, Massachusetts 02062

Iast Coast: (617) 329-4700, Midwest: (312) 894-3300, West Coast:
(213) 5395-1783, Texas: (214) 231-5094. Belgium: 03 38 27 07, Den-
mark: 9795 99, England: 01/94 1046 6, France: 686-77 60, Germany:
089/53 03 19. Japan: 03/26 36 82 6, Netherlands: 076-122555 and

representatives around the world.

Circle 11 on reader service card



12

Profit from

SAINEIESS.

Precise uniformity.
That’s what makes
Kodak micro resist 747
a bargain.

With less variables to
worry about, you’ll no
doubt find you'll waste
less time, get fewer
rejects, and improve
your yield.

747 resist is negative-
working, and it's
available at a very
positive price.

-
~
~

~

For details, write
Eastman Kodak
Company, Dept. 412L
(48-E), Rochester,
N.Y. 14650.

Kodak micro resist 47 4

Circle 12 on reader service cara

News update

M While it is reluctant to name
customers, Motorola Inc.’s Commu-
nications division says it's pleased
with the market acceptance enjoyed
by its Spectratac [ Electronics, May
15, 1975, p. 35]. A digital receiver
system, Spectratac is designed to
help two-way mobile radio systems
such as those used by city police
cope with high-speed digital trans-
mission. Basically, it's an upgraded
total area coverage system. Spectra-
lac is now in use. for example. by
the Fort Worth, Texas, police.
There, the department has installed
a 12-site, six-channel uhf system for
county-wide coverage. Motorola has
also added new features to Spectra-
tac. These include a secondary line
driver for subcomparator appli-
cations, and line priority for console
takeover of the transmitter in emer-
gencies.

The system’s key feature is a cen-
tral station’s selection of the strong-
est signal from several receivers
scattered around the coverage area.
A sort of analog voting system is
used, but Spectratac uses digital
techniques to speed by a factor of 25
the selection of the receiver to be
monitored.

B When RCAa Corp’s Solid State
division developed its tri-metal pro-
cess to eliminate moisture-produced
corrosion in integrated circuits pack-
aged in plastic, the scheme had a
limited application. It was used
originally to create a hermetic-type
seal on linear bipolar chips in low-
cost plastic dual in-line packages
[ Electronics, May 1, 1975, p. 29]. But
now RCA has received a $1.4 million
contract from the Naval Electronics
Command to extend the technique
to a wide range of 1C types. Among
them are transistor-transistor logic,
complementary MOS, low-power
Schottky TTL, and two bipolar de-
vices. Under the contract terms, the
failure-rate goal is specitied as
0.005% per 1,000 hours of operation,
one of the most stringent require-
ments yet proposed by the Defense
Department for 1Cs in plastic DIPs.
Another goal: create the new ICs at
a minimal cost increase over tri-
metal (gold-chip) devices.

Electronics/April 15, 1976



PMI-The (/P DAC Store.

When vou go shopping tor D/A Converters, please
swing by PN Ever since swe opened our doors six
vears ago, we've been working hard to spice up our
shelves with the widest line of jP-compatible
monolithic DACs in the industry. o-, 7-, &, 2=, and
10-bit DACs. Current or voltage outputs. Internal or
external references. Routine MIL-STD) 883\ Level B
processing, with Level A available. Guaranteed specs
over full MIL Temp range. PMI pioneered monolithic
DACs. [t's only natural to find more here than
anvwhere.

And it DACs are new to you, lean on PMI's
experience. We've helped designers and project
managers put dependable PMI monolithic DACs
to work in the most unusual spots. How can e
help vou with vour microprocessor?

Also, our price list, DAC data sheets and App.
Notes are vours for the asking. Ask vour distributor
or call your local rep.

Precision Monolithics Incorporated
-
FMI 1500 Space Park Drive, Santa Clara, €A 93050 . 1&\‘3 <=
1081 210 9222 TIWN 910 338 0328 1/ f
g ’ - . V oLt

Cable NIONO )
e (’(ﬁ.ﬂ“/ﬁ)‘ftﬂa"‘
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MORE
COMPANIES
BUY
WIRE-WOUND
RESISTORS
FROM

THAN
FROM

ANYONE
ELSE

I\
EARTH

Write for
catalog

Call our hotline for prompt
service and delivery.

(603) 627-3831

RCL Electronics

General Sales Office:
700 So. 21st Street
Irvington, N. J. 07111
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People

MCl's Wright says AT&T
doesn’t own long distance

The case coming up next month be-
fore the Federal Communications
Commission is a “make or break™
situation for MCl Telecommunica-
tions Corp.. contends V. Orville
Wright. president and chiet oper-
ating officer of the specialized com-
mon carrier. He joined the firm. the
very first of the new breed of com-
mon carriers. a year ago. and has
been struggling to keep the com-
pany alive ever since.

Service the question. At issue is
whether MCl should be allowed to
continue its year-old Execunet ser-
vice. which provides businesses with
long-distance communications over
shared, rather than dedicated, lines
in the firm’s microwave net and lo-
cal telephone-company loops. It
wants to provide the voice-and-data
service between 16 major U.S. cities.

Aim of the service is to broaden
MCI's customer base by attracting
the smaller company that can’t af-
ford its own dedicated lines. But
American Telephone & Telegraph
Co. maintains that is illegal. Oral ar-
guments on May 10 are expected to
be followed by an FCC decision by
midsummer at the carliest.

Wright. with a 26-year career be-
hind him at 18BM Corp.. RCA Corp.,
and Xerox Corp.. disagrees with
AT&T. of course. He argues emphat-
ically that the commission has
“never granted a message toll-ser-
vice monopoly to Bell” like the one
it holds over local-area telephone
business. And he welcomes. albeit
with some trepidation. a precise de-
lineation from the FCC of where
AT&T's monopoly service begins and
ends.

Seeing red. His apprehension
stems from MCI's financial condi-
tion: it's still in the red. Despite
monthly revenues of $4.5 million. it
needs another $500,000 a month to
turn profitable. Execunet, at this
point. brings in less than $6.000
monthly, but Wright says the mar-
ket for data switching—now a mere
7% compared to voice trans-
missions—is expanding rapidly.

Hopetul. A favorable FCC decision is just
what Orville Wright of MCl is hoping for

So for him. the service is critical.
[- will help the company break even
in znother four to six months, he
says. Otherwise, the loss of Execunet
could be the last straw, he concedes,
eventually breaking the corpora-
tion’s back.

Ex-Navy captain to direct
product coding in Europe

In an industry of experts, the new
cha:rman of Pro Electron in Europe,
says, [ am not an expert, and I
don’t need to be.” In fact, Willem
Goossens, who has 29 years of expe-
rience in the Dutch navy and five
years with NATO, was brought to Pro
Electron primarily because his work
with communications and electron-
ics has been independent of the in-
dustry. The former navy captain’s
first civilian job requires him to be
as impartial as possible.

Headquartered in Brussels, Pro
Electron is a nonprofit association cf
Ccditier. Uniform component codes is the
goal of Pro Electron’s Goossens




Magnecraft's line of 1200 stock relays
just increased ... by another series.

WHY WAIT FOR SOLID STATE? Our family
of 24 solid state relays provides current ratings
from 2.5 to 40 amps, with switching capacity

up to 480 VAC. All models incorporate opto-
isolation between input and output, and zero-
voltage switching. Screw type clamps and Faston
""Quick-Connect’’ terminals are available on
packages which are interchangeabie with others.

Output switching reflects the latest state-of-the-
art technology. Both the high-reliability dual
SCR approach and the more economical triac
approach are available.

1 20V A

jsamey

Magnecraft is committed to providing design
engineers with the best solution for their switch-
ing applications. It is with a complete under-
standing of the areas where solid state relays
provide the most reliable and economical
switching solution, that we’ve included this
family in our line of stock relays.

For complete information and specifications,
WRITE FOR OUR SOLID STATE RELAY
PRODUCT BULLETIN. Magnecraft Electric Co.,
5575 N. Lynch Ave., Chicago, |L 60630

Magnecraft

ELECTRIC COMPANY
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33 components manufacturers in the
Organisation for Economic Cooper-
ation and Development. It cate-
gorizes active components.

Since it was organized in late
1966, Pro Electron has registered
nearly 14,000 products. Goossens
thinks that its strongest achievement
is the codification of integrated cir-
cuits, started in 1967. The Joint
Electron Device Engineering Coun-
cil (Jedec) in the U.S. is currently
adopting a product code for ICs
based on the Pro Electron model.
“We have experience, and our sys-
tem works,” Goossens boasts.

Full agenda. Assuming his post on
April 1, Goossens already has a full
slate of plans for the future. His
next step will be to expand into mi-
croprocessors and liquid crystals.
The codes are ready and have been
waiting for some time for manufac-
turers’ approval.
| To ensure the effectiveness of a
i uniform European code, Goossens
is pressing for approval before the
new products in these rapidly devel-
oping sectors become known under
individual manufacturers’ numbers.

He emphasizes that Pro Electron
will remain purely a type-designa-

—erp—— - DU

0.15
1000-

-t

WIMA

FKP 1

M Pulse Rise

Time 750 V/us tion agency. “Standardization is not
B R. M. S. Current a purpose of Pro Electron,” he says,
Rating 10 A max. “Itis a commercial consequence.”

W Power Factor Because new codes are developed
approx. 3x10 % at 16 kHz only for significant product changes

or improvements, Goossens hopes
that this system will prevent the pro-
liferation of products which differ
only in minor details. Another aim

The unique capacitor is to increase sales of the Pro Elec-
designed for thyristor tron indexes. However, Goossens in-

; . L sists that sales are not his primary
deflection circuits in colour | concern. *I am marketing an idea,
television sets. Proven in not a product, he says.

Cooperation sought. Soft-spoken

leading TV models and and unassuming, the S54-year-old
. : . Goossens does not view competition
in solid state equment- as a factor between Pro Electron
) and Jedec, with which, in the future,
Write for our new catalogue! he hopes to exchange more infor-
mation. Ideally, he would like to see

WILHELM one worldwide system. “Realisti-
WESTERMANN cally, it would be difficult to fuse

Pro Electron and Jedec,” he says,
“But we have in fact the same mar-
ket. It is to everyone’s advantage to
have a unified codification system.”

Spezialvertrieb

elektronischer Bauelemente

D-68 Mannheim - Fed. Rep. of Germany
Augusta-Anlage 56 - P.O.Box 2345
Tel.: (06 21) 408012
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Microprocessors take

control with
Teledyne 1/0
converters

Fe

LOADS

TYPICAL SYSTEM BLOCK DIAGRAM

Modular packaging of input/output interface service wiring from logic connections. For pc
circuitry. That's what Teledyne 1/0O Converter boards, we offer the same circuitry in our 675
Modules provide microprocessor based industrial Series low profile package. Both series include
controis for maximum [/ O flexibility and ac and dc input/output converters.

expandibility. This single circuit modular concept
features all-solid-state circuitry, 1500V optical
isolation, and high noise immunity. Our 671 Series
modules plug directly into a low cost custom-
designed mounting panel, which physically isolates

Sc for the best in 1/0 interface circuitry for
microprocessor based industrial controls, contact
the people who know the “ins and outs” of this
business — Teledyne Relays.

A, 675 Series — Low profile |/0
canverter modules for pc
board mounting

B. 671 Series — Panel mounted {/0
converter modules (with integral
LED status indicators)

C. 671P Series — Custom-designed
mounting pane!

“9™ TELEDYNE RELAYS

3155 West El Segundo Boulevard, Hawthorne, California 90250
Telephone (213) 973-4545
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WhY more engineers
than all other microcom

The 8080 system comes with four CPU options, twenty-five performance matched
peripheral, I/O and memory components, and the industry’s most useful software and
hardware development systems. We've had the 8080 in volume production since
April 1974 and there are now major second sources. These are just a few of the reasons
why more engineers use the Intel 8080 system than all other microcomputers com-
bined. Join them and you'll eliminate complex random logic, save design time, and get
your products to market faster and at lower cost.

Start by replacing hundreds of TTL packages with the three LSI circuits in the
MCS-80™ CPU Group —the 8080A CPU, 8224 Clock Generator and 8228 System
Controller. Built into the Intel 8224 and 8228 are many of the extra functions that most
designs require, such as TTL & MOS clocks, auxiliary timing functions and current

B MCS-80™ SYSTEM COMPONENTS ] sinking capability that keeps memory

~— o, | Do and I/O interfaces simple.
EPU GT{OUI; E Ei()?JA 8‘6Eenlr';liProcessor Un|t_2us Cycg . A dozen I/O an.d perlpheral
8224 Clock Generator circuits that attach directly to the
, e System Controller | system bus make it easy to add on
CRUCETIONS | qoauir! | 1 35 ccie peripheral subsystems. Five are
S M yC 5
MBO80A | 2 useccycle (—55to +125°C) programmable LSI dev1ces. ThQSG
212 | 8bil/OPort(15mAdrive) operate under software control in
' carammabie Communication = 8| numerous modes and can often re-
R Dlace up to 75—or more—TTL
PERIPHERALS | 8205 | 1 outof 8 Binary Decoder - packages each. For example, the
8210 Dynamic RAM nger (8107B) Intel 8251 Programmable Communi-
8214 riority Interrupt Control Unit d d ;
8216 Bidirectional Bus Driver, Non-Inverting Catlon, Interface prov;de;s Vlrtually
(50 mA) | ‘ all serial data transmission protocols
T e Dt e in use today, including IBM Bi-Sync.
8222 Dygam.c RAM Refresh Or, for easy interface to printers, key-
ontroller (81078) : .
8253* Programmable Interval Timer boards, dlsplays and motor drIVQS,
8257* Programmable DMA Controller use the 8255 Programmable Peri-
8259 Programmable Interrupt Controller pher al Interface. You can reorg anize
PROMs 8604 512x8.100ns i i i
L E Ll its 24 [/O lines with software as your
8704 | 512x 8 Erasable 450ns needs change.
- 8708 1K x 8 Erasable. 450 ns ) You have thirteen options in
ROMs 8302 256 X8, Tus performance matched standard
Eetan Il apmelacnis memory circuits, such as 16K ROMs,
'RAMSs 5101 256 x 4 Static CMOS, 650 ns — 8K erasable PROMS and 4K RAMs
8101A-4 | 256 x 4 Static. 450 ns for high density at low cost, plus
vl IR N CMOS RAMs for lowest power.
81078 | 4Kx 1 Dynamic. 420 ns You also get four CPU choices,

B111A-4 | 256x 4 Static Common /0. 450ns | including the MBOBOA for operation

*Availlable 2nd guarter 1976




use the Inte] 8080 system
puters combined.

; at —55 to +125°C, and the 808CA-1 with a 1.3 microsecond
i ‘ instruction cycle for higher speed applications.
& L& To help minimize system
development time use the
third generation Intellec®
MDS microcomputer hard-
ware/software develop-
ment system. This de-
velopment system
with its unique ICE-
80 in-circuit emu-
lator lets you
simultaneously
debug software
and hardware,
7" from initial proto-
typing right through
production. The Intellec
MDS is supported by six comprehensive software packages including a macro-
assembler, ICE-80 interactive software driver and a diskette operating system.

In addition to the software packages in the development system, three cross
product software packages are available on magnetic tape and on several time share
networks. The Intel 8080 system is also supported by the industry’s largest user's
library, training courses and field applications assistance.

Start now with the new SDK-80 System Design Kit. It's a complete system for only
$350 and includes: An 8080A CPU, Clock Generator, System Controller, Program-
mable Communications Interface and a Programmable Peripheral Interface. You also
get two 1 of 8 binary decoders, 256 bytes of static RAM, two kilobytes of erasable
PROM (with the system monitor supplied in one kilobyte), a PC board, clock crystal,
connectors, other assembly parts, plus a user’'s manual and programming manuals.

o order the SDK-80 kit, contact our franchised distributors: Almac/Stroum,
Component Specialties, Components Plus, Cramer, Elmar, Hamilton-Avnet, Industrial
Components, Liberty, Pioneer, Sheridan or L.A.Varah.

For your free copy of the new 8080 system brochure and our Intellec MDS
brochure, write: Intel Corporation, 3065 Bowers Ave., Santa Clara, Calif. 95051. For
$5.00 we'll send you a copy of our new 236 page 808C Microcomputer Systems
User's Manual that includes complete hardware, software and interfacing data for
all 8080 systems.

8251 £\
PROGRAMMABLE COMMUNICATION X RACRITY ITRRNEY
INTERFACE $ 2% COMTRONER

Intel Microcomputers. First from the beginning.
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/ This is a rack- full of

counter capability.

HP's new 75 MHz Timer/Counter Features include: 1 nsec time
is easily held in your hands. interval averaging ¢ autoranging of
Take a look at the front panel: frequency, frequency ratio, period
Never before has there been so average, time interval average
much counting capability in « full complement of triggering con-
such a small package at such a trols, monitor LEDs ¢ preset ECL
small price. Seven other modules and TTL thresholds * an astonish-
snap on to convert to other instru-  ingly low price of only §910* total
ments — including a DMM — or for 5308A module with 53008

to connect to the HP Interface Bus. mainframe.

HEWLETT hp PACKARD

Sales and service from 172 offices in 65 countries,
1501 Page Mill Road Palo Alto, California 94304
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Meetmgs

Electronic Components Conference,
IEEE, Jack Tar Hotel, San Francisco,
April 26-28.

Offshore Technology Conference,
IEEE, Astrohall, Houston, Texas,
May 3-6.

Carnahan Conference on Crime
Countermeasures, IEEE, University
of Kentucky. Lexington, May 5-7.

Industrial and Commercial Power
Systems Conference, IEEE, Hyatt
Regency Hotel, Los Angeles, May
10-13.

Electro 76—IEEE International Con-
vention, IEEE, Hynes Auditorium
and Sheraton-Boston Hotel, Boston,
May 11-14.

National Workshop on Low-cost
Polycrystalline Silicon Solar Cells,
National Science Foundation and
Energy Research & Development
Administration, Southern Method-
ist University, Dallas, May 18-19.

Naecon Aerospace and Electronics
Conference, IEEE, Dayton Conven-
tion Center, Dayton, Ohio, May
18-20.

Eighteenth Israel Annual Confer-
ence on Aviation and Astronautics,
Technicon—Israel Institute of Tech-
nology, Haifa, Israel, May 19-20.

Third International Euromation Ex-
hibition—Instrumentation and Auto-
mation in Industry, Belgian Institute
of Automatic Control, Brussels In-
ternational Fair, May 22-26.

Conference on Lasers and Electro-
Optical Systems, IEEE, Town and
Country Hotel, San Diego. May
25-26.

Semicon West '76, Semiconductor
Equipment & Materials Institute
(¢/0 Golden Gate Enterprises,
Santa Clara, Calif.), San Mateo
County Fairgrounds, Calif. May
25-27.

International Symposium on Multi-

valued Logic, IEEE, Utah State Uni-
versity, Logan. Utah, May 25-28.
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SC/MP... A MICROPROCESSOR
SO SIMPLE AND INEXPENSIVE, IT’'S ENOUGH
TOMAKE ANY MACHINE THINK.

The“Simple Cheap Microprocessor.” [t requires a minimum number of
At less than ten bucks apiece in components and support chips.
volume, it makes microprocessor tech- Yet it gives you advantages that can’t
nology practical where it’s never made be found in many expensive micropro-
sense before. In products like meters, cessors. Like an on-chip clock. Serial I/O
3 ports that are TTL-
. compatible. Static

L33

X operation. Bus allo-

,@ Q Q| : cation for multi-
v\ ol P processor system
| \ /~7v\v—- A g' ""‘_?‘1_ ) design. Plus built-in,
nn / B s L programmable
7 T Y DELAY instruction.

It’s on your
distributor’s shelf
right now. For tech-
nical description
5 & of the chip and a com-
o G * plete data sheet, send

it us the coupon below.
gas pumps, traffic-light controls, pinball If this thing catches on (and at less
machines, medical electronics, TV games, than $10 a copy, it’s got to), who knows
scales, motor controls, telephones, home  where it could lead?

| ?R&?U:mm Gn <(J

‘

appliances. To stuffed dogs that tell shaggy
A whole world of machines and men  people-stories?

has been waiting for such a thing. M T e — — =
Well, thanks to National, SC/MP is 2900 Semiconductor Driverp

Santa Clara, California 95051

Gentlemen:
SC/MP, eh? I'd like to see that Technical Description, data
sheet and a sales brochure:

|
here now. :
And it’s not just the cheapest, least- |
complicated microprocessor on the :
I

|

|

market. It’s also one of the most capable. | Name Title

It shortens design time because of i:';‘:’:s';y
its architecture, and its ability to | ciy State Zip
interface with standard memoriesand @ “+—-————————————— -
standard peripheral components. Nal'lonal Semiconductor#/

Ask your distributor for our SC/MP Evaluation Kit.

Electronics/April 15, 1976 21



TENAS INOTR
oUPPORT, SOFTWA

The T1990
computer family

has all the ingredients.

The TI concept of what a computer family
should be goes beyond producing the most re-
liable and cost-effective hardware around. To
us, that’s basie. The extra dimension is usabil-
ity, and this means software and support.

The TI 990 computer family has all the in-
gredients. We make every member of the fam-
ily ourselves, and we make them all software
compatible from bottom to top.

Complete software libraries, as well as
memory-resident and disc-based operating
systems, support real-time and multi-tasking
operations. We offer FORTRAN, COBOL
and BASIC languages. Cross-support on
timesharing networks allows early develop-
ment of your own applications programs.

The TMS 9900 Microprocessor...
The Technology Leader

The advanced capabilities of the 990 family
result from a TI milestone in MOS technolo-
gv...the TMS 9900 single-chip, 16-bit micro-
processor. With its high-speed interrupt ca-
pability, hardware multiply-and-divide, and
versatile instruction set, the TMS 9900 deliv-
ers the kind of computing power you'd expect
from a 16-bit TTL computer. And it's the best
microprocessor going for terminals, machine
monitoring and control, and many other
applications.

Because the TMS 9900 provides the instruc-
tion set for the new 990/4 microcomputer and
990/10 minicomputer, software developed for
the low-end computers will be compatible
with the higher performance models...and
with a minimum of interface and software
adaptation.

Versatile Operating Systems

The TX990 Executive Operating System
Software uses either the 990/4 or 990/10 com-
puter for low-cost multi-task control, requir-
ing a minimum of peripheral support. The
modular construction of TX990 allows users to
select only the funections required for efficient
memory usage, leaving more memory availa-




UMENTS HAS

it AND HARDWARE.

ble for application software.

The 990/10 Dise System Software accents
the mass-storage, random-access features of
the disc with extensive file management and
the multi-tasking features of the DX10 Operat-
ing System. The system software package in-
cludes a multi- pass 990 assembler, link editor,
interactive source editor, and numerous other
utilities that support easy implementation of
application programs.

Flexible Packaged Systems

TI offers two packaged program development
systems and a prototyping system far the user
who needs his own stand-alone system for
software and firmware development of appli-
cation programs.

These packaged systems provide a flexible
method of implementing early project de-
velopment. These include the low-priced 990/4
Program Development System and the pow-
erful 990/10 Program Development System.
The 990/10 system combines the power of the
990/10 minicomputer with the dise-based
DX10 operating system and an extensive set
of software development tools. The standard
package includes the 990/10 minicomputer
with 64K bytes of error-correcting memory,
ROM loader and diagnosties, 3.1-million byte
removable disc kit with accompanying
peripherals, and a complete software de-
velopment package. And, at $24,50C, this sys-
tem costs at least 20% less than comparable
equipment from other manufacturexs.

For developing firmware modules, there is
a $5950 prototyping system which includes a
990/4 computer with 16K bytes of memory and
programmer’s front panel, and a “Silent 700*”
twin-cassette ASR data terminal. Also, anop-
tional PROM programming kit is available for

develoring read-only memory.

In addition, we provide a wide variety of
prograin development utilities for the 990
family. There is communiczations software
that supports either synchronous or asyn-
chronous data transmission. and can operate
with the TX990 or the DX10.

Support from the start

We offer complete training and applications
assistance, plus a nationwide service network
backed oy TI-CARET, our remote diagnostie,
service dispatching and real-time field service
management information system.

For more information, eall your nearest TI
office or write Texas Instruments Incorpo-
rated, P.O. Box 1444, M/S o
784. Houston, Texas 77001.

Or, phone Computer
Equipment Marketing
at (512) 258-5121.

See the 990 Family at the Computer Caravan and NCC.

Arington, Va, (703) 527.2800 - Atlanta, Ga. (404) 458-7791 - Boston, Ma. (617) 890-7400 - Chicagc, 1l (312) 671-0300 - Clars, NJ (2¢1) 574-9800 - Cleveland, Oh. (216) 464-4990 - Costa Mesa, Ca. (714) 540-7311 -
Datlas, Tx. (214) 238-5318 - Dayton, Oh. (513) 253-6128 - Denver, Co. (303) 751-1780 » Detroit, Mi. (313) 353 0830) - €I Segundo, Ca. (213) 373- 71 » Hamden, Ct. (203) 281-0074 - Houston, Tx. (713) 494-5115 - Indianapohs,
In (317) 248-8555 - Milwaukee, Wi. (414) 475-1690 - Minneapohs, Mn. (612) 835.5711 - Mobile, Al (205) 344-8082 - Philadelphia, Pa. (215 628-3434 - Phoenix, Az. (102) 249-1313 - San Francisco, Ca. (415) 392.0229
« Seattle, Wa. (206) 455-1711 - St. Lowss, Mo. (314) 569-0801 - Sunnyvale, Ca (408) 732-1840 - Winter Par:, FI (305) 644-3535 - Amstelveen, Holland 020.456256 - Bedrord, England 0234.58701 - Beirut, Lebanon 452010
+ Bruxelles Belgum 733 96.24 + Chestwre, England 061-442-8438 - Copenhagen, Denmark 01/91.74.00 - Essen. Germany 0201,/20316 - Frankfu<t, Germany 0611/39/90/61 + Freising, Germany 08161/801 + Helsinki, Finland
9C-408 300 - Milan, italy 0268878051 - Montreal, Canada (514) 341-5224 - Nice, France (931 20.01.01 - Oslo, Norway 02-68."4 87 - Fans, France (1) 630-2343 - Rome, Italy 839.4792 - Slough, England 0753-33411 -
Stockholm, Sweden 62 71 59/62 71 65 + Sydney, Austrahia 831-'555 + Tokyo. Japan (03: 402-6181 « Toronto, Canada (416) 889-737¢ - Vancauver. B.C. (604) 689-8017

TEXAS INSTRUMENTS

INCORPORATED

*Trademark of Texas Instruments tService Mark of Texas Instruments
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The reign
of the PMOS UART
IS OUGK.

Long live the king.
Intersil's new
IM6402 GMOS UART.

It's the CMOS/LSI Universal
Asynchronous Receiver/Transmitter
(UART) for interfacing computers or
microprocessors to serial data channels.
The IM6402 operates with Intersil’s IM6100
family of microprocessor peripheral circuits.
It's pin compatible and price competitive with
the AY-5-1013, TR1602 and TMS6012 PMOS
UARTSs, but far superior, making it the new
ideal for use in modems, printers, peripherals
and remote data acquisition systems.

Because it's CMOS, it provides data
transfer rates up to 200,000 Baud (3.2 MHz
clock frequencies) with data word length from
5 to 8 bits. That's a ten-to-one improvement
over previous PMOS UARTs. And because
it's CMOS, power is reduced from the 300mW
typical with PMOS, to only 10mW for the
IM6402, at supply voltages from 4 to 11 volts.

The IM6402 is packaged in a 40 pin DIP,
available off-the-shelf from Intersil distributors
in a military (-55° to +125°C) version for
$26.50 (100+ quantities) or a commercial
(0° to +75°C) version for $6.95(100+).

Talking toaTTY?
Try the IM6403.

The IM6403 version of this CMOS UART
contains an on-chip 4/11 divider stage; this,
plus on-chip oscillator, allows use of inexpen-
sive crystals—for example a commercial
color-TV crystal—resulting in an appropriate
Baud rate for easy teletype interface.

Both of them. IM6402 and IM6403, the
new king of UARTSs. Only from Intersil. 10900
North Tantau Ave., Cupertino, CA 95014.
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Intersil stocking distributors
Arrow Electronics

Century Electronics
Elmar/Liberty Electronics
Harvey (Upper N.Y.)

Intermark (San Fran.)

Kierulff Electronics (Mass.)
Marshall Ind. (L.A., San Diego)
R.A.E. Ind. Elect. Ltd. (Van. B.C.)
Schweber Electronics
Semiconductor Specialists
Sheridan Assoc. (PA)
Southland (Fla.)

Weatherford

Zentronics (Canada)

Intersil area sales offices

Boston (617)273-2055

Chicago (312)986-5303

Dallas (214)387-0539

Los Angeles (213)532-3544

Ft. Lauderdale (305)739-3203

Minneapolis (612)925-1844

New York (201)567-5585

San Francisco Bay Area (408)984-2170

Upstate New York/Canada
(315)437-0368

Representatives in all major cities.
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Hughes Aircraft
might find time ripe
to go public

Walkie-talkie
frequencies get
shifted upward

Tl to unveil
power linears

Signetics emulates
8080A in bipolar
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Along with other questions raised by the death of Howard Hughes, one
concerns the future of Hughes Aircraft Co.., whose $1 billion yearly sales
are almost wholly made up of electronic systems and equipment. Some
observers think the timing could be right for the company, owned entirely
by the Hughes Medical Foundation, to go public. The late billionaire was
the sole director of the foundation.

In the past, rumors circulated from time to time that his representatives
had talked with Wall Street investment bankers about a public stock
offering. But nothing ever happened. largely because of Howard Hughes’
other legal troubles or bad timing in the market. Some observers also think
that the company has all the elements to become glamour-type stock,
since interest has picked up lately in electronics shares.

There also may be tax implications working in favor of such a course,
since the foundation might have to divest itself of the company. in much
the way the Ford Foundation had to sell Ford Motor Co. stock in the
1950s.

In an effort to reduce interference for the licensed citizens® band operator.
the FCC has shifted upward the operating frequencies of 100-milliwatt
walkie-talkies. These and some other low-power devices—all called **part
15" devices—will move to five frequencies from 49.82 to 49.90 megahertz.
However. operation of non-voice equipment such as automatic vehicle
locators and telemetry transceivers will still be permitted to continue in
the 27-MHz citizens’ band.

In essence, the new rules are: all manufacturing of part 15 devices for
operation at 27 MHz must be stopped by March 18, 1977; a year later,
dealers may no longer sell such devices: and after March 18, 1983, these
devices may no longer be used. The mandated move to a higher frequency
band will require re-engineering, which is bound to increase the price of
the transceivers.

Texas Instruments’ renewed efforts in analog control products (see p. 33)
also are benefiting from work on power linear devices. By the end of
April, the Dallas firm expects to announce a monolithic switching voltage
regulator in a 14-pin dual in-line package, boasting efficiencies of 60%
to 80% . the device contains all the necessary components on a single bipolar
chip, including power switch, duty-cycle oscillator, commutating diode,
error amplifiers, and short-circuit sense. To be priced at less than $2 in
large quantities, the part will offer 0.4% typical load regulation and 0.2%
line regulation.

Signetics Corp. has started production of a bipolar version of the popular
8080A microcomputer system. Using Intel’s 3000 series of Schottky-TTL
microprocessor-slice chips. which Signetics now second-sources, the com-
pany will offer its 80E emulator. The 80E will be two to 12 times faster
than equivalent 8080A systems, claims Frank Brunot. in charge of
marketing bipolar microprocessors.

Although the high end of the 8080 market isn’t large—Brunot puts it
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Little study
shows foreign

Electronics newsletter

at 5% of the total 8-bit market—it nevertheless allows 8080 designers to
use the same software in the 80E emulation to implement minicomputer-
type data-processing equipment. As for costs, it takes 30 to 40 80E chips
to emulate a typical 10-to-20-chip 8080A system.

A new forecast by Arthur D. Little Inc. recommends that U.S. electronics
companies compare the costs of manufacturing their products in the U.S.
with costs overseas. Those costs will tend to merge by 1980, Little says.

advantage shrinking The study covers 15 countries and 18 product categories. The multi-client
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Army seeks
improved version
of remote sensors

Portable collector
of solar energy
to be marketed

Last $1.5 million
awarded for
chart automation

study by the Cambridge, Mass., research firm shows, for example, that
the cost of manufacturing a 19-inch portable color-television set in the
U.S. in 1980 will be $329 and $324 in Japan, compared with $265 and
$230, respectively, in 1975.

The same shrinking differential is apparent in a comparison for mini-
computers made in the two countries. By 1980, Little estimates, it will
cost $2,085 to manufacture a small minicomputer in the U.S. that will
cost $1,905 to build in Japan. The 1975 figures are estimated at $2.,275
and $1.875, respectively, for the two countries.

The study, entitled **The Worldwide Cost of Manufacturing Electronic
Products, 1975-1980,”" was sponsored by 13 multinational corporations.
Subscribers receive from ADL a computer program and data base that
allows them to simulate the manufacturing costs for their own products.

The Army Electronics Command at Fort Monmouth, N.J., has requested
quotations to develop design plans for the basic remotely monitored
battlefield sensor system (Rembass), a family of unattended ground-sur-
veillance and target-acquisition sensors with associated data-communi-
cations equipment.

A hand-held solar-energy collector and converter to power portable radios
and calculators will be marketed for about $30 by late summer. The unit,
built by M7 International of Arlington Heights, Va., will use a non-imaging
solar-radiation collector, called a compound parabolic concentrator, devel-
oped by University of Chicago physicist Roland Winston. Use of the
collector, which delivers 0.25 watt, will reduce by 70% the number of
silicon cells needed, says M7.

The $25 million program by the National Oceanic and Atmospheric Ad-
ministration to automate production of U.S. nautical charts is nearing
reality with the mid-April award for the system’s final link. Information
Science Corp., the McLean, Va., subsidiary of Planning Research Corp.,
got 51,496,422 to prepare an automated digital-information process that
will store and retrieve nautical-chart data. From that data, NOAA cartog-
raphers can photograph new charts from computer-generated graphics.
The system, to become fully operational in 1980, will speed production
of new chart negatives to four to six weeks, in contrast to the six to nine
months now required.
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Original three-day
microprocessor coutse

After more than a vear on the road,
this basie course is still one of the most
popular ways for engineers to embark
on a program of mastering the tech-
niques of designing with microproces-
sOrs,

The fi=st day is a thorough explora-
tion of the M6800 Family LSI devices

MPU, PIA, ACIA, ROMs, and
RAMs, Day two covers syrtems con-
figuration techniques, sampte pmgram
review, and the introduction to sup-
port hardware. The final day is for
writing, assembling, and simulation of
a program using timesharmg and/or
the EXCReiser” svstems development
tool. It's hands-on experience all the
way, and vou take away copies of
Motorola's outstanding  Applications
Manual, Programming Manual, and
M6800 Training Manual,

Software and hardware fraining
Once a month (see schedule:, two
additional conseeutive, single-day ses-

Ron Bishop, Motorola M6800 Trarning BB102

Name

Company

Address City
State 1P
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stons, one on software and the other on
suppert hardware, are presented fol-
lowing the basie three-day course, The
basic course is a prerequisite,

The fourth day is a more detailed
study of Motorola’s M680G Support
Software, with instruction in a variety
of programming shortcuts involving
the Fandling of interrupts, stack
pointer, index register, subroutines,
cte,

The fifth day, Support Hardware,
teaches more on the use of the EXOR-
ciser, INNORdisk™ floppy disk svstem,
Svstems Analyser, and other Motorola
M6807) support hardware,

Enrollment — how and how much

Cost of the three-day basic course
is %375.00 in Phoenix and 430,00 at
other scheduled locations, The fourth
and fifth davs are $725.00 cach, but
enrollment in the five consecutive days
of bavic, software, and hardware ses-
sions is worth a 157 discount on the

Please enroll me in the following M6800 Training.

Ccurse(s}

Lacation

My telepnone number is

It's Easy
»  and
Inexpenswe

Rdd your own plant to Motorola’s
M6800 MPU Course schedule.

Your plant location can be added to Motorola’s
M6800 Microprocessor Course schedule. You supply
the classroom facilities, timesharing, and an enroll-
ment of up to 20. We supply the instruction and
course materials including Applications Manuals,
Programming Manuals, and the course binder. All
your company pays is $4,000.00. The savings on
both tuition and travel expenses are obvious.

total. Discounts are also available for
same session multiple enrollments
from the same firm. For information,
call or write to Ron Bishop: (602)
962-2345 or 244 4945 Motorola M6800
Training, P.O. Box 2953, BB100, Phoe-
nix, AZ 85062, For simplified enroll-
ment, complete the coupon below and
send it to the above address,

M6800 Course Schedule

Phoenix, AZ April 20, 21, 22
Salt Lake City, UT April 20, 21, 22
Rateigh, NC April 27, 28, 29
Dayton. OH May 3.4.5,(6/7)
Houston, TX May 4,5, 6

San Jose. CA May 11,12, 13
Minueapolis. MM May 11, 12,13
Pittsburgh, PA May 18. 19. 20
Phoenix, AZ May 17, 18,19 (20/21)
Naswville, TN June 15, 16, 17
Phosnix. AZ June 15, 16. 17
Phit.:delphia, PA June 21, 22,23

(24/25)

Las Vegas. NV June 29, 30. July 1

MOTOROLA M6800O

Benchmark family for microcomputer systems.

Trademark of Motarola Inc

P.O. Box 2953, Phoenix, AZ 85062

Datet(s)

Area code number
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Announcing a gint reduction

,V ol = ')
B

in the Nova line.

®

You're looking at a whole new family of NOVA
compulers. microNOVA. A microprocessor chip,

a microcomputer board and a complete MOS mini-
computer. All based on the little thing on the tip
of the finger.

mN601. The microNOVA CPU.

It’s a full-blown, 16-bit NOVA computer. Manu-
factured by Data General. And fully supported by
NOVA software.

And it’s not a NOVA computer in name only.
This chip has all the NOVA registers, internal data
paths and computational elements. The NOVA
multifunction instruction set. The NOVA multiple
addressing modes. And the NOVA 3 hardware
stacking. lglus things that used to be NOVA options:
multiply/divide, real-time clock and power fail/
auto restart. All standard at no additional cost.

The difference is, all that NOVA has been
reduced to a single chip that measures only 225
mils by 244 mils.

Which was no small accomplishment.

For those who need more than a chip, there’s
the microNOVA computer-on-a-board. A complete,
fully-buffered microcomputer that comes with 2K
or 4K words of RAM on a single 7%" by 914"
board. You can add on more RAM in either 4K or

8K increments, or PROM boards with up to 4K
words. Plus terminal interfaces, general purpose
interfacing boards, card frame, power supply and
PROM burner.

And for those who need more than a board,
there’s a fully-packaged 4K word MOS microNOVA
mini. It comes with power supply and turnkey
console. In 9 and 18 slot versions. Into which you
can place as much as 32K words of RAM or
PROM. And still have plenty of room left over
for 1/0.

There’s even a microNGOVA system specifically
for program develcpment. A complete system, with
dual diskette drive, terminal and our RDOS-
compatible Disc Operating System. Or you can
use a Nova 3 system with%(gOS. The best develop-
ment software you can get.

And no matter which microNOVA product you
get, you get to use NOVA scoftware like FORTRAN
IV. Software that’s in use in over 20,000 instal-
lations all over the world. So you know it’s going
to work right the day you get it.

Want to know something else?

Call our toll iree number. .
microlNOVA

800-225-9497.
Nava s a registered trademark of Data Ger eral Corporation

D Circle 28 on reader service card
ataGeneral

€» Data General, Route 9, Southboro, Mass. 01772 (617) 485-9100. Data General (Canada) Ltd., Ontario.
Data General Europe. 15 Rue Le Sueur, Pans 75116, FrancellDa:aGereralBustralia, Melbourne (03) 82-1361/Sydney (02) 908-1366.
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Reels of film

automate watch
module assembly

Sprocketed film will carry
everything but the battery in
production scheme of
International Micro Industries

Mounting integrated-circuit chips
on reels of sprocketed film is a well
established means of automating
the assembly of electronic systems.
But a company in Cherry Hill. N.J..
is not stopping at simple chips.
Rather, International Micro Indus-
tries Inc. is bonding a complete
watch module that includes 1C logic.
discrete components, and a light-
emitting-diode display on either
side of each frame of a special 35-
millimeter film tape.

The new process could save man-
ufacturers $1 to $3 in material per
watch module, claims company
president Tom Angelucci. In addi-
tion, labor costs would be cut by as
much as 75%. A line of 10 to 15 ma-
chines for the new process. capable
of producing 500 modules per hour.
would take up an area of 5,000
square feet and require 10 people.
Angelucci continues. He contrasts
this production to present methods
using manual wire bonding and
hand assembly that would require
some 40 persons to turn out the
same number of modules.

Angelucci’s company is finishing
the design of 12 automated-assem-
bly machines that are designed for
this process.

He intends to license the concept,
and is currently negotiating, he
says, with two major electronic-
watch manufacturers. But although
he has shown his development to
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Electronics. he declines to make any
photographs or drawings available
for publication.

Film as substrate. Referring to the
usual way of dealing with 1C chips
mounted on film carrniers [Electron-
ics. Dec. 25, 1975, p. 61]. Angelucci
points out that “"the chips and their
copper interconnect leads are cut
out of the [film] tape and applied to
either ceramic or printed-circuit
substrates.”

Angelucci. however, takes a short
cut. “We omit the step of cutting the
1Cs from the film tape.” he explains.
“The film itself is the substrate. But
to make it work, we had to come up
with a multilayer tape.”

Designers at International Micro,
heretofore a manufacturer of the
polyimide and polyester carrier
tapes and custom-assembly equip-
ment. decided that the compcnent
density of a typical digital-watch
module required a tape with one
conductive layer of copper on each
side of the insulating film. This ar-
rangement would avoid the com-
plexity of a single-conductive-layer
tape with conductive crossovers.

Also  rather than using plated-
through holes between the two lay-
ers, the designers came up with
what Angelucci describes only as a
proprictary and novel method that
doesn’t involve plated-through holes
or wire-bonding.

On a production line, the empty
tape would move through machines
to gang-bond the logic chip and at-
tach the other circuit components
(crystal, trimmer capacitor, resist-

ors) to zither one side or the other of

each | 4-in.-by-0.7-in. frame of the
35-mm tape.
Eachk digit of the seven-segment

LED dispiays would be gang-bonded
to a 0.3-by-C.2-in. frare of specially
designed 8-mm tape. This tape also
has conductive layers on both sides.
but all LED pinouts are on one side.
A multiframe strip of this LED tape
is then pressed to conductive pads
on the top of the main 35-mm film
substrate. When the two-tape as-
sembly is put into a ~vatch case, the
LED tape would be held by pressure
against its “mother™ tape. eliminat-
ing any bonding or scldering of the
display to the watch tape.

Communications

Small on-site unit
manages phonelines

Computer-controllec telephone-
management systems aren’t new.
But a new company TDX Systems
Inc., is offering the service by re-
mote control. In doing so. it is cut-
ting the customer’s capital-equip-
ment investment to zero.

“What we've done is broken off
the *big computer’ part of the usual
[telephone-nianagement]  installa-
tion, together with its disk and tape
drives, and put it in our own offices
in McLean, Va..” explains TDX pres-
ident William von Meister. The cus-
tomer is left with a relatively simple
microcomputer-driven call proces-
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TDX SYSTEM OVERVIEW

TELEPHONE EEe—
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A i COMPANY
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TOX CALL
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RATTERY DIRECT DISTANCE DIAL
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Phone manager. Relatively low-cost microcompute-driven call processor on the customer's
premises controls data flow regarding calls to TDX Systems' shared central computers. Deci-
sion regarding the least-cost path over which to route phone calls is made in McLean, Va.

sor that controls the communi-
cations lines. This unit, in turn, is
connected to the company’s central
computers via a single 300-baud
phone line.

Sharing. “Our approach allows the
high capital cost normally associ-
ated with stand-alone computer sys-
tems to be invested in central com-
puters and, therefore, shared by
many users,” von Meister says.
Without this approach, the invest-
ment at a customer’s facility may
range upward from $250,000 to $1
million. TDX’s central site, built
around a redundant pair of Inter-
data Inc. model 732 computers, can
be shared among as many as 500
users, he says.

Reduction in telephone-company
charges—from 10% to 40% for orga-
nizations with long-distance tele-
phone bills of at least $5,000 a
month—is the big plus for using his
telephone-management system, he
points out. Long-distance charges
are cut because the system auto-
matically routes all calls over the
least-cost path, taking into account
the customer’s mix of WATS, foreign
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exchange, tie, and direct-distance-
dial lines.

And besides cutting monthly
phone bills, the system also does
such things as simplify billing and
accounting within the company, and
reduce phone abuse by unautho-
rized callers, von Meister adds.
Eight to 32 special-rate outside lines
plus the phone company’s direct-
distance-dial lines can be ac-
cessed from a single five-to-six-foot-
high rack of equipment that pro-
cesses the calls.

The microcomputer-driven equip-
ment consists of tone-key decoders,
automatic dialers, and 8,000 words
of random-access and programable
read-only memory that attaches to a
PBX or Centrex telephone system at
the user’s premises. It’s built around
an Intel Corp. 8080 8-bit micro-
processor, with the programable
ROMs storing the programs for such
things as checking account numbers,
and controlling the data fiow.

The central computer is a 32-bit
machine with 1 million bytes of core
memory. Communicating through a
concentrator at a 300-baud rate with

the customer’s installation, as shown
in the drawing, the central site keeps
track of the phone lines at each cus-
tomer location, always picking the
cheapest line available.

A monthly charge of $350 to $900
covers rental of the call processor
and data-circuit costs, as well as ac-
counting and line-usage reports.
Additional fees are incurred as a
call goes out on the system.

Competition. Ed McAteer, presi-
dent of Action Communications
Systems Inc. of Dallas, which sells
and leases stand-alone computer-
controlled voice-communications
control and monitoring systems, ad-
mits that TDX may cut into Action’s
and others’ markets—but only with
smaller users, those with long-dis-
tance telephone bills of $12,000 a
month or less.

McAteer also points out that be-
cause the price charged for the rival
system is based on its use, his com-
pany’s system will be competitive in
many low-end situations. “But we
don’t see TDX making a dent in the
bulk of our business, which is users
with long-distance billing of about
$40,000 a month or more.” O

Microprocessors

Intel 8080 proves
highly reliable

Probably the first data on micro-
processor reliability is coming from
Intel Corp., Santa Clara, Calif,, on
the reliability of its model 8080 de-
vice, an early, widely popular mi-
croprocessor. And the findings are
impressive, says Kenneth Mec-
Kensie, microprocessor applications
manager at Intel.

Fabricated with n-channel sili-
con-gate metal-oxide semiconductor
technology, the 8080 is a general-
purpose 8-bit parallel central pro-
cessor for computer and control ap-
plications. Of the first approxi-
mately 100,000 devices shipped,
McKensie says, about 32,100,000
hours of operation have been ac-
cumulated with only eight field fail-
ures. This works out to a failure rate
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of 0.04% per 1,000 hours at the 90%
confidence level.

In addition to monitoring field
failures, Intel has been conducting
its own reliability study of the 8080.
And the results of the in-house sys-
tem life tests correlate with the anal-
ysis of field failure, notes McKensie.
At the 90% confidence level, the
company’s tests establish a failure
rate of 0.064% per 1,000 hours when
the devices are operated at 70°C.

Like all components, MOS micro-
processors have some unique failure
mechanisms, as well as ones in com-
mon with other semiconductors,
points out McKensie. The report
cites faulty diffusions and other
causes such as oxide, metalization,
and package defects for 8080 fail-
ures. Copies of Intel’s reliability re-
port will be available from the com-
pany, possibly this month. O

Consumer

Digitally compressed
voice patters amiably

Most people can understand words
faster than they can be spoken. To
bring speech closer to the speed of
thought—without adding the objec-
tionable ““Donald Duck” distor-
tion—a Waltham, Mass., company,
Lexicon Inc., has developed a
“pitch-control microcomputer.”

The device, which changes the
rate of speech without changing its
pitch,is the first product on the mar-
ket to use digital techniques, says
president Ronald Noonan. Other
playback controls for taped speech
[Electronics, Aug. 22, 1974, p. 87]
have been analog systems (“Ana-
log approach is also viable,” p.32).

Being sold to audio-equipment
manufacturers as a $100 circuit-
board module (in quantities of 3,000
per year), the computer could be ap-
plied in playing back educational
and training recordings and in
sound-film editing.

But it can also slow speech down.
Its 5:1 speed swing is between one-
half and two-and-one-half times the
original speed. So Lexicon thinks it
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could also be used to help decipher
the excited voices that make emer-
gency phone calls to the police and
turn up on crash recorders of
downed aircraft.

Sampled waveform. Basically, the
pitch-control microcomputer com-
presses or expands speech by sam-
pling the waveform on the tape at a
16-kilohertz rate when the tape is
running at normal speed. However,

the tape’s speed is controllable by
the user, and the sampling rate in-
creases or decreases in step with the
tape.

In addition, the microcomputer
includes a special “intelligent-splic-
ing” algorithm, which digitally re-
constructs the analog voice wave-
form without any of the audic
“pops” or splice noise found in
other kinds of approaches to analog

i

RCA Corp. has demonstrated a
high-density video-disk reccrding
technique that uses a laser to store
up to 10,000 television pictures or
20 minutes of viewing on a single
coated 12-inch disk. The develop-
mental system can store one frame
in only 0.003 square inch, whereas
today's standard broadcast video
recorders require 300 times as
much room—1 square inch of mag-
netic tape for each frame

RCA only demonstrated its
equipment’s capability to record
and play back still pictures. But the
technology, the company says,
could be used to record scenes
from TV film chains, cameras, and
video tape recorders

The lasers emit less than 10 milli-
watts. An electro-optic modulator
focuses the beam on a tiny spot on
the disk, which spins at 1,800 revo-
lutions per minute. The disk has a
proprietary thin-film coating, wnich,

LASER

VIDEO
PROCESSING
SYSTEM

VIDEO
OUTPUT

RCA developing laser/disk
recorder for broadcasters

LIGHT
SPLITTER %

when hit by the laser beam, per-
manently records a single TV frame
in one revolution.

Arch Luther, chief engineer for
RCA's Commercial Communi-
cations Systems division in Cam-
den, N.J., says the system, shown
recently to commercial broad-
casters, is similar in concept to the
videodisk player designed by Philips
and MCA Inc., for consumer use.
However, the RCA system, de-
signed for professional broad-
casting, both records and plays
back. In the play-back mode, the
RCA unit operates two lasers simul-
taneously; while one is decoding a
picture for “‘on the air" playback,
the other searches for the next

Luther says RCA has no immedi-
ate plans for producing the unit. The
company’'s own SelectaVision
video-disk system for home use
uses a capacitance-pickup tech-
nology rather than lasers.

SERVO

MIRROR N
-~ DRIVE

LIGHT
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DRIVE

31



_ Electronics review

speech compression and expansion.

Sampled and digitized date is
stored in a 4,096-bit random-access
memory. But although the rate at
which data enters memory is a func-
tion of tape speed, data always
emerges at the basic 16-kHz center
frequency, ensuring that the pitch
stays unchanged. The tape neither
quacks when speeded up nor growls
when slowed down.

During compression, the RAM
overflows when digitized data goes
into it at faster than recorded speed.
causing some data to be discarded.
However, the splicing algorithm has
been looking tor likely splice points
in the input data. And it’s been stor-
ing the last-discerned splice point in
a temporary address register in the
MmIiCroprocessor.

In addition, what vice president
Charles L. Bagnaschi calls an
“early-warning system” is also look-
ing for likely splice points in real
time during data output. This sys-
tem warns the microprocessor when
an overflow point is approaching,
and the microprocessor responds by
looking for the splice point stored in
its temporary register. This point is
pulled into an output register and is
digitally spliced to the last data
coming out of the RAM. In this way,
Lexicon avoids splice noise in the
voice output.

Similar techniques are used in
speech expansion, with data pulled
from the RAM faster than itis putin.
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Analog approach is also viable

Cambridge Research and Development Group, Westport, Conn., has devel-
oped its analog speech compression/expansion system, which it calls Vari-
able Speech Control for applications similar to those at which Lexicon is
aiming. Kenneth Sherman, a general partner at Cambridge Research, con-
cedes that Lexicon's digital technique has the advantage that, once speech
is digitized, it can be processed less expensively than analog signals. But
without the analog-to-digital and digital-to-analog conversions required in a
digital system, he says, his company can offer a less expensive solution that
doesn't degrade speech quality, as he claims digitizing does.

To add compression and expansion to a tape recorder with the Cam-
bridge Research approach adds only $26 worth of components in addition
to the recorder cost, Sherman asserts. To get compression only, which he
says is what most users want, the added cost with the firm's technique is
about $15 in components. Cambridge Research does not manufacture sys-
tems as Lexicon does; rather, it licenses makers of audio and audio-visual
equipment interested in speech control.

Lexicon first introduced the pitch-
control system last December in its
Varispeech Il system, a stand-alone
unit that includes a tape deck. am-
plifiers. and speakers. The micro-
processor is a silicon-gate n-channel
metal-oxide semiconductor from
Standard Microsystems Inc.. Haup-
pauge. N.Y.

The complete pitch-control mi-
crocomputer. including a 4-k RAM
and 8-bit digital-to-analog con-
verter, fits on the single printed-cir-
cuit board. O

Military

Tankers set fuze
after shell is fired

Fuzing specialists at the Army’s Pic-
atinny Arsenal in Dover. N. J., are
developing a technique for increas-
ing the accuracy and speed of firing
air-burst projectiles from a tank. By
setting the fuze automatically—after
the projectile has been fired—the
system enables faster firing by trans-
mitting ranging data after the round
is in flight.

The new fuzing technique is in
the advanced-development stage.
“We're eliminating having to set the
fuze before the projectile is loaded
into a tank’s gun.” says Henry
Hagedorn, project engineer at
Picatinny’s Ammunition Develop-

ment & Engineering Directorate.
“Up to now, the tank commander
would see a target, then determine
the range. The crew would then
have to set the range on the fuze
manually, before loading the
round.”

Automatic range. With the new
fuze system, which will be linked to
the tank’s laser rangefinder and on-
board ballistic computer, Hagedorn
says a tank commander can ride
around with the round already in
the gun and aim and fire as soon as
a target is spotted.

The fuzing mechanism in the pro-
jectile includes an antenna, radio re-
ceiver, and low-power comple-
mentary metal-oxide-semiconductor
timing circuits. Power is supplied,
not by batteries, but by a simple
generator—a coil of wire within a cy-
lindrical magnet. Inside the coil of
wire is a moveable core. When the
projectile is fired, inertial forces
move the core about one eighth of
an inch with respect to the coil,
breaking magnetic lines ot flux and
inducing a voltage in the coil. This
voltage is used to charge a tantalum
capacitor.

A transmitter and doppler re-
ceiver in the tank use the doppler
shift caused by the motion of the
projectile to start timing the interval
until data can be sent to the fuze.

Hagedorn says the best time for
transmission is when the projectile is
less than 12 feet away from the
tank. At that distance, signal atte-
nuation from the hot propelling
gases is not excessive, and the dis-
tance between the transmitter in the
tank and projectile is not too great.

Help from industry. General Elec-
tric Co.’s Research and Develop-
ment Center in Syracuse, N. Y., and
GE’s Armaments Development
Branch in Burlington, Vt.. worked
with Picatinny on the project. but
funding so far has been at a low
level. Hagedorn says most of GE’s
contribution has been in the radio-
frequency area. “A study is under
way to determine optimum fre-
quency,” he says.

The concept has been successfully
demonstrated in firings of artillery
and rocket fuzes. O
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DOD could save
on test equipment

Electronic test equipment for the
military could cost up to 17% a year
less if the Defense Department
bought more commercially avail-
able instruments instead of those
designed to military specifications.
That is the judgment of an 18-
month study by a Government-in-
dustry task force led by instrument

maker John M. Fluke, chairman of

John Fluke Manufacturing Co.
Excluding automatic test equip-

ment for weapons systems, costs of

the test equipment could be cut by
at least $77.9 million annually by
implementing the task force's 28
recommendations, says Fluke. Elec-
tronic test equipment outlays by
DOD ran to $467 million in fiscal
1975, 35-40% of total U.S. sales, the
task force noted.

Breakouts. According to the
Fluke report. made to DOD's De-
fense Science Board. the largest
economy—$17.5 million—could be
achieved by using Army Preferred
[tem Lists in procurements. But the
task force argued that use of the lists
to limit inventory and support costs
“should not . . . limit purchase to a

single manufacturer’s piece of

equipment when similar ofi-the-
shelf equipment is available.”

But a recommendation by a mi-
nority of the task force, prepared by
Ballantine Laboratories Inc. presi-
dent Fred Katzmann, stressed
strongly that the Army lists be used
only when items are available from
more than one manufacturer.

Further, simplification of pro-
curement procedures would gener-

ate an annual Defense saving of

$6.2 million, the task force said. A
majority encouraged maximum use
of the General Services Adminis-
tration’s supply schedules for off-
the-shelf instrument buys, including
use of multiple awards. But a mi-
nority qualified that view with a call
for controls to protect small manu-
facturers. It urged reduction of the
$250.000 maximum limit on orders
placed without public notice to
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$25.000. and recommended that or-
ders for one to five units for which
there is more than one supplier be
set aside for small business.

Management. The Fluke task
force also split on the issue of plac-
ing both general-purpose and spe-
cial-purpose electronic test equip-
ment under a single manager in
each service. A minority called this
impractical because of the size of
the responsibility and the reorgani-
zations this would require. Instead,
it urged a manager in each service
for general-purpose test gear who
would also coordinate special-pur-
pose buys "to maximize use of off-
the-shelf™ equipment.

Other economies the task force
said could be achieved include $10.5
million by reduced writing of speci-
fications; $15 million from increased
use of “fly-before-buy™ testing; $7
million from use of commercial-
parts support: $8.5 million by con-
solidating military calibration and
repair facilities and more use of
manufacturers’ resources, and $9
million by accelerating procedures
for replacement of old test equip-
ment. O
Solid state

Tl begins drive
on analog controls

Texas Instruments has been produc-
ing custom camera-control circuits
with bipolar and metal-oxide-semi-
conductor structures on the same
chip since last summer. But it's now
using what it calls the Bi-MOS pro-
cess to launch a major push into
standard analog-control products.

In a few weeks it will announce a
one-chip, chopper-stabilized oper-
ational amplifier and a line of
analog switches. This summer will
see a two-chip, dual-slope analog-
to-digital converter, followed by a
faster monolithic version. And with
an extra ion-implant step putting
junction field-effect transistors on
the same chip. 71 will also introduce
a version of the National Semicon-
ductor Corp.’s LF155-series Ligh-

performance Bifet op amp [Elec-
tronics, Aug. 7, 1975, p. 143] later
this month.

Junction isolation. Since conven-
tional junction-isolated substrates
are used, both the bipolar MOS and
JFET processes lend themselves to
the high-volume, low-cost manufac-
turing techniques at which 11 excels.
“We process bipolar slices as if we
were building conventional op
amps,” says Tim Smith, manager of
linear circuits in Dallas. “But at one
point in the process, we open up the
oxide between the base diffusions
used as source and drain, and use an
ion implanter to adjust the thresh-
old of the MOs device.”

Three JFET products will replace
about 49 other single op amps in the
industry, Smith says. By adding the
JFET, input electrical characteristics
are improved significantly: input
bias currents of 30 to 40 picoam-
peres are typical, compared with
earlier parts’ 1,000 pA or more.

“But the biggest impact of the Bi-
MOS process will be for LSI linear
functions where we take advantage
of bipolar performance in the linear
section and the logic densities of
p-channel MOS in the digital,” Smith
says. Initially, TI plans a one-chip
successive-approximation converter
for data acquisition in micro-
processor-based systems and a more
accurate two-chip converter for dig-
ital panel meters.

Planned for summer introduction,
the two-chip 13-bit model will use
the TL500 bipolar-M0s analog pro-
cessor to do dual-stope functions,
such as input control and sampling.
An integrated-injection-logic and
control chip, the TL502, will add
such functions as auto zero and auto
ranging, as well as display drivers.

Bi-MOS will also be used for a one-
chip chopper op amp, the TLO89,
for high-gain dc applications.

Analog switches. 71 has already
announced four proprietary bipolar-
MOS analog switches, and by May
plans eight more monolithic ver-
sions, pin-for-pin compatible with
Siliconix DG 18]-series hybrids.
Prices in volume will be about 50
cents per switch, compared to $10 to
$20 for comparable hybrids. O
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Preassembled LED displays cut price
per digit and save labor

Big Sticks are what’s new in LED
packaging. And naturally Litronix is com-
ing on first and strongest with eight differ-
ent preassembled displays of 1” and 12"
digits.

Price per digit is 20% to 25% less
than earlier single-digit mounts. Add to
that the saving in assembly and inven-
tory costs and you’ve found the best
LED display bargain of the year.

Inch-high displays come in mod-
ules of 2, 3, and 4 digits—the last with a
colon for clocks and indicator lamps for
AM, PM and alarm.

way?

No wonder o e
wrelol  FITFONIX
in LEDs

34 Circle 34 on reader service card

Half-inch displays are available
with 2, 312, 4 and 6 digits per stick. The
312 digit module has plus and minus signs,
and can be combined with the other mod-
ules to create instrument displays of almost
any length. There are two half-inch 4-
digit modules, one for general use with
closely spaced digits, and one for clocks
L With a colon, built-in multiplexing, and
| indicator lamps for AM, PM and alarm.
If you need big digits, you’ll pre-

fer Big Sticks. Can we throw some your

Litronix, 19000 Homestead Road,
Cupertino, California 95014. Phone
(408) 257-7910.

Electronics/April 15, 1976



Probing the news

Converter price war stays hot

~—— —

by Lucinda Mattera, Components Editor

Probably the most dreaded of all
merchandising modes—the price
war—is now raging among makers
of thin-film hybrid data converters.
And, as in most price wars, only the
user will likely be the real winner
when the dust settles.

Last September, National Semi-
conductor Corp., Santa Clara,
Calif,, started the battle by an-
nouncing its first hybrids, an array
of low-cost data-conversion prod-
acts. A couple of weeks later, pick-
ing up the gauntlet, Datel Systems
Corp., Canton, Mass., launched its
hybrid facility with three similarly
priced, but higher-performance, de-
vices. (Only this month, Datel has
been forced to raise the prices—by
50% or more—of all its hybrid con-
verters and to pull its initial devices
Off the market.)

In the meantime, Burr-Brown Re-
search Corp., Tucson, Ariz., an es-
tablished member of the hybrid
community, took note of both Na-
lional’s and Datel’s low prices—and
retaliated, cutting its prices below
those of Datel’s for similar products.
Now, two other “traditional” hybrid
manufacturers—Beckman Instru-
ments Corp. of Fullerton, Calif.,
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and Micro Networks Corp. of Wor-

cester. Mass.—have joined the lists,
both coming out with economy de-
vices meeting Burr-Brown’s prices.

The action is swirling about [2-bit
digital-to-analog and analog-to-dig-
ital converters, and the prices are so
low that there is reasonable doubt
about profitability. High-perform-
ance self-contained d-a units (those
that include both a reference and an
output amplifier) were costing over
$40 last fall but now sell for as little
as $20 each in 100-lot quantities.
Complete a-d devices (those includ-
ing a comparator, a clock, and a reg-
ister) that went for more than $120
are down to less than $80 each in
single-unit lots.

However, self-contained 12-bit
converters are fairly complex de-
vices. Usually they incorporate 10 or
more semiconductor chips, in addi-
tion to thin-film resistor networks
and several chip capacitors. The
prices of these components, plus
overhead expenses. labor, and yield
factors, can bring the cost of manu-
facturing to around $15 or so for a
d-a hybrid and in the vicinity of $50
to $60 for an a-d device—leaving a
very questionable profit margin.

National, which fired the first
shot. is ‘*‘unequivocally serious
about staying in the business,” as-
serts Dean Coleman, converter
products marketing manager. The
company made its move to get into
the market heavily and to stir com-
petition, he says.

More ahead. Coleman believes
that prices have nearly bottomed
out in hybrids, but further reduc-
tions will occur when most convert-
ers become monolithic within three
years. Hybrids are a means to an
end, he says. “Building a seven-chip
d-a is crazy.” As a result, he pre-
dicts, “The guys that are going to be
out on top are Analog Devices, Na-
tional, and Motorola, if they can get
their act together,” pointing out that
all three have a semiconductor ca-
pability.

Looking back, Eugene Zuch. Da-
tel's product marketing manager for
data conversion products, notes,
“We went too low, and I'm sur-
prised at the current stampede at
the low end of the price structure.”
At Burr-Brown, Gene Tobey, mar-
keting manager, observes: “Datel
tried to buy a part of the market
with price cuts, so we protected our
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Bowmar’s new 20 and 25 siation “Univer-
sal” keyboards are designed for a broad range
of applications. Microprocessors, frequency
synthesizers, push button dialers, mutti-sta-
tion intercoms, test equipment and countless
others. It's ail possible due to such Bowmar
quality features as solid nickel contacts, goid
plated circuitry, mylar sealed contacts for
environmental protection, switch terminals that
provide unlimited matrix designs and low pro-
file, short stroke operation. Available off-the-
shelf with OEM and distributor discounts, these
Bowmar "Universal” keyboards will really make
your IC sit up and listen.

= Bouvwmar

Please send me full information on Bowmar "Universatl
keyboards

Narne
Company
Street
City

State Zip
Mail to: Bowmar Instrument Corp . Dept E
8000 Bluffton Road. Fort Wayne. IN 45809

Circle 36 for Data,
Circle 37 for Salesman call

Probing the news

market share by doing the same
thing.”

What will happen to prices? To-
bey says, “The tendency is for prices
to hold firm and even start to rise a
little. I doubt if we'll see any drastic
cuts until the new generation of con-
verters comes around, in the neigh-
borhood of a year or so.”

To Beckman, which is a major
supplier of thick-film hybrids, Burr-
Brown seems to be a more impor-
tani factor than National. In fact,
“We haven’t seen the impact of Na-
tional’s product deliveries yet,” ob-
serves Lyle Pitroff, product market-
ing manager. Over the next 12 to I8
months, he projects, the trend will
be to redefine what converter needs
really are, come up with simple de-
signs using fewer parts, and plan
how to manufacture them with the
maximum use of automated pro-
duction techniques.

Micro Networks has been in thin-
film technology for about six years
now, specializing in the high-reli-
ability end of the converter market.
But in the last few months, it has be-
gun to commit itself’ heavily to the
commercial arena. According to
Robert R. Jay, president, the com-
pany was more than ready to enter
the low-priced thin-film market be-
cause it had the technology. as well
as the production capability, and its
volume lines could achieve the nec-
essary high yields to compete.

Waiting. Sitting on the sidelines
for the time being is Analog Devices
Inc.. Norwood, Mass., which could
become a significant factor in pric-
ing. Analog is the only company
fabricating some of its thin-film hy-
brid converters with its own custom-
design chips, thereby minimizing
parts count. Dubbed “ccmpound
monolithic integration.” the ap-
proach puts the firm in a unique
market position because it’s not sell-
ing the custom chips outside. Jerry
Fishman, marketing manager for
the Semiconductor division, believes
his company has the best competi-
tive edge. but current orders are
claiming all the custom chips the fa-
cility can produce. However, Fish-
man already has expansion in the
works. 0O
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Communications

FCC delays CB expansion

Informed that interference in a 50-channel allocation could kill

reception, agency will delay its decision until next January

by Richard Gundlach, Communications Editor

The long-awaited FCC decision to
expand class D citizens’ band to
around 50 10-kilohertz channels
from 23 has hit another snag. This
has led the Federal Communi-
cations Commission to initiate a sec-
ond inquiry and notice of proposed
rule-making to study proposals for
frequency reallocation.

The commission has been told
that intermodulation interference
between certain channel frequencies
in the proposed expansion could
make transmission on all CB chan-
neis useless. This threat heaps more
confusion upon a situation already
blessed with more than its share.

The crux of the problem is this:
any two channels would generate
intermodulation products that
would be passed by the extremely
wide 455-kHz intermediate-fre-
quency section used on most CB sets.
This signal would effectively blank
out reception across the entire band.

So far, the FCC’s three expansion
plans arc not as simple as merely
adding channels to a total of 53. The
first is for 19> voice channels using
53 shared a-m and single-sideband
10-kHz channels with 52 additiona!
sse-only channels interleaved. The
second would use the five class C
channels and wind up with [I5
voice channels—but both these ar-
rangements would be susceptible to
intermodulation problems. The lat-
est plan pushes expansion to the
liniit: add to the number of shared
a-m and sSB channels by including
the five from class C, then interleave
44 ssB-only channels among the 10-
kHz a-m channels. This would theo-
retically provide 99 voice channels
on class D citizens’ band.

CB equipment makers ruefully re-
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call the commission’s March 1975
prediction that it would have a deci-
sion in the matter by January 1976;
now, FCC chief engineer Raymond
Spence forecasts a ruling by Janu-
ary 1977. Many CB makers view that
new target with a jaundiced eye.
“We need that rule-making this
year,” says R.E. Horner, president
of E.F. Johnson Co. of Waseca,
Minn., the largest U.S. CB-set
maker. It was Johnson that in-
formed the FCC about the threat of
intermodulation interference be-
tween frequencies.

Not only are manufacturers and
congressmen urging the commission
to do something about the extreme

Citizens' band proponerits argue
that frequency aliocation is way
out of balance. They point out
that 250,000 amateurs use a 42-
megahertz chunk of the spec-
trum up to 450 MHz; on the other
nand, 10 million CB users are
fighting to squeeze into a 0.25
MHz slice. A recent FCC study
found complete congestion on ail
23 channels in metropolitan
areas such as Chicago, Los An-
geles, and New York during
peak-use periods. And according
to FCC chief engineer Raymond
Spence, more of the same chan-
nels isn't the answer. The quan-
tum leap in users—the FCC has
received over 500,000 license
applications per month since
January—coupled with increas-
ing sun-spot activity, would com-
pound interference problems,
and, by 1979, this could well
spell the demise of CB.

congestion on CB bands, but the
White House is also getting into the
act. A three-page special message,
read to the Electronic Industries As-
sociation’s first personal-communi-
cations conference late last month
by John Eger, acting director of the
White House Office of Telecommu-
nications Policy, made clear the of-
fice’s concern with providing for in-
creasing communications needs of
mobile America.

No help at 27 MHz. Spence is of
the opinion that more 27-MHz chan-
nels won’t be the answer to a long-
term viable CB service, and certainly
a mix of a-m and single-sideband
channeis in that band is equally use-
less [Electronics, March 18, p. 10].
Spence said at a conference session,
“Stop thinking about 27 MHz. We
have to go into part of the frequency
spectrum that doesn’t have skip
problems [signals that travel over
large distances due to reflections
from the ionosphere], and that
means going to a frequency band
greater than 150 MHz. But since
there is no spectrum between 27
MHz and almost | GHz available for
CB use, it means taking spectrum
away from other users.”

As for use of the 900-MHz spec-
trum for citizens' band, most manu-
facturers agree that equipment
would be costly and yet have many
propagation problems. Steve Mieth,
chief engineer of Communication
Power Inc., says that “Operating up
there would mean reprograming our
phase-locked-loop synthesizer and
some circuit redesign, which is no
real problem.” But mismatch in the
antennas would cause all kinds of
problems for the CB user, Mieth
warns. O
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STOCK P.C.POWER
TRANSFORMERS

e For use with 3-terminal 1C vol
tage regulators |
e Printed circuit mounting
e For power supplies for most
integrated circuit families
TTL LOGIC ECL LOGIC
CMOS LINEAR - OP AMPS
e 36 models in stock

Write or phone for complete data ’
sheet.

G cusTom ||

TRANSFORMERS,
COILS, TOROIDS

Our precision manufacturing facility |
produces a full range of medium, ’
miniature or ultra-mintature size
transformers and coils — bobbin or
toroidal wound. We can meet both
your specs and your delivery dates
whether for prototype, small o
large productions runs. Our expe-
rienced engineers are at your service.
Write or phone ftor information
or quotes.

\ Sl

2.t Town Line Circle  Rochester, N.Y. 14623
716 '412.6630
Representatives in Principal Cities
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Trade

Pentagon seeks

more control

Asks new export guidelines after Bucy task force says
DOD, not Commerce, should set the rules

by Ray Connolly, Washington bureau manager

The Pentagon is trying to expand its
control over high-technology elec-
tronics exports. Defense officials are
developing new guidelines that
would virtually halt foreign sales of
manufacturing knowledge. At the
same time. they would loosen re-
strictions on exports of relatively
unsophisticated commercial prod-
ucts and speed approval of export
requests.

The call for new guidelines fol-
lows the warning of a Defense Sci-
ence Board task force headed by
Texas Instruments’ president J. Fred
Bucy that “control of design and

manufacturing knowhow is abso-
lutely vital to the maintenance of
U.S. technological superiority.”

Although primary authority for
export controls rests with the Com-
merce Department, Bucy says his
group believes “the initiative for de-
veloping policy objectives and
strategies for controlling specific
technologies’ should be the Defense
Department’s. But exporters are sus-
picious because the task force was
dominated by representatives from
the Pentagon and from defense con-
tractors.

Beyond tighter limits on foreign

Industry L = Low effectiveness (M = Low to medium effectiveness
P M = Medium effectiveness H = High effectiveness
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Good news from Hughes:

Now you can
actually reduce
system cost by
using our hybrid
microcircuit
modules.

If you're designing circuits that
have to be both cost-effective and high
in reliability, it will probably pay you to
talk with us.

We've developed a system for
condensing circuit requirements into
the most efficient hybrid packages
possible. And we can help you reduce

77 size and weight as well as
manufacturing costs.
Here's how we do it: We design
the hybrid circuits, develop
/ 5 the prototypes, manu-
facture custom com-
ponents, then
.7/ / ~ assemble, test,
" and guarantee the
£ -//’ total hybrid package.
7 We make both
thick film and
thin film hy-
brids. We use
hermetically-
sealed metal
and ceramic
packages. And we
make custom MOS
devices and bipolar
chips right here in-
house.
: We produce hybrid modules
me quantities at competitive
8s, as well as small quantities for
“product development.
Result: Now you can work with the
one company best equipped and experi-
enced to handle your job from concept
through production.

We must be doing a lot of things
right, because we're one of the leading
producers of custom hybrid circuits.

So when it comes to hybrids, call
on Hughes. Especialiy if quality is as
important as price. Write for additional
information: 500 Superior Avenue,
Newport Beach, CA 92663, Att'n,

Hybrid Dept. Or call
(714) 548-0671, ext. 204,
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HUGHES AIRCRAFT COMPANY

MICROELECTRONIC
PRODUCTS DIVISION
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1 50V to 1000V (Vprom)

0 TB&TBT WITHSTANDS
MIN. 2000 VAC LEAD TO
MOUNTING SURFACE

TB SERIES:
Electrically Isolated Tab
TBT SERIES:
Electrically Isolated Tab
with Internal Trigger

TC SERIES:
Non-Isolated Tab

The new Thyrotab triacs have
void-free, glass-passivated
chips with center-gate geom-
etry for improved di/dt and
dv/dt ratings. They are avail-
able in 4A, 6A, 8A, 10A and 15A
[lyirmsy] ratings with 60A, 80A,
120A, 140A and 180A Peak
Surge On-State Currents (liy)-

They can be triggered in all
four quadrants and the im-
proved package design allows
ease of mounting, high operat-
ing temperatures and low ther-
mal resistance.

For complete information, call
E.Eugene Uecker,817/265-7381.

“Advanced Switching
Device Technology”

CTHYROTEK
CORPORATION

P. O. BOX 5407 ® 611 109TH STREET
817/265-7381 « ARLINGTON, TEX. 76011
TWX: 910-890-5132
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sales of design and manufacturing
knowledge, the Bucy task force is
urging constraints on exports of key
manufacturing, inspection, and test
equipment, as well as products “ac-
companied by sophisticated oper-
ation, application, or maintenance
knowhow.”

While calling for faster Federal
action on export applications for
commercial products, the task force
would appear to do the opposite by
judging applications on the basis of
the product’s “intrinsic utility,
rather than commercial specifica-
tions and statements of intended
end-use.” Yet the task force is de-
fending that recommendation by
noting that specifications and end-
use statements on export appli-
cations are now assessed for poten-
tial military significance, requiring
“a tedious case-by-case analysis.”

The task force has developed a
chart ranking 17 typical technology-
transfer mechanisms in descending
order of effectiveness and degree of
donor activity (see table). “Espe-
cially significant,” the task force ob-
served, “is the fact the four [tech-
nology] subcommittees agreed so
closely.”

Controversy. The Bucy group
neatly sidestepped the controversial
issue of high-technology transfer via
weapons sales to neutrals or ques-
tionable U.S. allies, although it did
call for strengthening the network of
export controls exercised by Co-
Com, the coordinating committee of
NATO member countries plus Japan.

Nevertheless, the issue was
brought up quickly in Senate hear-
ings by the Computer and Business
Equipment Manufacturers Associ-
ation. CBEMA president Peter F.
McCloskey called U.S. computer-
export policies inconsistent “when
we deny moderately advanced com-
puters to the USSR, Eastern Europe,
and the People’s Republic of China,
and at the same time, export weap-
ons containing highly sophisticated
computers to nations whose long-
term allegiance to the U.S. is ques-
tionable, and where such technology
is highly susceptible to uncontrolled
leakage to what we term ‘hostile na-
tions.”” O
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/—— THE DATA DOMAIN REVOLUTION
If you rely primarily on
we think you’re |

Now we’re not advocating that you
stop using your scop=. You've
always needed one and you always
will. But if a scope is all you're
using, you're probably wasting a lot
of time. A couple of vears of field
experience with logic state analvzers
has shown us that about 85% of
digital troubleshooting

problems can be solved faster with
a logic state analyzer than with

a scope.

Think about it. When you want
to observe action on address or data
buses, or on control lines, which
instruments give you more meaning-
ful data —a scope wi'h four input
channels or a logic s-ate analyzer
with 12, 16, or 32 channels?

You need a trigger that’s related
to program steps. Scopes by them-
selves simply don’t have the
capability of triggering on pattern

recognition. HP Logic State
Analyzers do. Suppose you want
to delay the data display to a
specific point after the trigger word.
The scope’s analog time delay
system has the inherent problem of
display jitter. This is completely
eliminated by the stable clock-pulse
delay of a logic state analyzer. And
when you’re viewing data, would
you rather mentally convert
waveforms to digital words (1’s and
0’s) or have the instrument do the
conversion for you?

Obviously, the scope is the

logical choice for electrical measure-

ments such as voltage level, rise
time, and timing measurements.
But when you're viewing state flow,
there’s no substitute for a logic
state analyzer.

For example, one of HP’s Logic
State Analyzers can store one table
of digital words and display it next
to your active word display for

comparison. It can also display logic
differences between stored and
active data; continuously monitor
data flow and automatically halt
when the active data does not equal
the stored data.

A new technique called mapping
gives you an entirely new view of
operating

logic
circuits —over
65,000 data

words €an be
displayed as |
discrete dots.‘
each repre- / /
senting one /%
input word.
You can easily recognize these dot
patterns after some familiariza-
tion, thus providing-a rapid way
to spot system irregularities.
And for locating ‘‘lost programs,”
the map provides unequaled speed.
But these aren’t just interesting
measurement techniques, HP Logic
State Analvzers provide more




a scope for digital design.
making a mistake.

on address and data buses. With

today's systems, that means 16

channels or more. You need data

registration - et

the ability [ 997 the same time. It's essential that you

to trigger ord/ be able to qualify both the trigger
on a specific /\\W@ point and the display so you won't
biit ":’/’ wqg "o trigger on, or display, unwanted data.
pattern ,J_ /"' You 1l still need to observe time-
and the domain waveforms on your scope
capability than ability to u for detailed eiectrical measurements
any other digital troubleshooting pasition = such as rise times, logic levels, and
instrument can deliver. the display =y / ’ for locating glitch-generating race
The Logic State Analyzer is the window as ! conditions. Your data domain
only economic alternative when it a function of clock cycles instrument should therefore be able
comes to digital system design. (pattern recognition triggering and to drive a time-domain instrument
Your digital system operates in digital delay). Because you — providing a triggér upon pattern
the data domain. You know all often encounter events that occur recognition. Finally, you want data
about time domain and frequency only once in a program, you need. displayed in a functional format (a
domain measurements, but how do a methiod of internal storage. display of states) to simplify analysis.
you define data domain measure- Obviously, you want the ability From the previous comparison
ments? Basically they are to look at bit patterns after the with a scope, you can see that these
measurements of logic state as a trigger VOO ey pyop  @re the requirements we've used at
function of discrete intervals of time  point. but 7 HP in developing our family of
—clock cycles, for example. The you also L5E8Y = Logic State Analyzers. Obviously,
emphasis is on word parameters. want to see W /- some members of the family have
While the scope gives you an analog  what happens /:}? %2 #22c /] ) more capability than others, and
display of amplitude vs. time (time-  befare that /’/W ,‘,’{?’V oy prices vary accordingly. But the
domain dimensions), the logic point ., .in VA s 72 4 // point is, all have been designed
state analyzer gives you a display of  other words, e specifically to help speed digital
digital words vs. clock cycles. you want \ = design and debugging by giving you
But what are the other require- negative Y/, Al a better view of your system’s
ments of a data domain instrument?  time display: operation. A view in the data
Obviously you need sufficient and even the ability to look on domain...where your program flow
channels to see what’s happening both sides of the trigger word at is happening.




/— THE DATA DOMAIN REVCLUTION

Software debugging. It's great if
you write a program that works
right the first time it's implemented
in hardware. But you know
that it doesn’t happen
every
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HP’s Logic State Analyzers

time. And when you get kA
into program debugging, /
it's usually a time N
consuming task. How can ./ "
an HP Logic State
Analyzer help? By put-
ting a window right on
the data and address
buses and giving you a
real-time view of your
program in operation...
S0 you can see the exact
word flow while it's
happening. What's more,
HP Logic State
Analyzers let you move
the window around at
will by triggering on
any word you want, or delaying the
display a specific number of words
beyond the trigger word.
This lets you compare the actual

addresses and data on the buses
with the program instructions you
entered. It becomes much easier to
spot an erroneous data word, an
erroneous jump in the program, or
an unending loop. With the
mapping capability of the HP Model
1600A Logic State Analyzer, it's a
simple matter to compare an
executing program pattern to a
known good pattern, or spot unique
points in the pattern that indicate
problems in an executing program.
The 1600A also gives you the ability
to locate any word on the map and
trigger on that word so you can
pinpoint a potential error

source quickly. Then you

can zero in by




speed digital design.

using the table display (1's and 0’s).
and digital delay to examine the
program sequence in detail.

Watching your software in action
...it gives you a big edge in problem
solving.

Hardware/software marriage.
In digital design, you often discover
incompatibilities between hardware
and software — particularly when
separate design teams have respon-
sibility for these two aspects of
the system.

It's not uncommon for the soft-
ware to command the hardware to
look for a signal (such as a request
for interrupt) that apparently never
occurs. Failure to get the signal
may be a timing problem —the signal
may occur too early or too late. The
signal may exist at the right time,
but at the wrong place —on the
wrong data line for example. Or
perhaps the signal was omitted
altogether in hardware implemen-
tation. With microprocessors, the

problem may be due to lack of
understanding of CPU peculiarities.

Whatever the case, you could
spend an inordinate amount of time
looking for the answer with the
channel and triggering limitations
of time-domain instrumentation.

However, with an HP Logic
State Analyzer, you can tie into
both the |
address and
data buses
at the same
time, plus
flag or
qualifiers
(up to 32 -
channels can
be displayed
on one screen). You can then run
a short test program, trigger on
a specific word at the beginning
of the program, and view the
program implementation leading up
to the problem.

With this detailed picture of
software in action, it's a simple
matter to observe the displayed
program sequence and see what'’s
happening to that signal at a specific
point in time. Then it's usually easy
to spot the problem and apply a
software or hardware solution —
whichever is more appropriate.

System interaction. Additional
problems frequently show up when
you start transferring information
across an 1/0 port. And your trouble-
shooting problems are compounded
because you have two sources of
data to monitor at the same time.
They may have independent clocks
...be asynchronous...but require
a common trigger signal.

How do you verify overall system
operation? How do you find out if
data has been properly transferred
from one part of the system to the
other? And how do vou determine
whether or not the instructions
have been executed properly?

Suppose, for example, you've
designed a microcomputer-con-
trolled test system for production.
How do you know that the software
is giving proper instructions to the
instruments under test? Or that the
instruments are inputting data
correctly to the microcomputer?
Unless you can verify the states in
your program flow and look at
digital inputs and outputs during
the test cycle, your test could be
meaningless. But with your micro-
computer operating at one clock
rate and the monitoring instru-
mentation at some other rate, how
do you observe both and relate
microcomputer software to
hardware output.

The answer is HP’s 1600S Logic
State Analyzer. It lets you
display two separate tables of p
data on the

same screen—  / Z7 )fw—
even though S badVA
clock rates A e

are dif-
ferent or —
one system
is asynchro- "7 7 Y
nous. One N
table can fov [ o

. Va4 :
dl_spldy youf/)/f?\" f
micro- — i

.- ,(ﬁ/ 1

computer ;:
software

sequence while the other displays
the hardware output and input
resulting from that software. With
program flow displayed alongside
the input and output states of the
instruments being controlled,
there’'s no doubt about a correct
testing sequence...or about the
information being fed back to the
microcomputer. Furthermore, if
there is a fault. you have adequate
information to diagnose problems
for correction.

In all of these phases of digital
design —from the time you input
software right through system
checkout —an HP Logic State
Analyzer can give you a clear view
of program flow and hardware logic
states to simplify design and
debugging.




/—7 THE DATA DOMAIN REVOLUTION ———

Pioneers in the data domain

are convinced.

Our customers have been using

HP Logic State Analyzers since
1973. And we've talked to quite a
number of users to find out what
designers need in data-domain
instrumentation. We've also found
out how these data-domain pioneers
feel about the HP Logic

State Analyzers.

Here's a sampling:

“With the 1600A analyzer,
I can do in an hour what I couldn’t
do in 3 months otherwise, and
that's a fact.”

“I designed a buffer interface
that allows us to make real time
tests using a slower tester. With my
$20,000 interface, the $100,000
tester and your $4,000 logic
analyzer, we can do the job of a
$400,000 real time tester.”

Don Glancy,
Principal Engineer

““We encountered some severe
software problems on a real time
4K system where we were at a
loss as to how to approach the
problem. Because it was a real
time system we were unable to stop
it to use the standard software
debug techniques. By coincidence
your salesman called on the same
day to demonstrate the 1601 Logic
Analyzer. We hooked the analyzer
to the system under test and wound
up solving the problem that same
afternoon. We were so thoroughly
convinced of the potential power
of the 1601 as it applied to software
debug that we ended up buying two
of them.”

“Even though we had limited
experience with microprocessor
design, there's no question the logic
analyzer saved us valuable design
time.”

Ken Fiske,
Senior Design Engineer

N .

“*When a parity error does occur,
our equipment re-reads the data
block fifteen times. In order to
initiate that search routine, many
sequential logic events must occur.
Problems occasionally arise in
that logic flow and it's been very
difficult to analyze using just a
scope. The logic analyzer allows us
to troubleshoot logic flow in parity
error problems about twenty times
faster than the scope does. In addi-
tion to being faster, it's also easier
to interpret the 1’s and 0’s than it
is to interpret waveforms."”

Don Stewart
Coordinator of
Service Planning

You've just read actual testi-
monials from users who have
achieved significant time savings
with an HP Logic State Analyzer—
savings ranging from a factor of 20
to well over 400 compared to other
methods, (Don Glancy's comment,
“I'can do in an hour what I couldn’'t
do in three months otherwise.")
And equipment savings of a factor
of 3 or more.

If you or your people spend
significant numbers of hours in the
development of bus-structured
systems such as computers and
microprocessor-based systems,
consider what those time savings
could mean to you:




Convince yourself.

Over and over again, the reports
from the field say: time saving...
greater productivity ...reduced
development time...products into
production faster. Whether you're a
digital designer or an engineering
manager, this message is important
to you.

Asacircuit designer, you
know the importance of sticking to
development schedules and
budgets. And that always means

(A)

=(B)

(A)-(B)

Make your own analysis of what the time savings can mean in terms

solving the problems the fastest way
you know how. Take a look and

see what kind of savings you

might realize with an HP Logic
State Analyzer.

If you're an engineering manager,
concerned with the productivity of
your engineering department, con-
sider how much further your engi-
neering budget could go if your
people had HP Logic State
Analyzers.

Estimated man hours spent in evaluating and
debugging hardware and software using conventional
techniques.

Your estimated time-saving factor —using a logic
state analyzer —based on these testimonials.

_ Estimated time spent in evaluating and debugging

hardware and software with a logic state analyzer.
Potenlial time savings during the project.
Your hourly rate including overhead.

Potential direct cost savings.

of getting products into production faster. The figures you come up with might

easily

exceed the cost of one of our Logic State Analyzers.
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Join the data domain

Your choice in data domain
instrumentation is growing steadily.
It extends from simple 4-bit AND
gate trigger probes, to an optional
Logic State Switch on HP scopes
for selecting either time or data
domain, to the 1600S — the system
with up to 32 channels plus qualifier
inputs, storage, delay, and two
modes of display (table or map).
There’s an instrument or accessory
in this family to put you in the data
domain and give you a much better
view of your digital designs.
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We’ve just scratched
the surface.

There's a lot more to know about
the data domain and about HP’s
family of instruments. And there
are several sources for more
information.

Seminars. HP instructors are
now conducting orie-day seminars
on logic state analyzers and their
application, and will continue
in 1976.

Technical Data Sheets. These
publications give you details of
operation and instrument specifica-

tions on each of the family members.

Application Notes. A number of
notes cover the use of mapping,
using logic state analyzers to
troubleshoot mini computer systems,
microprocessor systems, etc.

For more technical data, simply
mail the attached reply card,
indicating the data sheets you want.
Or, for even faster action, contact
your local HP field engineer and
ask him for more details about the
instruments or seminars. Give him a
call today and join the data
domain revolution.

I'd like more technical information about HP’s family of data-domain instruments. Please send data

sheets on:

[} Logic State Analyzers

[J Pattern Trigger Accessaories
[J Clips and Probes

NAME

COMPANY S
ADDRESS
CITY/STATE/ZIP _

HEWLETT @ PACKARD

Sales and service from 172 offices in 65 countries
' A al'ornia 304



Here’s a simple way

fo put a mlcroprocessor
in your product.

This is what you'll work with if you
buy one of Pro-Log's dedicated
control elements with the
microprocessor already built in

Buy a dedicated control element, for all
practical purposes a black box, with a
microprocessor already built in.

We've developed subsystems using
microprocessors. They come in modular
configurations readily expandable to meet
your product requirements. You hardwire
them directly to relay contacts, switches,
push buttons, displays or other real-world
devices. They give you all the capabilities of
a microprocessor with none of the head-
aches. And we deliver them in a matter
of weeks.

When you use our subsystems, we give
you the kind of production and documenta-
tion assistance that results in a product your
present manufacturing people can build
and your present service force can support.

And system design stays with the
design engineer.

Plus, we give you something more, a free
set of plans and a second source.

Order 250 subsystems and we'll throw in
free non-exclusive manufacturing rights
and a complete set of manufacturing and
assembly plans allowing you to build your
own hardware, relying on us as an estab-
lished and dependable second source.

We make everything you need to design
with microprocessors.

Our starter sets include a microproc-
essor subsystem, a Series 90 PROM pro-
gramer, a microprocessor system analyzer,
plus all associated hardware. 4-bit sets cost
around $3,00C, 8-bit sets around $3,500, a
substantial savings over what you'd pay if
you purchased all these items separately.

Electronics/April 15, 1976
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We have education too.

Our half-day introductory seminar takes
a hard look at the function of microproc-
essors in real-world applications.

Our three-day hands-on design course
teaches engineers how to formulate, pro-
gram and use microprocessor modules.

Our free booklet, “The Microprocessor
Users Guide” answers all your questions.

It explains what a microprocessor is,
what it's capable of doing, what criteria you
need to evaluate the ones on the market
and how Pro-Log can help you put them to
best use. Write for your copy

To show how much Pro-Log can save you both in time and money, consider this
We've got a one-card 4004-based system called the PLS-401A. It includes a
microprocessor. crystal controlled clock; 16 lines of TTL input; 16 lines of TTL
output: sockets for 1024 words of program memory; 8C-
character RAM and built-in power-on reset. it costs only
$99 in quantities above 500 ($175 in quantities of 10.)
How long would i: take, and what would it cost you g
to design and tuild something in-house that 4
could do the same job?

And this is just one example of the many
microprocessor subsystems we offer
using 4004, 4040, 8008, 8080, and
6800 microprocessors

PRO-LOG CORPORATION
2411 Garden Road
Monterey, CA 93940

]| Telephone (308) 372-4593
TWX 910-360-7082
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HERMES
LOOP
ANTENNA

THREE SAMPLE SITES
ON THE NORTH AMERICAN
CONTINENT —

DIFFERENT LATITUDES
DIFFERENT CLIMATE

Listeners maintain
a low protile

Even in the solitude of the forest depths, from rooftops,

arctic tundra, swamps to sweltering tropics, neath snow,

sand or ice,

the Hermes Loop antenna keeps an ear to the sky.

The amazing aperiodic anterna does away with vast log

periodic and rhombic arrays - those towering antenna

farms.

in rosette configuration, the Hermes loop antenna provides

an omnidirectional broadband receiving array in space

merely 1/100th that of tke traditional antenna farm.

More than 53 government agencies around the worid have

pressed the loop antenna into service. ,

A new, even more compact version is avaiable. '—]
2-32MH:

Only Hermes Electrorics makes it.
BROADBAN
I————DJ

ASK US Send for our Brochure

Fermes Electrcnics Limited
Suite 315

2020 F Street NW
Washington, DC 20206 USA
202-2S6 2978

TWX 710 822 1106
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Michigan site
for Seafarer to get
A for ecology

GSA wants more
competition in U.S.
telecommunications buys

Communications reform
bills gain support
but irk Macdonaid . ..

Electronics/April 15, 1976

Washington newsletter

The National Academy of Sciences is expected to report favorably on
the ecological impact of the Navy’s Seafarer submarine-communications
system on the Upper Michigan Peninsula, say sources familiar with the
academy’s study program. The study of the controversial extremely low-
frequency grid, which would maintain worldwide communications with
submerged submarines, was undertaken last year at the service’s request
and will be completed late this summer.

The Michigan site is atop the Laurentian Rock shield, which would
minimize earth absorption of the elf signal. The Navy, at the request of
the Worldwide Military Command and Control Council (WWMCC), is
also considering sites at Nellis Air Force Base, Nev., and in the White
Sands-Ft. Bliss, N.M., complex. However, the Navy considers those sites
unsatisfactory because of the lack of a rock subsurface, their size, and
the cost to locate Seafarer there [Electronics, April 1, p. 40].

Suppliers of telecommunications equipment to interconnect with telephone
lines and specialized common carriers will get more oppertunities to
compete for Federal communications contracts, says Theodore D. Puc-
korius, head of the General Services Administration’s Automated Data &
Telecommunications Service. Puckorius says his office is working on
guidelines for competitive GSA telecommunications procurements that will
be *‘practicable and realistic.””

More than 15 Federal installations will buy private-branch-exchange
hardware under competitive procurements already announced. Puckorius
says. However, the scheduled April 19 major award to install ‘‘pilot”
interconnect equipment for a government installation at Charleston, S. C.,
has been slipped to June. Puckorius promises equipment makes will be
asked for ‘‘new and innovative products for specific needs,”” and that
unsolicited proposals to Federal agencies will be evaluated.

Moves by the nation’s telephone companies to get Congress to limit
competition by legislation are gaining some support in the Senate and
House, but have irked the influential chairman of the House Communi-
cations subcommittee, Torbert H. Macdonald (D., Mass.).

Following introduction of the Consumer Communications Reform Act
as H.R. 12323 by Rep. Teno Roncalio (D., Wyo.) in March [Electronics,
March 18, p. 60}, two more versions have been introduced: H.R. 12844
by Samuel L. Devine (R., Ohio) and H.R. 12924 by Joe L. Evins (D.,
Tenn.). Another version of the bill, supported by AT&T, the U.S. Inde-
pendent Telephone Association, and the Communications Workers of
America, has been introduced in the Senate by Vance Hartke (D., Ind.).
Wyoming’s two senators, Democrat Gale W. McGee and Republican
Clifford P. Hansen, will be cosponsors.

Chairman Macdonald sees the legislative plan as one by which the
carriers could *‘legally prohibit anyone other than themselves from com-
peting for the public’s business.’’ Nevertheless, the telephone companies
were heartened by Macdonald’s suggestion that the proposal will get a
hearing. **Their proposal, as well as alternatives suggested by myself and
others,’” he said, ‘*will set the stage for a national debate on this important
subject.™
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Washington newsletter

... as FCC’s Hinchman New numbers playing down the economic threat to the telephone industry
from interconnection and specialized common carriers are being advanced
sees no threat by Walter R. Hinchman, chief of the Federal Communications Commis-
from competition sion’s Common Carrier Bureau and a long-time advocate of competition.
"*Bell’s annual increase in revenues for services subject to competition,’’
Hinchman says, ‘‘is more than four times the total annual revenues of
the specialized carriers and the interconnect industry combined. The fact
is that in order to reach the penetration level forecast in one industry-spon-
sored study, the specialized carrier industry would have to grow by a
factor of 140 over the next decade, which amounts to a rate of 70%
annually, compounded.”’

Utah site readied The Air Force will begin operating its first major technical installation
. for test and evaluation of remotely piloted vehicles late this summer
for testing of in western Utah. The new test range, which combines former facilities
remotely piloted craft ... of the Army’s Dugway Proving Grounds with those of Bill and Wendover
Air Force Bases, will ultimately provide restricted air space of 60 by 120
nautical miles. The southern half of the range will begin initial use of
the High Accuracy/Multiple Object Tracking System (Hamots) to simulta-
neously track up to 40 cooperative RPV targets with a maximum error

of 5 meters in all three coordinates, the Air Force says.
Also beginning operation will be an improved-gain telemetry auto-
track/reacquisition system with full-range coverage in the L and S bands;
Loran C/D coverage; and an electromagnetic test system for technical
verification and evaluation of airborne electronic countermeasures systems,
electromagnetic compatibility and interference, and range frequency man-
agement and control. Also, there will be improved full-range C-band
tracking-radar coverage, plus a permanent range and mission control center
at Hill Air Force Base with 50 telemetry channels and real-time display
of RPV space positioning by means of radar and Hamots. Tests are already
scheduled at the range for the Teledyne Ryan AQM-34V and the multi-
mission BGM-34C, the Tactical Expendable Drone System prototypes of
Beech Aircraft and Northrop Corp., and the Compass Cope reconnaissance

drones developed by Boeing and Teledyne Ryan.

. . . but high costs Use of miniature remotely piloted vehicles, like the twin-tailed Axillary
P ; built by F-Systems Inc.’s Melpar division for tactical harrassment missions
plague minl-versions by theyAir Force, is so far proving successful in virtually all areas but
for attack role one. “‘The fly-away unit cost is still a long way from the goal of $1,000
sought by the Tactical Air Command, says a Defense Advanced Research

Project Agency ofticial tracking the effort.

Nevertheless, the Air Force is pushing the R&D effort to define its
operational requirements for a small RPV as an all-weather weapon to
automatically track and kill armored targets, defensive and missile radars,
communications, and other tactical installations. Emphasis is being focused
on developing new low-cost sensors for three RPV configurations scheduled
to be tested this summer.
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Designing Inverters?

DESIGN DIRECTION—Tell us your temperature range and power
requirements. We'll send you complete design information on the
ONLY ferrites you can get that are made for highest efficiency
at your operating temperature.

COMPONENT SELECTION — Give us your circuit parameters. We'll
show you how an INVERTER-RATED component with only 30
mw/cc loss will give you improved performance in your specific
inverter application.

OEM SOLUTIONS — Describe your OEM requirements for inverter
efficiency, size, weight and cost. The engineers who developed
ferrites for inverters will help you apply this new technology to
your product.

Call APPLICATIONS ENGINEERING, (201) 826-5100 or write
Indiana General, Keasbey, New Jersey 08832.

RESCUE HELICOPTER COMPLIMENTS OF CREATIVE PLAYTHINGS

=[50/ Indiana general

a division of Electronic Memories & Magnetics Corp.
Keasbey, N.J. 08832 o (201) 826-5100



We started b\ redcslgnmg aCRI.
And ended with the fastest, casiest
way to build microcom puter systems.

The AMI 6800 MDC architecture is so far
ahead of the competition thevll have to change
their whole development philosophy to catch up.
Unlike their multiple box approach. with
lights and switches. our grand plan is centered

around a very smart CRT. with full debug software.

Theres a 6800 system in the terminal. so
the processor youre working with is the same
one youre developing. That cuts your learning
time in half.

And you can forget about those long hassles
with paper tape. front panels. teletvpe or
cassettes. Put your hands on our keyboard and
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The AMI 6800 Micro

you never have to let go. You modify information
instantaneously. Interrupt a program after every
instruction. and get a complete snapshot of the
state of the machine. Look at all the registers and
change their values. simply by pressing a key.
And vou never have to translate adcresses into
binary to get information.

Our 6800 MDC not only cuts programming
time in some cases from hours to minutes, it can
also be configured as a test center for incoming
6800 parts. And it adapts easily to a powerful.
cne megabyte microcomputer for a variety of
uses, such as inventory control.

The standard AMI Microcomputer
Development Center consists of the 80 char. x
25 line CRT. the dual floppy disk with disk
operating system. S6834 EPROM programmer.
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computer Development Center.

RS232 interface and 16K words of RAM
memory. The many options will include a
character printer. an in-circuit emulator so
you can use the CRT like a front panel,
EPROM and RAM memory rmodules.

So now the most flexible. easiest-to-use
microprocessor family. the AMI 6800, has
taker another giant step ahead of the others.
The AMI 6800 Micracomputer Development
Center can get vou to the market faster. with
a better product. Ask your AMI sales office,
distributor or repre%entative for our brochure.
Or write to AMI, %800 ,

H tead R
T standard
95051. Then see how

atAMI

fast things develop.
AMERICAN MICROSDISTEMS, 1N
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DELCO’S NEW FAS
HIGH-GAIN TRANSIS

MAJOR PARAMETER LIMITS

TYPE ]I @h1'5 A !erao Vceo (s“);VéE_(’th) ¥ "gygx:)a'
DTS 515 { 35 |300v | 250V ' 50V 025 usec
DTS 516 | 4 | 400V l 250V | 1.9V 025 psec
DTS517 | 5 500V 250V | 1.6V | 0.25usec
DTS518 | 5 ieoov i 275V l 1.4V i 0.25 nsec

. 1 |
DTS519 | 5 | 700V 300V | 14V | 0.25pscc
2N6573 | 5 | 500V | 250V | 1.5V | 0.25usec
2N6574 | 5 | 600V | 275V | 15V | 0.25usec
2N6575 | 5 | 700V | 300V | 1.5V | 0.25usec

NPN triple diffused silicon transistors. Packaged in solid copper cases

conforming to JEDEC TO-3 outline dimensions.

Our newest high-energy silicon power
transistors have increased capabilities over
our earlier types in current ratings, gain and
switching speeds. These improvements were
achieved without sacrificing the useful peak
power handling capacity that is characteristic
of Delco's transistors.

Fall time of these transistors is typically
0.25 microseconds. Their biggest advantage,
however, is their high current gain as shown
on the accompanying beta curves.

A new characterization feature offered
with the DTS-515 series is a graph of
capabilities for reverse bias clamped
inductive switching. Parameter variables,
dealt with in the graph, are voltage, collector
current, temperature, and forward and
reverse base current. As can be seen in the

COLLECTOR CURRENT (amperes)

0
COLLECTOR EMITTER VOL TAGE (volw)
SAFE OPERATING CURVES

COLLECTOR CURRENTY (amperes)
hre V8 | CHARACTEMISTICS

56

“VBE(reverse) > 5V" notation, emitter
diode avalanche is recommended under
certain conditions.

And, of course, these high-energy silicon
power transistors come in Delco’s solid
copper TO-3 packages to ensure low thermal
resistance.

The accompanying curves, charts and
circuits tell part of the story. Prices,
applications literature and electrical data
from your nearest Delco sales office or
Delco distributor can supply another part.

But the most important part of the story
is how well these new transistors function
in your applications.

You can order them today; they're in
stock at your Delco distributor’s.

Ig2 =1y
14\ - VBE (reverse) - SV

Ig; - 41g;
VBE (reverse) 5V

pE
c

0 100 200 300 400 S00 600 700 B0OO

Ic
(Amperes)

5

VeE Clamp (Volts)

INDUCTIVE SWITCHING CAPABILITY
OF THE DTS519 TRANSISTOR
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TER SWITCHING,
TORS NOW IN STOCK.

-0+

— _l T [—T———f’JGU
a1

130 VDXC

10 A DTS 515

206 VAL

DTS 519

t |
CONTROL S
REGULATED CIRCUINY
SUPPLY AND
NEUTRAL DRIVER
AMPLIFIERS

DTS518

O
OUTPUT SENSE

3.3 KWIHIGH EFFICIENCY SWITCH:NG FEGULATOR

NOW AVAILABLE FROM THESE DISTRIBUTORS IN PRODUCTION QUANTITIES.

ALABAMI\ Blrmlngh..m
Forbes st ing
2051 2514104

ALABAMA, Huntswville
Peuvell | [
(31 539.2731

ARIZ()NA Phoenlx
o I

62 ,"\ 4539

CALIFORNIA, Gardena
Be

i Vet r- 1

CALIFORNIA, Goleta
RPS I
1305 064-682

CALIFORNIA,
Los Angcles
Kierulth 1

CALIFORNIA,
Los Angcles
RPS Flecu

CALIFORNIA, Palo Atto

CALIFORNIA, San Dicgo
Kirultt Elect Iv

n
CALIFORNIA, San Disgo
R P S

CALIFORNIA, Sunnyvale
Bl |

(OLORADO, Denver
K

CONNECTICUT,
Norwalk

A 5
FLORIDA, Clearwater
[ny t v

N3 O440.4514

FL()R“)A Miami Springs
P

ILLINOIS, Elk Grove Village
b Flect

v
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ILLINOIS, Skokie
Bell Industries

A25 282
INDIANA, Ind:anapolis
( ty. 1
MARYLAND, Baltimore

ESCO Balt
’

MARYLAND, Beltsville
RESCO Wl

9375890

MASSACHUSETTS,
Billerica

K I

617 41‘7.5%’1:

MASSACHUSETTS,
Newton

& 9-S000

MICHIGAN. L#vonia
1 My

| 51

MINNESOTA,
Minneapolis

6120 3321325
MISSOURI, Kan-as City
W 1

16 15
MISSOURI, St. Louis
1 COMP-St l

14 647

NEW JERSEY,

Cinnaminson
i V2150 6271
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Y {
NEW MEXICO

Albuquerque
St El

NEW YORK, Binghamton
t

NEW Y()RK Buffalo
nt sty
(7161 RR4-3450

NEwW Y()RK Fnrmlngdale
Wils! nis /Long [slan
{516) 293 5'7'7&

NEW Y(_)RK. Freeport

ork

{5161 S46-600)
NEW YORK, Woodbury
i Elec

a1 Y5026+
OHIO, Cincinnati
L ¢ da w0
(513) 761-4030
OHIQO, Cleveland
Patt St (

(216 441-3000
OHIO, Davton
Proneer 1ivton
5131 236-9900
PENNSYLVANIA,
Philadelphia
Fle

2151 6958-4000

PENNSYLVANIA,
Pittshurgh
CAM RPC Electn
(4121 2882600 (41 N
SOUTH CAROLINA,
Columbia
I

TEXAS, Dallas
Ster I

12141 3579131
TEXAS. Houston

TI3 652-4

TEXAS. Houston

\wrhng :l Ctronics

WASHIN(-T()N Seattle
Kicrultt Electr
(206 763 1550

lN CANADA
A-l frons Lw
Torontc 416

613

ttawy s
Mantreal (SI4) 733 5'&()1

OVERSEAS

EUROPEAN INQUIRIES:

Eurnpean Pasts & Accessories
Muarketing ( r

Plawt 2. Noorderlaan, Postbus 9
B-2030 Antwerp, Belgium

ALL OTHER OVERSEAS
INQUIRIES

Gereral Motor- Overseas
L ‘P(’V,J(HVY

Parts & Accersories Dept

767 Fifth Aver

New York, NY 10022

2120 486-4412

Delco Electronics

Regional Sales Offices

Chaslotte, Nerth Carolinag 28209

4606 Park R

704 5274442

Van N Calitornia 91404

Box 2963
758

General Sales Office
70 E Firmut | Kokomo. Ind 46901
37 4592175

Delco_
Electronics

Division of General Motors
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Japanese space-TV gear aids
treatment of U. S. Indians

The first all-electronic system for
eventual transmission of still color-
television films from the space
shuttle is being installed this month
in the U.S. by the National Aero-
nautics and Space Administration.
The system, developed by Japan’s
Nippon Electric Co., is replacing a
prototype system already being
tested in a unique humanitarian ap-
plication on earth.

One terminal, installed at a
health facility on the Papago Indian
Reservation at Sells, Ariz., transmits
X rays and pictures of patients’ in-
firmities to an Indian hospital in
Phoenix for analysis by specialists
there. The system, being tested in
cooperation with the Indian Health
Service, is called Starpahc.

Standard NTSC color cameras and
monitors are used. Because Star-
pahc is built to commercial commu-
nications standards rather than
space standards, the system is large
and heavy. But at $55,000, it is also
cheaper than the space model will
be. Starpahc enables still color-Tv
pictures to be transmitted by means
of differential pulse-code modu-
lation (DPCM) over bandwidths as
small or even smaller than those of
a standard telephone line. Impor-
tant as bandwidth economy is on
earth, it is even more critical in
space.

Operation. Starpahc directly con-
verts NTSC color-Tv brightness and
chroma signals to digital values,
compresses the bandwidth, and
stores the values. The analog color
signal sample is converted initially
to 8 bits. A DPCM encoder com-
presses the eight bits into a 4-bit sig-
nal sample, which is stored in a
high-speed bipolar buffer memory
and then is transferred to the main
semiconductor memory in the form
of 48-bit words.

The cycle time of the main
memory is not short enough to store
the 4-bit groups as they are formed.

Electronics/April 15, 1976

Transmission makes use of higher-
order prediction—the predicted
value of a sample depends on the
value of the three previous samples.

Transmission. Since the new ter-
minals transmit one of the two NTSC
Tv fields that normally constitute a
complete frame, the vertical resolu-
tion is only half the value of conven-
tional television. However, it ap-
pears to be adequate for the

intended applications. The entire
frame was not used because any
motion of a subject between two
successive fields in one frame would
displace them and reduce, rather
than enhance resolution of still pic-
tures. In addition, the transmission
of a single frame halves the memory
capacity and time required for
transmission. But four more mem-
ory cards can be plugged in to pro-

Around the world

Into the proper plating solutions

triacs.

British simplify formation of IC contacts
A simple way of forming the tiny metal contacts on semiconductors has
been developed by Britain's Royal Signals and Radar Establishment
(RSRE). The method, called selected-area electroplating, involves bomb-
ardment by a 5-kilovolt ion machine, a conventional plating solution, and il-
lumination by an ordinary 60-watt bulb about 20 centimeters above the de-
vice. The RSRE has made in the laboratory n-type gallium-arsenide
Schottky-barrier field-effect transistors it says perform as well as conven-
tional FETs, and the process should work for all semiconductor devices
The agency says the process, which could be automated, would fit into
semiconductor production lines after photomasking and photoresist.
Essentially, ohmic or rectifying contacts are deposited onto a photo-
masked semiconductor slice by first damaging the required area with
charged particles and then dipping the slice into the appropriate plating so-
lution illuminated by electric light. Without any external connections, this
process creates a cathode electrode in the damaged area and an anode
electrode on the semiconductor surface. The plating current flows through
the electrolyte, causing the metal to be deposited on the bombarded area.
Several metals can be deposited by selecting the correct electrolyte, and
the rate of deposition can be controlled by the extent of the ion bomb-
ardment, the area ratio between the anode and cathode, and the amount of
light. Multiple metal layers can be formed by sequentially dunking the slices

UK timer chip directly drives TV-clock display

General Instrument Microelectronics Ltd. of the UK is offering a timer it
claims has more drive than its competitors. When the new AY-5-1230 is
built into a television set, the chip not only drives time displays in conjunc-
tion with GIM's AY-5-8320 display circuit, but it can directly drive a seven-
segment four-digit fluorescent display for clocks. A viewer can program it to
turn the set on and off at preset times for days on end, but if he doesn't se-
lect a turn-off time along with the turn-on time, the device automatically
shuts off the set within 10 minutes. GIM says the ion-implant nitride process
for its p-channel metal-gate MOS chip saves 12 external resistors. Better
yet, the timing output is a high 30 milliamperes, which can drive relays and

Although the company is aiming initially for the West German TV market,
it also visualizes applications in cookers, heating controls, and video
recorders. The price would be only $2.50 each in quantities of 10,000. The
chip runs off the standby power used for remote control.
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vide full-frame operation if desired.

The terminals each contain 768
kilobits of semiconductor memory,
composed of NEC’s latest 4,096-bit
n-channel MOS random-access-
memory chips. The memory stores
the entire image in the 1/60-second
field interval at the originating end.
Transmission-control circuits feed
the digital signals to a modem at the
rate appropriate to the transmission
line. At the receiver end, the image

Ausﬁa B

is stored in memory and is repeti-
tively read out to refresh the moni-
tors every 1/60 second.

At the rate of 2.4 kilobits per sec-
ond through an inexpensive modem
and over a standard telephone line,
a single field requires 300 seconds
for transmission. NASA uses a 4.8-
kb/s modem to transmit in half that
time. However, if a standard 24-
channel pPCM cable were used, each
field would require 0.5 second. O

Security system responds to changes
in power level and tension of fence

One system used to protect the
1,500 athletes during the Winter
Olympics at Innsbruck, Austria,
sounds an alarm when sensors de-

tect sabotage or tampering with a

wire-mesh fence guarding a particu-

lar area. The small control computer

is programed to reject vibrations set

up by inadvertent contacts or
weather conditions. Since the Win-
ter Olympics in February, the
Gama system has been installed at
several industrial facilities, includ-
ing atomic power plants in Europe
and Israel.

Designed by the small Austrian
firm Gama-Electronic, the so-called
FSD 05 consists of a number of sen-
sors and the single cable for signal
transmission and power supply, in
addition to the computer. The sen-
sors, hidden inside certain fence
posts, respond to vibrations and me-
chanical or electrical tampering and
send corresponding signals to the
computer, situated in a guard house
or security office.

Discriminating. The computer,
also designed by Gama, stores 16
different words, each representing
an unusual physical condition of the
fence posts and wire mesh. These

SURGE VOLTAGE PROTECTORS

Low-cost protection against damaging voltage transients.

A sudden voltage surge can harm or ruin costly
electronic equipment — especially solid state.

If you are now using or contemplating the need for
gas tubes or spark gaps, check out Siemens SVP's
on performance, price and delivery.

Highly reliable and of proven design, Siemens
SVP'’s offer:

* High current capability.

* Accurate breakdown voltage.

* High breakdown speed.

* Low capacitance.

* High insulation resistance.

* Ability to withstand environmental
and operational extremes.

* A broad line: power, fail safe and
3-electrode types.

Circle 60 onreader service card

Siemens SVP's are typically used for protection of
telephone and communication systems and for
switching purposes in strobe lighting and

ignition systems.

Now also produced in the United States and
available for immediate delivery from current
stock. Other voltage protection devices such as
metal oxide varistors and Zener diodes also
available. For more information write:

Siemens Corporation, Components Group,

186 Wood Avenue South, Iselin, New Jersey 08830,
Tel. (201) 494-1000.

SIEMENS
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conditions include overtaut wires.
which could be caused by someone
placing a ladder against the fence,
or slackness in the wire mesh, which
could result when wires are cut. The
sensor-derived signals are compared
with the words in the computer
memory. and if the information
jibes. an alarm is activated.

The computer can be programed
for several alarm stages. In a two-
stage alarm configuration, the first
stage would signal a condition when
a wire is jerked. say. only once and
then no more. During the second
stage. an alarm might be sounded
when wires are cut in rapid success-
ion, indicating an attempt to pene-
trate the fence. The alarm is trig-
gered when any kind of mechanical
or electrical tampering is sensed.

The sensor is a piezoceramic vi-
bration pickup that comes as a cy-
lindrical body roughly 12 centime-

ters long and 4 ¢m in diameter.
which fits into most commonly used
fence posts. Part of the device is a
high-impedance, highly linear am-
plifier for boosting vibration-in-
duced signals.

Detecting sabotage. The so-called
sabotage detector senses and signals
all conditions that would render the
system inoperative. These condi-
tions may be an overvoltage, an ex-
cessive temperature, or a break in
the sensor’s ceramic body. This de-
tector also senses any current vari-
ations in the supply cable that might
result from cutting or wiring around
certain cable sections. Sound waves
send the fence wires into minute vi-
brations that are picked up by the
vibration sensor. The system can
distinguish vibrations sct up by hu-
man speech from those produced by
such weather disturbances as wind,
rain, and hail.

In evaluating the signal coming
from the sensors’ vibration pickup.
the computer first applies these sig-
nals to an amplitude discriminator
and then to a frequency analyzer.
The resulting histogram, which con-
tains both amplitude and frequency
information. is digitally compared
with the stored words representing
the unusual physical conditions of
the wire mesh or fence posts.

When the comparison shows
agreement, alarm pulses either
sound an alarm. flash a light or acti-
vate television cameras. At the same
time, a microphone is turned on so
that the guard personnel can listen
to any noises along the fence. A
single coaxial cable supplies the
power and transmits the signals de-
rived from the sensors. Because of
the sensor’s low current drive—
about 1.5 milliamperes—the cable
can be 17 miles long. O

Whatever your Zener diode need — commercial,
industrial, military or special devices — Siemens
can fill it. Siemens produces just about every type
of Zener and Temperature Compensated Zener
that you'll ever use. From 250 mW to S0 W, in 24 V
to 200 V ratings. In standard packaging as

well as chip form. All with the Siemens assurance

of quality.

Manufactured in Siemens Arizona facility,
these Zeners are available through a
- nationwide sales force and network of

stocking distributors.

Write today for a free Zener Diode

Quick Reference Wall Chart.

Siemens Corporation, Components Group,

186 Wood Avenue South, Iselin,

New Jersey 08830. Tel. (201) 494-1000.
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Your
one-stop

capacitor source

Polyester Capacitors
Operating temperature
range: — 40°C to +85° C
TDXM Capacitance range:
0.01uF to 2.2uF

TTAM Capacitance range:
0.154F to 10.0uF

TDY Capacitance range:
0.001uF to 0.47uF

Computer Grade Aluminum
Electrolytics Operating temper-
ature range: — 25°C to +85°C
NKB Series features smaller size
NSB Series features standard
size and ripple current
NHB Series for critical high
Request CAT. NAC-PF ripple applications "Unst CAT. NAC-CG

5 8 3

HEADQUARTERS
6435 N. Proesel, Chicago, Ill. 60645
(312) 679-6530
BRANCH OFFICE
40 Orville Dr., Bohemia, N.Y. 11716 ™
Request CAT. NAC-LCQ (516) 567-2994 Aeljuest CAT. NAC-CD

Mica Capacitors Ceramic Capacitors
Operating temperature

range: --25°C to +85°C
ldeal for RF applications

Operating temperature
range: —30°C to +85°C

Z5P Capacitance range:
150pF to 10,000pF 50V.DC

Z5U Capacitance range:
1,000pF to 22,000pF 50V.DC

5 Z5V Capacitance range:
Electrolytic Capacitors 1,000pF to 100,000pF 50V.DC
Operating temperature

range: — 40° to +85°C Semi-Conductive
Radial NLA Capacitance Ceramic Capacitors
range: 0.47uF to 10,000uF Y . .
Axial NLA Capacitance 58 Capacitance range:

range: 0.47uF to 15,0004F ’ | -054F to .54F 12v.DC

Request CAT. NAC-AEE & AEU

Miniature Aluminum

S
70027, MILN0ZZ M0l
6Zin 0ZZAGZ 4"

!
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Sony color set has
32-in. picture tube
for mass viewing

3-d gamma-ray gear
to challenge X-ray
body scanners

Germany begins
third program
to promote EDP

France transfers
to Thomson control
of minicomputers

Electronics/April 15, 1976

International newsletter

A 32-inch color-television set, chiefly for mass viewing, will go on sale
in Japan this summer at $5,000. Sony Corp., the developer, will also sell
the color monitor without a tuner for $3,333. The units, equipped with
output and input terminals for connection to video-tape recorders, is
designed for large displays so that groups can view videotaped programs.
On the theory that this application, in addition to sales for conventional
TV viewing, will provide an adequate market for the large-screen sets,
Sony plans to produce about 2,000 picture tubes a year.

The neck of the 32-inch tube, which has a deflection angle of 114°,
is 36.5 millimeters in diameter, and the electron gun has a 19-mm
bore, the largest gun Sony has ever used. The set draws 200 watts of
power, which Sony compares with the 350 W dissipated by early RCA
sets built with vacuum tubes. The bulb is made by Nippon Electric Glass
Co. The largest previous set, 1,000 of which have been sold, was a 27-in.
model, introduced last July. The picture tubes used in both of these sets
have an image-modulated sweep to sharpen outlines. Sony disclosed this
technique in 1974 at an IEEE conference in the U.S.

A three-dimensional semiconductor-based gamma-ray detector, which may
become a competitor to computerized X-ray body scanners, is under
development by the UK Medical Research Council’s Institute for Medical
Research. To produce 3-d views, orthogonal Schottky-barrier junctions
on n-type high-resistivity silicon slices are aligned within the camera
tube to detect the direction of gamma rays emitted by radioactive fluids
ingested by a patient. A computer correlates the source and direction
of the rays by matching ray strikes through matrixes on the slices.

A system made with two 5-centimeter-diameter cameras, each containing
50 slices each, is expected to operate in real time. It will show body
functions, as well as provide higher resolution, be more sensitive, and
subject the patient to lower doses than X rays, its developers claims.

West Germany's Ministry for Research and Technology has earmarked
more than $600 million for its third electronic-data-processing promotion
program, to run through 1979. Of the total, roughly 35% will be spent
for EDP-related research and development and about the same per-
centage for system applications. The rest is slated for computer training
and special projects.

The government’s third program focuses greater attention than its prede-
cessors did on small computers and terminals. Before the end of this decade,
the outlays for that type of hardware are expected to match those for large
and medium-size EDP equipment. Previously, the ratio of expenditures
was about 2:1 in favor of the larger systems.

France has placed a reluctant Thomson group in charge of the minicomputer
plant of the Compagnie International pour I’Informatique in Toulouse and
has directed Thomson to head a merger of CII minicomputer activities
with those of Téléméchanique Electrique. At the opening of the Interna-
tional Components Show last week, Michel d’Ornano, France’s minister
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MIT licenses X-ray
mask-making gear
to Japanese firm

Plessey introduces
synthesizers for

CB radio, microwave

64

Dialing cut to two
digits by Siemens
PBX processor

Two U.S. firms
to buy color-video
recorders in Japan

International newsletter

of industry and research, called the arrangement the final phase in the
restructuring of the country’s computer industry. The French government
will spend $42.8 million to implement the transfer from CII to Thomson.

The government go-ahead on the move comes almost one year after
the first announcement of the merger between the CII and Honeywell-Bull.
In order to complete the negotiations, Thomson had to accept the
government’s terms for the integration of the Toulouse plant into its
own operations.

Nippon Kogaku K.K. has been granted the exclusive right by the Massa-
chusetts Institute of Technology to manufacture MIT's soft-X-ray lith-
ography equipment for production of large-scale integrated circuits in Japan.
Nippon Kogaku, maker of the Nikon camera and LSI-production
equipment, plans to start manufacturing the X-ray equipment in about
three years. The company already manufactures the proximity printer,
which is a photographic printer for production of integrated circuits, as
well as other photographic equipment for testing ICs and LSI, including
the mask-alignment scope and mask comparator.

Britain’s Plessey Semiconductors is introducing two high-density bipolar
resistor-transistor-logic frequency synthesizers—one for citizens’ band
radio, and other for radar, microwave, and high-frequency applications
up to 1.2 gigahertz. Plessey says the synthesizers, made by the com-
pany’s Process Three technology, are cheaper and simpler than com-
plementary-MOS units, which need additional prescalers and mixers.
The two-chip 8923 CB channel synthesizer needs only an additional channel
selector, voltage-controlled oscillator, and loop filter. A 50-channel version
is expected soon for the U.S. market.

For other high-frequency applications, the modular 8760 synthesizer
phase-locks a controlled oscillator to a fixed-frequency quartz oscillator
by using a 1.2-GHz divide-by-64 circuit. The 8760 contains the necessary
prescalers, comparators, and crystal-oscillator maintaining circuits.

An abbreviated-dialing processor is being marketed by Siemens AG for
private branch exchanges built for as few as two subscriber lines. Such
processors have been available until now only for large PBX systems,
the German company says. The processor, an MOS circuit, can store 100
telephone numbers, each with as many as 18 digits. Dialing a two-digit
code number is all that’s needed to place a call—even an international
one. The memory content can easily be altered by plugging in a programing
unit. Even if the power supply fails, programing remains intact for about
12 hours, Siemens says.

RCA and Ampex in the U.S. have agreed to have Victor Co. of Japan
manufacture two types of lightweight %-inch color-video cassette recorders
for electronic news gathering. To be exported to the U.S. under the
RCA and Ampex logos, the two machines are the CR-4400 portable
recorder and the CR-8300 desk-type recorder.
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can make this claim.

The LSI-11.

No other micro goes through
so much testing. So no other
micro can ersure you of so much
rel-ability.

We started with a Design
Maturity Test that showed zero
failures in 384,000 unit-hours
for tne 4K MOS RAMs, and only
one failure in 20,000 unit-hours
for the microprocessor chips.

We make each LSI-11 under our

special Manufacturing Quality
Plan. This begins with 100% test-
ing of inceming components
and continues with computer-
controlled monitoring at strategic
points in the production flow.
And we run a thermal cycle on
every LSI-11 that comes off the line.
What it all adds up to is a worst-
case MTBF of over 35.000 hours.
And that’s from data in the field.
LSI-11. The $634* 4K microcom-

dildiltal
eRP ™

puteron an 842" x 10" board

LSI-11. The one micro that’s
really been put to the test.

For more irto. call 800-225-9480
(Mass. 617-481-7400 ext 6819 or
6817). Or write: Compoenents
Group, Digital Equipment Corp.,
One Iron Way, Marl{;orough, MA
01752. Canada: Digital Equipment
of Canada, Ltd. Europe: 81 Route
de |'Aire, 1211 Geneva 26,

Tel. 1279 50 In 100 s Prces applv to USA onlhy



HIGH RELIABILITY

, R
Get the high reliability that eliminates
touble. RN DIP sockets make contact with
the wide. flat sides of your IC leads. This
provides 100% greater surface contact
for positive electical connection.




DIP SOGKETS for the

price you're paying for junk!

Robinson Nugent “side-wipe”
DIP sockets make 100% greater
contact than any edge-bearing
socket on the market.

This 100% greater contact with the wide, flat
surface of your IC leads is your guarantee of
unmatched reliability. This RN “side-wipe”
contact provides constant low contact resist-
ance. No edge-bearing contact can possibly
deliver this long term dependability. This
designed-in reliability of RN DIP sockets is your
assurance of trouble-free IC interconnects—
yet they cost no more than ordinary sockets.

Put an end to troublesome junk sockets! | iy | .,‘.m /- .
Write today for catalog and informative bocok | g ad i P.rOth]t.o‘pak S
“What to Look for in IC Interconnects.” it's | laskfor .H ’ ;ﬁ}?ﬁctﬁﬁfgscﬁzgﬂfjigﬂ{
tree from RN—the people who make more | 4 producﬁonﬂine_for auto.

)
kinds of high reliability IC sockets than anyone. lmerclﬂll:mcts - | mated or manual assembly.

NUGENT ING.
R 800 East Eighth Streete New Albany, Incgiana 47150 e Phone: (812) 945-0211

They're even packaged
for high reliability.

Circle 70 on reader service card




ask us.

If you don’t see
what you want,




Chances are Omroan has exactly
the control compoanent you need.

It's one of the advantages you get
with Omron, the company with
the widest total selection of
relays, switches, anc timers.
(Shown here is less than 5% of
our line.)

Since 1933, Omron has been a
leader in supplying the world with
control components, so we may
already have your “‘unique”
component in stock.

What's more, our distribution
systzm is dedicated to giving you
the promptest possible delivery.

We also offer you an exclusive
Omronservice: Fhone inquiries
for key data are answered within
48 hours.

So for key data, cr to simply learn
more about us, call or write us
directly at our headquarters

in Chicago.

We're here to fill your controf
components needs. You're not
alone anymore.

Omron Corporation of America
Sales and Services

1051 State Parkway
Schaumburg, IL 60172

Phone: (312) 885-9500

Circle 73 on reader service card
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Designers gain
new freedom as
options multiply

After 18 months of calm. in which microprocessor man-
ufacturers have consolidated the designs of their first
general-purpose families, a second big wave of activity
has begun. This time, however. it reaches a more so-
phisticated level.

Urged on by savvy users. whose concern is with sys-
tem design rather than chip architecture, the manufac-
turers are introducing second- and third-order refine-
ments aimed at boosting microcomputer capacity while
lowering system cost. At the same time. they are rushing
new devices to market to extend the microprocessor
performance range both at the low end. where existing
chips present an overkill solution. and at the high end.

Four trends are emerging. First. established families
are being enhanced. System throughput is being in-
creased and instruction sets enlarged as manufacturers
turn to new metal-oxide-semiconductor processing and
improved central-processer architecture. Input/output
power. too. is being increased with new sets of program-
able 10 chips.

Second. the new 16-bit single-chip processing units
are heading upwards. What they are aiming for is the
high-performance end of the microprocessor market,
where precision arithmetic and large memories must be
accommodated.

Third. the one-chip controllers. as their name implies.
contain enough computing power to handle many
stand-alone controller functions on their own. On the
same chip as the central processing unit sit control read-
only memory for program storage. random-access
memory for data storage. and input/output registers for
system manipulation.

Finally. there’s a host of single-board micro-

computers, beguiling alternatives to the do-it-yourself

approach of buying just the chips.

All these developments are changing the micro-
processor universe. In order to graph this change. Fig. |
charts the various family types against the applications
spectrum.

Clearly. the 8-bit system covers the most ground.
being used in many more different designs than either
the 4- or 16-bit devices. Indeed. the 8-bit word seems
just about right for most of today's microcomputer sys-
tems. in contrast to the 16-bit words that are the staple
of minicomputers.

How much overlap there will be between powerful 8-
bit general-purpose systems and the 16-bit high-per-
formance systems is still to be determined. especially in
large-memory process-control applications. The current
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-~ nhancements add lustre to the
capabilities of established families,
and new devices are extending the
performance range in both
directions. Low-cost
microcomputer boards offer
another alternative.

wisdom is that the 16-bit families will remain primarily
on the high-performance end of the application spec-
trum for several years. since the 8-bit families are so
well established.

Besides. enhanced 8-bit microprocessors are coming
along that are faster and can handle 16-bit word data
anyway. making it easy for a user to upgrade his 8-bit
system to a 16-bit design without much additional in-
vestment in software. Moreover, the use of single-chip
controllers in distributed processing systems boosts the
performance of 8-5it designs by taking much of the bur-
den off the central processing unit and. in many cases.
by making it unnecessary to move up to a higher-capac-
ity 16-bit CPU system.

Meanwhile the multichip 4-bit sysiems—the earliest
microprocessors to appear—are feeling increasing pres-
sure from the minimum-chip system designs. Rockwell’s
PPS-8/2 and PPS-4/2 1wo-chip systems. Fairchild
Semiconductor’s F-8, National Semiconductor's $C/MP,
and Electronic Arrays’ 9002 can all handle many of the
jobs formerly done by the 4-bit Intel MCS-4 or Rock-
well PPS-4 but often with fewer packages and at lower
cost. Moreover. the single-chip 4- and 8-bit micro-
controllers already mentioned will increasingly elimi-
nate the need for multichip 4-bit designs.

Puts it all together. Activity in microprocessors is fast and furious,
as manufacturers make available a wide range of products, from
low-cost microcontroller chips to powerful, general-purpose families
and boards. This 16-bit microcomputer is from Data General
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The 8-bit mainstream

In the 8-bit microprocessor applications spectrum, Intel
Corp.’s 8080 family, with its enhanced 8080A cCpu,
Motorola Semiconductor’s 6800 family, with its en-
hanced 6800D cpu, and Rockwell’s PPS-8 family cur-
rently rank one, two, and three in popularity among
users. The 8080 system is being used in a wide range of
industrial process controls, games, intelligent data ter-
minals, and so on. The 6800 has found its greatest pene-
tration in data-communications terminals and instru-
mentation. The PPS-8 has found strong acceptance in
skid-control automotive designs, as well as in other
high-volume systems. All are second-sourced—the 8080
by AMD. TI. NEC, and Siemens, the 6800 by AMI, and the
PPS-8 by National.

What makes these chip families so suitable for gen-
eral-purpose applications is the centralization of their
computing capabilities—an orientation borrowed from
minicomputer architecture. Unlike many newer designs.
such as the F-8, which distributes its computing power
among its family of devices, the 8080, 6800, and PPS-8
concentrate that power all on a single chip. In effect,
their central processing units act as their own peripheral
controllers, using generalized bus lines to manipulate
external memories, interface chips. and input/output
chips.

These CPU chips are well equipped for their job. Both
the 8080A and 6800D have a 16-bit address bus, an 8-
bit bidirectional data bus, and fully TTL-compatible
control outputs. Besides supporting up to 65 kilobytes of
random-access memory, they can address a large num-

CALCULATOR
TYPES ppPs-4/1

i I

PPS-8/1 8048
SINGLE CHIP 1 |

CONTROLLERS

1
TMS 1000

1
3880

4004

| ]

I LD
PPS-4/2 PPS4

PPS-8/2

4 BIT FAMILY

F8  6100°
1 |

ber of peripheral devices, providing for practically un-
limited system expansion.

Moreover, both CPUs show a considerable improve-
ment in architecture over the preceding generation of
8-bit designs. The 8080, for example, contains a 16-bit
stack pointer that controls the addressing of an external
stack located in memory. The proper instructions can
initialize this pointer to use any portion of external
memory as a last-in/first-out stack, so that almost un-
limited subroutine nesting becomes available. The stack
pointer in addition allows the contents of the program
counter, the accumulator, the condition flags, or any of
the data registers to be stored in or retrieved from the
external stack.

The 8080’s stack control instructions also permit mul-
tilevel interrupts. The current program or “status” of
the processor can be pushed onto the stack when an in-
terrupt is accepted, then popped off the stack after the
interrupt has been serviced. and this can be done even
when the interrupt service routine is itself interrupted.

Where the two families differ is in several of the sys-
tem requirements. The 6800’s single 5-volt power sup-
ply contrasts with the 8080's +5 v and 12 v supplies.
The 6800 timing is quite simple. All instructions are ex-
ecuted in two or three cycles, which are identical in
length. Control outputs are real-time signals instead of
look-ahead instructions. Moreover, in the 6800 system,
separate 170 Instructions are unnecessary since memory
locations can house either 170 or memory data.

On the other hand, the 8080 has more powerful in-
structions. with stronger branch and interrupt capabil-
ity. It can interface with a wide variety of peripheral de-
vices. It has tremendous software support, such as an in-

6502 PPS8
LJ

8080A
1

8 BIT FAMILY T |

SCAMP 3002

1
TLCS12°

16 BIT FAMILY

BIT SLICES

APPLICATION

RANGE CONTROLLER

1802 2650

OATA PROCESSOR

||
6800

PACE
L

1 | 1

CP1600 9900
L

1

IMP-16 MCP 1600

3002 2901 10800
L

MINICOMPUTERS

1. The universe. The 8-bit microprocessor families cover most ground, being found in everything from peripheral controllers to powerful
data-processing systems. The 4-bit systems handle the smalier controller jobs, while the 16-bit chips and bit slices rise to minicomputer work.
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2. The 8080. Intel's 8080 system can produce dozens of peripherai and | O device configurations. Because ail devices connect to a systernr
ous, hooking up parts into complex configurations becames quite straightforward once the instruction program has been developed.

PERIPHERAL
DEVICES
SERIAL
DATA
EXTERNAL
CLOCK LOGIC
6800 6850
M6800 PERIPHERAL ASYNCHRONOUS
RESTART — mICROPROCESSOR il il INTERFACE COMMUNICATIONS
ADAPTER ADAPTER
PANIVAN ANV AN NN 2 zﬂr

DATA BUS (8)

CONTROL BUS

ADDRESS BUS

3. The 6800. A Motorola 6800 system, also designed around a central bus, keeps the package count to a minimum by using powerful pe-
ripheral devices, such as the peripheral interface and communication adapters. System works off standard ROMs and RAMSs.
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ADORESS I I I |
BUS
X INTERRUPT v
% ACKNOWLEDGE f  PARALLEL: J| seriAL-0ATA SPECIAL-PURPOSE e |
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12 OUTPUTS PER DEVICE  PRINTER
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4. The PPS-8. In Rockwell's PPS-8 microcomputers, general-purpose input/output, ROM, and RAM chips again hook up di-ectly to address
and instruction data buses. Family contains a direct-memory-access controller and parallel and serial i/ O data channel modules.

circuit prototype developing system and a large library
of user-generated instruction programs. All this ac-
counts for the 8080 system’s overwhelming success.

Rockwell’s PPS-8 differs from both the 8080 and the
6800 in the basic architecture of its CPU. Its CPU chip
has an arithmetic/logic unit, a control unit, accumula-
tors, and address registers, laid out much as in the 8080
and 6800, but interlinked quite differently from either
the 8080 and 6800 families (see Figs. 2, 3, and 4). For
example, the program and data memories in a PPS-8
microcomputer system have completely separate and
parallel address spaces, so that a memory address may
legitimately identify two different memory locations—
maybe a byte of program memory containing an in-
struction code and a byte of data memory containing
binary data. This double-duty memory address ac-
counts for the PPS-8's high throughput, even though it
is built with p-channel MOS technology.

A unique feature of the PPS-8—its clock signals—adds
to its flexibility. These signals serve for both synchro-
nization and control. The four-phase clock generator
transmits two clock signals to every device in a system,
and every device contains logic to decode them, inter-
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preting the contents of the data and address buses in
different ways during different phases of a machine’
cycle. As a result, the CPU can program a wide variety of
peripheral devices—if the user is willing to learn his way
around the clocking scheme.

While the CPU or microprocessor chip is the central
controlling element in a microcomputer system, just as
vital are the ROMs, RAMs, and various input, output.
and interface circuits that make up the balance of the
design. Figures 2, 3, and 4 illustrate typical system con-
figurations for the 8080, 6800, and the PP-8: these, the
most established general-purpose microcomputer sys-
tems, have highly-developed system components that
hook up directly with the CPU on simple bidirectional
bus lines.

The bus line configuration of the 8080 and 6800 fam-
lies generally has become the model for most 8-bit sys-
tems. Its three bus lines—a data bus, a control bus, and
an address bus—handle all elements of a system. Stan-
dard ROMs, which store the program data in the form of
lookup tables, are hooked up by connecting the ROM’s
output lines to the data bus and input lines to the ad-
dress bus. RAMs get their data written from CPU com-
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AVAILABLE MICROPROCESSORS

Tre Address Manufacturers
No Technology Capacity and
(bytes) Comments
4 bt
4004 p-MOS 4-k {ntel
4040 p-MOS 4.k Intel {National)
PPS-4 p-MOS 4-k Rockwell (National): SV
PPS-4/2 p-MOS 8-k Rockwell: CC, SV
PPS-4/1 p-MOS Rockwell: CC, SV, RAM on chip
TMS 1000 p-MOS 8-k Texas Instruments: SV, MP
8 it
| EA9002 n-MOS  65-k  Electronic Arrays: SV
. F8 n-MOS 65-k  Fairchild {(Mostek): CC
80081 p-MOS 16k intel
8080 A n-MOS 65k Intel (AMD, TI, NEC, Siemens)
8048 n-MOS 2-k Intel: 512-bit RAM on chip
6502 n-MOS 65k MOS Technology — other versions are
available with lower address capacity
5065 p-MOS 32k Mostek
6800 n-MOS 65-k  Motorola {AMI): SV
SCAMP p-MOS 65k National: CC, SV
1801 C-MOS 65k RCA: 2-chip CPU
1802 C-MOS 65k RCA
PPS-8 p-MOS 32k Rockwell (National}: SV
PPS-8/2 p-MOS 32k Rockwell: CC, SV
2650 n-MOS 32k Signetics: CC, SV
300 TTL-S 8-k Scientific Micro Systems
Z2-80 n-MOS 65k Zilog: SV
12 bt
6100 C MOS 4-k Intersil {Harris): SV, CC
TLCS 12 n-MOS 4-k Toshiba: MP
16 it
CP1600 n-MOS 65k General Instruments: MP
MCP-1600 n-MOS 65k  Western Digital: MP, MC
IMP-16 p-MOS 65k  National: MP, MC
PACE p-MOS 65k National: MP
PFL-1600A n-MOS 65k PanaFacom: MC
TMS-9900 n-MOS 65k Texas lnsmgmem_s: SV, general
purpose registers in memory
Bit slices
2901 TTL 65 k Advanced Micro Devices {Motorola,
Raytheon): MP
9400 TTL 65-k Fairchild: MP, SV
3002 TTL 512 Intel {Signetics): MP, 2 bit slice
6701 TTL 65-k  Monolithic Memories: MP
10800 ECL 65k Motorola: MP, CC, ECL
SBPQ400 141 65-k  Texas Instruments: CC, MP
NOTES
"Developing manufacturer histed fist
""Key: MP micioprogramable SV single voltage
ECL emitter coupled logic CcC clock on chip
TTL transistot transistot logic mMC multi chip central
1L integrated injection logic processing unit

Assessing microprocessors

Making comparisons between the available micro-
processors on the basis of data sheets is a very tricky
business. Even a simple specification like cycle time can
be highly misleading. In most cases cycle time by itself
tells you practically nothing—you must know how many
cycles are needed to execute what instruction. For ex-
ample, some microprocessors boast cycle times as low
as 1 microsecond but require multiple cycles to execute
even the simplest instructions. Others list longer cycle
times but require fewer cycles to do the same instruction.

Nor does it help too much to compare execution times
of simple instructions. Often the time to do a fetch or a
register-to-register ADD has little relation to the time re-
quired for executing more complex instructions, like call-
ing in a subroutine on the basis of various bit settings.

Even more misleading is ranking CPU complexities in
terms of numbers of registers, or 170 ports, or whether
the chip has built-in direct memory access, and so on.
Many powerful microprocessors, such as TI's 9900 expel
all the general-purpose working registers from the CPU
chip and focate them in external RAM. But the chip is
more powerful than most CPUs with multipte general-pur-
pose registers. Likewise, a minimum-chip system design,
such as the F-8, has computation logic distributed over
two or three matched chips, so just looking at the CPU
doesn't begin to show the capability of the system.

The instruction set is another area that lends itself to
vendor specmanship. Repertoire size alone has little
meaning, unless you know how the supplier is counting
instructions. Are multiple, closely related instructions
counted as one or as many? What instructions are in-
cluded? And the various types of instructions that differ
only in their "'if"" conditions, how are they counted?

That's why this microprocessor chart is kept fairly
simple. Breaking down the chips by word length gives an
idea of a processor’s range—but only a rough one, since
the efficiency of doing anything certainly does not de-
pend on word length alone. The technology is broken out
only because knowledgeable users feel more comfort-
able knowing what's in the device, but it too has to be re-
lated to design—whether processing is done serially or in
parallel, and so on. (All things being equal, devices built
with n-channel MOS are faster, smalier, and easier to in-
terface than those built with p-channel MOS, whereas de-
vices built with bipolar technology are faster and can do
more but are larger and cost more to build than MOS LSI
devices.)

As for address capacity, obviously the more memory
that a chip can access, the larger the system that can be
implemented. But again, watch out. Some processors
can access large amounts of memory directly. Others
need external devices to reach large bytes of memory.

Another area that concerns users is alternate sourcing
In general, the alternate sources of microprocessors are
proving well able to satisfy customers’ demand for mul-
tiple-sourced devices. For instance, AMD's 9080A series
claims speed and power specifications that in some re-
spects exceed Intel's 8080A specifications, and AMI un-
dertook considerable process development in building its
version of Motorola's 6800 family. Mostek Corp. has
done a nice job supplementing Fairchild's F-8 support
and applications effort. Then too, there is the Na-
tional/Rockwell technology exchange that made their re-
spective microprocessor families available to each other.

|
i
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mands that travel on the address bus, and their data is
read out to the CPU on the data bus. Peripheral inter-
face circuits receive their inputs on the control and ad-
dress bus and return their data outputs on the data bus.
Thus, this bidirectional bus system is the conduit
serving all members of the microcomputer family. New
interface and peripheral chips, regardless of their com-
plexity, will use these bus lines, ensuring a user a simple
and well-formulated method of upgrading his basic sys-
tem with more powerful 1/0 and peripheral chips.

The dedicated 8-bit types

Unlike the general-purpose 8-bit systems. which gen-
erally use at least a dozen chips, Fairchild Semicon-
ductor’s F-8, also supplied by Mostek Corp., and Na-
tional Semiconductor Corp.’s SC/MP families were
designed to realize controller-type systems with the few-
est possible chips at the lowest possible cost. Both fami-
lies can dish up useful designs with just two chips, al-
though the F-8 is a more powerful system, readily
expandable into memory-rich designs.

The dissimilarities of these two devices stem from dis-
similar design philosophies. The Fairchild F-8 designers
chose a configuration that is quite unlike the CPU ori-
entation of minicomputers. Instead they distribute pro-
cess and memory control throughout the system. The
F-8 therefore works best where two or three of its pow-
erful family members can do the job standing alone,
without a large number of external memory (although
they can be added if necessary).

Because they interact so intimately, a designer must
be familiar with the functions of the F-8 chips. Besides
the CPU chip, there’s a programable storage unit, which
provides read-only memory plus various logic func-

chip links the first two chips to either dynamic or static
RAMS storing data, and a static-memory interface is for
use with state RAMs only. Finally, a direct-memory-ac-
cess chip implements the direct-memory-access logic in
conjunction with the dynamic-memory interface chip.
Because various logic functions are distributed
among the four peripheral chips, the CPU contains only
the arithmetic/logic unit, the control unit and instruc-
tion register, the logic associated with interfacing the
system bus with the 170 control signal, and the accu-
mulator register. It does not contain memory-address-
ing logic, memory-addressing registers, stack pointer,
program counter, and data counter, all of which reside
in the companion memory and memory interface chips.
This configuration has both advantages and disad-
vantages, the chief advantage being that fairly powerful
systems can be implemented with remarkably few chips.
Moreover, the lack of memory-addressing logic on
the CPU chip itself means that no address lines are
needed on the system bus, and the 16 address signals,
which CPU-oriented systems need to interface with the
bus, can instead be used for two 8-bit 1/0 ports on each
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5. Efficiency experts. SC/MP and F-8 carry off the prize for minimum-chip multiprocessor systems. This SC/MP configuration (a) from Na-
tional daisy-chains several microprocessors along one bus. The Fairchild F-8 disk controller has five F-8s operating as distributed proces-
sors. F-8 systems can readily be expanded to handle a wide variety of peripheral control and complex data communications applications.
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6. Relating. National's 1€-bit PACE system reaches the TTL world with transceivers that interface directly with any RAMs or ROMs designed
with an-chip address latches. Standard memories can also be used if an 8-bit address latch element is included

device. Better yet. the place on the Cpu chip formerly
occupied by address registers and memory-addressing
logic can now accept 64 bytes of random-access
memory. It is this on-chip RAM that makes an F-8 mini-
mum two-chip configuration functionally useful.

Now for the disadvantages. Because of the removal of
memory-addressing logic from the CPU chip, external
memories can no longer be connected directly to the
system bus, which no longer has address lines. and the
family’'s other devices must be used. Of course, this is
easily done with the memory-interface devices, but the
extra packages do add to the cost of the design. Worse
yet, this memory-addressing logic must be duplicated if
more than one memory device is present.

On the other hand. sC/MP (pronounced Scamp) cen-
tralizes its computing capabilities in the CPU, just like
the 8080 and 6800 families, so that systems can be con-
figured with standard memories directly. The sc/mp
chip can handle up to 4 kilobytes of memory with no
additional logic or interface packages. Systems requir-
ing more memory are also possible: a five-chip system,
handling up to 65 kilobytes of RAM, would consist of the
SC/MP, a two-chip bidirectional transceiver, an address
latch. and a buffer. .

Internally, SC/MP is a programable 8-bit parallel pro-
cessor. It contains one 8-bit accumulator, four 16-bit
pointer registers (one of which is dedicated to the func-
tion of program counter), an 8-bit status register, and an
8-bit extension register. On-chip timing circuits elimi-
nate the need for external clocks. and TTL compatibility
allows easy interfacing with other system components.

Architecturally, SC/MP, again like the 8080 and 6800
families, employs a unified bus system, to which the
central processing unit, memory, and peripheral devices
are each connected. The common data bus enables
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memory-reference instructions to reference peripheral
devices. In addition. $C/MP architecture provides serial
data and control streamlining under software control
and has built-in programable delay.

Both the sC/Mp and F-8 families lend themselves to
multiple processor systems. In SC/MP, the bus configura-
tion is responsible, allowing many SC/MPs to be tied to
the bus for daisy-chain operation (Fig. 5a). When one
SC/MP stops transmitting or receiving. it notifies the next
SC/MP in line that it may take over.

The F-8 CPU chips can serve either in a multiple pro-
cessor system or in two-chip peripheral controllers sub-
ordinate to a multichip processor-based system. such as
large point-of-sale terminals. The floppy-disk controller
shown in Fig. 5b contains five F-8s working in conjunc-
tion with floppy disks. a magnetic-tape unit, a cathode-
ray-tube display, a keyboard, printer, and modem.
While the low-speed devices (the keyboard. printer, and
modem) can be adequately handled by the programed
1/0 structure, the other, high-speed devices require sep-
arate F-8 CPUs and programable storage units.

The 8-bit newcomers

While established suppliers of microprocessors have
recently come out with upgraded products-—most no-
tably the 8080A and 6800D—newcomers to the field are
trying to gain entry with still higher-performance ver-
sions of the earlier devices. A good example is Zilog
Inc.’s Z-80 chip. In a tribute to the success of the 8080,
designers at the Los Altos, Calif.. company have based
their design on it, but have added more data-processing
and instruction-handling capability. At the same time.
they have tried to simplify the system configuration
along the lines of the 6800.

For example, the Z-80 is heavily CPU-oriented, like
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Today’s Manufacturer’'s Representative
narrows the gap between
technology and man’s needs.
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The manufacturer’s representative is
more than a commissioned salesman.
He's aterritory manager ... A personnel
manager . . . A customer service man-
ager ... A sales manager . .. A product
manager ... A merchandising manager.
And an independent businessmani

He knows the territory better. It's his
territory—his permanent territory, and
he has learned how to ga'n the maxi-
mum potential from that territory.
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Talk to amanufacturer's representative,
he can make your market plans a reality
—today!

For more information on how manufac-
turers’ representatives can help you
and how you can get in touch with them,
write or call the Electronic Representa-
tives Association—by return mail you'll
receive a complete kit to give you
answers.

E'ectronic Representatives Association
233 £. Erie Sireet, Suite 10C2
Chicago. (llinois 60611
(312) 649-1333
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With Automatic Set Level
I can make 10 distortion
readings faster than
you can make one

Pcrhaps you’ve already hcard
about Sound Technology’s 1700B
Distortion Measuring System. It
measures down to .002% total har-
monic distortion just by pushing the
“Distortion” button. No balancing
or frequency juggling required. And
it contains its own 10 Hz to 100 kHz
push-button-controlled test source at
the panel right.

Therc’s no question that the
17008 has become the standard of
the industry. Everyone agrees.

Now you have another feature
that’s available only in the 1700B:
automatic set level (ASL).

ASL is outstanding where multi-
ple distortion mcasurcments are to

86 Circle 86 on reader service card

be made. That’s because ASL auto-
matically adjusts for up to 10 dB
variation in signal level to the 1700B.
That mcans you can:
(1) measure distortion vs. fre-
quency withoat resetting level.

(2) measure distortion vs. power
or voltage without resetting level,
(3) measure receiver sensitivity at
a given audic distortion without
resetting level.

(4) measure the 3% distortion
points in quality tape recorders
without resetting fevel.

(5) and in metrology labs you can
assure high waveform purity for
all ac voltage staridards.

IT’S FAST, FAST, FAST

With ASL your mcasurcments —
even decp measurements — are so fast
and easy that anyone can make them.

Non-technical people usc the

1700B with case. They can check out
an amplifier or tuner on the pro-
duction line or in the lab in minutes.
That can save a lot of hard cash.

CALL NOW FOR DATA

Get the literature on the [700B
and ASL. Call Larry Maguire or
Bob Andersen now. If you alrcady
have a 1700A, ask about retrofitting
your unit.

SOUND TECHNOLOGY

1400 DELL AVENUE
CAMPBELL. CALIFORNIA S5003
(408) 378-6540
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7. Thinking big. Texas Instruments’ 9800 16-bit microprocessor has full 16-bit data bus and 16-bit ALU on chip but exiles all general-pur-
pose registers to external RAM locations. A wide range of interrupt capability is included, making the chip very flexible.

the 8080A, and is completely compatible with 8080A
software. But thanks tc depletion-mode technology, it.
like the 6800, has a single-phase clock on the chip and
requires only a single 5-v power supply.

The Z-80 can handle 158 different instructions and,
like the 8080A and 6800D, has an internal 16-bit-wide
data bus. Unlike them it contains both an 8-bit and 16-
bit external address bus, so that it can process either 8-
or 16-bit words in one cvcle.

Architecturally, the Z-80’s CPU chip resembles the
B080A, where general-purpose registers perform basic
computation operations and special-purpose registers
perform various program operations, such as program
counting and stack pointing. Also as in the 8080A, the
CPU contains the accumulator and flag registers.

The Z-80’s block of general-purpose registers has a
distinctive feature: it consists of two matched sets of six
8-bit registers. Now a programer can use them individ-
ually, as 8-bit registers. or in tandem as 16-bit register
pairs, depending on whether he is handling 8-bit or 16-
bit words. Moreover, the programer may select one set
of registers for a single exchange command while using
the other set for the rest of the sequence. This saves in-
terrupt time—and is especially useful in systems that re-
quire a fast interrupt response—because there’s no need
to transfer the register contents to an external stack dur-
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ing the fast-cycle interrupt or subroutine processing.

As for the Z-80’s special-purpose registers, the pro-
gram counter and stack pointer function much as they
do on the 8080A. The program counter holds the entire
16-bit address of the current instruction just fetched
from memory, and the stack pointer keeps track of the
16-bit address of the current instruction. An external
stack memory, organized as a last-in/first-out file, al-
lows simple implementation of multiple level interrupts,
unlimited subroutine testing, and simplification of
many types of data manipulations.

Like the Z-80, another recently introduced micro-
processor that takes cognizance of established 8-bit gen-
eral-purpose designs is the 9002 from Electronic Arrays
Inc., Mountain View, Calif. But unlike the Z-80, which
is being supplied with its own set of dedicated support
devices, the 9002 has been conceived as a stand-alone
digital process controller that can interface with stan-
dard peripheral chips through an 8-bit parallel TTL-
compatible data bus.

The 9002 timing and control signals allow a user to
bring the chip together with any bus-oriented periph-
eral devices he may choose. Examples are: Motorola’s
6820 peripheral interface adapter for general-purpose
controller applications; the asynchronous communi-
cations interface adapter and low-speed modem for
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Learning about microprocessors

In approaching the design of microprocessor systems,
the first requirement for the novice is to learn the special-
ized jargon. The basic terms defined below can help.
They are followed by some advice on the next steps in an
education in microprocessor theory and applications.

Central processing unit: a group of registers and logic
that form the arithmetic /fogic unit plus another group of
registers with associated decoding logic that form the
control unit. Most metal-oxide-semiconductor devices
are single-chip CPUs, in that the registers hold as
many bits as the word length of the unit (the 8080 and
6800, for example, are 8-bit devices and thus the basic
registers are eight bits wide). With bit-slice devices,
however, central processing units of any bit width can
be assembled essentially by connecting the bit-slice
parts in parallel. Externally, a bit-slice device will ap-
pear to be a coherent single CPU capable of handling
words of the desired bit length.

Register: logic elements (gates, flip-flops, shift registers)
that, taken together, store 4-, 8-, or 16-bit numbers.
They are essentially for temporary storage, in that the
contents usually change from one instruction cycle to
the next. In fact, much of the microprocessor's oper-
ation can be learned by studying the registers, which
take part in nearly all operations.

Accumulator: a register that adds an incoming binary
number to its own contents and then substitutes the re-
sults for the contents.

Program counter: a register whose contents correspond
to the memory address of the next instruction to be
carried out. The count usually increases by one as
each instruction is carried out, since instructions gen-
erally are stored in sequential locations.

Instruction register: storage for the binary code for the
operation to be performed. Usually this instruction rep-
resents the contents of the address just designated by
the program counter. However, the contents of the in-
struction register or the program counter may be
changed by the computations. This, of course, repre-
sents one of the key ideas of a stored-program com-
puter—instructions, as well as data, can be operated
upon and subsequent operations will be determined by
the results.

Index register: some memories are organized by index
number (the contents of the index register). The ad-
dress of the next instruction may be found by summing
the contents of the program counter and the index reg-
ister. Increasing the index register by one will cause
the processor to go to a new section of memory.

Stack pointer: a register which comes into use when the
microprocessor must service an interrupt—a high-pri-
ority call from an external device for the central pro-
cessing unit to suspend temporarily its current oper-
ations and divert its attention to the interrupting task.
A CPU must store the contents of its registers before
it can move on to the interrupt operation. It does this in
a stack, so named because information is added to its
top, with the information already there being pushed
further down. The stack thus is a last-in first-out type of
memory. The stack-pointer register contains the ad-
dress of the next unused location in the stack.

Flag: usually a flip-flop storing one bit that indicates some
aspect of the status of the central processing unit. For
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example, a carry flag is set to one when an arithmetic
operation produces a carry. A zero flag is set when the
result is zero. These flags aid in interpreting the results
of certain calculations. Others are sometimes provided
to permit access by interrupt request lines—for ex-
ample, if a CPU is engaged in the highest priority of
calculation, it may set all status flags to zero—which,
loosely translated, means ‘‘don’t bother me now." If
only some of these flags are set, then only certain in-
terrupt lines will be able to get through according to
their priority.

Direct memory access: a technique that permits a periph-
eral device to enter or extract blocks of data from the
microcomputer memory without involving the central
processing unit. In some cases, a CPU can perform
other functions while the transfer occurs.

In going beyond these definitions, an engineer will
probably find that there’'s not an abundance of good
basic information on microprocessors. However, the gap
is filling.

Certainly, a first source on the details of a particular
product is the manufacturer's product descriptions.
Some of them are quite readable. Most provide easily un-
derstood introductions to the microprocessor, with just
enough information to get started. Best known are Intel's
""8080 Users Manual,"” Motorola’'s mammoth ''Micro-
processor Applications Manual” and 6800 System de-
scription, Fairchild’s "'F-8 Circuit Data Book,’" Signetics’
2650 manual, Rockwell's microprocessor family descrip-
tions, and the descriptive literature National puts out on
SC/MP, PACE, and IMP-16 families.

Independently produced sources aiso are available,
but they're of varying quality. A usefui one is a monthly
publication on a variety of microprocessor subjects
called **New Logic Notebook,"" edited by Jerry L. Ogdin
of Microcomputer Technique Inc., 1120 Reston Inter-
national Center Office Bidg., Reston, Va. 22091. A
monthly compilation of microprocessor news and prod-
uct introductions is a newsletter called '‘Microcomputer
Digest," P.O. Box 1167, Cupertino, Calif. 35014.

One of the best books is a paperback called "'An Intro-
duction to Microcomputers,’”” from Adam Osborne and
Associates, 2950 Seventh St., Berkeley, Calif. 94710. It
has a compact tutorial section on basics, followed by
good comparisons of key families.

Then there's ''Microprocessors,” first volume in the
Electronics Book Series. It is a compilation of all the origi-
nal articles on major microprocessor designs that ap-
peared in this magazine—from the first 4004 to today’s
complex 8- and 16-bit designs. It also contains detailed
design and application material. It's available for $8.95
(see page 227).

A good source of basic information is the independent
seminars that are becoming widely available. One of the
most successful is Integrated Computer Systems’ three-
to-five-day courses held across the country. A schedule
is available from David Collins at ICS, 4445 Qverland
Ave., Culver City, Calif. 30230.

An opportunity for hands-on experience is the sup-
pliers’ seminars. These are manned by applications spe-
cialists who travel around regularly, offering a good re-
view of a particular microprocessor line. Finally, there are
the courses offered by the IEEE and the universities.
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communications-controller applications: or any of In-
tel's new programable interface devices, such as the pro-
gramable peripheral or communications interfaces. This
means that a system designer can use the 9002 as a
powerful controller chip, managing the operation of any
TTL-compatible peripheral device.

The 9002 designers also picked the best features of
existing processor designs. The CPU combines the on-
chip 64-byte scratch-pad RAM of the F-8. the push-pop
subroutine stack of the Intel 4040, the simplified timing
concepts of the PPS-4, the straightforward peripheral
addressing techniques and single 5-v-supply require-
ment of the 6800, and the general-purpose registers of
the 8080.

To these borrowed features the 9002 adds some
purely its own. It contains a seven-level subroutine
stack for multiple interrupt capability and eight 12-bit
general-purpose data registers. With its 64-byte scratch-
pad memory it can handle many stand-alone controller
jobs without requiring additional RAM. Moreover, one
of the 9002’s internal flags allows the user to perform ei-
ther 8-bit binary arithmetic or packed binary-coded-
decimal arithmetic (dual 4-bit operands) with built-in,
automatic decimal correction. To choose, he simply sets
the flag in one state or another. This is useful for pe-
ripheral controllers where CRT displays need BCD data.

With all this computing power, ample control signal-
ing, and on-chip RAM capability, the 9002 can realize
many fairly powerful designs with only two or three
packages. For example, a controller can be built with
the 9002, a 1.024-by-8-bit ROM, such as the EA 4700,
and two Intel 8212 peripheral interface chips, or else it
can be built with the 9002, a 2,028-by-8-bit ROM, such
as the EA 4600 and Motorola’s 6820 piA chip.

C-MOS: another choice

Another enhancement of an existing device is RCA
Solid State division's single-chip version of its 8-bit
C-MOS microprocessor. Designated the 1802, the chip is
three times faster than the old two-chip design, has one
third more instructions—a total repertoire of 91-—and
costs less. This came about thanks to RCA’s new silicon-
gate process that yields C-MOs devices almost half the
size of metal-gate designs and also increases transistor
switching speed. As a result, a C-MOS microprocessor
becomes as fast, cost-effective and flexible as today's
p- and n-MOS$ microprocessors.

To illustrate, the 1802 has a cycle time of 1.25 micro-
seconds and takes only one or two cycles, plus a fetch
cycle, to execute any instruction. This gives it an in-
struction time of either 2.5 or 3.75 microseconds that
puts it well in the speed range of either the 8080 or
6800. Moreover, with its 91 instructions, it is as pow-
erful and as flexible. Yet RCA designers were careful to
retain the architecture of the two-chip design, so that
the 1802 is software-compatible with its predecessor.

What distinguishes the 1802 cPuU from other 8-bit de-
signs is its separate instruction and address registers.
The address data is placed in an array of sixteen 16-bit
scratch-pad registers, each of which can point to either
data or program. That means that a user is not forced to
provide an address with each memory reference instruc-
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What it costs

Like all semiconductor chips, microprocessor prices
are coming down. Here's a rough guide to how much
it costs to do some typical jobs at today's prices (in
appropriate volumes): {

Job Number of packages Cost ’

General-purpose
minicomputer emulation 30andup $1,000
Dedicated minicomputer 20-30 600
Process controllers 15-20 400
Smart terminal (i.e.
communications, etc.) 10-15 300
Complex general controllers (i.e.
traffic lights, medical, machine
tool, etc.) 10-15 200
Complex peripheral controllers,
industrial 10 150
[ Point-of-sale terminals 10 150
Games, instruments, etc. 5-10 75
’ Simple controllers, hobby gear,
L appliance control 1o0r2 10 J

tion—something he must do with other processors.

As address pointers. individual scratch-pad registers
in the array are selected by any one of three 4-bit regis-
ters, so that the contents of any address can be directed
to any one of three destinations. As data pointers, the 16
scratch-pad memories are equally flexible. They can be
used either to indicate a location in memory or as point-
ers to support a built-in direct-memory-access function.

The only other C-MOS microprocessor is Intersil's 12-
bit device. By using the same software as the PDP-8A,
the device lets users of that popular computer imple-
ment their systems in low-power easy-to-use C-MOS
technology. The 40-pin package has an instruction ca-
pacity of about 40, can access 32-k bytes of external
memory, and can control 64 1/0 parts. For the 1600, In-
tersil plans to supply a complete set of C-MOS peripheral
devices, such as C-MOS ROMs, RAMs, and UARTS.

Two n-channel 8-bit microprocessors that have begun
to make headway for general-purpose applications are
the Signetics Corp. 2650 and the MOS Technology Inc.
6500 family of microprocessors. The Signetics part,
available only in sample quantities about a year ago,
lately gained momentum—especially in Europe, thanks
in part to Philips’ recent acquisition of Signetics.

The 2650 is a single 5-v parallel 8-bit binary proces-
sor capable of performing 75 instructions in a machine
cycle time of 2.4 microseconds, which puts it in the same
general class as the 8080 and 6800 families. The chip
can address up to 32 kilobytes of external memory
(compared to 65-k for the others). But its ability to exe-
cute variable-length instructions makes it somewhat
more efficient, since a one- or two-byte instruction may
often be used for memory addressing. Moreover, most
instructions require only 6 of the first 8 bits, so the re-
maining bits can be used for the register field.

MOS Technology's family is unique in that it includes
a number of software-compatible microprocessor chips
differing primarily in the amount of memory they can
address. The 40-pin 6502 can handle 65-k bytes of
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8. Independence. Rockwell's PPS-4/1 handles many controller
jobs almost by itself. Microwave oven controller (a) needs only ar
8-bit latch to drive the high-current oven gear. Two PPS-4/1s (b}
handle more complex systems like cash registers

memory, as well as a large number of real-time inter-
rupts, putting it in the class of the 8080 and 6800 fami-
lies. For smaller systems, there’s the 6503, a 28-pin
device capable of addressing 4-k bytes while accom-
modating two interrupts. The 6504, also a 28-pin pack-
age, can address up to 8-k bytes of RAM and handle one
interrupt, and the 6505, a 28-pin package, can address
4-k bytes with one interrupt.

All the chips are single 5-v depletion-load devices
with on-chip clocks that operate with very fast 1-micro-
second cycle times. Moreover, all can handle 55 instruc-
tions, have 13 addressing modes. contain true indexing
capability, and come with direct memory access. And.,

90

since all the parts use the same software, they allow a
user to tailor his microprocessor selection to the size of
his system.

Recently. MOS Technology has announced several pe-
ripheral chips that work directly with the processor
chips. There's a combination RAM/ROM chip (6530)—
the first to incorporate RAM, ROM, 170, and an interval
timer on a single chip. It contains 1-k byte of ROM, 64
bytes of RAM, and two 8-bit bidirectional peripheral in-
terface ports. The timer is programable from the CPU
and has interrupt capability. Two other versions have
no ROM but twice the RAM content.

The only single-chip 8-bit bipolar microprocessor on
the market is the SMS 300, from Scientific Micro Sys-
tems Inc., Mountain View, Calif. A recently introduced
version cuts the original cycle time by 20% to 250 ns, so
that the device can now, for example, directly control
double-density floppy-disk units.

7 More performance

The 8-bit microprocessor has undoubtedly caught on—it
fits many of the controller and medium-sized data-han-
dling jobs that formerly went by default to mini-
computer designs. But the 8-bit word length can be a
handicap for large systems, where big bytes of memory
must be processed, or in high-performing data-acquisi-
tion systems where speed and high resolution are
needed. This is where the 16-bit microprocessor comes
in: its 16-bit words reach external memory locations two
bytes at a time, while its long words can easily accom-
modate the 10-, 12-, and 14-bit converter resolution
that’s standard for most systems.

National Semiconductor Corp. was the first semicon-
ductor manufacturer to recognize the value of the 16-bit
systems. In fact, the industry’s first microprocessor
above the 4-bit level was National’s IMP-16, introduced
in 1973 and still a viable product today. (The company
is redesigning the IMP-16 with bipolar technology for
ten times faster performance.) Though among the most
powerful and flexible, the IMP does, however, need
rather a large number of chips to implement most sys-
tems—the CPU alone uses five. The company therefore
began working on a single-chip version of IMP, produc-
ing another industry first—the one-chip 16-bit PACE.

The tirst 16-bit CPU on a chip

PACE is software-compatible with IMP and retains
many of its features. Like IMP, PACE provides 16-bit in-
struction and address processing plus a choice of either
8-bit or 16-bit data processing. In addition, many CPU-
related operations, for which IMP needed external TTL
packages, are included in the 40-pin PACE chip—tfor in-
stance, status and control registers, instruction branch-
ing, interrupt logic, and clock generation (although
some clock logic is still needed). Thus, a six-chip PACE
system, including a ROM for program control and four
1,024-bit RAMs with on-chip latches for data storage,
can run a powerful data“processing terminal containing
16-kilobits of program storage and 4-kilobits of data
RAM. Such a terminal would previously have needed ei-
ther dozens of TTL packages or, in an 8-bit micro-
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The only Double-Balanced Mixers

with a 2-YEAR GUARANTEE
featuring Hi-Rel tested diodes-

(500 pieces)
$9.95 (1-49)

still only

57.

[ %

*including diodes!
e T R

To earn your continuing support, we are now
employing HTRB Hi-Rel testing for every diode
used in the SRA-1, at no increase in cost to you.
So, for the same low price of $7.95, you can
purchase our SRA-1, with a two-year guarantee,
including diodes.

Yes, a two-year guarantee for DBM’s is now a
reality . . . made possibie by an accelerated-life
diode screening program adopted at Mini-Circuits.

Each Schottky diode used in Mini-Circuiis’
SRA-1 mixers is now preconditioned by the HTRB
(High Temperature Reverse Bias) technique, pre-

viously reserved almost exclusively for semicon-
ductors assigned to space applications. With
HTRB testing, each diode is operated for 168 hours
at 150°C with one volt reverse bias applied.

To ensure highest system reliability demand
highest quality diodes on your source-control
drawings and purchase orders. Specify SRA-1
mixers, with HTRB tested diodes from Mini- Cir-

cuits!.. where low price now goes hand-in-hand

To screen out “infant mortality”, the diodes are with unmatched quanty.

deliberately stressed to accelerate aging and to
force time-related failure modes to take their tcli.
In conventional testing or “‘baking”, the diode does
not experience anywhere near the stress encoun-
tered with the HTRB program. Hence, the abil ty

MODEL SRA-1 —— -
Freq. range (MHz) LO - 0 5:500. RF 0 5:500 IF dc-500

P P : _ . Conversion loss (dB Typ.  Max.
at Mini-Circuits’ to locate the potentially-unreliable Onélociave dromiband edge v 7%
diodes before they are assembled into SRA-1 units Total range 65 85
And, with double-balanced mixers, the overall re Jsolation (dB! Typ.  Min.
liability hinges almost entirely on the diodes used. Lower band edge fo LO-RF 50 35
one decdde higher LO-RF 45 30
Yes, the HTRB procedure costs us more ard Mid range LO-RF 45 30
screens out more devices. But our goal is to P —— R a2
. . e C - J
improve reliability to a level unmatched for off-the- neloctave W L0 30 20

shelf DBM’s at no increase in cost to our cus-
tomers. You — our customers by your overwhelm-
ing confidence in our product line have made us
the number one supplier of DBM’s in the world.

(3 Mini-Circuits Laboratory

A Div'sion Scientific Components Corp

Min. Electronic attenuation (20 mA) 3 dB
Signal, 1 dB compression level 4 | JBm
Impedance all ports 50 ohms

837-843 Utica Avenue. Brooklyn. NY 11203
(212) 342-2500 Int) Telex 620156
Domestic Telex 125460

International Representatives: AUSTRALIA General Ue:Nom: Ser ces 99 Alerarter Street New South Wales A .rala ENGLAND Da': Electrorics Dale House, Whart
Road frimley Green Carmberley Surrey FRANCE S D Rue Geory Sand alar ea franc GERMANY, AUSTRIA, SWITZERLAND Industnial
Eectrorics GMBh, Kluberstiasse 14, 600} Frankfurt Main, (ermany ISRAEL Veeronics dun Sireet., Tel Aviv ravl  JAPAN Densho Kaisha, 1td . Eguchi Building, 8

’4 Maynara Avenue  Utica NY 13500 hi 736 782! NETMERLAND.& BELGIUM, LUXEMBOURG

slo

1 Chone Hamamatsucho Minato ku. Tokyo EASTERN CANAOA B D Himmel
imex ., Hattem. Holland NORWAY Datamatik AS  Ostensjoveien 6

US DISTRIBUTORS: NORTHERN CALIFORNIA Cain White Co . Foothill Uffice Conter
Crown Electronics, 11440 Collins Street, No Holtywood, CA9 601 (213 877 3550

listing see MicroWaves

Veldwey Norway

Fremont Avenuve. Los Altos. CA 940, 1415 948 6533 SOUTHERN CALIFORNIA, ARIZONA

For complete product specifications and U.S. Rep. “Product Data Directory.” Electronic Designs' '*Gold Book™ or

Electronic Engineers Master "EEM"
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Announcing the Sykes
OEM Floppy System Kit.

An idea whose
time has come.

With our $1,398 kit and your imagination, nothing can stop you now.

Sooner or later someone was bound to
offer all the pieces-—a smart controller,
disk drives, interface cables

everything you need to bui:d the
machine of your dreams. Everything you
need to talk to your microprocessor.

And wouldn't you know Sykes would be
the company to put all the pieces
together for you in one kit?

THE KIT. The Sykes OEM Floppy
System Kit gives you either an IBM
compatible or Dual Density controller;
one, two, three or four floppy disk drives
per controller; interface cabdles from
controller to disk drive; haraware
interface for microprocessors.

PERFORMANCE. The heart of the kit, of
course, is our controller. It provides
hardware for what you ordirarily do in
software. It saves time and money in de-
veloping, documenting and maintaining
your system. You get the following
hardware features with either the IBM

compatible (256K Bytes per diskette) or

the Dual Density (630K Bytes/diskette)

controller:

e Hardware address search

e Automatic sector and track
sequencing

e FIFO buffer for asynchronous
operation

e Automatic CRC generation and
detection

PACKAGING. The packaging is unique;
the total controller is contained on a
single PC board and pancakes directly
to one disk drive giving you minimum
volume requirements for your overall
system.

INTERFACES ONLY AN OEM COULD
LOVE. When your microprocessor
interfaces with our OEM Floppy Kit you'll
use only 13 /O lines. That's right, just
13: 1 Reset line, 3 Control lines, 1 Flag
line and 8 Bi-directional data lines.

Our unique 8-bit Bi-directional bus is

con‘igured to transmit disk commands,
status and data. Its simplicity drastically
reduces the number of I/0 lines, and
connec:or requirements normally
required in disk interfaces.

If you are using a standard mini, we've
probably got a plug compatible
interface and software for that too.

PRICE. Just $1,398 buys you a single
drive kit at quantity one. Obviously.
attractive OEM quantity discounts are
available.

WE MANUFACTURE WHAT WE SELL.
Sykes rnanufactures all the elements of
our OEM Floppy Kit. Our disk drive has
been extensively field tested. with
several thousand of them in use right
now throughout the world.

SEND US YOUR AUTOGRAPH.
Drop us a brief note asking for more in-
formation on the OEM Floppy Kit. Or call
our marketing department at (716) 458-
8000. Telex 97-8326.

SYKES OATATRONICS INC.- 375 ORCHARD ST.: ROCHESTER, N.Y. 14606 * 716 458-8000 5 " “EE

TELEX 97-8326

Circle 92 onreader service card



processor-based design, longer programs, more memory
and more interface chips.

Indeed, because its 16-bit capability can process two
8-bit words at a time, PACE can supply faster through-
put to many designs now using 8-bit microprocessors.
Moreover, a 16-bit system can work with shorter pro-
grams using less memory. Clearly, a user must analyze
all system requirements—program length, memory, and
peripheral functions—before he can be certain whether
an 8- or a 16-bit design is better for his purposes.

For example, in complex, high-speed. data-process-
ing terminals or in large point-of-sale and industrial
process-control systems, an 8-bit CPU system may re-
quire double-precision arithmetic to attain the neces-
sary data accuracy. Moreover, in 8-bit designs. multiple
registers must be provided if 16-bit memory addresses
and multiple accesses to memory are used to fetch
muliibyte instructions.

Besides PACE, National supplies a set of matched LsI
chips that hook onto a TTL-compatible PACE bus system.
A typical PACE system is shown in Fig. 6. Included in
the family are a system timing element, for generating
the clock signals, and a bidirectional transceiver cle-
ment, for converting PACE’s p-channel MOS signals to
the TTL levels required by the TTL bus line. (These level
converters will be eliminated in n-MOS versions of PACE
that are in development.) Since the address and data
lines are multiplexed on the PACE CPU. there are also an
interface latch element, actually an 8-bit-wide demul-
tiplexer that selects and retransmits data outputs, and
an 8-bit address latch element, which does the same de-
multiplexing job for the address outputs. These system-
matched components. together with external ROM and
RAM, form the PACE 16-bit system. No TTL parts are
needed for most system designs.

Designed for power

An even more powerful 16-bit microprocessor is
Texas Instruments Inc.’s 9900, which was designed for
TU’s minicomputer division and is now available on a
microcomputer board or as a lone chip. Its use of ad-
vanced n-channel processing results in very fast (3-
megahertz) clock operation, and its minicomputer-like
CPU design results in efficient register-to-register com-
putation and direct memory-to-memory data transfer.

This method of handling data permitted the 9900 de-
signers to remove from the chip all general-purpose reg-
isters, along with their associated 16-bit parallel buses
(Fig. 7). Their functions are instead assigned to loca-
tions in external RAM, and room is made available for
several powerful special-purpose registers—accumu-
lators, pointers, index registers and the like.

This configuration has several advantages. For one,
the incorporation of working registers in memory pro-
duces a memory-to-memory architecture that makes for
very flexible programing. For another, the beefed-up
special-purpose or housekeeping registers enable the
CPU to handle up to 17 interrupts, 15 of them external
plus two pre-defined ones. (Four bits in the status regis-
ter store the priority of the interrupt currently being ser-
viced.) Also, seven addressing modes are available.

Finally. the 9900 has separate address and data bus
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lines, so that external demultiplexing devices are not
needed. unlike in the PACE system. The chip operates
efficiently with standard memories and many standard
peripheral circuits, whether TTL-compatible MOS pack-
ages or standard TTL circuits.

Clearly the architecture of the 9900 is fundamentally
different from most 8-bit general-purpose processors,
including the 8080 and 6800. Whereas the 8080 employs
conventional stack architecture, with the program and
data spaces in external memory, the 9900 puts not only
the program and data spaces but also the general-pur-
pose registers in external memory. There are two basic
advantages to such an architecture, especially for large
systems. First, the number of workspace register files is
not fixed, as it is on the 8080. Second, interrupt han-
dling can be very fast, since all data used in program
execution is contained in memory.

Another 16-bit microprocessor gaining in popularity
is General Instrument Corp.’s CP1600. It’s a more con-
ventional general-purpose CPU that can handle instruc-
tion cycles about as fast as the 9900, but keeps its work-
ing registers on the CPU. These eight 16-bit registers
operate either as accumulators or as memory stack
pointers, in this respect behaving very much as in RCA’s
1802 8-bit design.

A strength of the CP1600 is its sophisticated interrupt
system which yields fast service but has low hardware
and programing overhead. Both interrupt servicing and
priority programing within the CPU are handled by
stack processing on command from the stack pointer.

Finally, in the 16-bit area, the Western Corp. MCP
1600 microprocessor, which originally was designed for
DEC’s LSI-11 microcomputer, is also available as an in-
dependent device. Like the other 16-bit chips. it is an
n-channel MOS device that can be microprogramed for
control applications, or programed to emulate most
minicomputers. It differs from the other 16-bit designs
by its use of three matched LsI chips to make up the
processor: a data chip (1611B). a control chip (1612B),
and a ROM program chip.

The three chips are interconnected by an 18-bit mi-
croinstruction bus that provides bidirectional communi-
cations betweer. them for address and instructions. An
additional data-access bus uses a 16-bit port for com-
municating with memory. input/output devices. and
other system components.

The one-chip controller

Even while microprocessor manufacturers are mov-
ing up into the 16-bit minicomputer region. others are
extending the technology in the other direction to the
stand-alone controller. These new self-contained single-
chip controllers provide the cheapest solution to a host
of small control applications—in appliances. low-cost in-
struments, such as digital thermometers. and gear that
requires a minimal amount of data processing. such as
calculators, gas pumps. cash registers, and scales. Since
the level of performance required is not too high, even a
single low-cost chip can contain enough CPU. program
ROM. data RAM. and 1O capability to handle most
small-to-medium controller applications on its own. TI
and Rockwell already have 4-bit controller chips on the
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9. New talents. Programable peripheral circuits are extending the capabiiities of CPU-oriented microprocessor systems and at the same
time simplifying them. The programable interrupt controller (a) can handie up to eight vectored priority interrupts, while the programable di-
rect-memory controller (b) can access or deposit data directly from or into memory. Intei makes both for use with its 8080 family.

market, and other manufacturers are expected to an-
nounce 4- and 8-bit designs shortly.

But bear in mind, there is an overlap here. Clearly
minimum-chip microprocessors, like the F-8, SC/MP. or
the 9002, could be used to implement controller sys-
tems. But their processing power might be wasted in too

small an application—they’re better in configurations of

at least two and usually three or more chips.

The first single-chip processor to have been designed
specifically as a stand-alone controller is Rockwell’s
PPS-4/1. Several of these small microcomputers can
also act as peripheral controllers in large systems, such
as point-of-sale and communications terminals, to take
the load off the central processors.

Each PPS-4/1 chip contains 10,752 bits of read-only
memory, 384 bits of random-access memory, and 31 in-
put/output ports. That’s more on-chip 1/0 capability
than is available on the single-chip 4-bit controllers
originally developed for calculators. Also adding to the
chip’s versatility is a large set of 50 instructions and
compatibility with Rockwell's older general-purpose
PPS-4 and recent two-chip PPS-4/2 systems.

In more detail, the PPS-4/1’s program memory is a
1,344-by-8-bit mask-programable ROM while a 96-by-4-
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bit RAM provides data. parameter. and working storage.
Data is processed by the chip’s accumulator, function-
ing as the primary register, and five-register arith-
metic/logic unit, which, together with a carry register,
combine to perform either binary arithmetic or decimal
arithmetic.

The efticiency with which such a chip can serve a con-
troller is illustrated in Fig. 8. The microwave-oven con-
troller (Fig. 8a) needs in addition to the PPS 4/1 only
an 8-bit latch chip for the oven’s mechanical controls
blowers, stirrers; and so on. A 28-key matrix supplics
the controller inputs. while the strobe signals from
seven of the chip’s data output channels operate the 6-
digit display and indicator lights. The eighth data out-
put runs the latch. One interrupt line provides real-time
clock inputs for accurately measuring cooking time, and
the other interrupt provides an interlock input for turn-
ing off the oven when the door is open.

The cash-register design (Fig. 8b) shows how two or
more controller chips work in one system. Here one
PPS-4/1 operates as the main controller. the other oper-
ates as the printer controller, and the two communicate
over any of the input/output lines, helped by a 4-bit se-
rial shift register tied to the serial 1/0 lines of both chips.
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A more ambitious (and more expensive) single-chip
design is Intel's soon-to-be-available 8&-bit micro-
controller, the 8048. The Intel chip will contain all the
elements of a microcomputer—CPU, program ROM, data
RAM and 170. But it will be both more powerful. because
it contains an n-channel 8-bit ALU for handling over 80
instructions. and more flexible, because its on-chip con-
trol ROM is programable and alterable by the user. (In-
tel will also supply an unalterable version.)

The chip’s PROM, a 1,024-by-8-bit configuration, is
similar to the company’s recently introduced 2708
erasable read-only memory. which the user can erase
with ultraviolet light. Erasability has distinct advan-
tages. Not only can a system designer program his ROM
on the bench as his design progresses. but he may up-
date or change that program at any time afterwards
without exchanging one chip for another.

Besides the ALU, data registers, and PROM, the chip
contains a 512-bit static RAM for scratch-pad data han-
dling, a programable interval timer. and 170 channels.
Moreover, it can address up to 2,048 bits of external
RAM. Thus, a designer can use either the 8048’s own 64
bytes of RAM in stand-alone controller applications or
an external 256 bytes of RAM in more complex systems.

Besides being useful as a stand-alone controller. the
8048 works well as a peripheral controller in 8080 dis-
tributed processing systems. The powerful 8080 cpu
chip acts as the main microprocessor. handling the cen-
tral computation and providing the control signals
needed to run the peripheral controllers and program-
able 170 and interface circuits. In point-of-sale systems,
for example, several 8048s would provide the control
logic for cash registers. credit-card validators, and in-
ventory accounting, while the 8080 would handle the
number crunching and central processing operations.

While Intel alone will offer a field-programable 8-bit
controller, other suppliers are developing mask-pro-
gramable devices. Rockwell, for example, will soon
have a one-chip software-compatible controller (PPS-
8/1) for its PPS-8 product line, and National is develop-
ing a single-chip sC/MP system. Fairchild will offer a
one-chip 3860 controller for its F-8 line. Fairly typical
of this class, the 3860 will have 2 kilobytes of ROM, 64
bytes of RAM, 32 10 ports, interrupt capability, pro-
gramable timer, clock circuit, and power reset.

The bottom line: calculator types

Texas Instruments led the way in making the TMS
1000—originally developed for its line of programable
calculators—available as a stand-alone microcontroller.
Now other calculator firms, such as Rockwell and Na-
tional, are preparing calculator-type controller chips.
Generally smaller and cheaper than the more powerful
stand-alone 4- and 8-bit controllers, they work best in
slow-input equipment, like keyboards or clocks.

But the TMS 1000 is still quite powerful. Introduced
about |8 months ago. the p-MOS device is in heavy de-
mand as a high-volume low-cost 4-bit serial controller.
Several software-compatible versions are available: a
28-pin TMS 1000 with 1,024 bytes of ROM and 64 bytes
of RAM: a 40-pin TMS 1200 with more 1/0; the TMS
1070 and TMS 1270. which have high-voltage output
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capability for directly driving displays, and the TMS
1100 and TMS 1300. which have twice the memory of
the others. Tl also plans enhanced n-channel versions.

National’s line of 4-bit calculator-type controllers will
start at the high performance end with the MM758]1
and 5782 chip set. The first chip has 2-k bytes of ROM,
ROM address and control logic. and some 1/0: the sec-
ond chip contains the ALU, a programable-logic-array
instruction decoder, a 160-by-4-bit RAM, some RAM reg-
isters, and a serial 170 port. A lower-priced single-chip
combination, the MM5799, will offer 1,536 bytes of
ROM and 96 by 4 bits of RAM, and last in line will come
a very low-priced MM5734, with less memory.

Rockwell's calculator-like controller line is aimed at
applications below the capability of its single-chip PPS-
4/1 controller. Coming soon is the A76XX, which will
have about half the PPS-4/1’s ROM and RAM capability
and a slightly smaller instruction set. It is intended to
sell in the $5, high-volume range.

I/ Os with intelligence

While microprocessor suppliers are answering the call
for lower-cost controller chips on the one hand, they are
also satisfying the demand for more 170 and peripheral
flexibility in general-purpose systems. Rockwell, for ex-
ample. has paid close attention to 170 and peripheral
support. In its PPS-8 family, besides the CPU chip. clock
generators, and memory modules, there are a general-
purpose 1/0 chip, parallel-data, serial-data, direct-
memory-access and printer controllers, a telecommuni-
cations data interface, as well as a general-purpose key-
board/display and floppy-disk controllers, the last com-
patible with 1BM’s floppy disks. Again, all work directly
on CPU control at system clock and voltage levels.

Motorola and Intel have been actively adding power
and flexibility to their general-purpose 1/0 and periph-
eral devices. Since these chips can operate at TTL volt-
age levels, they will undoubtedly find markets outside
of those of their families, especially with the new bus-
oriented n-channel microprocessors.

The peripheral devices in Motorola’s 6800 system
have found wide acceptance in the industry. Included
are the peripheral interface adapter, the asynchronous
communications interface adapter. and the low-speed
modem. Working with the CPU (or MPU, as Motorola
calls it), ROM and RAMs, all on a single 5-v supply. these
peripheral chips can implement many systems with a
minimum of packages.

Intel's new 8080 peripheral devices have stirred inter-
est because they are all software- or 1/0-programable.
These programable chips complement a large number
of 170 devices, both TTL and MOS, that already are avail-
able, including an 8-bit 170 port, one-of-eight decoders,
a priority interrupt control unit, and a 4-bit bidirec-
tional bus driver.

Two of the programable chips are already available:
a peripheral interface and a communications interface.
Three others are coming: a programable interval timer,
DMaA controller, and interrupt controller (Fig. 9). The in-
terrupt controller can handle eight levels of requests,
and is expandable to configurations of up to 64 levels.
The interval timer is actually a group of three indepen-
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BIPOLAR MICROPROCESSORS COMPARED

AMD MMI Intel TI
Parameter Am2900 MM6701 3002 SBP0400

1

Slice width 4 bits 4 bits 2 bits 4 bits

Functions of !

arithmetic 8 8 about 6 | 16

logic unit |

Number of |

microcode 9 8 7 9

control inputs

Working 17 no ;9

registers |

Two-address Yes Yes ‘ No No

operation

Independent ’

shift and Yes Yes No Yes

arithmetic [

Cycle time

{register to 100 ns 200 ns 150 ns 1,000 ns

register, read, |

modify, write) \

Low
Technology power Schottky Schottky 12L
Schottky

Power

dissipation 092w 12w 1.45 W 0.13wW

{4 Ints)

Pin

connections 40 40 56 40

(4 bits)

dent 16-bit counters driven simply as I70 ports—instead
of setting up timing loops in system software, a pro-
gramer can now satisfy his system timing requirements
with a single chip.

Bit slices and microcomputer boards
While the MOS single-chip microprocessors are domi-
nating control and data processing in small. medium-
performance systems. the bipolar processor slices are
taking on the tough process-control and high-speed con-
troller jobs now handled by minicomputers.

Unlike MOS designs, a bipolar bit slice is only a sec-
tion of a central processing unit. It is not intended to op-
erate alone. A 16-bit computer design requires eight

2-bit slices or four 4-bit slices for the CPU, plus a host of

peripheral input and output packages. These are usu-
ally standard TTL circuits, which are not available in
low-cost LSI form and therefore add considerably to the
cost of the system. Finally. bit-slice-processor designs
generally require a lot of external memorv—up to 64
kilobytes and more—and memory is expensive. In fact,
a typical minicomputer CPU using the slice technique
may need 15 packages costing about $300.

Nevertheless, bit-slice activity is humming along.
with several families already on the market:
s For stand-alone controls and minicomputers there’s
TI's integrated-injection-logic low-performance 4-bit
processor slice. This chip. with 1,500 gates operating at
delays of 25 nanoseconds. works with TI's existing fam-
ily of TTL LSI processor parts. In addition, a 4-bit
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cLock | SOURCE DESTINATION
il & OPERANO OPERAND
REGISTER REGISTER
) \i
ROM/PROM BIPOLAR
MICROPROG RAM MICROPROCESSOR |-
MEMORY , SLICE
Y
MICROWORD
REGISTER " oaTA
l T" TRANSCEIVER [ ™ BUS
, BUS ADORESS
TRANSCEIVER [~ BUS
PRIORITY T CPU BUS CONTROL
INTERRUPT 1 conTroL ™ TRANSCEIVER [ Bus

10. However it's sliced . . . [n AMD's 2900 family of high-perform-
ance bipolar chips, the 4-bit processor slice is the key element in
minicomputer configurations. The powerful 11-chip system can
handle 16- or 32-bit-wide words for data-processing equipment.

Schottky TTL slice is to be introduced shortly. increasing
speeds inio the 1-to-10-nanosecond range.

® For high-speed processors and fast minicomputers
there are the 2-bit and 4-bit Schottky TTL slices pro-
duced by a growing number of bipolar-circuit manufac-
turers (Fairchild. AMD, MMIi. Raytheon. and Intel).
These generally emulate existing minicomputers.

® Finally, there are the highest-performing emitter-
coupled-logic processor slices for the control of big
mainframe memories. Motorola has already announced
a 4-bit ECL processor slice using its ECL 10K technology.

All this performance and flexibility do not come free.
Bit-slice microprocessor designs are considerably more
expensive than those built with MOS microprocessors.

The major asset of the bipolar LSI families is their
processing power. which is far greater than that
presently available from MOS microprocessors. By pack-
ing their processing power on several matched LSI chips,
they are easily expandable to 16-bit or even 32-bit word
lengths. and they can be microprogramed to handle the
most powerful high-level instruction sets available.

No matter how different each new bit-slice system
may appear, certain circuit blocks are common to them
all. Besides the processor slice itself, there are the func-
tions of control register. timing, slice-memory interface.
and carry look-ahead. The control register always con-
tains the logic necessary for microprogramable control.
[t includes a 2- or 4-bit-wide data path, which can be
expanded to larger words. plus enough storage and
logic to address and control the memory circuits. [t can
also handle status. branching. and interrupt functions.
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Color Sorts i ouit]

Fov more than forty years. ever since DuMornt introduced the
commercially produced cathode ray tube imset. anove: or
fessional users of high resclution CRTs have sworked with only
a part of their natura: visual capacity They have been limited
by single-color phosphor screens Multi-color screens have
been available. but only in low resolution shadow mask and
sirilar tubes

Now, with the introduction of DuMont's proprietary P49
color penetration phosphor screen, professional users can
have a vivid, four-color display AND high rasolution—reso-
lution comparable to that of high quality monochrome CRTs
—with superior contrast and clarity.

CCLOR sorts out camplex data. emphasizes
infermation. reduces operator fatigue Operators assimilate
color-classified data faster make accurate judgements more
quickly. reach decisiors 4and take actior ner than waer
working with monochrom:2 displays Input data procesc.or
can readily be programmead to detect input errors or rlci
codes and alert operators by a visual alarm signal

ritical prionty

We've shown an Air Traftic Control display. but it could just

as well have been for

Public utility power dispatching
Nuclear reactor status
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Municipal traffic control

Military command and contro/
Refinery/chemical process coritrol
Transportation control and dispatch

And most cornputer contrelled graphic display systems that
now use monochrome CRTs can be converted to color with
only minor hardware and programming change

Make vy present  or next display system more effective
with DuMcnt<. P49 high rasolutior r CR a for
nformatior atvout high-brightness or peaetration CRTs in
7es up 1o 25 diagonal  (201) 773-2000. Or write t
EEE
A seeUsal !
Subsidiary o THOMSON-CSF

No other company has as much CRT experience.

Electron
l I DI l Tubes & Devices
Corporation
750 Bloomfield Avenue [J Clifton, New Jersey 07015
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controlled

98

reader/spooler will read

1000 characters per second,

and still provide stop on character.
All of its reader/spooler functions,
such as starting,

stopping,

rewind speed (1500 c/s),

data output,

and interface timing

are controlled by a program
stored in

its microprocessor memory.

Its other advantages lie in the areas of
reading reliability,

high speea stopping,

programmed soft stopping,

the spooler system,

and equipment reliability.

It also includes

step and slew modes, and

1441 East Chestnut Avenue, Santa And, Cali‘ornia 92701

Circle 98 on reader service card

oprocessor

a priority interrupt mode.

And like other EECO readers

it boasts LED

and phototransistor optoelectronics,

a step motor drive,

a full tape-width barrel sprocket,
handshake interface logic,

and TTL and DTL compatible electronics.
But wait, we can’t sell you one now,
because it won't be shippable until

after the National Computer Conference?
We're telling you now

just so you

can make plans.

The best is yet to come.

*First public showing.

E=Sge =5

READERS/PACKAGING/SWITCHES

Phone 714/835-6000
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In the arithmetic/logic-unit block, the computational
logic sits side by side with data routing paths and the in-
put/output ports that handle the control-register inputs
and memory outputs. The timing function ties the other
functions together by providing the various clock phases
needed to drive all parts of the system.

But the systems generally differ in capability and
speed (see table on p. 96). Almost in dead heat are the
AMD 2900 and MMI 6700 designs. More points go to
the AMD system, which can operate twice as fast off less
power. Nevertheless, with 17 working ALU registers and
two address operations, both systems offer the digital
designer a large measure of high-quality design capabil-
ity at very reasonable costs.

AMD’s 4-bit slice is typical of processor-slice architec-
ture, since it includes a high-speed ALU, a 16-word-by-
4-bit two-port RAM (to handle the two-port address con-
figuration), and all the associated circuit blocks for
shifting, decoding and multiplexing. Crucial to the lay-
out is the 9-bit microinstruction word-decode block that
selects the ALU source operands, the required ALU func-
tion, and the ALU destination registers. Thus configured,
the microcontroller can be cascaded either with full
look-ahead logic capability or with ripple carry. Also. it
has three-stage outputs, and it can provide various
status flag outputs directly from the ALU.

Double address operation is made possible on the
CPU chip by the two-port RAM and an ALU fast enough
to handle concurrent input sequences in turn without
slowing up the system. Essentially, any of the 16 words

The let’s-get-acquainted kits |

An alternative to either buying microprocessors and
designing your own system or buying fully packaged
microcomputer boards is to buy an evaluation parts
kit. They're available from all the semiconductor man-
ufacturers as well as many independent sources. You
can use them to familiarize yourself with a device be-
fore committing to it, and they can even be used for
short production runs.

The kits typically include a CPU chip, a programable
ROM chip, a RAM chip, 170 interface devices, addi-
tional circuits to complete the computer, and a
printed-circuit board. Some semiconductor vendors
also offer self-teaching aids, such as RCA’s Micro-
tutor, MOS Technology's KIM-1, and Texas Instru-
ments' learning module. Such units will help an engi-
neer learn machine language.

Another type of source is an electronics distributor.
Cramer Electronics, for one, commissioned Micro-
computer Technique Inc., Reston, Va., to design a set
of parts kits called Cramerkits. Present versions use
some of the most popular microprocessor types: sev-
eral manufacturers’ 8080s, Motorola's 6800, Texas In-
struments’ 9900, RCA's 1802, and Mostek's F-8.

Also, don’t overlook the growing number of sup-
pliers of hobby kits, such as MITS Inc., Albuquerque,
N. Mex., with its Altair computers—the 8800, based on
the 8080, and the 680, based on the 6800. MITS, in
fact, is also active in software development, having
recently introduced a version of the Basic language
for interactive use on its computers.
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of the RAM can be read from one of its ports under con-
trol of the address field input selector. Meanwhile, data
from the other port is being read with the same code.
Both data groups then appear simultaneously at the
RAM port output for ALU processing.

Only 11 AMD chips are required to implement a typi-
cal central processing unit (Fig. 10). Four distinct data-
processing functions are needed—the microprocessor
slice, the 1/0 bus interface transceivers, the micropro-
gram control, and the CPU control, including priority in-
terrupt—plus whatever main memory is needed. These
11 chips replace about 200 TTL packages.

Motorola’s ECL 4-bit-wide CPU chip design is sliced
parallel to the data flow so that it, too, is fully ex-
pandable. The advantage of this approach is that the
system can be extended both laterally to any bit length
in increments of 4 bits and vertically. This kind of ECL
pipe-line design achieves very high data throughput—
rates of under 50 ns.

Configured somewhat differently from the Schottky
TTL units, the slice contains a mask-programable latch
network, the ALU., an accumulator, the shift network, in-
put and output bus controls, and associated inter-
connections. This configuration copies most mainframe
controller designs built with hardwired ECL packages.

To build or to buy?

Of course, engineers do have an alternative to putting
together their own microcomputers from what might be
a bewildering array of competing devices. For a reason-
able cost (considering the design time, assembly, and
testing), packaged microcomputer boards are available
from essentially three types of sources:
= Semiconductor companies themselves are offering
prototype boards and single-board microcomputers and
microprocessors. Most notable examples are Intel’s 8-bit
SBC 80/10 [ Electronics, Feb. 5, p. 77] and Texas Instru-
ments’ 16-bit 990/4 based on the 9900.
® Minicomputer manufacturers, growing concerned
about the impact of the microprocessor on their low-end
OEM business, have extended their lines downward.
Their major weapons in this battle will be the quantities
of development software that they have built up over
many years and their ability to offer customers the op-
tion of moving upward to more complex systems while
still maintaining software compatibility.
® Independent manufacturers of logic modules, such as
PCS Inc., Flint, Mich., Pro Log Corp., Monterey, Calif.
and Control Logic Inc., Natick, Mass., are offering mi-
crocomputers based on popular types of micro-
processors (mostly the 6800, 4040, and 8080). There is
also a host of smaller manufacturers who, having de-
signed a microcomputer for internal use, have decided
to try the microcomputer business. (With a micro-
processor, almost anyone can call himself a computer
manufacturer—and some of these companies will sur-
vive.)

There are many cost factors that may escape an engi-
neer’s notice in his flush of enthusiasm to get into mi-
croprocessor system designing. Besides extra hardware,
he should also consider cost of software development,
prototype test, incoming inspection, documentation,
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11. Minicomputer maker’'s answer. Digital Equipment Corp.’s LSI-
11 is a microcomputer built around custom MOS LS| chips. A mem-
ber of the PDP-11 family, it runs the standard software

production equipment, and special test equipment.

What an engineer must decide is whether he can do
the same design job, and manufacture, test, and support
his own microcomputers for less than he would have to
pay for someone else’s microcomputer. Intel, for ex-
ample, sells its SBC 80710 for $295 in quantities of 100
(single units are $493). Included, at that price, are the
8080A cru, 1 kilobyte of RAM, sockets (only) for 4
kilobytes of ROM, two 8255 170 devices allowing 48 pro-
gramable 1/0 lines, and interfaces (an 8251 serial inter-
face device for a programable communications line and
interfaces for an RS-232 peripheral or a teletypewriter,
plus clock circuitry and TTL circuits that are needed to
complete the computer).

Texas Instruments, which has been in the mini-
computer business for years, put it all together late last
year when it sprung its 9900 16-bit microprocessor, and
at the same time announced the 990/4 single-board mi-
crocomputer based on the 9900. For $512 in quantities
of 50, the 990/4 has the following major features: 8
kilobytes of memory, sockets for Z kilobytes of pro-
gramable ROM or static RAM, and 170 interfacing
through its communicat:ens register unit (CRU).

On the minicomputer front, Computer Automation
Inc., Irvine. Calif. was an early entry with its Naked
Milli, the LSI 3705, built with TTL Schottky circuits. Al-
though it does not use a microprocessor per se, its cost
puts it in the same ballpark with many of the other one-
board minicomputers. The CPU is built on a standard
RETMA half-board and sells for $295 in single units.
With 1,024 bits of memory on another half board, the
cost comes to about $400. Computer Automation is
proudest of its 170 interfacing scheme, which uses mi-
croprogramable circuitry to tailor the 1/0 lines to any
type serial or parallel peripheral device
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Digital Equipment Corp.’s LSI-11 is a 16-bit mini
built around four MOS microprocessor chips custom-
manufactured for DEC by Western Digital Corp. (But
the Maynard, Mass., firm will probably soon begin its
own production of the chips to serve as its own second
source.) The LSI-11, at $634 in 100 quantities, has a
4-kiloword RAM, a parallel 170 bus port, and other CPU
circuitry on an 8.5-by-10-inch board. Aside from having
the full weight of DEC’s reputation behind it, the LSI-11
also has the full range of PDP-11 software going for it.
More than about 20,000 PDP-11s of various sizes are in
use, and it is a familiar computer in many OEM plants.

The latest minicomputer manufacture to slip in a
one-board computer at its low end was Data General,
Southboro, Mass. For its microNova, Data General is
making its own 16-bit n-channel microprocessors in its
Sunnyvale, Calif., semiconductor facility. As a member
of the Nova family, the microNova runs all the already
developed software. With 4 kilowords of memory, it
sells for about $570 in 100 quantities. Data General also
says it will sell the microprocessor and memory chips
separately, but this does not necessarily put the com-
pany in direct competition with semiconductor manu-
tacturers. Users will likely first buy the complete boards.
Later, when the volume justifies it, or when a different
form factor is needed on the printed-circuit boards, the
user will buy the chips, and assemble and test his own
boards, still maintaining software compatibility.

At the other end of the microcomputer spectrum lie
boards produced by the independents. Pro Log, for ex-
ample, says it has the only logic processor system priced
below $100 (it’s $99 in quantities of 500). The system,
PLS-401A., is a 4004-based system that includes a crys-
tal clock, 80-character RAM, 16 lines of TTL input, 16
lines for output, and sockets for 1,024 words of memory.
Pro Log essentially spans the Intel microprocessor line,
offering computer boards with the 4040, 8008, and 8080,
but it also has a 6800 board. O

If you want to know more . . .
Most of the major microprocessors have been covered in the pages of Electronics
Intel 4004 “‘Standard parts and custom design merge nto tour-chip processor kit.”" Apri
24.1972,p 112
Motorola 6800 ‘“N-channel MOS technology yields new generation of microprocessors,
Apnl 18,1974, p. 88
Intel 8080 "'In switch to n-MOS, microprocessor gets 2-us cycle tme,” April 18, 1974,
p 95
Rockwell PPS-8- “Fast 8-bit microprocessor is versatile,”* June 27, 1974, p 149
National PACE * Single-chip microprocessor employs minicomputer word length,” Dec 26,
1974.p 87
Fairchild F-8 “Four-chip microprocessor family reduces system parts count.” March 6,
1975 p 87
Toshiba TLCS-12 'Twelve-bit microprocessor nears minicomputer performance level,
March 21,1974, p. 111
Intel 3000 *'Btpolar LS| computing elements usher in new era of digital design,” Sept. 5
1974, p 89
Texas Instruments SBP0400: “'I“L takes bipolar integration a significant step forward," Feb
6,1975,p 83
Monohithic Memornies 6701 **Schottky-TTL controller put on a chip.”” March 7, 1974, p 159
National SC/MP. “'Scamp microprocessor aims 1o replace mechanical logic,” Sept 18
1975 p 81

Information on software and design 1s provided in

Designing with microprocessors instead of wired logic asks more of designers.” Oct. 11
1973. p 91

High-level language simplities microcomputer programing,”* June 27, 1974, p 103

PLAs enhance digital processor speed and cut component count.” Aug. 8, 1974, p. 109

Preparation. the key to success with microprocessors,”” March 20. 1975, p 101
Microcomputer-development system achieves hardware-software harmony,”
1975.p 95

The ‘super component’: the one-board computer with programable 170, Feb. 5, 1976
p 77

May 29,

Copies of this special 1Issue may be ordered at $4.00 each Discounts are avaitable for quan-
ity orders To order or for more information, contact Electronics Reprints Department, P.O
Box 669. Hightstown, N. J 08520
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Some companies
calltwo IC Converters
acomplete line.

Now if they only had
the one you wanted.
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It’s hard to tell what's real and what's make he- A dozen or so more are in the wings which boast the
lieve nowadavs. With all the claims and connterclaims advantages of low power CNOS (m(l high stability
about 1C Converter capability, bi-polar construction. Analog Devices I( Converters

We want to set the record straight.

The Analog Devices 1C Converter expertise is ROoOO0 AN I“L_Elfl_l%_ij LA bl A075200
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reliability and performance, source of 1C Converters. We're the real company in
From the 10-bit CMOS DAC, AD7520, to the 12-bit precision measurement and control.

laser trimmed DAC's, the AD562 :and ADS63, and the

microprocessor compatible 13-bit CNMOS A/D Con-

verter, ADT550, vou'll find the right 1C Converter to ANALOG
meet vour s])cciﬁc needs. Thev're all available ina

variety of performance and package options. DEVICES

Making it real. [C production technology at

Analog Devices is what separates us from our compe- The req IC Con\/erter Comp(]ny
tition. Carefullv controlled processes ensure the | ) N 1 s
highest possible vield even on the most difficult chips. AREETHIRASIIE S TS NARSG R IS S aft Catinb) o

Fast Coast (617) 329-4700, Midwest: (312) 894-3300, West Coast: (213) 595-

Add the fuct that our IC Converters are true 1C Con- 1783, Texa: (214) 251-5094. Belginm: 03 38 27 07, Denmark: 9795 99, Eng-

verters specifically designed to maximize the ad- O L D el S
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minimum number of chips. Plus enr exclusive faser

trimming to guarantee 1C Converter performance and Circle 103 on reader service card
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MICROPROCESSORS

Software
becomes the
real challenge

Microprocessors simplify systems, but not the design
process. “Hardware development time drops nearly to
zero when you use a microprocessor. With the Intel
8008, we had a machine on the street in six months, and
then with the 8080, we went from parts layout directly
to final printed-circuit art work. But then the real design
job started—writing and debugging the programs,” says
Frank Trantanella, president of Tranti Systems, a N.
Billerica, Mass., maker of electronic cash registers.

Not all microprocessor system designs will involve so
little hardware effort, but it is true that software is be-
coming of major importance in systems based on the
device. The extent to which design engineers must im-
merse themselves in software-design methods depends
on the intended uses of the systems they are developing.

For example, programs in a traffic-light controller are
a matter of simple logic replacement, and probably
would not exceed 500-1,000 bytes, or about two 4,096-
bit chips of random-access-memory or read-only-
memory. In small business applications, however, data-
handling microprocessors masquerade as mini-

It's true that MIiCroprocessors
reduce hardware development time,
but the tough task for the designer
is now in programing and
debugging. Even for the more
experienced, software development
is tricky. Learning to pick the right
language level and how to work
with it efficiently is essential.

computers. They require more extensive programs, pos-
sibly running close to the 64-kilobyte limit of the 16-bit
address bus in most 8-bit microprocessors.

To varying degrees, engineers must become pro-
gramers when working with processors. For the more
complex systems, chances are they will share the work
with professional programers—computer-science spe-
cialists drawn into the field by the rapid boom in pro-
graming. But even then, they will have to learn the bas-
ics to take care of the peripheral-control tasks off-
loaded from the central processing unit.

Nearly every microprocessor manufacturer offers a
complete package of development software programs:
editors, simulators, monitors, assemblers, and, in a
growing number of cases, compilers (see “Software tools
aid program development,” opposite). Generally they
are available in three forms: in the manufacturer’s de-
velopment hardware; on magnetic tape for entry into a
user-owned larger computer (so-called cross-computer
programs), and from time-sharing services. Indepen-
dent software houses offer programs that are installed

Software packages. Typical of the support available from semiconductor vendors is the Signetics offering—a basic design module to try out
programs, manuals to help learn programing. and magnetic tapes with development software that can be run on larger in-house computers.




There are five main categories of software programing
tools for microcomputers; editors, translators (assem-
bters and compilers), loaders, simulators, and debug-
gers—each of which facilitates a stage of the develop-
ment of the system operating program. The following
capsule descriptions of each category are supplied by Ir-
ene M. Watson, a microcomputer consultant in Los Altos
Hills, Calif.

Editors: programs that take the source program, writ-
ten by the programer in assembly or high-level language
and entered through a keyboard or paper tape, and
transfer it to a “‘file”” in the computer's auxiliary memory,
such as magnetic disk or tape. The editor also acts on
special commands from the user to add, delete, or re-
place portions of the source program in the auxiliary
memory. Editors can vary significantly in the ease with
which they permit a user to make changes in the pro-
gram. For example, some editors can operate only on en-
tire lines in a program, whereas others can add, delete,
or replace arbitrary character strings in the program.
However, the less-sophisticated editors are usually easier
to learn to use.

Assemblers and compilers: programs that translate
source programs to object programs—the actual patterns
of bits interpreted by the computer. They also print a pro-
gram listing that displays, side-by-side, the source and
object versions of the program while giving error mes-
sages and other kinds of diagnostic information useful to
the programer.

Loaders: programs that transfer the object program
from an external medium, such as paper tape, to the mi-
crocomputer random-access memory. Some loaders also
convert a relocatable version of the object program to a
loadable version. A program might originally be assem-
bled to reside in the microcomputer memory starting at
address zero. If the compiler or assembler has allowed
the object program to be relocatable, the programer can
specify to the loader the program's new base address
and the loader will modify all addresses accordingly in
the object program.

Another feature that is sometimes available is linkage

Software tools aid program development

editing, which establishes the linkages between different
object programs that make reference to one another.
Linkage editing requires both a compiler or assembler
and a loader program that can communicate the appro-
priate information.

Simulators: cross-computer programs that allow the
user to test the object program by simulating the action of
the microcomputer when the actual circuitry is unavail-
able. Simulators often provide certain kinds of diagnostic
information unavailable with a debugger program (below)
running on the actual microcomputer; warning of the
overflow of a processor stack or of an attempt by the pro-
gram to write into a location in the read-only-memory, for
example.

They usually allow manipulation and display of the sim-
ulated microcomputer memory and central-processing-
unit registers; setting of break points, where processing
can be stopped at a certain program address or when the
program reads or writes into a specified memory location,
and tracing, in which each instruction in a certain ad-
dress range is printed out as it is executed. Often they
provide timing information, such as the number of in-
structions or machine cycles executed from program
start to stop.

The power of a simulator varies from manufacturer to
manufacturer, but it cannot completely replace program
testing on the microcomputer itself, because the specific
timing and external environmental conditions of the ac-
tual microcomputer hardware can never be completely
simulated.

Debuggers: programs that facilitate the testing of the
object program on the microcomputer and its input-out-
put devices. They usually accept commands from the
user to perform such functions as displaying or printing
out the contents of the microcomputer memories, or the
contents of the registers of the central processing unit;
modifying the RAM; starting execution of the object pro-
gram from a specific memory location, and setting a
break point or stop execution of the program when the in-
struction at a specific memory location is reached in the
program or when a given condition is met.

on time-sharing systems or sold for installation on an
in-house computer.

Several semiconductor companies also have estab-
lished libraries of programs contributed by users (“for
those people opposed to reinventing the wheel.” accord-
ing to Motorola Semiconductor’s software manager
Wes Patterson). However, care is needed when using
such programs, says Jerry L. Ogdin, president of Micro-
computer Technique, Reston, Va., a consulting firm.

He recommends novice users of such programs as-
sume the software to be a first draft that must be de-
bugged and tested just as if it were generated in-house.
Many of the programs, he says, are “redundant and er-
ror-laden, and many are naive solutions to well-under-
stood problems.” Nevertheless, the programs are avail-
able and could be useful with the proper precautions.

There may be a good argument for the available sup-
port software serving as the basis of choice between mi-
croprocessors, but the general industry practice is a de-
cision based on how well the devices fit the intended
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application. Then designers must decide how to pro-
gram the selected processor so that it fits perfectly.

Their first, tentative efforts probably will involve pro-
graming directly in machine language—the actual pat-
tern of bits interpreted by the device to perform its
functions. Such programing is done in hexadecimal
code, but the inherent tedium in translating instructions
into the generally unfamiliar code soon surfaces.

Assembly language offers the engineer the ability to
write instructions in mnemomic form, which he or she
can associate with the actual function being performed.
This is probably the most widely used method.

For such programing, many new hardware aids are
coming onto the market—systems that include a key-
board and a cathode-ray-tube display, or a printer, or
both, and magnetic tape or disk storage units. These
help the programer edit the programs and even to de-
bug them on the particular microprocessor selected for
the system (see the following article on design aids).

Not all assembler programs are the same, even if
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designed for the same device. Careful study should be
devoted to extra features such as the ability to use mac-
roinstructions (a name associated with a sequence of in-
structions, with the assembler substituting the sequence
of instructions every time the programer writes a state-
ment with this name), editing features, and the like.

Comparing assemblers

Irene M. Watson, a microcomputer consultant in Los
Altos Hills, Calif., recently completed a study compar-
ing the characteristics of various assemblers. She points
out the following major features to look for:
® A format that is easy to use, read. and understand is
essential. For example. the programer should be able to
set up his own format for the fields in each statement,
and the assembler should not reject a statement because
a particular field is started in the wrong column.
® The assembler should accept symbols for variable
data quantities and addresses, rather than insisting on
actual representation. Along with this goes the ability to
translate data constants provided in the form most
meaningful to the programer—hexadecimal, ASCII code,
or whatever.
® |t should be able to handle arithmetic or logic expres-
sions as operands, and then evaluate the expression and
use the result as the operand value of the statement.

8 Assemblers should be able to provide an alphabetical
listing of symbols and their numerical values (usually a
hexadecimal number). Similarly, they should be able to
produce an alphabetically sorted cross-reference listing
for each symbol in the program. along with the state-
ment defining the symbol, and the statement refering to
each symbol.

® The assembler should flag any source-program state-
ments that violate assembly-language syntax rules. Er-
ror statements should, whenever possible, indicate the
specific statement or field containing the error. They
should not abort at the first error, but should flag it.
place a skeleton instruction in the object code with the
incorrect field set to zero, and continue as much of the
program translation as possible.

® [t should provide a macroinstruction facility in which
variable parameters can be included in the macro state-
ment and automatically inserted in the proper places in
the instructions it defines. Assemblers can be compared
on the basis of the number of macroinstructions that
can be defined in a program, the total number of char-
acters that can be included in all macroinstructions in
the program, the level to which macro calls can be
nested in macro bodies, and the number of parameters
permitted for each macroinstruction.

The chief advantage of assembly-language program-
ing is that it allows the designer to make maximum use
of the microprocessor’s capabilities. However. when
programs get large—say beyond 2,000 bytes or between
500 or 1.000 program lines—it becomes difficult for any
programer to maintain the overall flow without errors
inevitably creeping in.

Many subtle errors show up only under rare combi-
nations of conditions, and thus nearly every program
must be assumed to have undiscovered bugs that will
have to be corrected later. Yet other engineers and
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maintenance personnel may have difficulty under-
standing the intentions of the original programer be-
cause of the shorthand nature of assembly language.
Therefore it is important to keep good documentation
of the program-writing process. showing the program in
clear, understandable detail.

To forestall unintelligibility and to speed programing,
languages appeared that are closer to standard English,
the so-called high-level languages such as Fortran and
Basic. Although they are widely known, problem-solv-
ing languages for use in computer applications involv-
ing computations, they have not been often used in de-
signing microprocessor systems. Instead, manufacturers
of microprocessors have emphasized systems-program-
ing languages better suited to equipment design—han-
dling inputs and outputs, managing internal resources,
and so on.

Enter PL/M

The first such language developed especially for mi-
croprocessors was Intel’s PL/M [Electronics, June 27,
1974, p. 103]. It is derived from PL/1 , a problem-solving
language developed by some 1BM-computer users in the
mid 1960s for business and scientific calculations.

Intel's PL/M compiler itself is a Fortran IV program,
and will run on any 32-bit host processor. It also is
available on time-sharing networks. Many new PL/M-
type compilers are being designed to run on 16-bit
minis, more widely available to engineers.

The language was formulated to help designers using
Intel’s 8008 chip. When the 8080 appeared. it was modi-
fied slightly to cover that device as well. Since its intro-
duction, it has been improved many times—"There’s
been an average of one revision a month.” says Intel’s
Paul Rosenfeld. software product manager for micro-
computer systems.

The major problem with any high-level language is
that the compiler takes over the job of optimizing the
program by cutting out duplications and so on. Pro-
gramers, in a sense, get further away from the micro-
processor and cannot perform the same tricks of pro-
cessing that they can with assembly language. Nor can
the program be as concise. so memory requirements are
larger. It amounts to a tradeoff: less efficiency. but easy
use of language and good documentation.

“Each user decides whether it's efficient enough.”
Rosenfeld says. “Some customers, when they start, gen-
erate twice as much code as they would with assembly
language, but in six months, they usually are down to
1.5 to 1. Here at Intel. we get in the 10-to-25% range.”
But programing takes one-fourth to one-fifth the time of
assembly-language, according to the firm.

One important factor in the choice between assembly
and high-level languages is the number of systems that
will be produced. For high volumes, the addition of just
one extra memory chip to each system could raise the
overall cost to a noncompetitive level. (According to a
corollary of Murphy's law, any program written for a
high-volume system will turn out to be a few bytes be-
yond the capacity of a given'number of memory chips,
o an extra chip is always a possibility.)

With assembly language. it is much easier to redo
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COMPLETED READ DNLY MEMORY PROGRAM

HAND ASSEMBLY

Advantages
® Relatively fast for small programs
® No assembler processing time
® No equipment costs
® Results entered directly into programer for
read-only memories
Disadvantages
® Slow and tedious for larger programs
® Very difficult to expand or contract program once written
® Error-prone
® Assembler-tested error conditions go unchecked
When to use
® OK for small jobs
® As an alternative to assembler processing when the
assembler is not readily accessible

MACROINSTRUCTIONS

Advantages
@ Repeated small groups of instructions replaced by one macro
® Errors in macros need be corrected only once, in the
definition
® Duplication of effort reduced
® (n effect, new instructions can be created
® Programing is made easier, less error-prone
Disadvantages
® Macros are not subroutines — every time a macro name is used,
storage space is required for the defined instructions
When to use
® To replace small groups of instructions not worthy
of subroutines
® To create a higher instruction set for specific applications or
for compatibility with other computers
® Caution: whenever possible use sub-outines, not macros

ASSEMBLY LANGUAGE PROGRAMING

Advantages
® Symbolic references
® Revisions easily incorporated with reassemblies
® Symbolic code easier to read
® Programing aids included
® Values can be parameterized (table sizes, input/output
port assignment)
® Error checking included
Disadvantages
® Assembler system required (development hardware,
terminal)
® Some assembly processes are slow
® Assembly language rules and formats must be learned
When to use
® Usually recommended for instruction-level coding

A

HIGH-LEVEL LANGUAGE

Advantages

® Better control of software

® Reduced programing cost

® Faster programing

® Well suited to program solving

® Seif-documenting

® Easier maintenance

® Transferability avoids reprograming
Disadvantages

® Bigger programs - compilation efficiency

® Cost of compilation

® Programing experience required for good results
When to use

® For larger programs 1,000 bytes or more

® For low-volume products or prototype systems

® For production systems when experience warrants

Design routes, pros, cons. There are many approaches to software design, shown by the chart tracing development steps. Similarly, there
are advantages and disadvantages for each method of programing. (From course material prepared by Integrated Computer Systems, Inc.)
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Linking up. Typical of charts describing software is the operation of
the macroinstruction assembler and linkage editor from Motorola
Semiconductor. Object code produced by the assembiler enters link-
age editor with other programs to produce the final code

portions of the program to reduce the memory usage to
fit into the desired number of memory chips. High-level
language is best for lower-volume products where fast
design turnaround is desirable and where the cost of an
extra memory chip can be absorbed in favor of com-
petitive advantages.

Making changes in PL/M

One of the largest users of PL/M outside of Intel is Sy-
cor, Inc., Ann Arbor, Mich., a manufacturer of intelii-
gent terminals. Sycor committed itself to the language
about a year and half ago, according to software head
Geoffrey Leach. But, he says, “in a sense that commit-
ment was somewhat ill-advised. because the state of the
Intel PL/M at that point was somewhat less than solid."”

So the firm went its own way and made a number of
improvements to the compiler. Now, compared with the
early versions of the language, Leach says, “we feel we
have achieved a 30% reduction in the amount of code
the compiler produces.”

Sycor uses its home-brewed version almost exclu-
sively for all programing of 8080-based systems and
does little in assembly language. “For the amount of
software that we produce, the programer productivity in
assembly language was not sufficiently high to aliow us
to make our delivery schedules.” Leach says.

These are large programs—typically for a fully con-
figured system, the program runs to about 48 or 56
kilobytes of stored code. I don't think our programs
would be any smaller than if we had the same people
do them in assembly language,” he says. “'l have to ad-
mit this is one of my favorite soap boxes.

“Programing in higher-level languages is often
faulted on the grounds that much better code can be
written in assembly language. But if you ask the person
making that criticism to sit down and code a 48-kilobyte
system in assembly language, you will find him making
compromises, missing organizational structures, gener-
ally doing things which introduce extra code. That's
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why I say that for an average programer over a year |
don’t think we have necessarily lost anything in using
PL/M.”

The next system programing language to appear
from a semiconductor manufacturer was the recently
announced MPL, also a descendant of PL/1, from Mo-
torola Semiconductor. The MPL compiler produces as-
sembly language (the PL/M produces machine-level ob-
ject language) and must be run through an assembler to
generate the object language.

Motorola says this feature allows the user to study the
assembly-language program for possible refinements
before generating the final object code. This is “both a
blessing and a curse” says Motorola’s Wes Patterson,
because the need to use an assembler results in a longer
run on a computer.

MPL also allows the programer to drop down from
high-level language to assembly language in those areas
where he feels it is important to conserve memory
space. This may be useful, but the user must know how
fully the compiler can take advantage of the micro-
processor’s ability to streamline instructions and save
memory space.

However, the ability to drop into assembly language
can be too much of a temptation for some programers
to resist, according to Gary Kildall, the consultant pri-
marily responsible for the original PL/M. He likens it to
“having a parachute while flying a plane—you may bail
out too soon.”

The assembly language pollutes the program, he says,
because, when the programer drops into assembly lan-
guage. chances are others will have difficulty under-
standing what he was trying to do. With pL/M, Kildall
points out, assembly language could be used to simplify
particular parts of the program, but it is included as a
subroutine, called by a high-level statement. This in-
creases the overhead by the three bytes of the call, but it
vastly increases the understandability, he says.

Other PL/M-type high-level-language compilers avail-
able, or just over the horizon are:
® SMPL, intended for use on National Semiconductor’s
IMP-16 devices, with another version due soon for
PACE. another of the firm’s microprocessors.
® PL/M 6800, written by Intermetrics. Cambridge,
Mass., for the 6800.
® pL/W, written by Wintek Corp., Lafayette, Ind., for
the 6800.
® pLus, for the Signetics 2650, developed primarily by
Kildall.
® PL/7, soon to come for the Z-80 of Zilog, Los Altos,
Calif.

Various versions of Basic have also been written for
the 8080 and other devices. Fortran compilers also are
on the way from such sources as Zeno Systems, Santa
Monica, Calif., and the Boston Systems Office, Boston,
Mass. Many engineers point out that there is greater fa-
miliarity with these high-level languages because of
their prevalence in minicomputers—so why switch to the
PL/1 derivatives? However, there is a noticable band-
wagon effect shaping up. Just as the 8080’s head start
led to its wide adoption, PL/M and its cousins threaten
to become a de facto standard. |
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We kept them trim by
controlling their appetites

SorEnsl

oCR 390-1 58

New Sorensen power supplies eat fewer watts and
have slimmer figures. They’re highly efficient and
occupy minimum space in your cabinet or rack.

Forty modular switchers in the STM series
for OEMs, from 75 to 750 watts at efficiencies up to
79%. Thirty-two improved DCR regulated supplies
for labs and systems from 500 to 2800 watts. Over

100 other power supply products too, including
precision supplies with high speed programming
capability and digital-to-analog programmer inter-
faces for computer control.

Get the complete catalog of physically fit
power supplies from Sorensen,a Raytheon Company,
676 Island Pond Road, Manchester, N.H. 03103.
(603)668-4500.

SURENSEN

POWER SUPPLIES

-
[A Raytheon Company |
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VSMF helps you manage change for profit...

With a System for Thus they can work together more fabrication procedures. Through

. efticiently to solve design and pro- IC/PR—indexed by device number
Selectlng the best duction problems and by characteristics—they can
The VSMF Integrated Circuit quickly determine if a suitable com
Com O“e“ts at Parameter Retrieval Service (IC/PR) is ponent is available. ara which alterna
p a good example. To the designer, the tive is acceptable Trade-offs aren't so
the Iowest COSt “best component” is the one matcning difficult to weigr wiher you have al
° his ideal circuit parameters. But the the facts
What's "Best?” What's "Lowest Cost?" production engineer maintains that
Ask engineers in design. R & D, manu- "best" is the one most efficient in his

facturing. QA. and purchasing. and
you'll get five different definitions. As
a manager, it's your responsibility to
resolve those opinions into a con-
sensus to produce a competitive
product on schedule. in volume. at a
profit. No small task

But that's precisely what Visual
Search Microfilm Files from Informa-
tion Handling Services will help you
accomplish

VSMF" is a technical reference
data system containing current prod
uct data sheets and catalogs, govern-
ment and military specifications and
regulations, and industry standards
VSMF keeps your engineers abreast
of the most recent developments in
industry and government. It also pro-
vides them with an eftective means of
communicating product and standards
information among themselves




Or lock &t it this way. Through RFQ’s.

your purchasirg ageant finds what

appears to be the bast volume price
But test ana standards engineers dis
cover that thouyh the irial shipment

meets specs. hand selection appears
necessary. Using IC/PR, they can
scan all the data sheets to see if other
supphers guarantee tighter specs that
will eliminate this costly procedure
These are but two, narrow examples
of how VSMF will help your staff cre
atively manage changing technology
Likewise. they can use VSMF to better
manage growing government regula-
tions. component shortages. and
fluctuating prices. So you control the

The First Place To Look

situation —with the capability toshorten
lead-times, avoid production bottle-
necks, and raise margins

With more than 4 million pages of
vital technical data. organized into 91
specialized microfilm libraries, IHS
can put together the reference system
best suited to your organization
Depending on your needs, you may
select Design Engineering Services —
including IC and Semiconductor
Parameter Retrieval, Military Speci-
fications and Standards Services: and
Industry Standards Services —with the
latest IEEE, EIA, ANSI, and UL
standards

IHS keeps this information current
with regular, automatic updating, and
provides a unigue computer-created
index that enables your engineers to
find any document in a matter of sec-
onds. In sum. it's the most complete
current, and efficient single source of
technical information available

For details on how VSMF can help
your company manage change profit-
ably, circle the reader service number
below, or call IHS directly

Information Handling Services,
Denver Technological Center. P.O
Box 1154, Englewood, CO 80110. Tele-
phone 303-771-2600, Extension 101

s/l Information Handling Senrvices

An Indian Head Company

Circle 111 on reader service card
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MOSTEK MK 4096
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go on this 2-layer board

and work as they should!

... and these weren’t needed!
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Rogers Application Note No. 1976 tells the full
story of how Mini/Bus makes PCB space-saving
design easier, eliminates multi-layer PCBs, drasti-
cally reduces use of de-coupling capacitors.
Write or call for a copy, so you'll know what
others know!

¢ Rogers Corporation 1976

® ROGERS CORPORATION

Chandler, AZ 85224 (602) 963-4584
Electronics/April 15, 1976

Microprocessor
reliability, too!

This is the ““Summary’ in Application
Note 1976, referred to at left:

“Contrary to popular belief, MOS<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>