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Build a 4-decade 
watt/watt-hour meter 

for $175 
Multicomparator IC 

extends design options 
Net-analysis program 
runs on desktop µCs 



'l'RB BLIGTBOllG 
... or a fresh look at u 

Lots of people can sell you resistors. We'd rather sell you cost­
effective resistance. For starters, we'd like to help you be more selective. 
Our Resistor Selection Guide puts a choice of nearly 200 standard resis­
tors at your fingertips. Wirewound, metal film, carbon film .. . commercial, 
industrial, precision, E-Rel. 

But that's only the beginning. Our Resistor Network brochure gives 
you broad capability in DIPs, SIPs and flat-packs, including MIL-R-83401. 
And when standard won't do, we're ready with the industry's largest 
selection of pre-tested special discrete resistor designs. 
Write or call today. We can help you take a fresh look at saving time, 
space and money. 

GET THESE 
TOOLS FOR 
RESISTOR 
SELECTION 
For Resistor 
Network Brochure 
circle 79 

For Resistor 
Selection Guide 
circle BO 

DALE ELECTRONICS, INC. 
2064 12th Ave., Columbus, NE 68601 
Tel.402-564-3131 A subsidiary of The Lionel Corporation 
In Europe: Dale Electronics GrnbH, 8039 Puc:hheim, W. Ger. 



If your application requires up to 1 watt for intermodulation 
testing of components ... broadband isolation . . . flat gain 
over a wide bandwidth . . . or much higher output from your 
frequency synthesizer or signal / sweep generator . . . 
MiniCircuits' ZHL power amplifiers will meet your needs, at 
surprisingly low prices. Five models are available, offering a 
selection of bandwidth and gain . 

Using an ultra-linear Class A design , the ZHL is 
unconditionally stable and can be connected to any load 
impedance without amplifier damage or oscillation . The ZHL 
is housed in a rugged 1/s inch thick aluminum case , with a 
self-contained hefty heat sink . BNC connectors are supplied ; 
however, SMA, TNC and Type N connectors are also ava ilab le. 
Of course, our one-year guarantee applies to each amplifier. 

So from the table below, select the ZHL model for your 
particular application now ... we'll ship within one week! 

GAIN MAX. POWER 
MODEL FREQ. GAIN FLATNESS OUTPUT dBm 

NO. MHz dB dB 1-dB COMPRESSION 

ZHL-32A 0.05-130 25 Min. ±1.0 Max. +29 Min. 
ZHL-3A 0.4-1 50 24 Min. ± 1.0 Max. +29.5 Min . 
ZHL-1A 2-500 16 Min . ±1 .0 Max. +28 Min. 
ZHL-2 10-1000 15 Min. ± 1.0Max. +29 Min. 
ZHL-2-8 10-1000 27 Min. ± 1.0 Max. +29 Min. 
ZHL-2-12 10-1200 24 Min. ± 1.0 Max. +29 Min .' 

NOISE 
FIGURE 

dB 

10 Typ. 
11 Typ. 
11 Typ. 
18 Typ. 
10 Typ. 
10 Typ. 

ZHL-2-8 

ZHL-1A 

INTERCEPT 
POINT DC POWER PRICE 

3rd ORDER dBm jVOLTAGE CURRENT $EA. QTY. 

+38 Typ. +24V 0.6A 199.00 (1-9) 
+38 Typ. +24V 0.6A 199.00 (1-9) 
+38 Typ. +24V 0.6A 199.00 (1-9) 
+38 Typ. +24V 0.6A 349.00 (1-9) 
+38 Typ. +24V 0.65A 449.00 (1-9) 
+38 Typ. +24V 0.75A 1524.00 (1-9) 

Total safe input power +20 dBm. operating temperature 0° C to +60° C . storage temperature - 55° C to +100° C. 50 ohm impedance. input and output VSWR 2.1 ma.x. 
'+28.5 dBm from 1000-1200 MHz 
For detailed specs and curves . refer to 1980/81 Microwaves Product Data Directory. Gold Book. or EEM . 

World 's largest manufacturer of Double Balanced Mixers 

M. · c· ·1s 2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 • · 
Domestic and International Telex 125460 International Telex 620156 In I I rcu I 

MINI-CIRCUITS LABORATORY 
A D1v1sion of Scrent1hc Components Corp R46 REV F 

For more information, Circle No 1 
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INTRODUCING 
THE SMALLEST FLATPACK 
MIXERS 
Mini-Circuits ultra-compact ASK series measures only 
0.3 by 0.27 inches or .081 square inches and more than 
doubles packaging density on a PC board layout. 
Mini-Circuits can offer the ASK-1 for the un­
believably low price of only $5.95 in quan­
tities of 1 O because of its high produc­
tion techniques. Production quantities 
are ready NOW for immediate deli­
very. Each unit is manufactured 
under the high quality standards of 
Mini-Circuits, the world's largest 
manufacturer of double-balanced 
mixers, and comes with a one-year 
gu.arantee. 

FEATURES: 
Wide Frequency 

Range: 1-600 MHz 
Smallest Size Mixer 

available: .3 x .27" 
Low Conversion Loss: 6 dB 
Plastic Case 
Cost : $5.95 (10-49) 

DESCRIPTION : 
Approximately one-half the size of 
competitive flatpack mixers, the tiny units 
of the new ASK series provide high isolation 
and low conversion loss at about one-fifth 
the cost. Because of Mini-Circuits high volume 
production technology and superior quality 
control techniques, the new ASK series is a break­
through in today's technology . With lead spacing of 
.3" between rows, the ASK mixers can be used with 
standard IC sockets . Although specified to 600 MHz 
these little units operate up to 1 GHz. Internal construction 
and bonding techniques enable these units to be used in rug­
ged environments. 

SPECIFICATIONS: 

Frequency Range: RF, LO 1-600 MHz 
IF DC-600 MHz 

Convers ion Loss: 
One Octave from Band Edge 8.5 dB Max. 
Mid-Range 7.0 dB Max. 
Isolation: L-R 45 dB Typ. 

L-1 30-dB Typ. 
Absolute Max imum Ratings: 
Total Input Power 50 mW 
Total Input Current, peak 20 mA 
Operating Temperature -55° C to+ 100°c 
Storage Temperature -55° C to + 100°c 
Pin Temperature (10 sec.) +260° C 
WEIGHT: .35 grams .01 ounces 

World 's largest manufacturer of Dou ble Balanced Mixers 

~Mini-Circuits 
A Division of Scientific Components Corporation 

2625 East 14th Street, Brooklyn, New York 11 235 
(21 2) 769-0200 
Domestic Telex 125460 International Telex 620156 

For more information, Circle No 2 

(10-49) 
quantities 

MODEL: ASK-1 

851 Rev. Orig . 
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Advances in small disk drives pose 
tough decisions for system designers 
(pg 45). 

I 
Bubbles sub for tape in 128k-bit data 
logger (pg 81 ). 

On the cover: Switching power supplies 
are rocketing into new applications, 
thanks to several technical advances. 
Turn to pg 94 tor the details . (Photo 
courtesy Power/Mate Corp) 

I cp I wsPA ~ABP 
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The latest switchers allow you to take advantage of their low cost and 
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Powerful HP Series 9800 desktoi 
acquisition and control: the tim 

Imagine a computer with the interfacing 
power to automate your test and measurement 
system in days, instead of weeks or months. A 
computer that puts the entire system under your 
personal control - even if you're not a pro­
grammer. 

Imagine how much more productive you 
could be with an HP Series 9800 computer. 

A balance of power. 
If you've been thinking that a desktop 

computer just isn't powerful enough for data 
acquisition and instrument control, think 
about this: 

Today's Series 9800 desktop systems let 
you send completely formatted data at rates up 
to 16K bytes per second and handle up to four­
teen channels of vectored interrupt (with high 
and low priorities). Direct Memory Access 
(DMA) permits capture of real-time data from 
high-speed devices at up to BOOK bytes per 
second. And, with user-addressable memories 
ran~g fro~ 62K t~ 449K bytes, built-in mag­
netic tape drives, optional 1/0 ROMs and a wide 
variety of peripherals to choose from, the Series 
9800 delivers big system power you'd never have 
thought possible in such compact and conve­
niently integrated packages. 

Pick a card. Any card. 
Interfacing to your instruments and any com­

bination of HP printers, plotters, and storage 
devices has never been so easy. Just choose the 
plug-in interface card that's right for your needs: 
HP-IB, Bit-Parallel, BCD or RS-232-C. The I/O 
drivers are already built-in, so you can concen­
trate on your applications, and not on system 
configurations. The result? Less development time 
(which means a lower total cost), and a more 
productive system all around. 

Plenty of room for growth. 
The Series 9800 represents a wide range of 

desktop computers, so you can start building the 
system that makes sense for your jobs. 
. Ou~ high-speed HP 9825, for example, is 
ideal for rnteractive device control. The System 35 
gives you the option of an alphanumeric CRT 
and Assembly-language programming. The 
System 45 offers advanced graphics. And our 
new HP 85 personal computer provides an excel­
lent balance between power and price for low­
cost automation. 

What's more, if your applications warrant it, 
you can get an added dimension of versatility by 
linking your desktop computer to our powerful 
HP 1000 minicomputer system. Communica­
tion is easily managed, and by combining the 



omputers for data 
ltey save is your own. 

relative strengths of desktops and minis, you'll 
get a remarkable degree of flexibility and effi­
ciency for test, measurement, and control jobs. 

If you'd like to find out more about how HP 
Series 9800 desktop computer systems can help 
you improve your engineering productivity, just 
contact your local HP sales office listed 
in the White Pages. Or write for 
more information to Hewlett- ,, 
Packard, Attn: Fred Bode, ~' 

Harmony Road, Fort ~. A~ 
;; co so525. . r:a 
~~MNo3 '.'.~. 

,Jft"' ~.r.-. . .'l.'l/A~"".::::iiiir;;;:· 
I~ . '-



Now RCA 
CMOS bursts 

into color. 
New video interface Microboard has all 
you need to design a custom terminal. 

For the first time; a 
CMOS Microboard with: 
• up to 128 user-program-

mable characters 
• 8 programmable colors, or 
• black and white display 
• audio output for tones or 

white noise 
• parallel input port for key­

board 
• graphics and motion 
• NTSC and PAL versions. 

So you can: 
• program graphs, charts, 

messages 
• get any combination of 

sounds 
• add a keyboard for human 

interaction 

Alphanumerics. 

• use it with any RCA Micro­
board computer 

• use our optional program­
ming design aid, the VIS 
interpreter (CDP 18S835). 
Plus, you get all the ad­

vantages of CMOS, making 
it ideal for industrial controls. 

For more information on 
the CDP18S661 , contact any 
RCA Solid State sales office 
or appointed distributor. Or 
contact RCA Solid State 
headquarters in Somerville, 
N.J. Brussels, Belgium. Hong 
Kong. Sao Paulo, Brazil. 

Or call Microsystems 
Marketing toll-free 
(800) 526-3862. 

Graphics. 

Special characters. Overlay. Programmed sound. 

Another reason to 
switch to CMOS. ROii 

For more information, Circle No 4 

Books 

Advice on protecting 
your innovations 
Patent It Yourself! by David 
Pressman. 210 pgs; $15.95; 
McGraw-Hill Inc, New York, 
1979. 

A detailed guide for the 
inventor, this book offers advice 
on developing, protecting, 
patenting and marketing ideas. 
The author draws on his 
experience as an electrical 
engineer and patent attorney in 
reviewing the legal and com­
mercial pitfalls that the do-it­
yourselfer must avoid. 

For example, he emphasizes 
the importance of keeping 
accurate records that confirm 
the identity of an innovation's 
inventor. And he shows how to 
maintain and witness lab notes. 
A collection of sample forms at 
the end of the book-including 
those used for filing disclosures, 
applying for a patent, providing 
a statement of prior art and 
requesting a certificate of 
correction-could facilitate cor­
respondence with the Patent 
and Trademark Office. 

This manual overflows with 
detailed specifications-­
guidance on treatment of large 
or formal sketches, photos and 
graphs; making an effective 
sales presentation; determining 
an invention's market value; and 
publicizing a new product. 
Limiting his use of legalese, 
Pressman suggests where to 
look for professional help , 
recognizing that not all inven­
tors can or want to represent 
themselves, but that most do 
want to understand the legal 
process. 

A bibliography and checklist 
of important steps for the 
inventor conclude this thorough 
lesson in patent protection. 

-Ann Rogers 
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991S is priced like a board computer, but the 
·son ends there. It's a powerful desktop computer, 

-85, in a modular, rack-mountable package. We left 
keyboard and CRT to give you the flexibility to design 

operator interface you need. 
9915 has the same operating system, I/O drivers, 
support and ease of programming as the 85, so 

your systems will be a lot simpler, and take only a 
Qf thetime. You11 save a bundle.on development costs. 

.,. .. oigned for designers. 
the HP-85 as a 9915 emulator, program develop­

't be easier. Simply write and debug your appli­
s in BASIC, then transfer your software to 

'EPROM or tape cartridge. Connect the 9915 
to your system and you're ready to go. 

In many measurement appli­
cations, all the operator needs to 
~ know about running the 

. system is right there on 
the 99155 simplified front 
panel. But if the job calls 

only for the capabilities you need. 

if,.~ 
appficetiGDt~ 

Plug-in power. 
With the same flexible 1/0 features as the 85 (" 

interrupt, high-speed transfer and easy data forma · 
9915 gets you halfway to your solution before you even 
The 1/0 drivers are built-in, and because the 9915 
same plug-in cards as the HP-85- HP-IB, RS-232 
Parallel and BCD- interfacing to your instruments i@ 

The 9915's 16K byte user-addressable RAM 
expanded to 32K with an optional plug-in memory 
And in addition to the available user memory, the 
operating system (contained in 48K bytes R 
expanded by adding optional RO Ms for matrix 
printer control and mass storage control. 

For more on the HP 9915 , including OEM * 

call your HP sales office. Or write forournewO 
on computer solutions to Hewlett-Packard, Attn: 
Dept. 2090, 3404 E. Harmony Rd., Ft. Collins. 

F//'0'9 HEWLE 
a!~ PACKA 

For more information, Circle No 5 
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-power 16K to 64K 
from Motorola. 

10 
EDN FEBRUARY 4, 1981 



You 11 find the ultra low-power 5 V 
EPROMs you're looking for in 
Motorola's comprehensive. quality-built 
16K to 64K EPROM family. 

That includes the MCM68764 and 
MCM68L764, far and away the lowest­

power 5 V 64Ks available. The family 
also includes our MCM68766 and 

MCM68766-35 for those who need a 
5V 64K with an extra-fast output­

enable access time. 
They're all available in volume from 
Motorola now. 

These Motorola 5 V EPROMs are 
pin-compatible with the BK through 
64K industry-standard mask­
programmable ROMs, right down 
to using the same 24-pin packag­

ing. Even the 64Ks are "plug-in" 
replacements for the 24-pin in­
dustry-standard ROMs, as well 
as for smaller 5 V EPROMs. The 
16K. 32K. and 64K EPROMs from 
Motorola all have JEDEC-approved 
standard pinouts. 

Added attractions such as on-chip 
overvoltage protection circuitry help 
put these 5 V EPROMs in a class by 
themselves. The higher-perfonnance 
versions are all ± 10% supply devices. 

Data retention in these EPROMs 
is superior, consistent with the high 
quality of product Motorola has 
been noted for since the 1950s. By 
superior data retention, we're 
talking about a failure rate of only 
0.001% per 1000 hours. 

The MCM68766 EPROM offers all 
the features and performance of 
Motorola's original ultra low-power 
64Ks except power down. It has the 

same access time from address .- • • • • • • • 
and an even faster 150 ns maxi- I TO: Molorol• Semlconduclor Prod 

mum output enable access time. 
Order Motorola 5 V EPROMs 

now from your local Motorola sales 
office or authorized distributor. 
For additional information, use the 
coupon or write to Motorola 
Sen:dconductor Products Inc .• 
~~Information Center. 
~ *>912. PboenJx. AZ 85036. 
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Choose the features you need. 

Our standard models inclu9e demultiplexing, 
sequential triggering and automatic comparison 
testing-all pioneered by Paratronics in 1977. 

And many of our plug-in accessories represent 
industry firsts as well. Serial data analysis was 
offered in 1978; stimulus capability in 1979; analog 
waveform recording in 1980; and, most recently, 
we've introduced a plug-in containing counter, timer 
and single-node signature analysis functions. 

Simplify your measurements. 

But most importantly, simple keyboard commands 
let you combine these features to suit your applica­
tion. For example, when using the Pl-540 to trace 
events that cross between the digital and analog 
elements of your system, use the keyboard to link 
the state, timing, and waveform sections. Or, com­
bine the front-end of a Pl-600-series analyzer with 
its internal timer accessory to measure software 
execution times. Capabilities like these mean you'll 
need less equipment and set-up time. 

Get technical support and prompt delivery. 

Need help? Our applications engineers specialize 
exclusively in logic analysis. Whether you call them 
on our toll-free technical hotline or simply write 
in, you 'll get the best applications support in the 
industry. 

Then, when you order, you'll get the best delivery 
as well. During the past five years, our average de­
livery time has consistently been under four weeks. 

Find out why Paratronics is leading the way in 
logic analysis. For an evaluation unit, applications 
assistance, or the name of your nearest sales or 
rental office, contact us at: 

800-538-9713 (toll-free, outside California) 
408-263-2252 (California) 
TWX: 910-338-0201 

48 Channels for Advanced Software Analysis 

Model Pl-648 Logic State Analyzer 

$7,400. 



32 Channels on a Budget 

Model Pl-532 Logic State Analyzer 

$3,150. 

100 MHz for Hardware/Software Analysis 

Model Pl-616 Timing/State Analyzer 

$8,000. 

4 Channels: The Most Powerful 
ogic Analysis System Available 

,odels Pl-616 and Pl-648 

$15,400. 

40 Channels for Hardware/Software/ 
Analog Waveform Analysis 

Model Pl-540 Logic Analysis System 

$9,950. 

2140 Bering Drive, San Jose, California 95131 U.S.A. 

Leading the Way in Analysis Technology 
Circle no. 78 to; additional Information 
Circle no. 91 for a demonstration 



It's the ideal readout for interactive systems 

Want a sure way to label your "smart" system as a 
product of the 80's? 

Give it the ability to communicate , not in lights, but in 
operator language . 

You don't need an expensive CRT. For short alpha­
numeric messages, an Intelligent Display from Litronix 
will do the job with a minimum of ci rcu it design. 

The Intelligent Display is a 4-character, 17-segment alpha­
numeric module that interfaces just like a RAM and can 
be stacked to any length. It has a CMOS chip that includes 
an ASCII decoder, multiplexer, memory and LED driver. 
Litronix also offers a pre-engineered Intelligent Display 
Assembly'" with either 16 or 32 characters. 

A new generation of systems that communicate 
interactively 

Intelligent Displays are now being designed into 
a broad range of "smart" industrial and consumer products. 

They include portable data entry equipment. Point of 

sale systems. Business phones. Banking terminals . Securit 
systems. And automatic test instruments. 

A parking lot system in Europe actually tells drivers 
which number stall to take and whether the lot is full. 

And don't forget personal computers . 
If you are designing or updating products to take advan- . 

tage of today 's microprocessor technology, doesn't it make 
sense to take it one step further ... and give your products 
the ability to communicate? 

With a Litronix Intelligent Display it couldn't be easier. 
For information contact Litronix, 19000 Homestead Road 

Cupert ino, CA 95014. (408) 257-7910. 

Horizontal Vert ical 
Part Character Row Row Viewing Character Character 

Number Height Spac ing Spacing Angle Positions Segments 

DL-1414 .112" .175" .800" ±40° 4 17 

DL-1416 .160" .250" 1.200" ±25° 4 16 

DL-2416 .160" .250" .800" ±SC° 4 17 

IDA-2416-16, Intell igent Display Assembly, 16 characters 
IDA-2416-32, Intell igent Display Assembly, 32 characters 

U.S. Distributors : Advent , Almac-Stroum, Arrow, Component Specialt ies, 
Gerber, Hamilton Avnet, Harvey, Kirkman , lionex, Marshall, Moltronics, 
Pioneer-Standard , Summit and Zeus. Canadian Distributors: C.M . Peterson , 
Electro Sonic , Future, Hamilton Avnet and L.A. Varah . 

I
. . 
If fOnlX A Siemens company For more information, Circle No 6 



Ed ited by Joan Morrow 

News Breaks 
16-BIT-µP FAMILY SEES l'IBST SILICON, GETS SECOND SOUBCE 

First wafers of the NS16032 16-bit µP came off the line at National Semiconductor's Salt 
Lake City plant in mid-December and are now undergoing evaluation and debugging. The 
complex 84,000-mil• die is the first of the NS16000 family of CPU and peripherals, which will 
stretch from a minimal low-cost system to a 16M-byte powerhouse that featur es mainframe­
computer processing power. 

At the same time, National announced an agreement with Fairchild Semiconductor (Mt 
View, CA) to second source the NS16000 family . The nonexclusive agreement covers only 
masks and design rules, with each company using its own proprietary, but compatible, HMOS 
process: XMOS for National and probably Isoplanar-H for Fairchild. National's part of the 
exchange involves the NS16032 CPU and systems-oriented devices; Fairchild will cover the 
dedicated-peripheral circuits. Both firms will develop a joint program to design future 16000 
products. 

A source at National says Fairchild was chosen for its strong manufacturing capability an d 
parent company Schlumberger's known commitment to R&!D. The agr eement, however, does 
not preclude National's picking up another US source. The company is also planning on 
another European source in addition to Eurotechnique and several in J apan. 

National expects that samples of the 16032 might be ready in May or June.-WT 

1-PPM I °C VOmAGE BEl'EBENCES NEED NO STABILIZING OVEN 
Guaranteed to spec ± 1-mV initial accuracy and ± l-ppm/ °C drift over Oto 70 °C, two hybrid 

voltage references from Analog Devices Inc (Norwood, MA) offer the best performance 
available without oven-temperature regulation, according to the fir m . 

Model 2710LD outputs + 10.000V, while the dual-output 2712LD delivers ± 10.000V. Both 
devices come in 14-pin DIPs, supply 10 mA min and feature long-term stability of 25 
ppm/month1. In lOOs, the 2710 and 2712 cost less than $43 and $52, r espectively. The firm 
also offers lower cost, ± 2-ppm/ °C J versions.-WP 

TEST SYSTEM HANDLES IN-CIBCUIT AND FUNCTIONAL TESTING 
The latest extension to Fairchild Test Systems' Ser ies 70 board testers accommodates both 

in-circuit and functional pc-board testing. With the Billerica, MA-based Technical Center's 
$141 ,000 Model 60, you can use one bed-of-nails fixture to perform in-circuit tests or to access 
a card edge for functional checks. The Thinline fixtures used in this system are also employed 
on in-circuit testers from Fairchild's Subassembly Test Systems Div (Latham, NY) . Model 60 
can handle 512 test points and is expandable to 1920. Functional testing can run at clock 
rates to 5 MHz.-AS 

PBINTEB COMES IN EIGHT USEB-SELECTABLE CHABACTEB SETS 
A low-cost addition to the Omni 800 Series telecommunications prin ters , the dot-matrix 

Model 840 from Texas Instruments (Houston) is available in eight user-selectable character 
sets. These sets include alphabets for the US (ASCII), France, the United Kingdom, Germany, 
Sweden, Denmark/ Norway, Spain and Finland. The printer comes in either a KSR or RO 
configuration and prints 75 cps; TI plans to introduce it next month. Expect basic-unit prices 
of $1300 or less.- CW 

SPEAKING 01' VOICE I I 0 
At the Consumer Electronics Show in Las Vegas last month, Interstate Electronics Corp 

(Anaheim, CA) introduced three voice-technology chip sets, marking the firm 's first venture in 
the consumer market. Model 2A chip set provides 95% recognition accuracy for 24 phrases. 
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News Breaks 
Model 2B is a custom version of the 2A. Model 3 furnishes speaker-independent recognition of 
four to eight words (85% accuracy) plus voice response. All sets are available only in 
minimum orders of 100,000 units . 

. . . A package of software and two pc cards converts an Intellec development system into a 
workstation for designing voice-response and isolated-word- and phrase-recognition systems. 
The Voice Experimenter's Workstation from Technology Service Corp (TSO) (Santa Monica, CA) 
incorporates Interstate Electronics' Voice Recognition Module and TSC's Voice Control Unit, 
providing low-cost speaker-independent recognition. The Workstation without the Intellec 
system costs $7500.- ET 

LEARN HOW TO MANAGE ENGINEERING PROFESSIONALS 
Two seminars will examine how technical/ personnel managers can develop the skills 

needed to deal effectively with subordinates. 

One seminar, sponsored by the Boston College School of Management, will be held February 
19 to 20 at BC's Putnam Center in Newton, MA. The course fee is $395. Call (617) 969-4217 for 
further information. 

The other forum, scheduled for February 25 to 26, will be sponsored by the California 
Institute of Technology and held at the Newport Beach, CA Marriott Hotel. Fee for sponsors is 
$445; $495 for others. Phone (213) 795-6811 or (714) 750-7084 (ext 1041) for details.-AR 

HARDWARE/SOFTWARE PACKAGE EXPANDS UNIBUS MEMORY ADDRESSING 
If you use a DEC PDP-11 computer and want to address more than 248k bytes of main 

memory, you need not upgrade your CPU to a Series 44 or 70. As an alternative, Periphonics 
Corp (Bohemia, NY) offers its $15,000 Peripacs system, which maintains the standard Unibus 
structure whle permitting an essentially unlimited address space. It uses an active backplane 
to produce a multivalued map of Unibus addesses to memory. 

The software supporting Peripacs, developed by Programming Concepts Inc (Coram, NY), 
replaces the RSX LOADR program on the DEC-supplied RSM-llM operating systems.-WP 

aoow SWITCHER PASSES VDE TESTS 
Model XL200-3501 from Boschert Inc (Sunnyvale, CA) is the only open-frame 200W switcher 

with VDE 0730 safety-spec approval, according the firm's product-development manager, Jack 
Tuite. He adds that this approval virtually assures compliance with VDE's planned 0806 spec, 
expected to replace both 0730 (now aimed at office equipment) and the less stringent 0804 
(now covering computer-room equipment accessible primarily to technically skilled 
personnel). The switcher is also designed to meet VDE 0871 (N-12) and proposed FCC EM! 
regulations. 

The $385 supply furnishes 5V at 5 to 25A (with ± 1 % combined source and load regulation) 
and - 5 , -12 and + 12V at 0.5 to 4A (with ± 9% combined regulation). Noise and ripple spec 
at ± 2% on all outputs. The supply operates on jumper-selectable 95 to 130V or 190 to 265V 
(47 .to 440 Hz) inputs. 

For more information on the latest switchers, turn to pg 94.-RN 

VERSATILE PRINTER REPORTS MEASUREMENT RESULTS 
Model 820 thermal printer from Newport Electronics (Santa Ana, CA) employs a Texas 

Instruments ceramic-substrate thermal head that creates 5 x 7 matrix characters in 20 
columns. The $543 (1000) printer accepts parallel or serial inputs and sports a time-of-day 
clock and a print-interval timer that allows you to select one of 16 intervals. The 820 uses a 
Rockwell 6500/ 1 µP and includes 45 special measurement-related characters. Set for 
introduction next month, it suits panel mounting.-CW 
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eliminate snubber& from 
switching power supplies 
(with new 60V, 175 °C, high-energy TRW Schottkys) 

Test TRW's new Schottky superstars snubbers simplifies your design means that you can 
in your design-they deliver a and cuts manufacturing costs. continue to rely on TRW for 
33% higher margin of protection Check it out-our &JV, 175 CC consistent quality, dependable 
against overvoltage. High reverse Schottkys are a state-of-the-art delivery and advanced performance 
energy tolerance makes them design that can help your design, -with plenty of design leeway. 
damage-proof and means greater cut costs and Improve performance. Mail the coupon for a free sample, 
reliability. And eliminating the What's more, our new expanded make your test and see for yourself. 

Reader Hl'Vlce Inquiries wlll racalv8 data Information only. 
For more lnfonnatlon, Circle No 7 

~ ~ PHONE JOHN POWER at (213) 679·4561 (or) MAIL COUPON 
A.~ ~~ ~=====~===============================================================::::::..J 

TRW Power Semiconductors· 14520 Aviation Blvd., Lawndale, CA 90260 

Check the free test sample Schottky Diode NAME 

you 'd like to receive (limit one to a customer). 
POSITION 

IF VR Tj Package 
COMPANY NAME 

D SD -71* 75A 60V 175 "C D0-5 

D SD-31* 30A 60V 175 °C D0-4 MAILING STATION PHONE 

D SD-231 * (Dual) 30A 60V 11s ·c T0-3 ADDRESS 

•sD-31 , SD-71 and SD-231 in regular and hyphenated form 
are Trade Marks of TRW Inc . CITY/STATE/ZIP 

TRW POWER SEMICONDUCTORS 
EDN 1 2181 

An Electronic Components Division of TRW Inc. 





Ournew Multibus 
memQryboards 

are orgettable. 
Hthepower fails, 
· they won't. 

If you've got Multibus applications that demand retaining critical 
data, then NEC has two solutions to your problem. Because we've just 
introduced two Multibus compatible boards that won't lose their 
memory when you lose your power. 

The BP-0220 and the BP-0200 are nonvolatile 16K CMOS/RAM 
boards designed, developed and manufactured in the U.S. by NEC 
Microcomputers. Both boards come complete with an on-board , 
self-charging battery pack, so if the power goes off, your data will be 
protected for a full 7 days. 

The BP-0220 supports 16- and 20-bit addressing and delivers a 
maximum access time of 450ns. It also has sockets that allow you to add 
either 8-2716 or 8-2732 industry standard EPROMs, (user supplied). 

The BP-0200 has all the features of the BP-0220 except EPROM 
sockets. Both boards give you the kind of reliability you've come to 
expect from NEC. 

If you need to retain critical data , remember the two new boards 
from NEC. They're unforgettable. 

For more information about our growing family of Multibus boards, 
call or write our Product Manager SBC Systems, NEC t...tVC 
Microcomputers, Inc., 173 Worcester Street, Wellesley, MA f"f D' 

£:~~t~~,::Ld~~?J1;e~Io;?r.~i~; NEC Microcomputers, Inc. 
We're taking on the future.™ 
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-.,. vs. Leads! 
CSA, VDE or UL! 

Fusi1g! ... 
Conf_using! 

The simple solution to transformer 
specification is Grand Transform­
ers Incorporated. 

At Grand, we're in business to 
do more than just manufacture 
top quality transformers . We're in 
business to serve our customers 
by recommending - or custom 
designing - the right transformer 
for the application. 

We like to get involved from 
the very beginning. That way, we 
learn all the unique aspects of 
your needs and can recommend, 
or design, the transformer to fit 
them precisely Our staff of design 
engineers can ensure that you get 
the best product possible 

At Grand, no job is too small 
or too large. Our multi-factory 
operation enables us to service 
every size order. Every job is im­
portant. 

Of course, Grand has the ex­
p e rience you'd expect. We 've 
been in business for more than 
30 years, can conform to VDE, 
UL and CSA standards, and con­
sider special applications like the 
medical and dental fields a regular 
part of our business 

The next time you have to spec 
a transformer, let Grand provide 
the solution. Write: Grand Trans­
fo rmers, Inc ., 800 Beechtree, 
Grand Haven, Michigan, 49417 
Or call 616-842-5430. 

ft;RR#ll/ 
MZttU£tZWM1Z tfZ.4"#1#M 

For more informat ion, Circle No 9 
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Other ways available 
to upgrade 8-bit systems 
The article "An innovative TTL 
chip gives 8-bit µPs new life" 
(EDN, November 5, 1980, pg 
269) effectively discusses ad­
dress expansion- a needed first 
step in upgrading an 8-bit 
system. 

Unfortunately, the article 
implies that increased process­
ing power must come from a 
16-bit CPU, which is not 
necessarily so. You can increase 
the throughput of an 8-bit 
system many times by using 
multiprocessor techniques, em­
ploying more than one 8-bit 
CPU and distributing the 
computing load among them. 

However, you must design 
systems carefully to obtain the 
advantages of multiprocessing. 
An example of a good approach 
to multiprocessing is master/ 
slave operation on the Multibus 
using our IM-1680 intelligent 
RAM, a 16k static-RAM board 
with an on-board Z80 that acts 
as a bus slave. 

This arrangement results in a 
low-cost upgrade because the 
incremental cost of adding a 
CPU to a memory board is very 
small now that the price for a 
Z80 is less than $10. And 
because every system must 
have memory, all you have to do 
to configure a multiprocessor is 
to use the IM-1680 intead of 
standard RAM boards. 

By using a memory mapper 
like the one described in the 
article and memory made up of 
several IM-1680s, you can build 
a system more powerful than 
one based on a 16-bit CPU. And 
a complete rewrite of t he 
software isn't required t o 
accommodate a new CPU. In 
addition, master/slave operation 
simplifies coordination of system 
software. Alternative configu-

rations such as multimaster 
operation are much more 
difficult to program and offer no 
real advantage. 

A multiprocessor's effective­
ness depends on the amount of 
parallelism inherent in the 
software. Our experience has 
been that i:nost programs can be 
easily partitioned to parallel­
running subroutines, a practice 
that results in a modular and 
easy-to-maintain program. You 
can accomplish parallelism 
detection by hand or automati­
cally using a preprocessor. 

Although--an upgrade of an 
8-bit system might not be the 
correct solution in every 
situation, you should at least 
consider it before jumping to a 
16-bit microprocessor. 
Sincerely , 
Vassilios J Georgiou 
President 
M icrosignal 
Santa Barbara, CA 

" ON TH E OTHER HAND, BOB 
YOU'LL FI ND A RATIO OF 2 ' 

MILLIMETRES MAYONNAISE 
TO 13 MILLIMETRES SALAMI 

WILL PROVIDE A MORE 
SATISFYING SAN DWICH." 
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The tougher your requ ire­
ments, the more you need 
connectors from ITT 
Cannon Electric Canada. 
We specialize in connectors 
that withstand the harshest, 
most severe environments 
found in industries such as 
aerospace, geophysical , 
nuclear, downhole mining, 
and marine. 

Our firewall con nectors 
are a prime example. 
Designed to penetrate the 
engine firewall of military 
and commercial aircraft 
with electrical circuits, our 
FRF/FVF series still maintain 
the integrity of the flame 
barrier requ irements of the 
aircraft firewall. 

These connectors 
protect against high temper­
atures, emergency fire­
retardant cond itions, 
moisture and atmospheric 
changes , plus resist fuels , 
cleaning agents, coolants 
and hydraul ic fluid s. They 
meet MIL-C-5015 Class K 
specifications. 

So when your con­
nectors must survive a 
hostile firewall envi ronment, 
look to ITT Can non Electric 
Canada for the rig ht tactics. 
For technical information , 
contact ITT Cannon Electric 
Canada, a division of ITT 
Canada Lim ited , Four 
Cannon Cou rt, Whitby, 
Ontario, Canada LIN 5V8 . 
(416) 668-8881. 
Telex: 06-981357. 

CANNON ITT 
You can always connect with Cannon. 

For more information, Circle No 10 
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The real breadwinner 
in the power-FET market 
Dear Editor: 
Congratulations to Bill Twad­
dell for his well-researched and 
-documented survey on power 
FETs (EDN, December 15, 
1980, pg 116). 

However, Bill's survey (like 
others on this subject) over­
looked the real "jellybean" 
market for power FETs. Even 
though high-voltage, high­
current and high-power devices 
provide the glamour and 
excitement, the dramatic 
growth in bookings, billings and 
profits currently lies with the 
industry's replacement of the 
ubiquitous 2N2222-a low­
voltage, 500-mA, T0-92-style, 
n-channel enhancement-mode 
MOSFET. 

Given the numerous benefits 
expounded by Bill's article for 
using power FETs, we at 
Siliconix were both surprised 
and pleased that with all the 
competitors entering the field, 
Siliconix alone offers the 
designer a viable option to the 
2N2222-the VNlOKM. 

Even with this oversight, 
Bill's article is excellent. 
Sincerely, 
Ed Oxner 
Staff Engineer 
Siliconix Inc 
Santa Clara, CA 

Firms can cheaply 
upgrade CRT terminals 
Dear Editor: 
EDN's November 20, 1980 
editorial, "Only the strong will 
survive," gave designers bad 
advice when it suggested that 
new CRT terminals should 
"incorporate only those features 
that customers really want and 
need." If manufacturers built 
only "plain-Jane" terminals, 

Continued on pg 28 
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IT'S A BETTER 6·BIT ADC 
FROM START TO FINISH. 

If you' re looking for a 6-
converter with super speed 
super specs, check the "per­
formance chart" on our new 
AD6020. At 50 MHz, it's twice as 
fast as the competition's fastest, 
and at $84(in100'sl it's also less 
expensive. 

If you need even greater 
speed, try our AD5010. 

At1 
it's ultra­
Both ADC's 
ideal for applic 
that require digitizi 

of high 

Both ADC' s also 
include our unique 

overflow output fea-
ture, which allows you to 
place two units in cascade 
for 7-bit resolution, or four 

[ 
units in cascade for 8-bit res­
olution. And each is avail­
able with its own evaluation 
board, which includes on-
card registers, regulators, 
clock, and DAC for easy and 
complete analysis. 

For more information on 
any of our high-speed ADC's, 

or if you have a special high­
speed ADC requirement, call 
Arnold Williams at (919) 292-6427. 

f re-

PERFQRMANCE CHART ~i~~~~ 
Analog 
Devices' 
Winner 

word rate 50MHz 

Power 450 mW max 
dissipation 
Size 16 pin DIP 

conversion 20 ns 
time 
Aperture 25 ps 
Jitter 
overflow Yes 

1oo·s price $84 

100MHz Yes 
available 

TRW'S 
Entry 

25 MHZ 
750mWmax 

24 pin DDIP 
70 ns 

30 ps 

No 
$93 
No 

such 
as in radar and X-ray 
equipment, medical 
systems such as 
ultrasound, and 
measurement 
instruments such as 
digital storage oscil­
loscopes and tran­
sient recorders. 

1111111111 ANALOG 
L.lllDEVICES 

WAYOur IN FROO 
Analog Devices. inc .• Box 280, Norwood. MA 02062; East Coast: 1617l 329-4700; Midwest: 1312l 894· 3300; 
west coast: !714l 842-1717. Texas· !214l 231-5094. 

For more information, Circle No 12 





M111iohms 
Conditioning Min. Max. Avi. 

M111iohms 
Conditioning Min. Max. Avg. 

Test Group 3 

lmltal CR 

After Thermal Shock 

Test Group 4 

Insulation Resistance 
U.000 VAC for I Minute) 

Dielectric withstanding Voltage 
(No Breakdown@ 500 VAC) -- PASSED--



ARNOLD 
POWER SUPPLIES 

, GIVE YOU 
BIG PERFORMANCE 

FOR SMALL SPACES! 
If you 're caught in a power squeeze , put the 
problem in our hands, Our high reliability 
switchers pack up to 400 watts of power into 
a miniaturized encapsulated package (up to 
4 watts per cubic inch) , You can choose from 
hundreds of single or multiple output versions 
right out of our catalog, ,, without engineering 
charges or lost design time, And they're built 
tough enough to pass MIL-STD environmental 
tests per MIL-STD-810 and MIL-E-16400, 

Standard unit highlights: 
• Inputs-Single or dual­

AC: 47 to 500 Hz 
DC: 12, 28, 48, 115 VDC 

• Outputs-1 to10 isolated-
3 to 300 VDC (400 watts total) 
Up to 35 amps 

• Efficiencies to 80% 
•Conduction cooled-no air flow required! 
• 100% Burn-In Tested 

If you need a powerful , reliable power supply , 
and space is tight , come to Arnold Magnetics! 
Call or write for more information today. 

ARNOLD MAGNETICS 
CORPORATION 
11520 W. Jefferson Blvd. 

Culver City, Ca. 90230 • (213) 870-7014 

For more information, Circle No 14 
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competition would exist only at 
the cheapest, me-too level. 

If you design a CRT terminal 
wisely, you can add a dozen or so 
features for very little extra 
cost-just pack the power of 
software into the inexpensive 
RAM and ROM. Then, when you 
put the product on the market, 
one or more of those bells and 
whistles might just give your 
unit the selling edge over your 
competitors. 

Of , course, this strategy 
backfires if the extra features 
cost too much and/or if they 
stretch out the unit's engineer­
ing design cycle to the point that 
the competition beats you to the 
market. Still, these design 
challenges off er sales rewards 
that justify the extra effort it 
takes to succeed. 
Sincerely yours, 
RC Nocella 
Natick, MA 

(Ed Note: Mr Nocella's 
points are well taken. However, 
adding extra features at 
minimum cost is indeed a tough 
design task. Moreover, large 
competitors, if they capture a 
significant market share, will 
enjoy significant economies of 
scale. This imbalance will force 
smaller companies to seek 
narrow market niches, servic­
ing specific customer groups 
that will pay only for specific 
combinations of product fea­
tures and capabilities.) 

Is it an analog 
or digital world? 
Dear Editor: 
Jim Williams's article, "A few 
proven techniques ease sine­
wave-generator design," (EDN, 
November 20, 1980, pg 143) was 
very informative but a little 
disappointing-it made no 
mention of the digital genera-

tion of sine waves. 
Because we live in a digital 

world, this important technique 
for generating high-quality, 
low-frequency sine waves 
(IEEE Transactions on Instru­
mentation and Measurement, 
Vol IM-18, June 1969) should not 
be sacrificed to appease the 
analog gods. 
Very truly yours, 
William D Kraengel Jr 
Valley Stream, NY 

Author's reply 
Mr Kraengel is obviously 
misinformed-the real world is 
analog. Besides, one good op 
amp is worth a thousand 
microprocessors. 
Jim Williams 

Editor's addendum 
Add another operating system 
to EDN's µC Operating Sys­
tems Directory (November 5, 
1980, pg 301). SDS/DOS from 
Scientific Data Systems Inc 
meets development- and gene­
ral-purpose OS requirements. 
The software aims at 6502 8-bit 
CPUs using a 6502 macro 
assembler, extended BASIC and 
a data-management system. 
Available since June 1977 at a 
cost that depends on configura­
tion, it resides in 32k bytes of 
RAM and on a 1.25M-byte 
diskette. Net work support 
includes file transfers via 
RS-232C and a proprietary 
SDLC setup of as many as 255 
nodes over a 1-km coaxial cable. 
For a listing of the OS's 
peripheral-, memory- and file­
management capabilities , as 
well as other key characteris­
tics, Circle No 370 or contact 
the firm directly at 344 Main St, 
Venice, CA 90291; phone (213) 
390-8673. 
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Make your 
system safe 

from faults with 
our four-way 

monitor 

I 

SEND FOR PROTECTION NOW 
---------------------------------, , .. 
I WANT PROTECTION AGAINST POWER FAUL TS 
O Send SG1547 applications information 

and technical specifications. 
0 Send FREE evaluation sample of SG3547 J . 
0 Send FREE Silicon General catalog. 

Name _________ Title------

Company 

Address ---------- Mail Sta. --­

City State - Zip ---

' Telephone ( --.. , 
----------------------------------

I 

Our new SG1547 provides all the 
functions necessary for monitoring 
multiple power supplies. This compact 
IC can monitor three DC supply 
voltages for over- and under-voltage 
faults and simultaneously monitor an 
AC line for brownout conditions. 
Programming total power supply fault 
tolerance from 0% to 25% is easy, 
requiring just one external fixed re­
sistor. Externally-programmable filter 
and delay circuits eliminate false fault 
reports. Built-in hysteresis on all 
comparators assures clean transitions 
without oscillation. 

The SG1547 lowers design and 
manufacturing costs and improves 
reliability by eliminating many of the 
components associated with power 
monitoring. An internal reference, 
trimmed to 1 % tolerance, eliminates 
many adjustments as well. The sepa­
rate under-voltage, over-voltage and 
line fault outputs all feature high sink 
current and can be pulled up to 40V 
or be used directly to drive 5 TTL 
loads . .. with no external resistors. 

TYPICAL MONITORING CONFIGURATION 

+Vs 
o.v. 

501547 FAULT 
QUAD POWER 

FAULT MONITOR 

J 
u.v. 

FAULT 

J 
LINE 

FAULT 

J JY:fl_ 
FULL WAVE 

LINE 
CLOCK 

RECTIFIED >---.Nv-...i 
A.C. LINE 

Available in 16-pin Cerdip. 

• SG1547 (-55° C to +125° C) 
• SG2547 (-2s0 c to +85°C) 
• SG3547 (0° C to + 70° C) 

9iLicon oeneraL 
Silicon General, Inc. , 11651 Monarch St. 
Garden Grove, CA 92641 , (714) 892-5531 
TWX: 910-596-1804, Telex : 69-2411 

the power in 
power control IC's 

For more information, Circle No 15 
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The Minifloppy tradition. The standard is set for high­
performance 96 TPI Minifloppys. And it's by Shugart. Double 
track and double density, the single and double-sided 

SA410 and SA460 Minifloppys deliver .5 or 1 MBytes 
of unformatted capacity on a 51/4 -inch diskette. 

Smal l wonder. Designed by the company that 
invented the Minifloppy, the SA410 and SA460 

represent the culmination of all previous 5114 -
inch disk drive technologies. What you get 
today is the most thoroughly engineered, most 
manufacturable, and most reliable Minifloppy 
drive available. The SA410/460 are the new 
standard in the eighties for price, performance, 
and capacity. 

hugartintrocluce 
of M.inifloppys~ 

Step into the future. Innovation, experience, and 
proven performance have always been the hallmark 
of the Minifloppy tradition. And the SA410/460 are the 
first of the next generation in that tradition. Utilizing 
technology proven in our 8-inch disk drive products, 
the SA410 and SA460 use a multi-step positioning 
technique, thus eliminating pole asymmetry, an 
inherent source of positioning errors and degraded 
performance. The simplicity of this multi-step 

positioning motor and the HeliCam lead screw 
follower insure its manufacturability, consistent 
high performance, reliability, and low cost. 

"' Trademark of Shugart Associates 
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Positioned for success. Shugart's new Hel iCam 1
"' 

positioner delivers far greater accuracy than that of 
competitive actuators. The resu lt is super precise 
positioning tolerances that virtually el iminate the 

problems of media interchange previously associated 
with 96 TPI 51/4 -inch technology. The HeliCam 

solution means that you can reduce, by a significant 
margin , data handling errors-especially between 

systems in less than ideal environments. 

the next generation 
8A410/460. 

A new era starts today. Our commitment to the 51/4- inch disk drive market is driven by 
your requirements for low cost, highly reliable disk drive solutions. With unmatched 

commitments in manufacturing and R & D resources, we're ded icated to delivering 
innovative, standard-setting products that meet your needs-both today and tomorrow. 
And we back all our products with superior technical support, design assistance, and 

in-depth documentation. Call today. We'll be delivering in production volumes by 
early 1981 . D Shugart Associates: 475 Oakmead Parkway, Sunnyvale, CA 
(408) 733-0100. Sales & Service:· Sunnyvale, CA; Costa 

Mesa, CA; Minneapolis, MN; Richardson, TX; Framingham, 
MA; Mt. Freedom, NJ; Atlanta, GA; Toronto, Ontario; 

Paris, France; Munich, Germany. D 

<t' <t' 
~ ~ ~ ~ ~ ~ ~ 

<b(/J & 
~ 

ii) 

~~ ~ ~ ~c::i "" ~ 

"J'f;(' ({} "J'f;(' J ~.Shugart 
The next generation is here. 

For more information, Circle No 16 
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Free softW"are ($50-$120 W"orth). Plus a cash 
rebate W"hen you buy the progratntnable. 

Securities 

~ 
0$10 . 

0$10 

Printer 
Utility 

,lelel 
~ 

0 $10. 

Fluid 

[ii 
0$10 

Lab 

[ii 
0$10 . 

0$10 

59 Fun 

~ 
0$10 • 

Production/ 

~ 
0$10 

Electronic 

ii 
0$10 

0 $56 .-----'0=-$40-·~ 
Civil 

ii 
0$10 

Marketing/ 
Sales 

~ 
0$10 

Mathematics 

~ 
0$10 

Blackbody 
Radiation 

~ 
0$10 

Programming 
A ids 

~ 

OS41i 
Oil/Gas/ 

~ 
0$10 

Statistical 

[ii 

Free software plus cash rebates. 
A SIO rebate on a Tl-SSC--S25 rebate on a Tl-59. 
The TI-58C. An exceptional value. 
U !? to 480 program steps or 60 mem­
ories. Plus Constant Memory TM that 
retains data when turned off. $130. 
The TI-59. Top-of-t he-Line. 
Up to 960 program steps or 100 
memories . Magnetic car d read/ 
write capability. $300. 

Modules turn a programmable 
into a dedicated calculator. Pakettes 
have selected programs you key in. 

r;:I D rvebought ;Ji_58C "S;nd me the~ mod-;-a-;;;i'tt;;"' - - - - - EDN-,I 
one Packette listed below, plus my $10 rebate. 

I D I've bought a Tl-59. Send me the two modules and two Name I 
I Packetles listed below, plus my $25 rebate. I 
I MODULES PAKETTES Address I 
I ALTERNATE ALTERNATE Ci ty State - Zip I 
I 

Send to: Texas Instruments Free Software Offer 
P. O. 801 725, Dept. M, Lubbock, Texas 79491 Calculator Serial Number (from back of unit) I 

I Return this coupon with (1) Customer Information Card (packed with calculator), (2) Dated copy of proof of purchase between I I January 1, 1981 - March 31 , 1981. Items must be postmarked by April 14, 1981. Please allow 30 days for delivery. Offer void I 
~here proh~~ff~~~~~~es t~~t~bstitute it~~e~u~ Dealer fo'...:'.:mplete details __ _J 

U.S. suggested retail prices. *For use with Tl-59 only. 

TEXAS INSTRUMENTS 
© 1981 Texas Instruments Incorporated IN COR P O R ATED 45746A 

32 EDN FEBRUARY 4, 198 1 



/Editorial 

Robots-Promise and peril 
The headline of a recent short Associated Press news report was 
certain to capture any EE's attention: "Test robot attacks itself, 
suffers dislocated shoulder." 

The story explained how a $50,000 aluminum robotic arm went out 
of control and slammed itself into its supporting stand before the man 
controlling it could hit the Kill switch. "Luckily, nobody was in its 
reach or grasp," said the controller, a graduate student in the 

University of Florida's Mechanical Engineering Dept. Indeed, luck was the student's ally, because the 
arm, measuring 5 ft long and weighing 70 lbs, could have inflicted serious injury if a person had been in the 
wrong place at the critical moment. 

The incident, attributed to a hardware failure, "pointed out the dramatic need to us for robotic safety 
devices. As of now, there's really no way to prevent injury if a failure occurs," claimed the student. 

What a chilling thought! Robots are widely touted as a promising solution to the US's productivity 
crisis, and research and development of industrial robots is accelerating rapidly. Indeed, many engineers 
will find challenge and opportunity in designing robots of all types. 

Perhaps, then, the timing of the University of Florida accident was fortuitous, because it can serve to 
reawaken engineers to the fact that their creations can malfunction, creating problems ranging from mere 
inconvenience to life-threatening disasters. 

Devotees of science fiction have undoubtedly read many novels describing the awesome consequences of 
robots running amok. Well, robots are no longer a dream of the future. And their arrival gives new 
meaning-and urgency-to fail-safe engineering. 

An Award*.·Winning Magazine 
1978 Staff-Written Series -
System Design Project 
1978 Contributed Series -
Designer's Guide to Fiber Optics 
1977 Contributed Series -
Software Design Course 
1976 Special Issue -
Microprocessor Reference Issue 
1975 Staff-Written Series -
Microprocessor Design Series 
•Jesse H Nea l Editorial Achievement 
Awards are the business-press Pulitzer 
Prize equivalent: 
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Walt Patstone 

Editor 
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Why short ch;;fge yourself on product appearance? Or pa~el-meter 
reliability? Bowmar Solid-State Analog Panel Meters are light-years ahead 
of needle-type meters. Trim, compact, up-to-the-minute in styling, Bowmar 
meters with bright LED bargraph and setpoint displays provide accurate 
information at a glance. 2.5 millisecond response time, one percent 

34 

accuracy. They're immune to 
vibration and impact shock. They 
never stick, never over-travel. 
Send for information. 
You'll agree-with Bowmar 
panel meters 

"One look 
says it alll" 

Bowmar/ ALL Inc. 
531 Main Street, Acton, MA 01720 
617/ 263-8365 /TWX: (710) 347-1441 

800·343·5202 

For more information, Circle No 17 
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SIEMENS 

Maxi-Minrs~· floppies 
score with immediate delivery. 

Sports or business-winning demands quick 
reaction. That's what you get when you turn to 
Siemens for 5%'' Maxi-Mini drives, available 
for immediate delivery. You can count on Siemens 
drives for long-term reliability-and on the 
Siemens team for prompt service and total 
technical support. 

Siemens 5%'' floppies feature anti-crunch 
diskette protection, precision metal lead screw for 
track-to-track head positioning, plus 20 ms step 
time. 125k byte capacity with 40 tracks; 500k byte 
capacity with 80 tracks. And industry compatibility. 

When you turn to Siemens, you turn to the 
world 's 5th largest electronic/electrical en­
gineering company-which backs our 
team with more than $6 million in R&D 
each working day. In the U.S. alone, 
Siemens employs more than 
12,000 people in 15 manufactur­
ing plants, two R&D facilities, 
and sales/service offices cover­
ing all 50 states. 

Siemens-high technology 
with highly competitive pricing. 
Just ask for a quote and see for 
yourself. Find out how Siemens 
responds to your floppy disk needs. 
Call Barrie Clark at (714) 991-9700. 

For more information, Circle No 18 

Siemens Corporation 
OEM Data Products Division 
240 East Palais Road, Anaheim, CA. 92805 
Telephone (714) 991-9700 

District Offices: 
Atlanta, GA 
Boston, MA 
Columbus, OH 
Dallas, TX 
lselin, N.J. 
Sunnyvale, CA 

(404) 451-8157 
(617) 444-6580 
(614) 888-3372 
(817) 461-1673 
(201) 494-5311 
(408) 735-7770 

Siemens: Engineering Winning Drives. 





When C. Columbus challenged 
the status quo, a surprising thing 

happened to our world. 
Surprising things do happen when people 
challenge the status quo. And often , 
good things happen as a result. 

HP would like to ask you to challenge 
the status quo . .. in oscilloscopes. You 
may discover some pleasant surprises, and 
displace some earlier disappointments too . 
Because, like the shape of the 15th 
century world , HP Oscilloscopes have 
changed ... dramatically . Here's how: 

Triggering. Today, HP Oscilloscopes 
offer excellent triggering on difficult 
signals because of HP advances in micro­
circuit design . That also means triggering 
that's essentially unaffected by changes in 
trace position or temperature variation. 
Third channel trigger view, on many HP 
scopes , lets you see the fidelity of the 
triggering waveform, and also make 
timing measurements from it. 

Reliability. You've told us you 
wanted improved reliability. We listened. 
The result is improved MTBF. Today , 
thousands of quality 1700 Series Oscillo­
scopes are delivering the reliable , day­
to-day performance you expect from HP. 

Signal fidelity. With most scopes , 
matching input impedances requires 
an external 50 0 termination . On the HP 

and compare the price/ performance ratio 
for yourself. Because HP designs and 
builds the critical components , you get 
quality performance . Many HP scopes 
have Delta Time capability that provides 
fast time interval measurements while 
minimizing errors. The 1743A incorporates 
HP counter technology for precision and 
semi-automatic timing measurements. For 
viewing low-rep-rate signals and single­
shot events , HP's 1741A, 1744A, and 
1727 A Storage Oscilloscopes, with fast 
writing, integrating, variable persistence 
operation , provide well-defined , easily 
viewed traces in applications which may 
otherwise result in annoying flicker, or 
require a viewing hood or camera. 
What's more , with HP's storage 
technology there is no transfer time or 
reduction of variable persistence writing 
speed, so you won't miss the signals 
you're after. 

See for yourself. HP scopes have 
changed. And you owe it to yourself to 
challenge the status quo before you buy 
another general-purpose oscilloscope . But 
don't take our word for it. Call an HP 
Field Engineer for a hands-on demonstra­
tion of a new 1700 Series Oscilloscope. 
Then judge for yourself. Ask about the 1700 Series , and our new fully 

programmable 1980 Oscilloscope 
Measurement System, switch-
able 50 n input terminations 
are built in to insure faithful 
reproduction of input signals 

ll!liiiilii!i]~l 9~8~0 Oscilloscope Measure­
ment System, too . 
Find out how its 

fully program-

Value. Put a 1700 Series 
Oscilloscope next to any 
comparable general-purpose 
scope of your choice 

mable operation 
can help you deal 

with some of 
today's produc­
tivity problems. 

081/1 

Challenge the status quo and get a square-world mug. Free. 
If you're considering the purchase of an oscilloscope, call an HP Field 

Engineer or use our coupon for a no-obligation demonstration . In return , 
we'll give you a distinctive square-world coffee mug. 

HEWLETT 
PACKARD 

For more information, Circle No 19 

r-~:::i;;:e~:~:~:;~~;;;:~::.-~:~~::~::-:::~~:;;~:::::~-H~---;~;;;--· 
Oscilloscope. And yes , l want a square-world mug. 

NAME----------------- TITLE _________ _ 

COMPANY _______________ _____ ____ ~ 

PHONE 

ADDRESS ------------------------­

CITY / ST A TE------------------- -----

l initiate and/ or approve oscilloscope purchases D Yes D No 

Mail coupon to: Hewlett-Packard, P.O. Box 2197 , Colorado Springs, CO 80901 , Attn : Oscillo­
scope Marketing Manager. Offer expires April 30, 1981. Valid in U.S.A. and Canada only. 





Every day, we produce over 
5,000,000 KEMETCapacitors. 
So you can have the exact one 
you need when you need it. 

The KEMET® Capacitor worldwide manufacturing 
network assures you of getting the right capacitor you 
need for every system design - from electronic toys 
to space shuttles. 

And, since we produce over 5,000,000 pieces per 
day, you can always depend on the right quantity 

of KEMET Capacitors to meet your own 
production schedules. 

Union Carbide makes more 
tantalum capacitors 

Union Carbide is the world's 
largest producer of solid 

tantalum capacitors. But 
volume is not our main 

concern - high quality and performance are. When 
you specify KEMET tantalums, you get top-quality 
products for coupling or decoupling, blocking, by­
passing, filtering and timing circuits. 

KEMET tantalum capacitors are produced with 
your designs in mind. In standard and microminiature 
sizes - molded, dipped or hermetically sealed, with 
axial or radial leads . Or in space-saving chips. With a 
capacitance range from .001 to 1200 µF, in voltages 
from 2 to 125 voe, and operating temperatures from 
- 65 °C to + l 75 °C. 

And now KEMET dipped and molded tantalum 
capacitors are available to meet the full requirements 
of MIL-C-49137! 

Union Carbide makes high quality 
ceramic capacitor~ 
We've learned a lot about 
monolithic ceramic 
capacitors since we 
entered the industry 
in 1968, especially how great they 
can perform. 

Our testing procedures put more stress on the capac­
itors than they ever see in actual application. If they 
fail our tests, they fail - period . And you're assured 
of receiving only top-quality parts that have earned 
the right to be called KEMET ceramic capacitors. 

You can order the genuine article in molded radial 
and axial leaded forms, "Blue Max" dipped and 
molded "Mighty Max" two-pin dual-in-line packages, 
and space-saving "Solder Guard" chips. Choose from 
ultrastable NPO and COG; stable BX, BR and X7R; 
and general-purpose Z5U dielectrics. 

They are available in capacitance ranges from 1 pF 
to 6.8 µF in 50, 100 and 200 volt ratings, and 
operating temperatures from - 55 °C to + 125°C. 

Union Carbide makes high­
performance thin-film 

'-- capacitors 
~ KEMET precision thin­

film capacitors offer outstand­
ing volumetric efficiency and high 

performance. 
KEMET thin-film capacitors give 

you a choice of metallized polycar­
bonate or parylene film dielectrics - in 

capacitance ranges from .001 to 47.0 µF, in 
voltages from 30 to 400 voe, and operating 

temperatures from - 55 °C to + 125°C. 
And they're available to meet MIL-C-55514, 

-83421 and -39022 specifications. 

Union Carbide is committed 
to the industry 

Our five plants in the Greenville, South Carolina, area 
provide you with 450,000 square feet of the most 
modern, automated production and office facilities in 
the nation . We also have plants in Columbus, Georgia; 
Greenwood, South Carolina; Matamoros, Mexico; 
and Darlington, England. But they are not enough. 

As the industry grows, so must we. New plants are 
now on the drawing boards, to permit us to meet your 
ever-increasing demands for high-quality KEMET 
capacitors. That's our commitment to you. 

For prompt delivery of solid tantalum, monolithic 
ceramic and precision thin-film capacitors ... KEMET 
offers you more! 

For more data, write to the Electronics Division, 
Union Carbide Corporation, Box 5928, Greenville, SC 
29606. Phone: (803) 963-6300; TWX: 810-287-2536; 
Telex: 57-0496. Or see your local KEMET representative. 
See EEM for KEMET Capacitors General Catalog. 

• ELECTRONICS DIVISION 

• • : 

1 

KEM~~~~~~d~~!~ ~~~~~eJC~~~o~ 
In Europe: Union Carbide Europe, S.A. , 5, Rue Pedro-Meylan, 
Geneva 17, Switzerland, Phone: 022147 4411 . Telex: 845-22253. 
Union Carbide U.K. Limited , Phone: 0325-315181 . 

For more in formation , Circle No 20 
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Leadtime Index PASSIVE COMPONENTS 

PRODUCT LEADTIME IN WEEKS PRODUCT LEADTIME IN WEEKS 
Min. Max. Trend Min. Max. Trend 

CAPACITORS PRINTED CIRCUITS 
Ceramic, disc 7 15 = Sin le-sided 5 10 = 
Ceramic, monolithic 8 21 RELAYS AND TIMERS 
Electrolytic, aluminum 5 14 = Crystal can 6 20 = 
Electrolytic, tantalum 7 16 = General purpose 5 17 = 
Film 7 16 = Miniature (T0-5, square) 8 15 = 
Mica 8 22 = Reed, dry 6 11 = 
Paper 4 16 = Reed, mercury-wetted 5 9 = 
Trimming 9 15 = Solid state 5 14 = 

CRYSTALS, FIL TEAS AND NETWORKS Telephone 8 13 = 
Filter, active 13 17 Time delay and timer 6 13 = 
Filter, EMI 8 16 = RESISTORS, FIXED 
Filter, lumped-constant 6 14 = Carbon film 3 15 = 
Filter, quartz (monolithic) 13 21 = Composition 6 18 = 
Freg. determining crystal 7 14 = Metal film 6 16 = 

ENCLOSURES Network 8 14 = 
Custom 6 9 = Wirewound 6 16 = 
Modified standard 7 10 = RESISTORS, VARIABLE 
Standard 6 9 ... Pot, nonprecision WW 4 14 = 

FANS AND BLOWERS 16 26 = Pot, precision WW 6 10 = 
FRACTIONAL HP MOTORS 17 20 = Pot, nonprecision comp. 7 15 = 
INDUCTIVE COMPONENTS Pot, precision comp. 6 10 = 

Coil 11 15 = Trimmer, WW 6 11 = 
Solenoid 7 12 = Trimmer, comp. 9 11 = 
Transformer, power 9 12 ... SWITCHES AND KEYBOARDS 
Transformer1 other 9 12 ... Circuit breaker 8 14 up 

INTERCONNECTION COMPONENTS Dual in-iine 6 10 = 
Back panel 8 16 = Keyboard and keyswitch 7 11 = 
Flat cable 20 29 = Lighted pushbutton 6 18 = 
Multipin circular high-density 25 37 = Pushbutton 5 16 
Multipin circular standard 18 37 = Rotary 4 12 = 
Packaging panel 8 13 = Snap action 5 9 = 
PC, one-piece 5 15 = Thumbwheel 3 10 = 
PC, two-piece 5 15 = To le 6 14 = 
Rack and panel 11 34 = TRANSDUCERS 
RF coaxial 15 32 = Pressure 6 15 = 
Socket 3 14 = Temeerature 6 12 = 

PRINTED CIRCUITS WIRE AND CABLE 
Double-sided 6 10 = Coaxial cable 8 12 = 
Flexible 6 14 = Flat and ribbon cable 5 10 up 
Laminates 5 10 ... Hookup wire 6 10 = 
Multilayer 8 11 = Multiconductor cable 10 13 = 

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. 
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Amphenol 285 
Series Modular 

Telephone Jacks. 
Mount on PC boards 

without adapters. 8-
position keyed or non­

keyed , or 6-position (4 or 
6 contacts). Ring or spade lugs. 

PC tails or stripped ends. Circle 
Reader Service Number 82 

Amphenol FCP-type BNC 
Plugs and Jacks. 

Assemble faster, easier than stan­
dard BNC's. Only three parts (not 

six) to assemble . No special 
tools. Trim coax. solder center 
contacts , and sl ide parts to­

gether. For RG-58/ 59U and 62U 
cable. Circle Reader Service 

Number83 

Amphenol 223 Series 
Tiny Tim~ Connectors. 
For potted-in or surface-mounted 
circuits, or for microminiature rack­
and-pa nel , cable-to-cable , or 
cable-to-panel. Five to 33 con­
tacts , polycarbonate or nylon 
bqdies. Circle Reader Service 
Number 84 

Afnphenol 48 Serles Miniature 
Circular Connectors. 

Qualified to MIL-C-26500. Lightweight. 
Easy-assembly crimp-removable contacts. 
Front release. Bayonet or threaded cou­
plings. Circle Reader Service Number 81 

Amphenol 57 Series Micro 
Ribbon g Connectors. 
For telephony and EDP. High­
contact density (14 to 64). 
Protective polarized shell. 
Circle Reader Serv ice 
Number 85 

Amphenol 
157 Series 

Micro-Pierce • 
Connectors. 

Fast, solderless termi­
nation in factory or field . 

Portable, easy-to-use ter­
mination tools. lntermateable 

with currently used connectors in 
telephony or EDP Circle Reader 

Service Number 86 



Amphenol 97 Series 
Standard Circular Connectors. 
Time-tested, highly rel iable. Non-rotat­
ing, pre-aligned contacts. Rugged, with 
diallyl phthalate inserts and molded bar-

riers between each contact. 
Circle Reader Service 

Number89 

Amp 
Fiber Optic 
Connectors. 
Up to 8 individual 
channels. Low insertion loss. 
Environmentally sealed. Speedy rear inser­
tion/rear removal. Adaptable to multi-fiber 
bundles. Optional strain-relief mechanism. Circle 
Reader Service Number 87 

Amphenol 225 Series 
Printed Circuit Connectors. 

Low contact resistance. Slotted 
bellows or folded-ribbon solder­

type contacts. Low-friction mating for 
repeated insertion and w ithdrawals . 

Amphenol 221 Series Strip Connectors. 
Low-cost miniatures. High contact 
density. And you can cut and/or 
stack them to almost any shape. 
Circle Reader Service 
Number 90 

Rugged, one-piece bodies. Wide range of 
contact positions and terminations. Circle Reader 

Service Number 88 

For more information, technical data, dimensions and prices, contact 
your nearest Amphenol North America sales office or distributor. 

BUNKER 
RAMO AMPHENOL NORTH AMERICA 

A D1v1s1on o f Bunker Ramo Corporati on 

Amphenol North America Division Headquarters: Oak Brook, Illinois 60521 

See us at 
NEPCONWEST 

Booth516 
Anaheim 

Feb. 24-26 

Sales Offices: Atlanta (404) 394-6298 • Boston (617) 475-7055 •Chicago (312) 986-2330 •Dallas (214) 343-8420 •Dayton (513) 294-0461 
Denver (303) 934-2355 •Greensboro (919) 292-9273 • Houston (713) 444-4096 • Indianapolis (317) 842-3245 •Kansas City (816) 737-3937 
Knoxville (615) 690-6765 • Los Angeles (213) 649-5015 •Minneapolis (612) 835-4595 • New York (516) 364-2270 •Orlando (305) 647-5504 
Philadelphia (215) 732-1427 • Phoenix (602) 265-3227 •St. Louis (314) 569-2277 •San Diego (714) 272-5451 • San Francisco (408) 732-8990 
Seattle (206) 455-2525 • Syracuse (315) 455-5786 • Washington. DC (703) 524-8700 
Canada: Montreal (514) 482-5520 •Toronto (416) 291-4401 •Vancouver (604) 278-7636 • International: Oak Brook. Illinois TELEX 206-054 

D11trtbutors: 

ALABAMA Western Electromollve ILLINOIS MASSACHUSETTS NEW JERSEY OHIO Sterling Electronics 
Dallas Hall-Mark Electronics Corp. Santa Clara Bell Industries Kierulff Electronics Schweber Electronics Schuster Electric Co. 

Huntsv1lte (408) 727-7411 Chicago 81llenca Fairtield Cincinnati ife~~)s ~~~;i~~nl Supply Co. 
(205) 837-8700 Wyle Oistribulion Group ~~~a~~2EY~~?ronics W.i~~;~5~~tronics (201) 227-7880 ~~~1e!~9E11:C~onics Santa Clara Wilshire Electronics Richardson 

ARIZONA (408) 727-2500 g~~:gg8·44 11 
Bed lord Clifton Cleveland (2 14) 238-6821 

Cetec Mollronics 
Schweber Electronics (617 ) 275-5100 (20 1) 340·1900 (216) 587-3600 Allied Electronics 
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Jrvme Ohm/ Eleclronics, Inc. Wilshire Electronics Radio Electric Service Co. Schweber Electronics Ft Worth 
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Beachwood (8 17) 336-5401 
(602) 272-7951 (312) 359-5500 ~~~1e!~~~e~~~onics 

Sterling Electronics 
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Phoenix COLORADO Schweber Eleclronics Industrial Components Corp. Houston 

(602) 249-2232 Newark EleCtronics Elk Grove Vi llage ~l~,~~h:\'a~ NEW YORK . 
Dayton (713) 627-9800 

Denver (312) 364-3750 (513) 236-9900 Hall-Mark Electronics 

(303) 757-3351 Klaus Radio, Inc. 
Gerber E'eclronics Harvey Electronics. Inc. Dallas 

CALIFORNIA Wyle Distribution Group Peon a 
Norwood B1n?hamton OKLAHOMA 1214) 234-7300 

Cetec Moltronics (309) 691-4840 
(617) 769-6000 160 ) 748-821 1 Electro Enterprises 

Sou th Gate 
Thornton Genesee Radio Oktaho.,,a City 
(303) 457-9953 Parts Co .. Inc. UTAH 

~i~~~l~~j~~~~nics INDIANA MICHIGAN Buffalo 
(405) 478-1752 Diplomat 

~z"Mm'.6525 
CONNECTICUT Graham Electronic RS Electronics (7 16)873-966 1 OREGON r0•ci\ ~m-~;1;)4 

Connector Company Supply Livorna Summit Distributors 
New Haven Indianapolis (313) 525-1155 Buffa lo 

Bell Industries Standard Supply Co. 
Wyle Distribution Group 

(203) 624-0127 (317) 634-8202 Wedemeyer Electronic 
~~g~ i~:~fr!~~s 

Lake Oswego l~dl )L:~~-~~¥ 1 
1~1~r3~2~ifioo Wilshire Electronics Genesis Electronics Supply (503) 241-4115 

~g~r~~~~822 South Bend Ann Arbor Farmingdale 
Cetec Moltronics (313) 665-8611 PENNSYLVANIA 

M~P2~i05020 
1219) 287-2911 (516) 231-1030 Alma Electronics Corp. WASHINGTON 

Progress Electronics Co. Philadelphia Bell Industries 

Kierulff Electronics FLORIDA KANSAS MINNESOTA Plainview 1,215) 698-4000 Bellevue 

~~~ ,O.~n°2112 
Arrow Electronics Wichita Aircraft Arrow Electronics (5 16) 433- 1700 ~!Ironic Industrial. Inc. 1206) 747-1515 

'j'cig') ~~~-1480 
Wichita Edina Schweber Electron ics Wyle Distribution Group 

\kyle Distribution Group (316) 838-1 42 1 (612) 830-1800 Westbury 12?~)1i~~-~~5gie Seattle 

~~~,0~rng?9111 
~ierultf Eleclronics Newark Electronics (516) 334-74 74 CAM/ RPC Industries (206) 453-8300 

St. Petersburg MARYLAND Minneapal1s Simeona Electronics Corp. 
i~\1~?~8~h3770 Celec Mollronics (813) 576-1966 Arrow Electronics (612) 331-6350 Rochester WISCONSIN 

San Jose Schweber Electronics Baltimore 17 161328-3230 Electronic Expeditors, Inc. 

(408) 263-7373 Hollywood (301) 247-5200 MISSOURI TENNESSEE Miiwaukee 

Bell Industries (305) 921-0301 Hall -Mark Electronics Walters Radio Supply. Inc. NORTH CAROLINA Electra Distribution Co. (414 ) 228-8 100 
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Measurement, Source 
and Multiplexing 
Solutions for Your 
Systems 
Requirements 
Not all systems requirements are the 
same. That's why Data Precision 
offers you a choice of instruments 
encompassing a wide selection of 
features, options and specifications. 
All accomplished without those 
burdensome customizing costs you're 
so familiar with. 

For additional information or a 
demonstration contact Data 
Precision: 
(800) 343-8150, 
(800) 892-0528 in Massachusetts 

Measurement requirements can be 
met with a choice of 4112 and 51/z 
digit multimeters with basic 
accuracies of .007% and conversion 
speeds from Z1/ 2 measurements/sec. 
up to 1000/sec. with full 51/z digit 
resolution. You can choose a 
dedicated DVM or full function 
instruments with multiple ratio 
measurement. Programming can be 
accomplished through BCD, 
IEEE-488 or RS232 and resistance 
measured with either 2 or 4 wire. 
You can purchase only what you 
need now and extend your 
instrument's capability with field 
installable options later. 

Source requirements, both voltage 
and current, can be met with our 
programmable calibrator which will 
generate a different voltage or 
current level every millisecond 
(including settling time) . Accuracy is 
lOppm for voltage and lOOppm for 
current with outputs of ±lOOnV to 
±lOOV and ±lµA to ±lOOmA. 
Capability can be extended with 
optional GPIB and ± lOOOV 
amplifier. 

Multiplexing requirements can be 
addressed with our 8/16 channel 
analog multiplexer with automatic, 
remote, manual and slave scanning 
modes at rates up to 10 channels/ 
sec. Range is lµVto 250V. 

~ ® 

\1-~ATA PRECISION 
DWISIONOF ANALOO/CCORPORATION 

Data Precision Division of Analogic Corporation, Electronics Avenue, Danvers, MA 01923, (617) 246-1600, TELEX (0650) 921819. 

For more information, Circle No 22 



Technology Ne1Ns 

Small-disk-drive product advances 
promise tough design decisions 
Carl Warren, Western Editor 

If you're expecting halcyon days 
ahead for small disk storage 
systems, both good news a.nd bad 
await you. A host of new 
products-some already intro­
duced, others planned-could widen 
your design options and indeed 
signal the start of a Golden Age of 
disk-storage-system design. But 
incompatibilities among those prod­
ucts and a general lack of standards 
could also herald stormy design 
seas. 

Since EDN's last update on this 
product area (May 20, 1980, pg 59), 
several innovative products have 
made their debuts, including 
Seagate (formerly Shugart) Tech­
nology's ST-506 Microwinchester 
5.25-in. rigid-disk drive. This unit 
has sparked introduction of a host of 

Employing a plated medium, dual impellers 
and temperature-compensation circuitry, the 
International Memories 5000 Series 5.25-in. 
Winchesters will initially be offered with 
7M-byte unformatted capacity. 
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similar ones, all designed to suit 
designers' supposed requirements. 

As consultant Ray Freeman, 
president of Freeman Associates 
(Santa Barbara, CA), points out, 
the new small rigid-disk drives 
represent more of an advance in 
packaging than in t echnology. 
Consequently, approximately 17 
companies are in the process of 
announcing or planning such 
products. Noteworthy among the 
first announcements are units from 
Seagate, Shugart Associates, Tan­
don, New World Computer, Irwin 
International and International 
Memories (Table 1). 

OEMs' considerations 
Choosing among the offerings 

from these firms (and others) will be 
no easy task. Jim Porter, author of 
Disk Trend Report (Mt View, CA), 

observes that large OEMs will 
require drives from sources that can 
produce at least 1000 units/month. 
But other factors, some more 
important, will also influence 
OEMs' choices: 

• Pricing. This negotiable 
quantity will probably carry 
the most weight as an OEM 
narrows the choices (see box, 
"Pricing 5.25-in. rigid-disk 
drives"). 

• Capacity. The requirements 
for this parameter are heavily 
application dependent. It 
ranges from 1. 8M to 11. 5M 
bytes in currently available 
units. 

• Second sourcing. This factor 
calls for compatibility, espe­
cially in interfacing. 

• Access time. Like those for 
capacity, the requirements for 

Available in six versions, Tandon's TM 600 Series 5.25-in. Winchesters offer capacities 
ranging from 3.19M to 11.5M bytes. The units employ a rotary positioner. 
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TABLE 1-TYPICAL 5.25·1N. RIGID·DISK DRIVES 

UNFORMATTED 
CAPACITY PRICE AND 

MAN UFACTURER MODEL (MBYTES) INTERFACE AVAILABILITY 

IRWIN INTERNATIONAL 510 10 (FORMATTED)* N/A $1500 (500) 
200 GREEN RD NIA 
ANN ARBOR, Ml 48105 
(313) 663-3600 

INTERNATIONAL MEMORIES SERIES 7 OR 14 SA 1000 AND STD $800 TO $900 (1000) 
10381 BANDLEY DR 5000 IMI UNIT NOW 
CU PERTINO, CA 95014 
(408) 446-9779 

NEW WORLD COMPUTER CO MIKRO DISC 1.8 UNDEFINED $900 (100) 
3176 PULLMAN ST V-1TF NOW 
SUITE 119 
COSTA MESA, CA 92626 
(714) 556-9320 

OLI VETTI PERIPHERAL HD-561 6.38 MINI FLOPPY $720 (1000) 
EQUIPMENT MARCH (EVAL) 
525 EXECUTIVE BLVD AUGUST (PROD) 
ELMSFORD, NY 10523 
(914) 592-2864 

HD-562 6.38' MINI FLOPPY APPROX $850 
(1000) 
MAX (EVAL) 
OCT (PROD) 

HD-1512 11. 72 BIDIRECTIONAL BUS $1230 (1000) 
JUNE (EVAL) 
MARCH '82 (PROD) 

SEAG ATE TECHNOLOGY ST-506 6.38 SA1000 $925 (1000) 
360 EL PUEBLO RD NOW 
SCOTTS VALLEY, CA 95066 
(408) 438-6550 

SHUGART ASSOCIATES SA602 3.33 SA1000 AND $760 (500) 
435 OAKMEAD PARKWAY MINIFLOPPY APRIL (EVAL) 
SUNNYVALE, CA 94086 JUNE (PROD) 
(408) 939-7547 

SA604 6.66 SA1000 AND $980 (500) 
MINI FLOPPY APRIL (EVAL) 

JUNE (PROD) 

SA606 9.99 SA1000 AND $1190 (500) 
MINIFLOPPY APRIL (EVAL) 

JUNE (PROD) 

TANDON TM601 3.19 SA1000 AND LESS THAN 
9333 OSO AVE TM 602 6.38 TM 100 $1000 (1000) 
CHATSWORTH , CA 91311 TM 603 9.57 NOW 
(213) 933-6644 TM 601E 3.83 

TM602E 7.66 
TM603E 11.5 

NOTES 

' HAS FASTER STEPPING MOTOR THAN HD-561 AND ACHIEVES 35-mSEC AVERAGE ACCESS TIME 
' 21 -mSEC AVERAGE ACCESS TIME 
"INCORPROATES 3M-TYPE MINI CARTRIDGE DRIVE FOR BACKUP 

CIRCLE 
NO 

363 

364 

365 

366 

367 

368 

369 
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With two interfaces (SA1000 and Mlnifloppy), Shugart Associates' Migid 5.25-in. 
Winchester drives incorporate electronic head-actuator damping to reduce head-mount flutter 
and thereby decrease head-settling time. 

With an unformatted capacity of 6.38M bytes organized in 153 cylinders, Seagate 
Technology's ST-506 was the first 5.25-in. rigid-disk drive. 

EDN FEBRUARY 4, 1981 

this quantity are application 
dependent. 

• Vendor reliability. 

Design differences 
Although the 5.25-in. Winches­

ters from various manufacturers 
basically represent innovative 
packaging techniques, they exhibit 
some not-so-subtle technical differ­
ences as well. For example, 
Tandon's Models 601E, 602E and 
603E (the E denotes "extended") 
are designed to use the entire disk 
surface, increasing the number of 
disk cylinders from 153 to 230 and 
providing a 20% jump in unformat­
ted capacity compared with the 
firm's standard drives. The compa­
ny achieves this advance by using a 
rotary actuator rather than a band 
device. 

International Memories (IMI), on 
the other hand, employs a band 
actuator and a plated medium in its 
7M-byte 5000 Series drive, slated 
for introduction this month. The 
drive, which will be expandable to 
14M bytes, will be compatible with 
!Mi's 8-in. units and will use dual 
impellers to cool the recording 
medium and electronics. It will also 
incorporate a temperature­
compensation circuit for the band 
actuator as part of the basic design; 
marketing VP Frank Iazzetta 
points out that temperature control 
can be one of the more troublesome 
areas in a Winchester design. 

Illustrating other technical differ­
ences are devices from Shugart 
Associates. In its Mini Rigid Drive 
(Migid) 5.25-in. units, the firm 
employs dynamic braking and an 
electronic damper to improve 
head-settling time. The damper 
keeps the head mount (flexure) from 
fluttering while the head is 
accessing a track. 

Possibly the most unusual design, 
though, comes from New World 
Computer Co. The $900 (100) 
Mikro-Disc Model V-lTF is a 
modified version of standard 
Winchester designs, employing 
eight heads per data surface. These 
eight heads have simultaneous 
access to a portion of total storage 
equivalent to a Minifloppy 5.25-in. 
floppy-disk drive's capacity, permit-
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TABLE 2 - SA1000-COMPATIBLE INTERFACE 

HOST SYSTEM 
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~ 

~ 
oC 

GNDITl'n 
FRAMEGND 
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FLAT RIBBON OR 
TWISTED PAIR, MAX 20 FT 

- REDUCED WRITE CURRENT 
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-TRACK 000 

-WRITE FAULT 

- HEAQ SELECT 2 ° 
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- HEAD SELECT 21 

- INDEX 

- READY 
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- DRIVE SELECT 1 
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- DIRECTION IN 
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SOURCE: SEAGATE TECHNOLOGY 

ting track switching within this 
logical space at electronic rather 
than mechanical speeds. The heads 
also move together mechanically to 
gain access to other Minifloppy­
sized areas. 

Although the drive's capacity is 
limited (l.8M bytes unformatted), 
the simultaneous access to a 
Minifloppy-sized storage space is a 
plus . However , the unit is a 
sole-source design-a potential 
drawback. 

De-facto standard? 
Because Seagate Technology was 

the first to announce a 5.25-in. 
rigid-disk drive, many observers 
believe the company has established 
a de-fact o standard for the 
small-Winchester interface in its 
SAlOOO-compatible configuration 
(Table 2). Indeed, because of the 
firm's market lead, consultants like 
Freeman and Porter are advising 
their clients to opt for designs 
employing Seagate-lookalike inter­
faces. But that doesn't mean this 
interface is the only option. 

Shugart Associates, for example, 
offers two interface choices in the 
Migid. One is an SAlOOO-type 
design similar to Seagate's but with 
pin 4 redefined for head select; the 
other supports the firm's Minifloppy 
and a Migid on the same 
daisy-chained line. Taking a similar 
approach with its TM 600 Series, 
Tandon offers an SAlOOO­
compatible interface in a pin-to-pin 
duplication of Seagate's and a 
Minifloppy interface as well. 

With a horde of other 5.25-in. 
rigid-disk drives due to appear, 
other interface approaches are 
likely. Still, the Seagate/Shu­
gart/Tandon approach will probably 
be the "standard" one, so you'd 
probably do well to follow Freeman 
and Porter's advice. Note, for 
example, that IMI's forthcoming 
drive will incorporate an SAlOOO­
compatible interface along with the 
firm's standard configuration. 

Controllers are the key 

Related to the problem of 
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For switching power su 
evidence is conclusive. ere a 
filter capacitance of 50 m .... o""'r_ ..... 
will do, metallized polyprop e 
(film) capacitors far surpass electro­
lytics in impedance characteristics. 

10 
ESR (mllllohms) 

TRW-35 VS. ELECTROLYTIC ESR LIMITS 

Here's why : 
At resonance, ESR for a film 

capacitor is less than one-tenth that 
of an electrolytic . The film 's 

capacitance won't dwindle at higher 
switching rate frequencies, so you 
can design with a lower value cap. 

With a constant 2 amp ripple 
current, a film cap will cut I 2R 
losses-by orders of magnitude. 
Its current-carrying capacity is 
greater, so paralleling is usually not 
required. And ripple voltages are 
significantly less. 

Film caps can be round or flat­
you gain design versatil ity. And weight 
reduction : 16 grams/cu. in . vs. 26 
for electrolytics. The bottom line: 
maximum current, minimum size and 
minimum loss. 

At TRW, we're past pioneering 
a superior concept. We're delivering 
a buttoned-down product : the 
TRW-35 film capacitor is available 
now for input/output filtering in your 
state-of-the-art SPS design. 

And, in addition, we offer a 
complete custom film package for 
your specific needs in the 40KHz 
and above SPS range. 

Get the evidence in hand-send 
for the TRW-35 data sheet. And we'll 
provide you a reprint of the technical 
article that triggered the switch to 
a new SPS technology. 
Send in coupon or call us at 
(308) 284·3611. 

r---------------, 
TRW Capacitors EDN-2 
An Electronic Components Division of TRW Inc. 
301 W."0 " Street, Ogallala, Nebraska 69153 

Please send data on your SPS Capacitors. 

Name 

Company 

Div/ Dept Mail Code 

Address 

C ity 

I 
=-s,.-,.--------~Z,-p - I 
~---------------~ 

TRW CAPACITORS 
ANOTHER PRODUCT OF A COMPANY CALLED TRW 

For more information, Circle No 23 
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interfacing the 5.25-in. drives is the 
design of their controllers. For 
although building a small rigid-disk 
drive apparently requires no 
technological breakthroughs, get­
ting it to work economically in a 
variety of systems can present 
problems. Consequently, some 
observers believe that cost-effective 
controller design could be the one 
limiting factor on the growth of 
5.25-in.-Winchester usage. 

All of the drive manufacturers 
have been working closely with 
controller houses to develop 
adequate controller designs (Table 
3). And two of these designs are 
especially interesting. 

Xcomp's controller supports a 
variety of rigid-disk drives. In this 
2-board design, the data-control 
board employs specialized TTL 
processor circuitry that supports an 
instruction set geared specifically to 
controlling disk drives. In it, a 
writeable control store permits 
downloadable fault-tolerance test­
ing from the host. The second 
(drive-specific) board provides the 
actual interconnection to a drive; 
depending on model number, this 
board supports units ranging from 
5.25-in. Winchesters to 14-in. 
cartridge drives. 

Xcomp's Models ST/S and STIR 
controllers serve the Seagate 
Technology ST-506 drive. The ST/S 
interfaces with the S-100 bus and is 
IEEE-696 compatible, while the 
STIR isn't oriented to a specific bus 
and requires only line drivers and 
receivers for matching to one. Each 
unit costs $980. 

Another noteworthy controller is 
Alpha Systems' code-named "trans­
former," which is designed to plug 
directly into your current floppy­
disk-drive controller anywhere on 
the daisy chain in multidrive 
systems. It tricks a µC system into 
viewing a 5.25-in. rigid-disk drive 
as the logical equivalent of ap­
proximately nine 40-track floppies. 

Based on a Z80, the 50-in.2 board 
fits in a standard Minifloppy 
enclosure, requires 5 and 12V 
(obtained from the primary control-

50 

Incorporating a writeable control store for fault-tolerance testing, the Xcomp 2-board 
controller easily handles the requirements of the Seagate Technology ST-506 Microwinchester 
5.25-in. rigid-disk drive. 

TABLE 3-CONTROLLERS FOR 5.25·1N. R!GID·DISK DRIVES 
MANUFACTURER USE CIRCLE NO 
ALPHA SYSTEMS CORP GENERAL PURPOSE 347 
711 CHATSWORTH PL 
SAN JOSE. CA 95128 
(408) 297-5583 

AMERICAN COMPUTER & HEATH 348 
TELECOMMUNICATIONS S-100 
11301 SUN SET HILLS RD TRS-80 
RESTON . VA 22090 
(703) 4 71-6288 

ANDICOMM TECHNICAL PRODUCTS S-100 349 
2603 CO LLEGE ST APPLE 
TORO NTO. ONTA RI O. 
CA NADA M5T 1 P9 
(416) 979-3328 

ANOVA CORP MULTIBUS 350 
760 LONG RIDGE RD 
OAK LAND. CA 94610 
(415) 836-0800 

CO DATA SYSTEMS MULTIBUS 351 
285 N WOLFE RD 
SU NNYVALE. CA 94086 
(408) 735-0800 

CONTROL SYSTEMS GENERAL PURPOSE 352 
1317 CE NTRAL 
KANSAS CITY , KS 66 102 
1913) 37 1-6136 

DATA MANAGEMENT LABS S-100 353 
2148 BERING DR MULTIBUS 
SAN JOSE. CA 951 31 
(408) 946-9424 

DATA TECHNOLOGY CORP GENERAL PURPOSE 354 
2344A WA LSH AVE S-100 
SAN TA CLARA . CA 95051 Z80 
(408) 496-0434 LS l-11 

6800 
SBC 80 
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Pricing 5.25-in. rigid-disk drives 

A price war among manufacturers of 5.25-in. rigid-disk drives 
appears to be shaping up. And in the front lines is Olivetti Peripheral 
Equipment, which will offer its Seagate Technology-compatible 
HD-561 for $720 (1000) in August. 

Other manufacturers view this pricing with mixed feel ings. Some, 
such as Tandon VP Dan Taylor, observe that pricing is usually 
negotiable, depending on such factors as customers' abi lity to pay 
quickly (for which discounts are available). For this reason, some 
firms, such as Tandon, only quote ballpark pricing; Tandon's drives 
sell for "less than $1000 (1000)," and IMl's forthcoming Series 5000 
will cost $800 to $900 (1000). 

But other firms are adamant about the firm nature of their prices: 
Seagate Technology executive VP Finis Connor, for example, says 
the Seagate ST-506's $925 (1000) price tag is a legitimate 
benchmark. Similarly, Shugart Associates product manager John 
Sass says his firm's Seagate-lookalike Model SA604 is also 
competitively priced at $980 (500). 

And what of Olivetti? Director of sales and marketing Gianni 
Subrizi claims the firm's currently quoted prices are well within 
established guidelines and will probably remain firm. 

MANUFACTURER USE CIRCLE NO 

DISTRIBUTED LOGIC CORP LSl-11 355 
12800 GARDEN GROVE BLVD PDP-11 
SUI TE G 
GARDEN GROVE, CA 92643 
(714) 534-8950 

KONAN CORP S-100 356 
1448 N 27TH AVE 
PHOENIX, AZ 85009 
(602) 269-2649 

LOBO DRIVES S-100 357 
935 CAMI NO DE L SUR 
GOLETA, CA 93017 
(805) 685-4546 

MICROCOMPUTER SYSTEMS CORP IEEE-488 358 
432 LAK ESIDE DR MULTIBUS 
SUNN YVALE, CA 94086 
(408) 733-4200 

MORROW DESIGNS S-100 359 
5221 CENTRAL #2 
RI CHMOND, CA 94804 

(415) 524-2101 

PllCEON S-100 360 
2350 BERIN G DR 
SAN JOSE, CA 95131 
(408) 946-8030 

WESTERN DIGITAL CORP GEN ERAL-PURPOSE 361 
3125 RED HILL AV E 
NEWPORT BEAC H. CA 92663 
(7 14) 557-3550 

XCOMP S-100 362 
7566 TRA DE ST GENERAL-PU RPOSE 
SAN DIEGO, CA 92121 
(714) 271-8730 
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ler connection) and incorporates a 
1-track buffer. Priced at $425 (100), 
it's planned for full production this 
month and will work with Apple 
DOS, TRSDOS, and CP/M operat­
ing systems, for which the 
manufacturer will supply the 
necessary patches. 

Be aware , though, that the 
"transformer" works at floppy-drive 
speeds, not Winchester ones. Thus, 
don't consider it for use in 
disk-intensive systems; confine it to 
single-user, single-station systems 
where speed isn't a major 
consideration. 

Floppy surprises coming 
All of the innovations in 

disk-system products aren't in 
rigid-disk units; forthcoming flop­
pies will pack a few surprises, too. 
For example, expect !Omega Corp 
(Ogden, UT) to introduce a 
very-high-density floppy by mid­
year; this as-yet undesignated unit 
will use an 8-in. floppy medium 
enclosed in a plastic cartridge. 

The medium will have rough 
(Bernoulli) surfaces that will permit 
it to essentially "float" in its 
environment, increasing reliability 
at the medium/head contact point. 
However, the drive won't employ 
contact recording at all; instead, it 
will use a flying head, as do the 
rigid-disk drives, and will store 8M 
to 14M bytes. It will operate at 
approximately 1500 rpm and use a 
closed-loop-servo head-positioning 
system. 

Company president Da~d Bailey 
says the drive won't employ a 
separate servo track but rather will 
write servo information on each 
track. .Price will run about $1100 for 
the drive, and floppy cartridges will 
cost $30 each. 

Also look for the introduction of 
removable cartridges for 5.25-in. 
rigid-disk drives by the third or 
fourth quarter, although availabili­
ty might be sparse. But the real 
excitement will come not in 
obtaining t hese new disk-drive 
products, but in incorporating them 
into products that end users really 
need. EDN 
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There's a new source for the 8748: NEC Microcomputers, Inc. And 
to prove how good our product is, we're willing to send you a µPD8748 
programmed with your code, absolutely free. 

We're making this special offer for one reason: because we intend 
to become your major source for the 8748, and all 8048 products. And 
we're sure that once you try our µPD8748 , you'll come back to us 
for more. 

If you want to make a quantity purchase, our µPD8748 is available 
right now, off-the-shelf from your local distributor. But if you want to 
test one in your application first, here's how: 

Simply send us one of your coded 8748 or 8048 chips. We'll program 
our chip with your code and send both chips back to you. Within three 
days. But hurry, this offer ends on March 31, 1981. 

The µPD8748 is just the latest addition to NEC's 8048 family- now 
the biggest in the world. We off er 12 different chips, including the 
µPD80C48 , an exclusive CMOS version available only from us. 

Send for your free µPD8748 today. We're fighting for your business. 
And we're starting with a free-for-all. 

To get your free sample (limit one) , send your coded chip along 
with your company letterhead to Dwain Aidala, c/o NEC t..fVC 
Microcomputers, Inc., 173 Worcester Street, Wellesley, ,, L 
MA 

02181
' c617

) 
237

-
1910

· NEC Microcomputers, Inc. 
We're taking on the future.™ 



so small and light­
they' II fit your product 

KE pc o ® For complete specificat ions write Dept . BUF -12. 

• High frequency conversion for high efficiency 
• Fully isolated 
• Current limited 
• Adjustable output 
• Built-in overvoltage protection 

KEPCO, INC. • 131 -38 SANFORD AVENUE • FLUSHING, N.Y. 11352 • (212) 461 -7000 • TWX Jt 710-582-2631 • Cable: KEPCOPOWER NEWYORK 

For more information, Circle No 25 
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Practical and blue-sky technology 
to share spotlight at ISSCC 81 
John Tsantes, Eastern Editor 

This year's annual International 
Solid-State Circuits Conference, 
traditionally a forum for semicon­
ductor manufacturers to air their 
new developments and advances, 
will take on a new emphasis. No 
longer solely a conference reporting 
primarily on highly theoretical and 
experimental devices, the gathering 
will also focus on actual circuits that 
engineers could soon be designing 
with. 

A review of the conference's more 
than 80 technical papers, coau­
thored by more than 300 experts 
from around the world, leaves no 
doubt regarding ISSCC 8l's 
emphases: total system integration 
and unprecedented device perform­
ance. Both themes will be evident 
throughout the 3-day gathering's 17 
daytime technical sessions and 10 
evening panel discussions. 

Of the various topics the 
conference will cover in New York 

City this month, semiconductor 
memories get extensive treatment. 
But conspicuous by their absence 
will be papers on ROMs, PROMs 
and EPROMs: Of the 16 papers to be 
presented during the three memory 
sessions-session I ("Static 
RAMs"), session VIII ("Memories 
and Redundancy Techniques") and 
session XII ("Memory Tech­
niques")-<.mly one, in the last­
named session, deals with a ROM. 

That paper, coauthored by 
Synertek's M Ebel, J Wong and P 
Sin, describes a 45-nsec fully static 
16k MOS ROM that makes 
extensive use of small-signal 
amplification and OV-threshold 
devices to reduce active power 
dissipation to 350 mW and standby 
power level to 75 mW. According to 
the authors, the device is contact­
mask programmable and has a die 
area of 20,300 miF. 

RAMs steal the show 
The remaining memory-session 

2 3 4 5 6 7 

SUPPLY VOLTAGE (V) 

Fig 1-The performance of Toshiba 's CMOS/SOS 4k static RAM (to be discussed 
in /SSCC session I) varies with supply voltage. 
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papers will emphasize RAMs. And 
speed is definitely the name of the 
game here. 

Leading session I will be a paper 
from Toshiba typifying the type of 
devices covered throughout the 
session. It will discuss an 18-nsec 
CMOS/SOS 4k static RAM. 

According to Toshiba designers, 
although scaling techniques have 
permitted development of several 
NMOS 4k static RAMs with typical 
access times of less than 25 nsec, 
most of them exhibit high operating 
and standby power consumption. 
Additionally, even with low-power 
CMOS RAMs, access times much 
shorter than 40 nsec haven't been 
achievable. But by employing 
MoSb-gate CMOS/SOS technology 
with 2-µm gate lengths and 500A 
gate-oxide thickness, Toshiba has 
developed a fully static 18-nsec 
4k x l RAM with 200-mW active 
power consumption and 50-µ W 
standby power. 

The Toshiba authors explain that 
the CMOS/SOS structure's iow 
parasitic capacitance has improved 
minimum gate delay to 250 psec in a 
ring-oscillator circuit with single 
fanout. They also note that the 
sheet resistivity of MoSi2-gate lines, 
typically as low as 3.5 O/square, 
drastically reduces the wiring RC 
delay along the word-select lines­
to one-tenth that of a conventional 
polysilicon gate line. 

The RAM , which uses the 
standard 6-transistor CMOS-flip­
flop memory cell , features a 
36 x 36-µm cell size. The entire chip 
measures 3.1l x 4.07 mm and is 
housed in a low-cost 18-pin plastic 
DIP. Address access time (TAA), 
chip-select access time (T Acs) and 
operating current <Ice) are all 
functions of supply voltage (V cc) 
(Fig 1). The authors point out that 
in this memory, address access time 
nearly equals c~ip-select access 
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NEEDTOFIT 
A LARGER 

POWER SUPPLY 
INTOA 

SMALL SPACE? 
Our new switcher delivers 120 watts 

from 54 cubic inches, and its 
low component count, 

quality design gives 
65,000 hours MTBF. 

The new model Z DC switching power supply is available in ten ver­
sions. All feature a 38 KHz switching frequency, which is well above the 
audio range. Up to 2 watts per cubic inch power density. And nominal 
efficiency of 75%. 

The Z's price is only $215 for quantity orders. 

OUTPUT VERSIONS 

MODEL 
NUMBER *VOLTAGE WATTS 

Z5A20 5 100 
Z6A18 6 108 
Z10A12 10 120 
Z12A10 12 120 
Z15A8 15 120 
Z18A7 18 120 
Z20A6 20 120 
Z22A6 22 120 
Z24A5 24 120 
Z28A4 28 120 

*Ad1ustable ± 5% 

The new Z measures 6x4 x2X 
inches and weighs 2 lbs. Three 
plane mounting provides unique 
installation flexibility. Full 120 watt 
output at 75°C provides an addi­
tional thermal margin for compact 
high performance electronics. 

Good design with less than 90 
components results in a Mil 217C 
calcu lated MTBF of 65,104 hours at 
50°C. Such protective features as 
soft start, non crowbar OVP and 
short circuit protection enable the 
Z to deliver reliable power to elec­
tronic systems that must provide 
long-term trouble-free performance. 

Please call or send for detail speci-
fications and additional product 
features. 

transi sto r 
INDUSTRIAL PRODUCTS DIVISION 

THE POWER SUPPLY SOURCE 

WESTERN OFFICE 
639 S. Glenwood Place 
Burbank, CA 91506 
(213) 841-2510 

EASTERN OFFICE 
1224 Anderson Avenue 
Fort Lee, NJ 07024 
(201 ) 224-6900 

For more in forma tion, Circle No 26 

\News 
time, and read-cycle time equals 
access time. 

Fast 16k static RAM 

Texas Instruments has developed 
a 16kxl fully static RAM exhibiting 
only slightly slower speed than the 
Toshiba device. Another session I 
paper will report on this 30-nsec 
part. 

Coauthor Dan Kang, TI manager 
of static-RAM design, explains that 
the device utilizes a double-level­
poly scaled-NMOS technology to 
achieve both this speed and a 
600-m W power dissipation. The 
RAM is completely asynchronous 
and uses no bootstrapping tech­
niques or clocking circuitry. 
Although Kang won't off er many 
details before the ISSCC, he does 
say that the device embodies a new 
architecture and many novel 
circuit-design techniques. 

The design employs two 128 x 64 
memory-array blocks and uses no 
redundant columns to compensate 
for bit faults. Its 158x 256-mil 
memory chip will be housed in a 
20-pin, 300-mil package. 

Other new RAMs 

Not to be outdone by TI and 
Toshiba, Hitachi will also report on 
a 4k static device in session I. Like 
the Toshiba part, this RAM specs an 
18-nsec access time, but it uses a 
double-poly HI-CMOS II technology 
with 2-µm gate iengths rather than 
SOS to achieve its speed. At 
150-m W power dissipation, it also 
runs a bit cooler. 

Nippon Electric (NEC) will 
present two papers in session I. 
Countering Tl's part, it will reveal 
its own 16k static RAM, spec'ing a 
25-nsec access time. The device uses 
a double-polysilicon/molybdenum 
process technology to reduce RC 
delays to less than 1 nsec; it's 
designed with 1.5-µm rules. 

A step above this 16k device is 
NEC's 64k static RAM, on which 
little detail is currently available. 
It, too, uses 1.5-µm design rules, 
and multiplexed addressing permits 
its assembly in a standard 300-mil, 

EDN FEBRUARY 4, 1981 



Other Series 75-S L switches 
The SL (solder lug) Key switches 
have capacity to provide 12 different 
options for "security" switching 

The 75-SL switches are standard 
mounted and can be hard wired 
without damaging the switch body 

All Series 75 switches can be 
spaced as close as 19,05 mm ( 75") 

Proven quality 
Feel it, test it , price it. All Series 75 
pushbutton and key switches have 
proven superior audible , visual , and 
tactile feedback . You get the "feel " 
and long life of a quality switch at 
a competitive price 

EDN FE BRUARY 4, 1981 
For more information, Circle No 27 

It's what's 
up front 
Cand in back) 
that counts 
Rafi Series 75-PC switches from 
Ledex mount from the panel front 

Because, in the back of the panel 
is a socket that can be flow soldered 
to a PC board before assembly. This 
feature eliminates wicking onto the 
contacts and increases PC board 
production rates, which lowers cost. 

It has standard options such as 
momentary and push-push action , 
front replaceable lamps or LED's, 
choice of 3 cap shapes, a key 
switch , and environmental sealing 
fo r rectangular bezel switches . 

International approvals include 
U/ L, LSA, VOE, SEMKO, NEMKO, 
DEMKO, SEV. Ledex is the exclusive 
licensee of RAFI of West Germany 
for the United States. 

Write for our catalog today. 

Ledex Inc , 
PO. Box 427, 
Vandalia, Ohio 45377. U.SA 
Telephone: 513-898-3621. 

·~ 
f{EDEX 
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Today's 
Smallest 
Impact 
Printer 
Leads a 
Double 
Life ... 

.>~ - t·J\[Z'1'XM'VuTSf:;J 
1' 3N'1LKJ! HGFEDCBAi1~); 
.;,, 937-6543210/_ - ; +* 
. &f.t¥. " ' -tl\lZ'IX'vl\l'I 
TSRilPDt~·\Ll(J lHGFEDC8?. 

Stand our DMPT-3 Miniature Alphanumeric Printer upright for "first 
line down" data printing, or flip it for " first line up" text. Either way, 
it not only packs double printing versatility, it comes with its own 
controller. So you can put it's 120 cps, 20-column capability to work 
alone as a basic OEM printer, or with its own microprocessor inter­
face and power supply as part of a system . And for more choice, 
even use it with either parallel or serial ASCII input, at speeds as 
fast as 1200 baud . 

Wh ichever li fe the DMPT-3 leads, it keeps your costs down by 
print ing by impact on ordinary adding machine rolls . Saves time by 
elim inat ing ribbons. Saves problems, with our unique print-head in 
5x7 dot matrix design.See for yourself; call or write for details today. 

PRACTICAL 
AUTOMATION, INC. 
T rap Falls Road , Shelton , Conn . 06484/Tel : (203) 929-5381 

For more information, Circle No 28 

oprocessor Designers ... 

World-Concept 
Low Power 
Switchers 

and UPS 
Operate almost anywhere with one power supply 
Compare Converter Concepts ' switchers and un­
interruptible power su pplies and you 'll know why 
they ' re becoming a world standard for design 
and quality. 

WIDE INPUT VOLTAGES On ly Converter Con­
cepts produces 15 to 150 watt switchers that 
operate on any voltage from 90 to 250 VAC or 1 O 
to 40/20 to 60VOC - WITHOUT CHANGING 
SWITC HE S. JUMPER S. TAPS OR OTHER 
MODIFICATIONS. 

LATEST SWITCHER CONCEPTS Wid e in pu t 
ranges are possible through the use of a simple 
single transistor. single transform er flyback de­
sign with soft turn-on and short-circui t pro tec­
tion . Means higher reliability and eff iciency at a 
competit ive price . 

MANY SWITCHER OPTIONS Sing le. dual or tr i­
ple output opt ions in four input power ranges : 

printed circuit , open frame or RF l- resistan t en­
closed packages; integral UPS options . 

UNINTERRUPTIBLE POWER Automatic. instant 
transi tion from AC line to backup battery opera­
tion is available ei ther as a separate unit for use 
with CCl 's multiple output DC to DC converters 
and battery. or as the integral - 04 switcher op­
tion which fea tures integral battery charger. 

NATIONWIDE REPRESENTATIVES Cal l us today 
fo r engineering assistance . our latest catalog , 
prices and your nea rest CCI representative . 

rr-'!l.1 CONVERTER 
"~~ CONCEPT51NC 
435 S. Main SL. Pardeeville . WI 53954 . (608) 429· 21 44 

4081 

For more information, Circle No 29 

\News 
16-pin DIP. 

Redundancy fights defects 

As memory-device density in­
creases, suppliers are realizing that 
high defect rates could turn 
otherwise high-performing parts 
into financial disasters. As a result, 
they're adding redundant circuitry 
to the high-density ICs as a means 
of keeping yields up and device 
costs down. While not too important 
at the sub-16k level, the technique 
is becoming a virtual necessity 
above that level. 

Session VIII will deal with this 
subject in the first three of its five 
papers. Intel, for instance , is 
applying redundancy techniques to 
static RAMs and will discuss their 
impact on a 16k device. According 
to the company, for a 16kx 1 static 
RAM with 40-nsec typ access time, 
the additional circuitry increases die 
area by approximately 6%, access 
time by 3 nsec and power 
requirements by only about 3%. 
Although Intel won't quantify the 
resulting yield improvements, it 
does term them "substantial." 

Bell Labs is willing to give 
numbers: It claims a five- to 30-fold 
yield improvement in a 64k dynamic 
RAM and will discuss this 
improvement in session VIII's 
second paper. Bell, which uses laser 
programming of redundant circuits 
in VLSI memories, claims that the 
improvement calls for less than 4% 
circuit redundancy. 

Emphasis on systems 
Although ISSCC 81's memory 

sessions and their superfast RAMs 
should drive the "performance" 
theme home to conference attend­
ees, session IX ("VLSI Microcom­
puter Systems") should leave 
visitors with the feeling that the 
show is also stressing total system 
integration. And it should leave 
several jaws hanging, as well. 
Unlike other sessions, which are set 
up in one or two sections in the 
Empire State Ballroom at New 
York's new Grand Hyatt Hotel, this 
one has been slated for three large 
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Why the celebration? 
We just delivered our millionth D.C. power supply to a 
very happy customer. Borrowing a note from the record 
industry, we presented a special solid gold unit to 
further honor the occasion. 
One million. 
An impressive number in itself. But consider what it 
took to get there. 

Electrical Wire - about 475 million feet. That 's 
enough to wrap around the world a few times . 
Sheet Metal - an estimated 820,000 sq . ft. Or enough 
to cover more than 17 football fields . 
Transformer Magnetic Steel - around 2,200 tons . 
This translates into the weight of about 1,250 
mid-size automobiles. 
Resistors, Capacitors and Semiconductors -
approximately 54 million . And each one was 
individually tested , along with a double 
in-circuit test. 
Assorted Screws, Nuts and Hardware - 45 mill ion 
pieces or so . Though mostly automated , it 's still a lot 
of turns of the screwdriver. 

And on and on it goes. Which leads to the reason we 
have become, in just a few short years, the world 's 
largest manufacturer of open-frame D.C. power suppl ies. 

have the experience. 
We do all manufacturing in our new 100,000 sq. ft. 
facility. And we continue to guarantee the service , 
quality, and reliability you demand. 
So now begins the second million. And it won 't take 
long to get there . Not when you see our expanded line 
of open-frames - plus a new and growing fam ily of 
swi tchers. All at our same old low prices! 

See for yourself. 
Send for our new 1980-81 
Catalog and Power-One 
Tour Guide. You ' ll know 
why we reached the first 
million in record time. 

OPaUJer-ane 
a.c. Pamer SUPPL/es 
Power-One, Inc . · Power One Drive · Camarillo, CA 93010 
Phone: 805/484-2806 • 805/987-3891 · TWX: 910-336-1297 

For more information, Circle No 30 
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For more information, Circle No 31 

WRITE FOR EON 

If you have an idea for an EON design feature, 
send us an outline or call the Editor to discuss 
your proposal. We pay $30 per magazine page, 
upon publication, for every contributed feature 
article. Call Walt Patstone, 221 Columbus Avenue, 
Boston, MA 02116. Telephone (617) 536-7780. 

jNews 
rooms to accommodate an expected 
heavy turnout. 

Although designers from Digital 
Equipment Corp and Integrated 
Circuit Systems will coauthor a 
paper on a 16-bit, 13,000-transistor 
NMOS microprocessor combining a 
minicomputer instruction set with a 
microprocessor bus, the session's 
really hot items will come from Intel 
and Hewlett-Packard. Both compa­
nies will officially unveil 32-bit 
processor systems. And although 
the talk from Intel is expected, the 
HP disclosure is likely to catch 
everyone by surprise. 

Intel plans four papers describing 
the basic system philosophy and the 
three main chips of its iAPX-432 
(EDN, November 5, 1980, pgs 103 
and 198). With a cost of more than 
$30 million and a 5-yr development 
time, the iAPX-432 utilizes an 
architecture that's software trans­
parent and accommodates multiproc­
essing through plug-in devices. 

Scheduled for introduction in 
mid-year, the 32-bit 3-chip set, with 
a system performance equivalent to 
that of an IBM 370/158 mainframe 
(up to 2.5 million instructions per 
second), will initially cost $3000. Its 
price will drop to approximately 
$200 by 1984, according to an Intel 
spokesman. 

The set includes a Micromain­
frame Execution Unit, a Computer 
Instruction Decoding Unit and an 
I/O Interface Processor, each 
treated in a separate session IX 
paper. The execution unit, a 
355-mil-square chip, accepts, de­
codes and executes the continuous 
stream of microinstructions re­
ceived from the microinstruction 
sequencer in the basic computer. 
The instruction-decoding unit con­
tains more than 100,000 transistors 
and measures 320 mils square. It 
decodes the bit-aligned, variable­
length instructions and produces 
the microinstructions and data 
necessary to execute them. 

To make full use of this system's 
processing power, Intel has chosen 
a high-level language rather than 
assembly-language programming. 
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ECONO/SWITCH 
THE SWITCHER COST BREAKTHROUCiH 

YOU'VE BEEN WAITINCi FOR! 

ks to a new monolithic chip that contains 
regulat ion, modulation and a protective 

itry, Power/Mate now offers top quality 
ching regulated power supplies at a frac­
of the cost of conventional switchers. In 

~Y cases even less than the cost of quality 
ar supplies. 
ypical parts o nt ·s red ced 20°/c for a c u I u 0 

h higher MTBF ... well over 50,000 hours ... 
r a two year warranty to back it up. Reli-
ity is greatly improved by use of computer-
~d " worst-case analysis," individual testing 
very IC and semiconductor, and a compre-
sive burn-in program. 
he new ES Series boasts well over one watt 
put per cubic inch, 70-80% efficiency and a 
ns holdup time. 
ut the big news is dollars per watt, a break-

ough achieved through advanced design If manufacturing techniques. Power/Mate's 
Series switchers set the new standards for 

ue and performance in switching power 
pplies for years to come. 

~-C Serles $85. 4.1 O" x 3.24" x 1.68" 

IODEL VOLTAGE CURRENT 

1,:S-5C 5 VOLTS 3AMPS 

iLs -12c 12VOLTS 1.5AMPS 

l ~S -15C 15 VOLTS 1.2AMPS 

:S-24C 24 VOLTS 0.75 AMPS 

IES-28C 28 VOLTS 0.65AMPS 

~S-36C 36 VOLTS 0.5AMPS 

S·F Series $149. 7.10" x 4.88" x 2.37" 

[it oDEL VOLTAGE CURRENT 

ES-5F 5 VOLTS 20AMPS 

IES-12F 12VOLTS 10AMPS 

S-15F 15VOLTS 8AMPS 

ES-24F 24 VOLTS 5AMPS 

~S-28F 28 VOLTS 4AMPS 

~S-36F 36 VOLTS 3AMPS 

Features. 
• Brownout protection . • Reverse polarity' protection. • Convection cooled . 

• Overvoltage protection . • Soft start protection. • Remote sensing. 

• Overload protection. • UL and CSA recognized . • Optional logic Inhibit . 

• Short circuit protection . • Convenient 3-surface mounting. • Advanced EMI filtering . 

SpecUlcatlons. 
AC Input. 85-132 and 170-264 VAC. 4 7-440Hz. Logic Inhibit Functlon-Ofetlonal. A command signal 
DC Output. See charts. between 4.5 and 5.5V re erenced to (- ) negative sense 
DC Output Adjustablllty. :t 10%. terminal will inhibit the DC output. May be used for 
Regulation. Line :t0.1% + 1mV within AC limits specified control , sequencing or maintenance. 

above. Load ± 0.1 % + 1 mV from no load to full load. Overvoltage Protection. Built-in, fixed. 
Noise and Ripple. 50mV peak-to-peak max., 20Hz to Energy Storage Time. The output voltage will remain with· 

200KHz. in regulation for a minimum of 16 milliseconds after loss 
Efficiency. 70 to80%. of AC input power (from nominal line voltage). 
Transient Resggnse. Recovery to 1 % in 300 microseconds Poi~tJoi~sabg: either positive, negative or floating up to 

for a 50 to 1 % load change. Soft Start. Provides input current limiting at turn;on. Remote or Local Sensing. Provision included for improved 
overall regulation. Parallel Operation. Units may be paralleled for increased 

Overload and Short Circuit Protection. Solid state short output current. Consult factory. 
circuit protection. Automatic electronic current limiting Long-term Stablllty. 0.1 % for 8 hours after 20 minute 
circuit limits output current adjustable between 105% warm-up. 
and 125% of unit rating, thereby providing protection for Ambient Operatlnfi Temperature. Continuous duty from 
the load as well as the supply. Units cannot be damaged o•c to 71°C. Fu I rating from o•c to 50°C, derate linearly 
by prolonged short circu its. to 60% of rating at 11 •c. 

Overshoot. No voltage spikes on turn-on, tu rn-off or power Storage Temperature. - 20'C to + 85°C. 
failure. Quality Control. In accordance with MIL.f.45208 

ES·D Serles $89. 6.1 2" x 3.24" x 1.75" ES·ESeries $99. 4.62" x 4.88" x 2.00" 
MODEL VOLTAGE CURRENT MODEL VOLTAGE CURRENT 

ES-50 5 VOLTS 6AMPS ES-5E 5VOLTS 10AMPS 
ES-120 12VOLTS 3AMPS ES-12E 12VOLTS 5 AM PS 

ES-150 15 VOLTS 2.4AMPS ES-15E 15VOLTS 4 AMPS 
ES-240 24 VOLTS 1.5 AMPS ES-24E 24 VOLTS 2.5 AM PS 
ES-280 28 VOLTS 1.3 AMPS ES-28E 28 VOLTS 2AMPS 

ES-360 36 VOLTS 1.0AMPS ES-36E 36 VOLTS 1.5 AMPS 

ES·G Series $189. 8.60" x 4.88" x 2.37" ES·H Series $229. 10.60" x 4.88" x 2.60" 
MODEL VOLTAGE CURRENT MODEL VOLTAGE CURRENT 

ES-5G 5 VOLTS 30 AMPS ES-5H 5VOLTS 45AMPS 
ES-12G 12 VOLTS 15AMPS ES-12H 12VOLTS 22AMPS 

ES-15G 15 VOLTS 12 AMPS ES-15H 15VOLTS 18 AMPS 

ES-24G 24 VOLTS 8AMPS ES-24H 24 VOLTS 12AMPS 

ES-28G 28VOLTS 7 AMPS ES-28H 28 VOLTS 10AMPS 

ES-36G 36 VOLTS 5AMPS ES-36H 36 VOLTS 8AMPS 

PTIONS: Crowbar up to 8 Amps $8, greater than 8 Amps $16. Add Suffix V to Model No. Cover $6. Add Suffix C to Model No. Logic Inhibit $8. Add Suffix I . 

POWER/MATE. THE SWITCHER COMPANY. 
514 S. River St/Hackensack, New Jersey 07601/(201) 440-3100fTWX (710) 990-5023 
1400 Coleman Ave., Suite F25/Santa Clara, CA 95050/(408)727-8118fTWX(910)338-0553 

The world's largest supplier of quality switching power supplies. 
For more information, Circle No 32 
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Technology News 

ISSCC 81 schedule details 

The 1981 International Solid-State Circuits Confer­
ence is scheduled for February 18 to 20 at New 
York's Grand Hyatt Hotel. Advance registration fees 
are $50 for IEEE members and $70 for nonmembers; 
admission prices will be $60 and $80, respectively, at 
the door. All attendees will receive a copy of the 24th 
edition of the /SSCC Digest of Technical Papers, 
containing edited and illustrated condensations of all 
conference papers. Additional copies will be available 
at $20 to members, $30 to nonmembers. 

Attendees can register any day during the 

conference between 8:00 AM and 4:00 PM in the 
Empire State Ballroom's foyer. Preshow registration, 
on Tuesday, February 17, will be held between 4:00 
and 8:00 PM. 

All 17 technical sessions, as well as the 10 informal 
evening panel sessions, will take place in the Empire 
State Ballroom. 

You can obtain registration forms and additional 
information by contacting Lewis Winner, Box 343788, 
Coral Gables , FL 33 134. Phone (305) 446-
8193/8194. 

ISS C C 81 
F.~ 

Empire State EMPIRE STATE BALLROOM 
Timetable Ballroom Foyer A B c D E 

wa:i,._ 4:00 PM ::::>W~ Registration - - -I- u. 8:00 PM 
- -

8:00 AM 
Registration - - -

4:00 PM 
- -

9:00 AM SESSION Ill SESSION I SESSION II 
11 :45AM - Solid-State Devices Static RAM s Consumer Circuits 

12:00 Noon 
1:30 PM - - - - - -
Lunch 

00 1:30 PM SESSION IV 
~ 

a:I 2:10 PM - Formal Open ing 
w 
u. 2:15 PM SESSION V 
> 3:00 PM - Keynote Address <t 
0 I 
CJ) 3:15 PM SESSION VII I SESSION VI SESSION VII w -
z 6:00 PM Memo ries and Data·Acquisit ion Circuits Microwave 
0 Redundancy Techniques Ampl i l iers w 
3: 6:15 PM Author 

7:15 PM - Interviews - - -

INFORMAL DISCUSSION SESSIONS 

WE1 WE2 WE3 WE4 1 WES 
8:00 PM - Power GaAs·FET VLSI CMOS vs NMOS Speech- ADC for Video 

Amplif iers lndustry/Un iver- for VLSI Synthesi s Frequencies and 
sity Interaction Techniques Beyond 

8:00 AM 
Regi strati on 4:00 PM - - - - -

SESSION XI SESSION IX SESSION X 
9:00 AM Microwave VLSI Microcomputer Analog Filiers -12:15 PM Circuits Systems and Osci llators 

~ 12:15 PM 

a:I 1:30 PM - - - - - -
w Lunch u. 

> 1:30 PM SESSION XIV SESSION XII SESSION XIII 
<t 
0 5:00 PM - Analog Techniques Memory Tech niques Advanced Circu it 
CJ) Appl icat ions 
::::> 
a: 5:1 5 PM Au thor 
J: 7:00 PM - Interviews - - -
I-

INFORMAL DISCUSSION SESSIONS 

THE 6 THE 7 THES THE 9 THE10 
I 8:00 PM - Millimeter-Wave Packaging fo r Design The Selec tion of Limits of 

I Cs VLSI Met~odo l ogies 16-Bit Micropro- Precision 
Componen ts for VLSI cessor Families in Analog ICs 

8:00 AM 
Reg istrati on 11 :00 AM - - - - -

> o 
<t "' 9:00 AM SESSION XVII SESSION XV SESSION XVI Oa:i 
-w 12:15 PM Telecommunication Circui ts Advanced Process Tech nology VLSI Logic ff: u. 

12:15 PM Author 1 1:15 PM Interviews - - -
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It uses the object-oriented ADA 
language (EDN, January 7, pg 171), 
mapped directly into hardware, as 
the system's software format. 

Density milestone 
Not out to steal any of Intel's 

th under , HP will nevertheless 
deliver a bombshell of its own 
during session IX. Out of the firm's 
Ft Collins, CO System Technology 
Operation comes what may be the 
highest density chip set ever seen in 
the industry. 

Hewlett-Packard designers plan 
to describe this fully integrated 
32-bit VLSI processing system, 
consisting of six chips housing as 
many as 600,000 transistors each. 
The devices include a 32-bit CPU, 
an I/O processor, a memory 
controller, a clock driver, a 128k 
RAM and a record-shattering 528k 
ROM. 

One of the two papers HP will 
present, emphasizing the CPU 
chip's processing, will characterize 
the device's instruction set, per­
formance , internal design and 
testing-an aspect the company 
feels is most critical. The second 
paper will discuss the design of the 
CPU chip itself as a vehicle for 
describing the process technology, 
which HP characterizes as a further 
advance in NMOS. 

Also to be discussed is an outline 
of the process flow, the design rules 
and the overall system philosophy. 
Although HP won't prerelease any 
more data, a source does reveal that 
the VLSI devices are fabricated 
using optical lithography with a 
2. 5-µm pitch and double-layer 
metallization. 

However , although the chips 
definitely constitute a "technologi­
cal breakthrough," HP is quick to 
point out that the ISSCC disclosure 
won't be a new-product announce­
ment. Indeed, no new products, just 
prototype devices, exist, according 
to the company. As with most of 
HP's semiconductor technology, the 
only way to obtaih the fruits of this 
advance is to buy an HP system 
incorporating it. Although the 
company won't say when and if a 
product employing the 32-bit chip 
set will appear, it does say that 
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PowerSappljes 
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p-OWElt suf'P\.Y 
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If it 's high quality you need, more watt 
hours per dollar, delivery you can count on 
and application assistance that is second 
to none, then it's "NJE to the rescue" . 
And we've got the industry's most reliable 
power supplies because we only use the 
finest components, latest manufacturing 
techinques and have a series of quality 
control inspection points that guarantee 
the quality you need ... THAT'S WHY ALL 
OUR POWER SUPPLIES ARE GUARAN­
TEED FOR FIVE YEARS. 
We've got a new catalog and a knowledge­
able sales engineering team who are 
anxious to serve you. 
Call or write for immediate assistance. 

NJ E P.O. Box 50, Dayton, N.J. 08810 
(201) 329·4611 - TWX 710·480·5674 
A DIVISION OF TECHNOLOGY 
DEVELOPMENT CORP. 

For more information, Circle No 33 
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system implementation is still at 
least 1 yr away. 

Te/ecomm emphasis remains 

One application area continuing to 
receive increased emphasis from the 
semiconductor industry is telecom­
munications, and once again this 
year the ISSCC program committee 
has devoted an entire session 
(XVII) to this subject. 

Last year, manufacturers were 
busy developing monolithic codecs 
in 1- and 2-chip sets. This year, the 
emphasis at ISSCC will be on 
single-chip devices incorporating 
on-board filters as well. Half of the 
session XVII papers will describe 
such devices from Hitachi, Bell 
Laboratories and NEC/NTT Musa­
shina Electrical Communication 
Laboratory. 

The Bell Labs CMOS chip, 
containing a codec , filter and 
trimmed voltage reference, re­
quires only a few nonprecision 
off-chip capacitors for complete 
implementation. Power dissipation 
is a very low 60 mW, reducing the 
operating cost of the line interface. 
The chip is currently being sampled 
within the Bell system and is 
committed to manufacturing. It has 
an active area of 23.4 mm2• 

The Hitachi part, while only 
slightly larger (30 mm2) than Bell's 
device, specs twice the dissipation 
(approximately 130 mW). It, too, is 
a fully integrated single-chip 
CMOS-filter/codec with an indepen­
dent on-chip encoder/decoder , 
transmit/receive filter and band-gap 
reference source. 

The circuit from NEC/NTT, on 
the other hand, dissipates a 
phenomenally low 35 mW. A PCM 
codec with accompanying filters, it's 
integrated on a 30.4-mm2 chip and 
also uses CMOS technology. The 
device consists of an encoder/de­
coder, switched-capacitor filters 
and two PLL clock generators. 

Applications abound 

Another ISSCC session that 
attendees should find particularly 
interesting and informative is 

session XIII, "Advanced Circuit 
Applications." Of the seven papers 
to be presented, at least two will 
report on devices with far-reaching 
design applications-one in biomed­
ical use and one in communications. 

Intersil plans to describe a 
biomedical microprocessor with 
analog-VO capability. Although it 
was initially designed for use as an 
implantable pacemaker, coauthors J 
Berman and J Prak say it can serve 
in other biomedical applications 
(such as neurostimulation) requiring 
monitoring and sensing of the 
low-level signals present in the 
body. 

The device incorporates two 
amplifiers capable of sensing 
0.5-mV haversine waves and two 
others with output-drive capability 
of 1 to 12 mA. The 35,600-miF 
CMOS chip contains a 4-bit 
microprocessor implementing eight 
programmable modes. 

The biggest challenge facing the 
Intersil designers, say the paper's 
authors, was the design and 
integration of the device's low-level 
sense amps. This accomplishment 
eliminates the use of separate 
amplifiers, which heretofore served 
to boost body-level signals to more 
usable levels. 

Intersil designers consider this 
circuit the most advanced pacemak­
er ever developed; it replaces 
current designs using complex 
hybrids. Low-power CMOS technol­
ogy allows the device to operate for 
5 yrs on the l.86V lithium batteries 
currently used in implantable 
applications. The part has its own 
set of built-in diagnostics and can be 
reprogrammed while implanted to 
adjust for characteristic patient 
changes. 

Monolithic f-o receiver 

IBM's contribution to session 
XIII will be as impressive as 
Intersil's: Researcher D L Rogers 
will report on a single-chip 
monolithic fiber-optic-receiver cir­
cuit capable of 200M-bps operation. 
The circuit, which generates logic 
outputs directly from PIN-
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The big parade to switching regulators is on! 
And we've got the capacitors you need. 

Everybody's standing up and 
cheering for the energy efficiency of 
switching regulator power supplies. 

When you switch to switchers, 
see Mallory for filter capacitors. 
We can give you a broad selection 
from which to choose, and the elec­
trical, environmental and reliability 
performance you need. 

• High capacity types up to 320,000 
mfd at 3 VDC and 8000 mfd at 
100 VDC, for unit chassis power 
supplies 

• Smaller lead-mounted types for 
PC boards 

• Capacitors specifically designed 
for input sections and output 
sections, including the new 
CGO output capacitor with sym­
metrical ESR and high frequency 
characteristics 

• Medium temperature (85°C) and 
high temperature (105°C) ratings 

MALLORY 
ELECTRICAL/ELECTRONIC GROUP 

BMHART 

• High frequency types with low 
inductance at 20 KHZ 

• All of them tested out to excep­
tionally low ESR values and high 
ripple current ratings 

For complete technical bulletins, 
contact your nearest Mallory sales 
office. Or write or call Mallory 
Capacitor Company, a division of 
Mallory Components Group, P.O. 
Box 1284, Indianapolis, IN 46206. 
(317) 636-5353. 

For more information, Circle No 36 



Technology News 
photodiode inputs, achieves the 
broad bandwidth and sensitivity of 
hybrid designs, says Rogers. 

The firm's paper, titled "HMOS­
CMOS Technology," will report on 
the new bulk-CMOS technology, 
based on the company's HMOS. A key element in this circuit's 

design is the use of current-mode 
amplification. It permits achieve­
ment of greater sensitivity and 
bandwidth (heretofore unobtainable 
in monolithic circuits) with today's 
advanced fiber-optic cables. 

According to Intel, the process 
affords such features as high 
resistivity, a p substrate, diffused 
wells and 2-µm-channel-length n­
and p-channel devices. Its high 
resistivity minimizes parasitic 
capacitance between the drain and 
source-to-substrate interface, re­
ducing circuit delays. 

New CMOS process 
In another anticipated ISSCC 

development, Intel will use session 
XV ("Advanced Process Technolo­
gy") to formally announce its 
high-performance CMOS process. 

Describing a test vehicle for the 
new technology, the Intel authors 
will demonstrate its use in a 4k 
static RAM now under develop-
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Fig 2-A 16-bit, 12,000-gate LSI processor from Toshiba employs the firm 's 
CMOS/SOS technology. Scheduled tor discussion in ISSCC session XVI, the device 
consists of several subsystems. MCC is a memory-cycle control unit; 18 consists of 
tour 16-bit instruction buffers and autonomous instruction-fetch-control circuits; SEC 
is a sequence-control unit; and DEC consists of a 20-bit microcode register, a 12-bit 
mode register, a 12-bit status register and microcode decoders. Additionally, REGL 
consists of a memory-address register, an interface register, current- and 
advance-location counters, an instruction register and an 8-bit counter; GR/WR is a 
register file for users and micros; RACTL is a microaddress-control unit; and BROM 
stores data to distinguish whether an instruction consists of one or more than one 
microinstruction. Finally, MPY is a 16-bit parallel multiplier; ALU/SHF consists of a 
binary 16-bit ALU, a decimal adder/subtracter, a 16-bit barrel shifter and a quotient 
register to implement 32-bit operations; FLC is a flag-control unit; and REGH consists 
of a memory-data register and segment registers. 

ment. The device, which has been 
fabricated, specs a typical access 
time of only 25 nsec and 
microwatt-level standby power. 
Intel claims the technology presents 
no major processing problems and is 
no more complicated than other 
.NMOS processes currently in use. A 
spokesman maintains that this 
bulk-CMOS approach could some­
day become the dominant VLSI 
processing technology. 

Although few details are availa­
ble, one other paper slated for 
session XY appears extremely 
interesting. In it, researchers at 
NTT will report on a static bipolar 
256 x 4 ECL RAM with typical 
access time of only 2. 7 nsec, 
achieved at a power dissipation of 
only 550 mW. The device is being 
fabricated with a self-aligned 
polysilicon base and emitter 
process. Complete details will be 
disclosed at the show. 

VLSI innovations 
Session XVI ("VLSI Logic") will 

also include some innovative papers. 
For instance, in addition to applying 
SOS technology to RAMs (as 
discussed earlier), Toshiba is 
applying it to microprocessing. 
Researchers will report on a 16-bit, 
12,000-gate LSI processor using 
this CMOS/NMOS SOS technology. 

The chip features 300-nsec cycle 
time and 600-m W power dissipation. 
Architectural features include 
parallel-pipelined operation with 
four 16-bit prefetched user instruc­
tions, externally placed micropro­
gram storage (resulting in an 
adaptive architecture), two 16-bit 
internal data bases and a 32-bit­
wide interface bus. This bus 
communicates with external memo­
ries and I/O devices in addition to 
receiving microcode and status/node 
information. 

The device employs a 16-bit 
barrel shifter, which performs 
multibit shifting of as many as 15 
bits per microcycle. It also 
incorporates a parallel 16-bit 
multiplier and a binary ALU with a 
decimal adder/subtracter (Fig 2). 
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The program to reduce soft"7"are costs. 
Microprocessor Pascal System. 
Ne"7". From Texas Instruments. 

Learnability. Transportability. 
Maintainability. 

The features of Pascal, plus the bene­
fits of Tl's learning curve experience, 
are offered in the new Microprocessor 
Pascal system. 

A system designed for microprocessor 
applications. 

A system developed for the 16-bit 
9900 Family, including the TM990 
microcomputer module s, and 990 
minicomputers. 

A system to effectively lower your 
software costs today. And keep them 
low tomorrow. 

At TI, Pascal is the first and only 
corporate-wide approved high-level 
programming language. For a lot of 
good reasons. 

Pascal lets you solve your application 
without getting involved in the intrica­
cies of machine architecture . And, 
Pascal's block structure results in fewer 

programming errors, because the code 
is easier to write, read and modify. 

Tl's Microprocessor Pascal system 
consists of six parts and provides the 
most Pascal capability ever offered: 

• Source Editor - specifically designed 
to create/edit Pascal programs and 
check program syntax. 

• Compiler-compiles conventional Pas­
cal programs as well as Tl's Pascal con­
current extensions into interpretive 
code, which can then be executed di­
rectly, or converted into 9900 native 
machine code. 

•Host Debugger - over fifteen options 
for tracing variables and modifying 
data. 

• Configurator- enables the target sys­
tem to retain only the parts of the run­
time support necessary for program 
execution. 

• Native-Code Generator - converts 
Pascal interpretive code into 9900 na­
tive machine code. 

• Run-Time Support-both interpretive 
and native-code execution provide a 
speed/memory trade-off. 

Tl's continuing commitment to inno­
vative, cost-effective 16-bit micropro­
cessor software means an increased 
applications capability and decreased 
development time for you. 

Find out how you can reduce your 
present and future software costs. Put 
the new TI Microprocessor Pascal sys­
tem to work for you, today. 

For more information , call your 
nearest Texas Instruments field sales 
office or authorized ~ 
distributor, or write to •n 
Texas Instruments, P. 0. U/ 
Box 1443, MIS 6404, 
Houston, Texas 77001. 

TEXAS INST RUMENTS 
© 1981 Texas Instruments Incorporated IN CO R POR A T ED 85582C 

For more information, Circle No 37 
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WITH OUR CATALOG 
YOU MAY NOT NEED 

A CUSTOM 

Picture a complete 
concise composite catalog of over 
800 off-the-she lf capacitors , over 
1200vari at ions including some weird 
and unusual units. If what you need 
isn 't there , then drop us a line, or 
give us a call , we 'll custom design 
a capacitor for your circuit , and in 
most cases there is no charge for 
customizing . But check the catalog 
first . what you need may be there and 
ready for immediate sh ipment. 

TO GET YOUR CATALOG, 

JUSTDR=- A 
Box997 B '~~.! 

Phone (904) 796-3562 Cable Add,ess CONOENSER 

Oomg business throughout the world 
since 1934 

For more information, Circle No 38 

Technology News 

CHARACTERISTICS OF TOSHIBA'S 
16-BIT CMOS/SOS PROCESSOR 

CONTROL 

MACHINE CYCLE 

INSTRUCTION SET 

ADDRESSABLE MEMORY 

PREFETCH BUFFER 

TECHNOLOGY 

CHIP SIZE 

NUMBER OF GATES 

POWER DISSIPATION 

PACKAGE 

INSTRUCTION 
REGISTER TO REGISTER 

ADD/SUBTRACT 

MULTIPLY 

DIVIDE 

SHIFT (0 TO 15 BITS) 

BRANCH 

FLOATING POINT ADD 

SUBTRACT 

MULTIPLY 

DIVIDE 

MEMORY TO REGISTER (IN DEXED) 

ADD/SUBTRACT 

The instruction set consists of 151 
commands, including 12 floating­
point and 16 decimal ones, and the 
device can address as much as 16M 
bytes. Additional specifications 
appear in the table, which also 
provides · instruction-execution 
times. 

Toshiba's fabrication process fully 
utilizes ion implantation for thres­
hold - voltage control and 
solirce/drain formations. A single 
n-type polysilicon gate structure 
serves in both n- and p-channel 
transistors with a 3.5-µm channel 
length. Gate-oxide thickness equals 
700A, and the device employs a 
highly resistive p-type 0.6-µm-thick 
silicon film on sapphire. 

Convolver in monolithic form 
Following the Toshiba paper will 

be one that describes a noteworthy 
device from TRW. In "One Micron 
Bipolar VLSI Convolver," the firm 
will describe a 16-stage unit , 
consisting of 16,200 devices, that 
operates at 30 MHz while consum­
ing only 700 mW. It can perform 96 

MICROPROGRAM 

300 nSEC (TYP) 

151 INSTRUCTIONS 

16M BYTES 

FOUR 16-BIT INSTRUCTIONS 

Si-GATE CMOS/NMOS SOS 

6.66 x 7.46 mm 

12,000 

0.6W (TYP) 

64-PIN DIP 

TYPICAL EXECUTION TIME 
(!'SEC) 

0.3 

1.2 

10.5 

0.3 

0.3/1 .35 

11 .55-22.5 

11 .85-22.8 

6.0-14.7 

32.85-35.25 

1.05 

million additions and subtractions 
per second. 

Convolution principles apply to 
many digital-signal-processing re­
quirements, but convolver circuitry 
to date has been primarily 
fabricated with discrete devices. 
Typical applications for such devices 
have centered on military hard­
ware, including sonar, radar and 
guidance systems. Although pricing 
information for the TRW device is 
not yet available, the high cost of 
traditional convolution circuitry now 
in use, in addition to the design's 
space-saving factors, should make it 
very attractive to the military 
establishment at any price. 

Although this preview has 
discussed only a handful of ISSCC 
81 papers, don't think they're the 
only important ones. Other sessions 
will report on advances in consumer 
and microwave circuits, data­
acquisition systems, analog filters 
and oscillators. And all should prove 
useful to attending engineers, 
because the focus is on practice, not 
theory. IEDll 
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F~IRCHILD 

A Schlumberger Company 

You like what you 've heard 
about the FAST family of 
Advanced TTL Logic, but you 
wantto know more, right? 
That's easy. Just sign up. 

Announcing the new, 
exQanded FAST Technology 
Seminar. ApQlications, com­
Qarisons, reliability, deliver:y, 
ordering information-ever:y­
thing y:ou need to know, at no 
cost, from the QeoQle who 
know it best-the Fairchild 
FAST Marketing ApQlication 
Team. 

You get a FAST data book, 
a workbook containing all of 
the materials presented in the 
seminar, samples and avail­
ability information. 

And you get all the latest 
input on the technology that's 
delivering up to 40% more 
speed than Schottky, with a 
reduction in power of up to 
75%! And up to 75% more 
speed than low-power Schottky. 

The Fairchild FAST ApQli­
cation Seminar. Just check 
the listing for the city and date 
most convenient for you, fill out 
the coupon and mail it in. We'll 
send you a confir­
mation with the 
seminar location, 
and a seating 
guarantee. 
FAST. 

Where and when. 
Feb. 4, 1981-
Santa Clara, CA ( 408) 987-9530 
Feb. 5. 1981-
Seattle, WA(503)641 -7871 
Feb. 6, 1981-
Portland, OR (503) 641-7871 
Feb. 9, 1981 -
San Fernando Valley, CA (213) 990-9800 
Feb. 10, 1981 -
Los Angeles, CA (213) 990-9800 
Feb. 11 , 1981 -
Anaheim, CA (714) 557-7350 
Feb. 12, 1981-
lrvine, CA (714) 557-7350 
Feb. 13, 1981 -
San Diego, CA (714) 557-7350 
Feb. 16, 1981-
Phoenix, AZ (602) 864-1000 
Feb. 17, 1981-
Salt Lake City, UT (801) 566-3691 
Feb. 18, 1981-
Denver, CO (303) 794-8381 
Feb. 19, 1981-
Minneapolis, MN (612) 835-3322 
Feb. 20, 1981-
Chicago, IL (312) 640-1000 
Feb. 23, 1981-
Dallas, TX (214) 234-3391 
Feb. 25, 1981-
Houston, TX (713) 771-354 7 

Feb. 26, 1981 -
Huntsvi lle, AL (205) 837-8960 
Feb. 27, 1981-
Atlanta, GA (205) 837-8960 
March 2, 1981 -
Detroit, Ml (313) 478-7400 
March 3, 1981 -
Cleveland , OH (216) 587-3600 
(Pioneer Electronics) 
March4, 1981 -
Dayton, OH (51 3) 236-9900 
(Pioneer Electronics) 
March 5, 1981-
lndianapolis, IN (317) 849-5412 
March 6, 1981 -
Tulsa, OK (214) 234-3391 
March 9, 1981-
Boston, MA (617) 237-3400 
March 10, 1981 -
Stamford , CT (516) 293-2900 
March11 , 1981 -
New York, NY Area (516) 293-2900 
March 12, 1981 -
Philadelphia, PA (215) 657-2711 
March 13, 1981 -
Baltimore, MD (301) 730-1510 
March 16, 1981 -
Orlando, FL (305) 834-7000 
March 17, 1981 -
Fort Lauderdale, FL (305) 771-0320 

,-------------------1 
1 And how: 
I 
I 
I 
I 

Fill out and mail FAST to guarantee your reservation . Or call 
the local number in your area. 

Title _______ Phone ( 

Company _____________ ~ 

Address ______________ _ 

City _______________ _ 

State _________ Zip ____ _ 

Seminar Location ___________ _ 

Mail to: Fairchild FAST Seminar 
P.O. Box 7880LSI 
Mountain View, CA 94042 ______________ J 

FAST made eas}f. 
For more informa tion, Circle No 39 
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A better power 
MOSFET. 
Announcing a major new family 
of power MOSFETs: the IVN6000 
series. Using an improved DMOS 
process that provides better 
transconductance, reliability and 
high-voltage performance. Now 
producing a power MOSFET with 

70 

450V breakdown voltage and IOns 
switching speed! 

450V-a necessary 
margin of safety. 
If your application operates directly 
from an ac line, a 400V power 
transistor can be risky. W hen you 
consider the effects of high line 

voltage, stray inductances, momen­
tary surges and the change in BV055 

with temperature-you need 450V. 

And that's why the IVN6000 is 
the answer for a whole spectrum 
of uses: Switching power supplies, 
voltage converters and inverters, 
pulse amplifiers, lighting and motor 
controls, rf applications, on and on. 
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FRO 
ioodbye bipolars. 
polar power transistors are no 
nger a good deal. This compari­
cin chart shows why power MOS 
esigns have fewer parts, smaller 

Input Current 

Secondary Breakdown 

Drive Circuitry 

Device Paralleling 

·ize, less weight, less cooling and 
iligher overall reliability. 

Check these specs: 

Breakdown Voltage: 
IVN6000KNT = 450V, Min. 
IVN6000KNS = 400V, Min. 
IVN6000KNR = 350V, Min. 

• Switching Speed: 
IOns, Max. 

• On Resistance: 
3.00 at I A, Max. 

•Continuous Drain Cu rrent: 
2.25A, Min. 

•Peak Drain Current: 
Z5A, Min. 

Priced right. 
Ready to go. 
lntersil's DMOS process also pro­
vides some significant manufactur­
ing advantages. Its smaller die sizes 
mean lower prices. So the 100-piece 

ED N F E BRU ARY 4, 198 1 

price for the 450V IVN6000KNT 
is only $10.95. 

For the 400V part, it 's $10.25. 
For the 350V part, it's $9.50. All 
in T0-3 packages. Not a bad deal. 

100 nA 300 mA 

No Yes 

Simple Complex 

Yes No 

Also, since our DMOS is very 
manufacturable, you won't have 
to worry about getting parts. The 
company that's introducing new 
highs in power MOSFETs is also 
introducing new lows in power 
MOSFET delivery times. 

Call us and see. 

Inters ii 
sales offices: 
CALIFORNIA: Sunnyvale 
(408) 744-0618, Long Beach 
(213) 436-9261 • COLORADO: 
Aurora (303) 750-7004 •FLORIDA: 
Hollywood (305) 920-2442 • 
ILLINOIS: Hinsdale (312) 986-5303 
•MASSACHUSETTS: Lexington 
(617) 861-6220 •M INNESOTA: 
Minneapolis (612) 925-1844 • 
NEW JERSEY: Englewood Cliffs 
(201) 567-5585 •OHIO: Miamisburg 
(513) 866-7328 •TEXAS: Dallas 
(214) 369-6916 •CANADA: 
Brampton, Ontario (416) 457-1014 

IL. 
lntersil franchised 
distributors: 
Advent (IN, IA) •All iance• Anthem 
•Arrow• Bell Industries• Cadence 
•Cardinal• CESCO • Com'ponent 
Specialties• Components Plus• 
Diplomat (FL, MD, NJ, UT) • Harvey 
(upstate NY) • Kierulff • LCOMP • 
Newark• Parrott• R.A.E. Ind. Elect. 
Ltd.• RESCO/ Raleigh • Schweber • 
Summit• Western Microtechnology 
• Wyle • Zentronics 

,---------- - -- - - ---- --1 
EDN 2481 I 

I IL ' 
Analog Products - Power MOS 
10710 N. Tantau Avenue 
Cupertino, CA 95014 
Tel: (408) 996-5000 TWX: 910-338-0171 
Dear lnte rsi l: 
__ Sounds great ! Please send me the 

detai ls on your new IVN6000 Power 
MOSFETs, fast. 

__ Please also include a Ben Franklin 
poster from your "famo us 
quotat ions" ad series. 

Name _________ _ 

Company ________ _ 

Address ________ _ 

City/ State/ Zip ______ _ 

Phone ________ _ 
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climbing to new 

. POWER PEAKS 
in rectifier 
technology 

RSM/Sensitron's new 15 amp axial lead 
glass rectifiers offer the highest current, 
highest power, and highest temperature 
ratings available today ... 

Our new 15 amp axial lead rectifiers are available in fast 
recovery and general purpose versions with PIV 
ratings up to 600 volts. These devices meet, or exceed, 
all military and aerospace reliability requirements. 

Optimum reliability is assured due to the hyper-pure hard 
glass package and non-cavity metallurgically bonded 
construction utilized. All lead and die bonding is 
performed at temperatures in excess of 650°C, no soft 
solders are used in the manufacture of these devices. 

MAXIMUM RATINGS L 
CHARACTERISTICS SRSFR605 SRSFR610 SRSFR620 SRSFR640 

DC Blocking Voltage 50 100 200 400 
RMS Reverse Voltage 35 70 140 280 
Peak Non-Repetitive 
Reverse Voltage (Single 75 150 250 450 
Phase, 60 Hz, Resistive Load) 
Reverse Recovery Time 
I, = 0.5 Amps, IR = -1.0 Amps 200 MAX T., = Read When IR Recovers 
to - 0.25 Amps 
Average Forward Rectified 15A (T, = 55°C, 1/s" Lead Lengths) Current (Single Phase,· 5A (TA = 55°C, P.C. Board Mounted} 60 Hz, Resistive Load} 
Single Cycle Peak 
Non-Repetitive Surge 200 
Current, 8.3 ms 
Junction Operating and -65 to + 175 Storage Temperature 

(X) 

J 

~ / 
t 

SRSFR660 UNITS 
600 Volts 
420 Volts 

650 Volts 

Nano 
Sec. 

Amps 

Amps 

oc 

RSM Sensitron Semiconductor 
\_X_J 
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A DIVISION OF RSM ELECTRON POWER, INC. 
221 West Industry Court • Deer Park, N.Y. 11729 
Telephone (516) 586-7600 • Telex 96-7737 

For more information, Circle No 41 
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Technology News 

Wavelength multiplex, demultiplex devices 
emerge from fiber-optic research 
Tom Ormond, Senior Editor 

Wavelength-division multiplexing 
for fiber-optic systems is emerging 
from the laboratory; designers have 
advanced beyond the feasibility­
demonstration stage and are now 
developing components that suit 
specific system requirements. And, 
points out one expert, they are 
finding that passive · multiplexers 
and demultiplexers require differ­
ent design details, even though one 
device can theoretically perform the 
two functions. 

W John Tomlinson, member of the 
technical staff at Bell Laboratories 
(Holmdel, NJ), points out that 
wavelength-division multiplexing 
has sparked high interest because it 
dramatically increases information 
capacity. And he adds that in 
addit ion to the usual factors (cost, 
availability, reliability), three basic 
criteria help designers evaluate a 
multiplexer/demultiplexer pair from 
a system point of view-insert ion 
loss, channel width and crosstalk. 

Designers generally agree that 
the first quantity must be less than 
a few decibels at each end of the 
pair-the lower the better. Addi­
tionally, laser diodes' wavelength 
reproducibility and stability require 
channel-bandwidth requirements as 
high as several hundred angstroms; 

LED sources call for even larger 
channel widths. Finally, although 
crosstalk-level specs vary widely, 
-30 dB usually proves more than 
adequate. 

But Tomlinson observes that in 
most cases, LED and diode sources 
don't emit much power outside their 
peak emission wavelengths , so 
cr osstalk r eject ion is relatively 
unimportant for a multiplexer . (It is 
important, though, to match the 
source's output-mode pattern to 
that of the transmission fiber.) A 
demultiplexer, on the other hand, 
must meet system-crosstalk re­
qµirements because detectors are 
usually sensitive at each channel's 
wavelength. 

Choose two component classes 
Two types of components serve 

multiplexing and demultiplexing 
functions: angularly dispersive and 
filter devices. (Investigators have 
proposed some multilayer semicon­
ductor detectors, and Tomlinson 
says that some of these active 
devices could ult imately prove 
useful in specialized applications. 
However , they still require further 
research.) 

Angular ly dispersive devices 
routinely provide crosstalk levels 
between -20 and -30 dB, and they 
are well suited to parallel operation, 

according to Tomlinson. Most basic 
designs (Fig 1) can separate as 
many channels as required with one 
grating or prism. (Although 
separate lenses are shown for input 
and output in Fig 1, a single device 
satisfies both functions in many 
designs.) 

In operation, the input lens 
collimates the light from the input 
fiber for passage through the 
angularly dispersive element to the 
output lens, which focuses the 
different-wavelength beams onto 
the various output fibers. With a 
monochromatic input signal, this 
optical system forms an image of the 
input fiber at some position on the 
output-fiber array. A wavelength 
scan of the input signal moves this 
image along the array; thus, the 
input and output fibers' mode 
structures determine the shape of 
the design's response curves. 

Angularly dispersive devices will 
prove the best choice for demulti­
plexing applications, claims Tomlin­
son, because they have low 
crosstalk and can exhibit relatively 
wide flat-topped channel band­
widths when used with large-core 
output fibers. They should demulti­
plex multimode and single-mode 
signals equally well. 

These devices will also satisfy 
multimode-signal multiplexing ap-

~-,.c= l. 1 

~~- !.2 __ .-...__ ).3 

REFLECTIO N 
GRI N-ROD LENS 

3 
GRATING 

~~ ~~1 1~·1!._2~·-!.~~~~~~-~~=~-J~~~[~~~~;~-~1~ 
CD,,,.,,. 

Fig 1-Because they exhibit low crosstalk levels and 
relatively wide channel bandwidths, angularly dispersive 
devices are well suited to fiber-optic demultiplexing applica­
tions. They should accommodate multimode and single-mode 
signals equally well. 

Fig 2-Multichannel demultiplexlng's no problem for angular­
ly dispersive devices. With only a single graded-refractive-index 
rod (GRIN-rod) lens and grating, you can separate as many 
r:hannels as required. 
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Technology News 

FILTERS 
multiplexing and demultiplexing, 
according to Tomlinson. In fact, he 
reports that 2-channel filter devices 
have already provided simultaneous 
2-way transmission over a single 
fiber. (Additional filtering was 
necessary to reduce crosstalk to 
acceptable levels.) 

Fig 3-Most suited to the multiplexing function, filter devices employ multilayer 
dielectric films as filter elements. 

Currently, filter devices also 
appear to offer the only feasible 
approach for multiplexing single­
mode signals. By mounting all the 
lenses on axis , one basic design for 
this purpose (Fig 4) eliminates 
coupling losses from off-axis 
aberrations. 

plications, although it will be 
difficult to attain the necessary 
channel bandwidths with them. On 
the other hand, they're unlikely to 
ever prove useful for multiplexing 
single-mode signals, says Tomlin­
son, who reviewed the state of the 
art in wavelength multiplexing and 
demultiplexing at the FOC '80 show 
in San Francisco. 

Most angularly dispersive devices 
use a grating/lens combination (Fig 
2) and can be packaged as a solid 
assembly. Insertion losses are 
typically in the 1- to 3-dB range, and 
the grating devices readily adapt 
for use in any wavelength range. 
The graded-refractive-index rod 
(GRIN-rod) lens depicted in Fig 2 is 
only one design; others use 
conventional lenses or a concave 
grating. 

Filters suit MUXing 
In a basic filter device (Fig 3), the 

elements are multilayer dielectric 
films with a high reflectivity for one 
or more channels and a low 
reflectivity for the rest. Character­
istically, says Tomlinson, they are 
most suited to serial operation: In 
most cases, each additional channel 
requires another lens and filter, so 
multichannel filter-type devices are 
complex. 

Filter-type devices also usually 
have higher crosstalk levels than 
angularly dispersive components 
because fabricating filters with 
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sharp cutoffs remains difficult. On 
the positive side, their passband 
shapes don't depend on fiber 
characteristics-you can use a set of 
filters providing the desired 
wavelength characteristic with 
almost any type of fiber, says 
Tomlinson. 

Considering these characteris­
tics, filter devices are most suited to 
multiplexing-their crosstalk re­
quirements aren't too stringent, and 
no channel-bandwidth degradation 
occurs when matching a filter's 
output fiber to the transmission 
fiber. 

And in some cases-2-channel 
systems with widely separated (0.8 
and 1.3 µm) channels-filter devices 
could prove the best choice for both 

IC optics still experimental 

Examining potential develop­
ments , Tomlinson notes that 
single-mode-signal multiplexing 
schemes using various integrated 
optical filters are currently under 
investigation. However, obtaining 
wide channel bandwidths in these 
integrated components remains 
difficult. 

Additionally, no technique is yet 
available to provide low-loss 
coupling between the planar 
integrated optics and a single-mode 
fiber. But modern IC production 
techniques could readily provide the 
solution to this coupling problem, 
says Tomlinson, so the future looks 
bright for integrated optical-fiber 
devices. EDN 

FILTERS 

-----

Fig 4-To accommodate single-mode signals, this filter device mounts all lenses 
on its axis, eliminating coupling losses from off-axis aberrations. 
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We'reHig 
Low on Cost. Ane 

• Output Sorensen Output Current List • Output Sore nsen 
Voltage Model No. (S0 °C) Prtce (ea) Voltage Model No. 

5 SLC5-68 6A $180 12 SLC12·2.58 
5 SLCS-118 llA 240 12 SLC12-4.58 
5 SLCS-208 20A 345 12 SLC12·88 
5 SLCS-308 30A 385 12 SLC12·1 28 
5 SLCS-408 40A 445 12 SLC12-16.78 
5 SLC5-608 60A 550 12 SLC12·258 

9 SLC9·3.38 3.3A 180 
9 SLC9-68 6A 240 

SPECIFICATIONS: 
Input Voltage: Single Output Units and 40W Triple Out­
put Units: 90-127V AC and 180-254V AC 
80W Triple Output Units: 103-127V AC 
Input Freq'='ency: 47-440 Hz 
Eftlclency: Up to 77% 
Output Line Regulation: 0.2% max. for input varia­
tions of input voltage specifications. 0.1% max. for 
300W unit. 0.5 °lo max. for triple output. 
Load Regulation: 0.2% max. for load variations from 
full load to no load. 0.3% max. for 300W unit. 1% max. 
for triple output units. 

76 

SINGLE OUTPUT SUPPLIES 
Output Current List •Output Sorensen Output Curre nt List 

(50 °C) Price (e a) Vo ltage Model No. (50 °C) Prtce (ea) 

2.5A $180 15 SLC 15-28 2A 
4.5A 240 15 SLC15-3.68 3.6A 

BA 345 15 SLC15-6.68 6.6A 
12A 385 15 SLC15-1 08 lOA 

16.?A 445 15 SLClS-13.38 13.3A 
25A 550 

Ripple and No ise: 50 mV p-p max. for 5V models; 
100 mV p-p for 9V to 48V models. 
Temperature Coefficient: Less than ± 0.02% / °C for 
all outputs. 
Transient Response: Recovery to 0.5% regulation 
bandwidth within l ms typical. 

FEATURES: 
Remote Sensing 
Overload Protection 
Overvoltage Protection 
EMI Suppression 
5 Year Warranty 

$180 
240 
345 
385 
445 
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n Efficiency . 
. ong on Warranty. 

TRIPLE OUTPUT SUPPLIES~ 
Output Sorensen Output Current List *output Sore nse n Output Current List * output Sorensen Output Current List 
o ltage Model No. (50 0C) Price (ea) Voltage Model No. 

20 
20 
20 
20 
20 

SLC20·1 .5B l5A $180 24 SLC24·1.2B 
SLC20·2.758 2.75A 240 24 SLC24·2.28 
SLC20-58 SA 345 24 SLC24-48 
SLC20 ·7.58 7.5A 385 24 SLC24-68 
SLC20·108 lOA 445 24 SLC24·8.38 

24 SLC24-12.58 

28 SLC28-7B 
28 SLG28-10B 

48 SLC48-68 

If you're looking for the high efficiency of a switching 
power supply at the cost of most linears, look to the 
Sorensen SLC-B series. With up to two watts per cubic 
inch power density and two mounting surfaces, it's the 
ideal series for economical, high density electronic 
packages. You'll also find our delivery is faster than you 
thought possible. But most important: when you install 
an SLC-B or SLT unit from Sorensen, you can depend on 
it. All 39 models are backed by a comprehensive five 
year warranty, because Sorensen knows they will last. 

(50 °C) Price (ea) Voltage Model No. (5Q oC) Price (ea) 

1.2A $180 + &/, + 12V, 
- 12V SLT-520 5A0.5A0.5A $.310 

2.2A 240 + &/, + 12V, 
4A 345 - &/ SLT-525 5A0.5A0.5A 310 
6A 385 + &/, +1&/, 

8.3A 445 - 1&/ SLT-550 5A0.5A0.5A 310 
12.5A 550 + &/, + 12V, 

7A 445 - 12V SLT-020 10A1A1A 380 

lOA 550 + &/, + 12V, 
- &/ SLT-025 10A1A1A 380 

6A 550 + &/, +1&/, 
- 1&/ SLT-050 10A1A1A 380 

·Output Voltage Adjustment ± 10% 

Call 603/668-4500 to order one of these depend­
able low cost switc hers. From Sorensen, the Source. 

SORENSEN 
Comr:xmy 

676 Island Pond Road 
Mancheste r, NH 0 310 3 
TWX 710 -220 -1339 

( A Raytheon Comp•ny ) 

For more information, Circle No 43 
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Digital is changing the way you get your 
products to market. 

We're making it faster. 
Because right now our basic LSI-11 prod­

uct family is available with off-the-shelf de­
livery. So you don't have to wait around to 
get your product started. 

Ancf once you have our micros, you can 
do more with them. Our unique building­
block approach lets you design whatever 
system you need. 

Start with your choice of microcom­
puter terminals. Either the V1103-AA-a 
specially configured VTIOO with an LSI back­
p1ane that accepts up to 8 double-height 
modules . Or the VT103-BA, featuring a back­
plane and a TU58 dual-drive cartridge tape. 

Then you add our KDll-HA LSI-11/2 
CPU Board, a low-cost 16-bit processor with 
the power to drive virtually any small to 
medium-sized system. 

Plus you can choose either one of these 
powerful modules . 

1. The MXVll LSI-11 Multifunction 
Module: Featuring 8 or 32Kb of RAM, 
up to 8Kb of PROM (user supplied), 
2 asynchronous serial I/O ports and 
real-time clock. 

2. The MSVll-DD 64Kb RAM Board. 
Complete with on-board refresh. 

These boards, plus the VT103, are avail­
able immediately. To give you all the flexibil­
ity and performance you need to develop a 
great micro product. Or a great micro devel­
opment system. Or both. 

Of course, once you get started with an 
LSI-11, there's no telling where you might 
want to go. So we offer lots of other mod­
ules for you to plug into/cour VT103: 9 differ­
ent memory boards, 11 I 0 modules, 9 com­
munications options, even kits for designing 
your own custom interfacing. 

And if y~m need more, th.ere are a~s? 8 , 
different penpherals, all runnmg on Digitals 
industry-standard LSI-11 Bus, the most 
widely used bus structure in micros. 
Great flexibility in software, too. 

Our RT-11 development and applica­
tions software gives you a wealth of high 
level languages and development aids. Its 
capabilities range from multitasking, multi­
terminal support for larger configurations, 
to a very small kernel for single-task applica­
tions. There's also SIMRT, a subset of RT-11 
designed for PROM applications that's an 
integral part of FORTRAN IV. 

And because your development soft­
ware has the same RT-11 software as your 
target system, you can debug your programs 
with complete confidence. 

The total approach to micros. 
~elpi!lg you get your product to market. 

qwckfy is JUSt one of the ways we make rru­
cros easier to work with. 

We also back all our boards with over 
14,000 service people worldwide, technical 
consultation and training. Plus a range of 
support agreements to meet your needs. 

It's the total approach to micros, only 
from Digital. 

For more information call our toll-free 
LSI-11 Hotline at 800-225-9220. (In MA, HI, 
AK and Canada, call 617-467-7000.) Or send 
the coupon . 

Digital Equipment Corporation, MR2-2/ 
M65, One Iron Way, Marlboro, MA 01752. In 
Europe: Digital Equipment Co. Limited, 
Acre Rd. , Reading, RG2 OSU, England. In 
Canada: Digital Equipment of Canada, Ltd. 
Or contact your local Hamilton/ Avnet 
distributor. · 

r------
1 I'd like to know 

I 
more about Disital's 

. approach to micros. 
0 Please send more information on the V T103 micro 

terminal and the LSI family modules. 
0 Please have a Sales Representative call . 

Title _ ____ _ ________ _ 

Company ____ _ ___ _ _ __ _ 

Address _ _____ ____ _ __ _ 

Gty _____ _ State _ __ Zip - - -

Telephone ___ ________ _ _ 

My application is _ _ _ _ _ _____ _ 

Send to: Digital Equipment Corporation , Microcom­
pu ter Prod ucts Group, MR2-2/ M65, One Iron Way, 
Marlboro, MA 01752. 
DEC·C-160 ED-2-4-1 

L------------------~ 

~n~nomo 
We change the way 

the world thinks. 
For more information, Circle No 44 
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We never said lheyH be good-looking. 
ELPAC's Switching Power Supplies, where reliability at an affordable price came first. 

When we set out to design and produce a line 
of switching power suppl ies, looks were not impor­
tant. Performance and cost were. ELPAC's goal was 
to deliver high quality switchers at a good price. 
And we 've done itl 

Now you can select from stan­
dard ELPAC switchers in 100, 175, 
180 or 250 watt series. They 
are available at your 
loca l d is tributor . 
Open or closed 
frame . Dual input. 
Single or multiple 
output. Truly mea­
sured to be greater 
than 70 % efficient. 
Fully rated for 0°C to 40°C 
operation with convection 
cool ing. 

The design is state of the 
art yet simple. A low component 
count offers high reliabi lity. 

All mode ls feature a 20 KHz switch ing frequency 
which is pu lse width modulated for minimum line 
noise, EM I and RFI . Line and load regulation are 
± 0.1 % with soft start and overvoltage protection 

standard on all units . 
So specify an ELPAC Switcher .It's 

reliable. It's priced right.It 's an 
UGLY 1m But that's no surprise 

WrJte or call for comple te 
specifications toda y. 

We 've got local. 
'~ a national, and international 

"'" dis tribution. Ask about our 
~ custom capabili ties. 

,., GET UGLY"· 1 

-IE 
ELPAC POWER SYSTEMS 
A DIVISION OF ELPAC ELECTRONICS. INC. 

3131 South Standard Ave nu e 
Santa A na , California 92705 
(714) 979-4440 TWX 910-595-1513 

For more information, Circle No 45 
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Editor's Choice: New Products 

Low-capacity data logger 
substitutes bubbles for tapes 
Rather than record data on tape 
cassettes, Model MBM-1 stores 
it in two 64k-bit, 4-page Fujit su 
FMB31CA bubble-memory cas­
settes. These devices can be 
easily removed and transported 
and reused an unlimited number 
of times without degradation or 
loss of data. 

The MBM-1 incorporates two 
input ports: a serial RS-232C 
unit permitting data rates 
ranging from 110 to 19,200 baud 
and an 8-bit parallel port 
supporting 2k-bytes/sec transfer 
rates . Its recording format 
permits writing of special 
control characters differentiable 
from other 8-bit binary inputs 
because each byte is recorded in 
a 9-bit code. 

CMOS logic 
The data logger employs 

CMOS logic that supports 
control instructions from a host 
processor or · those generated 
from the front panel. The 
front-panel functions include 
Write (sets the Record mode), 
Read (sets the Read mode), 
Read Off (stops a read 
operation), Erase (removes all 
data from cassette memory and 
puts a start mark at the first 
available location), Start (initial­
izes a cassette at prerecorded 
start mark for either reading or 
writing), File (puts a byte in a 
cassette to identify a specific file 
for later search), Page (moves 
the memory pointer to the next 
logical page in the 64k-bit 
memory map) and Reset 
(reinitializes the system). 

The unit suits industrial­
control applications requiring 

EDN FEBRUARY 4, 1981 

D 
·.~ooh e~1c lb 

~M-

/) 

" 
!'-'( 2 

memodyn~ 
..;;;~-RATION 

~ I 
PO....,ER 

Using two 64k-bit bubble-memory cassettes, Model MBM-1 solves data-logger 
reliability problems in harsh environments. 

small amounts of memory but 
high reliability. According to the 
manufacturer, it finds use in 
environments subject to dust, 
chemicals or drastic tempera­
ture changes. 

Because the bubble module 
incorporates no moving parts, 

nothing can fail as a result of 
mechanical stress caused by 
temperature variations. $1995. 

Memodyne Corp, 220 Reser­
voir St, Needham Heights, MA 
02194. Phone (617) 444-7000. 

Circle No 454 

NEXT TIME 
Look for a Special Report on high­
frequency instruments in EDN's 
February 18 issue. You' ll also f ind 
articles on 

•The use of a d igi ta l storage 
scope's Enve lope mode to catch 
sho rt · lived g litches on lo ng 
sweeps. 

•The use of S/H amplifiers as c ir- . .. and much more. Also look for 
cuit componen ts news stor ies on t he latest bench-

• The des ign of ef fective EMI and top teste rs and on " standards" 
RFI shield ing that sometimes aren 't , plus our 

•The role of digital s imulat ion in regu lar µC Design Techniques, 
increas ing your design expert ise Desig n Ideas and A Question of 

•The computerized analysis of Law departments. You can 't afford 
transien t response to miss t his issue! 

EON : Everything Designers Need 
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~ 
SEMICONDUCTOR 

CIRCUITS 

NOISE! TEMPERATURE! TRANSIENTS! 

"Who makes a 
reliable DC/DC converter 

that stands up to an of it?" 
We do ... because we know 

what you're up against! 
We know your operational 

problems a re complex. That's 
why we combined a host of 
innovations into our U and 
CU series of 25W de/de 
conver ters. 

A 4: 1 input range - unique 
in the industry- is standard 
in this line. So is the special 
filter that isolates the input 
source from reflected spikes. 
Input protective circuitry can 
sustain a minimum of 40% 
overvoltage, making tran­
sient suppression simple. 
Protective circuitry safe­
guards the input source 
and the output load. Remote 
shutdown conserves power 
and offers sequencing capa­
bility, and the self-resetting 
shutdown system ensures 
continuous operation. That's 
reliability! 

Great innovations. Great 
choices. Both series are avail­
able with single, triple, or 
quadruple outputs. The 
shielded cases are designed 
for mounting convenience 
and noise-free operation. And 
like all the power supplies we 
make, our U and CU lines 
require no deratingfrom 

-25° to +71°C. Converters are 
10-plece-priced at $157 for 
single output (5V or 12VJ, 
$228 for triple outputs ( ±5V, 
+ 12V, or + 5V, ± 15VJ, and 
$228 for quadruple outputs 
(± 5V, ± 12V). 

For process control, 
telecommunications , any ap­
plication where reliability and 
noise control are vital in a 
de/de converter, depend on 
us for the answer. We are 
Semiconductor Circuits. 
Call on us for problem 
solving. Look to us for 
innovation. See our product 
listings in EEM and Gold 
Book and ask for a free wall 
chart of our products . 

Problem Solving 
Throughlnnovatlon 

~ 
SEMICONOUCTOR 

CIRCUITS 

49 Ra n ge Road 
Windham . H 0 3 087 

(603) 893 -2330 

© Semiconductor Ci rcuits . Inc. 1980 

SALES OFFICES: AL., Huntsvi lle (205)882·0827; AZ., Scottsdale (602)994·3230; CA., Santa Ana (714)557·9780; Mi lpitas (408)946·8300; CO., Denver (303)759·1666; CT., Gu ilford 
(203)453·5424; FL., Melbourne (305)259-2711 ; GA., Atlanta (404)252-6609; IA., Cedar Rapids (319)365-8071 ; IL., La Grange Park (312)354-5100; IN., Indianapolis (317)271-1621; KS., 
Derby (316)788-0621 ; Mission (913)831-0555; KY., Louisville (502)451-1860; MA., Wellesley Hills (617)235-2330; MD., Balt imore (301)247-0400; Ml., Farmington Hills (313)553-9800; 
MN., Minneapolis (612)553-1 888; MO., Hazelwood (314)895-4577; NC., Greensboro (919)294·4783; NJ., Ho-Ho-Kus (201)447·1770; Livingston (201)992-5331; NY., Clark Mills 
(31 5)853-6126; Pittslord (716)381-8350; Plainvle,w (516)681·3163; Syracuse (315)458·6214; OH., Dayton (513)890·2150; Shaker Heights (216)491 -9177; Columbus (614)888-0483; OR., 
Tigard (503)641-4463; PA., Allison Park (412)487-4300; Harleysville (215)643-5560; TX., Addison (214)387·2489; Austin (512)452-9459; Houston (713)988-0991 ; UT., Salt Lake City 
(801)484-4222; VA., Lynchburg (804)237-6221; WA. , Bellevue (206)451-8223; WA. , Yakima (509)248·9114; WI., Elm Grove (414)784·5212. 

For more information, Circle No 46 
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Editor's Choice: New Products 

5 x 8 x 11-in. switching supply 
delivers 1500W 
Model PM 2501 provides as 
much as 1500W in a standard 5x 
8xll-in. package: 2V at 400A, 
5V at 300A, 12V at 120A, 15V at 
lOOA, 18V at 90A, 24V at 66A, 
28V at 54A or 48V at 32A. And 
the voltage you specify stays 
solid as the ac input varies from 
182 to 262V ( 4 7 to 63 Hz); the 
switcher is even protected from 
line dips down to 160V ac. 

Throughout , the supply's 
worst-case error band never 
exceeds ±2% or ±100 mV, 
whichever is greater. This band 
includes variations caused by 

• Input-power fluctuations 
over the specified range 

• Static loads from 0 to 
100% 

• Dynamic load steps (10-
µsec rise) of 25% or 50A, 
whichever is smaller 

• Ripple and switching 
spikes 

• Temperature variations 
from 0 to 50°C 

• Drift for an 8-hr period 
following initial warmup. 

Foldback current limiting 
The supply's current-limiting 

circuitry initiates foldback when 
the switcher delivers 100 to 
120% of its full load current. The 
output recovers automatically 
from overcurrent shutdown 
after you remove the load fault. 
Overvoltage-protection circuits 
ensure that your system will 
never see more than 125% 
( ± 10%) of the rated output 
voltage. 

If the input power quits 
completely, the PM 2501 
provides 20 msec of hold-up 
time. An optional power-fail 

EDN FEBRUARY 4, 198 1 

In a package that formerly provided 1000W, Model PM 2501 delivers 1500W. The 
20-/b switcher comes with foldback and current limiting and furnishes a 20-msec 
hold·up period. 

circuit allows the supply to 
notify the system immediately. 

Other options include logic 
inhibit and enable, crowbar, 
remote programming, automat­
ic paralleling and a Power Good 
signal. And if necessary, the 
manufacturer can t ailor t he 
supply to meet unusual require­
ments. 

The standard supply weighs 

20 lbs and comes with an LC 
EMI-suppression filter. Adding 
an external filter allows the unit 
to meet VDE 0871B specs. 

A 5V, 300A model costs 
$1000. Delivery, 6 to 8 wks 
ARO. 

Pioneer Magnetics, 1745 
Berkeley St, Santa Monica, CA 
90404. Phone (213) 829-6751. 

Circle No 453 
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Insert this 
preassembled card 
edge connector 
in one step, 
and forget it. 

Preassembled to cut backplane 
production time. Designed for mother 
board insertion without damage to 
plated-through holes. 

The one-step AMP PACE 
Connector does a lot to make 
your production simpler-and 
free from worry. 

Using our unique ACTION PIN 
contact compliant design, just press 
the connector into place. Assembly is 

complete. There's no solder or costly, 
time-wasting rejects. 

Even our Accu-plate precision 
plating avoids waste. By pinpointing 
gold only on the final contact area and 
using nickel and tin elsewhere, you 
don't pay for what you don't need. 

The AMP PACE Connector. It's 
good enough to forget. 



AMP Facts 

Description: preassembled card edge 
connectors for .100 " x .100;• .100" x 
.200:• and .125 " x .250 " centerlines; size 
15 to 61 , dual position. 
Contact Rating: 3 Amp 
Contact Resistance: Spring contact to test 
board - 8 milliohms 
Total circuit resistance-9 milliohms 
Operating Temperature: -55° C to + 85°C 
Voltage Rating (Sea Level): .100" 
centerline spacing - 1000 VAC 
Insulation Resistance: 5 ,000 Megohms 
Durability: 100 cycles 
Salt Spray: MIL-STD-1344, Method 1001 
Thermal Shock: MIL-STD-1344, 
Method 1003 
Physical Shock: MIL-STD-1344, 
Method 2004 
Humidity: MIL-STD-1344, Method 1002, 
Type II 
Vibration: MIL-STD-1344, Method 2005 

For more information, call the 

Accu-plate precision plating puts 
the gold where it does the most 
good. for superior electrical 
contact at a reasonable cost. 

The contact's unique beam 
design accommodates and 
compensates for daughter board ---­
warp and stress, assuring 
long-term, reliable performance. 

Spring sections of ACTION Pl N 
contacts compress in opposite ----~~_,It 
directions. maintaining a 
gas-tight fit with pc board. 

Mylar strip assures straight and 
stable pin alignment. 

AMP PACE Connector Desk at (717) 780-8400. 
AMP Incorporated, Harrisburg, PA 17105. 
AMP. AMP PACE and ACTION PIN are trademarks of AMP lncorpcrated. 

AIVIP mea1r1s productivity. 



Stabiline® power conditioners slash data loss 
and errors. 

Most data loss and errors are caused by elec­
trical noise and line voltage fluctuations. Not by 
your hardware or software, as many people think. 

Stabiline® Automatic Voltage Regulators 
intercept these power irregularities before they 
can cause problems in microprocessors and 
computers. They virtually eliminate powerline 
variations before they create erratic operations, 
damage components or shorten equipment life. 

Let us show you how to condition your 
power input with one of Superior Electric's many 
power conditioners. All designed with state-of­
the-art technology to provide smooth, dependable 
power, in lightweight, low cost units. 

Call Richard Pettey 203-582-9561 or 
write The Superior Electric Company, Bristol, 
CT 06010 today for a FREE problem power 
troubleshooting manual and complete 
product information. 

Superior Electric 
© 1980 The Superior Electric Company Stabiline"' Automatic Voltage Regulators 1s a Reg . TM of The Superior Electric Company 

For more informa tion, Circle No 47 
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µC Design Techniques 

Program calculates stock-options tax 

Ed Oxner 
Siliconix Inc, Santa Clara, CA 

If your company's stock-purchase plan offers you the 
opportunity to buy shares at less than the fair 
market price, you could be subject to a preferential 
tax. But whether or not you were aware that 
purchasing shares under either a qualified or 
restricted stock-option plan poses a potential tax 
liability, you might find this program for the HP-67 
calculator useful. 

Under current IRS rulings, the preferential tax is 
based on a simple formula: If the total cost of the 
shares purchased at your option price is more than 
$10,000 under the fair market price for a like number 
of shares at the time of your JYUrchase , you must pay 
a tax on the amount exceeding $10,000. The tax rate 
is now 15%. (Remember, too, that when you sell the 
stock you must also consider your tax liability.) 

The program (figure) offers two types of solu­
tions: You can ask how many shares you can buy to 
avoid liability for the tax, or you can ask how much 
tax you'll owe on the number of shares you wish to 
purchase. Of course, the input figures you use might 
not be the final figures your company uses when it 
gets around to placing your order, but they should be 
close. 

Should the IRS modify its tax structure, the 
program will still prove useful because both the 
allowable amount and the tax rate are variables . 

To use the program, enter: 
• A= Your option price in decimal dollars; for 

example: $3. 75 
• B=Government allowance, currently $10,000 
• C=Preferential-tax rate in percent, currently 

15% 
• D =Fair market price per share in decimal 

dollars; for example: $16.375 (16% per share) 
• E=If you're asking how many tax-free shares 

you can purchase, just hit the key. On the 
other hand, if you want to know your tax 
liability, ente11 the number of shares you wish 
to buy. 

The program produces one of two types of 
answers. If you're asking how many shares you can 
buy without incurring a tax, a whole number will 
appear. For instance, the example figures lead to an 
answer of 791 tax-free shares. If you're asking for 
your tax liability on a specified number of shares, on 
the other hand, one of two numbers will appear. For 
a number of shares less than the maximum (791 in 
this example), you'll get the number of shares 
allowable with no tax liability. For a request greater 
than what is tax free, a decimal-dollar figure results. 
For example, the tax liability on 900 shares using the 
example figures is $204.38. EDN 

STEP KEY ENTRY KEY CODE STEP KEY ENTRY KEY CODE STEP KEY ENTRY KEY CODE 

001 f LBL A 31 25 11 025 RCL 8 34 08 049 ST0+3 33 61 03 
002 STO A 33 11 026 h RW 35 22 050 GTO (i) 22 24 
003 h RTN 35 22 027 f LBL 1 31 25 01 051 f LBL 4 31 25 04 
004 f LBL B 31 25 12 028 f GSB 2 31 22 02 052 RCL 3 34 03 
005 STO B 33 12 029 h RTN 35 22 053 h RTN 35 22 
006 h RTN 35 22 030 f LBL 2 31 25 02 054 f LBL 6 31 25 06 
007 f LBL C 31 25 13 031 1 01 055 RCL D 34 14 
008 STD C 33 13 032 5 05 056 RCL 9 34 09 
009 h RTN 35 22 033 CHS 42 057 x 71 
010 f LBL D 31 25 14 034 h ST I 35 33 058 STO 8 33 08 
011 STO D 33 14 035 RCL 3 34 03 059 RCL A 34 11 
012 h RTN 35 22 036 RCL A 34 11 060 RCL 9 34 09 
013 f LBL E 31 25 15 037 x 71 061 x 71 
014 STO 3 33 03 038 RCL B 34 12 062 ST0-8 35 51 08 
015 STD 9 33 09 039 + 61 063 RCL 8 34 08 
016 f x=0 ? 31 51 040 RCL D 34 14 064 RCL B 34 12 
017 GTO 1 22 01 041 81 065 51 
018 f GSB 2 31 22 02 042 f INT 31 83 066 ENTER 41 
019 STO 8 33 08 043 RCL 3 34 03 067 RCL C 34 13 
020 RCL 9 34 09 044 51 068 % 31 82 
021 51 045 STO 5 33 05 069 DSP 2 23 02 
022 f x<0 ? 31 71 046 f x=0 ? 31 51 070 h RTN 35 22 
023 GTO 6 22 06 047 GTO 4 22 04 071 R/S 84 
024 DSP 0 23 00 048 RCL 5 34 05 

Use your HP-67 to calculate the tax liability when you take advantage of your company's stock-option plan. 

EDN FEBRUARY 4, 198 1 87 
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µC Design Techniques 

Interrogation tells µP which boards are present 

N D Mackintosh 
Burroughs Corp, Westlake Village, CA 

One of the microprocessor's greatest assets is its 
versatility. And to take advantage of this feature , 
more and more systems are being designed in a rack 
format, in which several card positions suit any 
number of different cards. As a result, the µP must 
be able to determine which cards are plugged in and 
which positions they occupy. 

The simple answer to this problem centers on 
switches mounted on a subpanel. But this approach 
ignores situations in which a board is removed for 
repair while the rest of the system keeps running. A 
more elegant solution provides the µP with the 
ability to interrogate each board to determine its 
type. Because all boards already have address 
decoding, the task proves simple and might require 
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!'-' 

p-

8 

DATA BUS 

adding no hardware at all. The required added 
function consists of one extra address-a board 
address (rather than the function address already 
used). 

At power-on or at regular intervals, the µP 
performs an attendance check, sending out the 
address reserved for each board position and 
determining what comes back on the data bus. When 
the µP addresses a given board and no board is 
present, the data bus's pull-up resistors cause the 
bus to read all ONEs. 

If a board is in a slot, it must impose a ZERO on 
one or more of the data-bus lines to indicate its 
presence. Each board should have a unique pattern 
that indicates its type; by toggling only one bit, your 
system can identify as many as eight types, and 
using all eight bits provides identification of 255. 

The figure illustrates a simple open-collector 
decoder that can directly indicate a board's presence 
by manipulating a bit on the data bus. EDN 

fr n ACIA 1 + ..... 

SERIAL 
110 

~ ACIA 2 

BOARD· 
ADDRESSED 

BIT 

__..__ 

Adding address decoding for a second address that identifies each board and its position lets a µP take roll call in a muftiboard 
system. 
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The World's Largest, Best-Attended Electronics Manufacturing Exposition 

FEBRUARY 24-26, 1981 

Presenting solutions to 
manufacturing problems in 
PWB fabricatio·n, circuit 
assembly, hybrid 
·microelectronics, 
semiconductor processing 
and electronic testing 
Plan NOW to Participate 
SUPPLIERS: For information on exhibiting , 

telephone (312) 263-4866, or write The 
Kiver Organization , 222 W. Ada ms St ., 
Chicago , IL 60606 . Telex 256148 

SHOW VISITORS: 
Use the coupon below 

SPONSORED BY 
Electronic Packaging and Production magazine 

Semiconductor International magazine 
The International Electronics Packaging Society 

American Society for Quality Control , 
Electronics Division 

The California Circuits Association 
The Arizona Pr~ nted Circuits Assoc iation 
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222 W. Adams Street , Chicago , Illinois 60606 
(312) 263-4866 Telex 256148 

CKi A Cahners Exposition Group Company 
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hY.IJrid 
microelectronics 
symposium & exhibits 

Anaheim Convention Center, California 

OVER 1,400 DISPLA VS 
including a separate area on the exhibit floo r 
devoted exclusively to the 

Erectronics Testing Center " 

PRODUCTIVE TECHNICAL PROGRAM 
PWB Fabrica tion/ Production 
Artwork Design & Generation, Etching , Screen 
Printing , Cleaning (aqueous and solvent) , Materials 
f ex circuits and multi layers) 

Hybrid Microelectronics and Semiconductor 
Processing 
Vacuum Deposition , Laminar Flow, Wafer 
Processing , Micro Lithography, Laser Trimming 
and Marking 

Automated Assembly/ Packaging 
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Electronic Testing 
ATE Systems 
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M crocircuit IC Testing 
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r-----------------, 
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: TO THE EXHIBITION : 
I I 

: SAVE $10°0 : 
I I 
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------------------· 
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µC Design Techniques 

EON Software Note #62 

Program tests 9900 system's memory 

Ralph Tenney 
George Goode & Associates Inc, Dallas, TX 

The program shown in the figure helps maintain 
several TM 990/302 software-development systems. 
Produced with the 302's resident assembler, the 
procedure begins with a simple functional test­
clear all memory under test. A walking-ONEs test 
follows; this procedure involves successively writing 
a ONE to each bit in a 16-bit memory word, 
beginning with 8000H, then leaving the value OOOlH 
in each word. The program tests the write operation 
at each bit location before moving to the next one. 
The final test writes all ONEs (FFFF) to a location, 
then checks the remaining locations for possible 
changes. 

The procedure involves three error flags and error 
messages. An error stops the test; you must then 
check the offending location with the debugging 
monitor to determine whether the error is soft or 
hard. For a hard error, you must change the test 
boundaries to exclude the affected location; a soft 
error only requires starting the test from scratch. 

The test isn't rapid; you'll need approximately 5 
min to perform one iteration over 3000H locations. 
Each successful pass prints "OK" on the terminal. 
Thus, you can leave the system in the Test mode for 
long periods of time and know how many iterations it 
has made. At the end of a complete test, one "OK" 
will have been printed for each program iteration, 
followed by "AA." Failure to pass the memory-clear 
test produces only "AA," while failure of the 
walking-ONEs test produces "BB." If the all-ONEs 
test fails , you'll see "FF." EDN 

Share your experiences 
Can you provide any hi nts that will help EDN 's readers 
better uti lize thei r own 1<Cs and more th oroughly enjoy 
experimenting with those systems? Have you developed 
hardware that expands development-system capabil ­
it ies? How about software {even games you've pro­
grammed for a spec ifi c system)? Hobby applications 
such as ham radio or robot -construct ion projec ts make 
interesting readi ng, too, and we soli c it your inputs. 

EO N pays $25 fo r every arti c le we publ ish in 1<C Design 
Techn iques. Send your ideas {or call to discu ss any 
sugges t ions) to: 

EDN 1<C Design Techniques 
221 Columbus Ave Boston, MA 02116 

(617) 536· 7780 
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Make three specific memory checks on a TM 9901302 system 
with this diagnostic program. 
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ut Voltage Setting: Single output mode's are factory 
t to within ±2% of nominal output voltage, and may 
ore precisely trimmed to the nominal voltage ratinl 

with an external trim resistor. Dual models are set to within 
± 1 % of theif nominal ratings, and are not trimable. 

Polarity: Eit sitive or negative terminal of a single 
output be grounded. Dual output ~ules have 
a positive/COJnmon/negative output terminal co~uration. 

Ambient 0119rating Temperature: -20 to + 71°C.j (Model 
5El50 and 5EB150, 0 to + 71°C.) No de141tffolg-Tequired. 

m at 1 kHz, 0.2 ohm at 10 kHz (approx.). 

SUPPLIES 

For Logic and Op Amps 
With Screw Terminals 

Nominal Output 
Regulation 

Ripple 
Output Current Load Line mv 
Voltaee Amps. ± % ± % RMS Price Model 

s .soo .lS .05 1 $ SS SESSO 
s 1.0 .2S .05 1 7S SEBlOO 
s l.S .3S .1 1 lOS SEBlSO 
5 2.0 .25 .05 1 115 SEB200 
5 2.5 .25 .05 1 130 SEB2SO 

± 12 .100 .05 .OS 1 5S DB12-10 
:':12 .lSO .05 .OS 1 6S DB12-15 
± 12 .200 .OS :05 l 7S DB12-20 

± 12 .300 .OS .05 l 105 DB12-30 
:!: 12 .350 .OS .05 1 110 DB12-35 
± 12 .500 .1 .05 1 13S DB12-SO 

:!:15 .100 .OS .05 5S DBlS-10 
:!: 15 .150 .05 .05 6S DBlS-lS 
= lS .200 .OS .05 7S DBlS-20 

:!: 15 .300 .OS .OS lOS DBlS-30 
:!:15 .3SO .05 .05 110 DB15-35 
±lS .500 .1 .OS 13S DB15-SO 

PCB Mountin 

Nominal 
Regulation 

Output Ripple 
Output Current Load Line mv 
Voltage Amps. ± % ± 0/o RMS Price Model 

s .2SO .OS .05 o.s $ 39 SE2S 
s .500 .1 .05 1 49 SE50A 
s 1.0 .2 .05 1 69 5El00 
s 1.5 .3 .1 1 98 SElSO 
s 2.0 .lS .05 1 110 5E200 
5 2.S .lS .05 1 125 SE2SO 

± 12 .02S .1 .05 1 24 Dl2-03 
±12 .oso .1 .OS 1 39 Dl2-05 
:!: 12 .100 .OS .OS 1 49 Dl2-10A 
±12 .lSO .OS .OS 1 S9 Dl2-1SA 

± 12 .200 .OS .OS 1 69 Dl2-20 
:!:12 .300 .OS .OS 1 98 01i-ao 
± 12 .350 .OS .OS 1 105 Dl2-3S 
± 12 .500 .1 .05 1 130 Dl2-50 

± 15 .02S .1 .OS 1 24 Dl5-03 
± lS .oso .1 .05 1 39 Dl5-05 
± lS .100 .05 .OS 1 49 DlS-lOA 
± lS .lSO .OS .OS 1 59 DlS-15A 

± 15 .200 .OS .05 1 69 Dl5-20 
± 15 .300 .OS .05 1 98 Dl5-30 
± lS .350 .OS .05 1 105 Dl5-35 
± lS .soo .1 .05 1 130 DlS-SO 

Optional 23 Input: To order, add suffix "-230" 
to model nu,.., and $10.00 to price. 

Clise Sizes and Weight: 
EB-10: 3.5" x 2.5" x 1.375" Cl lb) 
EB-13: 3.5" x 2.5" x 1.625" (1 lb 5 oz) 
EB-20: 3.5" x 2.5" x 2.375" (2 lb 1 oz) 
EL-10: 3.5" x 2.5" x 1" (15 oz) 
:El.·13: 3.5" x 2.5" x 1.25" (1 lb 3 oz) 
'Eb20: 3.5" x 2.5" x 2" (2 lb) 

10: 2.3" x 1.8" x 1" (7 oz) 

Other models ftlilable from 1 to 75 volts. Send for cona..- Information. 

Case 
Size 

EB-10 
EB-13 
EB-13 
EB-20 
EB-20 

EB-10 
EB-10 
EB-10 

EB-13 
EB-13 
EB-20 

EB-10 
EB-10 
EB-10 

EB-13 
EB-13 
EB-20 

Case 
Size 

ES-10 
EL-10 
EL-13 
EL-13 
EL-20 
EL-20 

ES-10 
ES-10 
EL-10 
EL-10 

EL-10 
EL-13 
EL-13 
EL-20 

ES-10 
ES-10 
EL-10 
EL-10 

EL-10 
EL-13 
EL-13 
EL-20 

Tel: (215) 258-5441 
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International Power 
Electronics 
Conference and 
Tutorial Exhibit 

April 27 - 30, 1981 
Loews Anatole Hotel 
Dallas, Texas 
Some facts about 
POWERCON ... 

Over 85% of the registered attend­
ees at a POWERCON conference 
are practicing power electronics 
engineers and engineering 
managers. 

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

A POWERCON must be experi­
enced, for the value of even the 
most exemplary technical presenta­
tion cannot begin to compare with 
the catalytic effect of being among , 
and comparing notes and experi­
ences with , the hundreds of your 
contemporaries who attend . 

The participation in POWERCON 
has increased phenomenally over 
the past 5 years (see for yourself , 
below). And we frequently sell out. 
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POWERCON. Once a technical 
luxury. Now a professional and 
practical necessity. 

The Conference 
Eighth rn a series of annual 

technical conferences devoted 
exclusively to the practical design 
and application of solid-state powe 
electronics equipment and com po 
nents . Emphasizing the modern 
trend to switched-mode and other 
"non-dissipative" technologies , 
POWERCON conferences offer a 
comprehensive and intensive 
examination of the latest and most 
important developments in the 
power electronics field . 
•Three full days of technical 

presentations. 
•Over 50 papers , presented by 
outstanding power electronics 
authorities. 

•New MOSFET "know-how" ... 
important new inverter and 
converter topologies ... micropro­
cessor-based power systems ... 
controlled-resonant conversion ... 
power electronics circuit model­
ling .. . reliability .. . computer-aided 
design and evaluation techniques 
... dynamic performance ... 

Plus a new program expansion 
devoted to the specialist in high 
voltage , high power, and motor 
control . 

The Tutorial Exhibit:" 
Over a hundred informal tutorial 

and "hands-on " (fully instrumented 
and working) demonstration exhibit 
booths presented by technologists 
representing significant suppliers in 
and to the power electronics field . 
Each exhibit is specially configured 
to enhance your technical expertise 
through improvement of your 
detailed knowledge of the supplier's 
technology and processes 
•Investigate working circuits and 
waveforms. 

•See new devices in action . 
•See working demonstrations of 
exciting new converter topologies. 

•See new instrumentation and test 
equipment for power electronics. 

•Magnetics. Capacitors . EMI. Heat 
transfer. IC 's and hybrids . Com­
plete power supplies, inverters 
and systems. 

•And much , much more . 
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lus ... an expanded 
rofessional Advancement 
eminar Program 
Designed to provide in-depth 

treatment of those topics most 
essential to the power electronics 
special ist, POWERCON 8 Profes­
sional Advancement Seminars offer 
designers, managers and users a 
comprehensive selection of invalu­
able learning opportunities under 
the direction of some of the world 's 
leading authorities . Topics to be 
presented include: 

•Designing power electronics 
circuits for extremely high 
frequencies . 

•Designing compact aerospace 
high-voltage converters . 

•Measuring , assessing and control ­
ling converter dynamic properties . 

•Using computer-aided design 
methods in power electron ics . 

•Using power MOSFET's in high 
frequency power circuits . 

•Power converter noise measure­
ment and assessment. 

•Controlling motor drive dynamic 
properties . 
... and for those in the "business 
end " of the business, our third 
annual power electronics market­
ing seminar 

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

------a~3:-~----

POWERCON is a registered service mark of 
Power Concepts. Inc. (Ronald I. Birdsall , Presi­
dent) , an independent consulting and educa­
tional fi rm dedicated to the advancement and 
d issemination of power electronics technology. 
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Hotel Headquarters for POWERCON 8 

Loews ANATOLE Dallas 
Only 5 minutes from downtown 

Dallas, this world-famous prem iere 
resort hotel is located in a peace­
ful and out-of-town area just 20 
minutes from Dallas/ Ft. Worth 
International Airport. Combining 
the ultimate in pleasant surround­
ings with swimming , racquetball , 

sophisticated conference fac il ities, 
and the ful l amenities of a 
world-class resort , the Loews 
Anatole promises a memorable 
POWERCON 8 experience. 

As always, special room rates 
wil l be avai lable to registered 
POWERCON 8 attendees. 

For further information concerning POWERCON 8, please call: 
(805) 985-6978 or (805) 656-3948 

-------------• Power Concepts, Inc., PO Box 5226, Ventura, CA 93003 • 

I Gentlemen: Please rush complete POWERCON 8 prog ram and I 
registration information. 

I Name I 
Title ___________ ____________ _ 

I Company I 
I Div./Dept. I 
I Address 1 City, State, Zip _ ____________ _____ _ 

I Some of my co lleagues may be interested in attending I 
POWERCON 8. Please send them invitations: 

I Name Title I 
~ame Title ------------1111 ©Power Concepts. Inc . 1981 

93 





SPECIAL REPORT 

The latest switchers allow you to take advantage of their low cost 
and small size in a wider variety of applications than ever. 

Edward R Teja, Associate Editor 

Whether or not switchers will eventually replace linear 
power supplies for all applications remains to be seen; 
but even now, they have changed the way you must 
think about powering your designs. 

The latest switchers don't necessarily provide more 
features or a higher level of sophistication than linear 
supplies. Their significance comes from more basic 
values: They provide a system with all the power it 
needs while occupying less space and producing less 
heat than equivalent linear units-all at lower prices 
than linears for units supplying more than 50W. 
(Although one switcher advance-higher-than-100-kHz 
switching frequencies-will ultimately enhance these 
benefits, it hasn't appeared in products as rapidly as 
anticipated and might not prove as great a boon as some 
designers expect.) 

To take advantage of switchers' benefits, however, 
you must avoid designing your system first and then 
allocating the leftover space to the power supply; if you 
follow this approach, you lose the flexibility to make 
advantageous tradeoffs among switchers' wide selec­
tion of packages, features , power levels and voltages. 
Instead, consider the supply at the beginning of the 
design procedure. 

An efficient operation 
The advantage of switching power supplies lies in 

their ability to operate inside your system with only 
convection cooling. Although all switchers can't work 
this way-some high-power units do employ fans-­
open-frame supplies, at least, carry on the tradition. 

Switchers don't care for high-temperature operation 
any more than linear units do, but the more efficient 
switchers generate less heat for any given task than 
linears do. It isn't unusual to see data sheets claiming 
70 to 85% efficiency as a matter of course, with the 
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more exotic switchers. operating at more than 90% 
efficiency. 

Note, however, that because efficiency is a widely 
touted specification, you must understand the many 
different ways manufacturers measure it. Although the 
definition of efficiency makes its calculation seem 
straightforward---divide the output power by the input 
power-actually measuring the input power can be a 
problem, according to RO Associates marketing vice 
president Richard Okada. 

Why? Most power supplies employ a capacitive input 
filter. Thus, their input currents aren't sinusoidal, and 
conventional power-factor formulas don't apply. And if 
you try to measure the power with an integrating 
wattmeter, you probably won't get a valid reading, 
because some meters assume sinusoidal waveforms and 
others don't integrate quickly enough to measure the 
actual current. 

Okada suggests applying de to the supply's input for 
power measurements. (If your supply has an input 
transformer, you'll have to measure the transformer's 
losses separately.) The de input lets you measure input 
and output power accurately and accounts for all losses 
except those in the input rectifier, which shouldn't 
affect accuracy by more than 1 %. 

If you doubt such a measurement's results, you can 
cross check them by measuring the actual heat loss in 
the supply-performing a calorimetric measurement. 

High efficiency permits tiny size 
One exciting aspect of switchers' cool operation 

comes in the form of small de/de converters that mount 
on pc boards. Tecnetics Inc, for example, sells a lW 
hybrid unit that measures 1.05x 0.94 x 0.32 in. and fits 
in a DIP socket. It provides power conversion and 
isolat ion on cards where heat sinking isn't available. 
The supply accepts 5 to 28V and furnishes 5 to 300V; if 
you need dual outputs, they can each supply 5 to 24V. 
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Efficient switcher technology 
puts supplies on pc boards 

Because these encapsulated units (either hermetically 
sealed or potted) cost $75 apiece, though, they 
primarily suit less cost-conscious military applications. 

Another small unit--a cube measuring % in. on a 
side-provides 40 mW of unregulated de from a 90 to 
255V ac supply. Suitable for driving LCD panel meters 
and other low-power devices, the Microsource costs 
only $3.55 (100). Higher power costs more, of course: A 
100-mW V2x % x %-in. version runs $3.57, and with 
regulation on all outputs, it's priced at $5.07 (100). And 
a recently introduced % x % x %-in. member of this 
miniature family produces a whopping % W for 
approximately $22. 

Providing de power from 40 to 500W, Sierracin/Power Systems' 
switching-supply family members furnish a broad choice. 

Modular power supplies from lntronics convert ac to de right on a 
circuit card. 
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Stevens-Arnold has applied switcher technology in 
developing its wide-input-range, single-output de/de 
Switchpak modules. These 88%-efficient supplies 
provide 15 to 50W on pc cards. Intronics also offers 
modular power supplies. The SME Series, for example, 
converts ac to de, delivering 2.5W and more. Various 
packages provide one 5V output at 500 mA ($41) and 
triple outputs of 5V and either ± 12V or ± 15V ($114). 
And the firm's recently introduced DCS Series meets 
de/de-conversion requirements for 30 to lOOW. 

Note that the modular approach allows you to 
standardize at least part of your power-supply design. 
You can utilize de/de converters from firms such as 
Endicott Research Group to transform the voltage from 
standard power supplies to nonstandard values as 
needed. Thus, you can buy one single-voltage supply 
and convert its output to any level between 5 and lOOOV 
at 3, 6, 12 or 25W for about $1 per watt. 

The first switcher to break the 1 cioow barrier in a 5 x 8-in. box came 
from Boschert Inc. This Model HL 1500 provides 5V at 300A. 

For 1000W delivered as 5V at 200A, try Pioneer Magnetics' Model 
PM 2500A. 
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Switching regulators, such as Technology Dynamics' Model 
SR50P, can deliver SOW in a small package. 

The selection doesn't stop here, either. Power/Mate 
sells encapsulated supplies, the Mini/Mate Series, that 
convert ac to de on circuit boards (units priced at $35 to 
$102), provide higher power from a chassis-mounted 
device ($69 to $130) or convert de to de in 5 to 6W and 10 
to 12W packages ($94 to $99). And offering a 25W 
board-mountable switcher that competes in price with 
5W encapsulated linear supplies, Power General sells 
its Series 325 units for $89. These off-line switchers 
measure 2. 75 x 4 x 1. 375 in. and furnish 80% efficiency. 

With yet another alternative, Powercube's Cirkit­
block Modules furnish the means for creating a custom 
supply for your application at any power rating between 
50 and lOOW. You select the appropriately spec'd 
switching preregulator, high-frequency generator and 
transformer-isolated output modules. For high-power 
applications, the Cirkitblocks mount inside heat sinks. 

Keep the supply in the open 
Although such modules and modular supplies are 

important because they let you take advantage of 
switcher technology in a custom manner, they don't 
represent the mainstream of switcher technology. The 
switchers that have really made inroads into the 
linear-power-supply market are open-frame supplies in 
the 50 to 500W range. 

Open-frame switchers have broken the price barriers 
between switchers and linear supplies apparent over 
the last couple of years and typically provide the lowest 
cost solutions to medium-power, multiple-output needs. 
The classic application for switchers-EDP equip­
men~xemplifies these requirements; it also requires 
the small dimensions associated with switchers. 

Open-frame switchers don't usually come as single 
catalog items; each model actually represents a variety 
of versions. In this sense, most open-frame supplies are 
customized for specific applications. Note that each 
manufacturer offers products in a range of power levels 
and that low-power units operate according to flyback 
principles unlike those of higher power supplies. And 
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Operating at 40 kHz, LH Research's Teeny Tiny-Mite Series supplies 
provide power to 100W. The µPin the foreground provides a size 
comparison. 

because open-frame supplies generally demand differ­
ent manufacturing talents than do enclosed units, the 
products a manufacturer chooses to offer tell you 
something about the areas of its expertise. Only the 
largest firms can afford continuing development of 
every switcher power rating and configuration. 

One manufacturer, Sierracin/Power Systems, pro­
duces a fairly comprehensive line of switchers. This 
family covers power levels from 40 to 500W in a variety 
of output-voltage levels. Another firm, Boschert, 
markets open-frame units well down in the low-power 
range. Its standard 25W Model OL-25, for instance, 
suits small µP systems, desktop calculators and mini 
CRT displays. The $80 (100) unit measures only 
2.5X4X6 in. 

Powertec keeps expanding its Valuswitcher 19 
open-frame line, which now includes units providing 
four voltage outputs at six power levels from 50 to 
400W. You can order all auxiliary outputs with either 
partial or full regulation. In the latter case, all outputs 
stay within 0.2% over 20 to 100% of rated load. 

For low-power applications, LH Research has 
introduced the 40-kHz Teeny Tiny-Mite (TTM) Series; 
it includes 16 basic models that output combinations of 
de levels up to lOOW total. Prices range from $205 (5V 
at 12A and 12V at l.5A) to $275 (5V at 12A, 15V at 3A, 
- 15V at l.5A, -5V at 0.5A and 24V at 2A). These 
supplies exhibit an extended hold-up time (the time a 
switcher's output takes to drop after the ac input drops 
out) of 20 msec, compared with the standard 16-msec 
spec most switchers provide. Error-proof voltage 
sequencing and power-fail detection come standard. 

If you need only 75W, consider Condor Inc's $150 
Model MDS-75. This 75%-efficient (at 75W) supply 
restricts inrush current to 25A max and holds output 
ripple to 2% p-p on all outputs. 

Another alternative, the Econoswitch Series from 
Power/Mate, gives you a choice of two broad lines-one 
featuring single-output units, the other offering 
multiple voltages. A monolithic chip containing the 

97 



Open-frame supplies furnish 
an alternative to custom units 

supplies' regulation, modulation and protection circuit­
ry reduces parts count by as much as 20%. Prices range 
from $79 for 18W single-voltage units to $399 for a 
multiple-output 300W supply. 

Lambda Electronics---0ne of the pioneers in switch­
ers---0ffers supplies that suit the same applications as 
open-frame units, yet are completely enclosed. Mem­
bers of the LU Series, for instance, provide 5V at 3A in 
3.82xl.38x3.54-in. packages for $46. Other models 
furnish 12, 15 and 24V at the same price. 

Finally, Elpac Power Systems makes one of the few 
switching supplies advertised as a convertible. Al­
though most open-frame units require relayout and 
perhaps redesign to operate enclosed, you can get 
Elpac's ES130 switchers in either configuration. The 
4-output supplies cost $182 (250) as open-frame units 
and $189 (250) enclosed. Designated the Ugly switch­
ers, they produce 5V at 20A; auxiliaries are available 
for 12V at 1.5A, 15V at 1.2A and 5V at 0.5A. 

Available as open-frame or enclosed supplies, units in the ES 130 
line come from Elpac Power Systems. The open-frame versions cost 
$182 (250); enclosed units, $189 (250). 

One pc board and a few components furnish 200W in National 
Power Technology's open-frame switcher. 
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The choice is yours 
Open-frame supplies provide you with a multitude of 

features; output power, de voltages, regulation, logic 
signals such as power-fail detect and other options all 
enter into a design decision. But except for supplies 
such as those in Power/Mate's Econoswitch Series, 
open-frame switchers aren't merely enclosed supplies 
with their lids removed; they tend to be designed for 
simplicity, both in their operation and manufacture. 

Most open-frame units, for example, use only one pc 
card and are laid out much like their block diagrams 
indicate. In the case of the National Power Technology 
(NPT) switchers, for instance, you could confuse the 
circuit's board-layout plan with its block diagram; you 
can start at one end of the circuit board and trace the 
power flow from t_he ac input through the line filters and 
soft-start circuits to the control circuits and out the 
regulators. 

This type of layout helps hold prices down because 
the manufacturer doesn't have to consume time and 
money dealing with the interaction of inputs and 
outputs-they never come close to each other. NPT's 
200W switchers cost $239 (100). 

Another manufacturer, Kepco, exemplifies the drive 

Five independent de outputs produce a total of 300W in 
Power/Mate 's ESM 300 Series. 

Restricting inrush current to 25A, Condor Inc's Model MDS-75 
costs only $150. 
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to bring costs down by using a different approach. In a 
joint effort with TDK, it has built a plant in Japan 
dedicated to building its EFX power supplies as 
inexpensively as possible. The plant began operation 
last year with 65% of the assembly procedures 
automated; by the end of this year, Kepco expects to 
have automated 85% of the processes involved in 
transforming bare circuit boards into finished power 
supplies. The firm feels that this approach produces 
supplies in large quantities while maintaining their 
reliability and reproducability. 

A typical EFX model provides multiple outputs, is 
rated at 50W and suits EDP·applications; it costs $84 in 
OEM quantities. Other EFX-family members extend 
the range to 300W. 

Custom-made versatility 
The myriad versions of each manufacturer's open­

frame units exist because a certain degree of uniformi­
ty, combined with the right amount of versatility, 
produces power supplies exactly tailored to an applica­
tion-without the premium charged for truly custom 
supplies. If you envision large production runs, though, 
you might weli decide that a true custom supply is an 

Build a custom switching supply using Powercube's Cirkitblock 
modules. 

Four common voltages (5V at 15A, :±: 12V at 1.5A and - 5V at 0.5A) 
provide 111 W from RO Associates' $225 Model 912. 

EDN FEBRUARY 4, 198 1 

item your design can't live without. Space limitations or 
special power requirements sometimes preclude using 
even one of the tailored open-frame units, and 
custom-switcher prices can be reasonable in high­
volume applications (but see box, "Buy or build?"). 

If, for example, you're designing a system for the 
Space Shuttle, cost becomes less of a factor than 
getting exactly the power supply you need-in terms of 
reliability and durability as well as the proper voltages 
and currents. And you might choose to do exactly what 
the Shuttle's equipment designers did: approach a 
modular-switcher house such as Arnold Magnetics. 

Prices for custom switchers run a bit higher than 
those for conventional industrial units (a typical 
4-output , 200W Arnold supply costs $1100), but you get 
a unit that exceeds the rugged MIL-STD-810C and 
have it delivered within 8 wks. Not bad for a custom 
order. 

Check out the subtle design factors 
How do you find the right unit for your application 

among the many different switchers discussed here? 
For one thing, examine such subtle factors as the way 
switchers would mount in your design. Additionally, 

High-power switchers usually provide a single voltage, but Todd 
Products Carp's SM3 brings 750W to the party in four outputs. 

Get four voltage outputs at six power levels between 50 and 400W 
from Powertec's Valuswitcher 19 Series. 
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Ordering only the regulation 
required can save money 

Power/Mate marketing VP Joe Geronimo suggests that 
you consider other parameters: . . 

• Input-voltage range-A considerable price dif­
ference exists between a 90 to 130V ac-input 
supply and a 105 to 125V unit. 

• Separate ground returns--Requiring a separate 
ground return for each supply output can reduce 
crosstalk. 

• Ripple and noise-Specs can vary substantially, 
but a good switcher exhibits 50 to 75 m V p-p. 

One last factor you must consider is whether you 
need regulation on all outputs. Each manufacturer 
provides a different regulation solution. 

A great deal of effort has been required to convince 
system designers that every application doesn't need 
the 0.005% regulation linears offer so effortlessly. In 
this respect, Boschert Inc engineering VP Bob 
Boschert was a prime mover in pointing out that 
open-frame switchers with quasiregulation on auxiliary 
outputs suit many applications. In doing so, he opened 
the flood gates for the widespread use of this type of 
unit. 

The argument against demanding regulation on 
every output is simple: If you manufacture a high­
volume product, you can save a great deal of money by 
not paying for regulation where it isn't needed. 

All switcher outputs do provide some regulation, 
though; a feedback loop stabilizes the primary output 
voltage, furnishing both line and load regulation. All 
auxiliary outputs benefit from such line regulation, too, 
but they don't have load regulation unless it's 
specifically added. These outputs' regulation can vary 
from 20 to 100%, according to ACDC Electronics's head 
of new-product development, Walter Hirschberg. He 
adds that you must also deal with some interaction 
between the main and auxiliary outputs. 

EMl-suppression covers for Lambda switchers include filters to 
reduce conducted emissions. 
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Buy or build? 
Jeff Shepard, LH Research Inc 
(Ed note-The biggest competition faced by 
power-supply manufacturers comes from firms that 
design their own supplies. But many of these OE Ms 
don 't really understand the problems involved in 
such an undertaking. Here's one expert's look at 
what the task entails.) 

If your company produces power supplies strictly 
for internal consumption, you'll encounter inflexibili­
ties in the use of materials, parts or supplies 
compared with the situation of buying the complete 
unit outside. Purchasing another manufacturer's 
power supplies, however, permits you to buy from 
whatever source offers the best combination of 
price, quality and service. And you're then free to 
substitute items, shift vendors or split orders among 
competitors. 

Additionally, companies that produce their own 
supplies can rarely afford the research-and­
development effort available to firms that make 
power supplies their primary business. Manufactur­
ing power supplies for internal use involves new 
equipment, new skills, new technology and new 
personnel. 

And if you intend to sell large numbers of units, 
you must ensure that your supply-production 
operation can meet the demand. Your designs must 
be flexible enough to meet all your system needs, 
too. 

Unfortunately for designers, switchers involve 
high-power, nonlinear analog feedback circuits 
requiring production techniques that differ from most 
of those used in host digital systems. Thus, think 
twice before designing your own switchers. 

(The author is manager of marketing operations 
at the Tustin, CA-based firm.) 

EF'FICfE:NCY..-~ 

~7""' ":,,.,.•:. -:J ~ 
Highly efficient switch-mode operation suits Stevens-Arnold's 
de/de supplies for use on pc boards. 
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VOLTAGE & CURRENT RATINGS 
REGULATION RIPPLE VOLT 

MODEL (LINE OR LOAD) (RMS) voe 

5 VOLTS ±5% ADJ., 9V-12V ADJ. 
LND- X-MPU'" 0 .1% 1.5 

LND-P-MPU'" 0 .1% 1.5 

±15 VOLTS TO ± 12 VOLTS ADJ. 
LNO-Z-152 

LND-Y-152 

LNO-X-152 

LNb-W-152 

LNO-P-152 

0.15% 1.5 

0 .1% 1.5 

0 .1% 1.5 

0 .1% 1.5 

0 .1% 1.5 

REGU LATI ON RIPPLE 
MODEL (LINE OR LOAD) (RMS) 

5 VOLTS ± 5% ADJ. 

5± 5% 
9-12 
5± 5% 
9-12 

± 15to 
± 12 
± 15to 
± 12 
± 15to 
± 12 
± 15to 
± 12 
± 15to 
± 12 

40° c 

DUAL OUTPUT 
111MAX CU RRENT AMPS AT 

40°C 50°C 60°C 71°c 

7.015951 
1.2!1 021 

14.0113 31 
2.512 381 

6.0 5 111 4_714.01 3.212 721 
1.110 941 1.010.as• a.am ss1 

12.2 11 591 10.01951 7.5" 131 
2.2 2091 1.8" 711 1.3511.281 

DUAL TRACKING 

0.610 541 

0 .610 541 
1.441 201 

1.2(1 021 

2_512 131 
2.311 961 
3_313 01 
3.1 12 81 
5 .3 15 041 
4 .6 14 3 71 

0 _551051 
0 _55 10 51 
1.2 1 021 
1.1 '0 9'!1 
2 . 1 11_;91 

1.9 l1 &21 

3.1'2 81 
2.812 521 
4 .714 4 71 

4 .Q lJ 801 

0.4510 41 1 
0.4510 41 1 
0 .9 10771 

0.810681 
1.611 -371 
1 _4 11 21 

2.612341 
2_312011 
3_913111 
3_313 14 1 

SINGLE OUTPUT 
111 MAX CUR RENT AMPS AT 

50° c 60° c 

0.310 271 

0.310.211 
0 .6 !0.51 1 

0 .510.431 
1 . l W.941 
0 _910 711 

2.01181 
1.SC ' 44 ) 

2.912 761 
2.512 381 

71 ° c 

PKG 
SIZE 

x 
p 

z 

y 

x 

w 
p 

PKG 
SIZE 

DIMENSIONs121 
(INCHES) 

7 x 4-7/ 8 x 2-7/ 8 

11x4-7/ 8 x 4-13/ 32 

4-7/ 8 x 4 x 1-3/ 4 

5-5/ 8 x 4-7 18 x 2-5/ 8 

7 x 4-7/ 8 x 2-7/ 8 

9x5x2-7/ 8 

11 x4-7/ 8x4-13/ 32 

DIMENSIONS'21 
(INCHES) 

PRICE 

$172 

245 

85 

120 

150 

170 

240 

PRICE 

LNS-Z-5-0V 0.15% 1.5 3,01211 2.112 41 2.:102 11 1.71151 Z 4-7/8x4x1-3/ 4 $ 80 
LNS-Y-5-0V 0.1% 1.5 6.015 41 5.114 61 4.21381 3.1 1201 Y 5-5/ 8x4-7/ 8x2-5/ 8 115 
LNS-X-5-0V 0 .1% 1.5 10.018 5I 8.9" 6I 7.3 6 21 5.3" 5I x 7 x 4-7/ 8 x 2-7/ 8 140 
LNS-W-5-0V 0 .1% 1.5 14.011 191 12.211 0 41 10.0•851 7.51641 W 9x5x2-7/ 8 175 
LNS-P-5-0v _________ o_._1_% _________ 1._5 _____ 22 ___ 0•_20_9_1 ____ 1_9_.5_11_0_53_1 ____ 16_.5_1_15_6_01 ____ 1_3_.0_11_23_5_1 ____ P ____ 1_1 _x_4_-1_1_8~x_4_-1~3-;3~2 ____ ~22~0;_ 

6 VOLTS ± 5% ADJ. 
LNS-Z-6 
LNS-Y-6 
LNS-X-6 
LNS-W-6 
L NS-P-6 

0.15% 
0 .1% 
0 .1% 
0 .1% 
0 .1% 

12 VOLTS ± 5 % A DJ. 
LNS-Z-1 2 
LNS-Y-12 
LNS-X-12 
LNS- W-12 
LNS-P-1 2 

0.15% 
0.10/c 
0 .1% 
0 .1% 
0.1 % 

15 VOLTS ± 5% ADJ. 
LNS-Z-15 
LNS-Y-15 
LNS-X-15 
LNS-W-15 
LNS-P-1 5 

0.15% 
0 .1% 
0 .1% 
0.1% 
0.1% 

20 VOLTS ± 5% ADJ. 
LNS-Z-20 
LNS-Y-20 
LNS-X-20 
LNS-W-20 
LNS-P-20 

0.15% 
0.1% 
0.1% 
0 .1% 
0 .1% 

24 VOLTS ± 5% ADJ. 
LNS-Z-24 
LNS-Y-24 
LNS-X-24 
LNS- W-24 
LNS-P-24 

0 .15% 
0.1% 
0 .1% 
0 .1% 
0 .1% 

28 VOLTS ± 5 % ADJ. 
LNS-Z-28 
LNS-Y-28 
LNS-X-28 
LNS-W-28 
LNS-P-28 

0 .15% 
0.1% 
0 .1% 
0 .1% 
0 .1% 

48 VOLTS ± 5% ADJ. 
LNS-P-48 0.1% 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 

2.5•2 251 
5.61501 
9.518 11 

13.0111 .01 
20 .5119.481 

1.7 '1 55! 

4 .0 •3 61 
6.515 51 
8.5" 21 

14.0113.31 

1.411 3> 
3_413 11 

5.5(4 7) 

7.7!6 551 

12.oc11 4 1 

1.010 691 
2.7 '2 451 

4.413 751 

6 . 1 15 21 

10.019 5> 

o.gman 
2.3'2 11 

3 _3 13 25! 

5.4(4 6! 

9 .Q18 551 

0 .8 10 75! 

2 .0 11 8! 

3.412 91 
4 .714 QJ 

8 .0 17 61 

2.2 201 

4.9 4
" 

8_4(7 151 

11 .219 51 

18.1117 2' 

1.611 .:. 51 

3 .5 13 15! 

5.51• 7 
7.216 1 

12.4111 8 

1.311 62' 
3.1 28 
4.814 11 

6 .7•57· 
10.6110 I 

0.85 0 11 

2.5 " 5
' 

3.6 3 11 

5.2 4
' 

8 .9 8 "6' 

0 .75•0 68 
2.1" 9 

3.2 2 -5. 

4.6 39 

8.0 '. 

0.65 06, 
1.8 165• 
2.9 2 5· 

4.0 '3 " 
7.1 6 - ,. 

4.0 3 

NOTE: 1. Rating in Parenthesis or LNSeries when cover is used. 
2. Dimensions inc lude cove r. 

1_9 1111 
4.013 61 
7 . 1 16 0 1 

9.317 91 
15.311 4 54 1 

1.s n 4 1 

2.91261 
4_51301 
5.915 01 

10.01951 

1.211 11 
2.612 35> 
3_913 351 
5 _5 14 71 

8 .5'8 11 

0.65•0 591 
2.0 1 08 1 

2.6 2 21 
4.2 361 
7.5 ' 131 

0.6 0 551 
1-7 151 

2.4 2 01 
3.7 3 11 

6.7- 6 3;, 

0.5 0451 
1 _5 11 35! 

2 .2 11 51 

3.2•2 751 
6.0 5" 

3.4 13 21 

1.411 31 

2_912011 
5.Qi4 .251 

6.815 91 
12.on1 4 1 

1 _3 n .21 
2.212 01 
3.312.81 
4.21361 
7.316 941 

1_010 91 
2 .Q!l 8 J 

2.8!2 4 1 

3.8(3 15 1 

6.31601 

0.4510 41 1 
1.311 21 
1.6(1 41 

3.012 61 
5.515 231 

0.410 361 
1., 41 01 

1 _4 t 1 2! 

2.s r2 11 

5.Q14 75l 

0 .3510 321 
1.01091 
1.20 Ol 
2.2(\ 91 

4.5(4 28 1 

2_512 381 

Z 4-7/ 8 x4 x 1-3/ 4 
y 5-5/ 8 x 4-7 / 8 x 2-5/ 8 
x 7 x 4-7/ 8 x 2-7/ 8 
W 9x5x2-7/ 8 
p 11 x 4-7/ 8 x 4-13/ 32 

z 4-7/ 8 x 4 x 1-3/ 4 
y 5-5/ 8 x 4-7 / 8 x 2-5/ 8 
X 7 x4-7/8x2-7/ 8 
W 9x5x2-7/ 8 
p 11x4-7/ 8 x 4-13/ 32 

z 4-7/ 8 x 4 x 1-3/ 4 
y 5-5/ 8 x 4-7 / 8 x 2-5/ 8 
x 7 x 4-7/ 8 x 2-7/ 8 
W 9x5x2-7/ 8 
p 11x4-7/ 8 x 4-13/ 32 

z 4-7/ 8 x 4 x 1-3/ 4 
y 5-5/ 8 x 4-718 x 2-5/ 8 
x 7 x 4-7/ 8 x 2-7/ 8 
W 9x5x2-7/ 8 
p 11x4-7/ 8x4-13/ 32 

z 4-7/ 8 x 4 x 1-3/ 4 
y 5-5/ 8 x 4-718 x 2-5/ 8 
X 7x4-7/ 8x2-7/ 8 
W 9x5x2-7/ 8 
P 11x4-7/8x4-13/ 32 . 

z 4-7/ 8 x 4 x 1-3/ 4 
y 5-5/ 8 x 4-7 / 8 x 2-5/ 8 
x 7 x 4-7/ 8 x 2-7/ 8 
W 9x5x2-7/ 8 
p 11 x 4-7/ 8 x 4-13/ 32 

p 11 x 4-7/ 8 x 4-13/ 32 

3. Includes OV protect ion on both outputs (5V OV tr ip point 1s 6.6 ::::c .2V fixed ; 9- 12V OV tr ip points is 13 .7 ±.4V fixed) . 
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75 
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130 
165 
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250 

A typical open-frame-switcher data sheet-in this case, for Lambda's LN Series-indicates the wide range of specs 
you can choose from. 
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Boxed switchers 
provide up to 1500W 

As an example of switcher regulation, consider the 
block diagram of Adtech Power's patented 1-transistor, 
pulse-width-modulated Univerter design (Fig 1). This 
circuit provides one semiregulated output (line regula­
tion only) along with a tightly regulated primary and 
one fully regulated secondary. Notice that a post 
regulator furnishes the secondary's regulation. 

Some manufacturers choose to offer regulation on all 
outputs and sell supplies without this feature only on a 
custom basis. National Power Technology designers, 
for example, feel that a supply with unregulated 
outputs is vulnerable to damage if its host system's 
loads aren't what the system designer expects them to 
be. Thus, putting regulators on all outputs prevents 
catastrophic failures. 

Sierracin!Power Systems contends that although you 
might find applications (such as daisy-wheel printers) 
that do allow use of unregulated auxiliary outputs, the 
approach isn't generally a good idea. According to the 
firm's VP for engineering, Ken Lauchner, · the typical 
±5% of line and load regulation combines with another 
±3% of cross regulation, ±2% of thermal drift and 200 
m V of distribution losses to introduce a worst-case 
output variation exceeding 10%. You can make sure a 

DC INPUT 

INPUT 
FILTER 
CHOKE 

OR INPUT 
FROM FULL· 
WAVE BRIDGE 
IF AC INPUT 

Measuring 5.35x3.82x1.18 in., Panasonic 's J Series 20W switchers 
come in SV/4A, 12V/1.8A, 15V/1.SA and 24Vl 1A versions and operate 
to full rating at S0°C with normal convection cooling. The manufactur­
er warrants them for 3 yrs. 

FULLY REGULATED 
SECONDARY OUTPUT 

SEMI REGULATED 
SECONDARY OUTPUT 

PRIMARY OUTPUT (+) SENSE 
PR I MARY OUTPUT(+) 

PRIMARY OUTPUT(-) 
PRIMARY OUTPUT(-) SENSE 

OVERCURRENT OVERCURRENT 

SENSE 
RESISTOR ~~~~~6~~AGE I 

PROTECTION 
CIRCUITRY 

Fig 1-A 1-transistor circuit provides a fully regulated primary output, one regulated secondary and a semiregulated output in 
Adtech Power Inc's patented Univerter. 
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Thirty-nine models in the AMS Series from Acme Electric Corp 
furnish output voltages from 2 to 28V de and power capability of 100 
to 625W. 

$46 buys a variety of low-power options in Lambda's LU Series. 
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a: 
w 
:;;:; 
0 300 a.. 
I-
=> 
a.. 
I-
=> 
0 

200 

100 

0 
1973 1974 1975 1976 

given output variation won't affect your system 
adversely only by testing a supply under all of the 
system's static and dynamic load conditions. If the 
variation might cause damage, you can't use the supply 
without adding at least some regulation. 

Put more power in the box 
With or without regulation, switchers have now 

moved into applications previously in the domain of 
linears, as well as opening up new applications 
themselves. And product development continues at all 
power levels. 

Examining switchers' inroads into linear territory, 
Sierracin's Lauchner believes that the switcher-vs­
linear crossover-pricing curve shown in Fig 2 tells the 
story. Yet others feel that the curve might prove 
misleading. Bob Boschert, for instance, insists that no 
such curve exists at all. The market for switchers, he 
argues, encompasses a set of discrete-power-level 
requirements for which available switchers are more 
cost effective than equivalent linear supplies. 

Even if power-supply pricing does follow the curve, 
the chart erroneously implies that above 600W 
switchers cost less than linear supplies. The graph, 
however , begins at 600W because the first switchers 
to compete in price with linears were 600W units. 

Switching supplies have made selective inroads in the 
high-power region, though. Most of these units come in 
5x8x lO (or 11)-in. cases and furnish only one output 

GTECHNOLOGY 

1977 1978 1979 

CROSSOVER 
PRICING 

1980 

Fig 2-The pricing-crossover point between linear supplies and switchers has rapidly moved down from its location at 600W in 
1973. (Courtesy Sierracin!Power Systems) 
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High-frequency switching 
permits smaller supplies 

voltage. They use their cases as heat sinks and employ 
· fans to help stay cool. 

Pioneer Magnetics' Model PM 2500A, for example, 
provides lOOOW, delivering 5V at 200A. You don't get 
the flexibility provided by low-power open-frame 
supplies, but you do receive a reliable unit that the 
manufacturer terms a workhorse. (The Editor's Choice 
on pg 83 illustrates the next evolutionary step in this 
line.) 

Boschert also packs a lot of power in a 5X8-in. box. 
Members of the HL Series introduced last year, for 
example, furnish 1500W. One model, the HL1500, 
delivers 5V at 300A. All the $960 (100) switcher's 
critical components-including the power bridge, diode 
assembly, control electronics and input and output 
capacitors-are field-replaceable plug-in modules. The 
control electronics permits remote sensing, ± 10% 
output programming and remote on/off switching. 

Another 1500W 5x 8-in. box comes from Qualidyne 
systems. Model 9010 delivers one de output, ranging 
from 5V at 275A to 28V at 55A. The unit's transient 
response limits output deviation to 3% of peak output Taking advantage of the efficiencies available at higher frequen­
for a ±25% load change; output recovers to within 1 % of cies, Abbott Transistor Labs' Model z switcher runs at 38 kHz. 

Incompatible MTBF specifications 
Dan Ketcham and Dave Newton, 
Abbott Transistor Labs 

Because the costs of a switcher 
failure go far beyond power­
supply replacement cost, OEMs 
always look for ways to compare 
estimates of supply reliability. 

The most often cited spec is the 
mean time between failures 
(MTBF), but you might have 
problems using this measure­
ment. Incompatibilities can arise if 
you compare MTBF specs calcu­
lated using different versions of 
the Military Handbook 217 (MIL­
HDBK-217) reliability standard. 

Now in its third revision (C), this 
handbook identifies individual 
component-failure rates. Howev­
er, any one of the four handbook 
versions (the original and three 
revisions) could have supplied the 
failure rates used to calculate a 
specific product's MTBF. To prop­
erly interpret the reliability value, 
then, you must know which hand­
book version was used. 

104 

In general , each new version of 
the standard utilizes more accu­
rate models for component-failure 
mechanisms and has shortened 
inflated MTBFs based on the 
original standard and preceding 
versions. For example: 

• Revision C is the only ver­
sion that recognizes the weak­
ness of using nonhermetic ICs. It 
also recognizes the impact of 
package complexity on MTBF 
rather than circuit complexity or 
part-failure rate. 

• Rev C penalizes the use of 
plastic packages, raising the basic 
failure rate for plastic power 
transistors, in particular . Th is 
version changes temperature­
derating rules and decreases 
quantitative estimates of the ef­
fects of applied voltage and quali­
ty levels on failure rates. 

• Failure rates of commercial 
metal-film resistors spec 300% 
higher in Rev C than in B; 
carbon-film and military metal-film 

rates are halved. Wire-wound­
resistor rates increase by 50%, 
and all trimming-pot failure rates 
are substantially lower. 

• Dielectric-film-capacitor fail­
ure rates rise 1000% in Rev C. 
Mica parts are considered 500% 
more prone to failure than before, 
but the standard lists ceramic 
units as 90% more reliable. Tanta­
lum failure rates fall 60%. Rev C 
also provides a capacitance­
dependent failure-rate multiplier. 

• The latest standard increas­
es all types of magnetics' failure 
rates 100% and tags commercial­
grade parts with an additional 
50% increase. 

These rating differences can 
vary a switch.er's MTBF by as 
much as a factor of two, depend­
ing on the handbook revision 
used. 

(The authors are managers of 
corporate marketing and engi­
neering, respectively, at the Bur­
bank, CA-based company.) 
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THEY'RE AS GOOD AS THEY LOOK Pl 
KEC ELECTRONICS, INC. ~ 

For more information, Circle No 51 



Military will provide the spur 
for high-frequency designs 

its nominal value within 300 µsec . The 16-lb unit costs 
$875. 

If you want a lot of power in one package but need it 
divided up among several voltages, try the units in 
Todd Products Corp's SM Series. They furnish 750W, 
parceled out to as many as four de voltages. One such 
supply, the SME, occupies a bit more than 5x 8 in., 

Switching-power-supply manufacturers 

however; it measures 67/sX91/s in. 
Generally, the higher you make a supply's switching 

frequency, the smaller you can make its transformers-­
a fact that has prompted much research into higher 
switching frequencies. Such frequencies also reduce. 
problems with radiated noise and help eliminate heat 
from the magnetics. Today's commercial switchers 
operate at 20 to 40 kHz, with a few (such as 
Hewlett-Packard's 50W supply) going up to the 
200-kHz stratosphere. But most manufacturers don't 
feel any pressure to rush into frequencies above 100 
kHz. 

For more information on switching power supplies, contact the following manufacturers directly or circle the appropriate 
numbers on the Information Retrieval Service card. 

AAK Blkor Corp Datel-lntersll Frequency Technology Inc 
11 Villa St 1504 W 228th St 11 Cabot Blvd 410 Great Rd 
Haverhill, MA 01830 Torrance, CA 90501 Mansfield, MA 02048 Littleton, MA 01460 
(617) 373-3769 (213) 539-6320 (617) 339-9341 (617) 486-3539 
Circle No 371 Circle No 381 Circle No 391 Circle No 401 

Abbott Transistor Boschert Inc Deltron Inc Glassman High Voltage 
Laboratories Inc 384 Santa Trinita Ave Box 1369 Box 551 
639 S Glenwood Pl Sunnyvale, CA 94086 North Wales, PA 19454 Whitehouse Stn, NJ 08889 
Burbank, CA 91506 (408) 732-2440 (213) 699-9261 (201 ) 534-2226 
(213) 842-7150 Circle No 382 Circle No 392 Circle No 402 
Circle No 372 

Cs lex Digital Power GM Research 
ACDC Electronics Manufacturing Co Inc 686 E Gish Rd 1048 E Burgrove 
401 Jones Rd 3355 Vincent Rd San Jose, CA 95112 Carson, CA 90746 
Oceanside, CA 92504 Pleasant Hill , CA 94523 (408) 288-5000 (213) 639-4663 
(714) 757-1880 (415) 932-391 1 Circle No 393 Circle No 403 
Circle No 373 Circle No 383 

Dynagelnc Gould Inc 
Acme Elec1rlc Corp California DC 1331 Blue Hills Ave 4323 Arden Dr 
49 Water St 2150 Anchor Ct Bloomfield, CT 06002 El Monte, CA 91731 
Cuba, NY 14727 Newbury Park, CA 91320 (203) 243-0315 (213) 575-4n7 
(716) 968-2400 (213) 991-1168 Circle No 394 Circle No 404 
Circle No 374 Circle No 384 

Electro-Module Inc Hewlett-Packard Co 
Adtech Power Inc CEI Corp 3501 Harbor Blvd 1507 Page Mill Rd 
1621 S Sinclair Box 501 Costa Mesa, CA 92626 Palo Alto , CA 94304 
Anaheim, CA 92806 Londonderry, NH 03053 (714) 540-1234 Phone local office 
(714) 634-9211 (603) 623-8885 Circle No 395 Circle No 405 
Circle No 375 Circle No 385 

Electronic Measurements Inc lntronics 
Advanced Electronics Design Century Electronics 405 Essex Rd 57 Chapel St 
440 Potrero Ave 5965 Washington Blvd Neptune, NJ 07753 Newton, MA 02158 
Sunnyvale, CA 94088 Culver City, CA 90230 (201) 922-9300 (617) 332-7350 
(408) 733-3555 (213) 870-1 083 Circle No 396 Circle No 406 
Circle No 376 Circle No 386 

Elpac Power Systems KEC Electronics Inc 
Advanced High Computer Power Systems 3131 S Standard Ave 19300 Vermont Ave 
Voltage Co Inc 18150 S Figuera St Santa Ana, CA 92705 Gardena, CA 90248 
14532 Arminta Ave Carson, CA 90248 (714) 979-4440 (213) 515-2561 
Van Nuys, CA 91402 (213) 515-6566 Circle No 397 Circle No 407 
(213) 997-7222 Circle No 387 
Circle No 3n Emco High Voltage Co Kellee Florida 

Condor Inc 556 Weddell Dr Drawer 2917 
Arnold Magnetics 4880 Adohr Lane Sunnyvale, CA 94086 Ft Walton Beach, FL 32549 
11520 W Jefferson Camarillo, CA 93010 (408) 734-9123 (904) 862-3107 
Culver City, CA 90230 (805) 484-2851 Circle No 398 Circle No 408 
(213) 559-0103 Circle No 388 
Circle No 378 Endicott Kepco Inc 

Conver Corp Research Group Inc 131-38 Sanford Ave 
Ault Inc 10629 Bandley Dr Box 128, Westview Sin Flushing, NY 11352 
1600 H Freeway Blvd Cupertino, CA 95014 Binghamton, NY 13905 (212) 461-7000 
Minneapolis, MN 55430 (408) 255-0151 (607) 798-7846 Circle No 409 
(612) 560-9300 Circle No 389 Circle No 399 
Circle No 379 Lambda Electronics 

Converter Concepts Inc ERA Transpac Corp 515 Broad Hollow Rd 
Berkleonics Inc 435 S Main St 311 E Park St Melville, NY 11747 
1 Aerovista Park Pardeeville, WI 53954 Moonachie, NJ 07074 (516) 694-4200 
San Luis Obispo, CA 93401 (608) 429-2144 (201) 641-3650 Circle No 410 
(805) 544-5454 Circle No 390 Circle No 400 
Circle No 380 
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At Abbott Transistor Laboratories, for instance, a 
development team started out to design a 30-kHz 
switcher and moved up to 38 kHz before becoming 
satisfied with its performance. The resulting $215 
Model Z measures 6x 4x 2.25 in. and comes in 14 
versions that furnish lOOW at 3 to 30V de. Abbott 
applies the catch phrase "2W per cubic in." to the units. 

Because power density is the name of the game for 
switchers, what's holding back even higher frequen­
cies? The magnetics pose one problem. Although 
transformers characterized at 200 kHz have been 
specified for more than 2 yrs, few transformer manufac-

LH Research Phillps• 
14402 Franklin Ave TQ 111-4 
Tustin, CA 92680 Eindhoven, The Netherlands 
(714) 730-0162 Circle No 421 
Circle No 411 *European sales only 

Lorain Products Pioneer Magnetics 
1122 F St 1745 Berkeley St 
Lorain, OH 44052 Santa Monica, CA 90404 
(216) 288-1122 (213) 829-6751 
Circle No 412 Circle No 422 

Microcomputer Power Inc Power Design 
2272 Calle De Luna 1700 Shames Dr 
Santa Clara, CA 95050 Westbury, NY 11590 
(408) 988-0265 (516) 333-6200 
Circle No 413 Circle No 423 

Microsource Corp Power Dynamics Corp 
7330 Rogers Ave 9421 Telfair Ave 
Chicago, IL 60626 Sun Valley, CA 91352 
(312) 465-8419 (213) 767-9640 
Circle No 414 Circle No 424 

MIL Electronics Inc Power General 
176 Walker St 152 Will Dr 
Lowell, MA 01854 Canton, MA 02021 
(617) 458-4535 (617) 828-6216 
Circle No 415 Circle No 425 

National Power Power/Mate 
Technology 514 S River St 
2111 Howell Ave Hackensack, NJ 07601 
Anaheim, CA 92806 (201) 440-3100 
(714) 937-1301 Circle No 426 
Circle No 416 

Power-Matic Inc 
Nortel Ltd 7667 Vickers St 
31149 Via Colinas San Diego, CA 92111 
Bldg 608 (714) 292-4422 
Westlake Village, CA 91361 Circle No 427 
(213) 707-0120 
Circle No 417 Power-One Inc 

Power-One Dr 
Novatronlca Camarillo, CA 93010 
500 SW 12 Ave (805) 484-2806 
Pompano Beach, FL 33061 Circle No 428 
(305) 942-5200 
Circle No 418 Powercube Corp 

8 Suburban Park Dr 
Optimal Systems Corp Billerica, MA 01821 
44755 Grimmer Blvd (617) 667-9500 
Fremont, CA 94538 Circle No 429 
(415) 657-9256 
Circle No 419 Powertec 

20550 Nordhoff St 
Panasonic Co Chatsworth, CA 91311 
1 Panasonic Way (213) 882-0004 
Secaucus, NJ 07094 Circle No 440 
(201 ) 348-7276 
Circle No 420 
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turers will carry them in stock until demand increases; 
the parts thus sell at premium prices. 

Power-loss problems also affect the move to higher 
switching frequencies. If a supply's transistor switch­
ing losses (including its voltage-control circuits) remain 
constant in every cycle, as you raise the switching 
frequency, the losses increase also. Thus, Sierracin's 
Lauchner estimates that raising the switching frequen­
cy by an order of magnitude reduces a unit's size and 
weight by only 10 to 20%, and the cost goes up, too. 
ACDC's Hirschberg agrees and remarks that such a 
price increase completely offsets the size benefit. 

Quslidyne Systems Inc Switching Power Inc 
2256 Main St 4835 Veterans Hwy 
Chula Vista, CA 92011 Holbrook, NY 11741 
(714) 429-7440 (516) 981-5353 
Circle No 431 Circle No 441 

Reliabil ity Inc Technlpower Inc 
Box 37409 Box 222 
Houston, TX 77036 Commerce Park 
(713) 492-0550 Danbury, CT 06810 
Circle No 432 (203) 748-7001 

Circle No 442 
RO Asaociates Inc 
246 Caspian Dr Technology Dynamics Inc 
Sunnyvale, CA 94088 415 Rte 303 
(408) 744-1 450 Tappan, NY 10983 
Circle No 433 (914) 359-4000 

Circle No 443 
Semiconductor 
Circuits Inc Tecnetics Inc 
218 River St 1625 Range St 
Haverhill, MA 01830 Boulder, CO 80306 
(617) 373-91 04 (303) 442-3837 
Circle No 434 Circle No 444 

Sierracin/Power Systems Todd Products Corp 
20500 Plummer St 50 Emjay Blvd 
Chatsworth, CA 9131 1 Brentwood, NY 11717 
(213) 988-9873 (516) 231 -3366 
Circle No 435 Circle No 445 

Sola Electric Trio Laboratories Inc 
1717 Busse Rd 80 Dupont St 
Elk Grove Village, IL 60007 Plainview, NY 11803 
(312) 439-2800 (516) 349-0400 
Circle No 436 Circle No 446 

Sorenson Co Velo nix 
676 Island Pond Rd 560 Robert Ave 
Manchester, NH 03103 Santa Clara, CA 95050 
(603) 668-4500 (408) 727-7370 
Circle No 437 Circle No 447 

Spellman High-Voltage Wall Industries Inc 
Electronics 2 Franklin St 
7 Fairchild Ave Lawrence, MA 01846 
Plainview, NY 11803 (617) 688-1287 
(516) 349-8686 Circle No 448 
Circle No 438 

Standard Power Inc 
1400 S Village Way 
Santa Ana, CA 92705 
(714) 558-8512 
Circle No 439 

Stevena-Arnold Inc 
7 Elkins St 
South Boston, MA 02127 
(617) 268-1170 
Circle No 430 
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NO\Y, a small-size, 
sma1111rice 

resettable protector 

The Re-Cirk-lt® protector. Looks like 
a conventional Ya " fuseho lder. 
Even install s in the same panel 
space, with a simple push-on clip . 

But it puts an end to fuses. No 
moreexpensiveserviceca llswhen 
a fuse can 't handle normal start­
ing surges. No chance ever that 
the wrong fuse wi II be installed. 

With Re-Cirk- lt, the white 
band signa ls when it's tripped. 
To reset, just push a button . 

UL-recognized as a supple­
mentary protector for electrical 

eq uipment, CSA-certified, SEV-

'\ -
approved. Current ratings from 

0.25A through 15A, 250 Vac and 32 Vdc. 

r Request bulletin KD4001 . Heinemann 
Electric Company, Trenton, NJ 08650. 

©Heinema nn 

HEiME•ANN 
For more information, Circle No 52 

YOU LIKE TO WRITE, 
RIGHT? 

Then EON wants you, providing you also 
have an EE degree and at least two years ' 
circuit-design experience. We seek indi­
viduals who want to be Boston-based tech­
nical editors for this top electronics publi­
cation. 

To qualified individuals, EON offers an 
attractive salary, industry-wide recognition, 
high job satisfaction, and the ability to keep 
abreast of ... 

• Advanced Technology 
• Exciting New Products 
• State-of-the-art circuit and system-design 

techniques. 

If you thrive on meeting challenges 
head-on ... 

If you are an effective, technical communi­
cator ... then send your resume and salary 
requirements in strict confidence to: Roy 
Forsberg , Editorial Director, EON , 221 
Columbus Avenue, Boston, MA 02116. 

An Equal Opportunity Employer 
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Keep FCC EMI rules in mind 
when shopping for a switcher 

Because of the pricmg drawback and because a 
supply's switching frequency doesn't directly affect a 
host system, there's no demand for switchers with 
frequencies above 100 kHz-except perhaps for mili­
tary applications. And in the long run, military money 
will provide the push that makes high-frequency units 
economically feasible. 

Beware radiated-noise pollution 
One area in which switching supplies have made 

great strides is noise control. Switchers used to get a 
black eye from many OEMs because of the noise they 
delivered with the de voltage. Switcher design has 
come a long way, however, and units such as Powertec's 
Valuswitcher restrict ripple and noise to 2% p-p. 

Today, concern with switcher noise centers on their 
radiated signals. You'll see many supplies billed as 
meeting some combination of FCC, UL or VDE 
specifications. But because this claim is inherently 
ambiguous and carries many shades of meaning, check 
with manufacturers to determine its exact meaning for 
each power supply. Bear in mind that "designed to" 
doesn't necessarily mean "meets," and "meets" doesn't 
necessarily mean "approved by." 

The problem becomes particularly nasty in the case 
of the VDE specifications. They cover two types of 
requirements: those relating to EMI and RFI and those 
relating to safety. And the safety considerations prov€ 
tougher to meet than those of Underwriters Laborato­
ries. If your products never leave the US, though, you 
needn't bother about VDE specs. 

One set of specs that you should bear in mind, 
however, is the FCC rules governing EMI emissions, 
which go into effect in October. Make sure that when a 
manufacturer says a supply meets FCC specs, those 
specs comply with these new rules. 

To meet the new FCC requirements, Sierracin has 
recently redesigned its entire switcher line. If you buy 
modules or open-frame supplies, however, you'll 
probably have to tackle the FCC-approval chore 
yourself. Some power-supply manufacturers can assist 
more than others, but vendors should at least supply 
you with a radiation profile for a supply and any 
assistance needed in designing EMI and RFI filters. 

Some manufacturers, such as Lambda, can provide 
EMI-suppression options for their switchers. The 
firm's $110 Model M-YXX-1 EMI-suppressing cover, 
for example, includes filters that permit LY Series 
switchers to meet MIL-l-6181D conducted-emissions 
specs; the perforated cover itself minimizes radiated 
emissions. EDN 

Article Interest Quotient (Circle One) 
High 485 Medium 486 Low 487 
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VcE(Sat) IT tr 
T0-220 VcE(SUS) VcEX le (cont)' hFE @ le Volts @ le MHz µsec 

Type Number Volts Volts Amps Min/Max Amps Max Amps Min Max 

SP 6306 250 500 8 15/ 75 3 0.8 3 5 0.4 

SP 6307 300 600 8 15/ 75 3 1.0 3 5 0.4 

SP 6308 350 700 8 12/ 60 4 1.5 3 5 0.4 

SP 13006 300 600 .. 8 8/ 40 2 1.0 2 5 0.4 

SP 13007 400 700 .. 8 6/ 30 5 1.5 5 5 0.4 

•Peak le = 16 amps @ 5ms PW, Duty Cycle .;;; 10% .. VCEV, VbE = - 1.5V 

Voltages up to 700V. . . peak lc's of 16 A* . . . switch ing speed of 400 nsec at 3 A ... 
that's the performance you can expect from Solitron's new T0-220 transistors. 
They're part of our Switch Tron® family and it means that this unique fast switching family 
is now available to you in plastic power configurations. Solitron T0-220 transistors 
are triple-diffused, high reliability devices that can solve switching problems when 
cost and size are a criteria. 

Competitively priced , these devices are available now for high voltage inverters, 
switching regulators , power amplifiers and power supplies. Look over our 
specification chart. Then call toll-free 800-327-8462 for more information . 

E3olitron 
DEVICES, INC. 

1177 Blue Heron Blvd., 
Riviera Beach, Florida 33404 
(305) 848-4311 /TWX: 
(510) 952-7610/TELEX: 51-3435 

For more information, Circle No 54 
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Your RAMs are getting denser. Your soft 
error rate is getting higher. And you're 
getting a headache. 

Soft errors , alpha particles, system 
crashes, hard errors. Take it easy. Relax. 
There's a simple solution. 

Introducing the Am2960 
Error Detection and 

Correction (EDC) Unit. 
The Am2960 EDC corrects single-bit 

errors and detects double-bit errors. It's 
easily expandable from 16-bits wide to 32 
or 64 bits. Its worst case speed is an amaz­
ing 34ns detect, 64ns detect and correct! 
And best of all , it 's available right now. 

You want byte operations? You got 'em. 
You need initialization, error logging and 
diagnostic capabilities? No problem. The 
Am2960 gives you all the functions of 25 
to 50 TTL packages on one chip. 

And if you're worried about the data path, 
don't be. Our slim 24-pin Am2961 and 
Am2962 EDC Bus Buffers solve the com­
plete interface problem between the RAM, 
the EDC unit and the system data bus. 

There's just no easier, cheaper, faster way 
to find and fix errors than the Am2960. 

Bipolar LSI: 
The Simple Solution. 

Our new Am2960 family of bipolar LSI 
and interface dynamic memory support 
de ices will help you maximize your sys­
tem's performance and reliability, minimize 
its chip count and cost. 

And you won't find higher quality parts. 
Since the day we opened for business we've 
given every single part we make 
MIL-STD-883. For free. 

Get the Am2960 Error Detection and 
Correction Unit. It'll be good for your system. 

Advanced Micro Devices ~ 

EDN FEBRUARY 4, 1981 

901 Thomp son Plac e. Sunnyva le . CA 94086 · (408) 732-2400 
Right. From The Start. 

For more information, Circle No 55 
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People are switching to Boschert 

25W ~ 

200W ~ 300W ._~ _________ 4_;_00-'-W-'--J 

because only Boschert offers a complete line of 
25-400 watt switching power supplies. 
When you want power, come 
to Boschert. We're the power 
leader with more standard 
25-400 watt switching power 
supplies in production and 
in stock than any other manu -
facturer. Every one is UL­
recognized. Each meets 
international input voltage 
requirements. And we offer 
the multiple output voltages 
you need to meet your par­
ticular system requirements. 
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Plus, when you switch our multiple output power 
to Boschert, you enjoy advan- systems are now in operation. 
tages only a leader can offer. Isn't it time you made the 
Like high volume automated switch to Boschert? 
production capabilities to For more information on 
support your volume require- ourfull line of switching power 
ments. Off-the-shelf delivery supplies, contact your local 
when you need product fast. Boschert representative, 
Custom tailoring. An up-to- or write: Boschert Inc. , 384 
date understanding of VD E t\ Santa Trinita Ave., 
requirements. Bosc~ert even I"-'\\\ Sunnyvale, CA 
offers you an extensive "' ~\\\ 94086. Or call 
European distribution network . ~\\' l\\\~" us direct, ( 408) 
to support you overseas. '"Ill\\\\\ 732 -2440. 

At Boschert we've been , \1 
building off-line switching 
power supplies for almost 
a decade. Over 200,000 of 

For more information, Circle No 56 
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EON Design Management 

Simple guidelines for gatherings 
help you meet with success 

If your meetings are boring and unproductive, turn them around. 
As group leader or participant, you can maximize time spent with 

colleagues and transform dull meetings into effective forums. 

H Kent Baker, The American University 

1 As a technical-staff member, you probably spend many 
hours each week in meetings with your coworkers 
discussing the progress you've made on a project or 
planning the next project phase. When you glance at 
your calendar and see "meeting, 10 AM," what flashes 
through your mind? If you envision a boring, fruitless 
gathering, you're not alone. 

Meetings can be a bane of professional life­
unproductive, frustrating time wasters-but they 
needn't be. Your meetings can come alive and be 
effective and even enjoyable if you follow a few basic 
guidelines. 

To begin with, face the fact that when you join an 
organization, you're sentenced to be a "meeting lifer. " 
You'll probably spend a year or more of your working 
life in meetings-time worth a staggering sum of 
money. But you needn't serve your entire sentence. You 
can grant yourself a parole for good behavior; the choice 
is yours. 

Why do meetings fail? 
To get the most out of meetings, understand their 

purpose. Although they come in all shapes and sizes, 
meetings generally fall into three goal categories: 
educational, informational and decision-making. Man­
agers, for example, hold meetings to train people, 
develop teamwork, disseminate information and solve 
problems-laudable goals, but seldom achieved. 

Meetings fail to meet their objectives when the 
leader and participants don't recognize their roles or 
understand how to conduct effective meetings. Such 
problems stem from the lack of a good meeting model. 
For example, engineers promoted to managerial 
positions typically base the way they conduct their 
meetings on those they have attended. If they've never 
been exposed to a good meeting model, they probably 
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won't conduct productive meetings. 
If you've been to more unproductive meetings than 

useful ones, you, too, must develop an effective meeting 
model. To do this, recognize how misconceptions about 
meetings hinder their success. 

Dispelling meeting myths 
Five myths influence the way people conduct 

meetings: 
• The success of a meeting depends solely on 

its leader-a half-truth at best. A meeting's success is a 
shared responsibility, as is its leadership. In fact, the 
leadership role can change hands several times during a 
meeting. Without cooperation and teamwork, a meet­
ing can degenerate into a wasted effort, a merry-go­
round of activity accomplishing little. 

All attendees can play a variety of roles to help the 
group achieve its goals and work together productively. 
They can perform many task functions, such as seeking 
and offering opinions and 1nformation, clarifying and 
elaborating on material presented, and summarizing. 
Additionally, participants perform maintenance func­
tions, including encouraging others to participate, 
setting and testing standards, limiting conflict, and 
compromising and negotiating to reduce destructive 
disagreement. These functions are too numerous and 
varied for the leader to carry out; all participants must 
share them. 

• The leader must maintain tight control­
another false assumption. When the leader assumes the 
role of traffic cop-setting the structure, directing who 
will speak and limiting discussion-he gets into trouble. 
That type of "it's my meeting'' attitude inhibits dialog 
and stifles the vitality of free-flowing interaction. This 
type of leader reduce_s attendees' functions to reporting 
only and engages in one-on-one communication without 
allowing group discussion. Consequently, viewpoints 
that could be helpful are repressed; a frustrating, 
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Properly handled conflict 
is a positive meeting force 

unproductive meeting results. Yet such a leader is 
likely to announce proudly, "I certainly got through 
that agenda in a hurry." 

• Group participation is necessary in every 
meeting. The current emphasis on participation is an 
overreaction to the very autocratic approach formerly 
used. For two decades people have heard that truly 
enlightened managers encourage staff participation. 
Thus, people tend to believe that participating is 
productive while observing quietly is harmful. Manag­
ers who accept this doctrine without considering the 
situation often adopt a weak, ineffective management 
style. On the other hand, the nondirective leader who 
gives participants free rein almost ensures meeting 
failure from the start. 

A high· level of participation is important to some 
meetings, however. But the leader must be sensitive to 
the situation, then adopt the most appropriate style; no 
one leadership style works for all meetings. Sometimes, 
such as in decision-making meetings, for example, 
participation is crucial; for others, such as informational 
meetings, a more directive approach works. Whether 
the meeting leader prefers a directive, nondirective or 
something-in-between style, he must recognize that he 
is the major session catalyst. 

• Avoid conflict at all costs. Contrary to popular 
belief, conflict can be a positive force in a meeting if 
handled properly. For instance, conflict can broaden the 
understanding of certain problems. Encouraging con­
flict in problem-solving meetings can help uncover a 
variety of solutions. Conflict can also stimulate 
interaction and involvement of meeting participants 
(see box, "How to encourage constructive conflict"). 

• Everyone should be invited. Because a large 
group often slows a meeting's pace, limit the number of 
people you ask to attend. Touching base with interested 
parties is a sound idea, but a meeting might not be the 
place to do so. Don't invite people to a meeting unless 
you really need them. And if you only require their 
presence for part of the meeting, schedule a specific 
time for their arrival. You'll thus avoid having an 
uninterested person sit through your meeting waiting 
to be called on. 

Follow guidelines selectively 
Once you debunk the myths surrounding meetings, 

you're ready to apply a few meeting guidelines. But 
consider them selectively to avoid taking a stilted, 
cookbook approach. Then, when you're asked to lead a 
meeting, remember these suggestions: 

• Don't hold unnecessary meetings. The easiest 
way to reduce the number of meetings you hold is to 
find other ways to communicate. Reports, memos, 
telephone conversations and face-to-face discussions, 
for instance, can serve the same purpose in less time. 
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Because regularly held meetings often become 
rituals, consider their value carefully. Sometimes the 
only reason for holding a staff meeting is because it's 
Monday. Regularly schedule certain gatherings such as 
staff meetings only when they will provide a forum for 
worthwhile communication. 

• Set realistic goals. Before you call a meeting, 
know exactly what you want to accomplish. If you don't, 
the meeting is likely to wander aimlessly from one issue 
to another. If you're unsure of your objectives, 
certainly others will also be lost. 

Furthermore, make sure that you can accomplish the 
meeting's objectives within a reasonable amount of 
time. Meetings tend to diminish in productivity after 
1 V2 hrs. Participants get restless, enthusiasm wanes 
and the meetings become endurance tests. Lengthy 
meetings also encourage people to babble on without 
accomplishing anything worthwhile. When your meet­
ing goals appear too ambitious, hold two meetings 
separated by at least one day. 

• Don't spring surprises. Try to circulate a copy of 
your objectives and agenda before the meeting; if you 
want people to study background material, send that 
too. Advance information helps participants come 
prepared. 

• Avoid catching people off guard. If you save a 
touchy subject for the meeting and spring it unan­
nounced on your colleagues, they might resent your 
tactics, and their hostility could diminish your effective­
ness as a leader. Therefore, if you expect your group to 
contribute its best efforts, provide it with a sufficiently 
detailed agenda a few days before you meet. And to 

How to encourage constructive conflict 
Conflict can actually make a meeting more produc­
tive when the leader ensures that it helps develop 
solutions and doesn't just fuel disagreements for the 
sake of arguing. To monitor conflicts at your next 
meeting, heed some simple advice: 

• Agree to disagree-Emphasize that it's 
acceptable to express views contrary to the 
prevailing opinion. Encourage those with differing 
opinions or original ideas to speak up. 

• Stress noncombative disagreement­
Remind the meeting participants that disagreement 
isn't intended to produce winners or losers but 
rather to improve their understanding of the problem 
at hand. 

• Create a supportive atmosphere-Support 
each participant's right to disagree and express his 
opinion. Because a strong faction might attempt to 
intimidate an individual with an unpopular opinion, 
ensure that anyone who wishes to speak gets the 
group's attention. 

• Focus on issues, not personalities­
Establish the ground rule that participants can 
disagree on an issue, but they can't attack the 
people who express opinions on it. 
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further avoid surprises, you can make notations next to 
each agenda item to alert participants about how you 
expect them to contribute to the meeting. 

e Set the proper climate. A good meeting environ­
ment won't ensure that the meeting will run smoothly, 
but uncomfortable surroundings, poor lighting and 
interruptions will certainly make concentration diffi­
cult. Monitor the participants' feelings during a session. 
When their interest and energy have dissipated, don't 
drone on just to cover the agenda; if you do, you'll 
accomplish little. Notice signs that indicate changing 
energy levels-tone of voice, loudness of speech, body 
posture, fidgeting and doodling. Recognize them and 
act appropriately-take a short break, change the pace 
or just tell a joke. 

You can also foster a supportive atmosphere by 
encouraging cooperation rather than competition 
among participants. And try to prevent anyone from 
monopolizing the discussion. One of your responsibili­
ties as leader is to ensure that each member has the 
opportunity to speak. A useful technique is to seek the 
opinions of junior members before those with senior 
status speak. By drawing junior members into the 
discussion, you emphasize their right to contribute and 
might hear ideas that would not otherwise be offered. 

• Summarize. By making frequent summaries 
during the session, you can note the meeting's progress 
and point out any disagreements that the group should 
straighten out. At the meeting's close, review conclu­
sions reached, major disagreements still unresolved 
and steps to be taken so that participants clearly 
understand what the meeting has accomplished. 

• Finally, follow up. As a leader, you carry a 
responsibility that extends beyond the actual meeting. 
To fulfill it, send a written summary to the meeting 
attendees and others who need to know what the group 
decided and what action it will take. Because attendees 
tend to forget what happened at a meeting, send the 
minutes the day of the meeting if possible. Lastly, 
ensure that those who have agreed to take action carry 
it out as the group mandated. 

Participants have a job, too 
These guidelines demonstrate how a group leader 

can set a meeting's tone and influence its productivity. 
Yet participants, too, can contribute to a meeting's 
success. As a participant, consider these guidelines: 

• Be prepared. Lack of preparation wastes time 
and leads to confusion and frustration. People who 
prepare or rehearse their reports during a meeting 
distract and annoy others and minimize their own 
potential contributions. 

• Insist on starting and ending on time. Question 
a leader who wants to postpone the meeting's start for 
latecomers. Point out that such action penalizes those 
who come on time and actually rewards those who 
arrive late. And · if the meeting runs on for an 
unreasonably long time, remind the leader that the 
participants have other commitments, and suggest 
adjournfog. 
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• Don't bring a hidden agenda. Try not to digress 
too far from the scheduled agenda. And if others do, try 
to refocus the group's attention to the items it has met 
to discuss. 

• Demand· excellence. If you are tired of attending 
ineffective meetings, constructively make your feelings 
known. Propose a meeting audit where participants 
record suggestions for improvement. Collect their lists 
and discuss them. You might find that you aren't the 
only one who's disappointed in the way the group has 
been conducting meetings. 

Finally, remember that the guidelines offered here 
are useless until you apply them. If you've been 
tolerating unproductive meetings, you are part of the 
problem. But if you follow these simple suggestions, 
you can lift your meetings out of the doldrums. 

Incidentally, it's time for that 10 AM meeting. Are 
you ready for it? EDll 

Author's biography 
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NEXT TIME 
Look for a Special Report on high-frequency 
instruments in EDN's February 18 issue. 
You'll also find articles on 

• The use of S/H amplifiers as circuit com­
ponents 

• The design of effective EMI and RFI 
shielding 

. . . and much more. Also look for . news 
stories on the latest benchtop testers and on 
" standards" that sometimes aren't, plus our 
regular 11C Design Techniques, Design Ideas 
and A. Question of Law departments. You 
can 't afford to miss this issue! 

EON: Everything Designers Need 
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YOUR GOOD DESIGN 
BECOMES EVEN DE.TYER ••. 

Low-Power Uncars 
• 5VDC to 21VDC Ourputt.Cutmlt 
25mA to 2A•Single, ~ 
Triple Output•Tlght~ • 

low NppJc and 
Noise• PCCord or 
Chassis Mountable 

Switching 
Power Supples 
•The Industry's SfnokstS;'Mnt 
Switchers• 5VDC. 12VDC or 15VDC 
Output. 80o/d1 Elk:lency • ~ 
Outputs• PC Cord or Chassis 
Mountable • ~ 

DC/DC Converters 
•Inputs: 5VDC, 12VDC, 24VDC, 28VDC, 

48VDC •Outputs: 
5VDC, 12VDC. . 
15VDC, ±12VDC, 
±15VDC 
•Powerfrom 
OM-Half \\tltt 
to12Wotts 

• Compact Packaging 
• Low Noise •Current Umlted 

~Power Products 

With the Dest 
Power Supply 
Behind it. 

Power Products offers 
more than 150 
precision power 
supplies from one-half 
watt to 25 watts thafll 
make that good 
design a great one. 

We give you everything you need in 
a power supply. And more of what 
you want ... 

like brand-name components. 
Conservative specs. Field-proven 
reliability. And warranteed performance. 
At a fair price. 

Like quick delivery. Small quantities 
shipped directly from stock within three 
days ARO. 

Like technical support. A partnership 
approach to problem solving that 
eliminates your power supply 
headaches. We let you concentrate on 
the other aspects of your designs. The 
aspects that your customers deem 
most important. 

Find out what power supplies from the 
Low-Power Giant can do for your 
designs. Solve that power problem on 
the very first call by calling Power 
Products first. 

Division of Computer Products, Inc. 
1400N.W. 70thStreet • Fortlauderdale , Fla.333~ • (305)974·2442 •TWX 510·956·3098 FINO US IN €€Ml 

For more information, Circle No 57 
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New Application Technology 

Extend your design options 
with o new comparator IC 
More than an over/undervoltage protector, a recently introduced 

multicomparator IC combines programmable hysteresis 
with dual high-current outputs. Applications range from 

ac-mains-loss monitoring to dual-channel proportional control. 

William F Davis, Motorola Inc 

Circuit designers familiar with ICs employed in 
power-supply-type voltage-monitoring and fault­
detection applications usually cite lack of versatility as 
those devices' major limitation. The MC3424, a 
monolithic dual-channel high-output-current voltage 
comparator, overcomes this lack of flexibility in 
monitoring and fault-detection designs. And it's 
versatile enough to meet many of your other design 

needs, too. The device achieves this capability by 
incorporating features and options not usually found in 
other comparator ICs (see box, "An uncommon 
comparator''). 

OVER 

WITH HYSTERESIS 

Fi"'•'• Vs> VREF 

H 
- v.u 

AA 

As 

Vs ":' 

VH = IH(RA ll As) 

RA 

Ra 

":' 

The problems with conventional ICs 
Tradit ional fault-monitoring ICs often provide only 

the inverting or noninverting input of a comparator, 
with perhaps a small amount of internal hysteresis. And 
what 's worse, that comparator might be referenced to 

Text continues on pg 120 

VOLTAGE SENSE (Vs) 

UNDER 

WITHOUT HYSTERESIS WITH HYSTERESIS WITHOUT HYSTERESIS 

~ '}-f,;'·"'• Vs 

AA 

1 As VREF 

- REF - VREF 

~ ~ VREF 

- t 
REF 

RA - t v ••• 

VrH< 2<1> As Vr H< 2<1> 

Vs 

F? 
V H = IH(AA I I As) 

VREF 

VREF 

RA 

Vs ~ Vs 
":' 

VrH>2<1> 
As 

":' 

Fig 1~All voltage-sensing functions possible with the MC3424 appear in this chart. Determin_e ~hethe; the sense<! voltage_ (Vs) is 
positive or negative, whether it's greater or less than the reference (VREF) and whether hysteresis 1s reqwred. Then fmd the diagram 
satisfying these constraints and apply the indicated resistor ratios. 
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An uncommon comparator 
The MC3424-a high-current du­
al-channel voltage comparator­
incorporates the two separate and 
independent channels shown in 
Fig A. Capable of operating over 
a 4.5 to 40V supply range and 
over -55 to + 125°C, each chan­
nel includes a fully differential 
input voltage comparator (compa­
rators 1 and 2) with programmable 
hysteresis capability and a delay 
filter terminal (DLY) at its output. 

The voltage at this filter point 
goes to an output comparator 
internally referenced to the 2.5V 
reference (VREF). This comparator 
drives the output power devices to 
a source-current limit of 300 mA at 
the DAV pin and an indicator­
output current sink of 30 mA at the 
10 pin. 

A TTL LOW at the remote 
activation (RA) input overrides the 
input comparator and its associat­
ed time delay at any time and 
turns the output power devices 
on. A similar LOW at the Input 
Enable (IE) pin disables one or 
both of the input comparators. 
Under these conditions, input­
comparator outputs can't occur, 
regardless of the input state. 

INPUT 
COMP1 

c, + 0------f 

c, - 0--.----1 

IE 0--~ 

1.4V 0----t:+y 

INPUT 
COMP2 

c,+ o----f 
c, - o--..---i 

You can disable both channels 
when the noninverting input (C, +) 
of input comparator 1 is less than 
0.9VREF and the IE voltage is 
LOW. Otherwise, IE disables only 
input comparator 2. 

The device's laser-trimmed volt­
age reference (VREF) is adjusted to 
within ± 1 % of 2.5V, has a temper­
ature coefficient of approximately 
50 ppml°C and can deliver load 
currents up to 10 mA. 

Note several important points 
regarding the MC3424's input­
comparator circuitry, shown in Fig 
B. In both of the input compara­
tors, the differential inputs are 
externally available and can han­
dle a common-mode range of 
V cc-1.4 V including ground. Thus, 
you can reference these compara­
tors to virtually any reference 
voltage within the common-mode 
range. 

Whenever the noninverting 
input (C+) exceeds the inverting 
input (C- ), an internally generat­
ed hysteresis sink current (IH) 
appears at the inverting input. 
Placing any resistance R in series 
with the inverting input then 
produces a hysteresis voltage 

+ 

equal to IHR volts (IH is typically 12 
µA). 

If, however, the inverting-input 
voltage is less than two forward­
biased diode drops (2<P= 1V at 
25°C), the internally activated 
hysteresis current can't appear at 
the inverting input because it can't 
flow through diodes biased below 
their conduction level. Thus, for 
this particular case, hysteresis 
isn't generated with resistance in 
the inverting input. 

Because of the inherent high­
voltage junctions incorporated in 
this comparator, an input-voltage 
differential of ±40V is permissible. 
The diodes placed within the 
comparator also allow both inputs 
to exceed the supply voltage 
without detrimental effects on the 
adjacent channel. Furthermore, 
they aid in reducing the compara­
tor's large-signal delay to less 
than 200 nsec. 

By attaching a capacitor to the 
comparator-output Delay pin 
(DLY), you can obtain a fixed time 
delay before the capacitor is 
charged by the internally generat­
ed current (10 ) to the output 
comparator's reference voltage. 

Vee 

'--------<.> DRV1 

------010 1 

+ 

GND 

Fig A-Both channels of the MC3424 voltage-comparator IC appear in this functional circuit diagram. The device incorporates such 
extra functions as Input Enable (IE) , Remote Activation (RA), Delay (DLY) and hysteresis control on the input comparators' inverting 
inputs. The dual outputs (ORV) can each source as much as 300 mA, and the indicator outputs (10) each can sink up to 30 mA. 
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This delay time is given by 
Td=CVREF/lo, where lo is approxi­
mately 200 µA. 

The MC3424's modified band­
gap voltage reference (Fig C) 
employs one additional small­
value resistor (RA) in the unit-area 
device's emitter. This construction 
reduces the amplifier's transcon­
ductance (gm) without lowering its 
current. Large-value resistors for 
Ra and Re would normally be 
required for gm reduction by a 
more classical approach. 

This gm reduction allows you to 
capacitively load the band-gap 
reference with a wide range of 
values. You can thus improve 
the regulator's high-frequency­
transient performance without de­
grading its stability. 

Resistors RA and Ra are laser 
trimmed to provide the reference 
voltage's initial ± 1 % tolerance 
and ensure a typical TC of 50 
ppm/°C. This precision allows you 
to more accurately define your 
voltage-sense limits in production 
without tweaking. 

The basic MC3424 output cir­
cuitry shown in Fig D demon­
strates the solution to a problem 
that other circuits of this type 
suffer. Although you would like the 
output drive to be OFF (ie, the 
output comparator holding transis­
tors 02 and Q3 OFF), a rapid Vee 
rise can cause the parasitic ca­
pacitance at Q/s base and Os's 
collector-base junction to gener­
ate displacement currents (la and 
lea), which then enter node A. 

If transistor Q4 is OFF, this 
parasitic current drives the base of 
the Darlington output device and 
creates a spurious output. In the 
MC3424, though, transistor Q4 is 
turned on through resistor R, 
sinking the displacement current 
when the supply has risen above 
approximately 0.7V. This tech­
nique permits 'supply turn-on volt­
age dv/dt to exceed 200V/µsec 
before 1 mA of parasitic output 
drive current is generated. 

For a data sheet on the 
MC3424, Circle No 449. 
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INPUT 
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' ' ' ' I 
OUTPUT 
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::!::c 
I 
I 

Fig 8-Programmable input hysteresis results from controlling the current flow 
through the MC3424's inverting inputs' diodes. Tying an external resistor (R~ to each 
inverting input generates a hysteresis voltage equal to the diode current (typically 12 
µA) times the resistance value. 

Vee O>-------

VREF 0------.­
(2.5V ± 1%) 

A 
LASER 
TRIM 

RA~Re 

BA 

(A= UNIT-AREA 
EMITTER) 

Fig C-The MC3424's on-chip 2.5V band-gap voltage reference can supply as much 
as 10 mA to the outside world. The additional resistor RA reduces the amplifier's gm and 
stabilizes the amplifier against high capacitive loading. 

------------------------" Vee 
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Fig 0--Spurious output pulses can't occur with this desigl1--f3ven when the supply 
voltage first turns on. Here, Q4 turns on as soon as the supply exceeds 0. 7V-an action 
that shunts the displacement currents le and Ice to ground. 
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Programmable hysteresis simplifies 
tight voltage comparisons 

an internally generated untrimmed voltage. This 
arrangement tends to constrain usage to one particular 
application type; ie, always sensing over/undervoltages 
above the reference. And for single-positive-supply 
operation, this limitation automatically excludes all 
negative voltages. You might also be unable to easily 
disable any one of the input functions for a specified 
time interval or adjust the input hysteresis to satisfy 
some particular input-noise requirement. 

An especially troublesome situation occurs when the 
on-chip reference voltage isn't available for external 
use; you can't employ this voltage as a system reference 
throughout your design. And if it's available but 
untrimmed, you often must trim all of the design's 
level-shifting resistors. Additionally, some power­
supply-monitoring !Cs have output-current capability 
too low to directly drive high-power transistors or SCR 
crowbars. Conversely, it's not unusual for some device 
types to produce a spurious high-current output pulse 
when the supply voltage first turns on. 

All of these drawbacks are designed out of the 
MC3424. The result? A device capable of wide-ranging 
applications, not the least of which are supply 
monitoring and fault detection. 

Fault finding made easy 
Even when operating with one supply voltage, each 
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15VOUT 

":" 5V 

Vee 
c, + 

10, 

c, - RH 

10, VREF 
":" 

c,+ 
c,-

DRV2 GND 

DLY2 DLY1 

- 15VOUT 

Fig 2-Fault-protecting two separate supplies is easy with 
the MC3424. If either 15V supply faults, the JC senses the 
condition and crowbars the appropriate SCR and fuse. The 
5V supply is necessary only if continuous LED fault indication 
is important. 

of the MC3424's input comparators can sense either 
overvoltages or undervoltages for all positive and 
negative values greater or less than the reference. And 
thiS sensing can occur with or without programmable 
hysteresis. Hence, you can implement all of the possible 
input-comparator configurations depicted in :fig 1 
without using additional devices. 

Consider a power-supply supervisory function, for 
example. Assume you want to monitor two separate 
and independent supplies for overvoltage faults: one at 
15V with hysteresis, the other at -15V without 
hysteresis. You can arrange the supervisory circµitry so 
that when either supply reaches an overvoltage level 
for more than a specified time, an SCR.crowbar blows 
its fuse and the appropriate indicator turns on. 

However, because both supplies can shut down 

+ 

Vee 

-----tlE 

MC 3424 

IO, OUTPUTS 
DRV2 

Fig 3-Without its input-enable option, the MC3424 would 
falsely sense a too-low voltage in this undervoltage detector 
during power-up. But when you connect the IC as shown, 
the IE input disables the c- sense input until C1 charges up 
to threshold. 

VR EF 
(2.5V) 

'=1.SV 

'=0.7V 

(a) 

'=1 .1V 
4 mvt•c 

+TC-+-+ -TC 

(b) (c) 

Fig 4--0btain positive and negative TCs from the 
MC3424's sense-reference level with the scheme shown in 
(a). A larger (but fixed) positive TC results with the circuit in 
(b), and (c) provides a method of achieving variable positive 
or negative values. · 
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simultaneously, in this case you should power the 
MC3424 from a third supply to activate the desired 
indication. Also, you must latch the appropriate output 
ON once the overvoltage occurs, because the crowbar 
removes the overvoltage condition. Achieve this 
latching capability merely by connecting the IC's 
Indicator Output pin (IO) to the Remote Activation 
input (RA) through a resistor (Fig 2). Then, during an 
overvoltage, the IO pin is pulled to ground, holding RA 
below the TTL threshold and latching both outputs of 
that channel ON, regardless of subsequent input 
conditions. You can unlatch the output by pulling RA 
above the TTL input threshold. 

Adjust the input hysteresis for the positive-voltage 
sensing by varying the IHRH product, and select the 
delay capacitors (Cn1 and CD:!) to meet your specified 
time-delay requirements. The gate and indicator output 
resistors serve to force the high~current outputs into 

AC 
INPUT 

AC 

lmt, 
....-/ INPUT 

COMPARATOR 

c -

c+ 

btdV= lo - -
dt C0 

I 

+ J OUTPUT 
C: MPARATOR 

--0---.1 

Fig &-AC-power-line monitoring can occur on a cycle-by­
cycle basis with the MC3424. If the peak ac input doesn't 
exceed a predetermined limit, capacitor Co charges to the 
output comparator's reference level, and a fault output 
results. 

~ T.j-+-
-Arj-

INPUT 
FROM ....___l 

SPEED ...,--, 
SENSOR 

INPUT 
C, + TYP COMP, 

+ X>--{ 

+ 

saturation, mmumzmg chip power dissipation in the 
Output Latched mode. 

Fig 3 demonstrates how you can employ input 
comparator 2 of the MC3424 to sense undervoltage 
conditions with hysteresis. Choose the R1C1 product to 
ensure that the sensed supply's undervoltage condition 
during power-up is not reported; to accomplish this 
function, C1 holds the high-impedance Input Enable pin 
(IE) below its TTL threshold. Resistor R1 subsequently 
charges C1 past the IE threshold and permits 
undervoltage monitoring of the sensed supply after that 
supply reaches its normal operating range. 

Hysteresis magnitude is determined by the 
IH(RAll RB) product, and internal charge current Io and 
capacitor Cn control comparator output delay. Note 
that input comparator 1 isn't disabled when input 
comparator 2 is unless the noninverting input (C1 +) is 
less than 0.9VREF· Because the comparators have an 
input common-mode range spanning V cc-1.4V, you can 
easily monitor relative voltages. Voltage Vi, for 
example, can be checked to see whether it's always 
greater than V2; likewise for V3 greater than V4. 
Similarly, you can sense whether V1 >V2> V3. And 
should a voltage lie outside the IC's common-mode 
range, you can use resistive scaling to bring it within 
that range. 

Track the sensed voltages' TC 
,Bt>metimes a sensed voltage has a well-defined 

temperature coefficient that you'd like to track. Several 
possibilities exist for generating both positive and 
negative TCs when you use the MC3424's reference 
voltage in conjunction with some external forward­
biased silicon diodes. 

Such diodes-with a TC of approximately -2 
mV/"C-<!an connect to the IC's zero-TC VREF pin to 
achieve an overall positive TC, a technique depicted in 

102 

+ 

/f/ 
UNDER 
SPEED 

,-v"' 
OVER 
SPEED 

Fig 6-0ver/underspeed conditions are sensed and flagged when on~ MC3~24 com'?arator works .a~ a zer?-cros~ing detector 
and the second functions as a variable-threshold detector. So long as the mput-s1gnal period (T p) falls within the time windows set by 
Co, and Co2, neither LED lights. 
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Dual 300-mA output stages 
drive SCR crowbars directly 

Fig 4a. And you can realize larger positive TCs by 
using the scheme shown in Fig 4b, incrementally 
adjusting those TCs with the method detailed in Fig 4c. 
Finally, you can easily realize negative TCs by 
connecting the off-chip diodes to ground. 

Monitor the mains 
The MC3424-based ac-mains monitor shown in Fig 5 

can sense a low ac-mains voltage occurring for any 
specified number of cycles. When the ac voltage is 
below the defined limit for that number of cycles, the 
MC3424's input comparator allows the delay capacitor 
to charge at a dv/dt determined by I0 /C0 . 

If the next cycle's most positive peak exceeds the 
limit, the comparator's output pulls the capacitor's 
accumulated voltage back toward ground. However, if 
the next cycle's peak doesn't exceed the limit, Cn 
continues to ramp up at the same uninterrupted rate. 
By selecting the appropriate value for Cn, you can 
determine how many cycles the circuit can miss before 
Cn's voltage reaches the output comparator's V REF 

threshold and triggers an output response. 

Sequential turn-ons are possible 
In another MC3424 application, you can interconnect 

one channel's IO pin with the other's RA or Delay 
(DLY) terminal and realize a sequential activation 
sequence. For example, if you hook up channel l's IO 
pin to channel 2's RA input, channel 1 triggers channel 
2's output, but 2 won't activate l's output. Alternative­
ly, if you couple channel l's IO to channel 2's DLY input 

INPUT 
COMPARATOR 

+ 

+ 
Ve I C 

so that l's output holds DLY LOW, a channel 1 output 
inhibits a channel 2 output without the converse 
condition being possible. Consider what other possibili­
ties exist if you permit interaction to occur with the IE 
pin. 

You can also generate sequential time delays. 
Connect the input comparators to a common input 
signal; by selecting different delay-capacitor values, 
you can then produce different time delays for each 
channel-with repeatability limited only by the capaci­
tors' tolerances and TCs. Independent high-current 
outputs then occur after a fixed time interval from the 
input's transition. 

Try a 2-input, variable-threshold AND 
By copnecting channels 1 and 2's DLY pins together, 

you can obtain a 2-input, variable-threshold AND 
function, with or without delay. If you also connect the 
drive and indicator outputs together, you double the 
minimum drive and indicator output currents to 600 
and 60 mA, respectively. Furthermore, by making use 
of the IE function's TTL threshold, you can create a 
3-input AND gate. 

You can also realize an OR gate. Connecting channel 
2's indicator outputs together accomplishes half the job; 
you must also OR the drive outputs with a pair of 
off-chip diodes capable of handling the 300-mA current 
levels. Connect each diode's anode to the individual 
channel's outputs and obtain the ORed output at the 
common-cathode point. 

Over/underspeed indicator works continuously 
The indicator depicted in Fig 6 demonstrates how you 

can use one comparator in the MC3424 as a zero­
crossing detector with hysteresis while the other acts 
as a variable-threshold detector. Here the object is to 

Fig 7-lmplement either a fixed-frequency sawtooth or a voltage-controlled pulse-width modulator with this design. When ViN is 
constant, the sawtooth's period is determined only by the relationship shown. But when you modulate ViN. the varying point at which 
the sawtooth's peak exceeds the reference voltage determines the output pulse 's width. 
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latch an indicator ON when an underspeed situation 
occurs anq continuously indicate overspeed conditions. 

Assume the ac input (with period Tp) comes from a 
speed sensor. Set input comparator 1 to switch with a 
hysteresis voltage of !HRH for any positive-input zero 
crossings. Under these constraints, Co1 ramps to a 
voltage of I0Tp/2Co1 before the negative-going input 
cycle pulls the capacitor back toward ground. At speeds 
below the desired limit, the capacitor's voltage exceeds 
not only output comparator l's threshold, but also input 
comparator 2's during the positive-going input interval 
(Tp/2). 

This action clamps the DLY2 voltage to ground and 
turns channel l's outputs on. And because channel l 's 
IO pin connects to the RA pin, the output latches up 
and indicates that an underspeed condition has 
occurred. During the negative-going input cycle, 
DLY1's voltage clamps to ground, and DLY2's voltage is 
allowed to rise. Choose Co2 for worst-case minimum 
speed, however, so that DLY2's voltage can't reach 
output comparator 2's V REF threshold before the next 
positive input occurs. 

When the speed increases to the design range, 
DLY1's voltage doesn't reach output comparator l 's 
threshold but does continue to exceed input comparator 
2's, thereby always resetting Co2. This action allows 
channel 1 to unlatch if RA1's input voltage gets pulled 
above the TTL threshold. Thus, both outputs remain 
OFF when the input speed lies within range. At speeds 
above the design limit, Co/s voltage remains below the 
thresholds of both input comparator 2 and output 
comparator 1. Channel l 's output is OFF and Co2 

charges beyond output comparator 2's threshold, 

-=.. 9V 
Va i BATTERY 

CHARGE CURRENT 

INPUT 
c, - COMP, 

DLY, ) ·8v 

R 

INPUT 
COMP2 c, • 

producing a continuous channel 2 output so long as the 
input frequency (speed) exceeds the upper limit. 

RC oscillators are simple and stable 
Fig 7 shows an interesting method for using an 

MC3424 to create an RC relaxation oscillator. The 
design employs one resistor, one capacitor and an input 
comparator. Assume that the delay capacitor's voltage 
has just decreased past the input voltage VIN (due to 
the !C's pull-down current of transistor QA). This action 
activates the hysteresis current and produces an !HR 
voltage differential at the comparator's input. The 
internal pull-down current switches off, and the 
delay-capacitor voltage begins to rise at ·dv/dt equal to 
(Io- IH)/C. When this voltage reaches !HR, the input 
comparator's voltage changes sign and switches the 
hysteresis current off. The internal pull-down current 
again switches on, causing the capacitor's voltage to 
decrease until the comparator again switches and 
repeats the cycle. Thus, the sawtooth waveform's 
magnitude is !HR, and its period equals RCIH/(Io- IH). 
Note that because IH/!0 is reasonably constant over 
temperature, supply-voltage and processing variations, 
you can tightly control the oscillator's frequency 
through RC selection alone. 

Fig 7's design lends itself to pulse-width-modulation 
schemes, too. In those cases, an analog input signal 
(V1 ) modulates the output pulse's width but not its 
oscillation frequency. The output pulse is ON for the 
time during which the sawtooth's peak exceeds the 
output comparator's threshold. Applications for this 
class of proportional controller include switching 
regulators, motor controllers and thermal regulators. 

+ 

DLY1 

DRV1 
~ 

10, 

CHARGE 
INDICATOR 

J----<lC 
....n-----<D--... 0.8V V 

8 

c, -
BATTERY/CHARGE 

g_QV --'" ~~£ -. l:RH=200 mV 

8.8V -~~t 
OOM"""'O' I 

BATTERY DECAY 

Fig 8-Battery charging occurs when the MC3424's input comparator 1 senses that the battery's voltage has dropf?ed below the 
combined 8.8V reference and 200-mV hysteresis voltage. Comparator 2--here used as an op amp-raises the on-chip reference to 
8.8V. Because the IC can use any supply voltage between 4.5 and 40V, you can adapt this design to any requirement so long as the 
300-mA max charge-current limit isn't exceeded. 
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Built in delay functions suppress 
power-up false triggering 

Charge a battery with one IC 
As a final example, the battery-sense and-charger 

design detailed in Fig 8 exploits the MC3424's input 
comparators as op amps. Here, you scale up the on-chip 
reference voltage to 8.8V by applying feedback around 
comparator 2. (Note that you must keep the input 
voltage to the op amp below the hysteresis-threshold 
level to eliminate the positive-hysteresis loop's oscilla­
tory tendencies.) 

Comparator 1 uses this 8.8V level as the reference on 
its noninverting input and senses the battery's voltage 
through its inverting input. The base current of the 
input pnp transistor associated with the inverting 
input, although small, actually tries to charge the 
battery in the Sense mode rather than discharge it. 
Hence, this design (unlike others) offers true "no-load" 
battery-monitoring capability. 

When the battery voltage falls below the 8.8V 
reference, comparator 1 turns the hysteresis current 
and outputs on. The output charges the battery at a 
current rate limited by resistor R until the battery's 
voltage equals 8.8V plus the 200 m V IRR hysteresis 
voltage. (Eliminating R allows you to achieve a 300-mA 
rate. ) Then comparator 1 again switches and turns off 
the charge cycle and LED indicator. EDN 
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Network-analysis program 
runs on small computer system 

Edward Niemeyer, Intel Corp 

You can analyze a large number of network-element 
types by running the program discussed in this article 
on a Hewlett-Packard HP 9825 desktop computer. With 
memory requirements of approximately 13k bytes, it 
favors network-data storage over program-memory 
requirements-a plus in small computer systems. 

0: 
l: 
2: 
3: 
4: 
5: 
6: 
7: 
8: 
9: 
1 0 
11 
1 2 
1 3 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
2 7 
28 
29 
30 
3 1 
3 2 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
5 0 
5 1 
52 
5 3 
54 
55 
5 6 
5 7 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

126 

" NET*80" :dim A[l0,1 0] , B[l 0 ,10] , P[ l 0 , 10] ,Q[l0 ,1 0 ] , R[l0 ,1 0 ] 
dim S[l0,10] ,I[ 2 0] 
dim T[20] ,M[20] ,N [ 20] , 0 .[2 0 ] , L [ 20 ] , Z[ 20] 
l+J 
l•I 
O+P[I ,J] 
O+ Q[I,J] 
O+R[I,J] 
O•S[I,J] 
if I <l O; I+l•I ;gto 5 

J + l+J; if J <ll; g t o 4 
l • X;O • T[X] 
O• N 
prt 11 1 RES I STOR" 
prt " 2 CAPl\C ITOR " 
prt " 3 I NDUCTOR " 
p r t " 4 TRANS L INE " 
p r t "5 SHORTED STUB " 
pr t "6 OPEN STUB" 
p r t " 7 OP- AMP" 
p r t "8 NPN TRANS " 
prt "9 FET" 
prt "10 STOP " 
pr t " 1 1 ANA LYZE " 
prt 
pr t 
O•r 6 ; en t " SELECT FROM LI ST••••••••••••• " , r6 ; prt 
i f r 6=l ; p r t 11 (1) RES " ;g t o "re s" 
if r 6=2;p rt " (2 ) CAP " ; gto " c a p " 
if r 6 =3;prt 11 (3) IND" ; gto " in d " 
if r6 = 4;p r t " (4) T-LI NE " ;g t o "t.line" 
if r6 =5;prt " (5) S- STUB "; g t o "s . stub" 
if r6=6 ; p r t " (6) 0-STUB" ; g t o " a . s tu b " 
if r 6 =7; pr t " (7 ) OP- AMP " ;gto "op . amp " 
if r 6 =8 ; p rt " ( 8) NPN"; gto "npn" 
if r 6=9; p rt "( 9 ) FET"; g t o " f e t " 
if r 6=1 0 ; p rt "(10 ) PGM FIN I SH "; s t p 
if r6=ll; p rt "(11) ANl\LYS I S "; g to " a n al" 
g to 26 
"t.line " : l+T[ X] ; e n p " SHI ELD-I N" , M[ XJ 
enp "CENTER-I N",! [X] , "CENTER - OO T" , O{X) 
enp "SH IELD- OUT" , N[X] ;gto 44 
enp '·NODE A11 , M[X) 
enp "NODE B",N[X] 
en p 11 Zo 11 , z [X) 
enp " QUARTER WA VE FREQ(HZ)?" ,L[ X] 
if I [ X]>N ; I [X] +N 
if M[ X] >N ; M[ X]+N 
i f N [ X ] >N;N [X] +N 
if 0 [X ] >N ; 0 [ X [ +N 
X+l • X;O • T[X] 
gto 26 
" s . stub" : 3•T [X] 
gto 42 
"o . s t ub" : 2• T [X] 
gto 42 
"res " :enp "NODE A",I," NODE B",J , "RES( OHMS)" , V 
l /V+ V 
gsb "res l" 
gto 26 
"ind":enp " N~DE A" , I ," NODE B" , J , "IND(Sy)•,v 
l/V+V 
gsb "ind l " 
gto 26 
"cap":enp " NODE A",I," NODE B" , J ," CAP(FARADS)" , V 
gsb " capl " 
gto 26 
" fet" :enp "GATE" , K,"SOURCE" , J,"DRAI N" , I , "GAIN{A/V) ", V 
J +L 
gsb " trans" 
q to 26 

Based on Schnider's algorithm (Ref 1), which uses 
the indefinite admittance matrix to solve network 
problems, the program (Fig 1) handles both passive 
and active network elements and even accommodates 
transmission-line analysis. It's wr itten in HPL, but if 
an HP 9825 is not available, you can easily translate this 
BASIC-like language into forms suitable for use on 
alternative computers. 

71: 
72 : 
7 3 : 
7 4: 
75: 
76: 
7 7 : 
78: 
79: 
80: 
8 1 : 
82: 
83: 
84: 
85: 
86: 
87: 
88 : 
89 : 
90: 
91: 
92: 
93: 
94 : 
9 5: 
96: 
97 : 
98: 
99: 
100 
1 01 
1 0 2 
1 03 
1 04 
1 05 
1 06 
1 07 
1 08 
109 
11 0 
111 
112 
11 3 
114 
11 5 
116 
117 
11 8 
119 
120 
121 
122 
1 2 3 
1 2 4 
125 
126 
1 27 
128 
129 
130 
131 
132 
133 
1 34 
13 5 
136 
137 
138 
139 
140 
1 4 1 

"n pn" :enp " BAS E", K , "EMITTER" ,J , "COLLECTOR", I , " BETA ", r 5 
enp "Rbe(OHMS) " ,V 
l/V•V 
I • L 
K+I 
gsb "resl " 
L•I 
J +L 
rS* V• V 
gsb " trans" 
gto 26 
"op . amp" :en p "+I N", K, " -I N", L , 11 - 00T" , I 
enp "+ OOT" ,J ," GA IN(V/V) ", rS ,"OUTPU'r RES (OHMS) ", V 
l/V+V 
gsb "resl" 
rS* V•V 
gsb "trans" 
gto 26 
"anal" :enp " I NPUT NODE ", E, "OUTPUT N3DE " , F;N - l+N 
enp "START FFEQ- Hz" , G,"STOP FREQ{HZ)",H 
enp " # DATA POI NTS ", M 
enp "FREQ SWEEP - LOG=O(LI N=l)",r6 
(H-G)/(M - l) +D 
lO'( l og (H/G)/ (M-1) ) +r4 
G•r0;0• r9 ; fxd 4 
r9+l• r9 
2*n*rO+W ; rad 
E• O; F+Z 
g sb "t. load" 

gsb "det" 
rS+ V;Z• U 
if (E+F)/2 = int((E+F)/2 ) ;gto 1 04 
U- l8 0•U 
E•O; E+ Z 
gs b " det " 
U- Z+U 
if V=0;-9999 •r7;gto 110 
if r5=0;9999 •r 7;gto 1 10 
V/r5• V;20* l og(V ) +r7 
if U>l80; U-360 • U 
if U< - 180 ; U+ 360+ U 
prt "FREQ" ,r O; prt :A~PL" ,V ; p rt "20LOG ",r7 
p r t ''PHASE",U;prt 
if r6=0; r O*r4•r O 
if r6#0; rO+D•r O 
if r9f.~ ;gto 96 
N+l+N 
gto 26 
"in dl": R[ I,I]+V• R[I , I] 
R[J , J]+il +R[J,J] 
R[I ,J] - V+R[ I , J] 
R[J , I] - V• R[ J , I ] 
if I>N; I • N 
if J>N;J • N 
ret 
"resl" :P{I,I)+V+P{I,I J 
P[J,J]+V+P[J ,J] 
P[I ,J] - V• P[ I , J] 
P [ J , I] -V +P [J, I] 
gto 123 
"capl" : Q[ I , I]+V+Q[I , I] 
Q [J,J ] + V• Q[ J , J] 
Q[I ,J]-V+Q[I , J] 
Q [J, I] - V+Q[J , I] 
gto 1 23 
"trans" :P{I , K]+V+P{I , K) 
P[J,L]+V• P[J , L] 
P[J , K] - V+P[J , K] 
P[I ,L] - V+P[I , L] 
if K>N; K•N 
if L>N: L•N 
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Without sacrificing speed, an easy-to-use program for a desktop computer 
lets you take full advantage of circuit-analysis techniques 

without the problems associated with large-scale time-shared computers. 

Getting the program started 
After loading the program, you start the analysis by 

pressing the 9825's Run key; the printer then displays a 
command list (Fig 2a). The first nine entries catalog 
the types of elements that the program accommodates; 
items 10 and 11 are Stop and Analyze commands. 

To illustrate program syntax and internal software 
functions, consider a simple RLC analysis problem (Fig 

1 42: gto 1 23 
14 3: "comp" : if N> 1 ; gto 14 6 
144: A[l , 1) • O;B [1, 1) •Z 
145: ret 
146: l • O 
147 : O• Z 
148: l•K 
149: K• L 
15 0 : abs(A [ K, K) ) +ab s ( B[K ,K) )•S 
151: K- l •I 
1 52 : I+l•I 
153: abs(A[I , K) )+abs(B[ I , K) )•T 
1 54: if S>=T;gto 156 
155: I•L;T•S 
156: if I#N;gto 1 52 
15 7 : if L= K; g to 1 6 3 
158: O•J 
159: J+l•J 
1 60: - A[K , J] • S;A [L,J) •A[ K,J);S•A[ L,J) 
161: - B [K ,J]•A; B [L,J)•B[ K, J) ; A•B[L,J) 
162 : if J #N ;gto 159 
163 : K+l+L; L-1•1 
164: I+l•I 
16 5: A [K , KJ *A[ K,KJ +B I K, Kl •a [K,KJ •A 
166: (A[I,K)*A[K , K]+o [I,K)*B[K ,K)) /A•S 
1 67 : (A[K,K)*B[I,K) - A[I,K)*B[K,K))/A•B[I , K] 
168: S• A[I , K) 
169 : if I #N ;gto 164 
170: K-l•C 
171: if C=O ;gto 179 
172: L-l•J 
173: J+l+J;O+I 
174: I+l•I 
175 : A[K , J )~A [ K ,I)*A[I ,J)+B[K,l)*B[I ,J) •A[ K,J) 
176: B[K ,J]-B[K ,Il*A[I,J)-A[K,I]*B[I , J] +B[K,J] 
177: it C#I ; g t o 174 
17 8 : if J#N ; gto 17 3 
179: K•C 
180: K+l•K ; K-l•I 
1 81: I+l•I;O•J 
182 : J+l•J 
183: A[I , K) -A[ I,J)* A[J , K )+B [I,J)* B [J, K) •A [I, ~ 
184 : B[I,K) - B[I ,J)* A[J , K)-A[ I,J)*B[J, K)•B[l, K 
1 85: if JfC ; gto 182 
1 86 : if l#N;gtol81 
1 87: if KfN;gto 149 
188 : l•L 
1 89 : int( N/2)+C 
1 90 : if N=2*C;gto 193 
191: O•L 
192: A[N , N)•O; B [N ,N]•Z 
193: O•I 
194: I+l•l 
19 5 : N-l+L• J 
196 : A[I,I)* A[J ,J)-B[I,I)*B[J , J) • S 
191 : A I 1 , r J • s r J, J J + 11 I J , J J •s I 1 , r I • II 
1 98 : o •s- z• A• T 
1 99 : Z*S+O* A+ Z 
200: T • O 
201: if UC ;g to 194 
202: ret 
203: "det" : N•r 5 
20 4: N-l•N 
20 5: O•I 
206: O•K 
207: K+l•K 
208: if K#O;q to 21 0 

3a). As a first step in this analysis, you must start at 1 
and consecutively number each node in the network, 
ensuring that at least one element connects to each 
node. 

Although the program interprets the highest node 
number as network common, you can assign any 
numbers you want to the input and output nodes. 
However, network excitation (an ideal voltage source of 

209: l • I 
210: O+J; O• L 
211 : L+l • L 
212: if LIZ ;gto 214 
213: l • J 
214: P[K+! ,L+J) • II [ K ,L] 
215: w•o1 K+I , L+J J - RIK+ r ,L+J J/w+s [.K+r, L+JJ • BI :< , LJ 
216 : if LIN ;gto 211 
217: if KIN ; g to 207 
218: g sb "comp" 
219: r5•N 
220: f(O *o+Z*Z) •r5 
221: Z• Y 
222: if O=O ;g to 228 
223: 180/n •atn(Z/O) • Z 
224: if 0>0 ; ret 
225 : Z+sgn(Y )*l80•Z 
226 : if Y= O;l80•Z 
227: ret 
228: 90*sgn (Y)•Z 
229: ret 
230: •t . load" :if T[l)=O;ret 
231: O• X 
232: O•rl 
233: rl+l+rl;O•r2 
234: r2+l+r2 
235: O• Sirl ,r2) 
236: if r2tN+l ; gto 234 
237: if r ltN+l;gto 233 
238: X+l•X 
239: if X>20; r et 
240: if T[X]=O;re t 
241: if T [X)=l; gto 24 7 
242: if T[X)=2;gto 266 
243: - l/ (Z[X)*tan(.25*W/L[X) ))•rl 
244: M[X ) • Q;N[X] •R 
245 : gsb 270 

·246: gto 238 
247 : - l/ (Z[X)*tan( . 25*W/ L[ X]))•rl 
248: M[X )+Q ; l[X)•R 
249: gsb 270 
250: N[X) • Q; O [X]•R;gsb 270 
251: l/(Z [X]*sin(.25*W/ L[X) ))•rl 
252 : l[X] •P 
253: N [X ) • R 
254: S[R, P ]-rl•S[R, P] 
255 : S[P , R]-rl•S[P,R) 
256 : O[X )•R 
257: S[R ,P]+rl•S [R,P) 
258: S [P , R] +rl•S [P, R) 
259: M [X) +P 
260: S[R ,PJ-rl•S [R,P] 
261: S[P , R]-rl•S [P, R) 
262:N[X )+R 
263 : S[R ,P]+rl•S[R ,P] 
264: S[P , R)+rl•S [P, R] 
26 5: gto 238 
266: l /( Z[X]*tan (.25* W/L[X) ) ) +r2 
267: l/(Z [X]*sin(.25*W/ L[X) ))+r3 
268: r3*r3/r2 - r2+rl 
269: gto 244 
270: S[Q , Q]+rl•S[Q,Q] 
271: S[R , R)+rl•S [R, R) 
272: S[Q ,R)-rl•S [ Q , R) 
273: S[R , Q)-rl• S[R , Q ) 
274: re t 
•3 99 

Fig 1-High transportability characterizes this network-analysis program. The BASIC-like HPL language in which it's written easily 
translates for use on computers other than the HP 9825. 
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Program places no restrictions 
on input/output-node numbering 

unit magnitude) is always between input and common, 
and output readings are presented in relation to the 
common terminal. Order of network-element entry is 
not critical because the analysis doesn't start until you 
select item 11 on the command list . 

To initiate program data entry for this example, 
enter a number from the command list and press the 
Continue key. (This key provides the same function as 
Carriage Return on a larger system, reactivat ing the 
computer at the end of data entry. ) The program prints 
the selected network element and then branches to one 
of. the subroutines shown in the command-list flow 
diagram (Fig 2b). 

NETBO 

DIM ENSION ALL 
ARRAYS 
TO ZERO 

PRI NT THE 
COM MAND LIST 

.._ __ -r----' (b) 

DISPLAY " SELECT 
FROM LIST" 

(a)-----~----
1 RESIS TOR 
2 CAPAC !TOR 
3 INDUC TOR 
4 TRANS LI NE 
S SHOR TED S TUB 
6 OP EN STUB 
7 OP - AMP 
8 NPN TRANS 
9 FE T 

PRINT THE 
NETWORK 
ELEMENT 

PRINT: 

10 STOP 
1 1 ANAL'IZ E 

COLLECT 
THE NETWORK l 

DATA 

" PGM FINISH " 

REST.LINE 
CAP OP.AMP 

IND FET 
O.STUB NPN 

S.STUB 

PERFORM 
THE 

ANALYSIS 
ANAL 

As the program accesses each subroutine (Fig 3b), it 
places each element value and related topology 
information into the appropriate P (resistive), Q 
(capacitive) or R (inductive) matrix and prints a 
permanent record of both the questions and the data. It 
continues this data-collection process until it has 
entered data describing the complete network. Fig 3c 
represents the final state of the P, Q and R matrices, 

Fig 2-The program accommodates a wide variety of 
network elements (a). A flowchart (b) illustrates the 
eiement-value collection sequence. 

128 

(a) © 0 (b) 
RES (c) P MATRIX (REAL) 

180 

0 0 0 0 0 
3.3 
µF 

INPUT & PRINT 2 NODES 

0 AND RESISTANCE 0 1 - 1 0 0 1V R R 

4.7 LOAD [P] WITH 
RES1 -1 1 0 0 mH CONDUCTANCE 0 

R R 

0 0 0 0 0 0 

CAP 
Q MATRIX (CAPACITIVE) 

c 0 - C 0 0 
INPUT & PRINT 2 NODES 

12) CA P AND CAPACITANCE 
NOOE A 
3 

0 0 0 0 0 
HO OE B LOAD [Q] WITH 1 CAP SUSCEPTANCE CAP1 
CAPC F ARADSJ 

-C 0 c 0 0 
3 . 3.:- - 6 

(3 ) IND 
NOD E A 

0 0 0 0 0 
1 
NOO E B 
4 IND 
I NOCH 1) 

R MATRIX (INDUCTIVE) 

1 0 0 -1 0 L L 
4. 7~ ..;.3 

(! ) RES INPUT & PRINT 2 NODES 
HOOE A AND INDUCTANCE 

0 0 0 0 0 
2 
~WO E B 
3 LOAD [R] WITH 
RES ( OHMS l IND SUSCEPTANCE IND1 
1 813 

111 l 

0 0 0 0 0 
- 1 0 0 1 0 L L 

0 0 0 0 
Fig ~To analyze a simple RLC network (a), the program uses similar subroutines (b) to add the resistive, capacitive and inductive 
components to their respective matrices (c). 
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ANAL 

INPUT: IN PUT NODE, 
OUTPUT NODE, 
START FREQ, STOP 
FREQ, #DATA POINTS, 
LOG/LIN SWEEP 

CALCULATE 
FREQUENCY 

DELTAS 

SET UP MASK: 
ROW=INPUT 

COLUMN =OUTPUT 

LOAD[S] 
WITH TRANSMISSION­

LINE DATA 

COMPUTE 
NUMERATOR 

ADJUST FOR 
EVEN OR ODD 

COFACTOR SIGN 

SET UP MASK: 
ROW=INPUT 

COLUMN= INPUT 

COMPUTE 
DENOMINATOR 

DO THE DIVISION 
ADJUST PHASE 
-180 °< 9< + 180 . 

PRINT: 
FREQ, AMPL 

20 LOG, PHASE 

( 11 l fl/JAL'(·:. I::; 
HIPUT t/ODE 
2 
OJJTPJJ T tlODE 
3 
·~Tn~:-··1 r ·1 :1.: -·~ -
. - ·~j 

:.:; i UP I" F:t:C! I. H:.::: .I 
16:3:31. 5 
U DATA PO ItHS 
7 
FF:EI} ::>l!EEP-LOG=O 
(Llt/=1) 
0 
FF:EO 
AMPL 
2(1LOG 
PHASE 

FF:EO 
AMPL 
20LOG 
PHA :3 E 

100. 0000 
(1. 93 62 

-(1. 572 ·j 
-20. 5:::22 

23:3 . 7'36 :3 
a.7423 

-2. 5::::::9 
-42.07 55 

FREO 546 . £,072. 
AMPL O. J?!S 
20LOG -:: .• 5·3 :;;9 
r·Hn::::: --·:-::.~1-·· 

;:·i;~EO t~:.:;7 .. _., '.7t< 
Ai'lPL O. ;j~~1::.~ .) 

20LOG -11::: . {'5t.:_:: 
PHASE -:3·7. ·;i9·:;:: 

FREG! 2'?87. 79 45 
AMPL 0.371 :3 
2(1LOG -!3. 594(1 
PHA :::E 68 . 17:3 ::: 

FF~ EO 69::: 5. 35 ·;:t. 
AMPL 0. 74 2·:: 
20LOG - 2 . 58 :::·~ 
PHA:::E 42. (1757 

FF~ EC! 1 t::.3:3 1. 50 00 
AMPL (1, '3362 
20LOG -0. 572'? 
PH fl'=:[ 20. 5::::: :: 

respectively, for this example. 

Justifying matrix construction 
Note that data for each passive element appears, in a 

perfectly symmetric manner, at the corners of a square 
in the appropriate matrix. Furthermore, this data is 
centered on a diagonal, with the node numbers defining 
both row and column position. To show why this 
appearance results, write the current equations in 
terms of the node voltages. For nodes 1 through 4, 

sC(V1 - Va) + (s~)<v1 - V4) = O 

( ~) (V2 - Va) = 12 

(~) (Va - V2) + sC(Va - V1) = 0 

(s~)<v4 - V1) = -12. 

Collecting the terms by the various node voltages 
gives all of the coefficients for each respective nodal 
expression the dimensions of admittance: 

( sC + s~)v1 + (O)V2 + (-sC)Va + ( - s~) V4 = O 

Fig 4-Magnitude and phase calculations at each new 
frequency occur in the main analysis loop. The 201og value 
adds dynamic range to the program. 

(O)V1 + (~)v2 + (- ~)va + (O)V4 = 12 

(-sC)V1 + (- ~)v2 + ( sC + ~)va + (O)V4 = O 

( - s~)v1 + (O)V2 + (O)Va + (s~) V4 = -12. 

::::;. :: ··::::~.','··.'.:~:' .~-= .. ',':' 
::::~ =~ . 

SCALAR 
MULTIPLIER 

w =2nf 

NUMERATOR 
MASK 

COMPLEX DETERMINANT 

REAL IAI IMAGIBI 

EE EE 
mm mm fat ~mt: COMMON 

IN PUT 

......... ·. 

LL COMMON 
OUTPUT 

COMMON· 

t 

INPUT 

rw ~::;::::~ tm tli\~;~' ~ = ~ 
DENOMINATOR 

MASK 

COMMON 

Re[N] + lm[N] 

t 
MAG < BN 
--- ==:_> .MAG <B 
MAG < Bo 

t 
Re[D] + lm[D] 

EE EE 
REALIAI IMAGIBI 

Fig 5--The RLC network's input, output and common nodes define the masks used to create the real and imaginary parts of the 
complex determinants for the numerator and denominator. The quotient of the complex vectors prints as a magnitude and phase. 
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Active-device modeling approach 
parallels that for passive units 

Then, separating these coefficients into resistive, 
capacitive and inductive components shows that the 
complex-frequency terms containing s and l /s repre­
sent the only difference between those components and 
the P, Q and R matrices. But these frequency terms 
factor out because they are scalar multipliers in both 
the Q and R matrices. 

Getting down to cases 
With this justification of the program's data-entry­

phase operation, you're ready to begin the network 
analysis. Enter 11 from the command list. After 
collecting input and output node numbers, start and 
stop frequencies and the number of data points for the 
frequency sweep (including starting frequency), the 
HP 9825 runs through the program and provides a 
printout. This data is actually the quotient of two 
values returned from the DET subroutine (Fig 4). 

(a) 
DET 

At every frequency, each element of the P matrix 
passes through its corresponding position in the 
numerator-blockout mask to form the real part of the 
matrix's complex determinant (Fig 5). With appropri­
ate. frequency adjustments, the Q, R and S matrices 
receive similar treatment for summing into the 
determinant's imaginary part. After similar treatment 
of the denominator, the program then evaluates the 
determinants and converts the information into polar 
coordinates to present as final output data. 

The numerator mask suppresses the rows represent­
ing the input and common nodes and the columns 
representing the output and common nodes. Suppres- · 
sion of rows and columns representing the input and 
common nodes occurs in the denominator mask. Fig 6 
illustrates the details of this function, and Ref 2 offers 
the underlying theory and a treatment of the analysis 
method. 

When the computer finishes printing the frequency­
analysis data, the program returns to the command-list 
entry point. If necessary, you can then enter negative 
passive elements to modify various network values for 
further analysis. 

(b) 
COMP 

STORE MATRIX SIZE. 
CALCULATE SIZE OF 
DETERM INANT RESTORE 

MATRIX 
DIMENSIONS 

130 

INITIALIZE: 
ROW OFFSET= 0 
ROW COUNTER= 0 

ADVANCE ROW 
COUNTER 

INITIALIZE: 
COLUMN OFFSET= 0 
COLUMN COUNTER=O 

ADVANCE 
COLUMN 
COUNTER 

LOAD DETERMINANT 
Re: [PJ- IAI 
Im: W·[Q] - (R]/w + [SJ- IBI 

NO 

ROW 
OFFSET= 1 

NO 

COLUMN 
OFFSET=1 

EVALUATE 
THE COMPLEX COMP 
DETERMINANT 

YES 

RECTANGULAR­
TO-POLAR 
CONVERSION 

FIND .AND MOVE 
" LARGEST" VECTOR 
TO " TOP" ROW 

CALCULATE ROW 
COEFFICIENTS 
FOR REDUCTION 

REDUCE ALL 
ROWS BELOW 
REFERENCE 

NO 

CALCULATE 
PRODUCT OF 
DIAGONAL TERMS 

INCREMENT 
REFERENCE­
ROW POINTER 

Fig 6-The program creates the complex determinant by deleting two rows and columns from the indeterminant matrix (a). The 
determinant is upper triangulated, and the product of the diagonal elements returns in Cartesian coordinates (b). 
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(a) 

© 

0.035 -O.D35 0 

0 0 0 

-0.035 0.035 0 

0 0 © 

+ Voo 

2.7k 

0 
0 (b) 

© 

FET 

INPUT 3 
NODES AN D 

TRANSCONDUCTANCE 

LOAD [P] 
WITH 

TRANSCONDUCTANCE 
TRANS 

2 
SO IJRCE 
1 
DRAIN 
3 
GAJN ( A/ Vl 

1.0000 
33 .9 3 18 
30.6121 

-180.0000 

Fig 7-An FET is readily analyzed in an admittance matrix because its first-order ac model (a) is a simple transconductance. 
Although not centered, the FET's transconductance contribution to the P matrix (b) does appear symmetrically. 

,:. +tr;.) =-1- + ( _/L) 
rbe . rbe 0 

(b) 
=-1- _1_ 0 
'be 'b• 

(~) ( t.) 0 

0 0 © 

npn 

© 

0 

@ 

2 
EM I TT EF· 
1 
COLL ECTOP 

RES1 BETA 
121) 
F."b e (O HM·:. l 
·~ E. O 

20LOG • OO:::o 
PH~SE - I . ~~~O 

FF:E.( 
AMPL 
20LOG 
PHA:::E 

rF"EO 
AMr"l 
2~:1LOG 
F HA ·:.E 

l . . ) -=~ ;:~ .:1 
.:1 . ::;;·70 

-1. ! ;:·~·? 
(1 . t)i)~l(i 

Fig 8--For network analysis, the program models an npn transistor as a resistance and a transconductance (a). It then loads 
these elements separately into the P matrix (b). 
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Z-mismatched transmission lines 
appear to contain active devices 

Active devices present no problems 
The approach to active-device modeling is similar to 

that for passive devices. Because an FET's first-order 
ac model is merely a transconductance (Fig 7), this 
type of active device is the simplest one for analysis in 
an admittance matrix. Note that interelectrode compo­
nents (such as capacitance) between existing nodes 
require no additional memory space--you can handle 
them as you would any passive component. 

You can model any other type of transistor as a simple 
extension of the FET by calculating the equivalent of 
its input voltage from the values of input current and 
base-emitter resistance (Fig 8). For this circuit model, 
P-matrix loading requires two separate steps: First the 
program loads the resistive component rbe; then it 
calculates the transconductance (using the transistor's 
base-emitter resistance and current gain ~) and loads 
that quantity into the P matrix. 

Op-amp modeling usually utilizes a differential­
voltage-gain block with a defined output impedance 
(Fig 9). With the same subroutines used for the 
transistor, the program calculates the block's low-

2.7k 

(b) 

8 ++ 
VIN 

1_ 
1V 

0 

(c) 

---=-8___ _ A_ 
0 

_ 1_ -.::..L 0 Rour Rour Rour Rour 

_ A_ ---=-8___ 
0 -.::..L _1_ 0 Rour Rour Rour Rour 

8 0 0 0 0 

frequency Norton output equivalent and loads it into 
the P matrix as a resistance and transconductance. 

What about transmission lines? 
The program also accommodates transmission-line 

analysis, but this type of passive network element 
presents an interesting problem-you must model it as 
an active device (Fig 10). 

A transmission-line analysis starts with this equation 
(Ref 3): 

Limiting the model to lossless lines and assuming 
implied line reciprocity, applying hyperbolic-to-circular 
identities yields 

11 = (z
0 
~~n o)E1 + (z

0 
~in o)E2 

I2 = (zo ~~n fJ )E2 + (zo ~in fJ )E1. 

In each of these equations, the first and second voltage 
coefficients are admittance and transadmittance compo­
nents, respectively. 

A significant difference exists between this transmis­
sion-line model and the models cited earlier-you can no 
longer factor the complex frequency term out of the 

OP AMP 

INPUT 4 NODES 
GAIN AND Rour 

LOAD [P] 
WITH 

RESISTANCE 
RES1 

TRANS 

( 7J OP-AMP 
+IM 
I 
- It! 
2 
-OUT 
5 
+O UT 
4 
GA IM ( 'OV) 
1000[1[1 
OUTPUT RE'.> (OH MS l 

FRHl 
AMF'L 
2•3LOG 
PHASE 

FREI} 
AMPL 
20LOG 
PHASE 

I. 000•) 
I. 1}0[11) 
C1 . (11)00 
~1 . ~1(1(1 €1 

I . 1)00[1 
1. ca:1tH) 

-0. (1(103 
0. [11)1)(1 

Fig ~Two-port modeling is illustrated by this noninverting-op-amp circuit (a). The program calculates the circuit's low-frequency 
Norton equivalent (b) and loads it into the matrix (c) as a resistance and transconductance. · 

132 EDN FEBRUARY 4, 1981 



(b) 
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Fig 10-Transmission lines appear to contain active devices at generator and load (a). S-matrix loading (b) occurs at each new 
frequency because the admittance parameters are trigonometric functions of frequency. 
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Pree Tl·57 programmable 
ealeulator with our new 
Open Frame Swlt.eb~. 

Powertec new 150W quad output open frame ValuSwitchers'" 
19C-A01 -A + 5V @ 20A, ± 12V @ 4A, - 5V @ 4A 
19C-B01-A + 5V @ 20A, ± 12V @ 4A, + 24V @ 2A 
19C-C01-A + 5V @ 20A, ± 15V @ 4A, - 5V @ 4A 
19C-D01-A + 5V @ 20A, ± 15V @ 4A, + 24V @ 2A 

MAIL COUPON WITH PURCHASE ORDER 
FOR POWERTEC 'S SPECIAL OFFER AND GET 
YOUR PROGRAMMABLE CALCULATOR FREE! 
(One to a customer, limited time offer. ) 

D Yes, I'd like to make my own evaluat ion. My company 
purchase order is enclosed listing the desired 150W Valu­
Switcher at $245 and free Tl -57 Programmable Calcu lator. 

D 19C-A01-A D 19C-C01-A 
D 19C-B01 -A D 19C-D01 -A 

D Send me complete information on your new full line of 
Series 19 ValuSwitchers. 

The figures are all in your favor-simply buy a new Powertec 
150W quad output fully-regulated ValuSwitcher tor only 
$245 (our 100 unit price) and get a free Tl-57 programmable 
calculator ($75.00 value) for use on your job. 

We're making this special offer so you can test and 
compare Powertec features, dependabil ity, quality and cost 
with what you 're using now. We f igure the ValuSwitcher will 
prove it has more of what you 're looking for- in the same space. 

These ValuSwitchers feature: DC Outputs: Fully regulated, 
OVP on all outputs. Size: 2.5" x 4.8" x 13.6" (OL-150 replacement). 
Widest AC Input Range: 90-1321180-264 VAC. Tight Load 
Regulation: All outputs ± 0.2% except -5V, ± 1% . Brownout: 
85 VAC or 170 VAC. Holdup: 20 ms minimum from nominal 
line. Safety: Designed to UL4 78, VOE 804, CSA 22.2 and 
/EC 435-Basic. EMI: Designed to meet FCC requirements. 
Field strappable: 1151230 VAC. 

Need power fail module or cover? These options and 
a lot more are yours in Powertec's full line of new Series 19 
ValuSwitchers-your choice of semi -regulated or fully 
regulated models in four standard voltage combinations at 
power levels of 50, 150 and 300 watts. 
For more information, Circle No 60 

Name 

Company Name 

Address MS No. 

City/State /Zip 

Phone/Area Code/Number EDN -2 

D.C. Power Supplies 
POWERTEC, INC., DEPT. VS. 20550 Nordhoff Street, Chatsworth, California 91311 (213) 882-0004 TWX 910-494-2092 





Three Interconnecting modules, no 
hard wiring and you get the 
Switching Power Supply of the 80's 

Customer: What 's the significance of 
the 3 modules? 
ACDC Salesman: In the past , every­
body including ACDC produced specific 
switchers for given applications. You 
know, assemble the components in a 
box, wire them and then tweak and test 
and trim, etc. In our RS/RT switchers, we 
produce large quantities of three basic 
modules, and then test the daylights out 
of them, followed by full load, high temp 
burn-in. 
Customer: What modules are you talk­
ing about and how do they work? 
ACDC Salesman: OK, we produce in­
put modules, converter modules and out­
put modules. We have 16 different board 
modules that make up 50 different power 
supplies. We take various combinations 
out of stock and assemble them in a 
chassis, interconnecting them through a 
mother board. It's fast , reliable, and it 
eliminates hard wir ing. 
Customer: I see, you can make up most 

LSI Control 
(low parts . count) 

Complete steel 
EMI enclosure 

High power, 
High reliability 
switching 
Transistors 

High frequency 
shielded power 
magnetics 
(low radiation) 

2 section 
output Filter 
(low ripple) 

Cont rol 
bar rier 
str ip 
(Remote sense, 
inhibit , margin) 
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any switcher I could want right out of 
stock. You say no hard wiring .. .what 's 
wrong with wiring? 
ACDC Salesman: Harnesses are a 
point of potential failure. There are possi­
ble cold solder joints vulnerable to every­
thing including shipping vibrat ion, not to 
mention noise considerations in how the 
harnesses are placed throughout. No 
one has ever successfully introduced a 
switch ing supply without hard wiring until 
our RS/RT Series. 
Customer: When you say you test the 
daylights out of them , give me some de­
tails. 
ACDC Salesman: OK First , all of our 
active devices are 100% screened. We 
stable bake, temperature cycle , and then 
100% electrical test. All to MIL-STD-
8838. The modules themselves are com­
puter tested. When we assemble them 
into the final unit , we first Auto-Test, then 
burn-in for 48 hours at 50 °C under full 
load, cycled, Auto-Test again with com-

Extra large 
Computer grade 
storage Capacitors 
(high reliability 
holdover time) 

11 S VAC/230 VAC 
changeover 

puter print out- serialized. You get one 
copy of the hard test data and we keep a 
copy. In other words we all know exactly 
what you 're getting . 
Customer: Everything sounds good, but 
what about the cost? 
ACDC Salesman: Simple. We save you 
money because instead of building a 
hundred of these and fifty of those, etc ., 
we continuously build thousands of the 
same modules each month. That saves 
us, and you, money. We test everything 
thoroughly and that eliminates warranty 
returns, reworks and all those costly 
problems. Believe me, if you 've ever 
seen the production of power supplies, 
you 'd know we have a uniquely superior 
product here ... and, at a fantastically low 
price. 
Customer: It sounds to me like you 've 
brought power supply technology up to 
date. 
ACDC Salesman: Thanks .. . we think our 
RS/RT Series are the switchers of the 80's. 

RS Series/Single Output 
SINGLE OUTPUT 

OUTPUT 
OUTPUT CU RRENT 

VOLTS RSSO RS100 RS1SO RS300 RSF37S 

2 10.0 20.0 30.0 60.0 -
s 10.0 20.0 30.0 60.0 7S 
6 8.0 9.0 2S.O SO.O -

12 4.S 9.0 13.S 27.0 31 
1S 3.6 7.2 10.8 21.0 2S 
18 3.0 6.0 9.0 18.0 -
24 2.S 4.S 7.0 13.0 1S 
28 2.0 4.0 6.0 11 .S -

RT Series/Triple Output 
MULTIPLE OUTPUT 

TRIPLE QUAD 

RT1 00 RT1 SO RT300 RQ300 

MAIN OUTPUT SV 20A SV 30A SV 60A SV 30A 

12V 2A 12V SA 12V SA. 12V SA 

AUXI LIARY 1SV 2A 1SV 4A 1SV 4A 1SV 4A 
OUTPUTS SV SA SV SA SV SA 

24V 2A 24V 4A 

MAX. POWER 100W 1SOW 300W 300W 

These Powe r Supplies are sh ipped with 
the industries most c omplete instr uct ion 

Interconnect ing strip manual. 
SEND FOR 
COMPLETE 
CATALOG 

(no wi re harness) , 

II 
ll Mll .. BDN 

electronics 
401 Jones Road, Oceanside, Cal ifo rn ia 920S4 
Telephone 714/7S7-1880 
211 West Clay Avenue , Roselle Park, New Jersey 07204 
Telephone 201 /241-6077 

For more information, Circle No 61 
EDN FEBRUARY 4, 1981 



Low-cost instrument 
measures 4-decode power 
Using standard parts, a watt/watt-hour meter calculates power 
consumption for line-powered devices over an extremely wide 

measurement range-2W to 2 kW FS. And its multiple analog and digital 
outputs allow both direct and time-related power readings. 

Jim Williams, National Semiconductor Corp 

If you must monitor the usage of costly electricity in 
commercial, industrial or consumer equipment designs, 
build the inexpensive but versatile watt/watt-hour 
meter described in this article. It resolves power 
measurements to as low as O.lW, achieving 2% 
accuracy over 25±5°C. And it can determine the power 
consumption of any 115V ac unit, from large factory 
machines to small hand-held tools. The instrument 
requires only about $175 worth of off-the-shelf parts, 
whereas many conventional power meters cost much 
more and provide lower performance. 

To handle a wide variety of power measurements, 
mostly in cases where energy conservation has high 
priority, the instrument provides three analog and two 

115V 
AC ­

LIN E 

CU RRENT 
SHUNT 

FULL-SCALE 
SENSITIVITY 

VOLTAGE-TO­
FREQUENCY 
CONVERTER 

200W 

POWER 
(WA TIS) 

MULTIPLIER 

FLOATING 
± 15V POWER 

SUPPLY 

DIGITAL· 
DIVIDER 
CHAIN 

digital power-related outputs. One analog output­
serving a 200-µA FS meter-displays power values in 
watts. Another furnishes 0 to 5V for driving strip-chart 
recorders, while the third supplies instantaneous­
power-output levels for use in external-tracking 
applications. One of the digital outputs-a readout­
indicates time-based or watt-hour readings; the second 
supplies watt-hour data for use by external equipment. 

A look at the overall approach 
The watt/watt-hour meter's design is straightfor­

ward (Fig 1). The device under measurement plugs 
into a standard 115V ac outlet mounted on the 
instrument's front panel. With line power applied, the 
ac voltage across the monitored load passes through a 
resistor divider and feeds (via an op amp) to an analog 

TRANSFORMER­
COU PLED 

ISOLATION 
AMPLIFIER 

+103 = 2W-HR 

-104 = 20W-HR 

-105 = 200W-HR 

-10s = 2000W-HR 
COUNTERS 

AND 
DIGITAL 

WATT-HOUR 
DISPLAY 

INSTANT 
ANALOG 
OUTPUT 

ANALOG 
WATTMETER 

STRIP­
CHART­
RECORDER 
OUTPUT 

INSTANT 
DIGITAL 
OUTPUT 

Fig 1-An inexpensive watt/watt-hour meter incorporates (in series) a current shunt, voltage- and current-sense amplifiers, a 
power multiplier and a transformer-coupled isolation amplifier. These circuits generate amplitude-modulated pulses that represent 
the monitored device's instantaneous power consumption, measured in watts. Voltage-to-frequency conversion precedes a counter 
and a digital display of power levels in watt-hours. 
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Single low-resistance shunt 
handles all four power ranges 

power multiplier. 
The voltage across a low-resistance shunt represents 

the current through the load. Even when measuring a 
20A max flow, this shunt needs only 133 m V-a feature 
that eliminates high-resistance-current-shunt inaccura­
cies. Additionally, by accommodating all four power 
ranges-2, 20, 200 and 2000W FS--the single shunt 
eliminates the need to switch-in high-impedance shunts 
for high-sensitivity scales. 

The instrument's measurement technique utilizes the 
low input error in a current-sense amplifier, whose 
output also goes to a power multiplier. Switchable gain 
within the amplifier makes possible the 4-decade 
sensitivity setting. A 4-quadrant configuration, the 
power multiplier produces an output representing the 
test load's true instantaneous-power product (Ex!), 
regardless of the load's relative voltage and current 
phases. 

Because the multiplier and its associated voltage- and 
current-sense amplifiers connect directly to the ac line, 
though, they require a floating ±15V power supply. 
Consequently, you can't safely monitor their outputs 
with grounded test equipment, such as strip-chart 
recorders. To deal with this problem, the multiplier's 
output drives an isolation amplifier that operates at 
unity gain but has no galvanic connection between its 
input and output terminals. The amplifier employs 
pulse-amplitude-modulation techniques in conjunction 
with a small transformer. By grounding its output, you 
can safely connect test equipment to all circuits 
following the transformer. 

In addition to driving an analog meter and a 
strip-chart recorder, the isolation amplifier's output 
also biases a voltage-to-frequency (V/F) converter, 
which in turn combines with digital counters to form a 
digital integrator. This circuit translates the amplifier's 
analog outputs into time-related power levels. Varying 
the counters' divide ratio (and thus the power levels) 
produces the instrument's four watt-hour ranges. 

Multiplier portrays instant power 
The hardware implementation of this overview 

appears in Fig 2. At the ac-line input, voltage division 
occurs in the 100- and 4.4-kO resistor string. Connected 
to this string, A2A serves as a buffer amplifier and feeds 
the voltage-sense input to the power multiplier. Also 
working off the line input, A1 monitors the voltage 
across the current shunt at a fixed gain of 100. Two 
1N1195 diodes and two 20A fuses protect A1 and the 
current shunt from shorts across the load's test socket. 
Receiving A1's output, amplifier A28 provides gain, 
calibrated wattage switching from 2 to 2000W FS and 
the power multiplier's current-sense input. 

Composed of amplifiers Aac and Aan and an LM394 
IC's dual transistors, the multiplier-a variable trans-
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conductance type-uses its current-sense input to vary 
a 2N2222 transistor amplifier's gain. This amplifier 
receives AZA's voltage-sense output as its input. 

At the multiplier's output, Aac produces an output 
representing the load's instantaneous power consump­
tion (Fig 3, trace A). This output in turn biases a 
pulse-amplitude-modulating isolation amplifier (AaA and 
AaB) and three transistors (Qi to Qa). 

Generating an oscillator output (trace B), AaA biases 
the Qi/~ switch connected across the transformer's 
primary. Meanwhile, AaB's negative input measures the 
pulses' amplitude at the transformer's primary. AaB 
then servo-controls the pulses to the same amplitude as 
those received at its positive input (biased by the 
multiplier's output). Transistor Qa provides current­
drive capability and completes AaB's feedback path. 

Trace C in Fig 3 illustrates how Qa's emitter voltage 
changes to meet the servo-loop requirements. Trace D 
shows the pulses applied to the transformer. Note that 
these pulses' amplitudes form an envelope whose 
amplitude equals the multiplier's output. 

115V 
AC 

LINE 

20A 

20A 

LM340L 

+ 
100~F 

mi100~F LM320L 

15V 
FLOATING 

-15V 
FLOATING 

15V 

POWER 
..----......_ TRIM 

NOTES: 
ALL DIODES 1N4148 m = FLOATING CHASSIS GROUND 
~ = CIRCUIT (EARTH) GROUND 
' = 1 % FILM TYPES 
'' = POLYSTYRENE TYPE 

# = GE 50-140034NDAA 
A1 = LM11 
A, = LF353 DUAL 
A3 = LF347 QUAD 
A4 = LM311 
As = LF398 
As = LF353 DUAL 

(P,) 

-15V 

Fig 2-Careful parts selection and skillful circuit design 
produce a test instrument that measures the power consumption 
of any 115V ac-powered device. The instrument provides a 
4-decade power-measuring rang&--2, 20, 200 and 2000W 
FS--at 2% accuracy and over 25:!:5°C. Three analog and two 
digital outputs accommodate a wide variety of internal and 
external power-measurement applications. 
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A 

B 

c 

D 

E 

TRACE VERTICAL HORIZONTAL 

A 5V/DIV 

B 50V/DIV 

c 5V/DIV 2 mSEC/DIV 

D 10V/DIV 

E 10V/DIV 

Fig ~uring instrument operation, the power multipli­
er's output (trace A) represents the monitored device's 
instantaneous power consumption. Biased by this output, 
A3A's oscillator output (refer to Fig 2) biases the 0 1/0 2 switch 
(trace B). Completing the feedback path to A3e. 03 changes 
its emitter voltage to maintain servo-loop needs. Via O,, O:i. 
O:i. A3A and ~e. amplitude-modulated pulses arrive at the 
isolation transformer's primary (trace D). Connected to this 
transformer's secondary, As's output represents a sampled 
version of the monitored device's power consumption (E). 

ADJUST 
":" (0·5V) 

OUTPUT 

INSTANT 
._.~~~~~~~~~~~ANALOG 

L.~-+~~~~~~~--'~::..::...::....:..:;__~~~~----, OUTPUT 
~ .... ~~-...IVIJ--~~-. 

50k 
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25k VOLTAGE 
TRIM 
(P4) 

- 15V 

150k• 

DIGITAL· 
DIVIDER 
CHAIN 

6 x MM74C90 

2W·HR 

20W·HR 

200W·HR 

2 kW·HR 

LM331 
6 V/F 

CON· 
VERT ER ,,_ __ 8 5 

10.001·· 
l µF 

15V 
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Pulse sampling and filtering 
smooth out power-signal levels 

The amplitude-modulated pulses appear at the 
transformer's secondary, which is referenced to the 
instrument's earth ground. Each pulse's amplitude gets 
measured by a sample/hold amplifier (A,;) whenever At 
generates a Sample command. Lightly filtered by the 
15-kil, 0.02-µF network, .A,;'s output provides a 
sampled version of the load's instantaneous power 
consumption (trace E). Heavy filtering by the 1-Mn, 
1-µF network's time constant produces a smoother 
version of the sampled power signal. This signal drives 
the watts analog-meter and strip-chart-recorder out­
puts via the A.,A buffer. 
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520 

~ 
a: 
~ 260 
0 
c.. 

I-

TEMPERATURE= 7.o·c 
COMPRESSOR DUTY CYCLE= 40 % 

I\.. 

I 0 .____. __ .... i ______ ...... i ____ ._J_....._ __ 

(a) 

0 1 2 

TIME (HRS) 

TEMPERATURE= 5.0 •c 
COMPRESSOR DUTY CYCLE= 46 % 

3 

520 - --+---+---->-t-----+--+---+--

a: 
~ 260 
0 
c.. 

0 

(b) 

I-

0 

TEM".f RATURE 
•g_ 
7 
5 

(c) 

J_ 

1 

POWER 
CO~UME 

"'!l 
260 
260 

j_ .1 
2 3 4 

TIME (HRS) 

D kW-HR COST COST 
PER CYCLE PER DAY PER YEAR 

0.104 $0.0998 $36.44 
0.119 $0.1147 $41.89 

Fig 4-Connected to the instrument's Chart Output 
terminal, a strip-chart recorder logs a refrigerator compres­
sor's power consumption at 260W for several hours. At a 7°C 
temperature setpoint, the compressor functions at a 40% 
duty cycle (a); lowering the temperature to S°C increases this 
duty cycle to 46% (b). Extrapolated data (c) shows that the 
lower temperature results in increased kilowatt-hour con­
sumption per cycle and therefore in higher operating cost. 

10 r 

8 I-

SIDE BURN 
ATTACHMENT ----, 

OFF f'1fr-' 

~ 6 l-
a: w 
~ 
~ 41-

2 I-

9 -....~.:::=!~~--__J.lL-~~j_.J......_~~~J_~~'=--__J~ 
0 0.5 1 1.5 2.0 

(a) TIME (MIN) 

FACIAL POWER WATI· 
AREA CONSUMED (W) HOURS 

CHEEKS (A) 5.8 0.173 
UPPER & LOWER LIPS (B) 5.4 0.123 

RIG HT SIDEBURN (C) 8.4 0.063 
LEFT SIDEBURN (D) 8.4 0.061 

(b) "BASED ON $0.04 PER kW-HR 

COST PER SHAVE• 
(CENTS) 
o:uuo~2 
0.00492 
0.00252 
0.00244 

Fig 5-Monitoring the power consumption of a small 
electric razor via a strip-chart recorder, the watt/watt-hour 
meter generates instantaneous readings over short intervals 
(a). With this accumulated data, you can make detailed 
power-cost calculations (b). 

In conjunction with a digital-divider chain, an LM331 
VfF converter forms a digital time integrator. To bias 
the VfF converter, .A,;'s lightly filtered output goes to 
A.,B. Driven by the V fF converter's output, the divider 
chain sets the integrator's time constant and switches 
the scale factor for watt-hour measurements. Addition­
al counters drive a digital readout that shows the actual 
measurements. Pressing the Zero Reset pushbutton 
resets the watt-hour readout. 

Use this procedure for calibration 
To calibrate the watt/watt-hour meter, shut off the 

instrument's ac line power and remove the two 20A 
fuses. Set the Range Scale switch to 2. Then apply 
power and adjust the Power Trim pot (P1) so O.OOV 
appears at A2B's output. 

Turn off the ac line power. Then disconnect the power 
multiplier's two input lines and connect them to the 
instrument's floating ground. Turn on line power and 
adjust the Power Output Trim pot (P2) for O.OOV at 
A.,A's output . 

Once more, turn off ac line power. Unground the 
multiplier's current-sense input but leave the voltage­
sense input grounded. Then turn on line power and 
apply a lOV p-p 60-Hz signal to the multiplier's 
current-sense input lead. Adjust the Current Trim pot 
(P3) for O.OOV at A.,A's output. 

Now turn off ac line power yet again, ground the 
multiplier's current-sense input and unground the 
voltage-sense input. Turn on the power and adjust P4 

(the Voltage Trim pot) for O.OOV at A.,A's output. Then 
turn off the power and reconnect the multiplier's 
current-sense input into the circuit. 

Next, turn on the line power and read ac line voltage 
with a precision digital voltmeter. Plug a known load 
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WHAT MAKES CEAGTHE 
LEADER IN MILITARY 
POWER SUPPLIES? 
•Combined engineering experience of over 260 years in the design. 

construction, and testing of MIL-SPEC power supplies. 
•Customer documented records for on-time del ivery of reliable, qual ity, 

state of the art products. 
•Corporate Management dedication and involvement in support of all 

contractual commitments and schedules. 

Output 
Voltage 

600WATTS 
Model 7901 

5 Volts @ 100 Amps 
+ 15 V@1.5Amps 
- 15 A 

1000WATTS 
Mode/4000 

28 Vol1s @ 36 Amps 

Input 88 to 135 Volts 47-440 Hz 115 Volts or 220 47-440 Hz 

~·~~~~m~cun 
or 18010 260 Single Phase 

Protection 
Size/Weight 
Efficiency 
Ripple 
MIL-STD461 
EMI Filter 
Soft Start 
Cooling 
Operating Temp . 

Yes 

12"x 7.5"x 5" 20 lbs . 
68% 

15MV (RMS) 90MV Pk/Pk 

Yes 

Yes 
Convection 

0-71°C 
no derating 

Remote Sensing Yes 
Regulation Combined load and line 
Line & Load regulation is ± 0.25% 

Yes 

5" x8" x11 " 161bs. 
80% 

?OMV Pk/PK 

Yes 

Yes 
Fan 

0-71°C 
no derating 

Yes 

±.2% 

" Industrial " HI MTBF versions available-custom design ca pability' 

1500WATTS 
Modef 4001 

5 Volts @ 300 Amps 

115 Volts 47-440 Hz 

Yes 

5" x 8" x 15" 29 lbs. 
70% Typ . 

100MV Pk/Pk (max.) 

Yes 

Yes 
Fan 

0-71"C 
no derating 

Yes 

±.2% 

Mili1ary product constructed to MIL-E-5400. MIL-T-21200, MIL-1-4158, MIL-E-16400 G 

CEAG 
CEAG ELECTRIC CORP. 
Power Supply Division 

1324 Motor Parkway, Hauppauge, New York 11787 
Phone : 516-582-4422/ Cable: CEAGUS 
TWX: 510-227-4904 

A J1 ' I Jl ti 
v "" ,... 

CG :o 
{" ocWl 

{) 

~ 

For more information, Circle No 62 

NOW 
HEARTlllS! 

r-CAMBiON __ ___ , 

SMALL, RUGGED 
AT-20 TRANSDUCER 
BUILT TO USE LESS POWER 
... and it's inexpensive. 
The new AT-20 piezo ceramic transducer replaces speakers 
and electro-mechanical devices. It is about .8" in diameter, 
with 1000-hour design life. Generates 50 to 70 dBA at 2.5 
to 5.0 KHz. Features PC. board mounting with brass pins. 
Operates at - 20C to 60C, with maximum voltage of 50V. 
For full details, write: Projects Unlimited, Inc , 3680 Wyse 
Road, Dayton. Ohio 45414. proects ® 
Ph one (51 3) 890-1918. J 
Twx: 81 0-450-2523. unl1m1ted 

For more information, Circle No 63 
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COILS l~~r~f~S Micro· Inductors 
Ty pe Range Cambion Part No. Appl ications 

MONO LIT HI C . 10- tOOOµ, h 555 -1053 • FI XED 
INDUCTO RS 

MONO LITHIC .06-2000µ, h 556-1052 .. ADJUSTABLE 
INDU C IU RS 

VARIAB LE .07-2000 µ, h 556-1050 

EPOXY .07-1300µ,h 556-1056 
MOLDED 
VA RI ABLE 

b===t FIXED . 10-3300µ,h 555-1054 

·.· --·II VA RI AB LE SHI ELDED 

•~~~~~~~~~~~~~~--.. 

I ~1lcro- e ..... ..,,.. 
I ~';,~~~ors ~onnection. 
I actual Cambridge T hermionic Corporat ion 
I Sile. 445 Concord Avenue/Cambridge, MA 02238 

&. _ ~: ~.~!7~9!,;;":~w~ (~0~2~3:/~le~ 9~1:> 

.08-1200µ,h 

PC, thick or 
thin film circuits 

PC, thick or 
thin fi lm circuits 

PC, thick or 
thin fi lm circuits 

PC 

specially 
designed for 
hybrid circuitry 

For more information, Circle No 64 

I 
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CUT THE COST OF COOLING 

NEW ... Clip-On 
Heat Sink with 
Integral Tinned Tabs 
for T0-220 Devices 
Save time, save money, save on 
accessory hardware with Aavid's 
new, patented, Clip-On heat sink 
designed specifically for T0-220 
packages. May be mounted ver­
tically or horizontally. Supplied 
complete with integral tinned tabs 
for direct soldering to your 
PC board. Our Series 5743 
provides excellent retention 
and maximum heat dissipation. 
No need for special or separate 
mounting hardware. Samples for 
engineering evaluation and 
complete catalog available 
by writing to: 

I

AIAIVj 1 ID~ ~:{~~:.~~,\~EERING, INC. 
• _ New Hampshire 03246 

j{ .MUI Tel. 603/524-4443 
For more information, Circle No 65 

~~~~~~~~~~~~~~~~~~~~~---j 

When you need special magnet fabrication, 

PERMAG HAS THE ANSWER! 
. .. PER MAG grinds , cuts and fabricates all of its products to your 
needs. PERMAG 's special equipment can make countless kinds 
of mod ifications on all kinds of magnet ic materials, prec isely and 
promptly. Close tolerances are our spec ial ty. Our 9 modern plants 
are stocked , staffed and equipped to meet your e.vel)' requ irement. 

ALL ACROSS THE COUNTRY " In the magnetic f ield, PERMAG ~~ No. 1 " 

NEW YORK• BOSTON •ATLANTA• TOLEOO • 
CHICAGO • DALLAS • LOS ANGELES • SAN FRANCISCO • • • 

MINNEAPOLIS/ST. PAUL 
Consult Yellow Pages for address & phone number o f PERMAG near you. 

For more information, Circle No 66 
142 

V/F converter and divider chain 
form a digital integrator circuit 

(eg, a 1 % power resistor) into the instrument's test 
outlet. Adjust the Wattage Trim pot (P5) until the 
analog meter reads the correct wattage (watts equals 
line voltage times load resistance). 

Finally, turn off line power and disconnect ~s's 
positive input line. Then turn on the power and apply 
5.00V to ~s's positive line. Adjust the V!F Output 
Trim pot (P6) until the LM33l's output at pin 3 runs at 
27. 77 kHz. Then turn off line power and reconnect ~s's 
positive input line. 

A watt/watt-hour meter calibrated in this manner 
can accurately measure the power consumption of any 
115V ac-powered device, large or small. Connecting the 
instrument to a home refrigerator demonstrates its 
prowess with large equipment : In one test, the 
refrigerator operated for 31/z hrs at a temperature 
setpoint of 7°C (Fig 4), and each time its compressor 
turned on, it consumed approximately 260W. As the 
compressor warmed up, power consumption actually 
decreased slightly. Changing the refrigerator's temper­
ature control to 5°C increased the compressor's duty 
cycle by 15%. This power change reflects directly in the 
unit's per-cycle kilowatt-hour consumption. 

Connecting the watt/watt-hour meter to an electric 
razor demonstrates its ability to monitor small 
equipment. In this setup, the meter recorded the 
electric razor's power consumption during a face­
shaving exercise (Fig 5). Note that various facial areas 
cost more to shave than others. 

Time-related power computations revealed that a 
complete daily shave costs about $0.09 per year. If this 
is excessive, a user could economize by growing a 
beard. EDN 

Author's biography 
Jim Williams is a design 
engineer with National Semi­
conductor Corp's Linear Appli­
cations Group, Santa Clara, 
CA, specializing in analog­
ci rcuit and instrumentation 
development. Previously, he 
worked as an analog-systems 
and -circuit consultant at Ar­
thur D Little Inc and directed 
the Instrumentation Develop­
ment Lab at the Massachu­
setts Institute of Technology. Jim studied psychology at 
Wayne State University and in his spare time enjoys 
skiing, art and collecting antique scientific instruments. 
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For over 10 years. custom power supplies from 
Powercube® have met or exceeded the severe 
pe:rtormance requirements of major military and 
space programs. 

Today, custom power supplies configured from 
proven Cirkitblock® modules continue to provide 
the high pe:rtormance and long term reliability 
needed in critical applications. 

Their small size. light weight and rugged con­
struction permit designers to fit or retrofit Powercube 
power supplies into tight configurations or harsh 
environments. And because Cirkitblock modules 
have been qualified on major military programs 
and are easily assembled into custom configura­
tions. a prototype can very quickly be upgraded 
to an operating hi-rel unit. 

In addition to being the pe:rtormance leader in 
MIL-qualified custom power supplies. Powercube 
can also supply single or multifunction modules for 
inclusion in your own power supply design 

If you have a requirement for a MIL-qualified 
power supply (or any other tough power supply 
problem) which needs to be filled fast call Powercube 
at (617) 667-9500. 

&;J e.Q~!EE~BE 
POWERCUBE CORPORATION, EIGHT SUBURBAN PARK DRIVE. 
BILLERICA. MASSACHUSETIS 01821 • (617) 667-9500 

For more information, Circle No 67 



DON•t LET DRIVINC 
YOUR MEMORY 

DRIVEYOUC 
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You're trying to drive a large, high-
perf ormance memory array using 16K or 64K 
RAMs. And it's driving you nuts. 

What with the undershoot, the skew prob­
lems, the large number of packages, the boss 
expecting a faster system than last year's -
what's a designer to do? 

Introducing the Aml964B: 
The Simple Solution. 

Now Advanced Micro Devices has a bipolar 
dynamic memory controller for use with 16K 
and 64K RAMs. It's easy to use. It's flexible. 
And it takes care of all your RAS, CAS and 
address problems on one chip. 

The Am2964B replaces about a dozen 
high-speed, high-power Schottky parts. And it 
not only does the job faster, it uses less power. 

But what about the interface to the RAM? 
We thought you'd never ask. 

Meet our Amt965/66 
RAM driven. 

The faster you drive your memory, the 
faster your system. And that's where our new 
Am2965/ 66 come in. Together with our 
Am2964B, they achieve maximum perfor­
mance and completely eliminate undershoot 

The speed is specified up to 500 pf. Min's 
and max's, too. 

And if you need to upgrade your system, 
no problem. Our new RAM drivers have the 
same pin-outs as the S240 and 244, so it's 
easy to convert your existing system. 

The Am2964B and Am2965/ 66 are the 
newest members of AMD's dynamic memory 
support family - the family that makes 
implementing dynamic RAM systems easier, 
cheaper, simpler, faster. Like all our parts, 
they're MIL-STD-883 for free, the highest 
quality parts you can buy. 

Don't let driving your memory drive you 
up a wall. Send for all the facts on AMD's 
Dynamic Memory Support Family. 

Bipolar LSI: 
The Simple Solution. 

Advanced Micro Devices ~ 
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901 Thompson Place, Sunnyvale, CA 94086 · (408) 732-2400 
Righi. from the start. 

For more information, Circle No 68 
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If There's a Fan in Your Plan ... 

Specify li\\t~ttttl® 
IMCool® 1200 FAN 

Why use a c luster of three or 
more fa ns to f lush o ut heat 
when it can be done w ith a 
single unit more economi­
cally and efficiently? IMC's 
60 HZ , 12-i nch Tubeaxial Fan 
made to your exact specifi ­
cations can be you r answer. 
L iterature on request ! For 
fu rther information please 
call E.V Lauria, Sales Manager 
at 516 / 334-7070 or write: 

1011;113 
IMC MAGNETICS CORP. 

EASTERN DIVISION 
570 MAIN STREET, WESTBURY, NEW YORK 11590 

For more information, Circle No 69 

r--------------------------------

MISSING? 
If Sierracin 's new 1981 short form catalog is not facing this ad 

then someone else has it ... but you can still get your very own. 
This catalog features the widest line of open frame switching and 

linear power supplies in the industry. No power supply speci fier or 
buyer should be without it. 
FEATURING 
o 7 new Switching Power Supplies o Microprocessor Supplies 
o 40 to 500 watt Switching Line o Micro-Reg Low Power Supplies 
o Industry standard OEM Linears o S100 Bus Supplies 
o Floppy Disc Supplies o Custom Power Supplies 

If you want your own copy fast then call the toll free number 
below. If you can wait 10 days then cut out this ad along the dotted 

I line, fill in the information requested and mail to us directly. If you 
have more time than that , then circle the retrival number below. 

NAME ___________________ TITLE 

DON'T 
MISS OUT!! 
If you 're reading a borrowed 
copy of EDN, don't gamble 
on missing the next issue. 
EDN publ ishes valuable, up­
to-date information at the 
forefront of electronics tech­
nology; the person who 
loaned this issue to you 
might not want to part with 
his copy next time. To re­
ceive your own subscription 
to EDN, take a few moments 
to fill out the reader qualifi­
cation card at the front of 
the magazine ; if the card is 
missing, request one from 
EDN Subscription Office, 270 
Saint Paul St, Denver, CO 
80206. Phone (303) 388-4511 . 

EON 
Everything Designers Need 

/ 

COMPANYNAME&DIV.--------------------------------~ 

STREET ADDRESS-----------------------------------

CITY ___________________ STATE ________ ZIP CODE _____ _ 

~~~~~~:ie~!ir~~~=~rt~la,~~:~~ ~ 
Telephone (21 3) 998-9873 t::::::;l 

For a short-form catalog or applications information, dial direct toll -free 

(800) 421-5569 
In Cal iforn ia, call collect (213) 998-6811 . 

-------------------------------------------------For more information, Circle No 70 
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Analyze size, maintenance factors 
to ensure memory reliabilitY 

By analyzing the effects of RAM size and error-maintenance 
techniques, you can determine how to design-in 

the memory-system reliability you require. 

Steven Grossman and Fred Jones, Mostek Corp 

Utilizing the computerized reliability model described 
in Part 1 (EDN, January 21, pg 131), this 2-part series 
concludes by examining graphical presentations of 
memory-system reliability and the effects of various 
maintenance schedules. Although the system-reliability 
model described in these articles doesn't establish a 
minimum acceptable reliability level for you, it can help 
determine the tradeoffs involved in designing for the 
level you choose. 

Over extended time periods, for example, the model 
can determine how you can change major performance 
parameters and maintenance techniques to keep a 
single-error-correcting system's failure (double-bit-hit) 
probability lower than a target value. When using this 
procedure, you vary one system characteristic while 
holding all others constant. Then, at specific time 
intervals, the computerized model calculates the 
system failure probability to determine the characteris­
tic's influence on system reliability. 

Data accumulated from implementing this scheme 
shows that performance parameters and maintenance 
techniques generally affect memory-system reliability 
in several ways: 

• Increasing memory size by increasing the total 
number of storage devices degrades reliability. 

• Although larger word sizes require proportion­
ately fewer error check bits, elongating word 
length decreases reliability. 

• Higher density storage devices can . have higher 
per-device soft- and hard-error rates without 
degrading reliability, so long as per-bit error 
rates don't increase. 

• Without hard- or soft-error maintenance, an 
increase in the device error rate results in 
downgraded reliability. 

• An increase in the average percentage of device 
lost from a hard error decreases reliability. 

• By choosing the appropriate maintenance inter­
vals , you can compensate for the effects of 
degraded reliability. 

ED N FEBR UARY 4, 198 1 

To place this information in perspective, the graphi­
cal plots presented here summarize memory-system 
reliability factors clearly and simply. Each plot's 
vertical axis indicates double-bit-hit probability-the 
reliability measure assumed in Part 1. The horizontal 
axis tracks system operation time in days. 

Larger systems lead to lower reliability 
The first system-parameter analysis focuses on how 

memory size affects reliability. In Fig 1, the 256k-word 
curve represents the reference memory system intro­
duced in Part 1. Observe that the two larger memory 
systems included in the graph yield a greater number 
of double-bit hits than does the smallest system. In 
fact , without error maintenance, the 64k-word system 
takes 16 times longer to accumulate as many hits as the 
1024k-word system. And the double-bit-hit probability 
of the 64k-word system always stays much lower than 

· those for the two larger systems. 
The next parameter analysis considers word-size 

effects on memory-system reliability. Fig 2 shows plots 
for three systems that each contain 512k usable storage 

0.3 1024k WORDS 256k WORDS 

64k WORDS 

0.1 

500 1000 1500 

TIME (DAYS) 

Fig 1-A 64k-word memory yields a lower double-bit-hit 
probability than do 256k- and 1024k-word arrays. In fact, the 
64k-word memory operates 16 times longer than the 
1024k-word memory before it piles up the same number of 
double-bit hits. 
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Large memory and word sizes 
downgrade system reliability 

bytes. The 64kx72-bit system comprises a 64-bit data 
word plus eight check bits to accomplish single-error 
correction and double-error detection. Similarly, the 
128kx39-bit system contains a 32-bit data word with 
seven check bits, and the 256kx22-bit reference 
memory system includes 16 data bits and six check bits. 

As the curves for the systems illustrate, even if you 
decrease system size to compensate for a word-length 
increase, that increase boosts the double-bit-hit proba­
bility and decreases system reliability. 

On the other hand, if you scale down the number of 
system words in proportion to the change in total word 
length-rather than in proportion to the number of 
information bits-total memory size will be larger than 
64k and 128k. Because large memory systems perform 
less reliably than small ones (all other parameters being 
equal), the 72- and 39-bit reliability curves would shift 
farther to the left than shown in Fig 2. 

Fewer errors come from denser devices 
Next, consider component-density effects on mem­

ory-system reliability (Fig 3). The 16k-RAM curve 
models the reference memory system, which contains 
16kx 1-bit dynamic RAMs. 

Because the soft- and hard-error rates per device in 
Fig 3 are held constant relative to all the component 
densities, the systems with denser components yield 
proportionally fewer errors. Consequently, systemE 
using denser devices achieve higher reliability levels 
than do systems with a larger number of less dense 
devices-so long as all the devices are subject to the 
same total error rate. 

Thus, when you upgrade a system with denser 
devices, it can tolerate higher per-device soft- and 
hard-error rates. In fact, the per-bit error rates 
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128k WORDS x 
39 BITS 

256k WORDS x 
22 BITS 

500 1000 1500 
TIME (DAYS) 

Fig 2-Although wider worda need proportionately fewer 
check bits for error correction (64, 32and16 data bits require 
eight, seven and six bits for single-error correction with 
double-error detection, respectively), systems employing 
them run ?he risk of higher double-bit-hit probabilities. 

0.3 
4k RAM 16k RAM 

64k RAM 

0.1 

256k RAM 

500 1000 1500 
TIME (DAYS) 

Fig 3-When subjected to the aame per-device hard- end 
aott .. rror retea, memory systems containing dense memory 
devices (eg, 64k and 256k RAMs) experience fewer total 
errors than do those with less dense devices (eg, 4k and 16k 
RAMs). Thus, use of denser devices with equal per-device 
error rates results in memory systems having higher 
reliabilities. 

become more significant than the per-device rates in 
determining system reliability. For example, when you 
substitute 64kx 1-bit devices for 16kx 1-bit parts, the 
denser system can tolerate four times as many soft 
errors and failed bits per device per unit time than the 
less dense system, without affecting system reliability. 

Soft errors add up to trouble 
Needless to say, not all memory devices are subject 

to the same soft- and hard-error rates. You could 
reasonably expect 64k dynamic RAMs, for example, to 
be more susceptible to alpha radiation, and hence 
exhibit more soft errors, than 16k RAMs. 

In this regard, Fig 4 shows soft-error-rate effects on 
system reliability. The 0.1 %/lk-hrs curve models the 
reference memory system. The other four curves 
illustrate other system soft-error rates ranging from 
0 to 1% per 1000 hrs. 

Not surprisingly, the systems with higher soft-error 

.... -,.. ; .... .... -_ _, 

0.3 

a:i-
w~ 0.2 
-'al 
mo 
=>a: 
Oo.. 
0 

0.1 

500 1000 1500 
TIME (DAYS) 

Fig 4--Hlgh aott .. rror retea (eg, 1% per 1000 hrs) have a 
relatively strong effect on memory-system reliability. Of 
particular interest, the 0%11 k-hr curve represents a memory 
system that experiences only hard errors. 
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0.3 (0.3,1) 

0.2 

0.1 

500 1000 1500 
TIME (DAYS) 

(0.01,0.5) 
(0.01 ,1) 

(0,1) 

Fig 5-Curves show the effects of varying hard-failure 
rates on memory-system reliability. The two terms in 
parentheses for each curve represent the Weibull distribu­
tion's 100/a. and ~ characteristics. As the 100/a (first) term 
increases, the overall hard failure rate also increases and in 
turn decreases system reliability. The ~ (second) term affects 
the curve's shape. 

rates are less reliable than otherwise identical systems 
with lower rates. For comparison, the 0%/lk-hrs curve 
represents a system with no soft errors; its double-bit­
hit probability results entirely from hard errors. 

To analyze another key parameter, Fig 5 exhibits a 
host of curves that monitor the effects of hard-error 
rates on memory system reliability. A set of two 
Weibull-distribution terms in parentheses accompanies 
each curve. The first term-which corresponds to the 
Weibull distribution's 100/a characteristic-is the A 
value given in Part l's computer program. When the 
hard-error rate is constant, this term expresses the 
hard-error rate in percent per 1000 hrs. 

The set's second term stands for the Weibull 
distribution's ~ (or B in the computer program) 
characteristic. When ~ equals 1, for example, the 
hard-error rate stays constant over time. When ~ 
equals 0.5--a common value for memory devices-the 
distribution reflects an infant-mortality mechanism. 

All the Fig 5 curves show the effects of varying both 
a and ~. The bold-line curves represent the ~­
equals-0.5 cases, whereas the fine-line curves indicate 
the ~-equals-1 cases. The reference (0.05, 1) curve 
represents a constant 0.05%-per-1000-hr hard-error 
rate. 

Note from these curves that increasing the Weibull 
set's first term increases the overall system hard-error 
rate and shifts the curves to the left. Note, too, that 
varying the second term (~) changes the curves' 
shapes. Specifically, the ~-equals-0.5 curves tend to be 
flatter than the ~-equals-1 curves because their 
hard-error rates decrease with time. In fact, for a 
constant a, the~ cUI'ves cross eventually, just as do the 
instantaneous hard-error-rate curves. 

The (0,1) curve represents a system with no hard 
errors; its double-bit-hit probability originates from 
soft errors. alone. This probability remains near zero 
because of the relatively small number of total bits lost 
due to soft errors. In contrast, the relatively large 
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number of bits lost per hard error would cause the 
0%/lk-hrs curve in Fig 4 to yield a somewhat higher 
double-bit-hit probability, where only hard errors 
exist. 

Reliability goes down as device loss goes up 
Another parameter analysis covers the effects of 

different percentages of device lost due to a hard error 
(Fig 6). The 10% curve stands for the reference 
memory system. Obviously, with an increase in loss 
percentage, the total number of bits affected by hard 
errors increases and system reliability decreases. 

To simplify the foregoing parameter analyses, the 
system-reliability calculations assume that a memory 
system has received no periodic maintenance. Fig 7, 
however , illustrates the effects of adding hard-error 
maintenance and soft-error scrubs to the reference 
memory system. The smooth reference-system curve 
shows system reliability without soft-error .scrubs or 
hard-error maintenance. The other three jagged curves 
illustrate the effects of adding periodic hard- and 
soft-error maintenance individually and in combination. 

Consider first the effects of adding soft-error scrubs 
only. Write cycles and read/modify/write cycles associ­
ated with normal memory activities accomplish some 
nonper iodic soft-error maintenance in many systems. 
In fact, a virtual memory system that allows paging can 
be modeled as having an inherent soft-error scrub, 
whose rate depends on the interval in which all pages 
are swapped. For simplicity here, however, soft-error 
maintenance refers to scheduled periodic soft scrubs 
only. 

The 00-day-soft-scrub-only curve in Fig 7 outlines 
the effects of performing a soft-error scrub on the 
reference memory system. The curve's jagged nature 
results from the decrease in double-bit-hit probability 
every 9() days when the scrub occurs. Note that after 
each scrub, the lower points on this curve track the 
corresponding points on the 0%/lk-hrs curve in Fig 4, 
which models a memory system with no soft errors. 
The slight difference between the two curves results 

0.3 15% 10% 

2.5 % 

0.1 

500 1000 1500 
TIME (DAYS) 

Fig 6-From these curves showing the percentages of 
device lost due to hard errors, observe that when the 
percentage increases, the probability of a system failure also 
increases. 
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Dense storage devices yield 
fewer total errors 

from the small probability of one or more soft errors 
occurring within the 90-day period between scrubs. 
Because the mean time between soft errors in the 
reference memory system equals 118 days (as calculat­
ed in Part 1), using shorter scrub intervals achieves 
only modest reliability gains-a few percentage points 
at best. 

Hard-error maintenance helps even more 
The foregoing analysis examines soft-error-scrub 

effects without hard-error maintenance. But because 
you must perform a rewrite after replacing failed 
devices, soft-error scrubs usually occur whenever 
hard-error maintenance is performed. 

On the other hand, a memory-deallocation mainte­
nance technique eliminates all hard errors but relative­
ly few soft errors. Although this article doesn't present 
separate data for a memory-deallocation maintenance 
example, those results closely resemble that of a 
system with simple hard-error maintenance. Aity 
differences could be traced to total available memory­
size changes resulting from the use of the memory­
deallocation technique. 

The 90-day-maintenance-only curve shown in Fig 7 
presents the effects of performing hard-error mainte­
nance every 90 days. The curve is jagged like the 
soft-scrub-only curve because the double-bit-hit proba­
bility decreases after you remove hard failures from the 
system. The sawtooth shape becomes even more 
pronounced with hard-error maintenance because you 
repair more bits when eliminating hard failures than 
you do correcting single-bit soft errors. After each 
maintenance, the lower points on this curve track Fig 
5's (0, 1) curve, which models a system with no hard 
errors. 

Note in Fig 7 that the 90-day-maintenance-only 
curve rises proportionately higher than the 90-day­
soft-scrub-only curve after each maintenance period. 
This difference arises because a hard error that occurs 
within the 90 days between maintenance periods 
generally affects a proportionately larger number of 
bits than does a soft error. Carefully choosing 
hard-error-maintenance periods appears to be more 
significant, therefore, than choosing soft-error-scrub 
intervals. 

The 90-day-maintenance-plus-90-day-soft-scrub 
curve shows the effects of applying both hard- and 
soft-error maintenance to the reference memory 
system. Even when you perform both types of error 
maintenance only every 90 days, you can still keep the 
double-bit-hit probability below 1 or 2%. In other 
words, you can preserve the high reliability of memory 
arrays that employ error correction by choosing 
appropriate soft- and hard-error maintenance 
intervals. 
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Fig 7-Addlng error-maintenance capabllltles and em­
ploying them on a periodic basis changes the reference 
memory system's double-bit-hit probability from a smooth 
curve to a set of lower value sawtooth-shaped ones 
exhibiting improved reliability. 

HARD-ERROR MAINTENANCE 
OR SOFT-ERROR SCRUB 

_ EVERY 2N DAYS 

HARD-ERROR MAINTENANCE 
- OR SOFT-ERROR SCRUB 

EVERY N DAYS 

"'- CONTINUOUS HARD-ERROR 
MAINTENANCE OR 

- SOFT-ERROR SCRUBS 

TIME 

Fig 8--Very large memory systems generally experience 
increased reliability with relatively short hard- or soft-error 
maintenance intervals. For most other memory systems, 
though, shorter maintenance intervals can provide only a 
modest reliability improvement. 

Short maintenance Intervals aid large systems 
How do you determine the appropriate maintenance 

parameters for a memory system? Running Part l 's 
computer program with a variety of parameters to 
explore their reliability effects provides a good start. 

With regard to shortening the hard- or soft-error 
maintenance intervals, however, the best reliability 
improvement you can obtain corresponds to approxi­
mately a memory system's lowest double-bit-hit curve 
with no hard or soft errors, respectively. You can 
smooth the curves' jagged nature with short and 
ultimately continuous maintenance intervals, though. 
Fig 8 illustrates these effects in a general sense. 

For a given memory system, though, a surprisingly 
long soft-error-scrub or hard-error-maintenance inter­
val might achieve an acceptable system-reliability 
level. Aitd note that additional or shorter-interval 
maintenance proves most valuable in large memory 
systems-those composed of storage devices with high 
error rates-and in systems requiring a high reliability 
level. llDlll 

Article Interest Quotient (Circle One) 
High 473 Medium 474 Low 475 
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The challenge ... positive, reliable 
circuit switching and protection 

AIRPAX engineers have designed a 
complete line of circuit breakers with 
full awareness of your needs and 
requirements. Reliability of circuit 
protection is mandatory. High tern· 
peratures and other harsh environ· 
mental factors are carefully considered. 

AIRPAX Circuit Breakers are made 
strong enough to withstand stresses 
of system assembly, connection and 
operation. They are qualified and 
recognized under applicable military, 
UL, CSA and SEY specifications. 
"Hotline" delivery (2 weeks or less) is 
assured for prototype requirements. 
Find out how we can help you meet 
the challenge of positive, reliable cir· 
cuit switching and protection. 

Specifications are available in our 
new short form catalog. Write or call 
AIRPAX/ North American Philips Con· 
trots Corp., Cambridge Division, 
Woods Road, Cambridge, MD 21613, 
telephone (301) 228-4600. 

AIR~ 
I NORTH AMERICAN PHILIPS CONTROLS CORP. I 
Cambridge Division 



1.4 - 450MHz 

Model 
No. 

Freq. 
Range 
MHz 

Isola-
lion dB 

lnser- Phase Amplitude Price 
ti on Unbalance Unbalance 

Loss dB 0 Degrees dB s 
Typ. Min. Typ. Max. 

1.4-1 .7 29 25 0.4 0.7 
3.0-3 .8 30 25 0.4 0.7 

----+---+-~-t--·,.........~1---1--M_a_x __ · _ i-_M_a_x __ .-+_Ea_c_h~O_l!Y_,_._ 
P-'S-'C-'0-'-2'-- -'1 .5'---l-'--'-'~-+-~-1=-1f-'-1l~-+-~3-~o--t---1_.2_. -~~~~~~ 
PSC0-2-3.4 3.0 1.2 16.95 (5-491 

5.8-7 .0 30 25 0.4 0.7 PSC0-2-6.4 3.0 1.2 12.95 (5-49) 
PSC0-2-7.5 3.0 1.2 -'12:9'51 (5-49l 7.0-8 .0 35 25 0.4 0.7 

9.0-11 .0 25 20 0.4 0.7 
12-14 29 25 0.4 0.7 

P-'S-"C-=0-'-2'--1-'0-'.5-+-'-'---'-+- -+- -t-- -t-- +-- 3._0 _ -t-_ 1_.2_ 112.95 iJ_~9l 
PSC0-2-13 3.0 1.2 12.95 (5-49) 

12:~ 30 25 0.3 0.6 
t---cJ:41 

PSC0-2-14 3.0 1.8 16.95 (5-49) 
20-23 30 25 0.7 PSC0-2-21.4 3.0 1.2 12.95 (5-49) 
25-50 30 20 0.3 0.7 PSC0-2-50 3.0 1.5 19.95 (5-49) 

25 20 0.3 0.7 PSC0-2-70 40-70 3.0 1.2 19.95 (5-49) 
30 20 0.3 0.7 PSC0-2-90 55-90 3.0 1 2 19.95 (5-49 ) 

PSC0-2-1 20 80-120 25 18 0.3 0.7 3.0 1.5 19.95 (5-49) 
PSC0-2-180 120-180 23 15 0.3 0.7 4.0 1.2 19.95 (5-49) 
PSC0-2-250 150-250 23 18 0.4 0.8 4.0 1.5 19.95 (5-49) 
PSC0-2-400 250-400 22 16 0.4 09 4.0 1.5 19.95 (5-49) 
PSC0-2-450 350-450 22 16 0.4 0.9 4.0 1.5 19.95 (5-49) 
ZSC0-2-50 25-50 30 20 0.3 0.7 3.0 1.5 39.95 (4-24) 
ZSC0-2-90 55-90 30 20 0.3 0.7 3.0 1.2 39.95 (4-24) 
ZSC0-2-180 120-180 23 15 0.3 0.7 4.0 1.2 39.95 (4-24) 
ZMSC0-2-50 25-50 30 20 0.3 07 3.0 1.5 49.95 (4-24) 

30 20 0.3 0.7 

23 15 0.3 0.7 
ZMSC0-2-90 55-90 
ZMSC0-2-1 Bq 120-180 

3.0 1.2 49.95 (4-24) 
4.0 1.2 49.95 (4-24 ) 

·Average of coupled outputs less 3 dB Impedance 50 ohms a ll models 

2625 East 14th St. Brook lyn , NY 11235 (212) 769-0200 
Domestic and International Telex 125460 

International Telex 620156 

FROM $1" .95 
~ 5-49 qty. 

• Over 20 models available 
• Compact PC ... 

0.4" x 0.8" x 0.4" H 
• High isolation . .. 

better ,than 0.3 dB 
• Low insertion loss . .. 

less than 0.3 dB 
2-way, 90°, pin or connector models. 
Mini-Circuits offers a wide variety of 
Power Spitters/Combiners to chose from­
with immediate delivery. But there are 
always "special" needs for "special 
applications" ... We can supply them 
at your request. .. with rapid turnaround 
time ... and at standard catalog prices! 

World 's largest manufacturer of Double-Balanced Mixers 

0 !!!!~i9.0!!!?vU its 
A 01v1s1on ot Sc1en11t1c Componenls Corp 

49 Rev Orig . 
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Design Ideas 
Edited by George Huffman 

Parallel-to-serial scheme increases ROM speed 

Marian Stofka 
Bratislava, Czechoslovakia 

When your design's speed performance is bound by 
ROM access time, consider the concept depicted in 
Fig 1. If the design employs successive ROM 
addressing-as is the case in waveform-generation 
equipment-a parallel-to-serial ROM organization 
can improve speed by at least a factor of two. 

Fig l's block diagram illustrates the parallel­
addressing scheme employed in this concept. In 
addition to being addressed in parallel, the ROMs' 
outputs are also sampled in parallel by fast, 
edge-triggered memory registers just before new 
data is required. These registers have 3-state or 
open-collector outputs to simplify the parallel-to­
serial conversion. (The appropriate outputs are 
wire-ORed to create the output lines.) 

K words stored in the registers thus emerge at a 
rate K times that of the address generator. You 
provide the register's output-enable control (OC) by 
decoding the divide-by-mod-K counter's output; the 

2N ROM 

DATA 
OUT 
(UPT08) 

2 x $374 

DATA Q 

c oc 

MEMORY 
REGISTER 

DIVIDER 
MODULO 

K 

ROM 
1 

ROM 1 
2 I 

I 
I 
I 
I 

ROM 1 

K I 
I 
I 
I 
I 

- I 

N 

COUNTER 

BANK OF FAST ' 
DATA EDGE·TRIGGERED 
OUT MEMORY REGISTERS 

WITH 3·STATE 
OR OPEN · 
COLLECTOR OUTPUTS 

CODE CONVERTER 
BIN TO " 1 OF K" 

Fig 1-Parallel-addresslng K ROMs increases their apparent 
speed by a factor of K. The 3-state output registers are output 
enabled by decoding the divide-by-K counter's output. 

DATA 

N 8 OUTPUT 

$74 
DIVIDER 

CLOCK 
c 

(a) 

2N + 1 

I 
I 

ROM· 
I 
I 
I 

(UPT08) 

ADDRESS 
N 

CLEAR 

DATA Q 

c oc 
MEMORY 
REGISTER 

0 

(b) 

CLOCK 

Q OUTPUT 
OF BINARY DIVIDER 

I 

:.:~DATAOUTPUTO 

Fig 2-A hardware realization of a ROM-speed-up concept(•) can at least double your data's throughput rate. With this technique, 
you can reduce the ROM system's effective address time (and therefore data-output time) by a factor of K. In the example shown, the 
divide-by-2 approach results in the alternating ROM outputs defined in (b). 
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ROM's address generator/counter comes from the 
divider's Carry output. 

The ROM system's data is organized so that at any 
address location, each ROM contains one word of a 
group of K succeeding words. As a result, the array 
has an effective address time only l/K that of a single 
ROM. Total ROM capacity remains unchanged, 
though: K RO Ms with a 2N x B organization become a 
K2N x B format. 

The configuration shown in Fig 2 uses these ideas 
to achieve a factor-of-two speed improvement. (You 
can extend the concept to suit your needs.) The 
ROMs' data outputs go to the inputs of 8-bit, 
high-speed, edge-triggered memory registers that 
have 3-state outputs. ROM 2N contains the even-

numbered words; ROM 2N + 1, the odd-numbered 
ones. The ROMs' output data transfers to the 
memory registers as a result of the LOW-to-HIGH 
transitions appearing at the divider's inverting 
output. 

The clock-driven divider drives the ROM address 
generator and simultaneously enables the memory 
registers in an alternating mode. (Note that the data 
output at point 0 is delayed by two clock cycles with 
respect to the start of addressing.) The organization 
resulting from a 2Nx8 format is 2N+1x8. EDll 

To Vote For This Design, Circle No 450 

Lamp dimmer forms motor controller 

H 0 Winters 
IBM Corp, Boulder, CO 

Common household devices such as fans and fun:iace 
blowers load ac induction motors fairly constantly 
once they're up to speed. However, these devices 
aren't really very efficient-in terms of necessary 
input power-when running under these conditions. 
And designs that increase their running efficiency 
are apt to be costly and complex when they must also 
start the motor. , 

The design illustrated in the figure solves this 
problem at a very reasonable cost. The lamp dimmer 
costs approximately $5; the additional components, 
$2. Employed in conjunction with a furnace blower, 
the circuit has saved 11.5% of the blower's energy 
consumption. 

The modified lamp dimmer starts the induction 
motor at full power. Then, after a time delay, it 
reduces the motor's input power. As shown, the 
circuit can directly control motors rated as high as Vs 
hp. And you can increase this level by employing a 
higher current triac as the prime control device. 

Capacitor C presents a low-impedance shunt to the 
level-set potentiometer Ri, supplying full power to 
the motor during the start-up phase. As this 
capacitor charges, the applied power gradually 
reduces to the level set by R1. When the power turns 
off, bleeder resistor R2 discharges C, and you can 
restart the motor in approximately 5 sec. 

To set up a motor using this controller, first start 
the motor R1 set fully clockwise for maximum power. 
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115 V AC 
INPUT 

NOTES 
C = 10 ~F , 200V DC 
R2 = 500k, 'h W 
D =ANY SUITABLE BRIDGE 
M = 3h-HP MOTOR 

EXISTING 
CONTROL 
CIRCUIT 

Economical motor control results when you make these 
low-cost additions to a standard triac-controlled lamp dimmer. 
Capacitor C effectively shorts out the speed-control pot (R1) until 
the induction motor has fully started. Then the motor runs at 
reduced speed but with increased efficiency. 

Then slowly reduce power until the motor slows 
noticeably but keeps running. Finally, increase 
power until the motor resumes running at full speed 
at a smooth, quiet level. EDll 

To Vote For This Design, Circle No 451 
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THE T0-5 IS A TERRIFIC RELAY. 
WHEN YOU CAN GET IT & AFFORD IT. 

Introducing the new generation of min­
iature hermetically-sealed metal case 
relays, the Hi-G MM-5. We made them 
simpler than the T0-5-just 5 integral 
parts instead of 11-for more reliability 
and a substantially longer life. They still 
give you equivalent T0-5 performance, 
ideal for non-military commercial 
applications, but at a remarkably 
lower price. 

If you're a designer of microcomputers, 
µ,P systems or industrial, test and 
communications equipment, you 
already know the advantages our 
hermetically-sealed metal case relays 
have over plastic devices. Even in tough 
atmospheres, harsh solvents, heavy 

ail[lj 
~DESIGNED TO SURVIVE. 

shock and vibration, our miniature 
MM-5 relays will last and last-up to 10 
million operations. They'll often outlast 
the equipment they're installed in. How 
do we know? Because they employ the 
same basic design principles proven in 
military applications except with fewer 
mechanical parts for exceptional 
reliability. 

And while you're waiting for the other 
guys to fill their T0-5 backorders, you 
can get rapid delivery on our longer­
lasting, more reliable, less costly MM-5 
equivalents. For prices and catalog, 
write or call: Hi-G, Inc., Relay Division, 
580 Spring St, Windsor Locks, CT 
06096; (203) 623-2481. 

For more information, Circle No 72 
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Battery charger snaps from full to trickle 

Kennan C Herrick 
ESI Electronics Corp, San Francisco, CA 

The best way to manage lead-acid-battery charging 
is to supply a constant current until you reach a 
prescribed cell voltage, then lower the voltage to 
maintain "float" charging. As a rule of thumb, the 
charging current should be no more than one-fourth 
of the battery's ampere-how: rating. Additionally, 
the battery's fully charged voltage is about 2.4V/cell; 
the float voltage should be approximately 90% of that 
value. 

The circuit shown in Fig la, simpler than most, 
provides these functions adequately. Although 
designed for a 12V, 5-Ahr lead-acid battery, it 
adapts to batteries with other voltage and current 
ratings. The programmable IC regulator (IC1) and 
transistor Q1 provide a relatively constant current 
until the battery voltage reaches the fully charged 
value. Transistor ~ then senses this condition and 
drops the regulator's output voltage to the float 
value. 

IC1's output voltage is set by the ratio of Ra to 
Rs+ Rs, where Rs adjusts for the exact output voltage 
desired. You can find this output voltage by using 

V REG= V REF(l +((Rs+ Rs)/Ra) )+ IADJ(Rs+ Rs) 
where V REG is ~·s emitter-node voltage and V REF is 
the nominal 1.25V reference voltage maintained by 
IC1 across Ra. IC1's Adj pin supplies IADJ, a nominal 
100 µA. Note that the Ra used in the equation can be 
either Ra's value alone or the effective value of Ra 
paralleled by R4. 

In the Charging mode, ~ is ON, thanks to the 
emitter-to-base charging current. R4 thus parallels 
Ra, and IC1's V REG equals 16V (with nominal circuit 
values and Rs set near mid-resistance). Subtracting a 
typical D1 drop of 0. 7V and ~ emitter-base drop of 
0. 7V provides 14.6V. When the battery voltage rises 
to this value-signifying full charg~ starts to 
turn off (Fig 2, point A). At this time, with ~·s base 
current approaching zero, the remaining charging 
current (through R1) is approximately 30 mA. 

As ~ turns off, R4 becomes disconnected from Ra, 
the Rs/Rs current decreases, V REG (at ~·s emitter) 
falls and ~ turns off further. This transition to the 
float voltage is regenerative and abrupt (Fig 2, point 
A to point B, then point B to point C as the battery 
voltage declines to the float value). 

Float VREG is 14.5V with ~ OFF. Subtracting 
0.6V for Di's drop (at low current) and a few tenths 
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INPUT 
FROM 

BRIDGE 

24VAC 
INPUT 

12VAC 
INPUT 

NOTES 
R1 =5 
R2 =68 
R3 = 240 
R4 =2k 
Rs=2.2k 
R6 =500, VARIABLE 
R7 = 15 

(a) 

(b) 

C3 

(c) 

C1 =0.1 µF 

OUTPUT 
TO 
CHARGER 

OUTPUT 
TO BATTERY 

OUTPUT 
TO 
CHARGER 

C2 = C3 = 470 µF , 20V 
0 1 =2N2222 
02=TIP·34 
DIODE BRIDGE= MDA920A-1 
D1 =ANY SUITABLE 500-mA DIODE 

Fig 1-Battery charging switches from full to float when the 
combined D1 and 02 V BE voltage drops are reduced as the battery 
reaches its fully charged potential. At this time, 02 tums off and R4 
no longer parallels RJ, an action that reduces the charging-current 
rate. Depending on the transformer type you use, one of the 
bridge circuits ((b) or (c)) provides the required input voltage. 

of a volt across R1 yields a float battery voltage of 
about 13. 7V. The circuit maintains this voltage until 
the battery voltage drops the several additional 
tenths of a volt necessary to cause ~ to turn on (Fig 
2, point D). ~ stays ON (Fig 2, point E), and 
charging continues until the battery's voltage again 
reaches 14.6V. 
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Cutler-Hammer toggles thrive on punishment. 
Meet the toggles that can really take it. Our 
environmentally-sealed toggles meet MIL-S-
3950 standards for toughness and durability. 
And you can order them with standard lever or 
lever lock action ; 1, 2, or 4 pole. You 'll find just 
the switch you need in our complete line of de­
pendable toggles. 

For more information on any product in our full 
line, contact your Cutler-Hammer Aerospace 

Products Specialist or distributor-they know 
your business. And , write for our free catalog . 
Eaton Corporation, Aerospace Control /Systems 
Division, 4201 N. 27th St. , Milwaukee, WI 53216. 

B .-r •NElectrical/Electronic 
Iii a I. ' Control 

For more information, Circle No 73 
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Design Entry Blank 
$25 Cash Award for all entries selected by editors. 
An additional $50 U.S. Savings Bond Award for 
winning design each issue, determined by vote of 
readers. Additional $1000 Bond Award for annual 
Grand Prize Design, selected among semimonthly 
winners by vote of editors. 

To : Design Ideas Editor 
EDN 
Cahners Publishing Co. 
221 Columbus Ave., Boston, MA 02116 

I hereby submit my entry for 
EDN's DESIGN IDEAS PROGRAM . 

Title __________ Phone ___ _ 

Company ______________ _ 

Division (if any) ____________ _ 

Street _______________ _ 

City ______ State ___ Zip ___ _ 

Design Title-------------­

Print full name (no initials) and home address on 
lines below for mailing of your bond if chosen 
monthly issue winner. Also, please include your 
Social Security number. 

Social Security No.----------­
Entry blank must accompany all entries. Design 
entered must be submitted exclusively to EON, 
must be original with author(s), must not have been 
previously published (limited-distribution house 
organs excepted), and must have been constructed 
and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co. unless entry is returned to author or 
editor gives written permission for publication 
elsewhere. 

In submitting my entry, I agree to abide by the 
rules of the Design Ideas Program. 

Signed---------------~ 
Date ________________ _ 

Your vote determines this issue's winner. All 
designs published win $25 cash. All issue winners 
receive an additional $50 U.S. Savings Bond and 
become eligible for the annual $1000 U.S. Savings 
Bond Grand Prize. 

Vote now, by circling the appropriate number on 
the reader inquiry card . 

Submit your own design, too. Mail entries to 
Design Ideas Editor, EON, 221 Columbus Ave., 
Boston, MA 02116. 
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Fig 2-Full charging continues until the battery's voltage 
reaches the "topped-up" level (A). At this point, Fig 1a's circuit 
rapidly reverts to a trickle-charge mode (points B through D) until 
the battery is sufficiently discharged. Full charging again occurs 
when the circuit switches back to point E operation. 

Nominal constant-current charging is Q1's func­
tion. Charging current through R1 tends to turn Qi 
on at a value of about 600 mA, in turn causing IC1's 
output voltage to diminish to maintain that current. 
(This procedure works · because IC1's adjustment 
node is pulled toward ground.) 

You can modify the design for a different battery 
voltage merely by changing the ratio of Ra to Rs/R6• 

Select R4 to provide the desired float-vs-charging­
voltage differential. R7 determines the minimum 
charging current; the charging current itself-up to 
near the full battery charge-is set by R1. 

Because this design works just as well with a 
pulsating input from the diode bridges shown (Figs 
lb and le), you probably won't need to employ any 
additional filter capacitors. However, National 
Semiconductor (IC1's manufacturer) does recom­
mend using a large-value capacitor to absorb possible 
ac-mains transients. You can adjust a pulsating 
charging current upward to compensate for the 
less-than-100% duty cycle by choosing the proper 
value for R1. Note that if you adapt this design for 
higher charging currents, Qi's base must be able to 
handle the full charging current safely. EDll 

To Vote For This Design, Circle No 452 
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THE MOST POWERFUL 
BENCHTOP TEST SYSTEM 

IN THE WORLD 
BIG SYSTEM PERFORMANCE 
AT A BENCHTOP PRICE. 
The LTS-2000 is a lot more than 
a simple tester. It's a powerful 
instrument you can use any­
where in your plant for almost 
any kind of test from basic 
go/no-go to full-blown Dis­
crepant Material Reports. And 
it can not only test DAC' sand 
ADC's but a wide variety of 
linear components, including 
Op Amps, regulators, compar­
ators, bifets, etc. Test results 
are immediately displayed 
and printed, and full reports 
including statistical analysis, 
data log and summary 
sheets are available through 
the integral 20 column 
printer. 

Interface to peripherals, 
like line printers, CRT 
terminals or a HOST 
computer are easily 
accomplished via 
the IEEE-488 
interface or 
either of 
the RS232 
ports. 
The LTS-2000 
gives you true 
"big system" per­
formance, like sys­
tem measurement 
accuracy to greater 
than 16 bits, ± 1 LSB; self­
calibration and diagnostics, 
16 bit microcomputer with 64K 
bytes of memory and more -
all at % the "big system" price. 

EASY-TO· PROGRAM, 
EASY-TO·USE. 
The unique design also allows 
for easy use. You can set up a 

program in minutes either with 
a program from the device 
library or with the complete 
test menu of fi ll -in-the-blanks 
software. Just snap in the 
appropriate family board mod-

ule and socket module, plug 
in the device and press "GO" -
the LTS-2000 does the rest. 
There's even a full-ed it capabil­
ity, so test parameters can be 
changed quickly and easily. 

IT'S THE MOST VERSATILE 
BENCHTOP 
YOU CAN BUY. 
You can not only use the LTS-2000 
for incoming inspection, but 
component selection and grad-
ing, engineering analysis. 
quality control, final test, quali­
fication test. and even as a 
diagnostic tool for component 
evaluation. 

Never before has a compact 
benchtop linear test system 
offered so much versatility for 
so little. For more information 
on the LTS-2000, or the 
LTS-2010 which lets you pro-
gram in BASIC, contact Greg 
LaBonte at (617) 329-4700, 
Analog Devices, PO. Box 280, 
Norwood, MA 02062. 

1111111111 ANALOG 
WDEVICES 

WAYOUI' IN FRONT. 
Analog Devices. Inc., Box 200, Norwood, MA 02062; East Coast: 1617l 329-4700; Midwest: 13121894-3300; West Coast: 17141842-
1717: Texas: 12141 231- 5094, 8elgrum 031/37 48 03: Denmark: 02/84 58 00: England: 01 /941 0466: France: 01 /687 3411; Germany: 
089/53 0319: Japan· 03 '263 6826. Netherlands: 076/87 92 51 ; Switzerland: 022/31 57 60: and representatives around the world. 

For more information, Circle No 74 



See 
the 
all new 

1981 
EON CARAVAN 
Western Show Tour 

Signetics Corporation 
Harris Semiconductor 
Unitrode Corporation 
Centralab, Inc. 
Teledyne Relays 
Mepco/Electra, Inc. 
Brand-Rex Co., Electronic Products Div. 
Mupac Corporation 
Sorensen Company 
Berg Electronics 
Multiwire Div., Ko.llmorgen Corporation 
B&K Precision Div., Dynascan Corporation 
Belden Corporation, Electronic Div. 
Garry Manufacturing Company 
Ferroxcube Div., Amperex Electronic Corp. 
Slatersville Div., Amperex Electronic Corp. 
E.F. Johnson Co. Components Div. 

CHECK THE ITINERARY FOR DATE WE VISIT YOU. 



1981 EDN CARAVAN ELECTRONIC SHOW TOUR 
February 16 to March 27 (first half) 

DATE TIME SITE DATE TIME SITE 

2116 9-12 ROCKWELL INT'L AUTONETICS 3/11 8:30-10 GM DELCO ELECTRONICS 
Monday AM 3370 Miraloma Ave., Anaheim, CA Wednesday AM 6767 Hollister Ave. , Goleta, CA 

2/16 2-4 NORTHROP CORPORATION 
Monday PM 500 East Orangethorpe, Anaheim, CA 

311 1 10:30·12 BURROUGHS CORPORATION 
Wednesday AM 6300 Hollister Ave., Goleta, CA 

2117 8:30-11 :30 HUGHES AIRCRAFT Company 
Tuesday AM 1901 W. Malvern Ave., Fullerton, CA 

3111 2:30·4 BURROUGHS CORPORATION 
Wednesday PM 5411 N. Lindero Canyon, Westlake Village, CA 

2117 1-3 BECKMAN INSTRUMENTS, INC. 311 2 9-11 :30 HUGHES AIRCRAFT COMPANY 
Tuesday PM 2400 Harbor Blvd., Fullerton , CA Thursday AM 8433 Fall brook Ave. , Canoga Park, CA 

2117 3:30-4:30 BECKMAN INSTRUMENTS, INC. 3112 1 :30·4 LITION GUIDANCE & CONTROL SYSTEMS 
Tuesday PM 200 So. Kraemer Blvd., Brea, CA Thursday PM 5500 Canoga Ave. , Woodland Hills, CA 

2/18 8:30-10 INTERSTATE ELECTRONICS CORPORATION 
Wednesday AM 707 E. Vermont Ave ., Anaheim, CA 

3113 8:30-9:45 DATA PRODUCTS CORPORATION 
Friday AM 6200 Canoga Ave., Woodland Hills, CA 

2118 10:30-12 INTERSTATE ELECTRONICS CORPORATION 
Wednesday AM 1001 Ball Rd., Anaheim, CA 

3/13 10:45-12 TELEDYNE SYSTEMS COMPANY 
Friday AM 19601 Nordhoff St., Northridge, CA 

2118 2-3:30 CALIFORNIA COMPUTER PRODUCTS 
Wednesday PM 2411 W. La Palma, Anaheim, CA 311 3 2·4 LITION DATA SYSTEMS 

Friday PM 8000 Woodley St., Van Nuys, CA 

2119 8:30-9:30 COMPUTER AUTOMATION 
Thursday AM 18551 Von Karman Ave., Irvine, CA 311 6 8:30-10 BURROUGHS CORPORATION 

Monday AM 460 Sierra Madre Villa, Pasadena, CA 

2119 10:30-12 MICRODATA CORPORATION 
Thursday AM 1562 Reynolds Ave. , Irvine, CA 3116 11 -12 GOULD INC. 

Monday AM 4323 Arden Dr., El Monte, CA 

2119 2-4 SPERRY UNIVAC MINI-COMPUTER 
Thursday PM 16842 Von Karmon Ave., Irvine, CA 3/16 2·4 NORTHROP CORPORATION 

Monday PM 3901 W. Broadway, Hawthorne, CA 

2/20 9-11:30 FORD AERO & COMMUNICATIONS CORPORATION 
Friday AM Ford Rd., Newport Beach, CA 3/17 9-12 HUGHES AIRCRAFT COMPANY 

Tuesday AM 2000 E. Imperial Hwy., El Segundo, CA 

2120 1 :30-3:30 ROCKWELL INT'L COLLINS 
Friday PM 4311 Jamboree Rd ., Newport Beach, CA 3/17 1:30-4:40 HUGHES AIRCRAFT COMPANY 

Tuesday PM Centinella & Teale, Culver City, CA 

3/2 9-11 HEWLETI-PACKARD COMPANY 
Monday AM 1501 Page Mill Rd ., Palo Alto, CA 3/18 9·11 AMPEX CORPORATION 

Wednesday AM 200 N. Nash, El Segundo, CA 
313 1·2 DIGITAL TELEPHONE SYSTEMS 
Tuesday PM 1 Commerce Blvd. , Novato, CA 

3/2 1-3 AMPEX CORPORATION 
3/18 1:30-4 XEROX CORPORATION 
Wednesday PM 701 So. Aviation Blvd., El Segundo, CA 

Monday PM 401 Broadway, Redwood City, CA 

3/3 9·11 :30 HEWLETI-PACKARDCOMPANY 
Tuesday AM 1400 Fountain Grove, Santa Rosa, CA 

3119 8:30·10 BURROUGHS CORPORATION 
Thursday AM 25725 Jeronimo Rd ., Mission Viejo, CA 

3/19 11-12 HUGHES AIRCRAFT COMPANY 
3/3 3:30-4:30 DIABLO SYSTEMS INC. 
Tuesday PM 24500 Industrial Blvd., Hayward, CA 

Thursday AM 6155 El Camino Real , Carlsbad, CA 

3/19 2:30-4:30 CUBIC CORPORATION 
3/4 8:30-11:30 LOCKHEED MISSILES & SPACE CO. 
Wednesday AM 1111 Lockheed Way, Sunnyvale, CA 

Thursday PM 9233 Balboa Ave., San Diego, CA 

3/20 8:30·9:30 HEWLETI·PACKARD COMPANY 
3/4 1·2 ATARI INC. 
Wednesday PM 1272 Borregas Ave., Sunnyvale, CA 

Friday AM 16399 W. Bernardo Dr., San Diego, CA 

3/20 10·12 NCR CORPORATION 
3/4 2:45-4:30 AMDAHL CORPORATION 
Wednesday PM 1250 E. Arques Ave., Sunnyvale, CA 

Friday AM 16550 W. Bernardo Dr., San Diego, CA 

3/5 9-11 :30 HEWLETI-PACKARD COMPANY 
Thursday AM 11000WolfeRd., Cupertino, CA 

3/20 2·4 GENERAL DYNAMICS ELECTRONICS 
Friday PM 5011 Kearney Villa Rd ., San Diego, CA 

3/5 1-2 APPLE COMPUTER CORPORATION 
Thursday PM 10460 Banley Dr., Cupertino, CA 

3/23 8·9 HONEYWELL PROCESS CONTROL 
Monday AM 16404 N. Black Canyon Hwy., Phoenix, AZ 

3/5 3-4:30 SHUGART ASSOCIATES INC. 
Thursday PM 475 Oakmead Pkwy, Sunnyvale, CA 

3/23 9:30·12 HONEYWELL INFORMATION SYSTEMS 
Monday AM 13430 N. Black Canyon Hwy. , Phoenix, AZ 

3/6 8:30-10 FOUR PHASE SYSTEMS INC. 
Friday AM 10700 N. De Anza Blvd ., Cupertino, CA 

3/23 2-4:30 SPERRY FLIGHT SYSTEMS 
Monday PM 21111 N. 19th Ave ., Phoenix , AZ 

316 11 -12 MEMOREX CORPORATION 
Friday AM 18922 Forge Drive, Cupertino, CA 

3/24 9-12 MOTOROLA GOV'T ELECTRONICS 
Tuesday AM 8201 E. McDowell Rd ., Scottsdale, AZ 

316 2-4 ROLM CORPORATION 
Friday PM 4900 Old Ironsides Dr., Santa Clara, CA 

3/24 2·3:30 ITI COURIER 
Tuesday PM 1515 W. 14th St., Tempe, AZ 

319 9-11 HEWLETI-PACKARD COMPANY 
Monday AM 5301 Stevens Creek Blvd., Santa Clara, CA 

3/25 9-11:30 IBM CORPORATION 
Wednesday AM Tucson, AZ 

3/9 1-3:30 MEMOREX CORPORATION 
Monday PM San Tomas & Central Xway, Santa Clara, CA 

3/25 1:30·4 HUGHES AIRCRAFT COMPANY 
Wednesday PM Nogales Hwy., Tucson, AZ 

3/10 8:30-1 IBM CORPORATION 
Tuesday AM/PM · 5600 Cottle Rd., San Jose, CA 

3/27 1:30-4 SPERRY UNIVAC 
Friday PM 322 N. 2200 West , Salt Lake City, UT 
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(Ac tua l size) 

Model s T, TH (Pla, ti c ca,e) 
(0 300'' SQ • 0230"' high) 

(Actua l size) 

Model TMO (l\letal ca,e) 
(.500'" L • .230 '" W • .255 .. h) 

PRIMARY & SECONDARY o 
CENTER -TAPPED DC ISOLATED 1 f 
Model Imped. Freq . Pr ice 
No . ratio (MHz ) (10-49 ) 

Tl · IT I .OS-200 S3 9S 
TMOI -IT I .05-200 $645 
T2 -IT 2 .07200 $4 25 
TM02-l T 2 .07 200 $6 7S 
T2 .5-6T 2.5 .01100 $425 
TM02.5-6T 2.5 .01100 $6 75 
T3-IT 3 .05 250 $3 95 
TM03-IT 3 .OS·250 $6 45 
T4 · l 4 .2·3SO $2 9S 
TM04 -l 4 .2 350 $4 95 

• T4 -1H 4 8 3SO $4.9S 
TS· IT 5 .3300 $42S 
Tll05-IT s .3 300 $6.7S 
Tl3-IT 13 .3120 $42S 
TllOl3-IT 13 .3-120 $6 7S 

DC ISOLATED PRIMARY ·)(· & SECONDARY 

Mode l Imped. Freq . Price 
No . ratio (MHz ) (1 0-49 ) 

Tl -I I .15-400 $2 95 
TMOl -1 I .1 5-400 $4.95 

•TI -IH I 8-300 $4.95 
Tl .5-1 1.5 .1 -300 $39S 
TMOl.5 -1 l.S .I 300 $6 7S 
T2 .5-6 2.5 .01-1 00 $3 95 
TM02 .5-6 2.5 .01 100 $6 45 
T4 -6 4 .02-200 $3 95 
TM04-6 4 .02 200 $6 45 
T9 -l 9 .l'J 200 $3 45 
TM09-l 9 .15 200 $6 45 

eT9-I H 9 2-90 SS 45 
Tl6-l 16 .3 120 $3.95 
TM016-l 16 .3 120 $6 4S 

•TI6-1H 16 785 SS.95 

e Up to 100mA DC without saturation 

it UNBALANCED PRIMARY 
& SECONDARY 

Model Imped. Freq . Price 
No. ratio (MHz) (10 -49 ) 
T2 -l 2 .025 600 $34S 
TM02 -l 2 .025 600 SS 9S 
TJ -1 3 .5800 $4 2S 
TMOJ -1 3 .5-800 $6 95 
T4 -2 4 .2 600 $3 45 
Tll04-2 4 .2 600 $5 95 
TS-I 8 .15 250 $3 4S 
Tll08-l 3 .1 5·250 $5 9S 
Tl4-l 14 .2 150 $4 25 
TllOl4-l 14 .2 ISO $6 .75 

It's easy to transform 
impedance and reduce VSWR. 
Chose from 40 models, 12.6 to 800 
ohms, 10 kHz to 800 MHz, ultra- low 
distortion (H models) balanced, unbalanced 
and center-tapped . immediate 
delivery . . at prices that can't be 
matched, starting at$ 2. 96 

World's largest manufacturer of Double-Balanced Mixers 

r;;;;I M!!!i=~o~!:!?vU its 
FOR ADDITIONAL INFORMATION. COMPLETE SPECIFICATIONS. AND A 01v1s1on of Sc1ent1f1c Components Corp 
PERFORMANCE CURVES. REFER TO 1979-80 MICROWAVES" PROD UCT 
DATA DIRECTORY pgs . 161 to 368 or 1979 EEM 2770 to 2974 . 2625 East 14th Street Bklyn, New York 11235 (212) 769-0200 

Domestic and International Telex 125460 International Telex 620156 

For more information, Circle No 75 
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INSTRUMENTATION 
& POWER SOURCES 

TEST SET. Model 8903-E85 
semiautomatic transceiver test 
set makes in-channel tests from 
AM, FM and PM communication 
transceivers from 150 kHz to 990 
MHz, either automatically under 
control of ar HP 85F controller or 
manually using instrument front­
panel keyboard entry. 

Its measurement capabilities 
range from simple tests such as 
frequency and distortion through 
complex measurements includ­
ing usable sensitivity and audio 
flatness. 

Providing an HP 8903A audio 
analyzer, HP 8901 A modulation 
analyzer, HP 8656A synthesized 
signal generator, a switching 
module and a relay actuator, the 
µP-controlled unit is fully 
programmable and includes an 
HP-18 (GPIB) interface tor 
remote control by the instrument 
controller. 

The modulation analyzer can 
measure AM depth or FM 
deviation to 1 % accuracy in < 2 
sec with one keystroke or 
instruction and furnishes selec­
table FM de-emphasis filters; 
post-detection audio filters; and 
peak, peak-hold and average 
detectors. The audio analyzer 
similarly performs a SINAD 
measurement with typical resid­
ual noise and distortion of 
<0.003%. 

The HP 11723A Application 
Pac software tape can be used 
to make 14 transceiver tests. 

EDN FEBRUARY 4, 1981 

$28,500. Delivery, 24 wks ARO. 
Hewlett-Packard Co, 1507 
Page Mill Rd, Palo Alto, CA 
94304. Phone (415) 857-1501 . 

Circle No 172 

INTERFERENCE ANALYZER. 
Conforming to the quasi-peak­
measu rement standards of 
CISPR, VOE and ANSI Standard 
C63.2-1980 , Model CPR-25 
measures EMI uti lizing LCDs 
that represent attenuation set­
ting and show tuned frequency 
to an accuracy of ±0.1% over a 
10-kHz to 1000-MHz range. It 
also incorporates circuits for 
detecting peak, average and rms 
levels and ratios that can be 
displayed on an 80-dB front­
panel meter or tracked by single­
or dual-pen X-Y plotting. 
Additionally , video response 
over each octave-range band 
can be presented on any 
conventional or storage-type 
oscilloscope , implementing a 
tuned - front - end spectrum­
analyzer capabil ity . $27,900. 
Delivery, 90 to 120 days ARO. 
Penril Corp, 5520 Randolph Rd, 
Rockville, MD 20852. Phone 
(301) 881-8151. TWX 710-828-
0522. Circle No 173 

POWER SUPPLIES. For preci­
sion laboratory high-voltage 
applications, these solid-state 
benchtop 5x 7% x 71/4-in. units 
feature digital voltage controls 
with a resolution of 200 mV, a 
front-panel voltage meter, regu­
lation and ripple of 0.001 %, TCs 
of 50 ppml"C, plug-in pc boards 
and encapsulated high-voltage 
circuitry. They are arc protected, 
self restoring and claimed to be 

short-circuit proof. Model 214 
has a floating output and can 
serve as a positive or negative 
source delivering O to 1 OOOV at 
15 mA. Model 215 provides a 
polarity switch with LED polarity 
indicators and an output of 0 to 
±3000V at 5 mA. $485 for either 
model. Bertan Associates Inc, 
3 Aerial Way, Syosset, NY 
11791. Phone (516) 433-3110. 

Circ.le No 174 

SPIKE MONITOR. Measuring 
peak amplitude of normal- and 
common-mode power-line 
spikes in eight discrete levels of 
1 OOV to 2 kV, the Universal 
Spike Monitor stores the result in 
a voltage-sensitive shift register 
and displays it on eight 
corresponding LEDs on its front 
panel. Measurement response 
time equals 25 nsec, and a 
1-kHz cutoff network rejects 
low-frequency disturbances 
such as surges, sags or 
dropouts, forming an effective 
spike-monitor window of approx­
imately 1 kHz to 1 O MHz. The 
unit provides two modes of 
operation. In the Monitor mode, 
memory is instantly updated to 
hold (and display) the worst­
case spike amplitude indefinitely 
until cleared by a front-panel 
pushbutton. In Recording mode, 
the memory produces a propor­
tional de current tor a strip-chart 
recorder, clearing itself automati­
cally after 1 min when a spike 
has been registered . $445; 
strip-chart recorder, $685. Pow­
er-Science Inc, 7667 Vickers St, 
San Diego, CA 92111. Phone 
(714) 292-4322. Circle No 175 
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BER INDICATOR. Providing 
bit-error-rate measurements to 
325 MHz, the modular BERTS-
325C includes a clock source, 
transmitte.r and receiver that 
generate pseudorandom or 
fixed-word patterns for stimulat­
ing the system under test and 
measure the bit-by-bit errors 
received. BER or total errors can 
be measured on continuous or 
burst data for applications such 
as TDMA testing. Data and 
delayed-data outputs are fur­
nished for QPSK-test applica-

tions . A printer output is 
standard, and an optional GPIB 
interface permits automated-test 
applications. The transmitter 
provides four pseudorandom 
test patterns (27 -1, 215 -1 and 
223 - 1 bits) and four 16-bit 
words, including alternating 
ONE/ZERO . Errors can be 
injected internally at a 2x 10-2 

BER or at an externally 
controlled rate. For measure­
ments on nonpseudorandom 
16-bit patterns , an external 
reference-data input is provided. 
$17, 195. Delivery, 8 to 10 wks 
ARO. Tau-Tron Inc, 27 Industrial 
Ave, Chelmsford, MA 01824. 
Phone (617) 256-9013. Tv.JX 
710-343-6781 . Circle No 176 

TEST SYSTEM. A minicomput­
er-controlled wafer-level para­
metric test system, System 300 
can also be configured to test 
discrete semiconductor devices 
or functional circuits. It includes 
a PDP-11/23 minicomputer with 
128k bytes of memory, dual 
floppy disks, a CRT or printing 
terminal and plug-in instrumen­
tation modules for forcing de 
current from 25 pA to 100 mA (to 
250V) and de voltage from 0.25 
mV to 300V (to 1A). Standard 
modules provide voltage mea­
surements from 100 µ V to 250V 
and current measurements from 
5 pA to 1 A (0.01 pA with 
low-current matrix option). Ca­
pacitance measurement from 
0.01 to 3000 pF FS is also 
available. Maximum matrix size 
is 144 pins, and the pins can be 
multiplexed to as many as four 
device test stations. A single 
measurement can be made in 
< 3 msec; typical floating-point­
calculation time equals 100 
µSec. From $49,000. Delivery, 
90 to 120 days ARO. Keithley 
Instruments Inc, 28775 Aurora 
Rd , Cleveland, OH 44139. 
Phone (216) 248-0400. TLX 
985469. Circle No 177 

RF-FIELD SENSOR. Manufac­
tured by the Italian firm Aeritalia, 
this system uses balanced 
isotropic probes responding to 
any incident field (regardless of 
polarization) to provide a true 
reading of all incident electric or 
magnetic fields in the 1- to 
500-MHz range. It comprises a 
shielded metering instrument 
with separate sensor probes and 
a field-sensor repeater connect­
ed to the metering device via 
fiber-optic cable. Three sensor 
probes cover electric field 
strengths from 10 to 100 V /m FS; 
two cover magnetic fields of 1 
and 10 Alm FS. The repeater 
unit can be isolated from the 
incident field for remote-location 
readout. $7650 for metering 
instrument, repeater, fiber-optic 
link and five probes. Delivery, 60 
to 90 days ARO. Amplifier 
Research, 160 School House 
Rd, Souderton, PA 18964. 
Phone (215) 723-8181. Tv.JX 
510-661-6094. Circle No 178 

EPROM PROGRAMMER. For 
25XX and 27XX Series EP­
ROMs, the ROMMR erases, 
tests, programs and verifies 
2708/58/16/32/64, 2516/32/64 
and 68764 devices. It's available 
as an option to the maufacturer's 
Sprint 68 microcomputer/de­
velopment system. $299. Win­
tek Corp, 1801 South St, 
Lafayette , IN 47904. Phone 
(317) 742-8428. Circle No 179 
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SATELLITE-VIDEO RECEIVER. 
You can receive any of the 24 
video channels broadcast from 
SATCOM, WESTAR, COMSTAR 
or ANIK satellites with the Model 
AR1000 Simulchannel satellite­
earth-station video receiving 
system. Equipped with an 
orthomode antenna feed, two 
LNA/down converters and sepa­
rate horizontal and vertical feed 
lines, it can automatically select 
the correct feed line for a given 
transponder channel number 
(entered on a front-panel pad) to 
provide simultaneous access to 
six video channels. Other key 
features include PLL demodula­
tion with threshold extension, 
automatic frequency control, 
digital channel selection and 
modular construction . Four 
receivers can be cascaded to , 
provided simultaneous demodu­
lation of 24 channels. Approxi­
mately $15,000 for 6-channel, 
19-in.-rack-mounting unit with 
two LNA/down converters. 
Delivery, starting in May. 
Avantek, 3175 Bowers Ave, 
Santa Clara, CA 95051. Phone 
(408) 727-0700. Circle No 180 

LINEAR SUPPLIES. Q Series 
UL-recognized open-frame de­
vices furnish output voltages of 
5, 12, 15 or 24V de and output 
currents of 1 .2 to 12A for 5V 
models, 1.2 to 4.8A for 24V 
versions. Overvoltage protection 
is standard on all 5V outputs and 
optional for the others. Dual- and 
triple-output models are also 
available. All units incorporate a 
grounded shield for 2500V 
isolation between the primary 
and secondary windings, and 
outputs supply either positive or 
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negative voltages. Other fea­
tures include 115/230V ac 
inputs, full-output ratings over O 
to 50°C, short-circuit and 
overcurrent protection and 
terminals for remote-sensing 
leads. Line regulation specs at 
<±0.05% for 10% line change; 
load regulation , <±0.05% for 

50% load change. $25.70 to 
$89 .55 for 5V single-output 
models with overvoltage protec­
tion; $25.70 to $83.95 for 12, 15 
or 25V versions without OVP. 
Dynage Inc, 1331 Blue Hills 
Ave , Bloomfield, CT 06002. 

,Phone (203) 243-0315. 
Circle No 181 

NEW ... Series 50 Dripproof Lighted 
2
pisplay Pushb6tton Switches and 

Indicators are designed for those W-oblem installations that may be 
exposed to rain, open deck spray, cont1ensation on the panel surfaces, or 
similar applications where moisture may be encountered. The display 
pushbuttons' captive rubber seal, w-ecisely seated in the switch body, 
effectively closes all possible paths that moisture might follow into the 
5Witch. All units meet or exceed the requirements of MIL-S-22885 and 
MIL-ST0-108E. . 
Switches are available as individ~ally mounted or matrix mounted 
units with choice of 2PDT or 4PO,T circuitry, solder, PC, wire wrap, or 
crimp pin receptacle termination," and either alternate or momentary 
switch action. Matching indicators provide look-alike appearance. 
Four-lamp illuminated display pushbuttons provide one to four 
message areas, with a wide choice of legend style and colors. 
F,.EE ••• Deslgn Cabdog Qc.8/'J, Write toctayf(or fully lllustrptd 
catalog giving compleledelcrlptloriS, ttimenslOns,Md sp8clftcatl0ns. 

For more information, Circle No 76 
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SWITCHER. An addition to the 
Ugly line, the ES130 Series 
furnishes a main output of 
5V/20A and auxiliary outputs of 
± 12V/1.5A, ± 15V/1.2A and 
5V/0.5A. Overvoltage protection 
is standard on the main output 
and optional on the others. You 
can select inputs from 90 to 125 
or 180 to 250V, 47 to 63 Hz. 
Other features of the 10.76x 
5.25x 2.375-in . supply include 
tight regulation , low noise , 
convection cooling without 
additional heat sinking and full 
rating to 40°C. Open configura­
tion, $182; enclosed, $189 (250) . 
Elpac Power Systems, 3131 S 
Standard Ave, Santa Ana, CA 
92705. Phone (714) 979-4440. 
TWX 910-595-1513. 

Circle No 182 

DIGITAL VOM. A 6-function, 
24-range unit , Model 3410 
features a 1 OOOV ac/dc range, 
overload protection to 600V on 
all current ranges (with 2A/250V 
and 3A/600V fuses) , protection 
to 1 OOOV on resistance and 
voltage ranges and typical 
9V-alkaline-battery life of 500 
hrs. Its 31h -digit, 0.5-in.-high 
LCD has overrange blanking 
indication plus autopolarity and 
autozero capability. The unit 
comes with 36-in. test leads, 
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screw-on insulated alligator 
clips, 9V battery, spare 2A fuse, 
wire tilt stand and instruction 
manual. Model 3410 kit adds a 
clamp-on ac ammeter , line 
separator, 6-kV ac and de 
high-voltage probe and carrying 
case. $140; $208 kit (including 
VOM). Triplett Corp, 1 Triplett 
Dr, Bluffton, OH 45817. Phone 
(419) 358-5015. TWX 810-490-
2400. Circle No 183 

DEVELOPMENT SYSTEM. The 
microprogramming Model 
DS500 features a 4-MHz 
Z80-based computer system 
with 64k bytes of memory, two 
dual-density floppy-disk drives 
and a CRT terminal. A 
2901-based PROM emulator/ 
logic-state analyzer ties to the 
computer as well as the CRT 
terminal. The logic-sta_te analyz­
er furnishes a 20-MHz trace 
(1023 words deep), expandable 
to 80 channels wide . An 
unlimited break/trigger feature 
provides simultaneous and 
independent arming, conditional 
break/trigger and unconditional 
break/trigger of any number of 
addresses within the 8192-
location addressing space. Two 
external-event break/trigger in­
puts can capture glitches as 
short as 8 nsec. Other features 
include single-step capab ility 
and PROM-emulator output 
enable/disable. From $15,900. 
Hilevel Technology Inc, 
14661C Myford Rd, Tustin, CA 
92680. Phone (714) 731-9477. 

Circle No 184 

SWITCHER. An open-frame 50 
to 65W unit furnished in 
pc-board form , the 5 x 9-in . 
Etatech Series provides as many 
as five outputs. The primary 
output is rated at 5V to BA; the 
others at ±12 to ±15V to 12W, 
- 12 to - 15V to 12W and 5 to 
15V (either polarity) to 18W. 

Input-voltage range specs at 85 
to 135V rms, 47 to 440 Hz 
single-phase or 115 to 185V de. 
Regulation on primary output 
equals ± 15 mV (l ine) and 1 O mV 
(load), 10% to fu ll load. Total line, 
load and interaction regulation 
(secondary outputs) equals 
± 10%. Ripple and noise on the 
primary output are held to 100 
mV p-p ; on the secondary 
outputs, 2% or 200 mV p-p. 
Short-circuit and overload pro­
tection come standard. $132.20 
(100). Adtech Power Inc, 1621 
S Sinclair St, Anaheim, CA 
92806. Phone (714) 634-9211. 

Circle No 185 

DATA-ACQUISITION SYSTEM. 
Storing 600M bits on an 
ANSI -compatible 1/4-in . tape 
cartridge, th is system operates 
with dual µPs to selectively 
receive , format , record and 
reproduce data from as rriany as 
four 0 to 200k-bps serial­
asynchronous data channels. It 
records for nearly 1 hr at 200k 
bps and for more than 6 days at 
an input rate of 1000 bps. Data 
bursts of 128k bits can be 
accommodated at megabit rates. 
Recording format is 7200 bpi ; 
data reco rds in serpentine 
fashion on 10 tracks. Total tape 
length equals 700 ft. The tape 
drive uses a 10,000-hr brush less 
de motor with a proprietary 
digital servo. $16 ,000 to 
$29,000. Delivery, 6 months 
ARO. Peripherals Develop­
ment Associates Inc, 3303-B1 
Harbor Blvd, Costa Mesa, CA 
92626. Phone (714) 546-9640. 

Circle No 186 
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COMPONENTS 
& PACKAGING 

DATACOMM NETWORK. Model 
6010 Data net can replace 
fiber-optic or hardwired data 
links, telephone lines and 
modems connecting terminals, 
process-control transducers, 
computers and controllers. 

All solid state (including light 
sources), the optical system 
uses infrared energy to transmit 
serial binary data over line-of­
sig ht paths. The receiver 
circuitry compensates for chang­
es in atmospheric conditions 
such as fog, dust, strong sunlight 
or smoke, allowing system use 
outdoors or in harsh industrial 
environments. 

All full-duplex channels are 
operable simultaneously at O to 
2400, 4800 and 9600 bps 
without requiring user adjust­
ment, and the remote transceiv­
er station can be placed as far as 
35 ft from the central transceiver 
(up to 328 ft with Model 501 O 
transceiver) . 

Plug compatible with most 
µCs and peripherals, the system 
comes with standard RS-232 or 
current-loop interfaces; others 
are available. $2750 for 5-
chan n el system. Scientific 
Radiation Corp, 1201 San 
Antonio Rd, Mt View, CA 94043. 
Phone (415) 965-0910. TLX 
345506. Circle No 225 

COMPUTER CHASSIS. Pack­
aging disk-based-computer and 
µP systems, the rack-mountable 
Model Q MFR-1 can house nine 
pc-board or Scotchflex-type 
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wiring modules, one or two 
5.25-in. floppy-disk drives, a 
linear or switching power supply 
and ac line f iltering. The 
10.5 x 19-in. unit can be remotely 
turned on and off via a 
solid-state relay for use with 
modems or multiple-processor 
networks and accommodates pc 

cards on 0.1-in. centers with dual 
40-pin card-edge connectors. 
The enclosure is constructed of 
black anodized aluminum with 
extruded cross members. $250 
to $500, depending on options. 
Q Computers, 134 Water St, 
Wakefield, MA 01880. Phone 
(617) 245-7323. Circle No 226 

Technipower 
The High Reliability 

Power Conversion Source 

NEW 
" IN" SERIES 

MIL-QUAL 24 or 28 voe 
SINE WAVE INVERTERS 

A new, high rel iability Series of In­
verters that delivers Mil-Quality per­
formance and dependability for any 
industrial UPS system. Operates 
from any nominal 24 voe (20 to 28) 
or 28 voe (24 to 32) source with 
less than 5% distortion . Choice of 8 
open frame models, all with 70% 
efficiency rat ing and equ ipped with 
115 or 220 VAC outputs, 50/60 Hz 
or 400 Hz input. Regulation is ±1% 
source and load; temperature rating 
- 71°C and better: load power factor 
-0.8, leading or lagging. Automatic 
short circuit and source reverse 
polarity protection. Send for Techni­
cal Data Bulletin. 

NEW 
" V-80" SERIES 

HARSH ENVIRONMENT, SEALED 
AC-DC/DC-DC SWITCHERS 

Advanced IC technology, epoxy 
sealed packages made to meet 
35,000 hours MTBF stress levels at 
80°C base, outputs from 2.8V to 250 
VDC and power ratings to 100 Watts 
- all contribute to the " Mil-Qual" 
performance of these new, modular 
V-80 Switchers . The 25 KHz switch­
ing frequency helps achieve 80% 
efficiency and high reliability from 
a small package. Regulation is 
±0.05% + 5mV line; ripple is 0.2% 
+ 10mV; load effect is ±0.1% 
+ 5mV; overvoltage, short circuit 
protection, slow start, remote sens­
ing and float ing output are included. 
Send for Technical Data Bulletin. 

Backed by 5 year Warranty. 

VARIAC 
Variac® Au totransformers and Voltage 
Regulators are now solely manufac­
tured and sold in the U.S. and Canada 
by Technipower. 

High Reliabili ty Power Conversion 

TECHNIPOYVER 
A penrll COM PAN Y 

P. 0 . Box 222 Commerce Park, Danbury, Conn . 06810 
Tel: (203) 748-7001 TWX: 71 0-456-9280 

For more information, Circle No 77 
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F-0 RCVRS, XTMRS. Epoxy 
encapsulated in SMA-type brass 
connectors, these units mate 
with any SMA-terminated fiber­
optic system. Model 9824.01.A 
is a silicon-phototransistor re­
ceiver; Model 9824.02.A, a 
silicon PIN-photodiode unit with 
a rise time of 25 nsec. Models 
9823.01.A and 9823.02.A IR 
LED transmitters operate at 940 
nm, while Model 9823 .03.A 
produces an 890-nm output. The 
units operate between -55 and 
+ 100°c. Model 9824.01 A, 
<$14; Model 9824.02.A, approx­
imately $40; Model 9823.01.A, 
$20; Model 9823.02.A, $30; 
Model 9823.03.A, $22 (100). 
Opti-Cal Inc, Box 10362, 
Glendale, CA 91209. Phone 
(213) 246-3901 . Circle No 227 

PRESSURE TRANSDUCER. A 
general-purpose unit packaged 
in a stainless-steel diaphragm 
and case, Model AB measures 
from Oto 6 and Oto 20,000 psi 
and comes in gauge, absolut 
and sealed versions. Suitlf1g 
industrial, oil-drilling, oceano­
graphic, medical, aerospacl and 
process-control applicatio s, it 
features accuracy to 0.5% 
(including nonlinearity, ref,eata­
bility and hysteresis). utput 
equals 100 mV at rated 
pressure. $100 (1 oo)I Data 
Instruments Inc, 4 Har!lvell Pl, 
Lexington, MA 02173. Phone 
(617) 861-7450. TWX 7 0-326-
0672. Circle o 228 

LED STICK DISPLAY. Th 
multidigit 0.3-in.-high MMN-
30000 Series display uses 
a GaAsP-on-GaP-substrate die, 
comes in 2- and 4-digit 
end-stackable packages and 
provides orange, yellow, green 
and high-efficiency-red outputs, 
prematched for brightness and 
hue. Lens-color options can 
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tailor the display to a particular 
application. Viewable in sunlight 
under normal conditions , it 
operates over -40°C to +85°C 
and comes in multiplexed or 
direct-drive configurations. $2. 75 
for 2-digit unit (1000) ; $5.60 for 
4-digit version (500). General 
Instrument Corp, 3400 Hillview 
Ave , Palo Alto , CA 94304. 
Phone (415) 493-0400 . 

Circle No 229 

THER~oCOUPLE WIRE. C0n­
taini r;ig 12 spools of calibrate 
t tfrmocouple wire, these kits 
an be used to form thermocou­

ples that meet the ANSI Limits of 
Error for Thermocouples stan­
dard (MC96.1, 1975) if produced 
using standard manufacturing 
practices. Four kits are available: 
Kit E, Chromel and Constantan; 
Kit J, iron and Constantan ; Kit K, 
Chromel and alumel; and Kit T, 
copper and Constantan. You get 
six wire sizes in each kit, ranging 
from 0.001 to 0.015 in. in 
diameter. Each spool contains 
50 ft of wire, protected with 
snap-on covers. $89. Tempera­
ture Co Inc, Box 686, Metuche , 
NJ 08840. Phone (201) 
3490. Circle N 

SQCKE:r-51" IPS. Providing a 
double row of contacts on a 
0.1 -in. grid, Socket Strips have 
terminals of one row bused to 
terminals of the other row to 
provide a commoned 1-row 
pinout. The terminals can also 
be left unbused for use as an 
LED-array socket. You can 

connect any number of strips 
side by side, maintaining the 
0.1-in. grid pattern. Both 
square-wrap and solder-pin 
terminals are standard in tin or 
gold plate. Solder-pin styles plug 
into themselves, permitting 
stacking for breadboarding or 
vertical packaging. $1.45 (100) 
for a 16-contact commoned 
2-row assembly. Samtec Inc, 
810 Progress Blvd, New Albany, 
IN 47150. Phone (812) 944-
6733. Circle No 231 

OPTICAL FIBER. For short-to­
intermediate-distance and medi­
um-bandwidth applications, this 
moderate-loss fiber consists of a 
silica core , plastic optical 
cladding and a protective jacket. 
It comes in standard diameters 
of 200, 300, 400 and 600 µm; 
other sizes are also available. 
Attenuation specs at <50 dB/km 
at 790 nm. Features include NA 
of 0.3, a 1.46 core index of 
refraction, 20-MHz-km band­

idth, short-gauge-length tensile 
trength >60 kg/mm 2 and 
aimed low radiation sensitivity. 
rom $0.50 per metre (small qty) 

f r 200-µm-core fiber. EOTec 
orp, 200 Frontage Rd, West 
aven, CT 06516. Phone (203) 
34-7961. Circle No 232 

ISOLATOR. Model 60A2051 
covers a frequency range of 8 to 
18 GHz and, excluding connec­
tors and termination, occupies 
only 0.125 in. 3 16-dB min 
isolation is guaranteed, as are 
0.7-dB max insertion loss and 
1.5 max VSWR over -45 to 
+ 85°C. Designed for airborne 
and missile environments, the 
unit sports SMA female connec­
tors. $138 (small qty). Trak 
Microwave Corp, 4 726 Eisen­
hower Blvd, Tampa, FL 33614. 
Phone (813) 884-1411 . TLX 
52827. Circle No 233 
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We Pioneered 
The Industry 

The Autotest UTS-300o@' - the acknowledged 
leader in power supply testing systems. For over four 
years, Autotest has had systems, a service staff and 
policies that are the envy of its competition. 

Autotest has more power supply testing systems in 
use than anyone else in the field. And, we have the most 
experience in testing switching supplies and high power 
applications utilizing our own hardware. 

Our AUTOSOFT® software is the most advanced in 
the industry, and is totally integrated with Autotest's 
hardware. On the UTS-3000, over 90% of its 
components are designed and manufactured 
in-house ... competitive units purchase many of their 

components from outside suppliers, 
causing service and repair problems. 

Autotest also supplies multi-station test head 
capability. No matter how complex your power supply 
testing requirements might be, Autotest can meet the 
challenge with system reliability and integrity 
undreamed of before. Best of all, the best is affordable. 

Call today and find out why you should have an 
Autotest UTS-3000 system in your plant. 

• A Comprehensive Support Plan to optimize uptime 
• On-site spare parts kits to minimize any repair time that 

might occur 
• Proven capability and predictable delivery at known cost 
• Easy to program and operate 

To SAVE time, to CUT labor costs, to obtain CONSISTENT 
results and product QUALITY, write or call us today. 

P.O. Box 20264 •San Antonio, Texas 78220 • Phone (512) 661-8391 •TWX 810-871-1229 ACECO SNT 
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LARGE-AREA LCDs. Standard 
Model 740 (6-digit) and 742 
(8-digit) displays feature bonded 
pin connectors. Both offer 0.5-in. 
character heights and include 
colons and decimal points. The 
displays operate over a 3 to 20V 
rms range and furnish low 
dissipation (SO µW typ for Model 
740). Package sizes measure 
2.75 x 1.2 and 3.7 x 1.2 in. for the 
740 and 742, respectively. 
Connectorless versions are 
optional. Beckman Instruments 
Inc, Box 3579, Scottsdale, AZ 
85257. Phone (602) 947-8371. 

Circle No 248 

WIRE-WRAPPING BOARDS. 
Model 2-801 O comes in two 
connector configurations (-A, 
·vith 296 1/0 locations; -B, with 
272 1/0 pins) for direct 
installation into the SBC 80/1 O 
card cage . Both feature a 
universal-style pattern with 62 
rows of 52 plated-through holes 
on 0.1-in. centers. The boards 
accommodate DIP-pin spacings 
of 0.3 to 0.9 in. Bypass capability 
is provided for all independent 
planes, and power, ground and 
110 locations come prepinned. 
$93.50 for 2-801 OA version. 
Hybricon Corp, 410 Great Rd, 
Littleton , MA 01460. Phone 
(617) 486-3174. Circle No 234 

PROCESS METER. The 
CM-35X requires no external 
supply, drawing its operating 
power directly from a 4- to 20- or 
10- to 50-mA current loop. You 
can scale the 31h-digit device to 
display data in almost any 
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engineering unit. The 0.48-in. 
LCD provides a user-selectable 
trailing zero or a choice of °F or 
0 c descriptors. You can also 
access other segments of the 
inactive last digit to display A, E, 
N or 1 . Stackable cases are 
available (no extra charge) for 
multiple-meter-array applica­
tions. $75. Texmate Inc, 348 S 
Cedros Ave, Solana Beach, CA 
92075. Phone (714) 481-7177. 

Circle No 235 

DIVIDER/COMBINER. Model 
D412M resistor-isolated power 
divider operates over 8 to 18 
GHz with minimum isolation of 
18 dB. Insertion loss equals 1 dB 
max, insertion phase is within 
±5° port to port and amplitude 
balance is within ±0.2 dB. In 
power-divider mode, input 
VSWR measures 1.7 max. In 
4-way power-combiner usage, 
input VSWR to each port equals 
1 .5 max. Internal resistors have 
a power rating of 0.25W cw, 1 
kW pk. $175. Delivery, 60 days 
ARO. Engelmann Microwave 
Co, Skyline Dr, Montville, NJ 
07045. Phone (201) 334-5700. 

Circle No 236 

DIP DELAY LINES. DP14 
Series units are available in MIL 
and commercial versions, both 
TTL compatible. They are fully 
encapsulated and come with 
delay ranges of 1 o to 1000 nsec, 
delay/rise-time ratios of 5:1 and 
impedances of 50 to soon. Taps 
are spaced at 10% intervals, and 

package heights of 0.187, 0.225 
and 0.3 in. are available . 
Operating range .spans -30 to 
+85°C for commercial versions. 
Approximately $5 and $6 (1000) 
for commercial and MIL units, 
respectively. Delivery, 10 to 12 
wks ARO. Kappa Networks Inc, 
165 Roosevelt Ave, Carteret, NJ 
07008. Phone (201) 541-1600. 

Circle No 237 

ISOLATOR CARD. In the 
presence of 250V common­
mode voltages, Model 722 
analog-to-analog isolator han­
dles inputs of 25 mV to 1 OOV de 
in four ranges with continuous 
zero and span (gain) adjust­
ments. It provides either a 
process-current (4 to 20 mA) or 
de-voltage (1 to 5, O to 1, O to 5 
or Oto 1 OV de) output. The Span 
pot has a 10:1 adjustment range, 
and the Zero pot adjusts from O 
to 25% of maximum input span. 
Two response options are 
available: de to 1 O and de to 100 
Hz. From $160. Delivery, 6 wks 
ARO. Acromag Inc, 30765 
Wixom Rd, Wixom, Ml 48096. 
Phone (313) 624-1541. 

Circle No 238 

PRESSURE TRANSDUCERS. 
Models 204 and 204E feature SV 
outputs, < 1 msec response, 
0.02% repeatability, 0.05% 
hysteresis and 0.1 % nonline­
arity. In addition, they have 
full-scale gauge and absolute 
pressure ranges of 25 to 10,000 
psi and O to 14.7 psi vacuum, 
1 on output impedance and 
0.01 % max output noise. Model 
204 is compensated for both 
zero and sensitivity shifts arising 
from temperature variations. 
Model 204E, from $320; Model 
204, from $505. Setra Systems 
Inc, 1 Strathmore Rd, Natick, 
MA 01760. Phone (617) 655-
4645. Circle No 239 
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CARD FILE. The Micro-file 
features standard 4-connector 
backplanes, with all interconnec­
tions, ready to go in Multibus 
systems. It includes aluminum 
end plates and mounting bars 
and nylon self-lubricating guides 
that ease card insertion. 
Standard files have a 4-card 
add-on capability; custom units 
are available with variable card 
counts and spacings. $187 for a 
typical unit. Delivery, 8 to 10 wks 
ARO. Scanbe Div/Zero Corp, 
3445 Fletcher Ave, El Monte, CA 
91731. Phone (213) 579-2300. 

Circle No 240 

SWITCH CARD. The CS8901 
BCD switch panel provides an 
array of 24 rotary switches (rated 
for 10,000 detent operations) on 
a STD Bus-compatible card. 
Rotors are slotted to permit 
digit-value selection with a small 
screwdriver. The card functions 
like a 12-byte ROM: Each of the 
12 address codes selects a pair 
of digits for reading by the 
system processor. The -8901 
can be 1/0 mapped via jumpers 
(with 8-bit addressing) or 
memory mapped (with full 16-bit 
addressing). $275 (10). Circuits 
& Systems Inc, 2 Main St, 
Hollis, NH 03049. Phone (603) 
465-7063. Circle No 241 
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That's right ! ERG's DC-to-DC converters power any application up to 
25 W, at efficiencies up to 85%. Standard units: 3 W, 6 W, 12 W and 25 W, 
unregulated. Input range 5·48 V. Output range 5·1,000 V. Others to spec. 

Originally designed for gas discharge display activation, ERG converters 
now fi nd use in a host of applications including high voltage biasing of 
avalanche diodes, electronic pain killing devices, and miniature lasers 
for geological study. Send for free data sheet. 

r ·-~T. ~~,?.!~~~~ic~~~~h Group.Inc. l. 'W llli.. "'Ill Westview Station , P.O. Box 128 Binghamton, N.Y. 13905 
~ TM 607-798-7846 TWX 510-252-0155 

For more information, Circle No 93 

Hard Disk 
Controller 

• SMD Interface 
• 8·inch Winchester 

XCOMP, Inc. 
7566 Trade Street 

San Diego, CA 92121 
Tel. (714) 271-8730 $ 

Telex 182786 

• 5 1/4·inch Winchester 
• 5440 Cartridge 

For more information, Circle No 94 
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THERMOMETERS. This line of 
panel-mounting thermometers 
includes Type J and K 
thermocouple designs (TC-
7200) as well as RTD (PT-7600) 
devices. TC-7200 units have 1° 
resolution and operate over 
-180 to +760°C (J) or - 50 to 
+1250°C (K). An optional LED 
provides °C or °F readout. 
PT-7600 thermometers work 
with DIN 1000 sensors and offer 
ranges of - 200 to + 800°C ( 1° 
resolution) or -199.9 to 
+199.9°C with 0.1 ° resolution. 
Readout is in either °C or °F 
(switch selectable), and both 3-
and 4-wire sensor connections 
are accommodated. TC-7200, 
$225; PT-7600, $245. Delivery, 
stock to 60 days ARO. Caspar 
Integrated Systems, 541 S 
Franklin St, Ft Bragg, CA 95437. 
Phone (707) 964-4109 . 

Circle No 242 

FET AMPLIFIER. Model QCL-
5009 operates over 5450 to 
5828 MHz and employs three 
GaAs FETs to achieve 20- to 
25-dB gain. Over O to 60°C, 
maximum noise figure equals 
3.3 dB. Gain flatness specs at 
±0.5 dB, and input/output 
VSWR equals 1.35 max. An 
integral bias regulator is provid­
ed, as are input and output 
isolators to improve matching. 
The unit measures 3x 2x 0.76 in. 
$1400 (medium to OEM qty). 
Raytheon Co, 130 Second Ave, 
Waltham, MA 02154. Phone 
(617) 899-8400. Circle No 243 

ZIF SOCKETS. These zero­
insertion-force DIP sockets are 
availble in 24-, 28- and 40-pin 
designs with 0.6-in. centers and 
with 64 pins on 0.9-in. centers. 
The normally open contacts are 
closed with a cam: The last 15° 
of cam movement provides a 
wiping action to remove contami-
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nation from IC legs. The 
beryllium-copper contacts are 
available tin or gold plated. 
Bodies are 30% glass-filled 
thermoplastic . Socket height 
measures 0.45 in. $2.50 to $8. 
Aries Electronics Inc, Box 130, 
Frenchtown, NJ 08825. Phone 
(201) 996-6841. Circle No 244 

IR - EMITTING DIODES. 
MLED93/94/95 Series GaAs 
units produce a 3- to 7-mW typ 
infrared output at 9300A (typ) 
with a 100-mA input. VA equals 
6V, IF specs at 100 mA, and total 
power dissipation at TA=25°C 
equals 215 mW. The Unibloc 
T0-92 plastic package facilitates 
mounting and is compatible with 
automatic insertion equipment. 
Suiting industrial processing and 
control applications such as light 
modulators, shaft or position 
encoders, end-of-tape detectors 
an_d optical couplers, the diodes, 
because of their light-dispersion 
angle, also find use in remote­
control TV applications. $0.47 
(3-mW output) to $0.59 (100) (7 
mW). Motorola Semiconductor 
Products Inc, Box 20912, 
Phoenix, AZ 85036. Phone (602) 
244-4556. Circle No 245 

DELAY LINES. Units in this 
family of wide-bandwidth, low­
insertion-loss ultrasonic devices 
have nominal frequencies rang­
ing from 3.58 to 28.636 MHz. 
Furnishing delays in the 63- to 
128-µ.Sec range, each delay line 
consists of two proprietary 
piezoelectric ceramic transduc­
ers and a zero-TC glass plate: 

As an input electrical signal is 
applied to the input transducer, 
its electrical energy is converted 
into acoustical form. After 
traveling through the glass plate, 
it is then converted by the output 
transducer into an electrical 
signal with appropriate phase 
delay. All devices feature 
approximately 10-dB typ inser­
tion loss, small size (some 
low-profile units are 0.5 in. high) 
and -1 O to +60°C operating­
temperature range. $1 .50 to 
$2.50 (OEM qty). Delivery, stock 
to 12 wks ARO. Panasonic Co, 
1 Panasonic Way, Secaucus, NJ 
07094. Phone (201) 348-7282. 

Circle No 246 

BAUD-RATE GENERATOR. 
Controlled by a crystal oscillator 
and suiting modem and data­
transmission UART applications, 
Model QT 101 provides 13 
widely used bit rates between 50 
and 9600 baud and can control 
as many as eight transmission 
channels. Applying the appropri­
ate logic-level signal to the four 
Rate Select inputs determines its 
output baud rate. The unit is fully 
compatible with MIL-spec envi­
ronmental requirements, and 
you can specify frequency 
tolerance to ±0.01 % over 0 to 
70°C and to ±0.005% over -55 
to +125°C. From $24.19 (100) 
for ±0.01 %, O to 70°C units. 
Delivery, 12 wks ARO. Q-Tech 
Corp, 2201 Carmelina Ave, Los 
Angeles, CA 90064. Phone 
(213) 820-4921 . Circle No 247 
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Two expositions that 
lead you to improved 
electronic manufacturing 
efficiency. 

The Exhibition 
Stressing the 

fa brica ion, assembly, 
prod uct ion and esting of 

PWB/ PCBs, Multi-Layers and 
Microelectronic Devices, these 
exhibitions feature he nation's 

outstanding sup pl iers. For the latest 
cost-savi ng manufacturi ng 

machinery, equ ipment, tools, 
hardware , supplies, materials, and 

test instruments, be sure to see the 
175+ displays and exhibits . 

The Conference 
Among the timely topics presented by 
industry leaders are: 
PWB chemica l processes, materials, 
assembly, repair; soldering materia ls 
and techniques; connections and inter­
connections; fiber optics applications; 
hybrid technology. 
Testing: Ba re-boa rd , in -c ir cuit , 
functional. 
Ea ch program is a technological 
" bonanza " relat ing specifica lly to 
improved productivity. 

Plan now to attend! 

April 1 & 2, 1981 April 15 & 16, 1981 
Market Hall, Da llas, Texas Sheraton 'Twin-Towers, 

Orlando, Florida 

ORGANIZED BY Industrial & Scientifi c Conference Management, Inc. 
222 W. Adams Street, Ch icago, IL 60606 
(312) 263-4866 Tele)\ 256148 

r----------------------1 
I Industrial & Scientific Conference Management, Inc. I 

222 W. Adams St. , Chicago, IL 60606 

: I am interested in 0 ATTENDING 0 EXHIB ITING : 

O Southwest Printed Circuits & Microelectronics Expo '81 
I O Southeast Printed Circuits & Microelectronics Expo '81 I 
I I 

Address _ _ _ _ _ _ _ _ _ _ _________ _ 

City _ __________ State _ _ _ Zip _ ___ _ 

I 
I 
I 
I 
I 

Telephone ( ) I 
COPY THIS COUPON FOR YOUR ASSOCIATES B j 
- ------ - - -- - -- -- --- ---
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ICs & SEMI­
CONDUCTORS 

HIGH-GAIN OP AMP. This 
high-gain version of the standard 
OP-07 combines a stable offset 
voltage (as low as 25 µV max) 
with an input bias current as low 
as 2 nA max. Internal frequency 
compensation and input/output 
protection eliminate the need for 
additional components. 

The -A version's 3,000,000 
(min) open-loop voltage gain is 
10 times higher than the 
standard OP-07's. High input 
impedance (to 80 MO differential 
and 200 GO common mode), a 
common-mode input-voltage 
range of ± 13.0V min and CMR 
to 110 dB min fit the unit for 
noninverting- and differential­
amplifier applications. 

Five grades are available. The 
-07 A and -07 versions guarantee 
initial input offset voltages of 25 
and 75 µV max, respectively, 
and input offset-voltage drifts of 
0.6 and 1.3 µV/°C max over -55 
to + 125°C. For the E, C, and D 
grades, the maximum initial input 
offset-voltage specs are 75, 150 
and 150 µV, respectively. Input 
offset-voltage drift is pegged at 
1.3, 1.8 and 2.5 µV/°C max, 
respectively, over Oto 70°C. 

Long-term stability is guaran­
teed to as low as 1 µ V /month 
max. AD OP-07D, $4.55 (100) . 
Analog Devices Semiconduc­
tor, 804 Woburn St, Wilmington, 
MA 01887. Phone (617) 935-
5565. Circle No 211 
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EAROM. A 256-bit (64 x 64) 
nonvolatile device, Model 
MN9210 utilizes NOVOL logic 
and MNOS technology to 
guarantee 1 yr of data retention 
in the absence of applied power 
if temperature is maintained 
within--40 to + 70°C. Additional­
ly, any word can be programmed 
independently without disturbing 
the rest of stored data and 
without removing the circuit. 
Housed in an 18-pin DIP, the 
TTL- and CMOS-compatible unit 
provides latching data and 
address inputs, 3-state outputs 
on the data lines, six address 
inputs, four data 1/0 lines, a 
read/write control line, a strobe­
control line, two chip-select­
control lines, three power-supply 
pins and an external capacitor 
connection. $28.69 (100). Ples­
sey Semiconductors, 164 
Kaiser Ave, Irvine, CA 92714. 
Phone (714) 540-9979. 

Circle No 212 

PHASE-CONTROL SCR. A 
phase-control thyristor that can 
handle up to 3500V and provide 
current ratings of 800 to 1200A, 
Model T9GO minimizes the need 
for series design in high-voltage 
circuits. Developed for motor 
and phase controls, VAR 
systems, power supplies and 
fusion systems, it provides 
guaranteed dv/dt of 300V/µsec. 
Forward voltage drop specs at 
1. 7V for the 1200A unit. Other 
features include gate current of 
200A with soft gate control, 

0.023°C/W junction-to-case ther­
mal impedance and surge­
current capability to 27,000A. 
The device's power disk pack­
age allows for single- or 
double-sided cooling. The unit 
can be matched for series or 
parallel operation, and it's 
available with factory-assembled 
air- or water-cooled heat 
exchangers. $540 (100) for 
3500V, 800A unit. Delivery, 10 to 
12 wks ARO. Westinghouse 
Electric Corp, Youngwood, PA 
15697. Phone (412) 925-7272. 

Circle No 213 

PAL DEVICES. Additions to the 
company's programmable-array­
logic Series 20 family, PAL 16X4 
and -16A4 can perform arithme­
tic functions such as addition, 
subtraction, greater than, less 
than, between limits and 
equality . Exclusive-OR gates 
and gated feedback allow the 
devices to perform counting and 
logic functions without consum­
ing an excessive number of 
product terms. The dedicated­
parallel-carry feature in the 
-16A4 permits parallel addition 
and subtraction. Suiting imple­
mentation of 4-bit up/down 
counters with shift, program 
counters and between-limits 
comparators, the units can be 
programmed on conventional 
PROM programmers. Propaga­
tion delay time equals 40 nsec 
max, specified over the voltage 
and temperature range. Clock­
ed-to-output delay time equals 
25 nsec. $39 (100). Monolithic 
Memories Inc, 1165 E Arques 
Ave, Sunnyvale, CA 94086. 
Phone (408) 739-3535. T'WX 
910-339-9229. Circle No 214 
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COMPUTER-SYSTEM 
SUBASSEMBLIES 

PERIPHER~L BOARDS. Com­
patible with the Micronova 
board-computer (MBC) line and 
the MP/100 and -200 µCs, these 
boards include an analog and 
digital 1/0 interface, a video 
interface, a RAM/EPROM board 
and an 1/0 CMOS memory 
board. 

Model 4335-S analog and 
digital 1/0 interface board joins 
with the company's MBC/2 or 
MBC/3 to form a 2-board 
intelligent instrument system 
utilizing FORTRAN or PASCAL 
and providing the same comput­
ing power as a full Nova 
computer under the MP/OS 
operating system. It furnishes 16 
1/0 lines with hand;5haking 
signals and operates under 
programmed-1/0 control. The 
analog input port includes four 
single-ended channels and four 
on-board test channels that 
measure analog signals with 
10-bit resolution. One channel of 
analog output is also provided. 

Model 4337-S video interface 
generates upper- and lower­
case alphanumerics on a video 
monitor and links to an ASCII 
keyboard. 

Extending PROMable capabil­
ities to the MP/200, the 
RAM/EPROM board comes with 
Bk bytes of RAM and 32k bytes 
of EPROM (Model 8688) or with 
32k bytes of RAM and 32k bytes 
of EPROM (Model 8689). 

Model 8316 1/0 CMOS 
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portable memory board furnish­
es as much as 16k bytes of 
nonvolatile memory. Model 
4335-S, $800; Model 4337-S, 
$750; Model 8688, $630; Model 
8689, $1260; Model 8316, $800 
(4k bytes) to $1900 (16k bytes). 
Delivery, 90 days ARO. Data 
General Corp, Rte 9, Westboro, 
MA 01581 . Phone (617) 366-
8911. Circle No 215 

PRINTER INTERFACE. Inter­
facing Apple II computers to a 
variety of printers using Centron­
ics-type parallel interfaces, 
including the Okidata Microline 
80, the Microtek MT-BOP and the 
Micro Peripherals 88T, Model 
7778 has an on-board 256-byte 
ROM that provides driver 
firmware and controls ASCII­
character output to the printer. 
The driver responds to standard 
Apple II printer commands for 
selection of commmand charac­
ters, number of characters PE!r 
line, auto feed and video echo. A 
ROM/RAM jumper allows ROM 
replacement by RAM. Residing 
in any Apple II peripheral, the 
board supports the interrupt 
daisy chain with arbitration logic 
(including jumper-selectable IRQ 
generation) and provides OMA 
daisy-chain pass-through. An 
8-bit data-output bus, four status 
inputs, Data Strobe and Ac­
knowledge handshake signals 
and a Reset signal are also 
provided. $119.95. California 
Computer Systems, 250 Carib­
bean Dr, Sunnyvale, CA 94086. 
Phone (408) 734-5811. TLX 
171959. Circle No 216 

A/A CONVERTERS. Series 
1800 analog-to-analog signal­
conversion modules, designed 
for use as the front ends of 
analog 1/0 boards, accept 
real-world inputs and produce 
high-level single-ended signals 
for AID subsystems. Lineariza­
tion is standard for RTD inputs 
and optional for thermocouples. 
Card cages are available in 4-, 8-
or 16-model versions with screw 
terminals for field wiring. All units 
feature 1500V (breakdown) 
isolation, 120-dB typ CMR, 
low-pass-filter options, LED 
status indicators and O to 70°C 
operation. From $135. Delivery, 
8 wks ARO. Acromag, 30765 
Wixom Rd, Wixom, Ml 48096. 
Phone (313) 624-1541. TLX 
230505. Circle No 217 

MEASUREMENT I CONTROL 
CARDS. For application~ such 
as batch processing and 
equipment control with HP 1000 
L Series µCs, L Series 
measurement and control cards 
are programmable either in the 
HP 1000 real-time executive 
operating system or via assem­
bly language. A high-level 
analog-input card features an 
8-channel differential input 
(expandable to 40 channels) 
capable of as many as 55,000 
readings/sec with 12-bit resolu­
tion. Solid-state differential 
multiplexers permit data acquisi­
tion using four programmable 
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full-scale ranges from ± 1.28 to 
±10.24V. A digital-input card 
provides 16 fully isolated inputs 
with resistor-programmable 
threshold levels, as well as 16 
relay outputs (1A at 28V de or 
0.5A at 120V ac). A second 
digital card furnishes nonisolated 
16-bit 1/0 plus a separate 4-bit 
control and status register. $600 
to $1500. Hewlett-Packard Co, 
1507 Page Mill Rd, Palo Alto, CA 
94304. Phone local office. 

Circle No 218 

TAPE CONTROLLERS. The 
T04/T34 family functions with 
DEC LSl-11 and PDP-11 
computers and is TM 11/TU1 O 
compatible. Units require one 
quad board for NAZI mode 
(PDP-11 or LSl-11); for PE 
mode, a dual-size PE board is 
added, drawing 5V and ground 
from the back panel of the host 
minicomputer but not using any 
of the back panel 's bus signals. 
Operating with industry-standard 
tape drives and providing a 
64-byte buffer, the controllers 
support any combination of 7- or 
9-frack NAZI or dual-density 
drives; as many as four drives 
can be daisy-chained to one 
controller. 7-track units can 
operate in NAZI mode at 200, 
556 or 800 bpi ; 9-track drives, in 
NAZI mode at 800 bpi or in PE 
mode at 1600 bpi. Drive speeds 
to 125 ips are supported. 
Single-density model, $2600 ; 
dual-density version (quad 
board plus dual board), $3300. 
Dataram Corp, Princeton­
Hightstown Rd, Cranbury, NJ 
08512. Phone (609) 799-0071. 

Circle No 219 
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RAM BOARD. Available in 16k, 
32k, 48k and 64k versions, 
Model MM-68000 is a 64kx 9 
module designed for 2-MHz 
Exorciser I or II operation. It 
provides even parity with 
jumper-selectable outputs and 
two switch-selectable refresh 
modes for cycle stealing and 
hidden refresh. Module selection 
is decoded in 4k-byte incre­
ments by setting the lower and 
upper limits of a DIP switch. With 
a write-protect switch to safe­
guard any 8k block or the entire 
memory, the board uses 5 and 
12V supplies and dissipates 
< 7W. $600 for 64kx 9 version. 
Micro Memory Inc, 9434 
Irondale Ave, Chatsworth, CA 
91311 . Phone (213) 998-0070. 

Circle No 220 

PRINTER INTERFACE. Model 
125 single-board interface al­
lows DEC LSl-11 systems to use 
any of the company's electro­
static plotters or printer/plotters, 
1/0 multiplexers, hard-copy 
controllers or vector-to-raster 
converters. Plugging into the 
computer mainframe or 1/0 
expansion chassis and operating 

under direct program control or 
OMA, the interface is electrically 
and mechanically compatible 
with the PDP-11 /03 and -11 /23 
and the LSl-11 /2 and -11 /23 
systems, and with the LP-11 
line-printer drive. Supporting all 
printer/plotter functions, it per­
mits printing speeds to 1000 lpm 
and plotting speeds to 34 ft2/min 
and can be located as far as 54 ft 
from the LSl-11 . The package 
includes an RT-11 print/plot 
driver that allows transfer of 
print, plot, SPP, remote-function 
and vector-to-raster-converter 
data to the unit and a 
software-test exerciser. Source 
and object codes are supplied on 
an RX01-compatible diskette. 
$1600. Delivery, 90 days, ARO. 
Versatec, 2805 Bowers Ave, 
Santa Clara, CA 95051 . Phone 
(408) 988-2800. TWX 910-338-
0243. Circle No 221 

PRINTER CONTROLLER. The 
µP-based Model VIP-201 plugs 
into one slot of any Data General 
minicomputer. Capable of con­
trolling any mix of three 
Dataproducts- or Centronics­
interface-compatible line printers 
or the 300-lpm Teletype Model 
40 printer, it provides driving 
capability as g"reat as 2000 ft 
when used with the Model 40 via 
its SSI interface. Built-in self 
tests independent of the CPU 
furnish line-printer-subsystem 
diagnostics. $2400; 1-printer 
version, $1900. Delivery, 30 to 
60 days ARO. Vetra Systems 

. Corp, Box 714, Melville, NY 
11746. Phone (516) 454-6469. 

Circle No 222 
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SYNCHRO CONVERTER. Em­
ploying Type II servo loops 
designed to follow input-shaft 
velocities as high as 1800°/sec 
(300 rpm), the 16-bit Model 
168H100 synchro- or resolver­
to-digital unit provides 1 .3' 
accuracy over its full tempera­
ture range. It maintains this 
performance despite ± 10% 
signal- and reference-amplitude 

variations, ± 10% power-supply 
variations, input-shaft velocities 
to 1800°/sec, as much as 10% 
harmonic distortion and 40° 
phase shift between reference 
and input signals. Inputs are 
balanced to ± 1 %, and 60- or 
400-Hz operation requires no 
external transformers. $695 for 
commercial (0 to 70°C) unit; 
$795 for military-range (-55 to 
+ 105°C) version. Control Sci­
ences Inc, 9601-1 Owensmouth 
Ave, Chatsworth, CA 91311. 
Phone (213) 709-5510. 

Circle No 223 

AID CONVERTER. For use in 
automatic test systems, the 
multiplexing 8-channel Model 
8608 can perform as many as 
5000 measurements/sec. Reso­
lution equals 12 bits in three 
bipolar ranges (100 mV, 1 and 

1 OV), and auto ranging is 
provided. Timing capability 
allows measurements to be 
taken continuously or on multiple 
trigger commands. Fully compat­
ible with the IEEE-488 bus, the 
module can store high-speed 
readings for later readout and 
can be programmed to operate 
in four different modes (single 
channel , single channel burst, 
autoscan and autoscan burst). 
$895. Jaycor, Box 370, Del Mar, 
CA 92014. Phone (714) 453-
6580. Circle No 224 

~'vebeen 
keeping 
a bN profile on 
our Low Profile 
Brite-Lites® 

It's only because we've had other important things to 
talk about-like how our Variable Height Brite-Lites 
are visibly brighter and how our Super Brite-Lites give 
you 25 times more brightness. 

FLEXIBLE 
HORIZONTAL JUMPERS 

But now it's time to end the low profi le on our Low 
Profile Brite-Lites. First, you should know they snap 
into panels as thin as .031 inch without needing snap 
rings or lock nuts. No hardware is required. They are 
available in either standard or Super-bright models 
and designed to last more than ten times longer than 
incandescents while using half the power. 

• Reduces assembly costs, improves 
reliability 

• Plug-in or solder to PCB 
• Many standard sizes on .050" and 

. 100" centers 
• Custom sizes and designs at low 

cost 

BUCKBEE-MEARS COMPANY bmc 
Precision Components Group 

NASHUA DIVISION 
100 NORTHEASTERN BLVD. 

NASHUA, NEW HAMPSHIRE 03060 
(603) 883-5541 

For more information, Circle No 96 
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There's a lot more you should know. For the full story 
that will end the low profile on our Low Profiles, call 
today TOLL FREE (800) 421-6815. Within California, 
call (21 3) 6 7 4-5940 . 

Proven better and brighter than the rest 

DATA 
DISPLAY ••• PRODUCTS 

303 North Oak Street 
Inglewood, CA 90302 
TWX 910-328-7205 

For more information, Circle No 97 
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COMPUTERS 
& PERIPHERALS 

HARD-COPY UNITS. Models 
4611 (for storage-tube displays) 
and 4612 (for raster-scan video 
sources) use a dry carbon toner 
and an electrostatic process to 
produce permanent copies on 
8,h x 11-in. dielectric paper. The 
paper looks and feels like plain 
bond and permits pen or pencil 
notations. 

Each roll provides approxi­
mately 540 hard copies for 

approximately $0.02 per sheet 
and $0.03 per copy (including 
toner) . Both units deliver 
vertical-format copies in 24 sec; 
image size is approximately 
71h x 53;4 in. 

Dot density equals 256 
dots/in. horizontally, 171 dots/in. 
vertically. The dots overlap 67% 
horizontally and 4 7% vertically. 

Options for the 45-lb, 
7.135 x 20.65 x 16.75-in . units 
include a 4-channel multiplexer 
and foreign-operation capabili­
ties. $4400. Tektronix Inc, Box 
500, Beaverton, OR 97077. 
Phone (503) 644-0161. 

Circle No 187 

CRT TERMINAL. A block­
mode/editing video-display unit, 
the µP-based Model 550S 
provides three operating modes 
for conversational time sharing, 

For more information, Circle No 98 

transaction processing or text 
manipulation/software develop­
ment. Its 24-line screen acts as a 
movable window accessing 48 
BO-column lines of memory. In 
Transaction Processing mode, 
the optional second page of 
scrolling memory can store a 
second page of a form, called up 
automatically when an operator 
tabs off the first page. The 
standard 83-key keyboard in­
cludes a multifunction numeric 
pad and four (shiftable to eight) 
program-function keys. Also 
standard is an ASCII serial 
printer port and an X-On/X-Off 
host control over terminal block 
transmissions and field attrib­
utes for half-intensity, blink, 
nondisplay and protected 
modes. $1189. Perkin-Elmer 
Corp, 360 Rte 206 South , 
Flanders, NJ 07836. Phone 
(201) 229-6800. Circle No 188 
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CALCULATOR PERIPHER· 
ALS. Interfacing directly to Tl-59 
and -58 calculators, these 
module-selector switching devic­
es hold as many as four Tl Solid 
State Software libraries, ena­
bling a user to select and 
execute any routine in any 
module without turning off the 
calculator and removing a 
library. The manual-selector 
version features a 4-position 
switch that can be rotated to 
select the desired module. 
Fitting the battery well of the 
PC-100 printer, the switch can 
interface to the 59/S8/PC-100 

combination or to the calculator 
alone. The automatic-selector 
model accesses each library 
under program control. Capable 
of running a continuous program 
of up to 20,000 steps, each unit 
includes four LED lamps that 
indicate which module is being 
accessed. Manual selector, 
$99 .95; automatic selector, 
$199.95. American Micro 
Products Inc, 705 N Bowser, 
MIS 107, Richardson, TX 75080. 
Phone (214) 238-1815. 

Circle No 1189 

CRT TERMINAL. The ADM-5 
Dumb Terminal provides visual 
attributes such as reverse video, 
reduced intensity and reverse 
video/reduced intensity; limited 
editing capabilities (erase to end 
of line or page) ; and a gated 
extension port for selective 

(Dis)connect! 

Heyco Nylon Tenninal Bushings. 
The low-cost easy way for fully insulated, quick 
connection or disconnection of wires through panels 
or housings. Choose 1, 2 or 3 terminals in 8 colors for 
color coding. Choice of solder, double male or crimp 
terminals which mate with 3/1s " or 1/4" standard 
female quick-connect contacts . Ideal for use in 
control devices, motors, appliances, data processing 
equipment, vending machines, whatever. 

'i\l U.L. Recognized. (i Approved 

Free Samples on Request. 

HEYMAN MANUFACTURING COMPANY 
KENILWORTH, NEW JERSEY 07033 WAUKESHA, WISCONSIN 53187 
(201) 245-2345 •TWX: 71().996-5986 (414) 542-7155 •TWX: 91().265-3668 

Call Toll-Free (800) 558·0917 except from Wisconsin . 

If o./l;ng Imm W-~) 242-0985 

transmission of data to any serial 
RS-232C peripheral device. It 
also features a teletypewriter­
style keyboard, a built-in 
numeric keypad, separate cur­
sor-control keys and a full upper­
and lower-case 12-in.-diagonal 
character display with 2-dot 
descenders as standard. Char­
acters are displayed as a 5 x 9 
dot matrix in a 7x 10 dot-matrix 
field. A Program-mode key 
permits writing into the display 
memory as well as the display of 

For more information, Circle No 99 
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all control codes. The terminal 
operates asynchronously in half­
or full-duplex modes at any of 11 
data rates from 75 to 19.2k bps. 
$995. Lear Siegler Inc, 714 N 
Brookhurst St, Anaheim, CA 
92803. Phone (800) 854-3805; 
in CA, (714) 774-1010. 

Circle No 190 

MODEM ELIMINATOR. Permit­
ting the interconnection of 
data-terminal equipment without 
modems, Model 6110 can be 
used in either synchronous or 
asynchronous mode and with 
terminals configured for half- or 
full-duplex operation. Replacing 
two back-to-back short-range 
'llodems, it furnishes internal 
strap selection of constant or 
controlled RTS, four selectable 
RTS/CTS delays, an internal or 
external clock and nine clock 
rates ranging from 1200 to 
19,200 bps. The DTE interface 
conforms to RS-232C and 
CCITT V.24 specifications. 
Data-terminal equipment can be 
located as far as 50 ft from the 
unit (allowing a maximum 
separation of 100 ft between 
terminals) ; a long-distance cable 
provides maximum separation of 
500 ft. $350. Delivery, 60 days 
ARO. International Data Sci­
ences Inc, 7 Wellington Rd, 
Lincoln, RI 02865. Phone (401) 
333-6200. TWX 710-384-1911. 

Circle No 191 

FORTRAN IV PACKAGE. 
FORT/LIFT provides major 
functional extensions to FOR­
TRAN IV. Running on virtually all 
minicomputers and microproces­
sors that support FORTRAN, it 

188 

incorporates FORTRAN-IV­
callable subroutines and fea­
tures character-string and -sub­
string functions, including string 
comparisons, moves , fills, 
searches, deletions, insertions 
and replacements (all functions 
that operate on variable-length 
character strings/substrings) , 
plus a disk function that can sort 
files on up to five variable-length 
sort keys (numeric or character 
strings). Universal machine 
independence is achieved by 
isolating the few machine­
dependent functions into user­
supplied primitive routines. $199 
on cards or paper or magnetic 
tape. Software '70, Box 3623, 
Anaheim, CA 92803. Phone 
(714) 992-2230. Circle No 192 

DISK DRIVE. For the company's 
6809 Series Chieftain small­
business computers, this dou­
ble-track, double-density, dou­
ble-sided 51/4-in. flexible-disk 
drive provides 1.5M bytes of 
formatted storage capacity in its 
standard dual-drive configura­
tion. Recording density specs at 
5877 bpi, and the unit provides 
80 tracks per side, 96 tpi. 
Track-to track access time 
equals 3 msec, $4075. Smoke 
Signal Broadcasting, 31336 
Via Colinas, Westlake Village, 
CA 91362. Phone (213) 889-
9340. Circle No 193 

IMPACT PRINTER. Designed to 
operate with Apple µCs, the 
IMP2-Apple permits all printer 
functions to be activated by 
single commands. Thus, one 
command can initiate the 
printing of a screen's contents 
and control the printing format. 
Compatible with the PASCAL 
operating system, the ultralow­
profile unit is equipped with both 
friction and tractor feeds to 
provide 3-way forms handling: 

single sheet, roll paper and 
fan-fold. It can print 80, 96 or 132 
columns of hard copy (through­
put, 1 lps). The 7x 7 dot matrix 
furnishes the standard ASCII 
character set (with special 
character sets optional), and the 
printer can handle user-defined 
as well as high-resolution 
graphics under software control. 
$895. Axiom Corp, 5932 San 
Fernando Rd, Glendale, CA 
91202. Phone (213) 245-9244. 
TWX 910-497-2283. 

Circle No 194 

DISPLAY. Providing 79% more 
active screen area than standard 
BO-column displays, the 132-
column Model 5210 large-screen 
unit serves data-processing, 
text-editing and communications 
applications. Its 15-in.-diagonal 
screen displays 33 lines of 
132-column text (4356 charac­
ters). An optional screen buffer 
memory stores an additional 33 
lines and provides both up and 
down scrolling. Other features 
include 96 upper- and lower­
case full-sized 5x 8 dot-matrix 
ASC 11 characters ; character 
highlighting including dual inten­
sity, blink, reverse video and 
underscore; direct cursor posi­
tioning; seven cursor-control 
functions; 32 graphics charac­
ters; and functions for horizontal 
and vertical forms ruling. The 
unit's detached typewriter key­
board has a 15-key data-entry 
pad and 18 function keys; a 
datacomm interface provides 
eight switch-selectable speeds 
from 300 to 38,400 bps. $4500. 
Delivery, 150 days ARO. Data 
General Corp, Rte 9, Westboro, 
MA 01581. Phone (617) 366-
8911. Circ•e No 195 
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diagnostic capability over an 
earlier model, it outlines the ' 
advantages that processing 
offers in a digital scope. Finally, it 
provides specs for the scope's 
acquisition modes, data memo­
ry, frequency response, de offset 
and trigger functions. Norland 
Corp, Rte 4, Norland Dr, Ft 
Atkinson, WI 53538. 

Circle No 196 . 

Acquiring and 
displaying waveforms 
A 10-pg brochure details the 
capabilities of Model 3001 
processing digital oscilloscope. 
Claiming that the firm has 
increased AID resolution , im­
proved internal and peripheral 
storage capability , enhanced 
output annotation and expanded 

Illustrated data on 
strain gauges 
A guide to the theory and 
application of strain gauges, a 
46-pg handbook details the 
fundamenta ls of stress and 
strain, the relationship between 
strain and resistance, the 
Wheatstone Bridge , bridge-

sensitivity adjustment and tem­
perature effects. With line 
drawings, schematics, charts 
and tables, it provides data on 
foil strain gauges and gauge­
system selection. BLH Elec­
tronics, 428 Fourth Ave, 
Waltham, MA 02254. 

Write for EDN 

Industry recognition and professional satisfac­
tion can both be yours when your work is 
published in EON. And there 's a financial bene­
fit , too: We pay an honorarium of $30 per 
magazine page upon publication of a feature­
length article. 

Have an idea for an art icle? Want to share 
that idea with more than 110,000 of your fellow 
design engineers? Call Walt Patstone, Editor, at 
(617) 536-7780 or send an outline/abstract to 

EDN 
221 Columbus Ave., .Boston, MA 02116 

Want some tips on how to write for EON and 
other technical publicat ions? Circle No. 167 
for a free Author's Guide. 

EDN: Everything Designers Need 

EDN FEBRUARY 4, 1981 

Circle No 197 

The Two-in-One LEDs 
Now Corne In 
Ten 
styles 
Our popular 
two-in-one LEDs, 
that give you two 
super-bright LEDs 
in a single enclo­
sure, are now avail­
able in ten different 
styles: bi-pin; midget 
flanged; discrete; vertical and 
horizontal printed circuit board types; 
snap-in ; and, basic cartridge style 
(some styles have more than one variation). 

With an installed cost less than two separate 
lamps, these unique LEDs feature electronic isola­
tion of the LED circuits and allow for different resis­
tor values within the single enclosure. All are available 
with green or red output in a two terminal package. 

The cartridge style is available in red/amber, red/ 
green or amber/green in a four-terminal package. 

From Data Display. The world's leader in LED 
panel lights. Call today TOLL FREE (800) 421-6815. 
Within California, call (213) 67 4-5940. 

DATA 
DISPLAY 

PRODUCTS 

303 North Oak Street, Inglewood, CA 90302 
TWX 910-328-7205 

For more information , Circle No 101 
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Investigate cable­
connector devices 
Specs for components in the 
Scotchflex cable-connector sys­
tem for mass termination­
cable, connectors, assembly 
equipment and accessories­
make up an 85-pg catalog. It 
describes socket , plug, pc­
board, DIP, delta, delta-ribbon 
and card-edge connectors and 

headers. A cable/connector 
mating guide is included. In 
addition, the catalog outlines the 
Scotchflex breadboard system, 
which is claimed to enable a user 
to go from a finished design to 
operative prototype in half the 
time required by standard 
wire-wrapping or hand-soldering 
methods. 3M Co, Box 33600, St 
Paul, MN 55133. Circle No 198 

Choose from a variety 
of filters 
Catalog 17F presents a line of 
custom-built LC filters for 
frequencies from 20 Hz to 400 
MHz. It describes bandpass, 
band-reject, linear phase, high­
pass and low-pass filters and the 
VCL Series of delay-equalized 
NTSC low-pass devices for 
video use. A glossary of filter 
terms begins the 24-pg bro­
chure. Allen Avionics Inc, 224 
E 2nd St, Mineola, NY 11501. 

Circle No 199 

Reference data for the 
communications industry 
The 350-pg "Data Communica­
tions Standards Ubrary" de­
scribes six EIA RS standards, 
four EIA industrial bulletins , 
IBM's Binary Synchronous 
Communications protocol and 
ATT's Advanced Communica­
tions Service host and terminal 
functional interface. $85. Re­
mark International, 4 Sycamore 
Dr, Woodbury, NY 11797. 

INQUIRE DIRECT 

Uses for a 
step voltage regulator 
Highlighting the Peschel industri­
al automatic step voltage 
regulator, a 12-pg brochure 
details its operation, sizes, 
ratings, response speed and 
reliability. It also outlines 
applications for the unit, includ­
ing magnetic devices, motors, 
distribution equipment, rectifier 
loads and resistance heating. A 
spec table lists data on type of 
connection, voltage, dimensions 
and weight for 33 standard 
models. Hipotronics Inc, Draw­
er A, Brewster, NY 10509. 

Circle No 200 

Customer evaluations 
of teleprinters 
Providing a summary of user 
experiences with 10,657 in­
stalled teleprinter terminals, a 
40-pg report contains specs and 
prices for 125 teleprinter 
terminals from 50 vendors. It 
addresses the pros and cons of 
using teleprinters vs alphanu­
meric display terminals, the 
tradeoffs between impact and 
nonimpact printers, printer types 
and trends and the anticipated 
growth of the teleprinter indus­
try. Survey results include 
ratings for ease of use, keyboard 
feel, print quality, hardware 
reliability, maintenance service 
and overall satisfaction. $15. 
Datapro Research Corp, 1805 
Underwood Blvd, Delran, NJ 
08075. INQUIRE DIRECT 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

WRITE OR CALL FOR SAMPLE 

Put a low cost temperature 
gauge on everything. 

The center spot on a Tempilabel 0 Temperature Monitor turns black 
when the surface to which it is affixed reaches the specified tern· 
perature for that label. Reliable Tempilabel 0 monitors are available 
with single spots or with multiple spots with pre-determined incre· 
ments of ratings for monitoring safe operating temperatures . 
Tempilabels 0 are self-adhesive and may be removed and attached 
to reports for permanent records. Temperature ranges: 100°F 
(33 °C) to 600 °F (316 °C). 1% accuracy guaranteed. Monitors 
with 1, 4, 6 or 8 ratings on each with various increments. Priced as 
low as 1 Ot each. Write or call for free sample. Circle number below 
for catalog & prices. /.}_ 

Tem.pll 0 

Division. Big Three Industries, Inc. 
So. Plainfield, NJ 07080. (201) 757-8300. Telex 138662. 

For more information, Circle No 102 

PROMOTE 
NEW 

LITERATURE 
AT 

LOW COST 
To advertise in Product Mart 

Call Joanne Dorian 
212/ 949-4445 

200 WATT SWITCHING POWER SUPPLY 
New line of _200 _watt triple outpLJt switching 
power supplies 1s already UL recognized. A 
triple output model 20E5/ ± 12 .delivers 5V at 
30 amps and ± 12 or ± 15V at 1 amp. All 'units 
are available from stock. Features incl ude a 
dual AC input 100·132/200·260VAC, line and 
load regulation of 0.2% and 0.3% respectively 
overvoJtage protect ion, and 16ms carryover. 
Size is 4.92 " X 10.5 " X 2.25 ". Prices start at 
$240. For applicat ions assistance and Data 
Sheets call (213) 707-0120. NORTEL, 31149 Via 
Collnas-Bldg. 608, Westlake VIiiage, CA 
91361. 

For more information, Circle No 103 

LOW COST AD-MU MAGNETIC SHIELDS. 
Easily, quickly cut with scissors and 
shaped by you from AD-MU foil alloys. 
Available in various widths, lengths, shield­
ing strengths. Time-saving , cost-saving, 
convenient. No wait ing . No designing, 
tooling or fabricating costs. Ideal for 
R/ D, hard-to-get-at places, or for small 
quantity or extremely compact applications. 
One formula (ask us) determines thickness 
and number of layers. Fully annealed, 
ready to use. AD-VANCE MAGNETICS, 
INC., 625 Monroe St., Rochester, Indiana 
46975, (219) 223-3158. 

For more information, Circle No 106 

ADC 2000/2100 16-BIT A/D CONVERTERS for 

airborne, other critical applications. Resolution of 
ADC 2000/2100 series is 1 part in 65,535-16 bi­
nary bits or 2's complement; power consumption 
only 500 mw; accuracy: ±0.004%; linearity: 
±0.002%; output control functions CMOS/TTL-LS 
compatible with any system. Tested, calibrate(j, 

system-ready except for power supply. ADC 2000: 
P.C. Card; ADC 2100: Encased. PHOENIX DATA, 
INC., 3384 W. Osborn, Phoenix, AZ 85017. 
PH 602/278-8528. 

For more information, Circle No 104 

180°C Thermosetting Laminates 155°C 

THOUSANDS OF SHAPES AND SIZES 
Potting Forms• Header Plates • Copper lined 
Bobbins • Coil Forms • Tubes • Battery Cases 

PCB Stiffeners • Rods • CKT Card Holders 
Excellent Shock Resistance . 

Machinability . Strength 
MIL Spec . and UL Certs . 

STEVENS TUBING CORP. 
SUBSIDIARY OF STEVENS PAOOUCTS . INC . 
128 North Park St.. East Orange . N . J . 07019 
Established 1937 (201) 672-2140 

For more Information, Circle No 105 

To advertise In Product Mart, call Joanne Dorian, 212/949·4445 
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Select data-processing 
supplies and services 
"The Easy Reference to Essen­
tial Data Processing Supplies" is 
a guide for specifiers of 
diskettes, disk packs, printer 
ribbons, labels, data-processing 
forms, terminal stands, data 
workstations, cables and a 
variety of products and services. 
It features compatibility charts to 
match data-access and -pro­
cessing system~ with appropri­
ate products. American Nation­
al Supply Corp, 1243 W 134th 
St, Gardena, CA 90247. 

Circle No 201 

Applications data for 
microcomputer line 
This collection of microcomputer 
literature includes the " PIC 
Series Microcomputer Data 
Manual," which describes the 
family's architecture, instruction 
set, electrical specs and support 
hardware and software. Another 
manual details commonly used 
software routines, while a third 
highlights the PIC Field Demo 
System, a pc module used to 
demonstrate and test an 
application program before it's 
committed to masked ROM. 
Other brochures outline features 
of an in-circuit-emulation system 
and a cross assembler. Micro­
electronics Div General Instru­
ment Corp, 600 W John St, 
Hicksville, NY 11802. 

Circle No 202 

Study advanced TRS-80 
interfacing techniques 
TRS-80 Interfacing-Book 2 
introduces advanced interfacing 
techniques that permit an 
operator to accomplish real­
world tasks with the TRS-80 
computer . For example , the 
256-pg book details how to drive 
high-current and high-voltage 
loads, generate voltage and 
current signals, measure un­
known voltages and currents 
and use remote-control circuits. 
It explains how to use the latter 
circuits to allow the computer to 
control universal asynchronous 
receiver/transmitter chips, AID 
and D/ A converters and other 
devices located some distance 
from the unit. Included are 
complete software examples. 
$9.95 (softbound). Howard W 
Sams and Co Inc, 4300 W 62 
St, Indianapolis, IN 46268. 

INQUIRE DIRECT 

A look at computer 
storage peripherals 
A monthly review of industry and 
market developments in storage 
peripherals, "Random Access 
lnt'I" looks at data streaming in 
its first issue. The newsletter 
covers rigid- and flexible-disk 
drives, tape drives and associat­
ed magnetic media, component 
requirements and new storage 
technologies. $240 annually; 
$264 outside US. RAI Publish­
ing Inc, 4943 Bosworth Ct, 
Newark, CA 94560. 

INQUIRE DIRECT 
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Options in choosing 
circular connectors 
A 36-pg catalog features a line of 
standard circular connectors. 
The selection guide furnishes 
data on environmental capabili­
ties, wire gauges, plug and 
receptacle requirements, shell­
type needs (solid or split), socket 
locations and finish options. A 
chart summarizes the range of 
available circular-connector 
styles-wall, cable and box 
receptacles, plus straight, quick­
disconnect and angle plugs­
and cross-references them by 
insert number. Amphenol 
North America, 2122 York Rd, 
Oak Brook, IL 60521. 

Circle No 203 

How to utilize disk- and 
tape-storage subsystems 
Outlining hardware, software 
and system considerations for 
connecting disk- and tape­
storage subsystems to DEC 
computers , the " Peripheral 
Controller Handbook" includes 
illustrations and comparison 
tables. Section I discusses disk 
controllers and provides data on 
disk drives and subsystems, 
hardware design, and microcode 
implementations, as well as 
software considerations. Section 
II describes tape controllers and 
features device-selection con­
siderations. Emulex Corp, 2001 
E Deere Ave, Santa Ana, CA 
92705. Circle No 204 
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Characteristics of 
manual switches 
A 148-pg catalog describes a 
line of pushbutton , toggle, 
rotary-selector and interlock 
switches . Catalog 30's 4-pg 
selection guide provides panel­
area, display, illumination, be­
hind-panel-depth, mounting, ter­
mination, sealing, electrical and 
circuitry data. Mounting draw­
ings, cutaways and expanded 
views accompany all product 
descriptions . Dimens ions are 
provided in English and metric 
equivalents. Micro Switch, 11 
W Spring St , Freeport, IL 61032. 

Circle No 205 

Capabilities of A/D­
conversion systems 
Performance tables in a 28-pg 
booklet detail overall accuracy 
and speed of a family of 
AID-conversion systems. The 
brochure also describes the 
operation of Model GMC Logic 
Control Systems, which permit 
both front-panel and computer 
selection of input channel 
address and sequence, and 
includes operational examples of 
how to program and interconnect 
those systems. Lastly, it features 
a computer-interfacing subsys­
tem for use with the Hewlett 
Packard 93596L interface sys­
tem and many DEC and Data 
General Computers. Preston 
Scientific Inc, 805 E Cerritos 
Ave , Anaheim , CA 92805. 

Circle No 206 

1romE 

ACTUAL SIZE 

VOLTAGE MULTIPLIERS 

Ill! 
ONEHALF .. 

ACTUAL SIZE ... 

'POWER SUPPLIES 

• "MINIATURIZATION" is 
our specialty 

• Custom design 
• " In-house" capability 
• MIL approved facilities 
• Hi reliability 
TYPICAL APPLICATIONS 
• Military • Industrial 
• Commercial 
• CRTs • PMTs • SITs 
• 1-SITs • LLLTV • Lasers 
• Image Intensifiers 
• Detectors 
• Electrostatic Applications 

Write for new catalog 
or call . .. 

ERIE 
ERIE TECHNOLOGICAL PRODUCTS, INC. 

ERIE, PENNSYLVANIA 16501 

For more information, Circle No 107 
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Literature 

Utilizing data­
acquisition systems 
A 12-pg brochure details 
electrical and mechanical specs 
for 16- and 8-channel, single­
ended, 12-bit-resolution, 72-pin 
miniature data-acquisition sys­
tems, Models MDAS-16 and 
-8D. Block diagrams and app 
notes explain the capabilities 
that suit the modules for use in 
low-level-signal applications in­
volving bridge amplifiers, trans­
ducers, strain gauges and 
thermocouple interfaces. Datel­
lntersil Inc, 11 Cabot Blvd, 
Mansfield, MA 02048. 

Circle No 207 

Overview of 
optoelectronic devices 
Highlighting a line of LED lamps, 
displays and optoisolators, a 
20-pg catalog suggests applica-

tions for the products covered 
and provides data on color 
options, including green, yellow, 
orange, red and high-efficiency 
red. It lists specs on MAN Series 
LED displays, showing actual 
digit size for each product and 
describing 13 display-package 
styles. It also pictures package 
sizes for the LED-lamp series 
and includes specs for luminous 
intensity at forward current, 
maximum power and typical 
viewing angle. For the optoisola­
tor line, the catalog details 
device size, output configura­
tions, emitter voltage and the 
detector's minimum output 
voltage (BVcEO). presenting 
three package styles. Optoelec­
tronics Div General Instru­
ment Corp, 3400 Hillview Ave, 
Palo Alto, CA 94304. 

Circle No 208 

Missing 
Link 

The search is ended. Polypropylene 
has taken its rightful place in 

switching power supplies. 
Replacing electrolytics, and 
bringing longer life, higher 

reliability and better performance. 
Perfected by Acushnet , where we 

understand that no two power 
suppl ies are exactly the same. Ask 
us about your application , and let 

the answers evolve . 

ACUSHnET 

ACUSHNET CAPACITOR CO. , INC. 
720 BELLEVILLE AVE. • NEW BEDFORD. MA. 02741 

(617) 999-3291 

At Acushnet. We 're Accustomed to Solvin g Capacitor Problems 

For more information, Circle No 108 

Choosing uninterruptible 
power systems 
A 12-pg foldout brochure 
features a 173-point checklist for 
cost-effective uninterruptible­
power-system evaluation and 
selection. It enumerates consid­
erations tor performing a 
cost-justification analysis, deter­
mining necessary equipment 
and system features, evaluating 
prospective suppliers, properly 
installing a system and ensuring 
reliable performance . Lortec 
Power Systems Inc, 5214 Mills 
Industrial Parkway, North Ridge­
ville, OH 44035. Circle No 209 

Programs and publications 
on computer graphics 
A 32-pg catalog describes 
computer-mapmaking and sup­
plementary programs, carto­
graphic data bases, and related 
publications. It outlines nine 
programs related to computer­
graph ics and geographic­
information systems, including 
KWIC, a bibliographic process­
ing system; GIMMS, a user­
oriented thematic mapping 
system; and MDS(X), a collec­
tion of multidimensional scaling 
algorithms linked under one 
command language. Laborato­
ry for Computer Graphics and 
Spatial Analysis, Graduate 
School of Design, Harvard Univ, 
520 Gund Hall, Cambridge, MA 
02138. Circle No 21 o 
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.. .in the Big Town 
New York ... the nation 's number one market for electronics .. . and almost everything 
else ... hosts Electro/81 on April 7, 8 and 9. It wil l be the East 's biggest high-technology 
exhibition and convention , featuring: 

• 800-plus exhibit booths displaying state-of-the-art products, systems, and techniques. 
• 150 Professional Program presentations on leading-edge electronics. 

Make your plans now to attend this memorable event at the New York Coliseum (exhibition) and 
Sheraton Centre Hotel (Professional Program). To take advantage of a pre-registration discount 
of $10 (half the door price of $20), complete and mail the coupon below with your check before 
March 20. It will also save you time and avoid a long wait in line. 

Clip and mail 
with your check 

for $10 to: 
Electro 

999 N. Sepulveda Blvd. 
El Segundo, CA 90245 

J+ Electro /(g)V 
April 7 - 9, 1981 

New York Coliseum and 
Sheraton Centre Hotel 

·····-··-···········-------················-------·········-··-------··-----. 
~ 

,.Electro/(g)V ~ 
Elect ronic Show & Convenuon 
New York Coliseum 
Apr117-9 , 1981 

Please PRINT as you wa,,1 sho.,., n on badge 

FIRST OR INITlAi,_S LAS' 

Company/ Organ1za11on 

Address Bus or Home 

PRE-REGISTRATION $10 

City Sta1e, Z1p Code ------------~~--
STATE z,p CODE 

CI RCLE APPLICABLE BLOCKS 

A E·t'Cl! •c aU E 'eciromcEngi~r.ng 

8 Mecnan•cauPrOO.X:T Eng•r>!!ern·-.g 

C Test Eng,riee..,19 

~ ~ ;:~;;,~:M~r~•C:~g ·~ronq 
~ ~, t-0.,-al•I-, .. -.,,~-.,-"9~-,o-,.o-

~ .,,_" 17'"~"".,.,..JS•"~9 ---
- H s.. res,.Ma,.ei.r')9 
m -+------
Q ~· 17"'-"'.o..,"~-"'---

J S1uoent1 Eountor 

K Omer 

.A. Elect ro os sponsored by Region 1, METSAC Sections, and Centra l New England Council, IEEE: and the New York and New England Chapters , ERA. 5 
V Produced by Elect ronic Conventions , Inc .. a non·profi t corporation, 999 North Sepulveda Boulevard, El Segundo, California 90245: telephone (213) 772·2965 . 
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As one of the nation 's most 
respected recrui tment firms 
for high technology indus­
tries . we can offer you a wide 
variety of opportunities , all 
fees . interviews , and relo­
cation paid by our many na­
tional client companies . 
Some of our most pressing 
cl ient company needs follow . 

Software Engineers. all levels 
to $47,000 

Hardware Engineers . all levels 
to $45.000 

Quality Engineers , Electronics 
to $37,000 

Manufacturing Engineers 
to $35.000 

Our clients inclu de many of 
the " big name " and smaller . 
fast growing companies in 
the commercial, scientific . 
and defense industries , with 
a specialization in the mini 
and micro computer fields . 

Dick Ray 
Career Consultants 
540 Meadow St. Ext. 
Agawam, MA 01001 

413-789-0907 

SEARCH NORTHWEST, INC. 

SIU A Professional Recruiling Agency 
620 S.W 5th-Suile 825 

Portland , Oregon 97204 

CRITICAL NEED OPENINGS: 
Engineering Managers (2) to $40K + 

- ECL SCHOTTKY TTL 

Principal Development Engineers (4) to $42K 
- Acoustic Data Managemenl 

Systems Engineers (4) to $38K 
- Marine Related 

Cabling Systems lo $32K 
- Shipboard/ Off Shore 

FORWARD YOUR RESUME 
FOR CON FIDENTIAL CONSIDERATION . 

OR PHONE 

KEITH NYMAN (503) 222-6461 

Our Search fees are Exclusively 
Employee Paid 

PJif.~~ 
&~ 
:tf~~/ 

Nationwide Electronic 
Specialists 

...... Dead Ended? 
..... . Low Salary? 

.. ... No Challenge? 
Let us work tor you 

Send us your resume 
or ... 

Call me & let 's talk 
LET US WORK FOR YOU 

All positions Fee Paid 

.?6'.9h.9 ~~ .<Jd~ad 
• !Bead'aWd', Pk IPI/.?.? 

• ( .?/6' J //6'// -5/{){) 

DESIGN ENGINEERS . . . 
PROJECT ENGINEERS .. . 
ANALYTICAL ENGINEERS . 

As one ol the country 's leading high 
technology recruiting firms . we are in an 
ideal position to represent you in your 
pursuit ol a more challenging career. 
Although all our fees are paid by our client 
companies , we dedicate ourselves to 
finding lhe unique situation best suiled to 
your capabilities . ambition , and localion 
preferences . While we have specialists in 
the computer, instrumenlalion. eleclro­
optics , communication . radar and BCW 
industries . we cover ALL areas of 
expertise . Send yoer resume for a 
professional. confidential representation 
throughout the country. All candidates 
must have current permanent residency or 
U.S. citizenship. 
BAXTER REYNOLDS 

179Allyn St. Hartford. Cor.necticut 06103 
....._ ___ (203) 241-0200 ----~ 

ELECTRONIC 
ENGINEERS 

We have over 50 years experi ­
ence in pl acing professionals i n 
al l engineering discipli nes with a 
special emphasis on electronic 
professionals. Your c a reer m ove 
s hould be an A-1 priori ty. W ork­
ing wi t h professiona ls can in ­
sure that. Your ski l ls are our 
trade at Nat ionwide. 

NATIONWIDE BUSINESS 
SERVICE 

145 State St ., Suite 310 
Springfield , M A 01 103 

"i n Our 43rd Year" 

R°'<O'>~<.Q><Q'><Q'>~ 
'j SOUTH EAST 'j 

§. Our 12 Offices in NC , SC , GA anrl t 
FL speci alize in Control Systems. In-

§ st ru mentation, Elec tronic Design, and 
Enginee ring positions from l S to 40K. 

§ Ag: gress ire, confidential. F ee.Pa id § 
serrice . Send resume to \Va lt Loescher, § 

LL P ERSOXXEL. P.O. Box 
ED, Anderson , SC 29622 J.. 
~~'°''°'~ 

WIRING DEVICE, SWITCHING 
OR CONTROLLER 

27 openings Connector Engr .. to $33K 
Switch Engineer . . . . . . . . .. to $30K 
Wiring Engineer . to $28K 
1 year exp. and up. . .... to $26K 

Call Chuck Hensel COLLECT (311) 887-1110 
F CINC. 

P.O. Box 1281 
Oakbrook, IL 60521 

... , seNiOii'Am1CA'riONE'NGiNEEii-f 
Design and implementation of microprocessor I I base control systems. Requires an MS in Elec-

1 
trical Engineering and 24 months experience in I 
designing of peri·mutuel wagering systems .1 I 
Should have knowledge of Zilog 8000 , Intel 
8085 , and knowledge of establishing com- I 

I munications protocol. Salary 18- 24K, 40 hour 
week . Send resume to: I 

I Microtote, Inc . 
640 West Rich St. Columbus. Ohio 43215 1 

-~--------~ 
Systems Engineers 

Sr. Eng· Micro Processors Based Systems 
to .... 41K 

Sr. Eng - A&D , TTL , CMOS, OP, AMPS 
to .... 36K 

Sr. Eng - Digital Logic, Displays, Data Tranx 
to .... 38K 

Many positions in Micro Processors based 
syslems 

Send resume or call Noel P. Rice COLLECT 
(312) 887-1220 

FCINC. 
P.O. Box 1281 

Oakbrook, IL 60521 
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Who will be first 
to see into the 

depths of space? 
It could be you and Hughes Electro­

Optical and Data Systems. 
We bu ilt the first long wavelength 

infrared sensor ever launched into 
space, and a cryogenic rocket-borne 
infrared telescope that's sighted 
hundreds of new celest ial objects. 
Looking earthward, also, our scanners 
map the globe every eighteen days. In 
fact, we're making a wide range 
of electro-optics, f iber-optics, thermal 
imaging and infrared systems fhat are 
like second sight on earth for 
mankind's benefit and the defense of 
the nation. 

Today, Hughes is one of the 
nation 's largest employers in virtually 
every eng ineering, scientif ic, 

computer and technical discipl ine -
with 1,500 projects and a $5 billion 
backlog. Yet, we're decentralized to 
give you the kind of environments 
that stimulate innovation and 
individual recognition. 

And our new facility in El Segundo 
will be a 140-acre city of research and 
development , manufactu ring and 
testing excellence to help thrust your 
vision into the future. 

Who will be first with the optical 
and data systems of the future? It 
could be you and Hughes. 

At Hughes Electro·Optical and Data 
Systems, we'll int roduce you to 
people, ideas and jobs that could 
change your world. And maybe ours. 

It could be you and Hughes 
Electro-Optical and 

Data Systems. 

E D N FEBRUARY 4, 1981 

Call or send resume to: 
Dept. NDE-2A 
Hughes Aircraft Company 
Electro-Optical & 
Data Systems Group, 
P.O. Box 913, 
El Segundo, CA 90245 
(213) 616-3374 

Current openings: 

test Equipment Design 
Designers/Drafters 
Quality Assurance 
Production 
Industrial 
Facility 
CAD/CAM/CAT 
Production Control 
Program Controls 
Materials & Processes 
Systems/Procedures 
Planners 
Electromechanical Packaging 
Components & Materials 
Analog/Digital Design 
Computer Science 

r-- - ---------------, 
I I 

l HUGHES l 
I I 

L - -----------------~ 
HUGHES A I RCRAFT COMPANY 

ELECTRO-OPTICAL 
& DATA SYSTEMS 

Proof of U.S. Citizenship Required 
Equal Opportunity Employer 
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Software Engineers 

, · ~, How did you 
\\ spend your 
\\ weekend? 
\ ' 

\ :~, 
\ 

\ 
\ 
\ \ 

\ 
' 

:· \ 
1. ' . ; 

\ 

.-
"1!1i:~~~~~,~~ -~. ~~ 

If you worked for GTE in Phoenix, 
you could have ... 

sailed in a weekend regatta or enjoyed the quiet scenic beauty of 
one of the major lakes within an 80 mile radius from downtown 
Phoenix. These lakes cover 31, 130 acres and Arizona ranks #1 
nationally per capita in boat ownership. All this ... and GTE too! 

If you 're a sottware specialist interested in upgrading your career 
and your lttestyle, GTE Automatic Electrlc Labs has a position for 
you. We oller the newest telecommunications technology plus the 
chance of becoming a contributing member of our team .. where 
professional advancement is limited only by your own initiative. 

Positions are available in the following areas if you have a degree 
and experience in Computer Science, Electrical Engineering or 
Computer Engineering. 

GTE Automatic Electric Laboratories 
( ij i #t I Research and , _ _ _ Development 

Operating System Software· 

On·Une Recovery and Diagnostic Software 

Development Support Software 

Coll Processing • Administrative Software 

Test Utlllty Software 

System Test• Control 

Data Base Development 

GTE provides competive salaries, a complete benefits package 
including relocation assistance and a chance to change the 
quality of your lifestyle ! 

Please send your resume or letter of interest to: GTE Automatic 
Bectrlc Laboratories, Manager of Manpower, Dept. EDN0204, 
11226 N. 23rd Avenue, Phoenix, AZ 85029. 

An Equal Opportunity Employer M/ F/ H 
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LIKE TO REACH 
OVER 113,000 
ENGINEERS . ..... ? 
THEN PLACE 
YOUR RECRUITMENT 
MESSAGE HERE 
IN .... .. ... . 

EON CAREER 
OPPORTUNITIES 
CONTACT: · 
Kathy Huestis 
617-536-7780· 
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ENGINEERS 
Join the Spirit 

of Emerson. 
We're part of 

the Spirit of St. Louis. 
If you are interested in career accomplishment 

in a working atmosphere of constant challenge, 
you'll like our spirit. 

There are more than 3,000 Emerson people now 
living in St. Louis and take their word for it ... St. 

Louis is a great place to live and raise a family. 
Just consider a city with all the advantages of a large 

metropolis and yet only a short drive from Ozark 
country with its many rivers, lakes and recreational 

areas. 
Then too, St. Louis is a great sports town . It's strictly 

big league baseball, football and hockey. And the weather 
makes it easy to participate in sports such as golf, boating, 

fishing, bicycling, skating, riding, tennis and much more. 
Our four-season climate is stimulating without the hard­
ships of extreme heat or cold. 

Yes, a great place to live but what about the cost of living? 
Well, we're below the national average in cost of food, 
util ities and transportation. 
Interested? We're interested in electronics and mechanical 
engineers at all levels in these areas : 

ATE 
• Software I Hardware Design 

& Development 

ELECTRONIC WARFARE 
• Airborne / GSE Electronics 

Packaging 
• Product Development 

RADAR 
• Coherent / Non·Coherent Design 

& Development 

ENGINEERING SUPPORT 
• Electro / Mechanical Control 

Systems Analysts 
• Maintenance Engineers 

Plus many other excellent positions available . 
Why not call or send your resume and see what happens. We 
think you'll want to Join the Spirit of Emerson . 

Toll Free 1·800·325·0783 
Mail Stat ion: 4303 

Dept EDN·02 

Electronitr +~pace Division 
EMERSON ELECTRIC CO. 

8100 W. Florissant, St Louis, Mo. 63136 
We are an equal opportunity employer in every respect . 
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AVCO SYSIEMS 
AVCO PEOPLE 

A PRODUCTIVE RE' ATIONSHIP 
The rapidly growing AVCO ELECTRONICS DIVISION is a successful division of the billion 
dollar AVCO CORPORATION. AVCO's people have worked on a variety of projects, 
including the design and installation of the world's largest and fastest real-time computer 
data acquistion network systems and the largest hierarchal industrial test system. 
AVCO ELECTRONICS DIVISION is seeking engineers for various assignments. The varying 
nature of projects that we design, develop, and manufacture requires that we find that 
effective combination of technical know-how and "hands-on" experience that will get the 
job done. AVCO wants to give you stimulating work while producing 
quality systems. 

SYSTEMS HARDWARE ENGINEERS 
State-of-the-art techniques give us an edge in the highly competitive field of 
Computerized Control and Data Acquistition. AVCO has immediate openings for 
systems engineers with three years experience in digital logic design and 
mini-computer interface. 
A BSEE is required as well as experience in writing proposals to technical 
specifications and estimating engineering cost. 
SYSTEMS SOFTWARE ENGINEERS 
State-of-the-art techniques are required by our customers who need 
custom systems for their application. We need people with two or more 
years of experience in scientific applications. 
Requires a degree in electronics, mechanical engineering, physics, 
or math and a background in FORTRAN and assembly languages. 
Programmer/Analysts need experience in real-time process control 
systems. Distributed processing experience on DEC and MOD­
COMP equipment is desirable. 

COME TO THE CITY BETWEEN THE MOUNTAINS AND THE RIVER 
AND LIVE IN AN UNBEATABLE SUNBELT COMMUNITY WITH MULT/­
RECREATIONAL AND CULTURAL DIVERSIONS. 

FOR CONSIDERA T/ON, CONTACT THE PERSONNEL MANAGER: 

L::t!lAVCD 
ELECTRONICS DIVISION 
4807 Bradford Drive 
Huntsville, Al 35805 
Telephone: (205)837-6500 or (800) 633-7202. 

Equal Employment Opportunity and Affirmative Action Employer 
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Looking Ahead: Trends and Forecasts 

$1.058 resistor market 
predicted for 1981 
Increasing costs, undercapacity, 
changing technology, overseas 
competition and recession all 
contributed to last year's 
lackluster 7% resistance­
product market growth and 
$956 million in US sales. But the 
market should do better this 
year: It's expected to exhibit a 
9% growth rate and reach the 
$1. 05 billion mark. And with a 
predicted 9.8% compound annu­
al growth rate (CAGR) between 
1979 and 1984, total US sales 
should swell to $1.4 billion, 
according to Gnostic Concepts 
Inc, Menlo Park, CA. 

Spearheading market growth, 
automotive-industry demand is 
doubling the overall · resistor­
market growth rate. Sales to car 
manufacturers-primarily for 

engine-performance systems-­
should increase from approxi­
mately $40 million in 1979 to 
approximately $90 million in 
1984. 

Resistor networks' perform­
ance and package compatibility 
with !Cs will enable them to 
exhibit an 18% CAGR and 
capture 18% of the OEM market 
by 1984. Thick-film technology 
will dominate, but thin-film 
devices are also expected to rack 
up vigorous sales increases. 

But although advanced IC 
technology should boost net­
work sales, it will impede 
trimmers' market share. Be· 
cause LSI devices and smart 
linear !Cs permit less precise 
current control and have higher 
inherent stability, these devices' 
increased use should soften 
trimmer demand . 

RESISTOR END USES 
('/, OF CONSUM PTION) 

BUSIN ESS/RETAI U 
EDUCATION 

3.2% 

1979 
($893 MILLION) 

Chip densities to rise 
at slower rate 

INDUSTRIAL 
ELECTRONICS 

6.0% 

Although the electronics indus­
try has become accustomed 
since the early '60s to a 16-fold 
increase IC density every 5 
yrs, designers should not expect 
that rate to continue, warns 
Integrated Circuit Engineering 
~orp, Scottsdale, AZ. 
,
1 Thus, although chip feature­
and die-size reductions have 
kept pace with the 16-fold/5-yr 
rate, the "circuit-cleverness" 
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CONSUMER 
ELECTRONICS 

23.7% 

1984 SOURCE· 

INDUSTRIAL 
ELECTRONICS 

6.0% 

GOVERNMENT/ 
MILITARY 

ELECTRONICS 
13.1% 

($1428 MILLION) GNOSTIC CONCEPTS INC 

CHIP-DENSITY INCREASES 

256 21 

19so 1965 1970 1975 1980 1985 
SOURCE. INTEGRATED CIRCUIT ENGINEERING CORF-

5.2M desktop computers 
worldwide by 1984 
No longer low-end products 
geared primarily to the home­
computer market, increasingly 
powerful desktop computers 
now off er up to 192M bytes of 
on-line storage, multiuser capa­
bilities and multiple peripherals. 
Such qualities will help fuel an 
impressive 972% increase in 
worldwide installed base, rising 
from 535,000 units in 1979 to 
more than 5.2 million machines 
by the end of 1984. US installed 
base over the period will jump 
from 371,000 to approximately 
3.1 million units, forecasts 
International Data Corp (IDC), 
Waltham, MA. 

US sales of business/profes­
sional systems will show a 52% 
compound annual growth rate 
(CAGR) from 1979 to 1984 with 
approximately 1. 7 million in­
stalled units by 1984. 

Despite healthy growth rates, 
though, the future isn't all rosy 
for the desktop-computer indus­
try. Improperly running soft­
ware (a complaint of many 
users), an expected absence of 
dramatic price reductions in the 
foreseeable future and an 
industry shakeout by 1983 could 
create problems for desktop­
computer manufacturers. 

contribution to rismg cnip 
densities has been leveling off as 
designers find it increasingly 
difficult to effectively utilize 
smaller chip dimensions. 

The result? The experience 
curve will flatten, resulting in 
less dramatic price reductions. 

Material for this page developed 
from Electronic Business maga­
zine and other sources by Jesse 
Victor, Assistant/New Products 
Editor, and Joan Morrow, Assis·­
tant Editor. 
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Special Precision Potentiometers 
Our customers have discovered that Spectrol's 

special designs often help make their special designs superior. 
If you have applications for unique potentiometers, here's why you 

should consult Spectrol: 25 years experience making both standard and 
special potentiometers ... a strong applications engineering department ... expertise 
in all technologies, wirewound, cermet, and conductive plastic ... worldwide design 

and manufacturing facilities, backed up by UTC, one of the world's largest 
international companies. Let us quote your special designs - non-linear, 
sine-cosine, sectors, and linear position models. Let us help you meet 

"impossible" environmental operating conditions. Start with 
your local Spectrol representative, or call our 

applications engineering manager today. 
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