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Find switcher efficiency
without a wattmeter

Top-octave generators
make your products sing

Why all the fuss

_ about PASCAL?
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Around the corner or off

the beaten path,
well get answers
for you fast.

You don’t have to live on Main Street to get express
service from Hollingsworth. We're a service-oriented
company. And that means fast attention to your
problems, whatever they are and wherever you are.
When you give us a problem, it starts a lot of

Hollingsworth people galloping. Start with your
Hollingsworth man for immediate answers. And for
more help, use the assistance of Hollingsworth'’s
applications engineers. They're waiting for your call.

Fast service is one reason Hollingsworth is growing
at a faster rate than any other terminal manufacturer.
But it's not the only reason. High-quality, attractive
pricing, delivery when you need it, and a complete
line of terminals and matched tools are others.

No horsing around!

Test us by calling your Hollingsworth man with
your problem now. He's listed in the Yellow Pages.
Or write for our new terminal and connector catalog.
Hollingsworth Solderless Terminal Company, 85
Benjamin Franklin Highway, Pottstown, PA 19464.




High-level (+17dBm LO)

Test conditions
RF 1 =200 MHz, RF 2 = 202 MHz at 0dBm
LO =180 MHz at+17 dBm

Special Features:

® Wide bandwidth MODEL TAK-1H (5-24)

50kHz — 1000 MHz

e 1dB compression point +15 dBm
® Low insertion loss 6dB

¢ High isolation,

Signal
greater than 45dB I B \
i Conv. compr. £
loss evel ze

® 3 connector versions, Mol Fren (B GBm Com. (wileh)  Pries

5 . No. (MHz) max) min.) nections (in.) Qty.)
2 pin versions TFMIH 2 — 500 85 +14  4pins  021x05x025 $23.95(524)
TFM2H 5 — 1000 10 +14  4pins  021x0.5x025 $3195(5-24)
TFM3H 01250 85 +13  4pins  021x0.5x025 $23.95(5-24)
NOW. . . improve your systems TAKIH 2 —500 B85 +14  Bpins  04x08x025 $19.95(524)
3 @ TAKIWH 5 — 750 90 +14  8pins 0.4x08x025  $23.95(5-24)
intermod spec by as much as 10dB TAKSH  005-300 85 +13  Bpins  04x08x025 $§21.95(5-20)

3 o TN G

guaranteed. . . specify Mini-Circuits ZADISH 2 —500 85 14 BNC TNC 115x2.25x140 $40.95(4-24)

-Of - -art - low di 1 ZAD-IWSH 5 — 750 90 +14 BNC,TNC 1.15x2.25x1.40 $44.95(4-24)
state-of-the ultra- distortion ZAD-3SH  005-300 85 +13 BNC,TNC 1.15x2.25x1.40 $42.95(4-24)

Double-Balanced Mixers. Prices start at

. ZLWISH 2 — 500 85 +14 SMA 088x150x1.15 $50.95(4-24)
an unbelievable low $19.95. ® ZIW-IWSH 5 — 750 90 +14 SMA 0.88x1.50x 1.15 $54.95(4-24)
With oﬁ'the'shelf delivery ZIW-3SH 005300 85 +13 SMA 0.88x1.50x1.15 $52.95(4-24)

ZFM-1H 2 — 500 85 +14 BNC,TNC 1.25x1.25x0.75 $53.95(1-24)

SMA,N
For c(m‘plete speciﬁcations, ZFM-2H 5 —1000 10 +14 Bg:{:C 1.25x1.25x0.75 $61.95(1-24)
performance curves and application ZFM3H  005-300 85 +13 BNCTNC 125x1.25x0.75 $54.95(1-24)
. . o ) SMAN
information, ref(.ar to 78-79 MicroWaves T
Product Data Directory (pgs 161-352) \BNC standard, TNC on request. Type N and SMA $5.00 additional j
or EEM (pgs 2890-3058).
Worid 5 ldrgest manutacturer of Double Balanced Mixers

Ultra-low distortion

- - = -
2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 m M l n "c‘rcu Its

Domestic and International Telex 125460 International Telex 620156 A Division of Scientitic Components Corp

O AFRICA: Afitra (PTY) Ltd, P.O Box 9813, Jchannesburg 2000, South Africa. O AUSTRALIA: General Electronic Service, 99 Alexander St, New
South Wales Ausnaha 2065. O EASTERN CANADA: B.D. Hummel, 2224 Maynard Ave.. Utica, NY 13502. 0 ENGLAND: Dale Electronics Ltd . Dale House, Wharf Road. Frimley Green,
Camberley Surrey, United Kingdom. O FRANCE: SC1E-DIMES . 31 Rue George-Sand. 91120 Palaiseau, France. 0 GERMANY, AUSTRIA, SWITZERLAND, DENMARK: Industrial
Electronics GMBH. 6000 Frankfurt Main. Kiuberstrasse 14. West Germany [ INDIA: Gaekwar Enterprises, Kamal Mahal, 17 M.L. Dahanukar Marg. Bombay 400 026, India
O ISRAEL: Vectronics Ltd.. 69 Gordon St. Tel-Aviv, Israel O JAPAN: Densho Kaisha. Ltd., Eguchi Building 8-1 1-Chome, Hamamatsucho Minato-Ku, Tokyo, Japan
O NETHERLANDS, LUXEMBOURG, BELGIUM: BV Technische Handeisonderneming. COIMEX, P.O. Box 19, 8050 AA Hattem, Holland. 0 NORWAY: Datamatick As, Postboks 111
BRYN, Oslo 6, Osjensjoveien 62. Norway. O SINGAPORE & MALAYSIA: Electronics Trading Co. (PTE) Ltd. Suites C13, C22 & C23 (1st Floor), President Hotel Shopping Complex,
181 Kitchener Road. Singapore-8. Republic of Singapore O SWEDEN: Integrerad Elektronik AB. Box 43 S-182 51, Djursholm. Sweden

U.S. Distributors: ) NORTHERN CALIFORNIA: Pen Stock. 105 Fremont Ave . Los Altos. CA 94022, Tel (415) 948-6533 O SOUTHERN CALIFORNIA, ARIZONA: Crown Electronics.
11440 Collins St.. N. Hollywood. CA 91601. Tel (213) 877-3550. 0 METROPOLITAN NEW YORK, NORTHERN NEW JERSEY, WESTCHESTER COUNTY: Microwave Distributors,
61 Mall Drive. Commack. NY 11725, Tel: (516) 543-4771 G36/REV/B 0OOO
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Guaranteed Compatible!
S-100 Bus OEM Boards

From SD Systems at reasonable prices
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Video Display Board (VDB-8024)

.....
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Flexible Disk Drive Controller (Versaﬂoppy)
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64K Random Access Memory (ExpandoRAM)

(.

ASSEMBLED TESTED AND FULLY BURNED IN

The search is over for the convenience of S-100 Bus The ExpandoRAM is available in 16, 32, 48, or 64K
Computer boards that are really compatible and de- versions using 4116 RAMS. The population can be in-
pendable. State-of-the-Art engineering, outstanding creased in the field at a future point if requirements
flexibility, rapid delivery, and low costs make the SD change. Featuring Switch selectable boundaries, Bank
Systems computer boards the best OEM buy. The SBC- Selectable Write Protect and using less than 5 watts, the
100 Single Board Computer is based on the Z80 mi- ExpandoRAM is more reliable memory for the money
croprocessor. Up to 8K of 2716 PROM, Serial RS-232 than any other OEM board. Versafioppy, Flexible Disk
Port, Parallel Input/Output Ports, Software ((————J ———) Drive Controller with IBM 3740 soft sector-
programmable baud rate generator, Four (ﬁ t ]’] .ed format compatibility controls up to four
channel counter/timer, and 1K of RAM, all = T ~— single or double sided disk drives either mini
on-board. VDB-8024 Video Display Board or standard size. Full Line Software includes
features an on-board Z80 microprocessor for maximum Editor, Z80 Assembiler, Linker, C-Basic, Complete Busi-
flexibility in video control. 80 characters by 24 lines, ness Packages, System Diagnostic and Control Software
displayed with high resolution on a 7x 10 dot matrix. and Disk Operating System. PROM Programming Soft-
On-board Keyboard power and interface, 2K memory ware and Hardware also available. Circle the reader
and a glich-free display by use of /O mapped interface service number for full Technical Data. . . or call toll free to
make this board the most superior board on the market. our Customer Service Department: 800-527-3460.

POST OFFICE BOX 28810 — DALLAS, TEXAS 75228 800-527-3460 — 214-271-4667 — TELEX 73-0151

For more information, Circle No 3
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Optoisolators find use in a variety of
new applications (pg 48).

a host of opportunities—and some
dilemmas (pg 78).
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On the cover: A xC development sys-
tem is the cornerstone of effective
system design (pg 62). (Photo courtesy
Advanced Micro Computers)
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SPECIAL REPORT

»C development systems .................ccoiiiii 62
No two development systems are alike, but no two development tasks
are, either. The ideal system remains flexible.

Top-octave generators make beautiful music .......................... 71
Add musical sounds with top-octave generators—uP-controllable chips
providing in-tune, multiple-frequency outputs.

SPECIAL REPORT: PASCAL
PASCAL has now become the darling of commercial computer makers
and users. Why this enthusiasm ? What can it do for you?

Measure switcher efficiency without a wattmeter .................... 87
Although switching power supplies draw pulsed ac currents, vou don't
need a wattmeter to measure their efficiency.

Synchronous static CMOS RAMs increase .C performance ..93
It’s a challenge to design a RAM array with svnchronous memories,
but many Cs can benefit from their use.

Learn the peculiarities of low-end-.C architectures .............. 99

The odd architectures and instruction sets of low-end, calculator-based
1-chip xCs can be very cost effective.
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Conversion circuit handles binary or BCD . . . Comparator detects
frequency . . . Op amp provides linear current source . . . Single

chip converts BCD to binary . .. Flip flop provides long delay.
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New production means will spur solar-cell use
Switching-power-supply improvements will dominate Powercon 6
. . . 64-pin-chip packaging developers offer an alternative to JEDEC
standard . . . Versatile optoisolators, couplers move into new
applications.
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Sixth Sense for 8086 Users.

Intel delivers ICE-86 ‘emulator, the designer’s direct
diagnostic connection to 8086 system development.

Intel’s new 8086 sets the standard
for 16-bit microcomputers. It delivers
the Architecture of the Future today,
high-level languages for programming
and the Intellec® development system
for unsurpassed support.

Now that support moves even
further out in front. Introducing the
ICE-86 module. Experienced micro-
computer designers have learned that
having a development system with
in-circuit emulation — [CE —is like
having a vital sixth sense. Only ICE
emulation provides designers
with the real insight in actual
system operation abso-
lutely necessary for cost
effective, efficient
product develop-
ment. Now Intel

delivers that
sixth sense for

8086 users.

ICE-86™ puts

the future in
your hands
The 8086’s early
availability provides the
opportunity to get your new
products to market a year or more
ahead of your competitors who wait
for follow-on 16-bit microprocessors.
Only Intel delivers the future today.

The Intellec development g
system with in-circuit emula-
tion enables you to seize that
opportunity. You can actually
begin software development
and debugging in an 8086
environment before any proto-
type hardware exists. Or you
can use the ICE-86 module to
begin simultaneous hardware
and software development and
integration while your system is
little more than an 8086 cpu and
system clock.
The ICE-86 cable plugs into your

system cpu socket to provide emulation
of system operation, up to the full mega-

byte of memory the 8086 can address.

Communicate in English, or
symbolic references.

The ICE-86 emulator is actually
a complex breakpoint and logic trace
system supporting the most advanced
symbolic debugging techniques.
English-like statements or symbolic
references entered at the Intellec
keyboard eliminate the need to search
memory maps, keep track of address
changes or get bogged down in the
details of system operation.

And the ICE-86 emulator’s
powerful logic analysis capability
helps find the cause and correct the
problem when bugs do appear.

PL/M-86 for the Architecture
of the Future.

The most powerful microcomputer
ever deserves the most powerful
microcomputer programming lan-
guage. That's PL/M-86, an extension
of the world’s most widely used
development language.

PL/M-86 is an ideal example of
the block-structured languages the
8086’ futuristic architecture can sup-
port. It gives you 32-bit floating point
arithmetic and 16-bit signed integer
arithmetic. And it takes full advantage
of the program-compacting features
of the 8086, such as hardware multiply

and divide and byte-
string operations.

PL/M-86 is best for fast composi-
tion of large and complex programs.
For those who prefer the efficiency of
assembly language, there’s ASM-86.
And CONV-86 converts 8080/8085
code to the 8086.

The future is even brighter.
Planned expansion of the Intellec sys-
tem promises programming in Pascal
and FORTRAN and the added flexi-
bility of a macro assembler. It’s true
today and will be true long into the
future—the 8086 is the best supported
16-bit microcomputer you can buy.

Modular programming is here.

The Intellec system gives you the
flexibility of modular programming.
You can develop routines in small,
manageable modules, choosing the
best language for each. Then using the
Intellec system’s powerful relocation
and linkage capabilities, you can
merge modules using symbolic
references.

We optimized Intellec hardware
for 8086 development, providing a
dual diskette, expandable to four
drives and 2.5 megabytes of memory.
And we'll be expanding the Intellec
system with a 7-megabyte hard disk,
enough memory to extend the 8086’
capabilities into the realm of large
mainframe computers.

A manual for your success.
We've compiled an in-depth
Success Manual for 8086 Users,
detailing the Intellec Micro-
computer Development System,
ICE-86 and the full software
package for 8086 program
development. For your
“» __ copy, contact your
== ocal Intel sales
office. Or write: Intel
Corporation, Literature
Dept., 3065 Bowers
Avenue, Santa Clara,

CA 95051

intal delivers.

Circle no 4 for information
See us at Computer Caravan, Houston, May 8-10




stek distributors.

Advent Electronics
CEDAR RAPIDS, |IA
INDIANAPOLIS, IN*

Arrow Electronics
ANN ARBOR, MI*
ATLANTA, GA*
BALTIMORE, MD*
BLOOMINGTON, MN
CLEVELAND, OH
DAYTON, OH
FARMINGDALE, NY*
FT. LAUDERDALE, FL*
HAMDEN, CT
MELBOURNE, FL
MOORESTOWN, NJ*
OAK CREEK, WI
SADDLEBROOK, NJ

Bell Industries
ALBUQUERQUE, NM
CHICAGO, I
DENVER, CO*

SALT LAKE CITY, UT
SUNNYVALE, CA®

Cramer Electronics
DALLAS, TX*

EDINA, MN*
GAITHERSBURG, MD*
NEWTON, MA*
ROCHESTER, NY*
SOLON, OH*
SUNNYVALE, CA*
SYRACUSE, NY*

Diplomat Southland
TAMPA, FL

Ft.Wayne Electronics
FT. WAYNE, IN *

Graham Electronics
INDIANAPOLIS, IN

GREENSBORO, NC
GREENVILLE, SC

Intermark Electronics

SANDIEGO, CA
SANTA ANNA, CA
SUNNYVALE, CA

Kierulff Electronics
BILLERICA, MA*
CHICAGO, IL*
DENVER, CO*

LOS ANGELES, CA
PALO ALTO, CA®*
PHOENIX, AZ*
RUTHERFORD, NJ *
ST. PETERSBURG, FL
SAN DIEGO, CA
SEATTLE, WA®*

Lionex Corp.
BOSTON, MA
WOODBURY, NY

Olive Electronics
ST. LOUIS, MO

Prelco Electronics
MONTREAL, CANADA*
OTTOWA, CANADA*
TORONTO, CANADA*

Hammond Electronics

Quality Components
AUSTIN, TX*

DALLAS, TX*

HOUSTON, TX*

R.A.E. Industrial
VANCOUVER, CANADA

Schweber Electronics
ATLANTA, GA
BEACHWOOD, OH
BEDFORD, MA*
DANBURY, CT*
HORSHAM, PA*
HOUSTON, TX*
IRVINE, CA*
LIVONIA, MI*
ROCHESTER, NY*
SOMMERSET, NJ
WESTBURY, NY *

Semiconductor Specialists
KANSAS CITY, MO

WE.S. Ltd.
WINNIPEG, CANADA

*Demonstration Center
© 1979 Mostek Corp.
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Q} Get on the fast track to Z80
power with your local Mostek
distributors. They have every-
thing you need, including fac-
tory trained engineers and
demonstration centers at many
locations.

Start with our MK 3880
line of Z80 components, indus-
try’s most powerful 8-bit
microcomputer family.

Or begin with our MD
Series™of OEM microcom-
puter boards. It features our
MDX-line of STD-Z80 BUS
compatible modules for build-
ing your system one function
at a time. You buy only what
you need, and reduce hard-
ware design time.

EDN APRIL 5, 1979
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Plus you only need one de-
velopment system, Mostek's
AID-80F,™to develop and debug
software for all our micro-
computer products. BASIC and
FORTRAN are also available
for use on the AID-80F.

For components, boards,
or systems, take the quick step
to your nearest Mostek distri-

For more information, Circle No 5
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butor. Or contact us directly for
more information at 1215 West
Crosby Road, Carrollton, Texas
75006; phone 214/242-0444. In
Europe, contact Mostek Brus-
sels; phone (32)02/660.25.68.

MOSTEK.
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“It's As Different
From Other Systems
As The Steam Shovel
[s From The Shovel”’

Mark Lewvi

General Manager, Microcomputer Systems

arplex

Development
System

HELP PAUSE CONTINUE END

“Right now, what's holding back new
developments in microprocessing are the
existing development systems.

The Starplex System is going to change
all that.

And as of this moment, if you're in the
business of designing or programming
8080/8085 based products, this is the tool
thatcan make your life infinitely less tedious.

So sophisticated is the Starplex System,
it can virtually take you by the hand and
walk you through its own operation.

Where other systems require scores of
individually typed instructions, the Starplex
System can do the same job at one stroke
of akey.

Where other systems offer
you blood, sweat, and repetition,

the Starplex System offers

HELP, PAUSE, EDIT DEBUG,
CONTINUE. To name a few of the unique
functions on our keypad.

Where other systems leave you fumbling

ABORT

SIMPLE KEYSTROKE
CONTROLS

SYSTEM OPERATING
MODES

CRT-ORIENTED EDITOR

HIGH LEVEL LANGUAGES

ISE CAPABILITY

TOTAL PRICE
[Exclusive of PROM Programmer and ISE)

EDN APRIL 5, 1979




through thick manuals looking for escape
clauses, the Starplex System guides you
through your work path with a series of
menus, prompts, lights, and audible signals.
And while some systems can communi-
cate only in assembly, ours is fluent in
BASIC and FORTRAN. Languages
which can be loaded — as usual — with one
keystroke.
Now others may have claimed their
systems were “easy’ before. But we've got
the software to prove it. Which is why we

do not hesitate to publish here a comparison
chart which will show at a glance where
things really stand.

The Starplex System is designed to be
used with current and future National micro-
processors, as well as BLC/SBC Series/80
microcomputers.

It’s fully expandable, with four chassis
slots allowing the addition of standard
Series/80 boards. Plus a programming
station which accepts optional personality
boards for 2708 and 2716 PROMs.

Integrated into the Starplex package
are five microprocessors, 64K bytes of
memory,dual 256K byte floppy discs, a 1920
character CRT, a 50 CPS printer, and stan-

dard ASCII keyboard in addition to the
special function keypads.

All the software you'll need is included
in the package. A powerful operating sys-
tem, macro assemblers, editor, debugger,
and other key software modules.

We also offer the In-System Emulator
(ISE), an extremely valuable option for hard-
ware development. It works through an easily
understood command interface. ISE uses its
own memory for memory mapping — a time-
saving feature which also allows true real-
time debugging.

Because Starplex ISE
incorporates symbolic
debugging, you can debug
code in the same assembly
mnemonics in which it
was written. And it’s the
only system emulator
capable of debugging two
microprocessors simul-
taneously in a multi-
Processor system.

By any standard of
comparison, the Starplex
Development System
represents a colossal leap-
frog over the field in every
I category, save one: Price.

" And so, while others ask
in excess of $20,000 for the

privilege of unnecessary toil, our price is

just $13,800. On the theory that not only

is less more, but more should cost less.

We would jump at the chance to tell you
the whole story in detail. Write or call me
for a complete brochure on the Starplex
Development System. Address your request
to Mark Levi, General Manager, Microcom-
puter Systems, National Semiconductor
Corporation, Drawer 31, 2900 Semiconduc-
tor Drive, Santa Clara, California 95051.

Or dial these toll-free numbers: 800-
538-1866; 800-672-1811 in California.

In Europe, write National Semi-
conductor GmbH, Industriestrasse 10, 8080
Fuerstenfeldbruck, West Germany.”

Computer Products Group

# National Semiconductor Corporation

EDN4/5 9-5 °

For more information, Circle No 6
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No one portable

everyone’s needs.
So we built 21.

Everyone’s needs are different. Some want the same versatility in the
field they get from a bench model in the lab. Others are more concerned about
weight. Some require basic performance models at an economical price. Tektronix
offers a selection of 21 portable scopes — 15 real-time and 6 storage models — to
satisfy just about everyone.

Take your pick. You can’t beat our 400 Series when it comes to high performance.
Choose from 9 models ranging in bandwidth from 50 MHz to 350 MHz. All under 26
pounds (11.8 kg). Five with an optional DMM and delta time read out.

If you’re looking for a battery-powered model that fits into a briefcase or toolbox,
there’s our 200 Series. Bandwidths to 5 MHz. Weights less than 3.7 pounds (1.7 kg).

In between, there’s the compact 300 Series, with bandwidths to 35 MHz. Each scope
weighs less than 11 pounds (5.0 kg). And finally, we offer the low cost T900 Series,
priced from just $795.00%

Our worldwide service team goes where you go. We’re with you all the way,
with more than 500 service personnel at 46 Tektronix centers in the U.S.A. and
hundreds of Tektronix-supported service engineers in over 50 other countries to
calibrate and maintain your Tektronix scope.

So let us show you the model that’s right for you. Simply contact your Tektronix
Sales Engineer. He’ll arrange for a demonstration of our portable or laboratory
oscilloscopes. And for our latest portable oscilloscopes brochure, write: Tektronix,
Inc., PO. Box 500, Beaverton, OR 97077. In Europe: Tektronix Limited,
PO. Box 36, St. Peter Port, Guernsey, Channel Islands.

For technical data Circle no 23
For demonstration Circle no 24

For immediate action dial our toll free automatic
answering service 1-800-547-1512




scope meets

tative. Prices are subject to change without notice.

Koyt __Product Bw Dual Trace Dcluyod}gafap Fulo-l Swi P Rate 777770"1.1 Speclal Features Price*
Storage Models 466 ___100 MHz @5 mvldw yes yes & z 3000 div/us stored writing speed $5355
464 s eadd § ns/div 110 div/us stored writing speed 4378

434 25 MHz @ 10 ry\V/_dg v e A ~ i 20 ) ns/div Split-screen storage - 3480

=TT 710 MHzi@jJBV/dlv yes LOO ns/div Only 10.5 Ibs (4.8 kg) i ___ 2645

214 500 kHz @ 10mV/div___ yes I 1 us/div Only 3.5 Ibs (1.6 kg) 1505

e e N b R (5 . X XN S . ____50ns/div __Low- cosi bls(abla 5151§de # 1545
Nonstorage Models 485 === 350MHz @ 5,’!\//}?1" yes __yes _1ns/div__ ”wmest bw in a portable % —_ 8128
475A 250 MHz @ 5 mV/div yes o vee 1 ns/div igh-performance 250-MHz portable _ 3800

475 200 MHz @ 2 mV/div yes ___yes 1 ns/div ina portable P 3435

465 100 MHz @ § mV/div yes s S0 DL & 77§7n§/d or 100-MHz bw 2495

465M 100 MHz @ 5 mV/div yes __yes ] 5 ns/div service 5(anda!d 100-MHz scope 7 7262(}

455 50 MHz @j;ﬂWdlv yes yes 7 v TR SR ns/d[v_ ___ggslgﬂ;ec}ge for 50-MHz bw 20585

335 35 MHz @ 10 mV/div _yes T e 20 ns/div__ ____Only 10.5 Ibs (4.8 kg) 2178

305 5 MHz @ 5 mV/div yes SoE e 0.1 us/div 77ﬂnorang|ng DMM 1725

221 5 MHz @ § mV/div o, ns/div._ ¢ 1180

213 — 1 MHz @ 20 mV/div_ = T 4oons/div.____ DMM/Oscilloscope @ 3.7 Ibs (1.7 kg) _ 1595

212 500 kHz @ 10 mV/div yes 1 us/div Low cost for dual trace & battery 1180

T935A 35 MHz @ 2 mV/div yes ves 10ns/div __ Delayed sweep and differential 1535

T932A 85 MHz @ 2 mV/div _yes 2 10 ns/div_ = 7_Vanable}ngger-holdo" and differential 1245

T922 __15MHz @ ZmV/dliiﬁ ___yes i 20ns/div. L 2 975

T922R ___SMHz@2mV/div ~ yes RTINS " T Rsckmounl version of 1922 ¥ g 1345

5= i e __15MHz @ 2mV/d|v 20 ns/div__ 777Lowas )8t TEKTRONIX Ponable 785

Time | Inlerval Readout DM44 Optional, factory-instailed, direct numerical readout ol hme intervals and DMM functions for the 464, 465, 466, 475 and 475A 445

*U.S. sales prices are F.O.B. Beaverton, OR. For price and availablity outside the United States, please contact the nearest Tektronix Field Office, Distributor or Represen-
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_Meets a variety
of interconnect needs.

» A wide choice of connectors: "Quickie”
and “Quickie” low-profile females,
female IC, edge card, male DIP, PCB,
and quick-eject vertical and right-
angle headers ... all in a broad range
of sizes.

e Round conductor, flat cable on
0.050" centers.

« A selection of hand and air operated
presses, cable shears, accessories and
strain reliefs.

Efficient assembly saves time,
material and money.

All connectors in the Quickie sysfem
deliver reliable terminations in just a
few seconds because:

» Cable slot designed
to precisely position
conductor for reliable
termination, higher
L yields.

¢ Sight holes in cov-
er permit visual in-
spection before and
after assembly assur-
ing proper cable
alignment.

e The semi-auto-
matic applicator
completes termina-
tions with a slide
motion reducing
assembly time. Or
choose the manual
applicator designed
fo minimize opera-
tor fatigue.

Over seven years proven perform-
ance. You can rely on “'Quickie”.

tal IDC System
ik ilitr,
- e

companies. Three high performance
features demonstrate why:

connec

1. Askewed tines firmly hold the wire for
reliable fermination.

2. Dual-beam contact
assures redundont pos- 4
itive pin connection,
even when sub-
jected to
vibration.

3. High-
strength plastics
withstand severe
environments.

For a brochure giving details
and complete specifications,
write or call:

The Du Pont Company, Berg Electronics Division

New Cumberland, Pennsylvania 17070.
Telephone: (717) 938-6711.

REG U PAT & TM.OFF

“Quickie” connectors are now specified by
many of America’s most quality conscious

For more information, Circle No 7

*Du Pont's trademark for its mass termination connectors, cable, presses and accessories.
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“Use my program
toenhance
your design

of networks and filters”
Vic Bennett

“I just couldn’t stand the tedious parameter conver-
sion and data re-entry needed to do good network
design, but | don’t like to use cut & try’ methods
either. So. .. | tried to find a CAD program to
do the job for me.

| wasn’t able to find one sophlsucated enough to
do the job | wanted for less than $10,0

so | decided to write my own instead.

I'm glad | did because it’s quick and easy to use
and gives me the exact information | want in

the form | want to See it. In fact, it not only
solves the problems of RF network design, but
can also be used to enhance the design of low
frequency networks. By using the program, | have
found that | can greatly increase the bandwidth
of a low frequency network without having to
use costly components.

It occurred to me that lots of engineers may be

in the same boat | was -- facing a very sophisti-
cated design task with a very unsophisticated
budget. To help you out (and to pay for all the
time | spent writing the program), | am offering
the use of the program to everyone . .. ata

price anyone can afford.

To give you an idea of how you use the program,
there are three modes of operation:
INTERACTIVE MODE
. ENTER network configuration in plain English
(6 network registers of up to 20 components
each plus 4 registers of up to 10 sets each of
S-parameter measurements).
. INTERROGATE system to obtain - for any
frequency -- the following:
@ 2-port parameter matrix representation of the
network in any parameter set (H,Y,Z,G,S,T)
@ Unilateral figure-of-merit
® All power gains
@ Optimal source/load match
®Rollett’s stability factor
PLOT MODE
1. Select any or all items to be plotted; enter
frequency range of plot.
2. Plot selected items against frequency, with
frequency on the x-axis.
AUTOMATIC SEARCH MODE
1. Without re-entering network data, enter
permitted component variations and target
performance curve.
2. Program determines optimum component
values via gradient method of steepest decent.

SEND TODAY FOR YOUR MANUAL
WITH PROGRAM LISTINGS IN
FORTRAN IV AND BASIC

=2\ $348£

Security Research Laboratories, Inc.

N

P.O. Box 49, Dept. EDN2, Medfield, MA 02052

P - -y

Name

Company

Street

City

State Zip

No. of Manuals ordered @ $34.88 each
Enclosed is check/money order for

( Mass. residents add 5% sales tax )

or charge to:

Master Charge Acct. No.

Visa Acct. No.

e o o

For more information, Circle No 77
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Add this to your list
Dear Editor:
Your article on chips and
filters for Touch Tone re-
ceivers (EDN, January 5, pgs
115-120) was very timely and
well prepared. Unfortunate-
ly, the article omitted a
major manufacturer.
Teltone Corp has manu-
factured Touch Tone devices
since 1968 and has led in the
development of these devic-
es for interfacing with tone-
related equipment. Our
high-performance tone re-
ceivers of central-office
quality are used by all ma-
jor telephone companies
throughout North America,
in various applications in-
ternationally and by many
equipment manufacturers.
Sincerely,
Earl L Mason
Vice President, Marketing
Teltone Corp
Kirkland, WA

Fine-tuning a keyboard

Dear Editor:
The EDN January 20 Special
Report on keyboards (pgs
64-72) seems to ignore a
difference in format which
has been a problem for us.
The box on pg 65 present-
ing keyboard specifications
for your hypothetical word-
processing terminal men-
tions that the “operator is
experienced with high-speed
typing on an IBM Selectric.”
But every keyboard pictured
in the article has a Teletype
Model 33 format, which
differs from the Selectric
format in its placement of
punctuation and other sym-
bols such as *, +, ¢, ete. (It’s
interesting, though, that
Teletype Corp’s Model 45

uses the Selectric format, as
do Digital Equipment’s Dec-
writer and video terminals.)
If an operator had to
switch often between an
IBM Selectric and any of the
keyboards shown in the
article, I would expect an
error rate substantially
higher than if the operator
only had to use either one of
the two formats. Our experi-
ence has shown this to be the
case, and we are now stan-
dardizing on the Selectric
format, mostly because we
use those typewriters and a
DEC computer.
Very truly yours,
Howard Hamer
Chief Engineer
Dranetz Engineering Labs
South Plainfield, NJ

Misplaced decimal

Mr Sidney Chertok, Director
of Information Services at
Sprague Electric, has in-
formed us of an error
appearing in Table 1 (pg 124)
of the January 5 EDN
article, “Optimize ripple/
EMI performance in
switching-regulator de-
signs.” The Sprague and
Mallory stacked-foil capaci-
tors described there show a
typical ESL (nH) of 15—the
figures should read 1.5 nH.

JOB SHOPPING?

Check EDN’s Career Opportunities

EDN: Everything Designers Need
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Has your
powet supply
vendor

left you

- v | . S) highs dey?

iigﬁr’

If you're involved in a program to
replace a power supply that is no longer
available or your previous supplier is no
longer around or can't deliver, Powercube
standard modular power circuits may be
the answer.

Used for over a decade by contractors
for major military and space programs,
these proven 1”7 X 1” X 2" Cirkitblock®
modules meet the toughest specs for size,
weight, performance and environment.

We can optimize your design and
save you money without getting bogged
down in component selection, vendor
delays or interface problems. Most
Cirkitblock preregulators, power
generators and output modules are
available off the shelf.

Call the quick action company
617-667-9500 or circle the reader
response number.

For more information, Circle No 10

\ nlie — o == ‘/;///
———  froweRcuse

g A SUBSIDIARY OF UNITRODE CORPORATION
POWERCUBE CORPORATION
EIGHT SUBURBAN PARK DRIVE

BILLERICA, MASSACHUSETTS 01821
(617) 667-9500
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INATIONAL

International’s OE
Series of Crystal
Oscillator Elements
provide a complete
crystal controlled
signal source. The
OE units cover the
range 2000 KHz to
160 MHz. The standard OE unit is de-
signed to mount direct on a printed
circuit board. Also available is printed
circuit board plug-in type.

The various OE units are divided into
groups by frequency and by tempera-
ture stability. Models OE-20 and OE-30
are temperature compensated units.
The listed “Overall Accuracy” includes
room temperature or 25°C tolerance
and may be considered a maximum
value rather than nominal.

OE CRYSTAL USGII.LATBR ELEMENTS

All OE units are de-
signed for 9.5 to 15
volts dc operation.
The OE-20 and
OE-30 require a
regulated source to
maintain the listed
tolerance with
input supply less than 12 vdc.

Prices listed include oscillator and
crystal For the plug-im type add the
suffix “P” after the OE number; eg
OE-1P.

OE-1, 5 and 10 can be supplied to oper-
ate at 5 vdc with reduced rf output.
Specify 5 vdc. when ordering.

Output — 10 dbm min. All oscillators
over 66 MHz do not have frequency ad-
just trimmers.

Books

Oscillator | 2000 KHz | 67 MHz | 140 MKz @
Catalog Element o to to Overall 25°C
Type 66 MMz | 139 MHz | 160 MHz Accuracy Tolerance
035213 | OE-1 [$14.24
035214 | OE-1 $16.35 + 01% + 005%
035215 | OE-1 $20.57 [-30° to +60°C
+.0005%
A R R T watre] 2o oo INTERNATIONAL
- g —10° to +60° + o
035218 | OE-5 $27.43 67 10010395MH1 CRYSTAL
1w e Mz | MFG.CO., INC.
Osciliator
Catal Element 4000 KHz to 20000 KHz Overall 25°C
ll:ml?r :y':: - M:::cy Tolerance 10 North Le?
035219 | OE-10 $20.83 ~.0005% Zero Oklahoma City, OK 73102
—10° to +60°C trimmer 405/236-3741
035220 | OE-20 $30.59 ~+ 0005% Zero
—30° to +60°C trimmer
035221 | OE-30 $63.30 + 0002% Zero
—30° to +60°C trimmer

For more information, Circle No 11

AUTHORIZED ASSEMBLER & DISTRIBUTOR

FOR

C[](TIPANY

Scotchflex

FLAT CABLE & CONNECTOR SYSTEMS

—Jectlroriv

ASSEMBLY SYSTEMS DIV.

®

DISTRIBUTOR DIV.

FOR TECHNICAL INFORMATION, QUOTES, DELIVERY
CALL OUTSTATE — 800 « 325 « 3348 « LOCAL 314 « 946 - 6424

ASK FOR OUR PRODUCT LINE CARD
e BURNDY

e 3M SCOTCHFLEX

eELCO e MOLEX

e WINCHESTER ELECTRONICS e KINGS e VERNITRON

e PANDUIT e CHERRY

e GUARDIAN
¢ AUGAT o USECO e CHICAGO MINIATURE

e DALE
e DRAKE

e HI-G

e VECTOR ¢ SOLDER REMOVAL e WIRE AND CABLE
o PYLE NATIONAL e REMTEK e WOVEN CABLE
Write To: Dept. 3M

Cut confusion with
pocket-sized reference

Microprocessor Lexicon. 110
pgs; $2.95; Sybex Inc, Berke-
ley, CA, 1978.

One definition of a lexicon
is ‘“the vocabulary of a
language.”” Appropriately,
this little book doesn’t con-
fine itself to the jargon of
microprocessorists, but ex-
tends into the glut of
acronyms that characterizes
communications as well.

The bulk of this pocket-
sized work attacks the va-
garies of terminology. Al-
though far from exhaustive,
the definitions are accurate
and sufficient for quick
lookup.

Numbers play an impor-
tant part in the dialogues of
the digital world. Thus, one
section is devoted to “The
Numbers Game,” wherein
the book translates common
numeric designations.

The lexicon also mysteri-
ously includes two manufac-
turers lists: one for uPs,
another for wuCs. Perhaps
such lists serve a purpose,
vet the industry’s quicksil-
ver nature renders the com-
pleteness and accuracy of
any list in book format
doubtful.

Realistically, if you’re in
the business, you probably
don’t need this book. Giving
it to an engineering manag-
er (or a nontechnical friend,
for that matter), though,
could save time and effort
for both of you.—Ed Teja

JOB SHOPPING?

Check EDN’s Career Opportunities

EDN: Everything Designers Need

P.O. BOX 188 « 306 McDONOUGH ST. « ST. CHARLES, MO. 63301

For more information, Circle No 12
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“Look, I've got two
challenges for my
ribbon cable interconnects —
to reduce manufacturing
rejection rates and prevent
contact damage during
testing. Got any solutions?”




AMP Latch.

Some facts worth knowing about
AMP Latch Connectors

Function: Simultaneous mass
termination of all conductors without
cable stripping.

Wire types: Small gauge solid or
stranded discrete wires as well as flat
ribbon, woven ribbon and other types
flat cable with round conductors on
.050" centers.

No. of positions: 10 to 60.

Connector types: Wide variety of cable-
to-cable, card edge, DIP and receptacle
connectors available.

Mates with: Full range of AMPMODU
headers and pcb posts.

Electrical Current Rating:

1 Ampere (Continuous).

Operating Temperature Range:

—55°C to +105°C.

Dielectric Withstanding Voltage:

500 Volts, RMS.

Tooling available: Pneumatic and Manual
Bench Mounted Models and a Hand
Tool, each with interchangeable die sets.
Who to contact: Call AMP Latch
Information Desk at (717) 564-0100.
Ext. 8400. Or write AMP Incorporated,
Harrisburg, PA 17105.

Product Information: Check Reader
Service Number 99.

LATCHING BARS
MATE WITH

FOLDED DESIGN
FOR FOUR POINTS
OF TERMINATION




As fast as you can say “downtime”
your production, test or repair people
can activate an AMP Latch Easy
Release Header with one hand. Just
squeeze and the cable half is
disengaged. No wrenching on the
cable. No wiggling. And no damaged
contacts. An important matter when

We sure do.

neither your production costs nor
your on-board costs can take a back
seat to one another. And one of many
reasons why AMP Latch has drawn the
attention of designers in the data
processing, instrument and
communications industries.

Yet AMP Latch offers a unique
feature that extends far beyond

what other ribbon cable connectors
can offer. It offers precision
registration built into the tooling which
minimizes rejection rates.
Unquestioned reliability. That's what
AMP Latch is about, too. You get a
four-point electrical contact and
mechanical grip for each conductor.
Built-in inspection ports make test
simpler than ever.

The fact is, nobody today has a wider
range of easy-to-apply no-strip,
no-solder, round conductor flat cable
connectors than AMP.

For more details, see the opposite
page and the page overleaf.

AMP has a better way.

T ._ Ssdes '[:'-mf'"




id
cost effective tooling

With AMP Latch Tooling the
terminations are made quickly,
easily and simultaneously. No need
for pre-stripping the insulation. One
tool will terminate virtually all popular
round conductor flexible cable,
including those with flat side down

or ribbed side down.

Two basic bench-mounted AMP
Latch tools include: a heavy-duty
pneumatically powered unit and a
manually operated unit. Both are
reliable. Both are easy to load. And
precision cable registration is built in.
Alignment is automatic and positive.
Six different precision die sets are
available for terminating receptacle,
plug, card edge, paddle board and pin
connectors as well as discrete wire.

Also available is equipment for dais
chain terminations, and a hand tool
with interchangeable dies.

For the complete story on AMP Latc
Connectors, AMP Latch Tooling, and
the AMP Technical Support that goes
with them, call AMP Latch Information
Desk at (717) 564-0100. Ext. 8400. Or
write AMP Incorporated, Harrisburg,
PA 17105.

AMP and AMPMODU are trademarks of AMP Incorporated

AM



Thelast time you saw areall
bench/portable DMM was

That’s the year our 8000A was
introduced. Its custom LSI and solid
owner benefits quickly established
it as the world’s leading DM M.

Now, look at the new 8010A
and 8012A: single-chip CMOS de-
signs for problem-solving in the
eighties!

RAZOR-SHARP LCD for large,
no-strain answers at first glance—
in any light.

TOUCH AND HOLD probe
option, so you can thread your way
through a component jungle and
capture the reading you need.

FUNCTIONPOWER: 22 ranges
of AC and DC volts and current,
six ranges of resistance, and three
ranges of conductance — the mis-
sing function on other bench multi-
meters.

CONDUCTANCE RANGES
fornoise-freeleakage measurements
to 10,000 MSQ. A valuable function
for bench-testing boards and com-
ponents, conductance also meas-
ures transistor beta (using a bias
resistor) and light intensity (by using
a photocell).

EDN APRIL 5, 1979

OVERLOAD-PROTECTED —
like no other DMM, including re-
jection of 6000V transients and up
to 600V applied to the current ter-
minals.

HONEST AC ANSWERS de-
rived from a Fluke hybrid true rms
converter. You’ll even see the dif-
ference on your AC line between
the correct value and what your
average-responding meter reads.
And 50 kHz bandwidth won’t let
any significant distortion products
go unmeasured. Plus, 10 times the
basic response you may be limited
to now!

SPECS YOU EXPECT from
Fluke —like +0.1% on DC for one
year. Both models available with
rechargeable batteries, and backed
by the same solid warranty and
worldwide service that helped make
the 8000A the industry standard.

For literature Circle no 15
For demonstration Circle no 117

new
2.

LEADERSHIP HAS TO BE
EARNED. And we’re committed
to keeping the price of your confi-
dence as realistic as possible. Like
$239 for the 8010A with a 10A cur-
rent range, and $299 for the 8012A
with two extra-low ohms ranges
that allow measurements from
0.001€2 to 10,000 M2 — making
it the widest range ohmmeter avail-
able!

Contact one of the more than 100 Fluke
offices and representatives, worldwide, or
CALL (800) 426-0361* TOLL FREE. In the
U.S., and all countries outside Europe, write:
John Fluke Mfg. Co., Inc., P.O. Box 43210,
Mountlake Terrace, WA 98043, U.S.A.

In Europe, contact Fluke (Nederland)
B.V., P.O. Box 5053, Tilburg, The Nether-
lands. Telephone: (013) 673973. Telex:
52237.

Prices U.S. only.

*Alaska, Hawaii, Washington residents — please call (206)
774-2481

IFLUKE]
®

2502-8010
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Big linear IC test systems have
inally come down to this.



The new GenRad 1731. All the big system
capability you need at one-fourth the price.

The GenRad 1731 is the first microprocessor-controlled
linear IC test system.

It’s no bigger than a benchtop tester, but offers the
kind of capabilities that have only been available with a
roomful of hardware. You not only get the flexibility of
software-controlled measurements, but also qualitative
readouts on each IC, summary sheets, binning, and data
logging.

The GenRad 1731 system comes already programmed
for most currently used ICs. And our high-level software
lets workers with minimal experience develop new pro-
grams in minutes.

We also offer unique socket adaptor kits, which let
you assemble new adaptors as you need them — for about
one-tenth of what it would cost to buy them complete. And
in a lot less time.

GenRad’s 1731. Thorough diagnostics. Easy on-site
programming. Fast turnaround.
It’s the kind of test sys-

tem you’ve dreamed about.
Ata price you never imagined.
For details, call toll-free
800-225-7335 (in Massachu- gt 22l
setts, 617-779-2 825) or Write Programming the GenRad 1731 system for new ICs

is as simple as filling in the blanks. Our software

GenRad, Concord, MA 01742, Fremeesyoucvensiepoftheway.

GenRad

Put our leadership to the test.

For more information, Circle No 16
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How Litronix’
opens a new world

Rockwell
AIM 65
Microcomputer

| - | Joise| fenn|

P41 14| baey

Norand ® .
Sprint 100
Order entry terminal

Now designers have a communications beginning to create a new class of microcomputer-
peripheral perfectly matched in size and based products.
cost to the world of microcomputers. The Intelligent Display is an alphanumeric LED
Litronix invented the Intelligent Display* readout that incorporates ASCII decoder, multi-
to give microcomputers a new way of “talking” plexer,' memory apd LED drivgr in a built-in CMOS
to users in words, numbers or even sentences. IC. It interfaces simply and Fhrectly toany
And not surprisingly, these displays are already microprocessor bus, much like a RAM. Power is
_ from a single +5V supply, and operating current
Part Features | Character Hornm‘)':nal V%mcal Viewing | Character | Character is IOW eno h fOI' an batter oW red device
Number Height Spaocmg Sp:cvrng Angle Positions | Segments Ug y y p € :
pintom Litronix puts intelligent communications
DL-1416 Purpose 160" 260" 1.200" +25° 4 16 .
i in the palm of your hand or anywhere panel
Compact space is limited. Three versions of the Intelligent
TR B 5 TR PR QR P & Display are already available to fit a wide
Con variety of applications. The smallest lets you fit
Premium 20 characters side by side in a space of only
DL-2416 Nea'%‘i'égve g| 160" [ 20 | soor | +50° 4 17 3.5 inches.
Package

Litronix” Intelligent Displays are already being
*Intelligent Display is a trademark of Litronix, Inc. used in the portable terminal, the low cost
microcomputer and electronic translator above.
They're also ideally suited for applications

like control panel readouts. Handheld computer

EDN APRIL 5, 1979




DESIGN BECKMAN TRIMMERS IN.
DESIGN PROBLEMS OUT.

Presenting the 93P Our new half-inch trimm
with its built-in dial is a turn for the better.

For the first time, you can have a cermet half-inch
single-turn, with dial setting capabilities. A variable
resistor that’s somewhere between trimmer and precision
pot, designed to save labor costs with screwdriver
position adjustability, and high-resistance capabilities.
Now you can write your manuals, and specify fast
setting instructions. Using the 93P means reduced labor.
It'll take less time to make that initial setting, less time to
check the board. Calibration time is minimized. And the
93P has custom dial setting capabilities, too.

Cermet technology has many advantages over

wire wound. With 10% tolerance,

and 100 ohms to 2 meg

ohms resistance range, it wins hands-down at high
resistances. Inductive problems are eliminated. And the
93P is sealed for environmental stability.

Why a larger cermet part? The longer the element, the
more the power dissipation. And it stands to reason, you
can get more marking and more adjustability.

Design in a trimmer that’s not a trimmer as you’ve
known it until now. The 93P.

Call your local Beckman Helipot distributor
for free evaluation samples. To get his number,
or immediate technical literature, call
(714) 871-4848, ext. 1776. Start
designing problems out today.

BECKMAN-

For more information, Circle No 20
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@ Fluorosint® 500 — A proprietary synthetic mica-

filled TFE with a low coefficient of thermal expan-
sion, Fluorosint 500 offers a wide continuous serv-
ice temperature range. Form stability remains con-
stant to 650°F and the dielectric constant is only
slightly affected by frequency changes. Ideal for
coil forms, standoff insulators and electrically in-
sulating wear parts. Circle no 53

@ Conductive Fluorosint® 220 and 221 — TFE type
materials are well known for their wear charac-
teristics. Now Polymer has gone them all one bet-
ter, because Fluorosint 220 and 221 provide excel-
lent conductive properties as well. Natural choices
for contact, non-static or conductive bearings and
potentiometer applications. Circle no 54

<3> Polymet® AG and CZ — A proprietary metal-poly'-

meric alloy designed to operate at temperatures to
500°F with greater strength and stability than con-
ventional metal-filled plastics. Good wear resist-
ance, high thermal and electrical conductivity and
dimensional stability are its trademarks. Should be
evaluated for sliding and rolling contacts, instru-
ment bearings, and self-lubricating high thermal
transfer bearings. Circle no 55

@ Conductive TFE — Processed into tape, this TFE,

with a volume resistivity in the range of 2 - 3.5
ohm/cm, makes meeting design requirements of
static bleed-offs and conductive chute linings an
easy assignment. Wound as a .030"’ diameter mono-
filament sheathed in .005"" nylon for strength, it
provides 20-30,000 ohms/ft. resistance. Also
transparent to microwave radiation. Circle no 56

<5> Polypenco® Q200.5 — A cross-linked polystyrene

whose dielectric constant stays virtually un-
changed from 10! to 10° Hertz. Rigid enough to
produce only 1.15% deformation under load,
Q200.5 is superior to TFE in radiation resistance.
Circle no 57

Nylasint® M4 — A proprietary combination of

specially processed nylon for toughness and wear
plus MoS:z solid lubricant. Used for high wear bear-
ings or bushings in electrical or electronic compo-
nents. Circle no 58

@Torlon* 4203 — Exhibits very good electrical

properties at temperatures to 500°F. and displays
excellent resistance to radiation with only mini-
mal changes after exposure to 10° rads of gamma
radiation for seven months in a nuclear reactor. A
natural for many electrical- components such as
insulators. circle no 59

WHICH ONE'’S FOR YOU? Whenever your design-
ing in plastics for electronic or electrical applica-
tions Polymer can help. Have a question or need
some help? Call Bob Alberts, Marketing Manager
for electronic applications at (215) 929-5858 or
write to him at The Polymer Corporation, Reading,
PA 19603. In Canada, we're Polypenco Canada
Limited.

*TM of Amoco Chemicals Corp.

CORPORATION

For More Information Circle No 60




Polymer talks electronic design

IMAGINATION
IS ALL THAT LIMITS
OUR PLASTICS FOR
ELECTRONIC/ELECTRICAL
APPLICATIONS

Polymer manufactures a wide

range of plastics that have been
proven successful for use in

electronic and electrical components.
Applications as diverse as
trolley car collector shoes
and thermistor leads. Each
material has its own unique set
of electrical and mechanical
properties, and one of them
may just be the answer to your
next tough design problem.



Plus...a new Professional Hotel Headquarters for refurbished by Hilton from the

Advancement Seminar POWERCONG6... ground up. Combining the ultimate
Program. in pleasant surroundings with
. Y, o tennis, bowling, jacuzzis, an

Designed to prowde in-depth olympic-size swimming pool,
cover?.g?toftthhose topics most : incredible room rates, and an
essenidl 1o the pOwgEr Conversion —  incomparable location on the
Bpecialist, FOWERCION 6 WMZM Atiantic Ocean, Hilton has
Professional Advancement & welcomed POWERCON 6 with open
Seminars offer designers, managers 2 arms.
and users a comprehensive
selection of invaluable learning A Special half-price room rates for
opportunities under the direction of POWERCON 6 attendees extend
some of the world’s leading Located only 20 minutes from from 3 days prior to the conference
authorities. Miami International Airport, on until 3 days after:

A : Miami Beach, this world-famous Singles: $30-$35
® Power converter circuit modeling, ' .
analysis, and measurement. resort hotel has been only recently Doubles: $35-$41
® Shaping and controlling feedback —<3E>
loop response. For further information concerning POWERCON 6, please call:

J AssesstingEaMniﬂ controlling power | (805) 985-6978 or (805) 486-5463.
converter .
VR SR SR TR GG YB AEE G ) NN S

® High frequency magnetics. ..

materials and design. POWERCON 6, PO Box 5226, Ventura, CA 93003
e Ultra-high-frequency power Please register me for:
converter design. [ Conference and Exhibit, May 2 thru 4 (all 3 days), $195.00*
. . . [J Conference and Exhibit, May_____(1 day only), $120.00*
® An introduction to switched-mode O Seminars:
design.
N Autorlnlate(.:l testing and funct!onal (Please call for schedule and fees.)
specification of power supplies.
e ...and for those in the “business Name Title
end” of the field, a special market Company
Address

In the interest of providing a quality
learning experience, seminar
registrations will be limited, and
may not be available to last-minute
reqistrants.

City, State, Zip
[J Check or PO. enclosed.
[J Please bill my company. Address invoice attention of:
| understand that this reservation cannot be confirmed until my com-
pany's check is received in full payment.
*Includes proceedings and POWERCON 6 luncheon on Thursday.
Press by invitation only.

awareness seminar. I

h-----------
N |
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POWERCON is a registered service mark of POWER
CONCEPTS, INC. (Ronald |. Birdsall, President), an
independent consulting and educational firm
dedicated to the advancement and dissemination of
power conversion technology.
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Sixth National
Solid-State

Power Conversion
Conference and
Exhibit

May 1-4, 1979
Fontainebleau-Hilton
Hotel

Miami Beach, Florida

Some facts about
POWERCON...

Over 85% of the attendees at a
POWERCON conference are
practicing engineers and
engineering managers.

POWERCON conferences,
seminars and tutorial exhibits are
designed by practicing power
conversion technologists, like you.
That means we know what you need
most.

A POWERCON must be
experienced, for the value of even
the most exemplary technical
presentation cannot begin to
compare to the catalytic effect of
being among, and comparing notes
and experiences with, the hundreds
of your contemporaries who attend.

The participation in
POWERCON's has more than
doubled each year since 1976. And

POWERCON 5 sold out.
_ B

Participation

POWERCON 3 POWERCON 4 POWERCON 5 POWERCON 6

POWERCON. Once a technical
luxury. Now a professional and
practical necessity.

The Conference.

Sixth in a series of annual national
technical conferences devoted
exclusively to the practical design
and application of solid-state power
conversion equipment and
components. Emphasizing the
modern trend to switched-mode
and other “non-dissipative”
technologies, the POWERCON 6
conference offers a comprehensive
and intensive three-day examination
of the latest and most important
developments in the power
conversion field.

® Three full days of technical
presentations.

® Over 30 papers, presented by
outstanding authorities.

® Nine sessions, chaired by
distinguished experts.

® \VMOS. . .Proportional drive. ..
Sinewave synthesis...Micro-
processors as feedback
elements. ..Controlled resonant
conversion. . .Reliability. ..
Computer-aided design...
High voltage...EMI...
Non-dissipative load-line
shaping...Motor control. . .plus
much, much more.

The Tutorial Exhibit

Informal tutorial and “hands-on”
(fully instrumented and working)
demonstration exhibits presented
by technologists from over 50 major
suppliers in and to the power
conversion field. Each exhibit is
specifically configured to enhance
your technical expertise through
improvement of your detailed
knowledge of the supplier’s
technology and processes.

® |nvestigate working circuits and
waveforms.
® See new devices in action.

® See working demonstrations of
new power conversion topologies.

® See new instrumentation and test
equipment for power conversion.

® Magnetics. Capacitors. EMI/RFI.
Heat transfer. IC's and hybrids.
Complete power supplies and
inverters. Motar controls.

® and much, much %



Leadtime Index

PASSIVE COMPONENTS

PRODUCT Niin | Max " Tres PRODUCT i "Max' ‘Trend
CAPACITORS Single-sided ¢ 18 =
Ceramic, disc § 12 = RELAYS AND TIMERS
Ceramic, monolithic 8 14 = Crystal can 11 15 up
Electrolytic, aluminum 9 is = General purpose 6 9 =
Electrolytic, tantalum 8 11 = Reed, dry 7 1l =
Film 7 12 = Reed, mercury-wetted 7 0 @ =
Mica 11 18 wup Solid state 5 i =
Paper 9 14 wup Telephone + 13 =
Trimming {18 = Time delay and timer L
CRYSTALS, FILTERS AND NETWORKS RESISTORS, FIXED
Filter, active v B = Carbon film 4 B =
Filter, EMI 14 16 = Composition 4 8 =
Filter, lumped-constant 10 18 = Metal film 11 16 up
Filter, quartz (monolithic) 12 16 up Network 14 22 =
Frequency determining crystal 10 12 up Nonlinear 10 14 =
ENCLOSURES Wirewound 310 18 =
Custom 9 12 = RESISTORS, VARIABLE '
Modified standard 8 12 u Pot, nonprecision WW 10 12
Standard 6 8 up Pot, precision WW 14 16
FANS AND BLOWERS 20 24 e Pot, nonprecision comp 6 g -
FRACTIONAL HP MOTORS 14 18 = Pot, precision comp 10 14 =
INTERCONNECTION COMPONENTS Trimmer, WW g 12
Back panel 4 12 up Trimmer, comp 7 11
Flat cable 4 12 up SWITCHES AND KEYBOARDS
Multipin circular high-density 14 19 up  Circuit breaker y 14 =
Multipin circular standard 12 18 wup Dualin-line 6 8 =
Packaging panel 4 12 up Keyboard and keyswitch 7 10 =
PC, one-piece 4 1¢ W Lighted pushbutton " 12 =
PC, two-piece 4 12 up Pushbutton 8 12 =
Rack and panel 4 12 up Rotary 6 9 =
RF coaxial 11 16  up Snap action 3 5 =
Socket 4 12 up Thumbwheel 8 10 =
MAGNETIC COMPONENTS Togaqle 6 9 up
Coil 8 12 up TRANSDUCERS
Solenoid 7 12 up Pressure 6 8B =
Transformer, power 8 12 up _ _Temperature 5 8 =
Transformer, other £ e 0= WIRE AND CABLE
PRINTED CIRCUITS Coaxial 3 8 =
Double-sided 9 11 up Flat and ribbon 4 6 up
Flexible 8 10 wup Single conductor hookup 4 8 =
Multilayer 2. 14 = Multiconductor 3 8

Leadtimes are based on recent figures supplied to Electronic Business magazine by a composite group of
major manufacturers and OEMs. They represent the typical times necessary to allocate manufacturing
capacity to build and ship a medium-sized order for a moderately popular item. Trends represent changes

expected for next month.

EDN APRIL 5, 1979

25




Dr. Wang: “We were first with a unique,
new approach to word processing— using micro-
computers to implement distributed intelligence
in multiple station systems. That approach has
enabled us to increase our market share 50% a year
in a market that’s growing 40% a year. This year
our word processing sales will pass $100 million.

In 1974 they were just $9 million.
“We decided on Intel’s 8080
microprocessor for our distributed
logic system. Only Intel offered PL/M,
the microcomputer programming
language we needed to get our software
written quickly. So quickly that we
introduced our system a year ahead of
any competition. And Intel’s tools for
programming have continued to help us offer our
customers the high quality software they expect

| “Choosing
' Intel

. gave us a
twelve month

jump on the

. competition.’

Intel’s extensive microcomputer design tools
have helped hundreds of companies just like Wang
Labs capture the marketing advantage with Intel
microcomputers and semiconductor memory.

Our Intellec® Microcomputer Development
System makes it possible and profitable for companies
like yours to take full advantage of the promise and
potential of the microcomputer. For example, the
world’s most advanced microcomputer, our new 16-bit
8086, is the first and only 16-bit microcomputer
supported by a high-level programming language —
PL/M, part of the total 8086 software development
package available for the Intellec system.

To begin writing your own
success story, contact Intel
Corporation, 3065 Bowers
Avenue, Santa Clara, CA 95051
408/987-8080.

Intel’s Intellec ® Development System

from Wang

intal dels

intel delivers.
24 Circle no 18 for information EDN APRIL 5, 1979




Intelligent Display
of microcomputer
applications.

Lexicon

terminals. “Smart” games and appliances.
Educational products, and more.
Use

Intelligent

Displays

in any

product that calls for alphanumerics. They’ll

reduce component count and cut costs drama-

tically. Since everything is encapsulated in a single

package, design and production costs are

minimal. And because no display

interface PC board is needed,

- component costs are

typically reduced by
25%. Typical OEM

volume pricing per
digit will range from

$2 to $5 per digit,

depending on display type. For easy bread-

boarding with Intelligent Displays, ask about

EDN APRIL 5, 1979

LK-3000 "
Electronic translator

our inexpensive, prewired Evaluation Kit. To get
data sheets and a copy of our applications note

on Intelligent Displays, or for a demonstration,
phone or write Litronix, Inc., 19000 Homestead
Road, Cupertino, CA 95014. Telephone

(408) 257-7910.

litronix

For more information, Circle No 17
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Editorial

The VTR’s day in court

An important trial is currently underway in the Federal
District Court in Los Angeles: the copyright-infringement
suit brought by Universal Studios and Walt Disney Produc-
tions against Sony Corp. At issue is the use of the Betamax
videotape recorder (VTR) to record and replay copyrighted
material—in this case, movies produced by the two studios
and broadcast on TV. Meanwhile, VTR buyers remain totally
unaware that the outcome of this suit might determine the manner in which they can legally
operate their versatile home-entertainment equipment.

Lawyers for the plaintiffs claim that studios, advertisers and creative employees will suffer
economic hardships because VTR recordings will significantly reduce the audiences for live
TV programming. Replying to this argument, Sony’s lawyers challenge the validity of all
copyrights related to TV-broadcast material, then cite surveys indicating that most VTR
users record programs intact (with commercials) for viewing at a more convenient time, not to
build permanent libraries of material.

Against the background of this court trial, MCA (Universal’s parent company) and
Magnavox have launched a program to market the video-disc player, the VTR’s prime
competition. A read-only device, the video-disc machine uses special “records”—rugged media
containing appropriately copyrighted material. Initial sales of the player are encouraging,
thanks to three factors: the availability of considerable “software” (discs containing a wide
spectrum of entertainment); the unit’s novel operating features, including stop frame; and
the rugged nature of the medium. The last factor, incidentally, could encourage the
development of a significant swap/sell used-disc market and thus greatly reduce owner costs.

Final disposition of the court case, however, remains some time in the future, because after
the judge hands down his ruling (promised within 90 days of final arguments) an appeal to the
US Supreme Court is possible. And beyond that, Congress might have to address this
public-policy issue.

Yet all this legal maneuvering could be academic. If the VTR/video-disc consumer market
develops to a significant size, as it quickly might, and if buyers overwhelmingly choose one
video-recording concept over the other, lawyers and lawmakers will be forced to reconfigure
the law to accommodate the established reality.

An Award*-Winning Magazine /%%
1978 Staff-Written

eries —
System Design Project
1978 Contributed Series — Walt Patstone
Designer’s Guide to Fiber Optics Editor

1977 Contributed Series —
Software Design Course

1976 Special Issue —
Microprocessor Reference Issue
1975 Staff-Written Series —
Microprocessor Design Series
*Jesse H Neal Editorial Achievement
Awards are the business-press Pulitzer
Prize equivalent.
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monolithics
lexicon

within a specified frequen

Selectivity: The ability to accept signals
band while

rejecting all others. Formerly a problem.

See monolithic crystal filter.

Monolithic crystal filter: The solution
to most selectivity problems in radio
ee PTI. Their filters
define the best and most economical in
the field. Dozens of standard models,
or custom production models from 5
to 180 MHz. Write for their catalog.

The standard in monolithic crystal filters.

communication.

WE WROTE THE BOOK.

Rs

Piezo Technology Inc.

2525 Shader Rd., Orlando, FL 32804
(305) 298-2000

Staff

For more information, Circle No 21

reliable
printer.

The DC-1606B/DC2106D discharge
printer prints 16 or 21 column alpha
numerics in a 5 x 7 dot matrix format.
Its MTBF is 3.0 million lines on 2.25"
paper costing about 1/2¢ per foot. Just
3.8"Hx54"Wx5.5"D, itis as low as
$120 in 100 quantity. Interface elec-
tronics, other printers available.

Call or write HYCOM, 16841 Armstrong
Ave., Irvine, CA 92714 — (714) 557-5252

HYCO

32

For more information, Circle No 22

Gloser LGD Gontacts

with STAX Elastomeric Connectors
—up to 50 display contacts per inch!

Many millions now in use in watches, cal-
culators, digital voltmeters, clocks, etc.
STAX provide multiple, redundant paths for
each connection, permitting wider tolerance
for pad alignment.

Here's how it works:

~| |~

0.020" )

Black layers are conductive silicone rubber;
white layers are non-conductive. Each layer
is approximately 0.002" thick. Current trav-
els from circuit contact pad below to display
contact pad above through one or more con-
ductive layers.

Call or write for literature, samples or
quote.

Hulltronics, Inc.

Davisville Road, Hatboro, PA 19040
215-672-0787
For more information, Circle No 25
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Walt Patstone
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Hybrid Systems
Precision Resistors: Less Gost,
Less Space, Less Hassle

Chips . . .
a million in stock right now.

Single value center tapped. Standard absolute tolerances to 1%
(custom to 0.1%). Typical ==2ppm/°C tracking. Standard RETMA
values from 108 to 301K (. Also standard and custom networks
... 10, 20, 30 or more resistors per chip . .. combined resistance
2, 3, 4 MQ or more. Processed to MIL-STD-883 or commercial.

For more information Circle No 33

The largest producer of thin-film resistors in the
world, Hybrid Systems can deliver 100,000 center
tapped chips or 25,000 network chips per customer
per week. More than a decade of experience and
state-of-the-art thin-film processing technology
keep us on top.

Whatever the challenge, on land, sea, or in the air —
in commercial/industrial and military applications

— Hybrid Systems meets the highest standards for
reliability and performance. The quality control
begins on the drafting board, continues through every
step of the manufacturing process — and never quits.

Packaged Networks . . . to your specs . ..

or from our library of over 500 mask sets.

Standard R/2R networks or custom arrays.
Computer laser trimming, absolute values to 0.1%,
ratios to 0.01%, +=2ppm/°C tracking. Hermetic
TOs, DIPs, and flat packs. MIL-STD-883 or
commercial processing.

For more information Circle no 34

For fast results, call or write. Or circle the number(s)
on the reader service card.

When the chips are down . ..

CORPORATION

Crosby Drive,

Bedford, MA 01730

Phone (617) 275-1570

(TWX 710-326-7584
HYBRIDSYS BFRD)

In Europe: Hybrid Systems GmbH.

61 Darmstadt, Luisenplatz 4, Germany —
Tel. 6151-291595

N

(TELEX 419390 HYSY D) MILITARY STANDARD
In the United Kingdom: AJEST”EWODS
Hybrid (Component) Systems U.K. Ltd. Fonus::nggggggzms

12A Park Street, Camberley, Surrey
Tel. (0276) 28128
(TELEX 858720 HYBRID G)

g




Microcomputer
Design Courses

Hardware, software, systems design. You can
now learn about all aspects of microcomputers
through EDN'’s exclusive design courses.

NEW 1978 Microcomputer Systems Reference ISSu@ (:0 psses)» « « o o o o v+« « + « $5.00

Features: EDN's 7-chapter “Software Systems Design Course’’ (a step-by-step tutorial
for a uC disc operating system), uP Directory, uC Support Chip Directory, uC Board
Directory.

1977 Microcomputer Systems Reference Issue (314 pages). ........$4.00
Microcomputer Design Course (11 chapters,83pages). . . .. v« . . ... .$4.00

(Add $1.00 to each of the above for non-USA)
Buy in combination and save even more
Any two items — Deduct $1.00
Any three items — Deduct $2.00

Payment must be included with your order. Make checks payable to: EDN Reprints

Send to: uC Reprints / EDN Magazine /221 Columbus Ave./Boston, MA 02116

Please send:
copies 1978 uC Systems Reference Issue — $5.00
copies 1977 uC Systems Reference Issue — $4.00
copies uC Design Course — $4.00

Total $ (Non-USA, add $1.00 to each item)

Check or money order must accompany each order. No COD. MA residents add 5% Sales Tax

Send to:
Name Title

Company
Address
City State Zip Code
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Quality;,

at any price.

From low cost DPM'’s
to sophisticated digital panel instruments.

Dynamic Sciences manufactures panel total commitment to produce a superior quality
meters—a complete line of panel meters. From product, at a price that can’t be matched.
our brand new $29.95 model 72 (in OEM
quantities) which outperforms any meter in its
class, to our microprogrammable non-linear
indicators at the top of the line.

Call today for an evaluation unit or to discuss
your particular applications. Or send for our
new short form catalog.

In between, we have a full range of counters, Dynamic Sciences
meters and instruments to handle all your 16150 Stagg Street, Van Nuys, CA 91406
needs. And each instrument we sell reflects a (213) 893-6341 TWX 910-495-1780

@ Dynamic Sciences

We also manufacture former Fairchild Models 53, 70, 75, 78, 40, 54, & 55.

For more information, Circle No 26
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IS tO
full cycle holdup.

The 500 watt MG5-100: 28 millisecond holdup.

36

The bi
SWItC

Switching power supplies offer substantial holdup.
Linears don't.

A Gould switcher will give you full regulated output
at —20% line. Or during complete loss of power you'll
getfull output power for more than a missing line cycle.

Switchers offer other benefits too. They're 1/3 the
size and 1/4 the weight of linears.

And they save energy with efficiencies of up to 85%.

Gould offers single and multiple output switchers
with power levels from 8 to 2,250 watts. Custom designs
can be provided to meet your exact specifications. You'll
be backed by a high volume production capability and
worldwide service network that only a $1.6 billion com-
pany like Gould could offer.

For more information or to arrange for an evaluation
unit, contact Gould Inc., Electronic Power Supply
Division, P.O. Box 6050, El Monte, CA 91731. Phone
(213)575-4777.

For more information, Circle No 27

Gould. _
The power in switching power supplies.

=2 GOULD
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Technology News

Alternative production technologies
promise increased solar-cell use

Dale Zeskind,
Contributing Editor

Solar-cell researchers are
investigating a variety of
alternative cell technologies,
which could lend themselves
to less expensive production
requirements than current
designs. If these researchers
succeed in their efforts,
photovoltaic energy con-
version — once limited
primarily to outer-space
applications—will quickly be
brought to earth in a variety
of terrestrial uses.

The US Department of
Energy (DOE) is aiding
these research efforts.

Through its National Photo-
voltaic Program, the DOE
aims to ensure that photo-
voltaic conversion systems

Fig 2 — Thin-film solar cells could
sell for $0.25/W (1975 dollars) by
1982. Produced by vapor deposition
of CdS onto plastic- or metal-film
substrates, these cells readily adapt
to continuous-processing techniques.

(Courtesy
Conversion)

Institute  of Energy

METAL
IGH
ANTIREFLECTION Li: CONTACT
COATING
SURFACE
ENCAPSULANT
— " REGioN
G o | " Recion
l METAL BASE |
< conTAcT |

Fig 1—Conventional pn-junction silicon solar cells, made from a wafer of
high-quality single-crystal silicon, are commercially available, though
expensive. Efficiencies for these cells range between 10 and 15%; the US
Dept of Energy hopes that improvements in manufacturing processes
and/or the use of alternative cell technologies will eventually make
photovoltaic energy conversion cost-competitive with other forms of |
electric-power generation. ’

significantly contribute to
the nation’s energy supply
by the year 2000.

Today, ten US manufac-
turers produce single-
crystal silicon cells and cell

arrays (modules). Unfortu-
nately, these cells require
energy- and time-
consuming, labor-intensive
manufacturing techniques,
so their costs are high—on

G
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Technology News

the order of $12/W. This high
cost limits the terrestrial
use of conventional cells to
geographically remote appli-
cations, such as radio re-
peaters and navigational
aids.

As part of its program,
however, the DOE has set a
cost goal of $2/W by 1982 and
$0.50/W by 1986 (in 1975
dollars). At the latter price
level, photovoltaic systems
should compete for some
distributed and larger-load-
center utility applications.
The resulting increased de-
mand would encourage
large-scale cell production
and spur a further improve-
ment in availability and
cost.

Thin films offer promise

A conventional pn-
junction silicon cell (Fig 1) is
made from a thick wafer of
high-quality single-crystal
silicon cut from a slowly
grown ingot. (The cutting
process turns much of the
material to dust—an addi-
tional drawback to conven-
tional cell technology.)

After this cutting step, the
wafers must be polished,
their pn junctions grown by
means of high-temperature
diffusion, and the necessary
contacts plated. These con-
ventional cells have typical
solar-to-electric-power con-
version efficiencies of 10 to
15%.

To reduce manufacturing
costs, one experimental cell-
fabrication technique uses
single-crystal silicon grown
from continuous sheets
rather than ingots. Such
sheets require less polishing
than the conventional in-
gots, and less material is
wasted during cutting.

P* WINDOW
s TOP CELL
N AlGaAs
N
CONNECTING JUNCTION
p* AlGaAs
’ BOTTOM CELL
N GaAs
GaAs SUBSTRATE N

Fig 3—Stacking cells monolithically improves solar-to-electric-power
conversion efficiency. But the approach requires optimizing the cells to
respond to different portions of the solar spectrum. Each layer is
approximately 1 to 2 pm thick. (Courtesy Research Triangle Institute)

The CdS/Cu,S thin-film
cell pictured in Fig 2, for
example, is constructed by
vapor-depositing a thin-film
CdS layer onto a thin metal
substrate or metallized plas-
tic film. Reaction in a
solution of CuCl forms the
Cu,S layer.

These cells consume
miniscule amounts of mate-
rials in their fabrication,
and their construction lends
itself to continuous (as op-
posed to batch-type) process-
ing. J D Meakin, director of
solar-cell research at the
University of Delaware’s
Institute of Energy Conver-
sion in Wilmington, reports
that the CdS/Cu,S cells are
theoretically capable of
achieving 16% conversion
efficiencies; the practical
goal is an 11% figure.

Meakin has to date ob-
served efficiencies as high
as 9.15% and hopes to exceed
10% some time this year. His
group is currently designing
a pilot production plant that
he expects will demonstrate
the feasibility of producing
these or similar cells at a
selling price of $0.25/W by
1982.

Composite methods

Most solar cells respond
efficiently only to a limited
portion of the solar spec-
trum, so much of the light
that strikes them converts
to heat rather than electrici-
ty. To solve this problem,
researchers have built cells
that respond to different
portions of the spectrum.
Then, by spectrally splitting
the incident light and direct-
ing the appropriate portions
of it to the proper cells, they
have improved overall sys-
tem conversion efficiency.

A group at the Research
Triangle Institute, Research
Triangle Park, NC, recently
achieved a significant ad-
vance with this approach.
The group fabricated two
spectrally tailored cells mon-
olithically; the cells are
deposited one on top of the
other and internally con-
nected so they operate in
series, both optically and
electrically (Fig 3).

This structure’s layers are
grov&‘n by liquid-phase epi-
taxy (LPE). The heavily
doped connecting region acts
as a tunnel diode, providing
a low-impedance electrical

38
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Technology News

path between the two cells.

Researcher S M Bedair
reports observing 15% con-
version efficiencies in these
experimental stacked cells,
and he expects to achieve
efficiencies of up to 30%
within the next 2 yrs—a
figure that makes this ap-
proach attractive despite its
complexity.

As an added benefit, the
stacked cells have an open-
circuit voltage of 2V, com-
pared with 0.7V for conven-
tional silicon cells. As a
result, they can deliver more
power than the conventional
units at a given current
level.

Increasing concentration
Rather than reducing
cell-manufacturing costs,
several laboratories hope to
meet the DOE’s goals by
taking a system - optim-
ization  approach. They
aim at demonstrating cost
effectiveness by utilizing
extensive optical systems to

concentrate sunlight onto
cells.

In such systems, because
the cost of the cell is a
relatively small part of total
system cost, system design-
ers can freely use highly
efficient (though costly)
cells; the stacked-cell con-
cept could prove particularly
well suited to these concen-
trator applications.

Researchers are also de-
veloping unusual new mate-
rials for solar-cell applica-
tions. For example, Energy
Conversion Devices recently
unveiled an amorphous
(nonerystalline) material
which it claims could serve
as the basis for a low-cost
class of cells. However, other
solar-cell researchers find it
difficult to evaluate the
Troy, MI company’s claims
because it has failed to
release sufficient data.

In another development,
investigator M J Cohen of
Rockwell International,
Thousand Oaks, CA, has

reported on the development
of the first polymer/GaAs
Schottky-barrier cell—one
with output voltages about
40% higher than those of
metal/GaAs cells. The latter
devices have also been in-
vestigated as low-cost re-
placements for silicon cells.

Is silicon doomed?

In light of all of these
recent solar-cell develop-
ments, do single-crystal sili-
con cells have any future?
Most researchers agree that
these conventional cells will
play a major interim role in
energy conversion for at
least the next 10 yrs; silicon
technology has been refined
considerably over the past
20 yrs, and a sizable indus-
try already exists.

Which of these new tech-
nologies will dominate? Most
observers agree that no one
technology will “win”; in-
stead, most expect several
complementary approaches
to develop. EDN

Switching-power-supply improvements
will dominate Powercon 6

Sam Davis, Manager,
Western Editorial Office (S)

Power-conversion design
techniques—many of them
relating to switching
supplies—will provide the
main attraction at Powercon
6. Highlighting the more
than 30 papers, 60 exhibits
and several short courses
will be “how-to” presenta-
tions on

e A 1-kW on-line switcher

« A simple method to
correct switcher power
factors from 0.6 to
almost unity

e An 8048-pP-controlled
switcher

« Computer modeling of
semiconductor power-
supply components.

Innovative switcher design
The most important

Powercon presentations

could well be those describ-

ing a 1-kW (60V at 15A)
on-line switching power sup-
ply that inherently elimi-
nates pulsating currents in
both its input and output.
The unit thus requires no
input filtering and no
output-filter capacitor. This
switcher is the first applica-
tion of a concept—termed
optimum topology — de-
secribed in 1978 at Power-
con 5 by Ag,sistant Professor
Slobodan Cuk of the Califor-
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nia Institute of Technology,
Pasadena,

Prof Cuk, assisted by
graduate students Loman
Rensink, Art Brown and
Shi-Ping Hsu, will report on
such design considerations
as component sizing, meth-
ods of driving the power
switch and the choice of the
switcher’s transformer
turns ratio. This last factor
is the result of a tradeoff

and Prof R D Middlebrook,
also of Cal Tech, will explain
how to model a switching
converter and measure the
magnitude and phase of the
device’s small-signal re-
sponse in the presence of
high switching noise. And
because many engineers
have trouble measuring
these response parameters,
according to Middlebrook, he
and Cuk will demonstrate on

small-signal model of the
converter and regulator.
Generally, he intends to
show how designers can
apply simple, physically in-
terpretable analytic tech-
niques to real circuits to
obtain correspondingly sim-
ple, useful and practical
design criteria.

Reduce line current
Another switching-sup-

between the switcher’s ON
current and OFF voltage.

scheduled for the day before
the conference,

In a tutorial seminar

Prof Cuk

Powercon 6: Who, what, when, where

Powercon 6 will be held May 1-4 at the
Fountainebleau-Hilton Hotel in Miami Beach,
FL. The conference is sponsored by Power
Concepts Inc, a consulting and educational
firm specializing in applied power-conversion
technology, and will be chaired by the firm's
president, Ronald | Birdsall.

You can obtain additional Powercon infor-
mation by contacting Powercon 6, Box 5226,
Ventura, CA 93003. Phone (805) 985-6978.

Tutorial short courses

In addition to its exhibits and papers,
Powercon 6 will also offer a number of short
courses oriented toward power-supply de-
signers, including:

« A high-frequency-magnetics design
course presented by members of the
Magnetic Material Producers Associa-
tion; it will focus on available magnetic
materials and their limitations

« A course on high-frequency (over 400
kHz) converters that reduce the size and
weight of subsystems usually required in
a switcher (EDN, January 20, pg 44),
delivered by Rudy Severns, VMOS appli-
cations manager at Intersil, Cupertino,
CA

an actual power supply.
Middlebrook will also ex-
plain how to analyze the
response-measurement re-
sults, and he will present a

ply-related paper will
detail a dynamic power-
factor (PF) correction tech-
nique that reduces line
current below values possi-

« A presentation on the causes of—and
methods for controlling—EMI/RFI, by
Edith Kamm, an EE at the Naval Ocean
Systems Center, San Diego, CA

« A practical circuit-design technique for
controlling a power supply’s frequency
response—including a simple method
for transient-response design—shown
by Bill Wise, president of WIC Inc and a
member of the EE staff at Lawrence
Livermore Labs, Livermore, CA

o A short course on power-supply testing
presented by Robert Cox, VP of Autotest,
San Antonio, TX, and Jim Burens, presi-
dent of California DC, Westlake Village,
CA.

The more than 60 exhibits at Powercon 6
will include such offerings as a demonstration
of supply transient response using an elec-
tronic load by ACDC Electronics; automated
power-supply testing by Autotest; new VMOS
power FETs by International Rectifier, El
Segundo, CA; isolated-case power transistors
by General Semiconductor Industries, Tempe,
AZ; uP power supplies by Texas Instruments,
Dallas; Silicon General’'s power hybrids; a
safe-operating-area transistor tester from
Hewlett-Packard; and Cal Tech’'s 1-kW
switcher.
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Surprise!

OFF-THE-SHELF FOR IMMEDIATE DELIVERY...

Satisfy just about any two-way power-splitter/combiner
need with Mini-Circuits ZFSC-2 series. . . covering
2 kHz —1500 MHz, with a choice of BNC, TNC, SMA or
Type N connectors. Also, three convenient mounting
options are available; threaded inserts, through holes,
and flange mounting. Units are available from
stock for immediate delivery and prices start at
only $31.95. Mini-Circuits extensive experience in high
volume manufacturing, coupled with exacting quality
control and thorough testing makes this price/perfor-
mance breakthrough possible.

Examine your power splitter/combiner specifications
and select a highly reliable, low-cost ZFSC-2 model
to meet your systems requirements.

Domestic and International Telex 125460 International Telex 620156
2000.S. O NORWAY: D : AS, O

Africa. 0 AUSTRALIA: General Electronic Services, 99 Alexander Street, New South Wales.
Australia 2065. O ENGLAND: Dale Electronics, Dale House. Wharf Road. Frimiey Green.
Camberiey Surrey. O EASTERN ( BD ¢

(315) 736-7821. O FRANCE: SC.IE - DIMES. 31 Rue Gootgo Sand 91120 P:
France. 0 GERMANY, AUSTRIA, swnmnuuo DENMARK: industrial Electronics GMBH 6000
Frankfurt/Main Kiuberstrasse 14 West O INDIA:

Dananukar Marg, Bombay 400 028, India. O MA!L Vectronics, Ltd.. 69 Gordon Street. Tel-Aviv,
Israel. O NETN!M.AND& BELGIUM, LUXEMBOURG: Coimex Veldweg !l. Hattem. Holland,

O AFRICA: Afitra (PTY) Ltd. P.O. Box 8813, J

2224 M dA . Utica. NY 13502

2 KHz-1500 MHz
Power Splitter/Combiners

FROM 95

PP

Maximum
Freq. Minimum  Insertion
Range Isolation Loss Price
Model (MHz) (Mid-band) (Mid-band) (Quantity)

ZFSC-2-1......5-500........20dB........0.6 dB ......$31.95 (4-24)
ZFSC-2-1W ...1-750 $35.95 (4-24)
..$39.95 (4-24)
ZFSC-2-4 ...._.0.2-1000...20dB........1.0dB ......$44.95 (4-24)
ZFSC-2-5.......10-1500 ...20dB.......1.0dB .......$49.95 (4-24)

ZFSC-2-6 ...... .002-60.....20dB......... 0.6dB ....... $36.95 (4-24)

BNC connectors standard. TNC, SMA & Type N also available.
SMA and Type N $5.00 additional.

World's largest manufaciurer of Double-Balanced Mixers

Mini-Circuits

2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 m MINI-CIRCUITS LABORATORY

A Division of Scientific Components Corp

For more information, Circle No 28
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1 62, Osio 6, Norway. [ SINGAPORE & MALAYSIA:
Electronics Trading Co. (PTE) Ltd.. 87 Bukit Timah Road. Singapore 9. Malay Peninsula
O SWEDEN: integerad Electronik AB. Box 43, S-18251, Djursholm, Sweden
us. D O NORTHERN CALIFORNIA: PENN-STOCK Co.. Foothill Office Center, 105
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ble with conventional off-
line switchers. As described
by Derek Chambers, engi-
neering manager of Soren-
sen Co, Manchester, NH, the
technique can raise a typical
supply’s power factor from
0.6 to 0.95. As a result of this

PF correction,
originally drawing

would

a supply
18A

draw only 14A—an

additional benefit for elec-

tronic
its

power

equipment obtaining
from lines

equipped with standard 15A
circuit breakers.

Chambers explains that
off-line single-phase switch-
ers typically impose a non-
linear power-line load pro-
duced by their rec-
tifier/filter - capacitor in-
puts. To correct for this
nonlinearity, his firm utiliz-

POWERCON® 6 CONFERENCE PROGRAM
WED MAY 2 THURS MAY 3 FRI MAY 4
8:30 SESSION A: THE POWER SUPPLY SESSION D: HIGH-VOLTAGE AND SESSION G: SWITCHED-MODE
AS A SYSTEM ELEMENT HIGH-POWER TECHNIQUES CONVERSION: REDUCING
ANALYTICAL METHODS
TO PRACTICE
Optimizing minicomputer power-subsystem Optimizing boost-chopper charger design Optimizing passive-input filter design
design Design techniques for miniaturized Computer-predicted steady-state stability of
Design techniques for controlling the point- spacecraft HV supplies pulse-width-controlled dc/dc converters
of-load high-frequency performance of Eliminating power-supply interaction with Modeling and design of the Cuk converter
power supplies high-power pulsed loads
Design techniques to limit EMI in
switching-mode converters
10:30 BREAK BREAK BREAK
11:00 SESSION B: CIRCUIT DESIGN SESSION E: CIRCUIT AND SESSION H: NEW DESIGN METHODS
TECHNIQUES FUNCTIONAL INTEGRATION AND CONVERTER
CONFIGURATIONS
Designing nondissipative current snubbers for Toward a high-frequency, universal power A pP-controlled VMOS power supply
switched-mode converters switch Designing the off-line, high-efficiency venable
A new, improved and simplified proportional Simplifying switching-regulator applications converter
base-drive circuit with a new class of self-contained hybrid Design of a kilowatt off-line switcher using a
Dynamic power-factor correction in regulators Cuk converter
capacitor-input off-line converters Functional power-conditioning modules: new
building blocks for converter design
1:00 LUNCH BREAK POWERCON 6 LUNCHEON LUNCH BREAK
3:00 SESSION C: SEMICONDUCTORS FOR SESSION F: NEW DESIGN METHODS SESSION I: SPECIAL POWER-
TO POWER CONVERSION AND CONVERTER CONVERSION TOPICS:
5:00 CONFIGURATIONS ENERGY SYSTEMS
AND RELIABILITY
Simplifying predictable converter design with Reducing magnetic component size with Optimizing solar photovoltaic power-system
CAD power-semiconductor models reverse-biased ferrite cores design
Using high-voltage power MOSFETs in off- A new PWM control technique that eliminates Design techniques for achieving high reliability
line converter applications transformer-unbalance problems in power in switched-mode converters
Applying ultrafast power thyristors in high- converters The effects of operating parameters on
frequency-converter design Designing improved high-frequency dc/dc aluminum electrolytic capacitor reliability
converters with a new resonant thyristor in switched-mode converters
technique Factors affecting the application reliability of
A new technique for simplifying sine-wave- Schottky rectifiers
synthesis inverter design
6:00 INDUSTRY-SPONSORED
TO COCKTAIL PARTY
7:30
PROFESSIONAL ADVANCEMENT SEMINAR PROGRAM
TUES MAY 1 WED MAY 2 THURS MAY 3 FRI MAY 4
9:00 AM | Modeling and measurement of 2:00PM A simplified technique for 8:30 AM  Designing very high-frequency 2:00°M  Predicting and controlling EMI|
TO dc/dc switching converters and TO achieving predictable closed- TO VMOS FET converters TO in state-of-the-art power
5:00 PM regulators 5:30 PM loop performance 12:00N Rudolf Severns, VMOS 5:30 PM converters
Dr R D Middlebrook and W L Wise, Lawrence applications manager, Intersil Edith Kamm, electronic
Dr Slobodan Cuk, California Livermore Laboratory, and engineer, Naval Ocean Systems
Institute of Technology president, WIC Inc Center
9:00 AM | The “business end” of the 2:00 PM  Production verification of power-
TO business: market awareness TO converter performance
1:00 PM Chairman: Robert Boschert, 5:30 PM Robert Cox, Autotest,
President, Boschert Inc James Burens, California DC;,
and Scott Noltensmeier, Intel
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Theres much to be said about the Harris
HM-6100 12-bit CMOS microprocessor system.

Micro-l

Sooner or later, you're going to evaluate the
HM-6100 CPU family.You can do it now, simply
and at low cost, with the new Harris Micro-12
printed circuit board. Fully assembled and tested,
the compact Micro-12 is a complete CMOS system
including the HM-6100 CPU,ROM and RAM
memory, UART and Parallel I/0 Port.

IC’s produced with the Harris silicon-gate
CMOS technology permit high speed, low power
operation using inexpensive batteries.

Also, the HM-6100 emulates the software
operation of the proven and widely used PDP-8/E*
minicomputer. Other benefits include the use of
new, low cost PDP-8 development systems, like
the DECstation 78} and easy-to-program single-
word instructions that significantly reduce develop-
ment time.

Understanding of the Harris HM-6100 instruc-
tion set will come easily with the Micro-12. Uniquely,
it interfaces with a teletype, CRT terminal or tape
cassette. And its 8-digit display and 16-key key-
board are interactive, allowing direct program
insertion, execution and examination.

For program debug, the Micro-12 has a system
monitor with four independent breakpoints.
Program memory includes a 256 x 12 RAM with
space provided for expansion to 1K x 12, and the
board —about the size of a magazine page —is

FUNCTIONAL BLOCK DIAGRAM

says it all.

the Harris Hot Line. Or by writing

Harris Semiconductor Products Division,
P.O. Box 883, Melbourne, Florida 32901.

*Trademark of Digital Equipment Corporation

HARRIS HOT LINE!

1-800-528-6050, Ext.455
Call toll-free (except Hawaii & Alaska) for phone number of
your nearby Harris sales office or expedited literature service.

Harris Technology
... Your Competitive Edge

HARRIS

SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

populated with many other out-
standing features.

In short, the Micro-12 has it all.It’s
the most complete, most advanced
CMOS microprocessor support system available
in the industry. And it’s easy to use.

To make it easier yet, you'll get a complete docu-
mentation package containing software/hard-
ware examples and detailed information
on use, theory and circuits when you
buy your Micro-12 for just $550.

Meantime, you can learn
more about the Micro-12 and
the HM-6100 family by calling

=/1L/L/

¥ 8

ARARALIALE

ARRY
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es switching transistors and
magnetic components that
supply power from the line
to the filter capacitor when
the line voltage reaches
about 30% of its peak value.

As a result, the capacitor
current stays nearly in
phase with the applied volt-
age for most of the power
cycle; hence the supply’s
power factor improves al-
most to unity.

Sophisticated control

Another method of im-
proving switching-supply
performance utilizes an 8048
wP, a PROM and a DAC to
control a supply’s regulation
loop. Applications engineer
Dave Hoffman, of Siliconix,
Santa Clara, CA, will explain
this control method, which
also includes a firmware
filtering algorithm to reduce
line ripple.

The Siliconix unit’s pP
generates a reference volt-
age (via the DAC) that’s
compared with the supply’s
output voltage. The compar-
ator output then feeds back
to the wP, which responds
with pulse-width-modulated
control for the supply’s
VMOS power-FET switches.
Thus, the system even al-
lows keyboard control of the
supply’s output-voltage and
waveform characteristics.

Pulse-width  modulation
also eliminates trans-
former-imbalance problems
in a switching supply sched-
uled for presentation by
Walt Hirschberg, VP for
product development at
ACDC Electronics, Ocean-
side, CA. He notes that these
transformer imbalances can
result from load-current
modulation near the switch-
ing frequency and can cause
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[ [ ]
(C)-‘- B 4% IC R
ftic | |
P

2n

8
_T

decrease the voltage.

An optimum-topology power converter (a), developed at the California
Institute of Technology, can increase or decrease supply voltage, as can
a buck-boost circuit (b); the buck (c) and boost (d) designs can only

internal-component failure.

Building blocks

Circuit designers who
would rather avoid some of
the tedious component-level
considerations associated
with assembling a switcher
might find an alternative in
a family of switching-supply
building blocks to be intro-
duced at the show by Silicon

General, Garden Grove,
CA. Housed in 10-pin,
2.5x1.5x0.3-in. modules,

these units can save assem-

bly time and money, as well
as making RFI control easi-
er because of their small
size, according to applica-
tions manager Pete Wood.
The hybrid modules dissi-
pate up to about 3W—a
figure made possible by a
proprietary substrate with
low thermal impedance.

One of the four modules
contains a controlled phase-
angle rectifier that charges
an external input-filter ca-
pacitor to prevent large
inrush currents. Another
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Finally.

Compatibility.

With Mostek’s

new 8K

static RAM.

ALY

W/ Compatible with ROMs
and EPROMs. Compatible
with microprocessors.
Mostek’s new 8K static RAM
offers total flexibility for your
system. Organized as 1Kx8,
the 4118 is a next generation
Micro Memory,"available
today.

It's a Micro Memory!

Designed for 8-bit and
16-bit systems, the 4118 inter-
faces directly with all present
and future generation micro-
processors. A Chip Select con-
trol is provided for easy mem-
ory expansion and decoding,
and internal latches are
available to latch the Address
and Chip Select inputs. If the
Latch function is not needed,
it can be easily bypassed. An
Output Enable control pro-
vides easy user control of the

EDN APRIL 5, 1979

bus in all bus configurations.
System design is simplified
with the MK4118.

It's more than common!
With a pinout common to
standard 24-pin ROMs,
PROMs, and EPROMs, the
4118 still has more. Access
time is a fast 120ns (max.) and
power dissipation a low 200
mW (typ.). The 4118 is the new-
est addition to our compatible

© 1979 Mostek Corp
For more information, Circle No 30

Micro Memory family which
includes Mostek’s 2716
EPROM.

It's immediately available!
For byte-wide, memory
applications requiring density,
flexibility, and immediate
availability, Mostek’s 4118 is
the one to choose. For the loca-
tion of your nearest distribu-
tor, call 214/245-0266, Mostek
Corporation, 1215 West Crosby
Road, Carrollton, Texas 75006.
In Europe contact Mostek Brus-
sels; phone (32) 02/660.25.68.

MOSTEK.
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module—a power-stage
unit—accepts unregulated
de inputs from 100 to 400V at
10A; it operates between 50
and 100 kHz. The switching
system’s transformer and
the output rectifier and
filter are all external.

A bias-converter module
supplies low-voltage power
for the switching system’s
regulator circuit (which con-
sists primarily of an SG1525
regulator IC). This low-
power module operates from
unregulated de and produces
a regulated output between
15 and 20V. The fourth
module, a drive circuit still
in development, amplifies
the regulator IC’s output to
drive the power module.

Computer models help

A design-oriented Power-
con paper that isn’t restrict-

ed to switching power sup-
plies will focus on the
computer modeling of semi-
conductor power-supply
components. Dr James Bow-
ers, a professor at the
University of South Florida
in Tampa, will present a
brief description of available
computer-analysis pro-
grams, then describe his
technique for measuring a
power semiconductor’s pa-
rameters, establishing its
equivalent circuit and devel-
oping a corresponding com-
puter model.

Dr Bowers and his col-
leagues have developed
models for hundreds of
diodes, SCRs, bipolar and
MOSFET transistors, and
integrated power op amps.

Engineers can use these
models to save time and
money when designing

power supplies, says Bowers.
He notes that although a
special device can often take
6 to 8 wks to obtain, an
engineer using its computer
model can accurately design
a power-supply circuit on
paper before receiving the
part itself.

The models can also help
determine a supply’s worst-
case design. “The computer
model allows a variation of
parameters—such as beta or
collector current—and helps
determine their impact on
the circuit,” Bowers notes.
“There is no practical way to
duplicate all the possible
variations using the actual
components.” And, he adds,
“We have never found a
mistake in our computer-
analysis technique.” EDN

64-pin-chip packaging developers
offer an alternative to JEDEC standard

Bob Peterson,
Associate Editor

Two manufacturers have
joined forces to introduce a
64-pin quad-in-line packag-
ing (QUIP) system that—
compared with an equiva-
lent DIP—saves pc-board
space while still allowing
easy access to the IC’s pins
for testing purposes. And
although this packaging ar-
rangement does not conform
to the standardization
guidelines proposed by
JEDEC for space-saving IC
packages (EDN, Sept 20,

1978, pg 119), it does offer
certain advantages.
Developed jointly by Intel
Corp, Aloha, OR, and 3M Co,
St Paul, MN, the QUIP
system consists of three
parts: a zero-insertion-force
socket with four rows of
standard pins on 100-mil
centers, a leadless ceramic
chip carrier with two rows of
leads on 50-mil centers and a
metal clip that holds the chip
carrier’s contacts against
the socket’s contacts. The
clip also helps dissipate heat
generated by the chip.
While the 64-pin QUIP

requires less pc-board area
than a DIP (2.1 vs 3.5 in.?,
respectively), the closest
equivalent package suggest-
ed by JEDEC requires even
less board area (1.4 in.? for a
68-pin device). On double-
sided pe boards, however,
the QUIP can save space by
allowing designers to run
traces between its leads.
And because it also permits
use of standard wave-
soldering techniques in
board fabrication, the QUIP
can serve, in many cases, as
an economical packaging
scheme. EDN
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Interested in network variety?
Select from a spectrum of 542 standards.

Allen-Bradley has the popular configurations you need. Pull-ups, Pull-downs. Line Termi-
nators. Networks to complement Core Memory Sense Amplifiers. TTL to ECL Translators.
O-Pad Attenuators. R/2R Ladders. Interconnect Networks. All styles available from
your Allen-Bradley Electronic Distributor. Call for specs or check your EEM Catalog.

If you need specials, contact your local Allen-Bradley district office for fast turn-
around. Ask for Publication 5840. A-B is an experienced twin-film manu-
facturer, i.e. precision thin film and thick film.

...room for more
resistors, higher
power ratings, larger

as a special feature. :
resistance values.

for mechanical stability. for visual inspection.

aids orientation and indicates
number of pins. Blue-14 pin;
green-16 pin.

Quality inthe best tradition.

ALLEN-BRADLEY
Milwaukee, Wisconsin 53204

EC1498B
For more information, Circle No 31
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Versatile optoisolators, couplers

move into new applications

Robert Grossman, Manager,
Western Editorial Office (N)

Optoelectronic isolators and
couplers are replacing the
slow and bulky electrome-
chanical devices that previ-
ously isolated delicate
circuitry—especially in tele-
communications, which con-

Designed for high-performance ap-
plications, H-P's HCPL2601 provides
3000V isolation, with a 70%
current-transfer ratio (1./1)

typical

Offering up

to 2500V-dc surge

stitutes the devices’ biggest
market, according to an
assessment by the top three

isolatlon, Monsanto’s MCT210 opto-
isolator drives up to 200 mW with an
output-phototransistor  collector-to-
emitter voltage of 30V max.

suppliers. And as optoisola-
tors mature in complexity
and capability, they could
become commonplace in all
kinds of digital equipment.
With the increase in dis-
tributed processing, for ex-
ample, optoisolators have

to the computer industry.
Optical devices can prevent
unwanted interaction
among any physically separ-
able parts of a computer
system—such as CRT termi-
nals or printers—as well as

outside world.

Industrial-noise solution
Industrial environments
can present a very harsh
“outside world” to a
process-control computer;

taken on a new importance

Illuminating the market

The steady growth of the optoisolator market
indicates the importance and versatility of
these products. Specifically, Monsanto’s mar-
keting manager for optoelectronic products,
Bill Bottini, pegs the 1978 market for optoiso-
lators at $41 million—a figure supported by
Hewlett-Packard’s optocoupler product man-
ager, Gary Labelle. Both men see a steady 20
to 25% annual market growth in the next few
years.

Semiconductor houses such as Motorola,
Fairchild and Texas Instruments are challeng-
ing the three optoisolator market leaders—
General Electric, Hewlett-Packard and
Monsanto—for a larger share of the market.
The leaders are also feeling the increasing
presence of smaller companies—Spectronics,
Optron and Litronix, for example.

With regard to the leaders’ overall market-
ing philosophy, GE, for one, does not intend
to produce single-function parts for special-
ized industries. Joe McSweeney, the firm’'s

isolating a system from the

noise and damaging tran-

optoelectronic product planner, states that
GE’s product line will have a ‘“‘broad-based
market.” With this strategy, the company
hopes to continue its growth in industries
where the trend is toward solid-state compo-
nents and away from mechanical ones.
Monsanto sees optoisolators as common,
reliable devices that designers can now utilize
even when they are not absolutely required.
This manufacturer feels that its growth in the
optoelectronics field will be tied to the contin-
uing computerization of American factories.
In contrast to the other market leaders, H-P
has concentrated its efforts on the high end of
the market. While all optocouplers employ
some form of hybrid bipolar processing, H-P
has designed its products to allow even more
integration than usual on one chip. “Most
devices have had to compromise performance
between speed and efficient light capture,”
according to Labelle. “We combined the
amplifier and optocoupler on the same chip
for high-speed performance up to 10M bps.”
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G
g.g the best

Garry delivers the excellence you need
for successful IC packages. Everything in
boards from microprocessors to ECL logic,
from dip sockets to wire wrap sockets.

For over thirty years we've been making
hundreds of millions of precision contacts
a year for the connector industry. So we
know all are top quality.

You don'’t pay top dollar, either. We're
set up for in-house savings which we pass
on. We have five Gardner-Denver vertical
wire wrap machines and the most ultra-
modern PC board facilities. Four plants —
two U.S., two overseas — give us a turn-
around edge. And support the largest
inventory in the business.

We ship as fast as you can shop. Stan-
dard headers in as quick as 72 hours, up to
100,000 a week. Standard boards in as
quick as two weeks. Any custom board from
scratch in 6 to 10 weeks.

At Garry you'll find superior quality and
surprising speed. Garry Manufacturing
Company, P.O. Box 94, New Brunswick,
New Jersey 08902. (201) 545-2424.

Manufacturing Co. '
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@vematrox

$BC-80 MULTIBUS

displays

MATROX
GRAFPHICSE

SYETEME

MATROX has the most complete line of
CRT display boards for Intel’s Multibus
intheindustry. Wehavealphanumerics;
graphics; color; black and white; varia-
ble resolution; external/internal sync;
50/60 Hz; software and much, much
more. Just plug the board in the Mul-
tibus, connectvideotoanystandard TV
monitor, and presto, you have added a
complete display to your system at a
surprisingly low cost.

MSBC-2480 24 lines x 80 character $ 350"
alphanumerics

MSBC-256 256 x 256 dot graphics $ 650

MSBC-512x256 512 x 256 graphics $ 850

MSBC-512 512 x 512 graphics $1150

MSBC-1024 1024 x 256 graphics $1150

MSBC-24/320 24 x 80 alpha; 320 x 240  $1150
graphics combined

RGB-256 256 x 256 x 4; 16 color $1250
or grey graphics

And we have other uP displays and
display controllers. Theseinclude state
of the art OEM alphanumeric LED dis-
plays, alphanumeric video RAM’s and
CRT graphics controllers. They come
as complete, ready to use sub-systems
(single chips, modules, PCB'’s). Many
of them are plug-in compatible with
other buses (PDP-11, LSI-11, S-100,
Prolog). If wedon’thavethedisplay you
require, we will design it for you.

IF YOU NEED A DISPLAY FOR YOUR uP, LET US KNOW.
WE ARE READY TO HELP YOU.

US. REPS WANTED *100 quant.

@ve matrox electronic systems

2795 BATES RD., MONTREAL, QUE. H3S 185
TEL. (514) 481-6838 or (514) 735-1182; TLX. 05-825651
U.S. ONLY, TRIMEX BUILDING, MOOERS, N.Y. 12958

Technology News

sients abound. Inserted be-
tween digital circuitry and
this ac environment, optoiso-
lators provide inexpensive
circuit protection and permit
control of high-current de-
vices such as SCRs and
triacs.

One potentially important
industrial market that opto-
isolators have not yet en-
tered is the automotive
business. As electronic en-
gine control becomes more
prevalent (EDN, March 5, pg
37), Detroit might turn to
inexpensive optical isolators
as a solution to electrical-
noise problems. For now,
though, most optoisolators
operate from b5V supplies
rather than 12V, and De-
troit’s designers have other
problems—such as emission
control—on their minds, so
penetration of the auto
market remains but a possi-
bility for optoelectronics.

Coupler or isolator?

Most of the current and
prospective application
areas utilize two separate
capabilities of optoelectronic
devices: coupling and isolat-
ing. Whereas optocouplers
simply form an interface
between two electrically in-
dependent circuits (config-
ured from two incompatible
logic families such as TTL
and CMOS, for example),
optoisolators must protect a
circuit from potentially
damaging voltage tran-
sients.

In reality, though, the
onlydifference between opto-

isolators and optocouplers
is one provided by marketing
gamesmanship. Basically
the same device, these
optoelectronic components
change names to suit the
particular market segment
in question.

Letting the light in

In its simplest form, an
optoisolator/optocouplercon-
tains two active devices on
one die: an LED and a
photodetector. The LED is
fabricated in a standard
manner. But it doesn’t have
an exposed emitting ele-
ment; all of its light is
directed onto the enlarged
base region of the photode-
tector. Thus, when the isola-
tor’s input signal modulates
the LED’s light level, the
photodetector senses the
changes, and the input
signal—now electrically iso-
lated from the input—
appears at the output.

Most of the actual differ-
ences between devices on
the market stem from differ-
ent output-stage designs.
Most outputs utilize a 3-
terminal semiconductor
with one of its terminals
(depending on semiconduc-
tor type) replaced by a
photodetector: If a photo-
transistor is used, the photo-
detector replaces the tran-
sistor’s base, while phototri-
acs and SCRs substitute the
detector for their triggers.
Some output stages also
employ Darlington amplifi-
ers to boost signal levels.

EDN
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Show me a truly
flexible packaging
system...something
we can grow on
right into the 80’s.
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The AMPMODU Interconnection
System offers you both .100 centerline
or larger packaging. It is a truly universal
board-to-board and wire-to-board
system that lets you expand your
capabilities without obsolescence.

Take the receptacles. They offer a

high degree of flexibility with electronic
packaging schemes of all kinds. Board
mount receptacles are available for both
vertical use as well as for horizontal
board stacking applications. Two classes
of posts, five types of receptacles and
10 polarized header styles, in fact, make
several thousand connection variations
possible—now and in the future.

It's yours now. I

Headers mate with coaxial ribbon
cable connectors, flat cable connectors,
round conductor ribbon cable
connectors, and AMPMODU
Connectors for discrete wire

and webbed cables.

With this kind of potential it is easy

to switch, say, from “round” wires

to flat wires by using the appropriate
AMP Connector. Yet all this

versatility is possible with a
three-dimensional design that saves
board real estate like never before.

At the front of the unique header
receptacle is a dual cantilever spring
beam design with a very forgiving nature
and positive anti-overstress for
unequalled contact protection. It
assures a uniform, positive electrical
contact with mating posts every time.
If you need a packaging system that
can grow with your equipment design
evolution, you'need AMPMODU
connectors...the interconnection
system that lets you go board-to-board,
wire-to-board and wire-to-wire—any
time. Want more information?

See the opposite page and

the page overleaf for complete

tooling details.

AMP has a better way.



AMPMODU System.

Some facts worth knowing
about AMPMODU connectors

Function: The AMPMODU
Interconnection System is a reliable,
inexpensive way to provide three
dimensional interconnections through a
unique modular technique employing
two mating members (posts) and female
members (receptacles). The posts and
receptacles fall into two general
classifications:

.031"x .062"posts and mating
receptacles and multicircuit housings.
These are generally used in memory
boards, power supplies and rugged
interconnection systems.

il

i" lmmn

.025"x .025" posts and mating
receptacles incorporating standard,
intermediate and high pressure
receptacles for individual and
multicircuit interconnections in a wide
variety of sizes, styles and geometries
to accommodate the higher density of
sophisticated interconnection systems.

Where to telephone: Call AMPMODU
Information Desk (717) 564-0100,
Ext. 8400

Where to write: AMP Incorporated,
Harrisburg, PA 17105

Product Information: Check Reader
Service Card No. 100.
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..and with

Quick staking, rapid terminations and

cost effective fooling.

low on-board costs are the hallmarks of
AMPMODU Application Tooling.

The AMP Pantograph Machine, for
instance, is a strip feed machine which
stakes up to 12,000 posts and/or
receptacles an hour. And it can do it with
remarkable accuracy.

The production rate on the AMP
Printed Circuit Board Insertion Machine
can be as high as 2000 insertions per
hour, depending on the operator. Styles
are available for both the .031" x .062"
and .025" x .025" components.

AMP also offers a complete range of
wire terminating equipment, including
bench machines, and high volume
automatic lead making machines
capable of terminating several thousand
leads per hour.

Need more information about
AMPMODU Tooling? Call the
AMPMODU Information Desk at (717)
564-0100, Ext. 8400.

Or write AMP Incorporated,
Harrisburg, PA 17105.

AMP, AMPMODU are trademarks of AMP Incorporated.




uComputerist Corner

Simple circuit multiplies in 800 nsec

Prakash Dandekar
Andhra Valley Power Supply, Bombay, India

Currently available NMOS pPs require rela-
tively long times (200 psec and more) to
perform a multiplication; for high-speed con-
trol and signal-processing applications, design-
ers usually opt for an expensive multiplier chip
or a bipolar pP to achieve times faster than
this. You can reduce the multiplication bottle-
neck, however, by using a separate hardware
subsystem interfaced to the pP. The design
presented here requires about 20 MSI/SSI ICs
and costs less than $30. With ordinary 7400
Series TTL, its highest usable clock frequency
of 10 MHz permits 800-nsec 8-bit multiplication.

The subsystem (Fig 1) uses the simple shift-
and-add algorithm flowcharted in Fig 2. The

hardware consists of two 8-bit operand regis-
ters accessible to the pP (X and Y), a 16-bit
result register (Z) and a counter that controls
the multiplication sequence. Interfacing to a
pwP system is simple: DEVSEL X and DEVSEL
Y are two strobes generated by decoding the
system address lines. These two signals load
the X and Y registers; DEVSEL Y also clears
the subsystem and starts the multiplication.
Upon completion of the operation, the DONE
flag goes HIGH; this flag is used by an
interrupt-driven system.

The system clock period should be sufficient-
ly long to provide a delay between the
shifting-X and strobing-Z operations. The peri-
od must include the maximum clock-to-output
delay of the 7495, the ripple-carry delay of the
7483 and the setup time and propagation delay
of the 74175. Use of standard TTL permits a
clock period of 100 nsec and thus a multiplica-

DEVSEL Y
DEVSEL X >—
8 4P DATABUS
8 § 1_ /8
Y Y \ A Y i ﬂ y
PARALLEL |
SHIET N __MODE CK, T T s LN e |YReasTER [ clock
RIGHT ouT 2 X 7495 2X7495 oyt RIGHT SERIAL QUT cL
LOBYTE f8 X REGISTER 8 HIBYTL
L I I % VCC
i 16 { D
A B %7474
4X7483 gyum = Q
/16 CcL
: 16
16-BIT ADDER /{ PRESET 5
D 4
»{CL 4X74175 CK
COUNT __ LOAD
f16  ZREGISTER JF | —>|uP 74193 CARRY
gl
DEVSEL Y >—,

L < DEVSEL Y

78

Z4
HI BYTE

Z2
LOBYTE

Ak

PRESET
Q %7474
cL

DEVSELY ———J

DONE

Fig 1—With careful selection of edge-triggered devices, this circuit performs an 8x 8-bit multiplication in 800 nsec.
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uComputerist Corner

LOAD X REGISTER
LOAD Y REGISTER
COUNTER PRESET TO 8¢

CLEAR Z REGISTER
CLEAR DONE FLAG

IS
Y-LSB=0?

YES NO

Y

VL ADD X REGISTER
TO Z REGISTER

}

SHIFT Y REGISTER RIGHT
SHIFT X REGISTER RIGHT

Y

INCREMENT COUNTER

IS
COUNTER
= 15597

YES NO

Y

Y

SET DONE FLAG
STOP CLOCK

Fig 2—A shift-and-add algorithm makes the subsystem go.

tion time of 800 nsec.

Because most instructions of an NMOS uP
require 2 to 10 psec, an 800-nsec multiplication
time represents engineering overkill. In such
cases, you can use a lower clock frequency—
using the CPU clock for this purpose saves
circuitry.

In a typical 8080A-interfaced application,
the X, Y, Z, and Z, registers are assigned
consecutive memory locations; the X and Y
operands are in the B and C registers, respec-
tively. Use the code in Fig 3 to perform the
multiplication; the 2-byte result is stored in
DE.

The multiplication routine requires about 22
psec, compared with an all-software multipli-

MULT : LXI H, X X-register address loaded

;o in (H, L) pair

MOV M, B ;X loaded

INX H : (H, L) incremented

MOV M, C ;Y loaded, multiplication

INX H ;. proceeds

MOV D, M ;27 (high-byte of result)
; is brought into D register

INX H ; address of Z, register

MOV E, M ; low-byte of resultin E

RET ;. register

Fig 3—Use this code when interfacing the multiplier with an
8080A system.

cation time of about 230 psec. Close examina-
tion of the routine reveals that the time
between the loading of the Y register and the
retrieval of the high byte from Z, is about 4
pusec (eight microcycles at a 2-MHz clock
frequency). Thus, using the 8080A’s ¢. clock,
the subsystem clock frequency can be lowered
so that the operation takes at most 4 psec.
This basic multiplier can be expanded to
handle two 16-bit words. But in a hardwired
system, the X, Y and Z registers double in
width and thereby increase component count.
If board space or parts cost is important, use
the 8-bit subsystem as a byte multiplier to-
gether with an expanded software routine. EDN

Software notice

Access to more than 85 types of business,
medical, accounting, research and hobby
programs is free to members of the 8080 Etc
users’ group. Programs include routines in
word processing, general accounting, billing,
materials management, text editing, financial
analysis, physics, and electrical, civil and
chemical engineering. If you are interested in
8080 Etc membership, set your terminal for
300-baud transmission, dial (209) 638-6392
and type the passwords: Hello-w101, 8080-
Etc. For a free list of program titles, send a
self-addressed stamped envelope, together
with a description of your system and any
questions, to: Membership, The 8080 Etc, Box
894, Fresno, CA 93714. EDN
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Our new 64K ROM packs
an on-time guarantee:

We'll deliver 64K, 32K or
16K ROM:s in 8 weeks —

or you'll get 100 parts free.

Everybody promises on-time delivery. Only
Signetics guarantees it. In writing.

That means you’ll get the first 100 pieces of our
new 64K high-density MOS ROMs within eight
weeks. After your written code verification, of
course. If we slip delivery, you’ll get 100 addi-
tional devices free. No questions asked.

Same offer goes for our industry standard 16K
and 32K static ROMs.

We’ll deliver those as promised. Or we’ll add
100 free to your order for 1000 parts or more.
Signetics has a strong commitment to
high-density ROMs. And we’ve
packed that into our new
64K part. Higher
circuit den-
sity

r‘"ﬂd

ll//,,,

ey,
m,,h’/m,

\/\/\/\/

means fewer parts to meet storage requirements.

That translates to cost savings in assembly
time and board space.

Our 64K ROM is also a snap to interface. And
it’s available in 16K X 4 as well as 8K X 8. Since
it’s static, no clocking is needed. Couple that with
ROM codes that work the first time out, and
you’ll cut the time lag from design to working
hardware.

Compare the features of our 64K with other
ROMs on the market. You’ll see why it should be
your first choice for design-ins.

And then try to find another supplier who’ll
guarantee delivery. You won’t.

While we’re meeting your ROM delivery
schedule, Signetics will even program your mask
codes free. That goes for every 16K, 32K, and 64K
ROM on orders of 1000 up.

Whatever your design objectives are, Signetics
will help you meet them. On time.

To get your on-time ROM guarantee certifi-
cate and technical literature, call us today on
Signetics special ROMLINE: (408) 746-1756.

Or if another supplier has tied up your
_ phone making delivery promises

he won’t keep, send us the coupon
below.

SiNPLicS

a subsidiary of U.S. Philips Corporation

Signetics Corporation

PO. Box 9052

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

Memories On Schedule

To: Signetics Information Services, 811 East Arques Ave
P.O. Box 9052, Sunnyvale, CA 94086

O Please send me complete details on miniMOS-4™

static ROMs and guarantee certificate.

Name Title
Company Division
Address MS
City State Zip

O I'm tired of promises other suppliers won’t back up. Please
have an MOS Memory specialist phone me today at:

( ) EDN 479 AC




What's TRW up to now?

BREAKING THE
PRECIOUS METAL BARRIER
IN THICK FILM NETWORKS.

Photo: an 8 pin, 7 resistor SIP network substrate employing TanTin (colbalt blue) and copper terminations









uComputerist Corner

Don Ward
Mostek Corp, Carrollton, TX

EDN Software Note 727
Execute MK3870 magnitude comparisons

result: CI (compare immediate)
pare memory). These

For two numbers, A and

status conditions necessary for

By testing the appropriate status bit(s) of an
MK3870, you can make magnitude compari-
sons without altering the contents of the
device’s accumulator or memory.

The (s instruction set provides two com-
parison instructions which do not store a

the immediate byte (CI) or to the memory byte
(CM) referenced by the data counter. Although
a comparison’s result is discarded, the opera-
tion alters the status register according to the
rules of two’s-complement addition.

B (signed or
unsigned magnitudes), the table indicates the

and CM (com-

instructions add the
two’s-complement value of the accumulator to

UNSIGNED SIGNED

RELATION 0Z€ S 0ZC S
A-B — 1= —1-—-
A<>B -0 —— —0—--
A>B -—0- 0——0
or 1 ——1

A<=B -——1- 0:——1
or1——0

A<B -01-— i ——0
or 00—1

A>=B ——0- 0—-0
or — 1 —— or 1 —-—1

or —1 ——

A magnitude comparison in an MK3870 sefs testable status
conditions. A ‘"' in this reference table indicates a ‘‘don't-
care’ bit.

each compari-

son. The routines in the figure test for each
condition and perform a branch if the relation
is true. Although these routines use CI, CM
can be substituted for memory comparison.

>0000 0007
0008
0009
0010
0011
0012
0013
0C14
0015
0016
oc17
0018
0019
0C20
0021
0022
0023
0024
0G25
0026
0027
0C28
0023
0030
0031
0032
0C33
0034
0035
0C3

0037
0038

'00600
'0002
'0004
00056
‘0008

25C0
999E
9803
8104
2B

'0009
'000B
‘000D 98FA
‘000F ©91F8
001 2B

'0012 2500

value. (Continued on next page )

EQU

(R) A

o to

Sam as

A €> B
Same as

* % % % b ok o o % o % AW

* F X ¥ X
t4
tr1
to

(D)

3ND

sTB

* * % * X

(E) A <CE

CI

In this code for signed and unsigned magnitude comparisons,

:,Jlool

xample

Example

+3
w

= o D W

B s
e
ww G

3,AGTE
ALER

ALEB

2]

ASSIGN 3 TO SCYE=Z VAIUE.
1.0 (A).

1.0 (B).

COMPARE VALUES.

BRANCH IF OVE=5=C.

S=1 IF CVEF=0.

BRANCE IF OVF=S=1.

FLOW HERE IY¥ CVF=1, 5=C.
BRANCH IF OVF=S5=0.

S=1 IF OVE=0.

SBANCH IF 5 <> G
CONTINUE HERE IF CVE=3.

“A" represents the accumulator and ‘B’ the comparison

EDN APRIL 5, 1979
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uComputerist Corner

'0014
'0016
‘0018
'001A

'0018
'001D
'001F
'0021
'0023

>00¢

0000
'00C2
'000u

(@& N ]
[eNe N e]
(S W& K

O ~J U1

'J00A
'2g60cC

'000L

'D00F
‘6011
‘0013

'C014
‘0015
*po 18
'001A

*0013
‘001
e fol oy
'C021

r13

9905
9CocC

310A
2B

2500
gaEC
9C03
81r8
2B

N N
mw &= W,
QO
O

N WN
[ S =¥ |
ny O
[@ L]

250F
9205

2b

0 N
O
(@R

[(WINe o]
wnwm

250F
9293
9408

-~

L5

250F
92EC
BUFA
23

0039
0040
0041
00u2
0043
0C4a44
ocus
0o0u6
o047
ocse
0049
0050
0051
0052
0053
cosu
0055
0COE€
0c07
0208
JC09
9C10
0011
0312
2013
0C14
001E
0C1€
0017
Co018
0015
0029
0021
6Cz2

JIOO OO O
NN NN
~N O Eow

QDO O ¢
<
N
0

o
(=}
N
\O

0030
0C31
0032
0033
CO34
00235
00236
0037
003e
0039
004G
0041
OCLz
onL3
oouy
nous
0CLeE
0047
ao4ueg
couc
0050
0051

OO;Z

ASZE
*

*

*

*

* (F)
ALTE
*

*

*

* EXANP
*

R

*

* (B)
NEZU
*

*

*

* (B)
EQUA
*

*

*

* (C)
ALEB
*

*

*

* (D)
AGTR
*

*

*

* (E)
AGER
*

*

*

* (F)
ALT
*

*

2.9 b
Q 1Rty 1y

J

A >=
€I
3F
3F
2P
NOE

EDU

2 00y

QI H

B

3IN7

NC?

BNC
ANZ

g
Nnor

T e )
C MV
(@] "

o

o]
> Q)

5 oaa W)

H N

]~

(v e

¢ B
3
tx

W
PENE
>
>
e
M W
td

71~

BRANCH IF OVF=S=0.
BRANCH IF OVF=Z=0.
BRANCH IF S=Z=0.
CONTINUE HERZ IF CVE=S3
OR Z=1.
BRANCH IF OVF=S=C.
B2ANCH IF OVF=Z=C.
BRANCH IF S=1.
CONTINUE HEKE IF C <> =
AND Z=0.
UNSIGNED MASNITUDE CCMPAFISONS.

H"*Op"

1 o
(&)
=
o

@

=
try
O
3

BN
G
-
o

2o

AGEB
RLTB

2w
G) G2
o

N

ASSIGN B TO SGME VALUE.
CONPARE VALUES.

Z FLAG SET IF A = E.
ELSE NOT zQUAL.

Z FLAS CLEAR IF A <> 5.
ELSE EQUAL.

CARRY CLEAR IF A > E.
ELSE R <= B.

CARRY CLEAR IF A >= B

Z CLEAR AND C SET 1IF A < B.
ELSE A >= R.

CARRY CLEZAR IF A > E.

Z SET AND C SET IF A = b.
ELSE A < R

58
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FLUKE’'S MICROPROCESSOR-BASED
SCANNER IS COMPATIBLE WITH EITHER
IEEE 488 OR RS232.

Or scans automatically without a
controller!

That’s right — the new Fluke 2204A
scanner is so flexible you can use it
for R&D applications like compo-
nent research, life-cycle and envi-
ronmental testing, quick-change
production line test set-ups, and
even precise process monitoring
jobs that demand the highest pos-
sible reliability.

System building block

When you build your system around
the 2204A, you have a mainframe
capacity up to 100 channels, and
scan speeds up to 125 channels/sec-
ond. Whatever capacity you need
up to 1000 total channels is easily
provided by chassis extenders.
Choose from either general pur-
pose (2-wire) or low thermal | <1 WV,
3-wire) relay scanner cards. Both
switch up to 170 VDC and have ex-
cellent high frequency AC response.
We provided for convenient
four-terminal ohms meas-
urements, and high-ac-
curacy temperature
measurements
through an ex-
clusive iso-
thermal

60

The Fluke 2204 A [EEE-compatible scanner
(top) — a perfect match for the Fluke 8502A DVM.

input connector.

When it comes to checking out
or trouble-shooting your system,
you can do it conveniently and
quickly in the manual mode right
from the front panel of the 2204 A.
The whole system can be synchro-
nized by using the scanner’s output
trigger pulse.

Now, about what

voltmeter to use.
The 2204 A and our 8502A 6% -digit
voltmeter make an ideal pair that
we call the 7600A system. The com-
bination of these two precision in-
struments gives some unique sys-
tem advantages that no other scan-
ner/DVM combination can provide:

« Utilization of the maximum speed
potential of the scanner on the bus,
afforded by the 8502A’s high speed.
» Excellent noise rejection due to
the 8502A’s unique digital filtering
characteristics.
* Scanner data that can be massaged
withouta controller. The 8502A’s
strong math capa-
bilities plus scal-

Geny Wl

For literature Circle no 39
For demonstration Circle no 118

ing, offsetting, peak reading, and
“hi-pass-lo” decisions give you im-
mediately useful information, with
no additional computation neces-
sary.

« Time and money savings, because
the 7600A system comes factory
tested and shipped together, with
all the cables and connectors you
need. And at no increase in cost
over individual instrument prices!

CALL(800)426-0361, TOLLFREE*
or contact any of the 100 Fluke offices
and representatives, worldwide. In
the U.S. and countries outside Eu-
rope write: John Fluke Mfg. Co., Inc.,
P.O. Box 43210, Mountlake Terrace,
WA 98043, U.S.A.

In Europe, contact: Fluke (Neder-
land) B.V,, P.O. Box 5053, Tilburg,
The Netherlands. Telephone: (013)
673973 Telex: 52237.

* Alaska, Hawaii, Washington res-
idents — please call (206) 774-2481.

FLUKE

®
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uP uP and away

Going uP? Our 8-lane universal expressway
touP development is wide open.

—

GetuP to speed
| with our multistation
development network.

See us at Electro 79, Booth 1319, 1321

Eliminate the
traffic jam in your

microprocessor development lab. Get
off that one-way road to uP-based
product design (with just one
chipmaker’s microprocessor support)
and reduce your per-station cost at the
same time. How? With our Universal
Multistation Development Network —
a distributed processing system that
shares disk and printer with up to eight
users simultaneously. Give each user
his own AMDS station with integral
CPU, CRT and keyboard; any one of
six supported processors (8086, 8085,

8080, 6800, 6802, Z-80 and more soon);
optional in-circuit emulator, logic
analyzer and every software aid,
including BASIC compilers, relocating
macro-assemblers and disassembling
symbolic debuggers. It’s the first
sensible alternative to the high cost of
multi-user development support and
confining single-chip systems.
Futuredata, 11205 S. La Cienega Blvd.,
Los Angeles, CA 90045. (213) 641-7700
TWX: 910-328-7202.

(futuredata )

For more information, Circle No 40
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SPECIAL REPORT

No two development systems are alike, but no two development tasks
are, either. The ideal system remains flexible, satisfying

your specific needs.

Edward Teja, Associate Editor

Although nearly every p( system currently on
the market features some development tools,
many of these systems are not designed for
complex development work. And even if you
consider only those systems touted specifically
for development tasks, their sheer variety will
confuse any attempt at specific point-by-point
comparisons.

Clearly, though, a $500 system does not offer
the same capabilities as a $20,000 one; they don’t
compete directly. The question, then, is not which
development system is the best, but which
development tools best suit your task. After
ascertaining that requirement, you can then
determine which system provides these tools in
the most cost-effective package.

Start by defining the development task; realis-
tically assess the minimum and maximum re-
quirements your system must meet. The ques-
tions in the nearby box can serve as a guide to a
first-level evaluation. For example, if your end
product’s available memory is limited, writing
programs in PASCAL would be unrealistic—even
though many development systems either now

All the tools for software and hardware development and debug
for Z80 and 3870 p.Ps come in Mostek’s AID-80F. The enclosure, a
CPU with 32k of RAM, two single-sided drives, a card case and
cabling cost $5995 total.
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offer it or will add it during the next year. The
requisite interpreter alone resides in approxi-
mately 10k of ROM in most PASCAL versions—
and that does not include the program size.
FORTRAN, to name a second example, compiles
nicely, yet its run-time package, whose size
varies from compiler to compiler, requires addi-
tional memory. In fact, for products with less
than 8k of memory, programming in anything
higher than assembly language can prove to be a
blue-sky proposition.

Evaluating the suppliers

In the beginning, development systems were
created for one purpose: to sell silicon. Semicon-
ductor manufacturers realized that the ease of
producing software for a processor correlated
with the volume of that device’s sales. Although
these manufacturers still produce development
systems to sell their chips, the entry of indepen-
dent equipment manufacturers into the market
has led some semiconductor makers to market
their systems as independent-profit-center prod-
ucts. The successful entry of independent firms
has made it clear that selling development
systems and development tools is profitable in

Costing $14,500, /ntel’s Intellec Series || Model 230 comprises 64k
of RAM; two dual-density floppy-disc drives; a 2000-character
CRT and the ISIS-Il operating system. (The ICE module for 8086
emulation and the SDK-86 board shown in the photo are not
included in this price.)
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Independent vendors add features
to dedicated systems

and of itself.

The independent equipment manufacturers
(companies not engaged in making pPs) typically
offer universal systems. (“Universal,” in this
context, means only that a system, rather than
being committed to a particular processor, func-
tions as a development station for several proces-
sors.) Tektronix, one of the best-known indepen-
dents, views the market as one for test equip-
ment. Thus, its Model 8002’s emulator circuitry
and debug capability were developed by logic-
analyzer designers.

The 8002’s Real-Time Prototype Analyzer op-
tion, for example, provides a trace of up to eight
locations on a prototype circuit. This sophistica-
tion is costly, though: An 8002 with F8, 3870 and
3872 support packages costs $13,700. The system
also supports 6800, 8080A, 8085, Z80 and TMS
9900 pPs.

The time lag between the appearance of a new
pP and the availability of development systems
that serve it is significant to OEMs. Naturally,
the chip’s manufacturer will offer first delivery
on development support; the availability of sup-
port for the chip on universal systems, though,
typically awaits mass-market acceptance of the
device. Thus, if you can’t wait for an indefinite
period of time for a software or hardware module
that supports the new device on your universal
system, you’ll either have to write your own cross
assembler or buy the appropriate dedicated
system from the chip manufacturer.

Independents perform another service beyond
broadening the variety of available
alternatives—they provide products that make
dedicated systems slightly more universal. Proc-

An all-in-one configuration, Zilog’'s ZDS-1 provides emulator,

logic analyzer and ROM/RAM-simulator functions.
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Development tools don’t always come in system packages.
Applied Microsystems' EZ-80 permits full emulation of Z80 uPs
while providing built-in diagnostics.

Several users can share a single CPU and mass-storage devices
when working on Futuredata’s Microsystems. These systems
range from $11,500 to $69,450, depending on configuration.

A general-purpose system designed more for business than
development work, Pertec’s 8085-based PCC 2000 can nonethe-
less serve for some development tasks.

EDN APRIL 5, 1979




essor Innovations, for example, can (for $1500)
utilize the magic of cross assembly to provide
Intel development-system users with TMS 9900,
SBP 9900 and S9900 development capabilities.

As another alternative, Solid State Scientific
Inc proffers a $500 macro assembler that permits
use of Intel’s Intellec system as an SCP1802
development system. In the same manner, cross
assemblers can convert any pC into a develop-
ment system—EDN did it for the 8086 (EDN,
February 5, 1979, pg 115). Incidentally, Intel used
cross assemblers and cross compilers (PL/M) to
make the 8080-based Intellec system do develop-
ment work for the 8086.

Just as adding software increases the versatili-
ty of an existing system, a similar approach can
compensate for a shortage of specialized develop-
ment hardware. Intersil, for example, provides
its Model 6920 EPROM programmer for use with
any system having either an RS-232 or current-
loop interface. Thus, for approximately $1000,
virtually any system can program PROMs.

In short, just because a development system is
purchased as a dedicated configuration doesn’t
mean it must stay that way.

Making more than a development system

There’s another alternative, though. Many
higher priced systems, such as National Semi-
conductor’s Starplex, offer blandishments (such
as FORTRAN) unrelated to their systems’ use in

the development task. National assumes that
many OEMs can’t afford to pay $10,000 6r more
for “only” a development system and that a
system offering full-service computational power
covers a broader range of applications. The extra
capability isn’t free, of course, but bundled into
the price of a development system, it becomes
less noticeable.

Assume, for example, that your company can
afford (or will authorize) only part of the neces-
sary cash for a development system; assume also
that some EEs in the firm are using time sharing
to solve problems in FORTRAN. If you are
willing to share access to the system, all of you
can combine budgets to buy one system that does
both jobs.

Contrast this approach with the method used
by companies such as Futuredata: It believes
multiuser development systems are an effective
means of reducing development costs. Its Six
Station Network, for example, provides facilities
for six users simultaneously, including four
software-development stations; two hardware-
development stations; four double-sided, double-
density floppy dises; and a 300-lpm printer. The
system accommodates five different user-
specified 8-bit processors. Cost per programmer
is about $11,575—not cheap by any standard—
but Futuredata feels that each programmer
must have a separate console in a realistic
development effort. Tools such as symbolic debug

Defining the development task
In order to select a system that Software

team already know? You

will maximize your develop-
ment effort, you must first
define your job in terms of the
available development tools.
The necessary questions di-
vide into hardware and soft-
ware categories.

Hardware

1. How many different types
of uPs must the system be able
to accommodate?

2. Will the code to be
developed reside in PROM?

3. Is the application hard-
ware sufficiently complex that
it would benefit from in-circuit
emulation?

4. Will the system be
available for uses other than
development?

5. How many programmers
must have access to the
system at any one time?

1. Is the code to be
developed sufficiently long
(and complex) to require
modularized writing? If so,
make sure that the assemblers
and compilers provided with
the development system pro-
duce relocatable, linkable
code. The former permits
modification of its addresses
at load time; the latter uses
pseudo-ops to maintain com-
munication between separate-
ly compiled modules and the
main program. For detailed
discussions of these features,
see ‘‘The software wall and
what you need to scale it"”
(EDN, March 5, 1978, pg 75).

2. Can your code be written
in a high-level language? A
secondary questicn here
should be: What languages do
members of your development

shouldn’t have to spend time
learning new languages un-
necessarily.

3. Will programmers be
using the system to write code
for processors other than the
resident CPU? If so, can cross
assemblers be produced in-
house? Are cross assemblers
that produce code for the
target processor available on
the development system?

4. Will some routines be
used repeatedly? What hard-
ware/software does the sys-
tem offer to facilitate building
libraries of subroutines?

5. Will the system be shared
for other engineering tasks? If
yes, you will want FORTRAN or
some high-level language for
the individuals involved in
those tasks. Don’'t expect
BASIC to be adequate.
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Extra capability makes dedicated
systems generally useful

and interactive editing, hallmarks of this kind of
system, make system development this network’s
primary purpose.

Setting system guidelines

Are there such things, then, as standard
system tools? No; they depend on the application.
You wouldn’t consider hardware emulation nec-
essary if the target product were relatively
trivial, yet for complex products, Intel’s ICE,
National’s In-System Emulation or one of the
numerous other emulator products can save time
and effort—permitting a real-time analysis of
code as it executes on your hardware.

And if the software in your job is trivial, the
best solution might not be a development system
at "all. A stand-alone emulator, such as the
EM-6800 or EZ-80 from Applied Microsystems,

Flexible enough to expand into any application, Quay Corp's
Model 90MWS, equipped with 4k of RAM but without floppy discs,
starts at $1050.

provides an alternative for testing hardware
prototypes. To emulate a chip, the EM-68 plugs
into a 6800 CPU socket. You can take one home
for $1860.

Millennium Systems also uses plug-in modules
in its Microsystem Analyzer, supporting 6800,
8080, 8085A-2 and Z80 pPs. You can equip this
stand-alone emulator, which costs $2750, with a
$1000 signature-analysis option for time-domain
capability.

Although the necessary set of tools is entirely
task dependent, though, it is possible to outline
requirements that apply to any pC system used
in a commercial environment. These general
system requirements don’t relate specifically to
the required set of development tools, but rather
to the concept of realistic system hardware and
software. Your system’s capabilities will be more
flexible if the system is chosen according to these
guidelines:

o Include at

least two floppy-dise drives.

Putting everything in an integrated package, 7ano's Outpost
features a macro assembler and STRUBAL+ compiler.

From tutor to tool
Rockwell’s Aim 65 began as a
teaching tool but is currently
finding use as a development
system. As such, it's one
example of the diverse nature
of “‘development systems.”
The company wanted to
design a portable system that
furnished enough tools to
illustrate the power of its 6502
processor and peripheral
chips. To that end, the Aim 65
board houses a thermal print-
er, keyboard and alphanumer-
ic display; two 4k ROMs store

that field.

retails for

Not initially intended for use as a
development system, Rockwell’s Aim
65 has become a fierce competitor in

about $500—a

began buying it as a develop-
ment system. Rockwell’'s man-
agement suspects that one
reason for this unexpected
trend is that the system’s price
tag suits an engineering de-
partment’'s petty-cash budget,
thus keeping accounting and
purchasing departments out
of the buy decision. After a
project can be justified to
upper management—with the
Aim 65 running the
software—the department
gets budget approval for a
development system.

an advanced monitor. An
interface permits adding a
cassette, thereby extending
the unit's system-software
base. The fully equipped board

reasonable price for a teach-
ing machine.

The marketplace had differ-
ent applications in mind for
the unit, though; engineers

An unrealistic scenario?
Perhaps, but the systems are
selling to people and compa-
nies who already know how a
6502 works.
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Regardless of the storage capacity of these
drives, it makes sense to use one write-
protected disc for a system disc and one for
development. Also, disc copying for backup
purposes is much easier when you can
perform a straight disc-to-dise copy. Why
opt for discs at all? Using paper tape can add
hours to each stage of the development
process; a single edit-and-assemble session
can take hours. Furthermore, magnetic
tape is limited in speed and capacity, and
more importantly, its files are strictly se-
quential, whereas discs support directories
of named files—another factor that reduces
development time. In addition, most high-
level-language implementations are dise

based—for large development tasks, you
will want this design and development aid.
« Look for a good text editor. Regardless of

Plug-in modules emulate the 6800, 8080, 8085A-2 and Z80 .Ps,
making Millennium's Microsystem Analyzer a reasonable alterna-
tive to a full development system.

Hoping to capitalize on the Starplex’s nondevelopment-system
capabilities, National Semiconductor expects the system to find a
home with customers who can't afford to buy just a development
system.
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the type of development your task entails, a
large percentage of your time will be spent
interfacing with the editor, so ensure that it
is powerful and easy to use. Compare many
of these editors before committing to one.

« Large jobs require a high-speed printer.
Making a top-notch programmer wait for a
teletypewriter printout is akin to hiring
top-notch hardware designers and making
them do their own drafting.

« Make sure that the operating system pro-
vides flexible utilities. An impressive array
of hardware can be misleading; you must
ensure that the operating system will actu-
ally transfer data and information to de-
sired locations and devices from designated
locations and devices assigned by dynami-
cally alterable utilities. See EDN’s Software
Design Course (November 20, 1978) for a
description of the work you can reasonably
expect an operating system to do. Some
powerful operating systems are available;
the bogus ones will be obvious after you
spend a little time comparing systems.

25 0 s e A A R 20 i s

Incorporating complete hardware and software for any 6800-
based development task, Motorola’s Exorterm 220 costs either
$8600 or $9200, depending on whether you choose dynamic or
static memory.

- _y

Designs using bit-slice wPs can take advantage of Advanced
Micro Computers’ System 29, aimed at microprogramming
applications ($18,850).
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Consider the human factor

As a final consideration before deciding on a
system, spend some time with a demonstrator.
Type in some code; do an assembly; print out
some listings. Once you purchase the system, it
and its quirks become part of your work environ-
ment. Before you buy is the time to discover that
vou can’t stand the clunk the discs make when
the heads load, or that the printer slides across
the table as it prints.

Sound a bit like kicking the tires on a used car?
Perhaps it is. Perhaps it is also time to recognize
that you are more efficient (substitute “cost
effective” in reports to management) in a com-
fortable environment. And efficient production
of error-free code, after all, is the sole object of
buying a development system. EDN

Article Interest Quotient (Circle One)
High 470 Medium 471 Low 472

Manufacturers of development systems and related equipment

For more information on development systems, development-system software, stand-alone emulators or
general-purpose pC systems used in development-system applications, contact these manufacturers directly or
circle the appropriate numbers on the Information Retrieval Service card.

Advanced Micro Computers
901 Thompson PI
Sunnyvale, CA 94086

(408) 732-2400

Circle No 405

American Microsystems Inc
3800 Homestead Rd

Santa Clara, CA 95051
(408)246-0330

Circle No 406

Applied Microsystems
Box 245

Bothell, WA 98011
(206) 827-9111

Circle No 407

Compucorp

1901 S Bundy Dr

Los Angeles, CA 90025
(213) 820-5611

Circle No 408

Computer Interface Technology
2080 S Grand

Santa Ana, CA 92785

(714) 979-9920

Circle No 409

Control Logic Corp
9 Tech Circle
Natick, MA 01760
(617) 655-1170
Circle No 410

Computer Products

1400 NW 70th St

Fort Lauderdale, FL 33307
(305) 974-5500

Circle No 411

Data General Corp
Rte 9

Westboro, MA 01581
(617) 366-8911
Circle No 412

Digital Microsystems
4448 Piedmont Ave
Oakland, CA 94611
(415) 568-8650

Circle No 413

Diversified Technology
Box 465

Ridgeland, MS 39157
(601) 856-4121

Circle No 414

Fairchild Camera & Instrument Corp Motorola Microsystems

MOS Div

464 Ellis St

Mt View, CA 94042
(415) 962-3371
Circle No 415

Futuredata Corp

11205 S La Cienega Blvd
Los Angeles, CA 90045
(213) 641-7700

Circle No 416

General Robotics
57 N Main St
Hartford, WI 53027
(414) 673-6800
Circle No 417

Harris Corp

Semiconductor Products Div
Box 883

Melbourne, FL 32901

(305) 724-7000

Circle No 444

Imsai Manufacturing Corp
14860 Wicks Blvd

San Leandro, CA 94544
(415) 483-2093

Circle No 418

Intel Corp

3065 Bowers Ave
Santa Clara, CA 95051
(408) 249-8027

Circle No 419

Intersil Inc

711 Stierlin Rd

Mt View, CA 94043
(408) 996-5164
Circle No 420

Microtec

Box 60337
Sunnyvale, CA 94088
(408) 733-2919
Circle No 421

Millennium Systems
19020 Pruneridge Ave
Cupertino, CA 95014
(408) 996-9109

Circle No 422

Mostek Corp

1215 W Crosby Rd
Carrollton, TX 75006
(214) 242-0444
Circle No 423

Box 20906
Phoenix, AZ 85036
(602) 962-3561
Circle No 424

Mupro Inc

424 Oakmead Pkwy
Sunnyvale, CA 94086
(408) 737-0500
Circle No 425

National Semiconductor
Computer Products Div
2900 Semiconductor Dr
Santa Clara, CA 95051
(408) 737-5261

Circle No 426

Northwest Microcomputer Systems

121 E Eleventh Ave
Eugene, OR 97401
(503) 485-0626
Circle No 427

Omnibyte Corp

2711-B Curtiss St
Downers Grove, IL 60515
(312) 852-8320

Circle No 428

Pertec Computer Corp
20630 Nordhoff St
Chatsworth, CA 91311
(213) 998-1800

Circle No 429

Plessey Peripheral Systems
17466 Daimler

Irvine, CA 92714

(714) 540-9945

Circle No 430

Processor Innovations
118 Oakland St

Red Bank, NJ 07701
(201) 842-8110

Circle No 431

Processor Technology Corp
7100 Johnson Industrial Dr
Pleasanton, CA 94566

(415) 829-2600

Circle No 432

Pro-Log Corp
2411A Garden Rd
Monterey, CA 93940
(408) 372-4593
Circle No 433

Quay Corp

Box 386

Freehold, NJ 07728
(201) 681-8700
Circle No 434

RCA Solid State Div
Box 3200
Somerville, NJ 08876
(201) 685-6380
Circle No 435

Rockwell International Corp
Microelectronic Devices
3310 Miraloma Ave
Anaheim, CA 92803

(714) 632-1650

Circle No 436

Signetics

811 E Arques Ave
Sunnyvale, CA 94086
(408) 739-7700
Circle No 437

Solid State Scientific Inc
1674 Commerce Dr
Montgomeryville, PA 18936
(215) 855-8400

Circle No 438

Tano Corp

4301 Poche Ct West
New Orleans, LA 70129
(504) 254-3500

Circle No 439

Tektronix Corp

Box 500

Beaverton, OR 97077
(503) 644-0161

Circle No 440

Texas Instruments Inc
Digital Systems Div
Box 1443, MS 6404
Houston, TX 77001
(713) 491-5115

Circle No 441

Western Digital Corp
3128 Red Hill Ave
Newport Beach, CA 92663
(714) 557-3550

Circle No 442

Zilog

10340 Bubb Rd
Cupertino, CA 95014
(408) 446-4666
Circle No 443
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TEKTRONIX

thinks your logic analyzer
should be as versatile

as you are

So ours let you sample synchronously and asynchronously.

As a digital designer you must
be versatile enough to do the
entire design job. Logicand tim-
ing. Software and hardware
analysis. Activity on and off

the bus.

And so you need a logic
analyzer that lets you syn-
chronously verify logic and
trace program flow on the bus;
then asynchronously verify tim-
ing sequences and examine
chip to chip transactions off the
bus. A logic analyzer, in short,
as versatile as you are.

Tektronix Logic Analyzers are
versatile. In the synchronous
mode, examine software flow
using the clock of the system
under test—up to 20 ns sam-
pling rate. Switch to asynchron-
ous and sample with the Logic
Analyzer’s own clock—up to
10 ns sampling rate. Pulse
anomalies and timing problems
are out in the open, where you
can see them. With one logic
analyzer.

Synchronous and asyn-
chronous sampling: it helps

make our Logic Analyzers
versatile. So you can do to-
day’s job and tomorrow’s. So
you can change applications
without changing your logic

analyzer.

Contact Tektronix Inc., PO. Box
500, Beaverton, OR 97077. In
Europe, Tektronix, Ltd.

P.O. Box 36, St. Peter Port
Guernsey, Channel Islands.

Tektronix

COMMITTED TO EXCELLENCE

Use the 7DO1F
for hardware
and software
applications.

For technical data Circle no 43

For demonstration Circle no 44 TEKTRONIX LOGIC ANALYZERS THE VERSATILE ONES
For immediate action dial our toll free

automatic answering service 1-800-547-1512




orl ,FL
ElK Grove
890-7\90'.

© |a08) 9B ~6800;
(305) 896-1440: At
village: \L, 312) 860 181




Top-octave generators
make beautiful music

Add musical sounds to your products with top-octave generators—
wP-controllable chips providing in-tune, multiple-frequency outputs.

Bill Schweber, Instron Corp

If you're designing a product that requires
audible signals to inform or attract its user,
consider using a top-octave generator (TOG) IC
as the tone source. Of course, as an alternative
yvou could always use individually tuned oscilla-
tors (perhaps made from 555s), but the TOG
offers the following advantages:

« A single IC provides up to 12 simultaneous
pitches.

o The pitches are musically related and can be
joined into pleasing combinations.

« A TOG contains no critical or drift-sensitive
components; thus, its tones are always in
tune with each other.

o TOG circuitry is easily expanded to produce
almost any number of pitches.

¢ You can interface a TOG to analog and
digital controlling circuitry, including pPs.

Top-octave generators divide and conquer

Although a basic understanding of musical
pitch helps in applying a TOG (see box) the chip
itself is simple and easy to use. A TOG divides a
master frequency, usually one well above the
audible range, by twelve different integers to
produce a complete chromatic octave within the
audible range. Because these output frequencies

|

EQUAL-TEMPERED TOG TOG OUTPUT PERCENT CENTS

}' NOTE FREQ AT A4 = 440 Hz DIVISOR FREQUENCY ERROR ERROR
(o] . 261.63 Hz 478 261.54 Hz -0.034 0.58
| C*ORDP 277.18 Hz 451 277.20 Hz +0.005 +0.08
| D 293.66 Hz 426 293.46 Hz -0.069 -1.19
V" D OR E? 311.13 Hz 402 310.98 Hz 0.046 -0.80
! E 329.63 Hz 379 329.85 Hz +0.069 +1.19
| F 349.23 Hz 358 349.20 Hz -0.007 0.12
| F* OR GP 369.99 Hz 338 369.87 Hz 0.034 0.59
G 391.99 Hz 319 391.89 Hz -0.025 -0.44
1 G* OR AP 415.30 Hz 301 415.33 Hz +0.006 +0.11
) A 440.00 Hz 284 440.19 Hz +0.044 +0.76
A* OR BP 466.16 Hz 268 466.47 Hz +0.066 +1.15
493.88 Hz 253 49413 Hz | +0.050 | +0.87

| e
E

: Fig 1—This TOG-output-frequency error table assumes a
| master-oscillator frequency of 125.015 kHz. The cents-

| error column has been recalculated and might differ
| from manufacturers’ specifications.
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must be related by an irrational number (2'"?) to
match the Western equal-tempered scale, no
integer divisors can result in perfect pitech
accuracy. In fact, the set of twelve divisors itself
is not unique, because different master frequen-
cies can be used. TOGs use the divider set
tabulated in Fig 1. That set yields an octave with
normally inaudible tuning errors and employs
the shortest on-chip dividers.

From a practical standpoint, then, only the
relative relationships of the pitches, not their
absolute accuracy, are critical in determining the
“correctness’” of the scale as perceived by the
ear. In this respect, the TOG excels. Deriving all
its pitches from a master oscillator, it produces
notes whose relative accuracies depend only on
the digital divisors used. The master oscillator
need not be especially accurate or stable, unless,
for example, you are designing a tuning aid for
musical instruments.

Dividers add flexibility to a TOG

A basic TOG circuit (Fig 2) consists of a master
oscillator and a TOG chip like the Mostek

+15Vv

?+15V

OSCILLATOR »1CLOCK

UL bcspp#e F rroctants Voo
T

TOP-OCTAVE GENERATOC
ss

2000.240 kHz
FOR OCTAVE 8
125.015 kHz
FOR OCTAVE 4

—o
o_
12-POSITION
SINGLE-POLE SWITCH
-l o 8 B
ov —
80
SPEAKER

Fig 2—When constructing this basic TOG circuit, choose
the master-oscillator frequency according to the desired
output-frequency range.

T




A top-octave generator
is never out of tune

MK50240. (As the nearby table shows, AMI, GI,
SGS-ATES and National Semiconductor also
make TOGs.) The circuit uses a single +15V
supply and generates 0 to +15V square waves.
All twelve pitches are available simultaneously,
making system expansion easy. With the addi-
tion of a selector switch, amplifier and speaker,
the circuit becomes an electronic tuning fork: To
use it, match the pitch of the instrument to be
tuned to the TOG note.

You can gain additional flexibility by adding a
binary divider between the master oscillator and
the TOG; selecting different taps of the divider
chain in turn selects different octaves (Fig 3a).
However, this circuit only provides one octave

descending octaves, thus making the highest
octave and all those below it simultaneously
available.

Because TOG pitches are square waves, they
can be controlled using ordinary CMOS digital
gates—there is no need for more expensive
analog switches. As shown in Fig 4, a level-

shifting transistor implements TTL-level con-
Continued on pg 74

(a)

BINARY DIVIDERS (CD4027 OR CD4024)

OSCILLATOR > +

e -377‘ *z'

OCTAVE =
SELECTION
CL

span at a time. You can overcome this limitation , : 4
by connecting dividers to the TOG outputs 5 e :
instead of to the master oscillator (Fig 3b). Each **** i} it; ;*L
stage of division produces the same note in b o o -
OUTPUT ETNE
(b)
OSCILLATOR ‘ - i
~ TOP-OCTAVE GENERATOR
P

IA AAAAA A} AAAA

]
\ 4 4 Y Y ¥ v y Y Y \ v v
MULTIOCTAVE - i . W .o | BINARY
OUTPUTS ﬁ 2 2 +2 32 2 <2 2 +2 +2 2 +2 2 | DIVIDERS
-
D
>
= | L
h Y ) VL A Y y y Y Y \ 4 4
ey
: . . ; 1 5 | BINARY
=2 +2 +2 +2 +2 +2 +2 <2 | DIVIDERS

2 I =2 %2 +2

Fig 3—Adding binary dividers between the oscillator and TOG produces octave-switchable outputs (a). Placing the dividers
on the TOG outputs makes all notes in all desired octaves available simultaneously (b).
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Scales, spectra and common cents

David Ranada, Associate Editor

In Western music, the scale is
based on the division of the
octave (a 2:1 frequency ratio)
into twelve relatively equally
spaced pitches (logarithmical-
ly speaking). The equal-
tempered system of tuning,
predominant since the 18th
century, has all pitches sepa-
rated by the same ratio: 2''2.
With equal temperament,
sharping a note (raising it a
half step or semitone; ie,
multiplying its frequency by
2'12) is musically equivalent to
flatting the note above it
(dividing that note’s frequency
by 2''?). (Not all systems of
tuning, though, retain an
audible equivalence between
sharped and flatted notes.)
Note that there are “natural”
half steps between E and F
and between B and C (see
figure).

The frequency standard for
musical pitches, promulgated
only since the period between
the two world wars, makes the
A above middle C exactly
equal 440 Hz; all other pitches
can be derived from this
standard. A top-octave gene-
rator, however, has no inher-
ent pitch; it simply covers one
octave. The octave you choose
may start and end on any note
at any frequency, depending
on the master-oscillator fre-
quency. By convention, how-
ever, musical octaves begin
and end on Cs.

Almost all music concen-
trates its fundamental fre-
quencies in the two octaves
above and below middle C
(261.62 Hz); remember this
fact if you don’'t want your
design to sound unnatural.

The musical spectrum of a
complex tone is called its
timbre. Each note produced by
a nonelectronic instrument
exhibits a characteristic

HALF STEP WHOLE STEP
OR OR
SEMITONE WHOLE TONE
(r—— SRS —
c# D# F# G*¥  A¥
OR  OR OR OR OR
Db ED co AD BD
A B G D F G A B c
HALF STEP WHOLE STEP
OR OR
SEMITONE WHOLE TONE
« OCTAVE
«
ASCENDING FREQUENCY

A section of a piano keyboard j//ustrates the basic pitch relationship. Pitches
separated by a frequency ratio of 2'/i> constitute a semitone or half step. Two
adjacent semitones make up a whole step (with a frequency ratio of 22/2). If the
leftmost C were the one nearest the center of the keyboard (middle C), the A

above it would have a frequency of 440 Hz.

growth and decay of the
amplitudes of its harmonics in
relation to each other during
the note’s first few millisec-
onds. Differences among
these initial spectral fluctua-
tions, more than the following
steady-state portion of the
note, enable listeners to tell
musical instruments apart.

Electronic musical instru-
ments generally have very
simple initial spectrum fluctu-
ations, if any. TOGs, being
digita!l devices, usually output
only square waves, which
contain only odd harmonics
(TOGs with non-50% duty
cycles do contain some even
harmonics, however). In con-
trast, all nonelectronic instru-
ments generate some even
harmonics. Thus, the lack of
initial spectral fluctuations
and of even harmonics makes
imitating an instrument by
processing TOG square waves
extremely difficult

To the piano tuner — and
the tuner-machine maker—
accuracy in tuning is mea-
sured in “cents.” In this case,

a cent divides a semitone into
100 logarithmically spaced
increments. A deviation of =3
cents from the correct pitch is
considered barely tolerable;
the best tuning machines
should have errors below +1
cent. You can determine how
far off 2 frequency is in cents
by using the equation
Deviation (in cents)=(1200/

log?)(log(frequency ratio)).

A check of many of the
TOGs’ data sheets reveals that
the publiched error specs are
too low; keep this fact in mind.
Also, when designing a
piano-tuning instrument, in-
clude a provision for varying
the master-oscillator frequen-
cy. All piano strings generate
harmonics shifted in varying
degrees from their “‘true’”
frequencies by the nonideal
nature of the strings. Piano
technicians compensate for
this shift by tuning the har-
monics and not the fundamen-
tals. A piano that sounds “‘in
tune’” thus has deliberately
mistuned fundamental fre-
quencies.
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Gain flexibility by adding
binary dividers to a TOG

trol. Command signals can come from a pP port
or other digital device. With pP control, the
software merely controls the tone by enabling
and disabling it. This me*hod of wP control
contrasts with conventional pP tone production,
where the pP actually generates the tones by
toggling an output bit at the note frequency,
using software timing loops or software/
hardware timers and interruots. Processor con-
trol of a TOG considerably reduces software
overhead, especially if you desire simultaneous
notes.

For chimes and annunciators, hardware
sequencers can activate the tones in the required
sequences and durations. One sequencing meth-
od uses a counter and PROM (Fig 5). Here, the
counter steps slowly through the addresses of
the PROM, whose output data bits then control
the tones; different TOG tones are enabled each
time the data lines change.

Obviously, PROM width (in bits) determines
the number of tones that can be controlled
simultaneously, while PROM length (in number
of addresses) affects the complete sequence
duration. Even a small PROM, though, can
generate reasonably long tone sequences, be-
cause you can trade off sequence length against
tone duration. A 2-Hz clock driving a ?2-word
PROM, for example, produces a 16-sec sequence
with notes 0.5 sec in duration. And a 512-word
PROM driven by a 10-Hz clock generates a
sequence 8 min and 32 sec long, yet notes remain

controlled to 0.1 sec.

Because TOG square waves contain many odd
harmonies, they might sound too “buzzy” for
some applications. Filtering the outputs, howev-
er, makes a tone’s timbre more natural sounding.
If you are using only one octave, filtering is
straightforward: A simple RC low-pass filter
with a —3-dB point about an octave above the
highest piteh suffices. Too much filtering, on the
other hand, turns the square waves into sine
waves, which sound very dull and lack crispness
to the ear.

If your application requires more than two or
three octaves, it’s best to have a filter for each
one. A single filter either cuts off too many of the
higher frequencies’ harmonics or allows too
many of the lower frequencies harmonies to pass.
Keep in mind that a piano’s fundamental fre-
quencies span a 27.5- to 4186-Hz range—7-1/2
octaves. Don’t worry about phase shift in the
filters; the human ear and brain are relatively
insensitive (under many circumstances) to such
shifts.

Simulating the sound spectrum (timbre) of a
particular instrument presents a much more

+15V. TONE FROM TOG
Q

LML

CD4001
TO AMPLIFIER

+5V
O

TTL

45V LEVEL CONTROL

ENABLE

DISABLE -

Fig 4—A level-shifting transistor implements TTL-level
control over the CMOS gate that enables and disables the
TOG tone.

LOW-
FREQUENCY
OSCILLATOR

(2-10 Hz)

SPEAKER

“SUMMING
AMPLIFIER

N-BIT
COUNTER

}MTONES

CONTROL
GATES

Fig 5—In a tone sequencer, the PROM is cycled through
its addresses, and its output bits control the TOG outputs.
The PROM can generate any sequence and combination
of tones.

— FUTE
——=—=VIOLIN

1 1 Il 1 ilV 1 1

Y

440 880 1320 1760 2200 2640 3080 Hz
(FUNDA- 2nd  3rd 4th 5th 6th 7th

MENTAL) HARMONICS

Fig 6—The differing harmonics of the same fundamental
tone (440 Hz) for a flute and a violin illustrate the difficulty
involved in filtering TOG output to simulate a specific
instrument.
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wngin 50 microseconds for a 50 to 100%

Thats dghil Powedlials stocks Vel BI0I 000 eiaremC dom eangtiis ST
case al q whni o (o] .
frame. power sppplles in our East anSt and. \.NeSt Coast at47-63 Hz. Derate output current 10% ?or 50Hz s )
stocking locations . . . and they are just waiting for your  operation. Overload Protectiol

order. Every model shown on this page is stocked in
depth and ready to be shipped the same day your order

ee Vol
Regulation

Outgul Ratin:

& Self-res
ta%elCurrem Rating Chart.

Temferature Coefficient
= 0.005%/°C typical.

n
toring current limiting (foldback type).

+ 0.02%/°C maximum.

is received.
So, if you're looking for an economically priced

ine regulation is rated at 0.05% fora 10% in&% Overvoltage Protection

voltage change and load regulation rated at + 0.
forazero to full load change.

Optional on all models except EMA-A, ETA-B.

us acall.

power supply . .. with a reputation for quality (almost  outgut Ripple _ Cooling.  tion cooled.
500,000 in the field and still going strong) . . . just give  ,,2gjterthan 1MV RMS; 3mV peak to peak Moynting.
Remote Sense EMQIAI g'ﬁ 2 Surfaces
Your supplies are waiting . . . so you won't have to. Allexcept EMA-A, ETA-B. EMAB #1%%. 0. ETRE Qggggggg

EMA “A” CASE $27.00 EMA “B” CASE $35.00 EMA “C” CASE $59.00 EMA “CC” CASE $74.00 EMA “D” CASE $94.00
17"X303" X378 2.07" X 4.00" X 4 87 2.95" X 4.87" X 5.62' 3.23"X4.90" X 7.03 3.23" X 4.87" X 9.00
Voltage/Current Voltage/Current Voltage/Current Voltage/Current Voltage/Current
Model Rating Chart Model Rating Chart Model Rating Chart Model Rating Chart Model Rating Chart
EMA-5/6A 5V @ 1.2A EMA-5/6B 5V @ 3.0A EMA-5/6C 5V @ 6.0A EMA-5/6CC 5V @ 11.0A EMA-5/6D 5V @ 15.0A
6V @ 1.0A 6V @ 2.5A 6V @ 5.0A 6V @ 10.0A 6V @ 12.5A
EMA-9/10A 9V @ .75A EMA-9/10B 9V @ 1.8A EMA-9/10C 9V @ 3.8A EMA-9/10CC 9V @ 8.0A EMA-9/10D 9V @ 10.5A
10V @ .75A 10V @ 1.8A 10V @ 3.6A 10V @ 7.5A 10V @ 10.0A
EMA-12/15A 12V @ 0.5A EMA-12/15B 12V @ 1.5A EMA-12/15C 12V @ 3.0A EMA-12/15CC 12V @ 6.0A EMA-12/15D 12V @ 8.8A
15V @ 0.5A V @ 1.3A 15V @ 2.8A 15V @ 5.0A 15V @ 8.0A
EMA-18/20A 18V @ 0.4A EMA-18/24B 18V @ 1.2A EMA-18/20C 18V @ 2.5A EMA-18/24CC 18V @ 4.5A EMA-18/24D 18V @ 7.1A
20V @ 0.4A 20V @ 1.0A 20V @ 2.3A 20V @ 4.0A 20V @ 7.0A
EMA-24A 24V @ 0.4A 24V @ 1.0A EMA-24C 24V @ 2.3A 24V @ 3.8A 24V @ 6.5A
ETA “C” CASE $68.00 ETA “B” CASE $48.00 ETA “D” CASE $96.00 ETR “E"” CASE $115.00
298" X403 X790 225" X 4.03" X 4.90 3.23" X490 X940 220" X 4.88" X 11.00
Voltage/Current Voltage/Current Voltage/Current Voltage/Current
Model Rating Chart Model Rating Chart Model Rating Chart Model Rating Chart
ETA-12/15C 12V-1.5A 12V-1.5A ETA-12/15B 12V-0.5A 12V-0.5A ETA-12/15D 12V-3.0A 12V-3.0A ETR-122E 5V,6A + 12V,1.5A —12V,1.5A
or 15V-1.3A or 15V-1.3A or15V-0.5A0r 15V05A or 15V-2.8Aor 15V-28A or6V,5A or+ 15V,1.3Aor— 15V,1.3A
ETA-5C 5V-3.0A 5V-3.0A ETA-5B 5V-1.2A 5V-1.2A ETA-5D 5V-6.0A 5V-6.0A ETR-142E 5V, 6A 12V,1.5A 12V,1.5A
or6V-2.5A0r 6V-25A or6V-1.0A or6V-1.0A or6V-5.0Aor 6V-5.0A or6V,5A or9V,1.2A or15V,1.3A
ETA-515C 5V-3.0A 15V-1.3A ETA-515B 5V-1.2A 15V-0.5A ETA-515D 5V-6.0A 15V-2.8A or5v,0.8A
or6V-2.5A0r 12V-15A or 6V-1.0Aor 12V05A or6V-5.0Aor 12V30A | ETR-113E 5V 6A 5V,3A 18V.1.0A
ETA-524C 5V-3.0A 24V-1.0A ETA-524B 5V-1.2A 24V-0.4A ETA-524D 5V-6.0A 24V-2.3A or6V,5A  nr6V,25A  or20V,1.0A
or6V-2.5A or 6V-1.0A or 6V-5.0A or24V,1.0A
ETR-132E 5V,6A 18V,1.0A 12V,1.5A
or6V,5A or20V,1.0A or15V,1.3A
or 24V, 1A

PIMIIC

POWER/MATE CORP

514 S.River St/Hackensack, New Jersey 07601 / (201) 440-3100/TWX (710) 990-5023
17932 Skypark Circle/lrvine, California 92714 / (714) 957-1606/TWX (910) 595-1766

When you can't afford failure. ..

you can't

For more information, Circle No 42

afford less!




Preferred for their quality,
precision and small size.

(Their low, low price is a pleasant surprise.)

Digital Multimeter DM450 DM350 DM 235 PDM 35
Digits 42 3 3 3%
Functions® 6 6 o) )
Ranges 34 34 2] 21
Basic Accuracy O.05% 01% O51018% 11015%
Price,Qty.One §199.00 §139.00 $89.00 §59.95

‘Resistance; DC Voltage; DC Current; AC Voltage; AC Current; and Diode Test
on all except PDM 35 which does not have AC Current.

oG R

SINCLAIR RADIONICS, INC.
Plaza 66, 66 Mount Prospect Ave,, Clifton, New Jersey O701¢
(201) 472-7600 Toll Free (800) 526-7845 (except New Jersey

SALES REPRESENTATIVES
Alabama Colorado Georgia Massachusetis New Jersey (Southern) North Carolina Pennsylvania(Western) Washington, D.C.
Rakes Engineering & Par Assoclates Rakes Eng. & Mkig. Corp.  Daicom Omega Electronic Sales Rakes Eng. & Mktg. Corp.  Electronic Salesmasters Tri Mark
Marketing Corp. (REMCO) Tel: 303-355-2363 TEL: 404-476-1730 Tel: 617-891-460C Tel: 215-947-4135 Tel: 919-787-1461 Tel: 800-321-1848 Tel: 301-768-2800
Tel: 205-883-9260 Connecticut lilinois (Nortnern) Michigan New Mexico North Dakota South Dakota West Virginia
Arizona Dafcom Microsaies Electronic Saiesmasters ~ Far Assoc. Quantum Sales, Inc. Quantum Sales, Inc. Electronic Salesmastt
Par Associates Tel: 203-288-7005 Tel: 312-356-1000 Tel: B0OO-321-1848 Tel: 505-881-5000 Tel: 612-831-8583 Tel: 612-831-8583 Tel: 800-321-1848
Tel: 505-881-5000 203-248-010C Indiana Minnesota New York (Downstaie) Ohio Texas Wisconsin (Easter

Microsales
Tel: 312-956-1000

Par Associates
Tel: 505-881-5000

Eiectronic Salesmasters
Tel: 216-831-9555

Quantum Sajes, inc
Tel: 612-831-6583

Crane & Egert
Tei: 516-488-2100

Northern California
International Standard

Delaware
Omega Electronic Sales

Jack Harvey & Assoc
Tei: 317-297-144)

Components Tel: 215-947-4135 Maryiand New Jersey (Northern) New York (Upsiaie) 800-362-2616 Virginia Wisconsin (Weste
Tel: 415-964-4171 Florida Tri Mark Crane & Egert Nycom Pennsylvania (Eastern) TriMark Quantum Sales, Inc
Southern California QXilInc. Tel: 301-768-2800 Tel: 516-488-2100 Tei: 315-437-8343 Omegu Electronic Sales Tel: 301-768-2800 Tel: 612-831-8583
Interstate Markefing Assoc.  Tel: 305-331-0341 (Norin) Tel: 215-947-4135

Tel: 213-883-7606 305-485-6030 (South)

813-821-2281 ) g b
INDUSTRIAL DISTRIBUTORS
Canacda Guorgla Massachusetis
Gladstone Electronics Southern Peripnerais impact Elecirunics
Tel: 404 455-3518

South Carolina
Southern Peripherals
Tel: 803-233-1469

New York Ohio
Ossinan instruments Ploneer Standard
Tel: 315-43/-6666 Tel: 216-587-3600

Inalana
Pioneer Srandard
Tel: 317-843-730C

Alabama
Pioneer Standara

Caiitorina
Merermasier
Tei. 6i7-964-7740

Tel: 205-837-9300
Arizona
Metermaster

Tel: 602-243-4111

Tel: 213-665-434C
Merermiasier
Tei: 415-968-0313
Metermasier
Tel: 714-560-4841

Tel: 416-787-1448
Fiorida

Pioneer Srandara
Tel: 305-659-3600

{liinols
Mefermasier

Tei: 312-593-6650
Ploneer Stanidard
Tel: 312-437-3680

Meierinaster

Tel: 617-667-8346
Michigan
Pioneer Stanaard
Tel: 313-525-1800
Starironic

Tel: 313-477-7700
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