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Pretty easy. 
Taken at face value, our 

Model 3010 Signal Generator is 
simplicity itself. Just flip the 
lever/ indicator switches to any 
frequency between 1 MHz and 
1 GHz. No ranges to set, no 
counters to add, no need to 
reset output level. 

Yet, behind that face is the 
most sophisticated instrument in 
its price range. Not only do you 
get synthesized signal 
generation with 0.001% accuracy 
and ± 1.0 dB flatness , you 

Circle no. 2 for literature 

get programming and AM and FM without 
modulation features for nearly readjusting modulation 
any situation. frequency or output level. 

For ATE applications, The price is easy too . Just 
Model 3010 has frequency $4, 950* Call us toll free today 
programming as standard for a demonstration. 
equipment; GPIB Wavetek Indiana , Inc., 
programmability is optional. PO. Box 190, 5808 Churchma n , 

Four modulation frequencies Beech Grove, IN 46107 . Toll 
can be used for complex or free 800-428-4424; in 
simultaneous modulation (AM Indiana (317) 787-3332. 
on FM, FM on FM, AM on AM) . TWX (810) 341-3226 . 
Model 3010 makes modulation vw 
even simpler by letting you . f A"\.. IiETE ~ 
change center frequencies m ~V . 

·u.s price on ly 
Circle no. 3 for demonstration 
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"Whats so special about 
Pro-LogS new 4 MHz ZSOA card~ 
You can't tell by specs alone. 

It's not just the state-of-the-art 
4 MHz clock rate that makes our new 
7804 STD BUS card something special. 

It's not just the on-board counter/ 
timer with four cascadable channels. 

Or the byte-wide memory that 
allows mapping and strapping in any 
combination up to 8K bytes of RAM 
and 32K bytes of ROM and PROM, 
or up to 65K bytes with the 
companion 7704 memory card. 

Dynamic RAM refresh, power-on 
reset, bi-directional address and control 
bus for OMA ... all are features you 
can get from other STD BUS card 
manufacturers. 

What's extraordinary is the quality. 
Our new Z80A CPU card is built by 

Pro-Log- the people who designed the 
STD BUS concept. 

Like every one of our STD 7000 
series cards, this Z80A CPU card is 
built with proven, industry-standard 
parts. All components are 100% tested 
and burned-in. It's designed to work 
reliably with all of our STD BUS 
interface and 110 cards, and to keep 
on working and working in the field . 

We're so proud of our high quality 
that we back it with a one-year parts 
and labor warranty. 

That's why our 
customers ask us to 
build STD BUS 
cards they could 
get somewhere else. 
Because no one 
builds cards with 
Pro-Log's attention 
to quality and 
reliability. 

CIRCLE NO 4 

Ask our customers. 
Find out what our customers say 

about using Pro-Log STD 7000 cards. 
Write or call for our STD BUS 
applications brochure, plus technical 
data on our new 7804 CPU card, its 
companion 7704 memory card, and 
our full line of STD BU5 products. 

Pro-Log Corporation, 2411 Garden 
Road, Monterey, CA 93940, phone 
(408) 372-4593. 
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In-circuit testers expand their functions 
and repertoires, yet hold the line on cost 
and complexity (pg 39). 

Lightweight scopes cost less than 
$1200, achieve 60-MHz bandwidths 
(pg 70). 

On the cover: If Ben Franklin had had 
access to a digital-storage scope, one 
experimental run would have yielded 
data extensive enough to convince all 
skeptics. Turn to pg 76. (Photo courtesy 
Philips Test & Measuring Instruments) 

I cp I wsPA uAeP 

DESIGN FEATURES 
SPECIAL REPORT: Storage oscilloscopes ......... . . . ...... 76 

Analog-storage scopes cover a broad price/performance range; digital 
models provide more signal-analysis flexibility . 

Variable persistence aids signal display .. ... ... . . . ... . . . .. 93 
A look at variable-persistence theory and measurement applications 
helps put the technique in perspective with other storage methods. 

Understand the tradeoffs in development-system selection .. . 103 
Define hardware needs and consider languages, emulation support and 
costs. ·Then project the savings in production and marketing efforts. 

Phase-angle voltmeters solve noise problems . . .. .. . .. . . .. . 113 
Phase-angle voltmeters handle even noisy and distorted signals with no 
degradation in accuracy. 

Understand emulator use to increase prototyping skills . ..... 121 
To take full advantage of µP emulators, you must completely master the 
interactive hardware/software dynamics they make possible. 

Digital ICs switch analog phones for high performance .. . .... 131 
Advanced semiconductor devices are converting yesterday's analog
only telephone systems to today's digital methods. 

Designer'sGuideto:µCbuses-Part2 . . . ... ... ... . . . . . ... 141 
When you choose a µC bus, use this guide to match up the capabilities 
you require with the specs you can get. 

DESIGN IDEAS . . ... . . . . . ... ...... .. .. . ..... .. . .. . .. . 155 
Stand-alone TTL tester indicates Go/No Go . . 12-bit ADC+display 
driver=3%-digit DVM . . . Locate random addresses with PROMs, 
DEMUXs. 

TECHNOLOGY UPDATE 
In-circuit testers widen their capabilities .... ... . . . ... . ... .. 39 

Venerable, capable tunnel diodes experience an application renaissance 
(pg 57). 

NEW PRODUCTS 
Editor's Choice ... . . ........ . .. ... .. . ... . ...... .. ..... 69 

Surge suppressor, filter and fuse combine to optimize line conditioning 
. . . Lightweight, low-cost scopes feature 60-MHz bandwidths . 
Remote-job-entry terminal uses 16-bit µP. 

Instrumentation & Power Sources .. . ... .. ... . .... .. .. .. .... .. . 169 
Components & Packaging .. .. . ........... .. .... . .... . ...... . 192 
Computers & Peripherals ... .. . .. . . . .. . . .... ... . ... . .. .. . . . . . 210 
Computer-System Subassemblies . ... . . . .. . . ... . ..... .... .. .. . 232 
ICs & Semiconductors ...... . . . .. .. . . . .. . ....... . ........... 246 

DEPARTMENTS 
News Breaks .. . 13 A Question of Law .. . 255 
Signals and Noise ... 18 Literature ... 259 
The Editor's Column ... 33 Business Staff ... 262 
Editorial Staff .. . 34 Books . . . 263 
Leadtime Index . .. 66 Career Opportunities ... 264 
µC Design Techniques .. . 163 Advertisers Index . .. 273 

Looking Ahead . .. 274 

EON (ISSN 0012·7515) is published biweekly (except month ly in July and December) by Cahners Publishing Company, Divis ion of Reed Holdings, Inc, 221 Columbus 
Avenue, Boston , MA02116. Norman LCahners, Chairman; Sau l Goldweitz, Pres ident ; William M Platt , Presiden t, Boston Division. Second class postage paid at Pon t iac, IL 
61764 and Oak land, CA 94623. Postmaster: Send Form 3579 to EON, 270 St Paul St , Denver, CO 80206. Advertising and edi torial offices: 221 Columbus Ave, Boston , MA 
02 t 16. Phone (617) 536-7780. Subscription off ices: 270 St Paul St, Denver, CO 80206. Phone (303) 388-4511 . EON is ci rculated wi th out charge to those qual ified. Subscription 
to others in the continental US: $2/copy (special issues may vary), $30/year; internat ional subscriptions: $5/copy ($3/copy in Canada) (special issues may vary), $70/year 
($40/year in Canada), with air mail delivery available for $150. Send requests for qualif ication forms and/or change of address to subscription office. 

© 1981 by Cahners Publ ishing Company, Division of Reed Ho ld ings, Inc. All rights reserved. 

EDN J UNE 10, 198 1 5 



e 
e 



The INMOS IMS1400 16K static RAM sets another new standard. 
Once again, the INMOS commitment to leadership 
in advanced VLSI technology has resulted in new perfor
mance levels for the IMS1400 16K x 1 static RAM. 

The new IMS 1400-45 offers the exceptionally fast chip 
enable access time of 45ns. with address access and 
cycle times of 40ns. Surprisingly enough, it consumes 
no more power than its 55ns companion . That's less 
than 660mW of active power and 120mW of standby 
power. using just a single 5V ( ± 10%) power supply. 
And . like the IMS1400-55, it's TTL compatible and is 
packaged in a 20 pin. 300 mil ceramic DIP with industry 
standard pinout. 

Both the IMS 1400-45 and the IMS 1400-55 deliver the 
performance you 'd expect from a VLSI leader. And what 's 
more. they're available now. For full information on the 
new standard of static RAMs, call or write INMOS today. 

.0Ql)mOS 
P.O. Box 16000 • Colorado Springs. Colorado 80935 • (303) 630-4000 • TWX 
910/ 920-4904 • Burlington. Mass. (617) 273-5150 • Dayt on. Ohio (513) 439-0988 • 
San Jose. Calif. (408) 298-1786 • Whitefriars • Lewins Mead • Bristol BSI 2NP • 
ENGLAND • Phone 44 272 290 861 • TLX: 851 -444723 
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You've really worked long and hard to 
make sure your new system has the highest 
throughput possible. 

Don't blow it with a bum ticker. 

Get AMD's Aml9ts. 
The new Am2925 will boost the through

put of Am2900 and all high-performance 
systems up to 30%. 

What's our secret? Microcode control of 
the cycle length. 

Your system no longer has to run at the 
cycle of the slowest instruction. You can get 
down to as low as lOOns microcycles. 

And, there are four different clock wave
forms to choose from . 

We even have a clock 
for the AmZ8000. 

The AmZ8127 provides CPU clock drive to 
Vcc-.4 for the AmZ8000 and all MOS CPUs. 

But that's not all. 
The oscillator output is terrific for syn

chronizing dynamic RAM timing. And the 
AmZ8127 has synchronized slower clocks 

for slower peripheral functions. 
Both the AmZ8127 and the Am2925 

include an oscillator, single-step, run-halt 
and wait controls. Both replace a dozen 
MSI chips. 

Bipolar LSI: 
The Simple Solution. 

The Am2925 and AmZ8127 are two of 
the newest members of AMD's Bipolar LSI 
family. The family that makes designing any 
system easier, faster, simpler, cheaper. 

Like all of AMD's parts, both our 
clocks meet or exceed INT•STD•l23. We 
guarantee it. 

Advanced Micro Devices l1 
901 Thompson Place, Sunnyvale, CA 90486 · (408) 732-2400 
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You don't become the worldi 
best selling in-circuit tester 

witholil selling some 
prelly tough customers. 

The real test for any automatic test 
equipment is on-line, in the actual 
production test environment. It 's . 
here, and only here, that any 
test system demonstrates its 
real value. 

To find out what sold 
the world 's best selling 
in-circuit test system 
to three pretty tough 
customers, we went to 
the men who made the 
evaluation and the buy
ing decision. Here's 
what they had to say 
about the system they chose. 
"Northern Telecom found 
t he 303 versatile enough 
to test more than 1500 
board varieties in high 
volume applications." 
John Jed 
01reclor of Manufacturing Quality 

"The Fairchild 303 has proven to 

The Falrchlld Serles JO/JOJ 
In-circuit PCB Tester 

programs are so well developed 
that yields are as high as 98%. And 

this has meant a savings in cost 
and diagnostic time. 

"We have close to thirty 
303 systems on-line in 
both our U.S. and Cana
dian manufacturing 
facil ities. The 303 has 
simplified our training, 

---- programming and ser-
---~~~. vice requirements ." 

"As a first time ATE user, 

be an extremely cost-effective test 
system in terms of capital expense, 
operator ease, software, system 
maintenance and reliability 

"While we've seen significantly 
improved yields in every 303 instal
lation, with some of our high den
sity, digital PCBs, the 303 test 

Miiton Bradley's major con· 
cerns were ease of use and 
total system capability. We 
got both with the 303." 
John Scalia. 
Electronics Manufactunng Engineering Manager 

"Before we made a final buying de
cision on any in-circuit test system, 
we had to be convinced of two 
things. One, would the ATE com
pany provide the in-depth pro-



gramming support we needed 
initially; and two, could the system 
reliably test our complex PCBs? 
Fairchild and the 303 did both. 

"Thei r training was both com
prehensive and complete, and 
included everything from LSI 
programming to system 
maintenance. 

"While our boards are small to 
medium in size, they contain ana
log components and digital I Cs, 
including both commercial and 
custom LSI. With the 303, we're 
able to get extremely high yields 
on all our PCBs. 

"In addition, the datalogging 
program has proved to be invalu
able. Management uses the fault 
reports to pinpoint and remedy 
PCB manufacturing trouble spots, 
reducing our faults/ board ratio 
and repair times. Even design 
anomalies are often isolated. Since 
installation, we've improved the 
efficiency of our manufacturing 
process- realizing dramatic cost 
reductions in troubleshooting and 
repair. Yields at final test have con
sistently been in excess of 90%." 
"Back In 1978, Sykes Data· 
Ironies thought the best In· 
circuit system for Isolating 
manufacturing faults was 
the 303. Today, we still 
think It's the best system." 
Dave Otto. 
Test Engineer. Sykes Oatatronics Inc 

"Three years ago, we made the de
cision to gQ with ATE for the same 
reasons a lot of rapidly growing 
companies do: greater throughput, 
increased yields, and a generally 
more cost-effective manufacturing 
operation. We realized the best 
method for isolating manufacturing 
faults was in-circuit testing; and 
quite frankly, the 303 was the only 
proven system we found. 

"Since 1978, we've doubled our 
growth every year and the 303 has 
been more than adequate in keep
ing pace with that growth. During 
this time, we've added only a mini
mum of PCB troubleshooters. 

"The system has also been able 
to keep pace with the changing 
size and density of our boards. 
And it's given us the confidence to 
design boards of greater complex
ity, because we know the system 
can test them 

"Based on past performance, 
we've just placed an order for 
another 303." 

To these three customers, 
Fairchild's 303 in-circuit test 
system has proven itself where it 
counts- on-line, in the production 
test environment. It will do the 
same for you. Whatever your 
product, Fairchild's 303 will help 
improve PCB yields, throughput 
and quality, and reduce overall 
testing costs. 

After all , the dependable 303 
has proven itself in more installa
tions than any other in-circuit 
test system in the world. And it's 
backed by the largest service 
organization in the ATE industry 

For more information on the 
Fairchild 303, call or write 
Fairchild Test Systems Group, 
299 Old Niskayuna Rd ., Latham, 
NY 1211 0; Tel. (518) 783-3600. 

FAIRCHILC 

A Schlumberger Company 

The 
F1ntFamily 

of ATE. 
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The Industry 
Standard. 

132-character wide, 
adjustable carriage 

High-quality 
dot matrix 

characte r font 

Receive buffer for 
data overflow protection 

The OMNI 800* Model 810 RO, 
with its reputation for outstand
ing reliability, sets the standards 
that other printers in the indus
try are measured against. And 
with good reason. Great for 
applications like report genera
tion, invoicing and ticket print
ing, the 810 RO's field-proven 
performance handles heavy 

m@m 
Receive-Only Printer 

High-quality 
fonns printing 

110 to 9600 baud 
transmission speeds 

workloads with ease. 
TI is dedicated to producing 

quality, innovative products like 
the Model 810 RO. And Tl's hun
dreds of thousands of data ter
minals shipped worldwide are 
backed by the technology and 
reliability that come from 50 
years of experience. 

For more information on the 
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150 cps optimized 
bidirectional forms printing 

Operator control/ 
indicator panel 

Covered auxiliary 
control panel for 
user configuration 

Optional custom color 
for systems integration 

Model 810 RO, contact the TI 
sales office nearest you, or write 
Texas Instruments Incorporated, 
P. 0. Box 202145, Dallas, ~ 
Texas 75220, or phone 7J 
(713) 373-1050. 

We put computing 
within everyone's reach. 

TEXAS INSTRUMENTS 
I NCORPORATED 

In Canada, write Texas Instruments Incorporated, 41 Shelley Rd., Richmond Hill. Ontario L4 C 5G4, (416) 884-9181. In Europe, write Texas In struments, 1/S 74. B.P. 5, 
Villeneuve-Loubet, 06270. France, (93) 20 01 01. In Asia Pacific, write Texas Instruments Asia Ltd. , 990 Bendeemer Rd., Singapore 1233. Telex RS 21399, or phone 2581122. 

*lrademark of Texas Instrument s Copyright © 1981. Texas Instrume nts Incorporated 
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Nevvs Breaks 
A CHIP FOR ALL ARCHITECTURES 

You'll be able to take a painless approach to upgrading your 8-bit hardware to 16 bits when 
production quantities of Zilog's (Cupertino, CA) Z800 become available in the second quarter of 
1982. The chip will feature 16-bit internal architecture, 8- or 16-bit external structure and 
100% compatibility with Z80 code. It will also contain two new instructions (multiply and 
divide) along with all the old ones. Expected to cost $10 (OEM), the Z800 will include an on
board memory map that directly addresses 4M bytes of RAM; you'll be able to order 40-pin 
versions with multiplexed data buses or nonmultiplexed 64-pin versions. A buffered 
instruction set and 12-MHz clock will furnish three to five times the performance of the Z80A 
with the same code.-ET 

16-BIT A ID CONVERTER SPECS ± 0.003% :MAX LINEARITY ERROR 
Priced at $199, the ADC1140 16-bit A I D converter features a 35-µsec max conversion time 

and a guaranteed ± 0.003% of full-scale range max linearity error (without requiring any 
external components). Manufacturer Analog Devices (Norwood, MA) claims that the unit, 
housed in a 2 x 2 x 0.4-in. package, is the lowest cost device in its accuracy or resolution 
category. It provides pin-selectable input-voltage ranges, operates over 0 to 70°C and has a 
typical power consumption of l.2W.-TO 

UNIX SOFTWARE DIRECTORY AVAILABLE BY SUBSCRIPTION 
An industry-wide directory of UNIX and C products is available on a subscription basis from 

InfoPro Systems. Covering a wide range of software and hardware products, the UNIX 
Software List gives full where-to-get-it information. Listings include UNIX operating-system 
suppliers, user groups, C compilers and interpreters, software tools, database-management 
systems and more. 

A yearly subscription to the directory costs $18 in North America; $24 for foreign airmail. 
For more information, contact InfoPro Systems, Box 33, East Hanover, NJ 07936; phone (201) 
625-2925.-JM 

DIGITAL PATTERN GENERATOR EXTENDS TESTER'S CAPABILITY 
Addition of Model DX89 digital pattern generator to Model MTS77 ATE system permits 

testing of mixed-technology devices such as flash converters and analog I I O µPs on one tester . 
From LTX Corp (Westwood, MA), the DX891MTS77 combination features 12.5-MHz pattern
generation capability and can test devices with 24 input and 24 output pins. A 4k x 4-bit 
memory on each channel lets you specify input ONE, ZERO or high-impedance conditions and 
output ONE, ZERO or don't-care conditions. Moreover, output channels feature 4k x 1-bit data
recording channels that let the tester ''learn'' such conditions as the digital response of an 
A I D converter to a sine-wave input. 

Other features include 32k-bit channels for data-send and -receive operations that facilitate 
telecomm-circuit testing. Furthermore, the system can simultaneously but independently test 
the encode and decode sections of codecs. It can generate digital patterns algorithmically, 
' 'learn'' them from good devices, assemble them from CAD or other data files or synthesize 
them through matrix operations such as FFTs . Typical system prices range from $350,000 to 
$400,000.-RN 

SPEAKING OF VOICE I I 0 
When Speech Systems Inc opens up for business, it will act as a speech-system integrator, 

putting existing technology to work in systems. To be located in Encino, CA, the firm will be 
headed by William Meisel, formerly with Technology Service Corp. 
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News Breaks 
... At NCC last month, Digital Pathways Inc (Mt View, CA) demonstrated yet another 

application for voice synthesis. Its Serial Line Controller uses Texas Instruments ' TMS5200 
speech chip to initiate voice messages whenever it recognizes certain messages passing 
between a computer and a terminal. The unit acts as a telephone-based computer-terminal 
operator that works around the clock. Priced at $1975, it can alert a person by telephone 
whenever an abnormal condition exists.-ET 

N-CHANNEL POWER MOSFETs AIMED AT GENERAL-PURPOSE APPLICATIONS 
Two power-MOSFET families for broad-based general-purpose applications will be fabricated 

with hexagonal multicell, vertical-DMOS structures. From RCA Solid State Div (Somerville, 
NJ), the medium-power TA9196/ 9213 devices will sport drain-to-source breakdown ratings of 
80 to 120V and a l.5A drain current. The TA9192/ 9212 MOSFETs will provide higher power 
options with 100 and 150V breakdowns and 6A current-handling abilities. The medium-power 
units will come in T0-39 and T0-220AB packages, while the h igh-power chips will reside in 
either T0-204MA (the old T0-3) or plastic T0-220AB packages. 

Production quantities should be available in September for approximately $1.85 (1000) for 
the TA9196/ 9213 and $4.45 (1000) for the TA9192/ 9212.- GH 

100-MHz 6-TRACE SCOPE COSTS $2595 
Kikusui International Corp (Carson, CA) has put a $2595 price tag on its 100-MHz Model 

6100 (EDN, March 18, pg 37). The scope can simultaneously display Channel 1 , Channel 2 , 
Channel 3, Trigger A, Trigger Band the sum or difference of Channels 1and2. Warranty is 2 
yrs on the scope, 1 yr on the CRT.- RN 

LESS-THAN-$600 DOT-MATRIX PRINTER FEATURES FULL-SIZED CARRIAGE 
Accepting paper up to 151/:a in . wide and printing 136-character columns, the $595 (1000) 

MX-100 dot-matrix printer from Epson America (Torrance, CA) employs a dual print font 
(9 x 9 or 18 x 18) to achieve near-letter-quality output. It supports a bit-image graphics 
function of 60 dots / in. in Standard mode and 120 dots / in. in Double Density mode. The 
printer, which will be available by mid-year , comes standard with a Centronics-compatible 
8-bit parallel port and a 1-line buffer. Options include RS-232 and IEEE-488 interfaces and a 
2k-byte buffer.-CW 

DATA SEPARATOR INCREASES DISK-DRIVE CAPACITY BY 50% 
The Data Express II ($250) from Rotating Memory Systems Inc (Sunnyvale, CA) supports 

run-length-limited code to allow recording of as much as 50% more disk-drive data per track. 
This capability increases the capacity of the firm's Model RMS 503 drive from 3.18M to 4 .'5M 
bytes; RMS 506, from 6 .38M to 9M bytes; and RMS 512, from 12.72M to 18M bytes. Two 
custom VLSI encoder/ decoder ICs minimize required circuitry. 

The $197 Data Express I separator handles MFM coding at 5 MHz and supports only 
standard capacities. Both units support two 51.4 -in. Winchester drives via SAlOOO-type 
interfaces and mount within the drive or controller enclosure. They require 5 ± 0 .25V de at 
l.5A max , l.lA typ, and 50-mV p-p max ripple.-AR 

DIAL-UP DIRECTORY DESCRIBES 100-COMPUTER NATIONAL NETWORK 
If you own a computer, modem and terminal, you can gain access to a national computer 

network of more than 100 small computers, maintained by user groups, schools , publishers, 
commercial businesses and hobbyists. Novation (Oxnard, CA) provides a 24-hr dial-up 
directory of the network; call (213) 881-6880 and type CAT followed by a Carriage Return or 
Enter to gain access to it.- JB 
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We want to show you that TRW's 
hybrid amplifiers are ideal for all sorts 
of analog and digital applications. 
Our Demonstrator will prove it 
to you. Instantly. 

Whatever type of instrument or 
system you're working on
chances are you 'll have to boost an 
RF signal somewhere, and with 
minimum distortion. Before you 
spend hours or days designing 
and debugging a high-performance 
discrete component amplifier, order 
the IA Demonstrator that meets 
your requirements and save all that 
time and trouble. Because all you do 

CA2820 

trator to 
see how a TRW hybrid will 
perform in your appl ication. 

Each IA Demonstrator includes an 
evaluation test fixture (worth $100) 
and the amplifier of your choice. 
For this special offer, you get both for 
only $20 over the normal price of the 
amplifier. And to ampl ify your think
ing, we'll include our new 100-page 
RF Linear Hybrid Design Guide with 
complete data sheets, specs and the 
very latest applications notes. 

These TRW hybrids feature wide 
bandwidth, 1 to 520 MHz; 3rd order 
intercept to 37 dBm; operation from 
8V to 28 VDC, and power output to 
500 mW. They 're unconditionally 
stable into all load impedances, and 
available in hermetic packages ; 
we also offer Hi -Rel performance. 
You can use them to simpl ify and 
speed up design time schedules, 
save PCB space and slash costs 
with our low, low OEM prices* 

MATCHED FOR 500 SYSTEMS 

Freq. Yee Po 1
TO (range) (nominal ) 

1-520MHz 12V 0.3W 34dBm 
1-520MHz 24V 0.5W 37dBm 

To order test fixture and amplifier specify IACA part # 

(1-24 quantity : CA2812, $42.00 ; 
CA2820, $42.00). 

What's more, if our wide band 
amplifier isn 't demonstrably superior 
for your application , return your 
IA Demonstrator for a full refund, no 
questions asked. They 're in stock
order now from one of the following 
TRW distributors: 

Almo Electronics 
Arrow Electronics 
Bell Industries 
Gerber Electronics 
Hal l-Mark Electronics 
Jaco Electronics 
RV Weatherford 
Export : Contact local office. 

" OEM prices will vary sl ightly due to gold 
adder price fluctuation . 

i - SPECIAL OFFER -1 
I THE IA DEMONSTRATOR I 

I SPECIAL I 
I ORDER U.S. PRICE REG. I 
I PART NO. SAVE $80.00 PRICE I 

I IACA2812 $62.00 $142.00 I 
I I 
I IACA2820 $62.00 $142.00 I 

I I --------------
TRWRF SEMICONDUCTORS 
An Electronic Components Division of TRW Inc. 
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In 1981, this symbol ... 
will identify 57 trade and public shows, domestic 
and international, organized and managed by 
Cahners Exposition Group, the largest professional 
management company of its kind in the world . 

They will range in diversity from such established 
events as the 36th annual National Hardware Show 
and the 25th Greater New York Auto Show to 
twelve new CEG shows-seven new international 
and five new domestic . .. in addition, CEG is the 
organizer of the largest group of electronics 
manufacturing exhibitions in the world. 

In total , the 57 CEG shows will represent 
approximately 3 million square feet of exhibit space, 
3Y2 million attendees, and over 10,000 exhibitor 
companies. 

An estimated $1 billion worth of products and 
services will be sold as a direct result of these 
shows. 

Corporate 
Headquarters 
New York: Boston: 

We recite these facts for two primary reasons: 

• To indicate the extraordinary impact of trade 
shows in the marketplace, with more than 5,000 
scheduled in the U.S. this year. 

• To emphasize that the key to the success of any 
show is professional management. 

Our pride in the CEG symbol is rooted in 
performance-our demonstrated ability in 
producing more effective results for existing trade 
shows, as well as creating new shows shaped to 
reflect the dynamic changes occuring in a given 
industry. 

Try us. We will welcome the opportunity to talk 
with you . 

And look for the CEG show symbol. It is the sign 
of professionals at work. 

Chicago: Los Angeles: CEG 
Cahners 
Exposition 
Group 

331 Madison Avenue 
New York, NY 10017 
Phone: 21 2/682-.4802 
Telex: 649400 CEG NY 

221 Columbus Avenue 
Boston, MA 02116 
Phone: 617/536-7780 
Telex: 940573 LPC BSN 

222 W. Adams Street 
Chicago, IL 60606 
Phone: 31 2/263-4866 
Telex: 256148 KIVER ORG CGO 
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The Multiprogra0101er is the Answer 
HP's 6942A Multiprogrammer is the vital link be
tween your every changing automatic test problems 
and their fast, easy and economical solution. The 
microprocessor-controlled Multiprogrammer has an 
HP-IB interface, built-in self-test, a real time clock, 
and memory to store instruction sequences and data. 

Extraordinary versatility is achieved through a selec
tion of 19 different functional plug-in 1/0 cards used as 
building blocks to meet your specific applications. 
Now, Memory 1/0 cards can perform high-speed 
multiple-channel data acquisition, while other 1/0 
cards simultaneously stimulate the device under test. 
This allows off-line subsystems to be conveniently 
assembled. 

Other capabilities include programming power 
supplies with outputs of up to 250 volts or 1000 amps, 
and controlling stepping motors used as precision 
mechanical actuators. These functions are accom
plished with simple-to-use mnemonic instructions 
and easily interfaced 1/0 cards. 

A User's Guide, containing sample programs for each 
1/0 card, speeds the task of writing software. The 
result is a shorter time from concept to solution. The 
Multiprogrammer combined with any of the popular 
HP co.1trollers is a powerful answer to your automatic 
test problem. 

For more information on how you can benefit from the 
6942A Multiprogrammer, write to Hewlett-Packard, 
1507 Page Mill Road, Palo Alto, CA 94304. Or call the 
HP regional office nearest you: East (201) 265-5000, 
West (213) 970-7500, Midwest (312) 255-9800, South 
(404) 955-1500, Canada (416) 678-9430. 

r//O'I HEWLETT 
~~PACKARD 

21103 CIRCLE NO 10 
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Signals & Noise 

You can learn to write 
Dear Editor : 
Thank you for sending me a copy 
of your "Writing for EDN" 
author's guide. I'm disappoint
ed, however, that it doesn't 
reference the best book I have 
found on writing: The Technique 
of Clear Writing, by Robert 
Gunning. 

This book provides a no
nonsense definition of the 10 
principles of clear writing, 
lavishly illustrating each one. It 
even includes a chapter dedicat
ed to technical writing. Finally, 
it presents a yardstick you can 
use to check the readability of 
your own writing. 

The book was published by 
McGraw-Hill in 1968 and costs 
$12.95. If you want to receive a 
discount for more than five 
copies, write to the firm's 
warehouse at Princeton Rd, 
Hightstown, NJ 08520 and 
include billing and shipping 
addresses and the book's code, 
ISBN07-025206-8. 
Sincerely, 
R aymond Kostanty 
Wood-Ridge, NJ 

That's one cool chip 
Dear Editor: 
Tim Regan's brilliant Design 
Idea in EDN's April 1 issue (pg 
81) describing that new hot chip, 
the F/C-102, contains a minor 
error. I believe he misquoted 
the -L version's temperature 
range as - 32°F to 0°C. Ac
cording to the spec sheet, the 
temp spec is 32°F to 0°C. 

By the way, a MIL-spec 
version of the F/C-102 will be 
sampled in last quarter of this 
year. Temp spec is 0°F to 460°R. 
Sincerely, 
Tony R ea 
Boylston Electronics Corp 
Boston , MA 

Nothing holds a candle 
to the new FED 
Dear Editor: 
The LM196 featured on the 
cover of EDN's April 1 special 
supplement is the ideal driver 
for the new flame-emitting diode 
(FED). The FED comes in two 
styles-regular and phosphorus 
doped-with output guaranteed 
to 1 candlepower. Other fea
tures include a self
extinguishing action when re-

verse polarity is applied and a 
constant color temperature. It's 
an excellent emitter of both 
infrared and visible light 
(photo). Unlike the LED, the 
FED requires no series-limiting 
resistor. 

Incidentally, what's the leak
age spec on the LM196? 
Sincerely yours, 
Jeffrey A Small 
Eastman Kodak Co 
Rochester, N Y 

Continued on pg 27 
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NATIONAL ANTHEM 

The trapezoidal DS3662 puts quiet 
transmission on the bus. 

The industry's first trapezoidal 
transceiver allows higher data rates 

with lower distortion over 
longer distances. 

The DS3662, National's new quad high 
speed trapezoidal bus transceiver, represents 
a major step forward in transmission integrity 
and overall system dependability. 

Precise trapezoidal bus waveforms 
reduce noise coupling, without sacrificing the 
maximum data rate. The receivers use low 
pass filters to further enhance noise immunity. 

The result is at least an order of magni
tude increase in allowable bus lengths than 
ever before possible. 

AC specs guaranteed. The DS3662-
a pin-for-pin functional replacement for the 
standard 8641 transceiver -offers guaranteed 
AC specifications over the entire temperature 
and supply voltage range. 

It also features glitch-free power up/down 
protection on the driver outputs. So entire 
cards can be brought on-line or off-line with
out adding any noise to the system bus. 

Greater transmission integrity. The 
DS3662 is actually immune to noise pulses 

Solving servo problems 
with the fastest, cleanest 
power op amp ever. 

The linear leader redefines the 
"leading edge" In power op amp design 

with their new LH0101. 

National's new LHOlOl series op amps 
are the fastest, cleanest power op amps now 
available. Others can match the 2A continuous 
or 5A peak output current, but no one comes 
close in any other major parameter. 

To begin with, its lOV/ µsec slew rate is 
four times faster than the nearest competition, 
National's own LH002l. And its 300KHz full 
power bandwidth is fifteen times wider than 
the rest. 

Plus, by using a Bl-FET1M input stage, 
the LHOlOl 's 300pA input bias current is 100 
times less than any other comparable amp 
on the market. And if this isn't enough, the 
LHOl 01 also offers extremely low distortion 
specs: 0.008% with undetectable cross-over 
distortion. 

So the LHOlOl is ideal for such demand
ing tasks as head positioning servos for 
hard disks. 

An endless list of applications. With this 
kind of performance plus good availability 
in both commercial and military versions, 
applications are endless. 

In addition to head positioning servos, 
the LHOlOl is perfectly suited for inertial 
guidance platforms, synchro drivers, CRT deftec
tions yoke drivers for graphic displays, power 
DACs for Automatic Test Equipment, motor 
drivers, and super-fidelity audio systems. And 
these are just a few applications to consider. 

For the data sheet and application infor
mation on these high performance power op 
amps, check box 080 on this issue's National 
Archives coupon. 

The LHOl 01 . Tomorrow's reality today 
from the Practical Wizards of Si Ii con Valley. r:ll 
Bl-FET is o trodemork of Notional Semiconductor Corporotion. 

up to 20ns. So th is new trapezoidal device 
does a great deal toward enhancing overall 
system performance even when used with 
conventional bus transceivers. 

For a data sheet and application 
information, check box 082 on this Anthem's 
coupon. r:ll 

Higher data rates and integrity over longer lines. 
lOOr--------------1 

0.1.__ ___ ~---------! 
1 10 100 

LINE LENGTH* (FT) 

·Twisted pa ir coble (22 AWG stronded), 
terminated 180 1/ 390 n. 50% duty cycle. 



National blitzes the Mil/Aero market 
with reliable PROMs. 

An entire fleet of bipolar PROMs 
guarantees an extra measure 

of reliability in mil-spec applications. 

The Practical Wizards are taking the 
Mil /Aero PROM market by storm with 15 hi-rel 
devices to choose from. 

And all 15 have survived the rigors of 
National's 8838/RETS™ program, the same 
totally compliant Class B screening offered on 
their 1100 other Mil /Aero products. 

Practicality prevails. National's technical 
expertise puts them out in front with significant 
bipolar advances that make practical sense. 

Their DM77S190 and DM77Sl91 , both 
state-of-the-art 16K bipolar PROMS, ore perfect 
examples. They're as fast and as large as any 
in the industry. And their titanium-tungsten 
fusing and high volume Schottky production 
process gives them rock-solid reliability. 

These full mil-temp high-speed PROMs 
are Schottky-clamped for o typical address 
access of 40 ns and a typical enable access 
of 20 ns. In addition, they use PNP inputs to 
reduce input loading. And they incorporate 
TRI-SAFE™ for low voltage programming. 

Fuses that last. Notionol's titonium
tungsten fuses are mode of o very stable and 
reproducible metal combination which resists 
oxidation. 

National uses on on-chip Darlington 
programming circuit that "pulse shapes" the 
programmer's input and sends o very fast, high 
energy current pulse to the selected fuse. 

This minimizes local heating and pro
duces o wide gap in the fuse link, one free of 
residual conductors and without deteriorating 
hermeticity. The result is the industry's most 
reliable PROM. 

Additionally, the titanium-tungsten fusing 
allows o low 10. 5V programming voltage. 
And that eliminates the need for guard rings 
and wide spacings. 

Reliable PROMs from proven processes. 
As on additional measure of practical reliability, 
this family of PROMs uses titanium-tungsten 
as o buffer between the aluminum intercon
nect and the platinum-silicide "barrier." 

Notional con fill any socket by offering o 
full line of TRI-STATE® or open collector de
vices, ranging from 256 to 16K bits. 

Their tight quality control and practical 
innovation pay off in highly rel iable, high vol
ume products. In the TRI-STATE PROMs, for 
example, only 11 failures hove been observed 
in 2. 7 million hours of testing. Not one of the 
failures was fuse-related . 

Full support for PROM programming. 
The Practical Wizards not only supply the 
PROMs, but all the tools necessary to 

program them. 
STARPLEX;M the fully developed develop

ment system, includes on optional Universal 
PROM Programmer and all the required PROM 
personality modules. So beginning to end, 
you can't go wrong with National 's Mil /Aero 
bipolar PROMS. 

The product table in this article gives the 
part number, organization and TAA But for 
more information on these and other long
lasting memories, check boxes 096 and 062 
on the National Anthem coupon. ~ 

TRI-SAFE, TRI-STATE and STARPLEX are trademarks of National 
Semiconductor Corporation. 

PROM SUMMARY TABLE 

TAA 
PART (MAX ORGANl-
NUMBER COMM) ZATION 

DM54Sl 88-288J/883B 
DM54S287-387 J/8838 
DM54S570-571 J/8838 
DM54S472-473J/883B 
DM54S474-475J/883B 
DM7 4S573J/883B 
DM77S 184-185J/883B 
DM77Sl 90-191 J/8838 

35 32 x 8 
50 256x4 
55 512 x4 
60 512 x8 
65 512 x 8 
60 1024x4 
55 2048x4 
65 2048x8 



NATIONAL ANTHEM 
New µP-compatible converters bridge 
the gap from D to A. 

National's line of low-cost 8-, 10- and 
12-bit CMOS MICRO-DAC™ converters 

are double-buffered for 
maximum versatility. 

The number of microprocessor-based 
designs requiring digital-to-analog conversion 
is increasing at an incredible rate. 

In response to this demand, the linear 
wizards are now offering a full line of low
power CMOS D/As that interface very easily to 
any 8-or 16-bit µ.P bus. These double-buffered 
converters contain both an input latch and 
DAC register plus all the µ.P logic necessary 
for simplified design and reduced board 
space. 

DOUBLE BUFFERED 
MICRO-DAC CONVERTERS 

.+ 1our2 

.. IOUTl 

And since they're all monotonic with 
differential non-linearity specified over tempera
ture, they fit particularly well in either fixed or 
multiplying reference applications such as 
servo control or synchro-to-digital converters. 
Thanks to their low cost, these new 8-, 10-
and 12-bit 0/As can also be used as pro
grammable gain amps, digital attenuators, 
band-pass filters and more. 

All digital inputs are TTL-compatible for 
more extensive interface flexibility. Their 20-
pin ( 3" wide) packaging keeps board 

space usage down while their 20mW power 
consumption-a factor of 10 lower than 
bipolar - extends battery life in portable 
equipment. 

The high accuracies obtained by using 
these devices are largely due to their "end 
point" linearity: just set zero and full scale and 
linearity is met. 

And to make them even more versatile, 
National's 8-bit DAC0830/31 /32, and 12-bit 
DACl 230/31 /32 0/As have identical pin-outs 
for easy interchangeability. 

For complete details on the entire line of 
low-power MICRO-DAC converters, check 
boxes 051 , 057 and 073 on this issue's 
National Archives coupon. 

At National, the practicality keeps on 
coming through. ~ 

MICRO-DAG is a trademark of National Semiconductor Corporation. 

PRODUCT SUMMARY TABLE 
PART DIP RESOLUTION ACCURACY 
NUMBER SIZE (BITS) (% OF FSR) 
DAC0830 20 8 0.05 
DAC0831 20 8 0.10 
DAC0832 20 8 0.20 
DAClOOO 24 10 0.05 
DAClOOl 24 10 0.10 
DAC1002 24 10 0.20 
DAC1006 20 10 0.05 
DAC1007 20 10 0.10 
DAC1008 20 10 0.20 
DAC1208 24 12 0.01 
DAC1209 24 12 0.02 
DAC1210 24 12 0.05 
DAC1230 20 12 0.01 
DAC1231 20 12 0.02 
DAC1232 20 12 0.05 

Worlds ahead in 
data acquisition 

technology. 
National Semiconductor. lhe Practical 

Wizards of Silicon Valley, is lhe world's larges! 
supplier of dala acquisition components. Over 
lhe last year, for example, lhey shipped <Ml' 
5 million A/Os-more lhan anyone else In 
the industry. 

The key to !heir lead <Ml' the l9St of lhe 
pack is their high volume production capabil
ities and extensively broad line, and their 
commitment to high performance at a low 
cost. With all of their lronsducers, amplifiers, 
filters, MUXs, sample and hold circuits, refer
ences, A/Os and D/As, there's a National part 
for every application. 

In addition, lhey're lhe only supplier 
utilizing technologies of bipolar, CMOS, NMOS 
and hybrid along with thin-film resistors and 
laser trim. 

This is just a glimpse into what they're 
up to-designing high technologies into 
practical high performance data acquisition 
components. 

National, lhe dedicated leader In data 
acquisition technology and components. a 



National creates the boards no one 
else could. SuperChips; 

SuperChips are the Multibus TM 

board-level solutions to your total 
system needs. Only National's broadline 
approach and technical expertise could 

make SuperChips a reality. 

As on industry leader in state-of-the-art 
components, irs only natural that National 
should produce the industry's most powerful 
line of board-level system solutions. Their 
strong technical expertise and manufacturing 
muscle assure both the capabilities of their 
products and confidence of their customers. 

The broadest family of problem-solving 
boards. With over 100 SuperChip products 
available, the Practical Wizards have more 

board-level solutions for more system config
urations than anyone else. 

For example, everyone hos boards that 
compute and remember. There's no trick to 
that. But only National has boards that trans
late (the BLC-8488 intelligent GPIB controller 
board), talk (the BLX-281 speech synthesis 
module) and measure (the BLC-8737 and 
BLC-8715 analog 1/0 boards). The fact is, no 
one else in the industry can touch Notional 
when it comes to board-level technology. 

12-Month Warranty. Notional also 
stands alone in the warranty business. Their 
entire SuperChip line carries a full 12-month 
warranty, the longest in the industry. Because 
anything less than that is less than the best. 

SuperChips give you innovative system 
solutions based on superior design capability 
and leading edge technology. 

Nobody knows more about building 
chips than National does, so they're a natural 
for building practical and reliable board-level 
products made from those chips. 

For complete details on the entire line of 
SuperChips be sure to check box 083 on this 
issue's National Archives coupon. 

SuperChips. Because man cannot live 
by chips alone. ~ 

SuperChip is a trademark of National Semiconductor Corporation. 
Multibus is a trademark of Intel Corporation. 



NATIONAL ANTHEM 
J-FETs-the time-proven solution to 
increased signal sensitivity demands. 

The reliable back-to-basics solution 
to design overcomplexity. 

National is known throughout the indus
try for their high performance line of J-FETs. 
They make over 500 standard products using 
18 processes. And they're all available in 
quantity now. 

The result is a J-FET for virtually any 
application problem. 

The economics of plastic. No one offers 
plastic J-FETs with leakages as low as 
National's. Their PN4 l l 7 A-normally used in 
smoke detector applications-has a leakage 

current of l . 0 pA max, 0. 3 pA typical. Copper 
lead frames offer low thermal EMF voltages in 
ultra-low leakage switching applications such 
as digital volt meter range switches. 

But the best news is National's plastic 
J-FETs offer leakages comparable to the metal 
can versions, with plastic devices costing 
50% less. So now versatile plastic packages 
can be designed into applications requiring 
extremely tight specs. 

J-FET practicality is basic reliability. The 
J-FETs' versatility allows them to rescue 
designs wrought with overcomplexity. And 

National's broad line of both single and dual 
J-FETs offers a flexibility of design along with 
competitive pricing and solid reliability. 
Together they give engineers considerable 
freedom of choice. 

Check box number 074 on this issue's 
National Archives coupon or contact your 
local distributor or NSC sales rep for additional 
information. For application assistance, call 
one of National's FET Wizards at ( 408) 
737-5554. 

And start getting back to basics with 
high performance J-FETs. ~ 

Bubble memory bursts price barrier. 
Y4Mbit bubble memory boards for under 

$1800* available now from National. 
National introduces the lowest priced 

%Mbit bubble memory board available-the 
BLC-9250. !rs a non-volatile MULTIBUS™ and 
Series/80 compatible bubble memory board. 
And it's easily expandable to 1056K bytes 
with the BLC-9101 expansion board. 

Suddenly, bubble memory becomes a 
cost-efficient choice for system design and life 
cycle enhancements. Whars more, both the 
BLC-9250 %Mbit board and the BLC-9101 
l Mbit expansion board are available in 
volume right now. 

Smaller, faster and more reliable mem
ories. National's bubble memory sub-systems 
use dense 16-pin memory modules designed 
to save board space. They have the smallest 

package and least number of pins for their 
density in bubble memory today. 

In addition, they offer an average access 
time of 7ms and an average data rate of 75K 
bits per second. And they out perform others 
by a factor of 10 in reliability tests. 

National's family support. Since both the 
BLC-9250 and BLC-9101 (and all Series/80 
boards) are MULTIBUS-compatible, they inter
face with a wide variety of development 
systems. Including National's advanced 
STARPLEX™ development system with ISE™ 
and CP/M operating system. 

For more information check box 065 on 
the National Archives coupon. ~ 
STARPLEX and ISE are lrodernarl<s of National Semiconductor 
Corporotion. 

MULTIBUS is o lrodernorl< of Intel Corporotion. 

'Single-piece U.S. price only. 

Titanium-tungsten fuses improve the 
reliability of 16K PROMs. 

National's bipolar PROMs guarantee 
an extra measure of reliability, 

thanks to titanium-tungsten fuses 
and today's high volume Schottky 

production processes. 

National's 87Sl 90 and 87Sl 91 state-of
the-art l 6K bipolar PROMs are an example of 
their bipolar wizardry. They're as fast and as 
large as any PROMs in the industry. And yet 
their titanium-tungsten fuses and high vol
ume Schottky production process gives them 
rock-solid reliability. 

These high-speed PROMs are Schottky
clamped for a typical address access of 40 ns 
and a typical enable access of 20 ns. 

They use the same basic production flow 
as for other standard Schottky bipolar PRO Ms 
(from 256 to 8K bits) plus PALs and the 
2900 bit slice family. It's a proven process 
that works time-after-time. 

SCANNING ELECTRON MICRO PHOTOGRAPH OF NATIONAL'S 
TITAN IUM-TUNGSTEN FUSES IN THE OPEN STATE. 

For more information check box 096 on 
the National Anthem coupon. ~ 

PROM SUMMARY TABLE 

PART 
NUMBER 
DM74S188/288 
DM72S287 /387 
DM74S570/571 
DM74S472/473 
DM74S474/475 
DM74S572/573 
DM87S180/1 81 
DM87S184/185 
DM87Sl 90/191 

TAA (MAX ORGANl-
COMM) ZATION 

35 32 x 8 
50 256x 4 
55 512 x 4 
60 512 x 8 
65 512 x 8 
60 1024 x 4 
60 1024 x 8 
55 2048x4 
65 2048x8 



kational's 10 Amp MOOSE" is five 
years ahead of the pack. 

The linear leaders are the first to 
introduce a 1 O Amp monollthlc 

adjustable voltage regulator. It uses 
Natlonars revolutionary new MOOSE 

fabrication process 
that leaves the 

rest of the 
Industry 

MOOSE combines discrete power tran
sistor and modern monolithic linear tech
nologies. By combining both processes, the 
linear leaders have developed the world 's first 
10 Amp monolithic adjustable voltage 
regulator. 

Thars far and away the highest output 
current available in any adjustable IC voltage 
regulator. far, far 

behind. The LM396-available in the standard 
T0-3 package-features on-chip trimming of 

---• reference voltages to ±0. 5%, with simul
taneous trimming of reference temperature 

drift to 30ppml°C. 
It's continuously adjustable from 

l. 25V to l 5V and can satisfy higher 
output voltages as long as the 
maximum1 input/output voltage 
differential (20V) is not exceeded. 

It can also handle l OA with power 
levels up to 70W It also features 

0.005%/V line regulation and 
0.07%/A load regulation. 
High performance, low price. 
The advanced MOOSE process 

resu Its in a 2: l reduction in 
die size and significant leaps 

MOOSE PROCESS 

in operating efficiency. These advances, 
backed by National's manufacturing exper
tise, strict quality control procedures and large 
volume production, result in a low $12.35* 
unit price for the LM396 in l 00 piece 
quantities. 

You can expect to see a complete array 
of MOOSE-based devices from National in the 
future. But then, who would expect less from 
the linear leaders? 

To get the full picture on MOOSE, check 
box number 069 on the National Anthem cou
pon in this issue. ra 
·u.s. price only. 

MOOSE is o trademark of Notionol Semiconductor Corporation. 

The totally self-contained low noise 
instrumentation amp with 12-bit 
accuracy. 

With 0.2 µ,V peak-to-peak 
input noise voltage and 1 ppm gain 

non-linearity, the LH0038 
allows precise gains ranging 

from 100 to 2000. 

National, the recognized leader in linear 
circuitry, is offering their LH0038 precision 
instrumentation amplifier to design engineers 
working on data acquisition and related 
systems. 

The LH0038 is the most complete single 
package instrumentation amp available 
because it requires no external resistors. In 
fact, the LH0038 contains four amplifiers, 
an extremely low-noise input stage and a 
precision thin-film resistor network-all in a 
single 16-pin metal DIP 

The pin-strap gain options on the 
LH0038 range from 100 to 2000, which 

Ut0070 
10.00V REFERENCE 

2 )"1------+-i 

The LH0038 exhibits an excellent 
common-mode rejection ratio ( l 14dB at a 
gain of 1000) and a closed loop gain error 
of only 0. 5% (also at a gain of l 000). 

In addition, the LH0038's input offset 
voltage is an ultralow 0.25µ,V/°C. The 

•OUT settling time to 0.01 % is typically between 
60 and 120µ,sec. 

- 1!5V -= 

Also available in mil-spec version. In 
addition to National 's own stringent REL 
and QA standards and procedures, aver
sion of the LH0038 amp is also available 

......_ _____________ __.that meets military standard 883 level B 

XlOOO BRIDGE AMPLIFIER 

makes it ideal for amplifying very low-level 
signals (such as thermocouples, low 
impedance strain gauges, etc) . 

High-performance specifications. A 
large part of the LH0038's success in the 
industry is reftected in some of its key specs. 

specifications. 
For more information on the LH0038 

precision instrumentation amp, check box 
084 on the National Archives coupon. 

The LH0038 single package instru
mentation amp-another minor miracle 
from the Practica l Wizards of Silicon Valley. 

;a 



National creates the controller board 
no one else could. The BLC-8488 
SuperChip; 
The BLC-8488 forms a new high-speed 
intelligent interface between Multibus™ 

and IEEE 488-1978 (GPIB) systems. 

National's new BLC-8488 SuperChip 
makes the interface between GPIB-compatible 
devices and Multibus systems faster and 
easier to use than ever before. So easy, in fact, 
that all the designer needs to know about 
GPIB is how to configure the necessary 1/0 
Control Blocks (IOCBs). 

And the BLC-8488's 125 KB/sec 
throughput rate makes it over 20 times faster 
than the competition. So it makes the most 
of the GPIB's l MB/sec maximum data 
transfer rate. 

Moster/Slave versatility. On the GPIB 
side, the BLC-8488 conforms to all IEEE 
488-1978 interface specifications-with a 
cable included for connection to male and /or 
female GPIB connectors. 

But on the Multibus side, the micro
processor-based controller board serves 
equally well in either a master or slave 
configuration. 

And in addition to l KB of private RAM it 
can address up to l MB of system memory. 
The BLC-8488 also contains 2 KB of public 
dual-port RAM that's mappable anywhere in 
the l MB memory area. 

The SuperChip solution. This SuperChip 
versatility is even further extended to allow 
flexible interrupt handling /generation 
arrangements. 

It's no surprise that the Practical Wizards 
are making some of the industry's hottest 
boards. It's just a practical extension of their 
technical expertise as a leading manufacturer 
of state-of-the-art semiconductor components. 

For complete information on the new 
BLC-8488 intelligent GPIB controller board, 
simply check box number 081 on the National 
Archives coupon below 

SuperChips. Because man cannot live 
by chips alone. 1.lll 

SuperChip is a trademark of Notional Sem iconductor 
Corporotion. 
Mul ti bus is o trademark of Intel Corpora tion. 

P'!l----------
1 0~!~ n~~.!~~!!1 t~~o~~~!?na!.~~~J!~~~~,~ Acquisition Doto Book BLC-9101 Bubble Information . 

($7.00) Memory Data Sheets 080 0 LHOlOl Op Amp National S~mlconductor _Corporation 

I 
052 '" Free Subscription to 069 O LM396 "MOOSE" Data Sheet 29?0 Semiconductor Dnve 

~the Data Update Data Sheet and 081 O BLC-8488 Data Sheet Mail Stop l625l 
057 0 MICRO-DAC Adjustable Voltage 082 0 DS3662 Data Sheet Santa Clara. CA 95051 

Converter Data Sheets Regulator Brochure 083 0 SuperChip Family 
062 O Reliability Handbook 073 O Data Information 

I ($12.50) Conversion/Acquisition 084 0 LH0038 Data Sheet 
Brochure 096 0 Bipolar PROM Update 

I 
Enclose check or money order based upon appropriate currency. Make checks payable to National 
Semiconductor. All prices shown are U.S. prices on.ly. Add applicable state and local sales tax to your 
order. Allow 4-6 weeks for delivery. This coupon expires on August 31 , 1981. 

15 
w NAME ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

In Europe, mail coupon to: 

National Semiconductor GmbH 
lndustriestrasse 1 o 
D-8080 FUrstenfeldbruck 
West Germany 

~National 
~ Semiconductor 

The Practical Wizards 
of Silicon Valley I TITLE 

COMPANY~~~~~~~~~~~~~~~~~~~~~~~~~ 

ADDRESS~~~~~~~~~~~~~~~~~~~~~~~~~ L; ____ . _____ _ 
© Copyright 1981 National Semiconductor Corporation National Anthem is o registered trademark ot Notional Semiconductor Corporotion. 



I Signals & Noise I 

Exchange rate 
Dear Editor: 
In "Apply Practical Methods to 
Tame a Wild Amplifier" (EDN, 
April 15, pg 125), the authors 
appear to have cured the 
dynamic-stability problem and 
exchanged it (unnecessarily) for 
an increase in low-frequency 
noise and drift and a reduction 
in low-frequency gain accuracy. 

The 1.21-kfl resistor from 
summing point to ground in
creases the low-frequency noise 
gain from 33 to 157 (4.8 times) in 
the high-gain position, and from 
2.4 to 126 (52 times) in the open 
position. 

This increase can be avoided 
by inserting a capacitor in series 
with the 1.21-kfl resistor 

' choosing it to break at the 
highest frequency that would 
still avoid dynamic-stability 
problems. For example, if that 
frequency were 1.5 kHz, 
C= 11(21T x 1500 kHz x 1.21 
kfl)=0.088 µF . Then, at de, 
there will be no increase in noise 
and drift. 
Dan Sheingold 
Analog Devices 
Norwood, MA 

"I WOULDN'T MIND 
IF HE'D RANT AND RAVE 

o~EE~~~Ts~~~~~E~~~. ~?· 
WITH TEARS IN HIS EYES." 

EDN JUNE 10, 1981 

Fed up with 
power-hungry 
FLASHADCs? 

New RCA 6-bit CMOS 
FLASH ADC gives video 

speed at CMOS low power. 

• Po=35 mW: Voo=5V; 11 MHz sampling rate. 
• Po= 180 mW: Voo=SV; 15 MHz sampling rate. 
• 6-bit output with overflow bit. 
• Latched 3-state output with 2 chip-enables. 
• Fully microprocessor compatible. 
• Connect two devices for either 7-bit output or 30 MHz 

sampling rate. 
•Type: Ceramic CA3300D; $38.* each, 1000+ quantity. 

Die CA3300H; $22.* each, 1000+ quantity. 
For more information, contact your local RCA Solid State 

Distributor. 
Or contact RCA Solid State headquarters in Somerville, 

New Jersey. Brussels, Belgium. Sao Paulo, Brazil. Hong Kong. 

ROii 
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NEWI 
A High Speed, 

Low Power, Industry Standard 
64K x 1 NMOS Dynamic RAM ... 

TheHM4864 
From HITACHI Ill 

The New Hitachi HM4864 64K x I Dynamic 
NMOS RAM - In Stock, Ready For Immediate 
Delivery. The new Hitachi HM4864 uses the 
JEDEC standard 16-pin configuration, yet it pro
vides high system bit densities and is compati
ble with widely available automatic testing 
and insertion equipment. The HM4864 features 
150ns access time, a single 5V power supply, 
built-in VBB generator, TIL interface compatibil
ity on-chip address and data registers, and two 
chip select methods for determining appro-

priate speed and power characrensncs or a 
memory system. Operation modes include 
read-modify-write, RAS-only refresh, and 
page-mode capability The HM4864 consumes 
330mW when active, and only 20mW in standby 

For more information about the new Hitachi 
HM4864 64K x l NMOS Dynamic RAM, call 
your local Hitachi Representative or distributor 
sales office. 

(0) HITACHI 
Hitachi America, Ltd., Electronic Devices Sales and SeNice Division 
1800 Bering Drive, San Jose, CA 95112 (408) 292-6404 

Symbol of Semiconductor Quality, Worldwide 
Regional Headquarters 
Western 
1800 Bering Drive 
Son Josa CA 95112 
(4J8) 292-6404 
TWX 910-338-2103 

Cenllal 

CIRCLE NO 12 

594 Monett Rood, Suite 22 6200 SavOI Drive. Suite 704 
Lexington, MA 02173 Houston, TX 77036 
(617) 861-1642 (713) 974-0534 
TWX 710-326-1413 TWX ~7043 

Stocking Dlstrbutols 
Active Compa'lent TechiiolOg'f. An1hern. 
Bell • CAM/RPC • Oiplcmat • Fuk.lie • Jl:¥:o• 
Morshoff • Milgrav •RC CtxinDDrw 
Aasco •RM Electla i<:S• ~ 
WelltemMiao ~ 

r---·--·-------------------·-------------1 EON 81081-180 
1

1 
u I 'Want to kno.v more about the Hitachi 

I 
,es, HM4864 641< x 1 NMOS Dynamic RAM. 
o Send detailed product literature. 
o Hole my Hitachi Representative call. 
Name _____________ _ 

Tille ___________________ _ 

Comportf _______________________ ~ 

~ --------------------------------~ 
Cilv ----------------------------------
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0 - 0 . 

If GenRad can test more components for less 
money than anyone else, then we ought to be 
able to test your components for less . Right? 
Call Frank Kelliher, Component Test Division, 
for details. 1-617-779-2811 Ext. 303. 

r;~~~=I~ ;-Grea;;oad, ~t:; ~ ;;;-1 
I I want to know more about reducing my component test- I 
I ing costs. I 
I 

Send details on : _ Digibridge" Testers _ 1731 Linear · I 
IC Test System _ 1732 Digital IC Test System _ 2230 
I Passive Network Test System EDN-6 I 
I Name Title I 
I Company I 
I Address Tel I 

~~----~~---~---~ 

Gen Rad 
THE BEST IN TEST 
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It's one of three compact Siemens digits available 
from Litronix. 

When we became affiliated with Siemens, we joined 
forces to form the world 's broadest and most innovative line 
of opto-electronic devices. 

For example, we can now offer this family of extremely 
compact single digit displays which are less than one half 
the size of standard .3" displays on the market. 

Actual Size 

.28" .40" .53" 

litroniX A Siemens company 

Shown above is the new .28" LED display VS the standard .3" display. 

The HD 1075 (C.A.) and HD 1077 (C.C.) single digit LED 
display is a full ?mm (.28") , and the package is only 10mm x 
76mm. On boards where space is tight and every little milli
meter counts, our .28" digit will brighten a designer's eyes . 

Other rugged encapsulated space saving displays are 
our 10mm (40") and 13.5mm (. 53") series. 

The light gray face of Siemens displays enhances the 
on/off contrast ratio. And they are available in red, orange, 
yellow and green. 

Next time you 're caught in that Chinese puzzle of fitting 
too much in too little space, Litronix has the solution . 

It's one instance where we'll be happy to offer you less for 
your money. 

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

U.S. Distributors : Advent, Almac-Stroum, Arrow, Component Specialties, 
Gerber, Hamilton Avnet , Harvey, Kirkman, Lionex, Marshall, Moltronics, 
Pioneer-Standard, Summit and Zeus. 
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Editorial 

Accurate technology reporting 
needs your expertise 
Few people in the US missed the dramatic countdown, launch and landing of 
the US Space Shuttle Columbia in April. To have seen history made was 
truly exciting. · 

But one nagging problem kept surfacing, especially during the first 
aborted countdown. The constant assurances by network reporters that "the. 
scientists are examining this problem" and "the scientists will fix that fault 
shortly," etc, ad nauseum, bugged me considerably. And they should have 
annoyed you, too, if you believe, as I do, that the term "engineer" does not 
enjoy the stature it deserves among the general public. 

Today, the term is abused to the point where it's applied to those who 
drive railroad trains and collect garbage (sanitary engineers). Additionally, 
engineers don't even get credit for true engineering accomplishments. As in 
the Space Shuttle coverage, many uninformed media representatives fail to 

distinguish between the achievements of engineers and those of scientists. Few among the general public understand 
that, basically, scientists study and prove theory while engineers reduce theory to practice-applications that are 
useful to all. Scientists don't design Space Shuttles, automobiles, computers, calculators and ICs; engineers do. 

You might think that this argument has been made before and wonder what you can do about it. Simple: An 
organization now exists through which you can volunteer your knowledge and expertise. It's meant to help media 
people and public officials not trained in technology to understand that technology and discuss and report on it 
intelligently. 

The organization, Media Resource Service, is a project of the Scientists' Institute for Public Information (SIPI). It's 
funded by the Ford Foundation, the Rockefeller Family Fund, the Mott Foundation and the MacArthur Foundation, 
consists of about 5000 engineer and scientist volunteers and is working to provide 24-hour-a-day service, even to every 
rural newsweekly. 

Thanks to MRS, you have an opportunity to contribute to the public's growing interest in technology. If you would 
like to volunteer your expertise to ensure that technology is reported on and interpreted correctly by the mass media, 
write to MRS, Scientists' Institute for Public Information, 355 Lexington Ave, 16th Floor, New York, NY 10017, or 
call (212) 661-9110. (Be sure to describe your qualifications.) MRS will send information on the service and a 
questionnaire for you to complete. 

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 Neal Edfforial Achievement 
Awards are the business-press Pulitzer 
Prize· equivalent. 

EDN JUNE 10, 1981 

Roy Forsberg 
Editorial Director 

I 
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A lot of little things. 
~. . " ... 
4-nd we ;make a lot of the In any quantity with off-the- r---~---~---~---, . 

little things. shelf delivery and competitive I Mostek Military Product~ I 
We're Mostek Military Prod- prices. Because, even though I 1215 Wes( .crosby Road I 

ucts.:.And we make a full line the things we·make are small, ·. r Carrollton, T~xas 75006 I 
of ~e:qiories _and microcompo- Mostek is big. For example, . . . I;· I 
nenls for military, aerospace, we're the world!s l.~ge~t'~4P~~-: }.: "NAME ( 
and indui:;trial/scientific ap- .facturer of dY!larmc RAM~rJ~ur ·· ·. 1 TITLE • ..., • 
plications~ Our LSI and VLSI· . MK4116 16K DRAM is one of the 1 
Clevice.:; add intelligence to most comple~ circuits to receive I COMPANY __.:::;.:.:::_=:.:.._;.,,..,w;;. 

everY;thing from avionics to JAN qualification to date.) I ADDRESS .. _~~~ 
hospital instrumentation. Send the coupon for a free I ·CITY 

·From tactical missiles to copy of our new Military Bro- I __,;..,-,;..;. 
telecommunications. · chure. It's your guide,· complete l-ST. 

Presently, Mostek products with specifications, to the kllld 
are being used in F-15, F-16, · of high tech.nology products 
and F-18 fire control systems. that make America the preemi-
In the F'-16'Heads Up Display, -. nent world power. 
Cockpit Display, and Stores . • · For an immediate requi,ren)ent 
Management. Computer. In MX· · contact your nearest Mest~k 
and GPS Gt~d Systems: In·. · Sales Office or authorized ilis
guidancesysiems, tanks, sonar, · tributor. Or call (214)323-7718. 
and much more. 

For these and other applica
tiellS, we're able to supply a 
. . ~-~~~~~;-.: 



The new contact is 
designed so it won't pull 
out on you . We've offset 
the contacts in the 
connector body for 
improved support. 

The tail's right on spec, 
too: MIL-C-83503/6. 
The result: assured 
quality and reliability. 

Choose your con
tacts: selectively plated 
with 30u " of gold. Or tin-plated , for 
lower costs on the right applications. 

Either way, you get outstanding 
electrical and mechanical perform
ance. (And Scotchflex products 
have successfully passed 40-year 
life-cycl ing testing ) 

The secret behind 
the new Scotchflex® 
brand connector is 
riveting: the cover is 
locked onto the con
nector body so it won't 
come loose. 

So we call it "Rivet 
Top'. ' When assembled, 
the plastic posts are 
forced down and 
locked in place. 



Now 3M takes you a step beyond pre-assembly, for 
what we think is the fastest jumper assembly system on record. 

It all starts with the special magazine for 14-pin and 
16-pin connectors. It comes pre-loaded. Just position 
the magazine in the new automatic DIP terminator. 

The bottom line: a connector-cable assembly with 
18 pounds of retention strength-the industry's highest 
for 14-pin and 16-pin connectors. 

Add the reliability of 3M's proven U-contacts; the 
high performance of Scotchflex cable: you get a system that's 
a lot more than the sum of its parts. 

Next, cut your cable to length. Insert it into the 
terminator. Activate the switch. In less time than it takes to tell, 
your jumper assembly is ready to go. 

The system slashes production time by up to 66%; cuts 
reject rates; delivers every ounce of reliability you demand. 

And for a change, more costs less, two ways. The DIP 
has a new, lower price-you get economy from the very first 
order. And the new terminator lets you boost productivity and 
cut assembly costs. 

So call your 3M distributor for the details, or write 
Electronic Products Division/3M, 225-4S, 3M Center, St. Paul, 
MN 55144. You 'll see why it pays to Specify the Source. 

3M Hears You .. . 

CIRCLE NO 17 3M 



With the Series 100 X-Y recorders 

You only pay for the features you need 

Prices start at $1,180.00* 

With some X-Y recorders you 
wind up paying for features you'll 
never need. Not when you 
record the Houston Way . The 
Omnigraphic® Series lOO's user 
configurable design lets you tailor 
the recorder to specifically meet 
your requirements - lab or field, 
production or process, OEM or 
dedicated . 

The self-contained mainframe 
can serve as a stand alone recorder 
or act as the basic building block 
for your particular recorder con
figuration. Add your choice of 
options and the recorder is 
tailored to your application. 

• U.S . suggested retail p rice. OEM p rices ava il able. 
"' Registered tradema rk of Houston Instrum ent . 

UL Listed 

The Series 100 utilizes Houston 
Instrument's patented capacitance 
feedback transducer. It replaces 
the old slidewires and potentio
meters and their inherent problems 
of wear, electrical noise and glitches. 
The result is longer recorder life 
and enhanced accuracy. 

The Series 100 records on 
BVz" x 11" (DIN A4) paper and 
displays Y=f(X) or Y=f(T). The 
linear bearing supported pen bar 
assures alignment for the lifetime 
of the recorder. All electrical and 
mechanical components are easily 
accessible by simply rem oving four 
screws on the bottom panel. 

Circle no. 18 to have a representative call 
Circle no. 19 for literature 

And we haven't forgotten the 
OEM. We'll work with you to 
make any necessary mechanical 
and circuit modifications, and 
deliver the recorders in your color 
and with your logo. 

Get in touch with Houston 
Instrument today. We'll show 
you the way to configure an 
X-Y recorder that's exactly suited 
to your application . . . the 
Houston Way . 

Contact Houston Instrument, 
One Houston Square , Austin, 
Texas 78753. (512) 837-2820. For 
rush literature requests and sales 
office information , outside Texas 
call toll free 1-800-531-5205. For 
technical information ask for 
operator #2. In Europe contact 
Houston In strument , 
Rochesterlaan 6, 8240 Gistel, 
Belgium. Phone 059127-74-45. 

houston instrument 
GRAPHICS DIVISION OF 

BAUSCH & LOMB ~ 



testers 
heir capabilities 

Andy Santoni, Western Editor 

The newest bed-of-nails automatic 
test systems can handle a wider 
variety of pc boards and test them 
more thoroughly than their prede
cessors. Along with the bare boards 
and mixed analog/digital boards that 
traditionally have been such testers' 
forte, the newer systems can tackle 
µP-based boards as well as high
speed units incorporating ECL 
devices. Yet these new bed-of-nails 
testers are also easier to program 
and less expensive to use than the 
older configurations. 

Four units in this generation of 
testers will make their debut this 
week at the ATE Seminar/Exhibit 
in Boston, joining several other 
capable instruments (from Hewlett
Packard, Teradyne and GenRad) 
already on the market: 

• Zehntel will introduce its 
Troubleshooter 900, with en
hancements that aim at test
ing boards containing µPs or 
high-speed ECL circuitry. 

• Fluke will demonstrate its 
Model 3200A, which can 
handle basic in-circuit testing 
simultaneously at as many as 
four test stations. 

• Fairchild will display its 
Series 30/303S, with software 
including automatic test
program generation and PIN
CHECK, which verifies con
nections between the test 
fixture and a board under 
test. 

• Elecon will show its Model 
8100, available for several 

Continued on pg 42 

Testing pc boards might never be a bed of 
roses, but the newest systems make the job 
a little easier. This in-circuit Troubleshooter 
800 from Zehntel handles a wide variety of pc 
boards; the firm's new and similar-looking 
Troubleshooter 900 aims more specifically at 
µP- and EGL-based units. 
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TWO WAY 90° 
(14-4200MHz) 

TWO WAY 180° 
(10 KHz-SOO MHz) 

TWO WAY 0° 
(2 KHz-4200 MHz) 

THREE WAY 0° 
(0.0l -750 MHz) 

the world's largest selection ... 
covering 2 KHz to 4.2 GHz 

Min. 
isol-dB 
(Mid
band) 

Max. 
insert. 

loss-dB from Mini-Circuits, from $995 

Over 105 standard models 2-way to 24-way, 0°, 90°, 180°, 
pin or connector models ... Mini-Circuits offers a wide vari
ety of Power Splitters/Combiners to choose from, with 
immediate delivery. But there are always "special" needs 
for "special applications" . . . higher isolation, SMA and 
Type N connectors Intermixed, male connectors or wide 
bandwidths. Contact us. We can supply them at your re
quest ... with rapid turnaround time. Naturally, our one year 
guarantee applies to these units. 

For complete specifications and performance curves 
refer to the Microwaves Product Data Directory, EEM, or 
the Gold Book. 

t::J .~"!~.!:m~.~!CUitS 
World 's largest manufacturer of Double Balanced Mixers 

2625 East 14th Street, Brooklyn, New York 11235 (21 2)769-0200 
Domestic and International Telex 125460 International Telex 620156 

65-1 REV. ORIG. 

Model 

Freq. 
range 
(MHz) 

(Mid
band) 

See 
notes 
below 

Price 
(Qty.) 

2-WAY 90° 
PSCQ2·1.5 . .l.4·1.7 25 0.7t 2 $12.95 15-49) 
PSCQ2-3.4 .... 3.0-3.8 25 0.7t 2 $16.95 15-49) 
PSCQ2-6.4 . . .5.8-7.0 25 0.7t 2 $12.95 15-49) 
PSCQ2-7.5 .. 7.0-8.0 25 0.7t 2 $12.95 15-49) 
PSCQ2-10.5 ....... 9.0-11.0 20 0.7t 2 $ 12 .95 15-49) 
PSCQ2-13 . .12- 14 25 0.7t 2 $12.95 15-49) 
PSCQ2-14 . . .12-16 25 0.7t 2 $16.95 15-49) 
PSCQ2-21.4 .20-23 25 0.7t 2 $12.95 15-49) 
PSCQ2·50 . . .. 25·50 20 0.7t 2 $19.95 15-49) 
PSCQ·2·70 .. . .. 40·70 20 0.7t 2 $19.95 15-49) 
PSCQ-2-90 . .55-90 20 0.7t 2 $19.95 15-49) 
PSCQ-2-120 ..... 80-120 18 0.7t 2 $19. 95 15-49) 
PSCQ-2-180 .. 120-180 15 0.7t 2 $19. 95 15-49) 
PSCQ-2-250 . .150-250 18 0.8t 2 $19.95 15-49) 
PSCQ-2-400 . .250-400 16 0.9t 2 $19.95 15-49) 
PSCQ-2-450 ... 350-450 16 0 .9t 2 $19.95 15-49) 
ZSCQ-2-50 . .25-50 20 0.7t 2 .3 $39.95 14-24) 
ZSCQ-2-90 . .55-90 20 0.7t 2.3 $39.95 14-24) 
ZSCQ-2-180 ... 120-180 15 0.7t 2.3 $39.95 14-24) 
ZMSCQ-2-50 . .25-50 20 0.7t 2.4 $49. 95 14-24) 
ZMSCQ-2-90 . .55-90 20 0.7t 2.4 $49.95 14-24) 
ZMSCQ-2-180 . .... .120-180 15 0.7+ 2.4 $49. 95 14-24 ) 
ZAPDQ-1 .. . 500- 1000 20 0 .9 2.13 $59.95 (1-9) 
ZAPDQ-2 . .... 1000-2000 18 0 .9 2.13 $59.95 (1-9) 
ZAPDQ-4 . . ...... 2000-4200 20 0.9 2.13 $59.95 11-9) 

2-WAY 180° 
PSCJ-2-1 . .1 -200 25 0.8 $19.95 15-49) 
PSCJ-2-2 . . ... 0.0 1-20 25 0.5 $29.95 15-49) 
ZSCJ-2-1 .... 1-200 25 0.8 3 $37. 95 14-24) 
ZSCJ-2-2 . .••..•.• s~~!JO 25 0.5 3 $47.95 14-24) 
ZMSCJ-2-1 . 25 0.8 4 $47.95 14-24) 
ZMSCJ-2-2 . . . . . . . . 0.0 1-20 25 0.5 4 $57.95 14-24) 
ZFSCJ-2-1 .1-500 25 1.5 5 $49. 95 14-24 ) 
ZFSCJ-2-3 . .5-300 25 1.5 5 $39. 95 14-24) 

1. 75 ohms impedance 5. BNC connectors standard. TNC available. SMA 
+2. Average of coupled outputs & TC'pe N available at $5 additional cost 

less 3 dB 6. BN and TNC connectors . ISMA and Type ··N·· 
3 . BNC connectors standard. a t $5 add itional cost.) (BNC not available on 

TNC available ZAPD-4) Please specify conneclors. 
4. SMA connectors only 



com 

FOUR WAY 0° SIX WAY 0° EIGHT WAY 0° SIXTEEN WAY 0° TWENTY FOUR WAY 0° 
(2 KHz-4200 MHz) (l -1 75MHz) (0.01-750 MHz) (05-125MHz) (0.2-lOOMHz) 

Max. Max. 
Min. insert. Min. insert. 

Freq. isol-dB loss-dB See Freq. isol-dB loss-dB See 
range (Mid- (Mid- notes Price range (Mid- (Mid- notes 

Model (MHz) band) band) below (Qty.) Model (MHz) band) band) below 

2-WAY 0° 4-WAY 0° 
PSC-2-1 ... . 0.1-400 20 0.75 $9.95 (6-49) PSC-4- l ...... . ..... 0.1-200 20 0.75 
PSC-2-lW ... .. ... .. 1-650 20 
PSC-2-2 ........ .... 0.002-60 20 
PSC-2-1-75 ..... . . .. 0.25-300 20 
PSC-2375 . ... 55-85 25 
PSC-2-4 . . .10- 1000 20 
MSC-2-l . . .. 0.1-450 20 
MSC-2-lW. .2-650 25 
ZSC-2- l .0.1-400 20 
ZSC-2-1-75 .0.25-300 20 
ZSC-2- lW .1-650 20 
ZSC-2-2 .0.002-60 20 
ZSC-2375 . . . ... 55-85 25 
ZMSC-2-1 . . .. 0.1-400 20 
ZMSC-2-IW . . .1 -650 20 
ZMSC-2-2 . .0.002-60 20 
ZFSC-2-1 .5-500 20 
ZFSC-2-1-75 .0.25-300 20 
ZFSC-2- lW .1-750 20 
ZFSC-2-2 . .10-1000 20 
ZFSC-2-4 . . .0.2-1000 20 
ZFSC-2-5 . .. 10-1500 20 
ZFSC-2-6 . . .0.002-60 20 
ZFSC-2-6· 75 . . . . . . . 0.004-60 20 
ZAPD-1 .. . .500-1000 19 
ZAPD-2 ..... 1000-2000 19 
ZAPD-21 . . .500-2000 18 
ZAPD-4 .. 2000-4200 19 

3-WAY 0° 
PSC-3- 1 ... 1-200 25 
PSC-3- lW . . .5-500 15 
PSC-3-1-75 .1-200 25 
PSC-3-2 . . .. 0.01-30 25 
PSC-3-13 . ...... 1-200 35 
ZSC-3-l . ........... 1-200 25 
ZSC-3- 1-75 ....... l -200 25 
ZSC-3-2 .. . 0.01-30 25 
ZSC-3-2-75 . . 0.02-20 25 
ZMSC-3-1 .......... . 1-200 25 
ZMSC-3-2 .0.01-30 25 
ZFSC-3-1 .. 1-500 20 
ZFSC-3- lW .2-750 20 
ZFSC-3- 13 . .1 -200 35 

7. TNC. SMA & Type Nat $5 additional cost. 
Please specify connectors . 

8 . SMA connectors standard. BNC on request. 
9. BNC connec tors standard. TNC available. 

SMA available at $15 additional cost 

0.9 $1 4.95 (6-49) PSC-4-1-75 . . . 1-200 20 0.9 
0.6 $19.95 (6-49) PSC-4-3 . . .0.25-250 20 0.75 

0.75 $11.95 (6-49) PSC-4A-4 . . . . 10-1000 15 1.1 
0.5 $19.95 (6-24) PSC-4-6 . . ..... 0.01-40 25 0.5 
1.2 $19.95 (6-49) ZSC-4-1 ..... 0.1-200 20 0.75 3 

0.75 $16.95 (5-24) ZSC-4-1-75 .l-200 20 0.8 1,3 
0.8 $17.95 (5-24) ZSC-4-2 . ..... 0.002-20 25 0.5 3 

0.75 3 $27 .95 (4-24) ZSC-4-3 .0.25-250 20 0.75 3 
0.75 1.3 $29.95 (4-24) ZMSC-4-1 . .0. 1-200 20 0.75 4 
0.8 3 $32.95 (4-24) ZMSC-4-2. .. 0.002-20 25 0.5 4 
0.6 3 $37.95 (4-24) ZMSC-4-3 .0.25-250 20 0.75 4 
0.5 l.3 $37 .95 (4-24) ZFSC-4-1 .1-1000 18 1.5 8 

0.75 4 $37.95 (4-24) ZFSC-4-IW . .10-500 20 1.5 8 
0.8 4 $42.95 (4-24) ZFSC-4375. . .50-90 30 1.2 1.8 
0.6 4 $47.95 (4-24) ZA4PD-2 . . .. .1000-2000 18 l.O 14 
0.6 5 $31.95 (4-24) ZA4PD-4 . . .2000-4200 18 1.0 14 
0.75 5 $32.95 (4-24) 
0.8 5 $35.95 (4-24) 6-WAY 0° l.O 5 $39.95 (4-24) 
1.0 5 $44.95 (4-24) PSC-6-1 ..... 1-175 18 l.O 
1.0 5 $49.95 (4-24) ZFSC-6- l .1-175 20 l.2 9 
0.6 5 $36.95 (4-24) 
0.8 l.5 $38.95 (4-24) 8-WAY 0° 0.6 6 $39.95 (1 -9) 
0.6 6 $39.95 (1-9) PSC-8-1 ... . ....... . 0.5-175 20 l.1 
0.7 6 $49.95 (1-9) PSC-8-1 -75 .... . . 0.5-175 20 0.8 
08 6 $39.95 (1-9) PSC-8A-4 . . .5-500 18 l.8 

PSC-8-6 . .0.01-10 23 LI 
ZFSC-8-l .0.5-175 20 l.l 10 
ZFSC-8-1-75 .0.5-175 20 1.0 1.10 

0.7 $19 95' (5-49) ZFSC-8375 .50-90 25 l.3 1.10 
1.4 $29. 95 (5-49) ZFSC-8-4 . .0.5-700 20 l.5 10 
0.7 $20.95 (5-49) ZFSC-8-6 .0.0 1-10 23 l.l 10 

0.45 $29.95 (5-49) 
0.6 $24.95 (5-49) 16-WAY 0° 0.7 3 $37.95 (4-24) 
0.7 l.3 $38.95 (4-24) ZFSC-16-1 .0.5-125 18 l.6 11 

0.45 3 $47 .95 (4-24) 
0.6 l.3 $48.95 (4-24) 24-WAY 0° 
0.7 4 $47.95 (4-24) 

0.45 4 $57.95 (4-24) ZFSC-24-1 .0.2-100 20 2.0 12 
0.9 5 $39.95 (4-24) 
l.0 5 $41. 95 (4-24) 
0.6 5 $39. 95 (4-24) 

10. BNC connectors standard. TNC available a1 $10 
add it ion al cost. SMA at $25 additional cost. 

12 . BNC connectors standard. TNC available at $35 
additional cost. SMA ava ilable a t $65 additional cost. 

13'. BNC connectors (not available for ZAPDQ-4) . TNC 
ava ilable . (SMA [3MM ) and Type "N" on request. 
Add $5 per unit.) Please specify connectors. 

11 . BNC connectors standard. TNC ava.i\able at $20 
additional cost. SMA available at $45 additional 
cos t. 

14. TNC. SMA. Type N please specify connectors 

Price 
(Qty.) 

$28.95 (6-49) 
$24.95 (6-49) 
$23.95 (6-49) 
$49. 95 (6-49) 
$29.95 (6-49) 
$46.95 (4-24) 
$46.95 (4-24) 
$69.95 (4-24) 
$43.95 (4-24) 
$56.95 (4-24) 
$79.95 (4-24) 
$53.95 (4-24) 
$89. 95 ( 1-4) 
$74.95 (1-4) 
$89.95 (1 -4) 
$79.95 (1-9) 
$79.95 (1-9) 

$68.95 (1-5) 
$89.95 (1-4) 

$68.95 ( l-5) 
$69.95 (1-5) 
$89.95 (1-5) 
$79.95 ( l -5) 
$89.95 (1-4) 
$90.95 (1 -4) 
$1 19.95 (1-4) 
$129.95 (1-4) 
$109.95 (1-4) 

$174.95 (1-4) 

$264.95 (1-4) 

• 
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Technology Update 
months but now housed in a 
new package that makes it 
easier to operate. 

Finding real-world faults 

Illustrating a continuing trend, 
many of these and other newer 
bed-of-nails testers are using more 
functional test techniques-rather 
than relying on in-circuit methods
to improve fault coverage. By 
contrast, some older systems-from 
Fairchild, GenRad and Zehntel, for 
example-€mploy in-circuit testing 
to check for open and shorted 
printed wiring, then to isolate 
devices and check each one for 
proper insertion. And they use 

Verify that tester pins are making good contact by using Fairchild's PINCHECK program. in-circuit guarding techniques to 
The result? Less costly failure analysis and reduced troubleshooting time. isolate ICs and other devices, then 

Bed-of-nails fixtures aren't limited only to in-circuit board testers. The Hewlett-Packard 
Model 3060A can also perform functional board tests. 
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run functional tests on individual 
parts. In such cases, if a board is 
properly assembled and its devices 
work, the board should also work. 

But reality doesn't always verify 
theory. A board's design might 
operate some of the devices to the 
edges of their specified limits, and 
the resulting compounded inaccura
cies could keep the board from 
working. Alternatively, the board's 
design might not be correct at all. 
To deal with these problems, 
Teradyne's $400,000 L200 test 
system, for one, allows you to run 
functional tests on a board as a 
whole, as well as in-circuit tests on 
any part of it, to check whether the 
board really works as it should. 

The L200's architecture allows for 
either separate in-circuit and func
tional board testing or a combina
tion of both test techniques in the 
same machine, with common pro
gramming, fixturing and hardware. 

Similarly, Series 70/Model 60 
from Fairchild's Test Systems 
Group (Billerica, MA) can perform 
in-circuit tests to screen pc boards 
for assembly defects or functional 
tests for final board checkout. The 
basic Series 70/Model 60, which 
costs less than $150,000, comes with 
512 in-circuit test points and is 
wired for 896 points; you can expand 
it to 1920. Functional test rates 
range as high as 5 MHz. 
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~t Makes Archive Streamers 
he Intelligent Backup Choice? 

For one thing, 
~y're the only 
elligent 14" 
earning tape 
ves available 
8ay. 
But there are 
~nty of other 
la.rt reasons for 
oosing Archive 
Clewinder streamers over other types of 
7inchester backup. 
Such as greater capacity and faster 

ansfer rates. You can store up to 20 mega-
tes of formatted data on one standard 

· dge in just over 4 minutes. 
That's about 5 times as fast (and one 
· d the media cost) as using 8" floppy 

tsks, for example. 
And speaking of floppy disks, the 

· dewinder just happens to be the same 
ackage size as an 8" floppy. 

'b-\_4'

~ ~~~~V" 
• \. o .'!..<'\.e~ cC· 

~~eo~\Y ~ 
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The intelligent 
Sidewinder han-
dles tape format-
ting, error and file 
mark processing, 
tape positioning, 
automatic read-
after--write error 
correction, block 
buffering and read 

retries without host intervention. 
Qill today for full information on 

our easily integrated intelligent 
Sidewinders. 

Archive Corporation, 3540 
Cadillac Avenue, Costa 
Mesa, California 92626. 
(714) 641--0279, 
Telex: 683466. 
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Combining full in-circuit and functional testing capabilities in one machine, Teradyne's 
$400,000 Model L200 is the most powerful system yet available. 

A large 14-in. CRT screen displays prompts to users of Fluke 's Model 3200A, simplifying the 
in-circuit tester's operation. The ability to handle as many as four stations per controller holds 
down costs. 
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Some of the newer systems, such 
as Hewlett-Packard's Model 3060A 
and Elecon's Model 8100, use 
bed-of-nails fixtures to perform 
functional tests on parts of a pc 
board (or on the whole board) to 
determine whether the board 
works. The HP system employs 
in-circuit tests to isolate individual 
devices and test their functionality, 
but like the Elecon tester, it goes 
beyond in-circuit techniques to 
operate the board under more-or
less normal conditions and check for 
correct responses. 

Definitions become cloudy 

These combinations of in-circuit 
and functional testing techniques 
have made defining the terms more 
difficult, says John Rider, product 
manager at Hewlett-Packard's 
Loveland, CO operation. At one 
time, all in-circuit testers used 
bed-of-nails fixtures, and all func
tional board testers used card-edge 
connectors to interface with a board 
under test: The fixturing deter
mined the tester type. 

Today, on the other hand, testers 
comparable with some older func
tional units use bed-of-nails fixtures 
to gain access to a board. To make 
the distinctions among such testers 
clearer, Rider prefers to distinguish 
between card-edge and bed-of-nails 
testers as well as between in-circuit 
and functional test techniques. 

Bed-of-nails fixturing isn't limited 
to in-circuit testers, agrees Elecon 
president Bob Axtell. In fact, he 
says that edge connectors are 
becoming obsolete for pc-board 
interfacing. 

There are many reasons for this 
trend. For one, gold plating 
card-edge contacts is expensive. 
And cards often interface with one 
another directly, not through a 
mother board, so ribbon-cable 
interfaces are becoming common. 

Additionally, µP-based boards 
require fewer external control lines. 
So although Elecon's Model 8100 
can test via card-edge connections, 
it normally gains access via a 
bed-of-nails fixture. Yet it tests a 
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Look no further! one of these nine 
SIMPSON DMMs is right fOr vou! 

Now there are nine value-eng ineered Simpson DMMs 
from which to choose . . with the performance and 
features you really need! 

Each one is a best design for hands-free measurements 
on the bench or in the field. Engineered for reliabile serv
ice by the maker of the world famous 260® VOM . 

The New Model 467 hand-portable DMM introduces the 
new exclusive Di alo TM Dis la LCD digital and analog 
readout. Additional unique features include differential 
peak hold, pulse detection , visual/audible continuity and 
log ic level indication , true RMS measurement. 

Built to last with quality-selected components , built-in 
protection systems and high-impact cases . 

Other value- riced Simpson compact DMMs give you a 
choice of LED or LCD displays, autoranging and even 
more wanted features . 

Every Simpson DMM is given a double burn-in, and is 
backed by Simpson 's one-year warranty. 

Our bench DMMs offer large, bright LED displays, 
and a choice of extra features such as AC or battery 
operation, 10-amp AC current range , auxiliary analog 
meter, autoranging . 

EACH OF THESE 
EIGHT SIMPSON 
DMMs IS ® LISTED! 

They each meet the 
requirements of UL 1244 
Standard for Safety of 
Electrical and Electronic 
Measuring and Testing 
Equipment ... and also 
meet ANSI C39.5. 

SEE THEM ALL AT YOUR LOCAL ELECTRONICS OR 
ELECTRICAL DISTRIBUTOR OR WRITE FOR A FREE CATALOG. 

• Price for AC version . AC/rechargeable 
battery version available at ext ra cost. 

NEW! 
True RMS 
Model 461 ·2R 
'223 

Autoranging 
Model 462 
1232 

KATY INDUSTRIES 

SIMPSON ELECTRIC COMPANY 
853 Dundee Avenue, Elgin , Illinois 60120 
(312) 697-2260 •Telex 72-2416 •Cable SIMELCO 
IN CANADA: Bach-Simpson, Ltd ., London , Ontario 
IN ENGLAND: Bach-Simpson (U.K.) Ltd ., Wadebridge, Cornwal l ~~E~~~,g~~~~su~,,'10E~; 
IN INDIA: Ruttonsha-Simpson Private, Ltd ., Bombay 
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_., 
A full line of accessories ex· 
pands the measuring capabilities 
of your Simpson DMM . 

And there 's also 
the popular 360® 
Digital VOM . 
image mate to the 
world famous 
260® VOM . 
5350 
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A logic-analyzer-like display (a) helps the operator of Elecon's Model 8100 track faults to the 
bad part. A new package for the tester (b) brings controls readily to hand, simplifying 
operation. 
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board's function, not just workman
ship and parts functionality. There
fore, it can handle boards that are 
beyond the capabilities of traditional 
in-circuit testers. 

µP testing gets attention 
In the face of these develop

ments, manufacturers of the more 
traditional in-circuit testers have 
improved their products to handle a 
wider variety of pc boards. 

They have faced several prob
lems. For example, although the 
repetition rate of signals at a test 
pin has been limited to less than 1 
MHz by the high capacitance of 
bed-of-nails fixtures, µPs and ECL 
circuits demand higher rates to 
operate. So the older testers can't 
effectively handle these devices, 
says Michael Carroll, product mar
keting manager at Zehntel. 

The newest testers overcome 
these problems in a variety of ways. 
Zehntel's Troubleshooter 900, for 
example, uses coaxial lines to its 
test fixture and other techniques to 
simplify testing boards containing 
µPs or ECL circuits. This $120,000 
to $200,000 system can synchronize 
to an on-board clock (sometimes 
required for µP board testing) at up 
to 4 MHz and can deliver pulses 
with transitions as short as 5 
nsec-a must for effectively testing 
ECL devices. 

Improvements in power distribu
tion help in. testing large boards, 
too, says Carroll. The tester's 
coaxial lines carry de power in their 
shields, eliminating the need for 
additional power leads between the 
interface connector and the board 
under test. Additionally, each 
pin-driver board has its own 
power-supply regulation, and the 
voltage to each pin is variable under 
program control. As a result, you 
don't have to switch power supplies 
as often, saving programming time. 
The return path from the board to 
power-supply ground is shorter, 
too, cutting ground currents. 

The pin-driver cards themselves 
use dual-in-line-packaged transis
tors, CMOS logic and hybrid circuits 
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THI IDClllTIC llOUSBTBIP 
or how Dale can help you build a better one. 

Call Dale for fast, direct assistance in helping you 
design or specify cost-effective magnetic components. We 
talk the language of inductors, filters, coils, toroids, 
triggers, converters. You name it and we're ready to help
whether you need a special design in limited quantities, a 
mil-qualified toroid or axial-lead inductor, a low-cost 
laminated transformer or high-volume roll-coated chokes. 

You'll find that we've been steadily increasing our 
production capacity and engineering expertise to make 
magnetic components the least of your worries. 

The number to call is 605-665-9301 or write for your 
copy of our new magnetic components brochure. 

See our pages in EEM 

Get this new tool 
for INDUCTOR 

SELECTION 
For Magnetic Components 

Brochure Circle #23 

DALE ELECTRONICS, INC. 
East Highway 50, Yankton, SD 57078 • Tel. 605-665-9301 
A subsidiary of The Uonel Corporation 
In Europe: Dale Electronics, GmbH, 8039 Puchheim, West Germany 

Dale makes your basios better. 
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to pack 48 node driver/receivers on 
each card, compared with 16 on 
similar cards in the Troubleshooter 
800 ($100,000 to $200,000). That's 
one reason the 900 can handle as 
many as 3024 points-nearly three 
times the capacity of the older 
machines. 

According to Carroll, the tradeoff 
is less extensive analog testing 
capability-the Troubleshooter 900 
can't test SCRs, FETs or op amps 
as effectively as the older machine 
can. But such devices are rarely 
found on the µP and ECL boards 
that are Troubleshooter 900's forte, 
he says. 

Improved tester software helps in 
testing µP boards, too. Zehntel's 
Data Director, for one, allows you to 
write tests in a µP's own language, 
cutting programming time from 
weeks to a few days. 

Hewlett-Packard uses a different 
approach to testing µP-b1fsed 

. boards. According to product man-

Parallel stimulus/response faci lities help 
test digital boards in GenRad's Model 2270 
in-circuit test system. 

ager Rider, the $91,000-and-up 
Model 3060A exercises a board as 
fully as possible, the way the board 
is designed to be used, taking 
signatures at appropriate nodes to 
see whether the board is operating 
properly. Careful design of signal 
paths, using such techniques as 
installing ferrite beads in appropri
ate places, increases repetition 
rates to 2 MHz. 

Enhancements add accuracy 
Another feature of the 3060A is 

high accuracy. Extended guarding 
uses three sensing buses to remote
ly sense guard- or input-bus 
potentials, either automatically in 
the scanner or directly at the device 
under test, removing from the 
measurement the contributions of 
fixture lead resistance. The scan
ner's thermal design minimizes 
EMF caused by temperature differ
ences, and an accuracy
enhancement mode corrects for 
offsets, improving the accuracy and 
repeatability of in-circuit compo
nent measurements. 

Additionally, phase-synchronous 
detection measures components 
having significantly high real and 
reactive characteristics, separating 
parallel resistors and capacitors to 
extend the system's measurement 
capabilities and increase measure
ment speed. As a result, accuracy in 
component measurements remains 

The only RF Microwattmeter 
with !·channel capability and ... 

. . . microprocessor controL too! 
Boonton's model 4200 offers 
opional 2-channel operation for 
direct dB display of gain, insertion l 
loss, or return loss on a single 
power meter. Another field· ~ 
installable option adds full lEEE 
488 bus control and outputs. 
Standard features include 

automatic zeroing, automatic 
calibration against an internal 
50 MHz reference, auto-ranging, 
display in power or dB with vari· 
able offsets, selectable dB out· 
of·limits and DC output 
proportional to power or dB. 
All calibration data is stored in a 
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non-volatile memory with inter· 
polated cal factrxs automatically 
applied after frequency entry. 
Power measurements, depending 
on the sensors used, are from 

- --...... 1nW(-60dbm)to 
100 mW (+20 dBm) 

over a 200 kHz to 
18 GHz range. For 

complete data, prices, 
or a demonstration of 
the model 4200 con· 

tact your nearest Boonton '--==-... iii. representative or: Boonton 
Electronics Corp., P.O. 

Box 122, Parsippany, NJ 
07054; phone 

(201) 887·5110. 

BOONTON 
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within 5% or better (depending on 
the component and board layout), 
compared with errors of more than 
70% that can easily occur with 
simpler in-circuit test techniques. 

In Elecon's Model 8100, the tester 
gains access to a board via a 
bed-of-nails fixture with as many as 
768 pins, runs the board in a 
close-to-normal environment and 
stores the states at each node in 
RAM. Test patterns are transferred 
fr om t he system controller to 
high-speed RAM before they go to 
t he unit under test, so the 
controller's relatively slow speed 
doesn't affect test rates. Terminated 
bus lines, short test-signal paths, 
twisted-pair signal lines and test
fixture ground planes limit ringing 
and crosstalk. 

which can represent logic levels 
from - 15 to + 15V, are displayed as 
waveforms, and differences be
tween the tested results and 
known-good results are highlighted 
in reverse video. Software directs 
an operator to a board's most likely 
failure point by considering which 
nodes failed first and which could be 
sources for other failed nodes. 

Model 8100 also incorporates 
features in its power supply to 
simplify board testing. For exam
ple, it brings the voltage at a given 
pin to zero between tests, assuring 
control when a board must be 
initialized. The technique also 
reduces voltage-settling time to less 
than 25 msec typ for a lOV step 
change. And each of the system's 
four supplies, which can deliver as 
much as 2A, is programmable from 
-30 to +30V. 

boards takes advantage of the firm's 
Model 9010A microprocessor ana
lyzer. This $4000 troubleshooter 
uses stored programs to test µP 
boards through processor simula
tion and signature analysis. The 
new Model 3200 bed-of-nails board 
tester can then concentrate on basic 
problems, such as shor ts and opens, 
diode and transistor orientation and 
resistance values- t he types of 
errors that account for 65% of board 
failures, says Jack Frye, marketing 
manager at Fluke Automated 
Systems. As a result, the 3200A is 
relatively inexpensive: Base price is 
$40,000, and an average system 
costs approximately $65,000. 

The system is expandable to 
65,536 test points in increments of 
64, 96 or 128 pins. With testing 
speeds near 10,000 points/sec, it can 
test a typical board in less than 1 
sec. 

The tester, which costs approxi
mately $60,000 to $95,000, displays 
the results of a test on a CRT screen 
in a logic-analyzer-like format . The 
ONEs and ZEROs stored in RAM, 

Lower tester cost Similarly specialized for fairly 
Fluke's approach to testing µP simple board testing, Teradyne's 

The only RF Millivoltmeter 
with !·channel capability. 

Boonton's microprocessor 
controlled model 9200 offers 
optional 2-channel operation 
that directly displays rf voltage 
gain or loss in dB. Anotherfield
installable option adds full 
IEEE 488 bus control and 
outputs. 
Standard features include 
automatic zeroing, autoranging, 
and display in millivolts from 
200 µ V to 3 V over a frequency 
range of 10 kHz to 1.2 GHz. 
Display in dB can be re
ferenced to 1 mV, 1 V, or 
1 mW at any reference 
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impedance from son to600n, 
all with any arbitrary offsets 
and dB out-of-limits. 

All calibration data is stored 
in a non-volatile memory with 
easy field-entry of replacement 
probe data. For complete data, 
prices, or a demonstration of 

the model 9200, contact 
your nearest Boonton repre

sentative or: Boonton 
Electronics Corp., 

P.O. Box 122, 
Parsippany, NJ 
07054; phone 

(201) 887-5110. 

BOONTON 
49 
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For more information ... 
For more information on the products described in this article, contact the 
following manufacturers directly. 

Elecon Inc 
2106 Ringwood Ave 
San Jose, CA 95131 
(408) 946-6000 

Fluke Automated Systems Inc 
630 Clyde Ave 

Hewlett-Packard Co 
1507 Page Mill Rd 
Palo Alto, CA 94304 
Phone local office 

Mt View, CA 94043 
(408) 965-0350 

Fairchild Test Systems Group 
Fairchild Technical Center 

John Fluke Mfg Co Inc 
Box C9090 

Teradyne Inc 
183 Essex St 
Boston, MA 02111 
(617) 482-2700 

3 Suburban Park Dr 
Billerica, MA 01821 

Everett, WA 98206 
(206) 342-6300 

(617) 663-6562 
GenRadlnc 

Fairchild Test Systems Group 
Subassembly Test Systems Div 
299 Old Niskayuna Rd 

300 Baker Ave 
Concord, MA 01742 
(617) 369-4400 

Zehntel Inc 
Box 8016 
Walnut Creek, CA 94596 
(415) 932-6900 

Latham, NY 12110 
(518) 783-3600 

Models L427 A/L429A shorts
detection system and L527 A/L529A 
assembly-inspection system are de
signed to weed out boards before 
they reach a more sophisticated 
functional test system. These pre
screening machines test for work
manship and component faults, so 
they can reduce the cost and 
improve the throughput of more 
complex and costly fault diagnosis 
later in the manufacturing process. 

Similarly, GenRad's Model 2245 
in-circuit/continuity tester aims to 
improve the productivity of more 
expensive systems by screening out 
boards having common, easily 
detectable errors. The $35,000 
system uncovers errors such as over 
or underetched copper, poor wash 
and uneven cladding, and it detects 
resistor faults. 

For more extensive testing , 
GenRad offers Model 22301, priced 
at approximately $40,000. This 
instrument tests for path-to-path 
shorts and opens, then checks 
resistors, capacitors, inductors and 
semiconductor junctions to see 
whether values lie between limits. 

A complementary test system, 
GenRad's Model 2270 offers such 
advanced features as memory-based 
parallel stimulus/response testing to 
handle complex digital boards. The 
system, which carries an average 
price tag of $175,000, can drive 
address, data and control lines in a 
dynamic sequence. 
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Local memory is behind every 
system-interface pin to provide 
complete pattern bursts for known
state device initialization, mode
setup words for interface controllers 
and instruction sequences for intelli
gent devices. As an added benefit, 
the system can use the same 
fixtures as Model 2245, reducing the 
high cost of fixtures. (Fixture costs 
for different board types are often 
higher than the cost of the tester 
itself.) 

Another innovation is evident in 
the latest test system from Fair
child's Test Systems Group 
(Latham , NY). Series 30/303S 
incorporates the PINCHECK pro
gram to make sure the fixture is 
making contact with the board 
under test. 

PINCHECK executes before 
each board test begins. If a 
connection is faulty , the pins not 
making contact with the board are 
reported, and the test sequence 
halts to permit correction of the 
program. Average selling price for 
the system itself is $180,000. EDN 

JOB 
SHOPPING? 

Check EDN 's Career Opportu niti es 

EON : Everything Designers Need 

i 

1 The banana plug 
kit contains an 

" assortment of 75 
banana plugs , 30 banana jacks and 
48 binding posts , in a nine-drawer 
plastic cabinet. 

' 
The tip plug kit 2 
contains 180 
vertical and " 

horizontal test jacks , 90 tip jacks 
and 90 tip plugs. 

3 The spacer kit 
• contains 435 

brass spacers, 
450 aluminum, 120 stainless steel 
and 75 nylon spacers, in a variety of 
length and thread sizes . 

The variab le 4 
capacitor kit • 
contains an 

• assortment of 162 air variable 
capacitors, 40 tubular variable 
capacitors and 30 ceramic variable 
capacitors , in horizontal , vertical , PC, 
stripl ine and panel mounting styles. 

O Please send me more information 
on the Johnson Prototyping Kit Sale . 

0 Please have a Johnson distributor 
salesman call on me. 
Name, __________ _ 

Company _ _ _______ _ 

Address _________ _ 

C1ty•-----------

State. _____ Z1P•-----

Telephone ________ _ 

Mail to E.F Johnson Components Div. 
Adv. Dept., Waseca, MN 56093 
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Our bananas are cheaper 
by the bunch. 

Not only banana plugs, but a lot of 
Johnson components are cheaper by 
the bunch right now. 

Because for a limited time we're sell
ing our most popular components in four 
special lab kits , at substantial savings 
over thei r regular price. 

With these design and prototyping 
kits you'll always be sure of having the 
partsyouneed , whenyouneedthem. 

So you 'll not only save a bunch of 
money. You 'll save a bunch of time too. 

~~OHNSON 
Your Component Kit Source 
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Vrrroomfor 
development. 

The Series Z0/1ZO VLSI 'ltst System. 

Frankly, we think you 'll be a little 
blown away by the new Series 
20/ 120. And for good reason. 

Here's a state-of-the-art VLSI 
tester that will solve just about any 
testing or characterization problem 
you can think of. Today or tomorrow. 

It not only tests 60 pin devices 
up to 40 MHz, but 120 pin devices 
up to 20 MHz. In other words, 
we've built a VLSI test system that 

01 

will test devices that haven't even 
been built yet. 

A system with proven hardware 
that lets you test MOS and bipolar 

ENGINEERING 

microprocessors, gate a1 
and memories up to 20 
Plus bit slice microproces 
peripheral and memory 
vices that go beyond 20 
Even those gate arrays u1 
240 pins. 

And that's only a small part o 
the hardware story 

We have high voltage and hi ~ 
speed test heads with up to 



swings and minimum pulse 
ths of 5ns. And to do an even 
er job of characterization, 

re are 16 timing generators 
itchable on the fly with 16 sets 
iming values and 156 ps 
olution. 
But proven hardware alone 
sn't make a test system. You 

ed proven software too. 
Take a look at ours. 
We offer a powerful foreground/ 

ckground operating system 
t lets you test in the foreground 
you program in the background. 
d when it comes to simple pro

amming, our FACTOR testing 
g·uage makes it possible for test 
gineers to write their own pro
ams without learning a computer 
nguage. 

/ -

Not only that, we have on-going 
software enhancements that make 
our system even easier to use. And 
more versatile. 

Then there's compatibility The 
device performance boards on 
your existing Fairchild test equip
ment are totally compatible with 
the Series 20. So are any device 
programs developed in FACTOR. 

All in all , you can count on the 
Series 20 to meet just about any 
LSI/VLSI testing needs you have. 

Present or future. 
And because it's Fairchild , you 

can count on worldwide support 
and service. 

So call us at ( 408) 998-0123 for 
more information. Or write Fairchild 
Test Systems Group, 1601 Technol
ogy Drive, San Jose, California 
95110. 

We'll give you some vrrroom for 
thought. 

FAIRCHILD 
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The Berg "Quickie" connector was well named. 
But it soon had many imitators. Now meet 
"Quickie" II, the new connector that makes the 
others play catch-up all over again while you save 
even more time and money. Because "Quickie" II 
terminates in just 7 seconds with the Berg QP 
106 pneumatic applicator. 

It's a simple two-step operation. One: Insert the 
cable into either lead-in slot Two: Place the cable/ 
connector in the press and terminate. It's that 

easy! A pre-assembled cover and base gives you 
fewer parts to assemble and fewer chances ta 
damage components. The cable installs quickl 
and accurately through an exclusive double
serrated slot with lead-in from either side. The ser
rations guide the cable to assure precise position
ing over the contacts. As a result, mis-assemblies 
are virtually eliminated. 

You can't beat the system. Berg offers you a total 
IDC System which includes cable, "Quickie" 
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nnectors, and other standard and low profile 
nales, female IC, edge card, male DIP, PCB, 
ht angle and vertical headers ... all in a broad 

range of sizes. And all designed to 
provide utmost flexibil
ity, fast assembly and 
reliable connections. 
Choose semi-auto
matic or hand-oper-

Polarized "Quickie" ated presses to match 
ith Optional Strain Relief your operational re-

quirements. All built and backed by Berg. 

Berg quality costs no more. And with nearly a 
decade of proven performance behind the 
"Quickie" system, you know that you're connect
ing with a winner. Need more information? Write 
or call for Bulletin 1200. 

The Du Pont Company, Berg Electronics Division 
New Cumberland, Pennsylvania 17070 
Telephone (800) 233-7581. 
In Pennsylvania call (717) 938-6711. 

• Du Pont Trademark for its IDC connector system . 

An electronics company. ~ 
REG. U.S . PAT. e. T M. OFF 

EDN JUNE 10, 198 1 
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Depth (µm ) 

Mn Detection-limit 
in depth-profiling 

1.0 

The curve above shows the concentration of 
manganese atoms implanted in a gallium 

High depth-resolution 
(nm) 

Analysis of insulators 
as well as metals & 
semiconductors 

Simultaneous imaging 
and depth-profiling 

Hydrogen and low-Z 
element detection 

High trace-sensitivity 
even for H, C, 0 & N 

Static and dynamic 
SIMS 

Freedom from 
"memory effects" 

Compact modular 
design 

Field-proven reliability 

arsenide matrix as a function of depth from the sample surface. It is drawn from 
data taken with ATOMIKA'S IONPROBE A-DI DA SIMS system. Manganese was 
detected down to a concentration of 2 x 1013 atoms/cm 3 - i.e .. one manganese 
atom in 5 billion matrix atoms! 

Measurements such as the above are routine chores from ATOMIKA'S ION PROBES 
A-DIDA. These machines define the state of the art for SIMS in semiconductor and 
thin-film analysis. If your SIMS applications demand extremely high trace-
sensitivity or any of the other features listed above, you've only one source to turn to: 

614 WEST MANCHESTER BOULEVARD, INGLEWOOD, CA 90301 
PHONE (213) 671-6670 

A subsidiary of A TOMIKA Technische Physik GMBH, 
Kuglmullerstrasse 6, 0-8000 Munich 19, West Germany 
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Technology Update 

Venerable, capable tunnel diodes 
experience an application renaissance 
Jim McDermott, 
Special Features Editor 

Reports of the tunnel diode's demise 
are greatly exaggerated. The de
vice is alive and well in a variety of 
applications, thanks to substantial 
improvements in fabrication and 
packaging in the past 20 yrs. 

If you're not familiar with tunnel 
diodes, you've got plenty of compa
ny. Introduced with great fanfare 
by General Electric in 1959, these 
versatile 2-terminal , negative
resistance components have re
ceived minimum coverage in the 
trade press in recent years, leaving 
the impression with many older 
engineers that they merely faded 
away, and with younger EEs that 
they never existed at all. Yet these 
2-terminal devices can function 
extremely effectively as kilohertz
to-gigahertz amplifiers, mixers, 
detectors, oscillators, subnano
sec.ond switches and picosecond 
pulse generators. 

Indeed, a survey of tunnel diodes 
(TDs) reveals significant improve
ments in both performance and 
reliability. It also reveals an 
expanding variety of microwave 
applications, such as low-level 
limiting amplifiers in communica
tions satellites (Intelsat V, NATO 
III, DSCS II and DSCS III , now 
under development at GE Space 
Systems), microwave-relay links, 
radar receivers and phased-array 
antennas , and-most recently
cable-TV repeater amplifiers. 

In the digital world, high
performance TDs now serve as very 
fast pulse generators in instrumen
tation such as Tektronix's high
speed sampling scopes and time
domain-reflectometry measuring 
equipment. 

Giving signals a boost 

Tunnel-diode-based amplifiers 

EDN J UN E 10, 198 1 
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Compare the relatively large package of General Electric 's standard 3700 Series tunnel 
diodes with the tiny Series TD-260 packages. The ultra /ow capacitance of the latter devices 
contributes to their very-high-speed switching characteristics. 

offer important design advantages. 
They're low-power ·devices, dissi
pating only milliwatts per stage. 
They produce bandwidths that 
easily span octaves (2:1) or more. 
Additionally, they exhibit moder
ately low noise figures (5 to 8 dB) 
from the low C Band through the Ku 
Band. They are also small; thus, 
they can be integrated into circula
tor structures. 

TD-based amplifiers also feature 
excellent gain and phase stability 
because gain is a function of 

impedances, which vary little with 
temperature. And finally , they are 
simple and highly reliable when 
carefully selected . (In satellite 
communications, for example, am
plifiers using tunnel diodes achieve 
MTBFs exceeding 100,000 hrs.) 

Are there drawbacks to tunnel
diode-based amplifiers? Very few. 
First, because TDs are fundamen
tally small-signal devices, the 
amplifiers generally have low dy
namic ranges; their 1-dB compres
sion point is typically -40 dBm. 
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4 QUADRANT POWER 
TM .. -----· I Bo P I bipolar operational power supply for use with ATE-

The KEPCO systems, servo loops and power amplifier applications 

SINGLE-CHANNEL . 
Voltage Stabilizers 

TWO-CHANNEL 
Voltage & Current 

Stabilizers 

TWO-OH'ANNEL 
High Voltage, 

Voltage & Current 
Stabilizers 

'12 Rack 

% Rack 

Full Rack 

The Kepco 4-quadrant bipolar power sup
plies function linearly through zero to pro
duce either positive or negative output as 
either a source or as a sink. Capacitor
less output filtering allows rapid pro
gramming and fast-recovery current 
stabilization . 

MODEL VOLTS AMPS 

BOP 15-20M ± 15V ±20A 
BOP 36-1.5M ±36V ± 1.5A 
BOP 36-5M ±36V ±5A 
BOP 72-1.5M ±72V ± 1.5A 
BOP 72-5M ±72V ±5A 

MODEL VOLTS AMPS 

BOP 50-2M ±50V ±2A 
BOP 50-4M ±50V ±4A 
BOP 100-1M ± 100V ±1A 
BOP 100-2M ± 100V ±2A 

MODEL VOLTS AMPS 

BOP 500M ±500V ±80mA 
BOP 1000M ± 1000V ±40mA 

JI + E, I 
5()%, r:6.,.~80%-rr,,------t 100%- + E0 max. l 

70%//, 
90% 75% 
/ 

(100% Du ty Cycle) SO URCE + 10 max. 
SINK* 50% (100% Duty Cycle) 

25% 

- 10~10f-0%--+75%_5 ..... 0%___,25>-% -+-2+-5%-5111>-~--+75%-10+-0% + 

_ 1 lax SOURCE 

l_"~ "'" '"'' 
fil - E0 max. 

25% 

- E, 

• derating as a funct ion 
of duty cyc le or temperature 

All models can interface with an IEEE-488 bus by using the Kepco SN-Series 
interface. The two-channel % rack models (BOP 50-2M, BOP 50-4M, BOP 
100-1M and BOP 100-2M) have provision for an internal IEEE-488 interface 
card. These interface cards, option " BIT,'' make the BOP a completely self
contained IEEE-488 programmable 4-Quadrant source and sink. 

KE PC 0 ® For complete specifications, write Dept. DDF-12 

KEPCO, INC. • 131-38 SANFORD AVENUE • FLUSHING, N.Y. 11352 U.S.A. • (212) 461-7000 • TWX # 710-582-2631 • Cable: KEPCOPOWER NEWYORK 
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VALLEY· 
PEAK· POINT PEAK- FORWARD SERIES RESISTIVE 

MODEL POINT CURRENT CAPACITANCE POINT VALLEY PEAK RESISTANCE NEGATIVE NEGATIVE CUTOFF RISE 

CURRENT (ly, mA) (C, pf) VOLTAGE VOLTAGE VOLTAGE (R5, Q) CONDUCTANCE RESISTANCE FREQUENCY TIME 

(Ip, mA) MAX MAX (Vp, mV) (Vy, mV) (V,p, mV) MAX (- g,, MHOS x 10 - 3) (-R,, Q) (IRO• GHz) (t,, pSEC) 

GENERAL· 1N371 2 1.0:t:l0% 0.18 10 65 350 500 4.0 8 125 2.3 

PURPOSE 1N3714 ·2.2:.t 10% 0.48 25 65 350 500 3.0 18 55.5 2.2 

TYPES 1N3716 4.7 ± 10 % 1.04 50 65 350 500 2.0 40 25 1.8 

1N3718 10.0:t:10% 2.20 90 65 350 500 1.5 80 12.5 1.6 

SWITCHING TD-263 10.0± 10% 1.40 9.0 75 400 500·700 1.7 350 

TYPES TD·263A 10.0± 10% 1.40 5.0 80 410 520·700 2.0 190 

TD·263B 10.0± 10% 1.40 2.0 90 420 550.700 2.5 68 

Germanium general-purpose and switching-type tunnel diodes exhibit impressive performance characteristics. (Data courtesy 
General Electric Semiconductor Dept) 

Additionally, they have a low 
burnout rating-a problem that 
solid-state limiters minimize with 
only a nominal increase in noise 
figure , size, cost and weight . 

This feature can serve to advantage 
with many types of displays, 
particularly in systems that directly 
display RF signals. In such equip
ment, the tunnel diodes provide 
both low-level amplification and 
high-level signal compression, while 
also preserving amplit ude and 
phase information. 

Tunnel diodes serve as detectors 

TD-based amplifiers exhibit 
"soft" limiting characteristics; 
therefore they can compress a large 
input range into a smaller output. 

Carriers tunnel under barrier 

The tunnel diode derives its name from the tunneling 
effect. According to quantum theory, a particle can 
disappear from one side of a potential barrier, then 
appear instantly on the other side, even though it 
doesn't have enough energy to surmount the barrier. 
In effect, the particle tunnels under the barrier. 

In TDs, this barrier is the space-charge depletion 
region of a pn junction-the same barrier that 
prevents reverse current from flowing in a standard 
rectifier diode. To make penetration possible, TDs are 
manufactured with extremely thin barriers (typically 
less than 1 µin.). In turn, the tunneling effect gives a 
TD a very unusual V-1 curve: An initial current is 
produced at a very small forward bias; this current 
rises to a peak, then falls back to a substantially lower 
level as bias increases. This negative-resistance 
characteristic gives the device its versatility. Eventu
ally, the curve resumes its positive slope. 

Conventional amplifying devices, such as transis
tors, emit charge carriers into regions where their 
motions are influenced by signal-control (base) 
electrodes; these carriers eventually migrate to 
output (collector) electrodes. The time it takes the 
charge carriers to traverse the control region deter
mines the device's maximum frequency response. By 
contrast, the tunnel diode's basic conduction mecha
nism is several orders of magnitude faster ; hence it 
can amplify and detect signals at very high fre
quencies-up to 40 or 50 GHz. 

EDN JUNE 10, 1981 

When operated in its reverse or 
back-voltage mode, a tunnel diode 
becomes a low-loss, low-noise, 
high-sensitivity detector. TDs 
aimed at such applications are 
designated "back diodes ," are 
specially fabricated to optimize 
critical performance characteristics 

Rs 
NV : - R, ~ +C, 

The equivalent circuit of a tunnel diode consists of five basic 
elements: RJ is dynamic junction resistance; CJ, junction capaci
tance; Rs, de resistance; Cp, total package capacitance; Ls, 
package inductance. 
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Vv 
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CAUSED BY 
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The reverse slope on a tunnel diode's static V-1 curve defines 
its negative-resistance region. Note the normal operating point 
(R,.J in the region of minimum noise and the point of minimum 
negative resistance (Rw. 

59 



Technology Update 
and spec superior temperature 
stabilities. 

The back diode is a low-loss 
detector because it conducts as soon 
as the voltage across it goes through 
zero. Consequently, it requires no 
external bias. (By contrast, because 
the V-I curves of Schottky and 
point-contact diodes exhibit essen
tially no curvature through the 
origin, they do require bias voltages 
to operate in the region of curvature 
in detector applications.) 

Back diodes perform extremely 
well in such traditional low-level, 
low-noise equipment as radar
astronomy receivers, broad-band 
video detectors and Doppler mixers. 
But they are also expanding into 
newer applications, including the 
cable-TV-system trunk-repeater 
amplifiers manufactured by Scien
tific Atlanta (Atlanta, GA) and 

(a) 

1N3712 

PICKUP 
COIL 

0.1 µF 

V = 10V 

TANGENTIAL FIGURE SATURATION 

TEST SIGNAL VIDEO OF VOLTAGE 

FREQUENCY SENSITIVITY SENSITIVITY RESISTANCE MERIT OUT 

MODEL (GHz) IPrss. - dBm) Ir. mV/mW) (Ry, Q) (y/v'Ay) (mV) 

MA·4C401 2 56 6000 500 250 180 

4 53 3000 500 130 1BO 

B 50 1500 500 65 1BO 

MA·4C402 2 57 2600 200 1BO 190 

4 54 2200 200 150 190 
B 52 1000 200 70 190 

MA·4C403 2 52 925 BO 100 250 
4 52 B50 BO 95 250 
B 52 B50 BO 95 250 

Video back-diode detector applications using three popular Ge tunnel diodes 
produced the typical measured performance data shown here. (Courtesy Micro
wave Associates) 

Century III (Vancouver, British 
Columbia). In both of these sys
tems, the TDs peak-detect pilot 
carrier signals, generating control 
voltages that compensate fot varia
tions in cable attenuation due to 
temperature changes. 

0 
SPEAK ER 
DC RESISTANCE 
4 TO 60Q 

2N169 

L IS 2 TURNS OF #14 
WI RE, SELF SUPPORTING, 1.25-IN . 
DIAM ETER, TURNS 
ARE SPACED y, IN . 

(b) 

ANTENN A 

A14F 

Progress in materials 

The first production generations 
of tunnel diodes were germanium 
(Ge) devices. And today these are 
the least expensive units, supplying 
the great majority of applications. 
But TDs are now also made from 

1N3714 

TEMP 
SENSOR 

~ 
MYLAR 

22 0.01 
µF 

1N3712 

---o v _ 10V WHEN E1N< 1V 
o- av WHEN ·E,N<> 1V 56pF 

2N3605 

60 

R, 

(c) (d) 

CITIZENS BAND 
CONVERTER 

1000pF 

56pF ...------+-+ --tf----© 
150pF 170 µH 
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Four circuits illustrate some tunnel-diode applications. A 200-MHz RF radiation detector (a) produces an 1800-Hz audible alarm. 
A 1.1-MHz oscillator (b) varies its frequency as its ambient temperature changes (500 Hz!°C); the Mylar capacitor serves as the 
temperature sensor. In a simple level detector (c), the output transistor turns on when E1N exceeds IPRIN· And in a battery-operated 
citizens-band radio converter (d), the tunnel diode provides an output for an AM radio. 
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Fluke 1720A Instrument Controller 

Smart enough to automate testing 
without the keyboard. 

Think what else it can do. 
You buy an instrument controller 

to solve problems, not create them. So 
we developed the 1720A with a unique 
touch-sensitive display specifically 
designed to put ATE system control at 
your operator's fingertips . With the 
removable keyboard protecting the 
program's security. Plug in the 
keyboard and the minicomputer 
intelligence makes the 1720A 
easy to program. Helping 
your programmer feel 
secure about easy software 
development and total 
program security. 
Extensive minicomputer 
capabilities make 
programming a snap. 

Don't let the simplicity of 
the 1720A fool you. At its 
core lies a powerful CPU, 

the brains behind its software sophis
tication and programming ease. 

Even the language is simple. The 
1720A was designed to run BASIC, 
familiar to programmers for high-level 
commands. Our BASIC is adapted 
specifically to enhance +tttlf:!:. 

operations, so you have 
the advantage of 

speedy program
ming and 
operation with 

all the usual 
BASIC 
commands
plus a few of our 
own. 

Dynamic 
string functions 

are also built into 
the language. 

Sophisticated memory 
structure. 

Direct memory storage is maxi
mized with our Virtual Arrays features 
extending the working memory 
beyond the 24 k-byte main memory. 
Program chaining is also standard. 
More good news for 
programmers. 

For added 
flexibility, we offer 
a new Assembly 
Language option, 
callable from our BASIC. 

Concerned about the future? The 
1720A is a soft-loaded system. As our 
software engineers develop other 
languages, you'll be able to easily 
transfer your software applications 
programs. 
Smart programming makes for 
smart operation, too. 

The unique touch-sensitive display 
prompts your operators through a test 

procedure without touching a key
board. And since inexperienced 

operators aren't fumbling over 
a keyboard, there's no worry 
over program security. 
Solve automated system 
problems the smart way. 

Write or call toll free 
1-800-426-0361 for our 
competitive comparison 
guide. Or for a 
demonstration. 

IFLUKEI 
® 

IN THE U.S. ANO NON
EUROPEAN COUNTRIES: 

Flu ke (Holla ndi B.V. John Fluke Mfg. Co., Inc. 
P.O. Box 5053, 5004 EB P.O. Box C9090, MIS 250C 
Tilburg, The Netherlands Everett , WA 98206 
!0131673973, Tix: 52237 (2061356-5400, Tix: 152662 

For technical data circle no . 32 
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Tunnel diodes detect pilot-signal levels to compensate for changes in cable attenuation 
with temperature in this Model 6540 ABR cable-TV trunk repeater/amplifier from Scientific 
Atlanta. Control signals generated by the back diodes correct for attenuation as a function of 
both cable length and frequency. 

Basic construction of a mesa-type tunnel diode consists of a junction alloyed to a mesh 
contact that minimizes device capacitance. (Courtesy Aertech Industries) 
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gallium arsenide (GaAs) and gallium 
antimonide (GaSb). 

GaSb TDs spec the lowest noise 
figures and are consequently best 
for weak-signal, low-noise opera
tion. Ge TDs are slightly noisier, 
while GaAs devices are the worst 
offenders. 

Dynamic range also depends on 
device chemistry. Despite the fact 
that TDs made from different 
materials have the same value of 
negative resistance at minimum 
levels (RM), peak currents vary: 
GaAs devices exhibit the highest 
currents; GaSb units, the lowest. 
Therefore, although it might sound 
contradictory, relatively noisy 
GaAs tunnel diodes offer the widest 
dynamic ranges, while those made 
from GaSb provide the narrowest. 

Clearly, for optimum circuit 
performance, you must select the 
TD material with the combination of 
characteristics that most closely 
matches the requirements of your 
application. In microwave amplifi-

For more information ... 
For more information on the tunnel 
diodes discussed in this article, 
contact the following manufactur
ers directly. 

Aertech Industries 
825 Stewart Dr 
Sunnyvale, CA 94086 
(408) 732-0880 

Custom Components Inc 
Box 334 
Lebanon, NJ 08833 
(201) 236-2128 

General Electric Co 
Semiconductor Dept 
West Genesee St 
Auburn, NY 13021 
(315) 253-7321 

Microwave A11oclates 
South Ave 
Burlington, MA 
(617) 272-3000 

Mlcrophase Corp 
35 River Ad 
Cos Cob, CT 06807 
(203) 661-6200 

Raytheon Corp 
Special Microwave 
Devices Operation 
5 Bearfoot Rd 
Northboro, MA 01532 
(617) 393-7300 

EDN JUNE 10, 1981 



Fluke Portable Test Instruments 

if-we .. !' 
What if we built a versatile new 5%-ctligit multimeter that you could 

expand into afully·programmalble measurement system? 

You'd call it an excellent value, 
and wonder why nobody thought . 
of it before. Our product designers 
call it the Fluke 8860A Digital 
Multimeter, an excellent new 
5112-digit DMM that easily becomes 
either a programmable benchtop 

system or a powerful ~'!HIM=• 
instrument. 

Input protec
tion to JOOOV; 
safety design 
u5es remssed 
input jacks 
and eliminates 
four-t.erminal 
ohms andguard 
shorting links. 

A powerful benchtop DMM. 
As a precision DMM, the 8860A 

is an excellent value: a practical, 
hard-working voltmeter with 0.01% 
basic de accuracy, five functions, 

Five-function 
DMM features 
autoranging, 
four advanced 
math functions 
and 0.01% basic 
de accuracy. 

Exclusive 
Portable Test 
Instrument 
Packaging lets 
you stack-and
latch the 8860A 
with other 
Fluke PT! 
Instruments. 

Excelle 
in an easy-to
operate DMM. 
The basic 
8860A is $1395; 
add $295for 
the IEEE-488 
int.er/ace, or 
$550forthe 
calculating 
controller. 

autoranging, and four advanced 
math functions - offset, peak-to
peak, limits testing and de and ohms 
zero. All in a portable package. 
A stand-alone 
multimeter system. 

To make your 8860A fully 
programmable, we offer an 
optional calculating controller 
that ties the program 
execution capabilities of an 
RPN scientific calculator 
to the analog measurement 
power of the precision DMM. 
This allows you to develop 
software for your specific 
application. To integrate the 
8860A into a larger system, 
we also offer an inexpensive 
talk/ listen IEEE-488 interface 

for use with an IEEE 
instrument controller. 
"Tell me more!" 

Any way you configure 
your new 8860A DMM, 
you'll streamline your 
applications today and leave 
the door open for new 
opportunities tomorrow. 
For more information, call 
toll free 800-426-0361; use 

the coupon below; or 
contact your Fluke sales 
office or representative. 

IFLUKEI ====® 
------Fast-Response Coupon ------
ki~~~~,;.~ i~B~.fl~iES: IN EUROPE EDN1 6/81 

i08nl~~~~H~~s \f5oc 
Everett, WA 98206 
(206) 356-5400 
Telex: 152662 

Fluke (Holland) B.V. 
P.O. Box 5053, 5004 EB 
Tilburg, The Netherlands 
(013) 673 973 
Telex: 52237 

0 Please send me complete 8860A specifica tions 
and applica tions li tera.ture. 

0 I have to see thls computing multimeter for 
myself. Please have a salesman call. 

Name 

Title Mail Stop 

Company 

Address 

City State Zip 

Telephone ( Ext. 

For technical data circle no. 33 



Technology Update 

.. • 
·• • 

Ge and GaAs back diodes, such as these 
from Microwave Associates, suit mixers and 
detectors through the Ku Band. Packages 
are available for waveguide, coaxial, stripline 
and microstrip applications. 

Developed to integrate tunnel diodes 
directly onto microstrip and microline circuit 
boards, these microwave packages from 
Custom Components provide good continu
ity of the transmission-line impedance into 
the semiconductor chip. 

Pulses with 25-psec rise times are 
generated by high-speed tunnel switching 
diodes in the Type S-6 sampling head of this 
Tektron ix Model 7S12 time-domain
reflectometry plug-in. Sampling scopes use 
similar front ends. 
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V-1 curves of Ge, GaAs and GaSb tunnel diodes differ significantly. 

ers, for example, GaAs tunnel 
diodes generally serve in the second 
or third stages to provide adequate 
dynamic ranges, but either GaSb or 
Ge devices serve as front-end 
preamps to maximize signal-to
noise ratios. 

Aiming at computers 
Research-and-development activ

ities in tunnel-diode technology 
promise to extend the devices' 
viability. A powerful justification 
for this view lies in one very-high
volume potential application: the 
coming generations of super-high
speed computers. Using low-loss 
switching TDs in these advanced 
mainframes would significantly re
duce power consumption and thus 
decrease cooling requirements. 

Before such a market can 
develop, however, TD prices must 
sharply decline. This is a classic 
chicken-and-egg situation: Prices 
now are relatively high because 
current production volumes are 
quite low. Microwave Associates, 
for one, believes that the solution to 
this dilemma lies in an eventual 
device-processing breakthrough 
that will significantly cut manufac
turing costs. 

In TD packaging, by contrast, 
perhaps the future is already here. 
A clear trend is emerging: Manufac
turers are reducing user-interface 

problems by introducing products 
combining TDs with related compo
nents. Two recent developments 
illustrate this trend. 

First, Custom Components Inc 
has just introduced a new package 
that allows tunnel diodes to mate 
with microstrip and stripline ele
ments. Second, Microphase recently 
applied for a patent on a new hybrid 
integrated component that it says 
offers improved performance and 
reproducibility; the new package 
incorporates a Ge tunnel diode in a 
glass/Kovar-sealed microwave 
module. EDN 

NEXT TIME 
EDN 's June 24 issue will feature a 
Special Report on CMOS-envi
sioned by many industry experts 
as the premier processing tech
nology of the 1980s and now 
exploding into a variety of new 
product areas. Other highlights 
inc lude articles on 

• Implementing a color-g raph 
ics processor 

• Understanding the recently 
amended patent law 

... and much more. Also look for 
Technology Update stories on 
CAD/CAM developments and laser 
technology , plus our regular 
Design Ideas, A Question of Law 
and µC Design Techniques depart
ments. You can 't afford to miss 
this issue! 

EON: Everything Designers Need 
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W BOSCHERT BRINGS 
,- NFRAMES THE 
,. ABILITY OF SWITCHING 

ER SUPPLIES. 
~ystem designers now have 
fficient 1500-watt switch

power supply that fits neatly 
standard 5 x 8-inch slot: 

,sfhert's HL 1500. For systems 
Hed by the current output of 
ting supplies, the HL 1500 lets 
expand without changing the 

.. -m housing. Systems presently 
ng multiple supplies to reach 
-.. ·watts can use the HL 1500 to 

Q--~n extra slot. Most importantly, 
, II reduce your cost per watt about 

:Ya compared with standard 750-and 
-~ · a-watt designs. 
bschert's new HL 1500 gives you 

--volt, 300-amp performance that's 
-al for mainframe computers, test 

$terns, industrial controls and other 
d~~ digital equipment. It's the first of a 
'Ole new series of high-current Boschert 
wer supplies designed to increase 

·idency, improve reliability and transient 
ponse, and reduce power costs in large 

'terns. You can get all these advantages 
_ ·--Y with the HL 1500-and it's available in 
antities to meet any production requirement. 
f you're looking to stay ahead in mainframe

vel power supplies, stay with Boschert. Get 
failed information on our new HL 1500, any of 

,-; ·open frame switching power supplies, or our 
ibmodules now by writing: Boschert Inc., 
4 Santa Trinita Ave., Sunnyvale, CA 94086. 

:rcall (408) 732-2440. 

SWITCHING POWER 

CIRCLE NO 34 



Leadtime Index PASSIVE COMPONENTS 

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

CAPACITORS PRINTED CIRCUITS 
Ceramic, disc 3 12 ... Sing le-sided 6 10 = 

Ceramic, monolithic 3 12 ... RELAYS AND TIMERS 
Electrolytic, aluminum 4 12 ... Crystal can 6 20 
Electrolytic, tantalum 8 16 ... General purpose 6 10 
Film 2 11 = Miniature (T0-5, square) 10 20 = 

Mica 8 15 = Reed , dry 8 20 = 

Paper 4 14 = Reed, mercury-wetted 8 18 up 
Trimming 8 14 = Solid state 1 3 = 

CRYSTALS, FILTERS AND NETWORKS Telephone 6 14 
Filter, active 12 16 Time delay and timer 2 10 = 

Filter, EMI 8 20 = RESISTORS, FIXED 
Filter, lumped-constant 6 13 = Carbon film 4 10 = 
Filter, quartz (monolithic) 6 8 = Composition 6 10 = 
Fre . determinin c Stal 8 13 u Metal film 8 12 = 

ENCLOSURES Network 6 12 = 

Custom 12 16 up Wirewound 8 12 
Modified standard 10 12 up RESISTORS, VARIABLE 
Standard 6 7 = Pot, nonprecision WW 8 12 = 

FANS AND BLOWERS 2 10 = Pot, precision WW 4 12 = 

FRACTIONAL HP MOTORS 16 19 = Pot, nonprecision comp. 7 14 = 
INDUCTIVE COMPONENTS Pot, precision comp. 10 12 

Coil 6 12 Trimmer, WW 3 10 
Solenoid 8 10 = Trimmer, com 12. 12 14 = 

Transformer, power 6 8 up SWITCHES AND KEYBOARDS 
Transformer other 6 8 u Circuit breaker 10 14 = 

INTERCONNECTION COMPONENTS Dual in-line 7 14 = 

Back panel 6 8 = Keyboard and keyswitch 8 11 
Flat cable 5 10 up Lighted pushbutton 6 12 = 

Multipin circular high-density 8 20 Pushbutton 2 10 = 

Multipin circular standard 8 22 = Rotary 6 8 = 

Packaging panel 8 10 = Snap action 3 4 = 

PC, one-piece 3 12 up Thumbwheel 2 8 
PC, two-piece 4 12 = Toggle 4 10 = 

Rack and panel 4 14 = TRANSDUCERS 
RF coaxial 8 22 = Pressure 7 12 = 

Socket 2 16 Tem 12erature 6 12 = 
PRINTED CIRCUITS WIRE AND CABLE 

Double-sided 6 8 = Coaxial cable 4 9 = 
Flexible 4 16 = Flat and ribbon cable 5 8 up 
Laminates 2 5 = Hookup wire 6 10 
Multila}'.er 8 12 ... Multiconductor cable 6 13 = 

Leadtimes are based on recent figures supplied to Electronic Business magazine by a com posite group of major manufacturers and 
OEMs. They represent the typical times necessary to allocate manufacturing capac ity to build and ship a medium-sized order fo r a 
moderately popular item. Trends represent changes expected for next month. 
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Dependable Switchers,, 

The PM2497 
5V@100A/5"x8"xll" 

In 1973 Pioneer Magnetics started building a SVDC 
@ lOOA switching power supply for applications 
requiring compact and efficie nt DC power. At the time , 
commercial switchers were considered state-of-the-art. 
We solved reliability and delivery problems for o ur 
customers that o ur contempo raries couldn 't. As a 
result , o ur customers referred to the power supplies 
as the DEPENDABLES. In fact we 're still delivering that 
same power supply to those same valued customers. 
We're proud to say that they've depended on us and 
we've responded by shipping over 100,000 high power 
switchers. Afte r 8 years our supplies are still o ur the re 
and running. A continuation of a tradition starred 
in 19S8. 

STANDARD DC O UTPUT RATINGS. 
CASE 

MODEL 2V 3V SV 12V ISV ISV 24V 28V 48V 60V SIZE ----- - ----
P~ l2496A IOOA 60A 50A 30A 25A 22A 16A 13A 8A 6A 5"X8"X1 1" 

- ----
PM2497A 200A l OOA lOOA 60A 50A 45A 33A 27A J6A 12A 5"X8"X J1" 

I ZOA 
150A 

---- -- -- -- ~- ~- --
P,\l 2500A 200A 200A 85A "OA 60A ; ) A ;QA 2·tA 19A 5"X8"Xl l " 

PM2498B 400A 300A 200A 120A IOOA 90A 6fu\ 5~ 32A 25A 5"X16"Xlr 
___ 300A__ _ _ __ 

P.\12501 400A 300A 300A 120A JOOA 90A 66A 5;A 32A 25A 5" X8"X ll " 

PM2502 500A 450A ; )QA 180A 150A 125A 90A 80A • " A 35A 5"XI6"X l !" - ------- - - -----
NOTES: 92-138\i\C or 18+250\i\C s ingle pha;e , 47 to 63 !-1 1.. 

DC input a,·ailable. 

The New PM2501 
5V@300A/5"x 8"x 11" 

Since 1973, we've been accepting new challe nges. 
Within the same o utline as the PM2497, we've devel
oped o utput ratings o f SY @ 120A, lSOA, 200A an d 
now a new SY @ 300, with fu ll de livered power at 
S0°C. 

The new PM2501 exhibits excellent dynamic 
response. Proven design concepts enable close 
control over those paramete rs that insure re liab ilirv. 
For instance, o ur unique heat transfe r techno logy 
resu lts in low compo nent thermal stress, even lower 
than the PM2497. At three times the power level the 
PM2S01 features an exceptionally high power density 
package. 

Our product line includes switchers that deliver up 
to 2250 watts in single o utput and fro m 375 to lSOO 
watts in dual through q uad o utput channels. AC or 
DC input. 

Over 100,000 PMI switchers are in the fi e ld 
provid ing dependable , service free operatio n. After 
all , that's why customers have continuo usly come 
back to us since 19S8. 

Piioneer 
Magnetics 

THE SWITCHING POWER SUPIPLY PEOPLE SINCE 1958 

1745 Berke ley Avenue, Santa Monica, CA 90404 (213) 829-6751 
E DN JUNE 10, 198 1 CIRCLE NO 35 67 



Did xou know 
Mepco~Electra has 

the broadest 
Mil. Spec. Qualified 

Tantalum Capacitor line? 
There's a lot you should know 

about Mepco/Electra, because 
we know "reliability"! And we've 
got the Mil. Specs to prove it; 
Mil-C-39003, Mil-C-39006, 
and Mil-C-55365 with most styles 
qualified to the "S" Failure Rate. 
Nobody has more. Tantalum Foil 
Mil-C-3965 Style CL20, CL21, 
CL22,CL23,CL24, CL25,CL26, 
CL27, CL30, CL31, CL32, CL33, 
CL34, CL35, CL36, CL51, CL52, 
CL53, CL54, CL70, CL?!, CL72, 
CL73; Mil-C-39006 Style CLR25, 
CLR27, CLR35, CLR37, CLR71, 
CLR73 : Sintered Anode Wet Elec
trolyte Mil-C-3965 Style CL 14, 
CL 16, CL 17, CLl8, CL55, CL64, 
CL65, CL66, CL67; Mil-C-390.06 
Style GR JO, CLR 14, CLR 17, CLR65, 

CLR79*: Sintered Anode Solid Elec
trolyte Mil-C-26655 Style CS 12, 
CS 13 and Mil-C-39003 Style CSR09, 
CSRl3, CSR23, CSR33, CSR91: 
Chip Mil-C-55365 Style CWR06. 

And Mepco/Electra has clients 
like you in mind with our 
expanded production capacity 
on these popular models; CSR 13, 
CLR 65, CLR 79 and CWR 06. 

Plus Mepco/Electra has a wide 
range of industrial tantalum capa
citors available including: dipped & 
molded radial leaded and industrial 
versions of all our mil qualified 
devices. 

Advanced technology in a 
broad range, that's Mepco/ Electra! 
Check our specs! Check our prices, 
w e're competitive! For your com-

plete Tantalum Capacitor needs 
backed up by quality service call: 
our Columbia, SC facility at (803) 
772-2500 for wet slug & foil or our 
West Palm Beach facility at (305) 
842-3201 for solids & chips. 

Mepco/Electra: your resistor/ 
capacitor company with 
tomorrow's technology today. 

MEPCO/ELECTRA,INC. 
"NORTH AMERICAN PHILIPS < D"1 P"''" 

Corporate Headquarters 
Columbia Road 
Morristown, New Jersey 07960 
(201 J 539-2000 
TWX: 710/986/7437 
• f>t"ncJ1ng M d Ou.JM I< ,mon ,4,pprov.JI 

Now you do! 
CIRCLE NO 36 



Editor's Choice: New Products 

Surge suppressor, filter and fuse 
combine to optimize line conditioning 
Depending on how you apply 
them, Pico-family line condition
ers can provide three types of 
circuit protection-overvoltage 
and overcurrent safeguards and 
EMI/RFI filtering. The family 
includes three basic circuit 
classes : unipolar ac (TSS), 
zero-time ac (ZTA) and zero
time de (ZTD). All provide 
bilateral performance, restrict
ing transients into and out of the 
protected equipment. 

Connected in shunt configura
tion across the power line , TSS 
devices absorb 95 to 98% of any 
transient energy that exceeds 
their specified clamping level. 
They accommodate y- and 
delta-type connections and are 
designed to serve the 10 most 
popular ac line voltages used in 
the US, Europe and Asia. 

The TSS units exhibit a 20-kA 
pk pulse-current rating, 0.1-
µsec clamping speed and 480 to 
1920J power dissipation. They 
provide no EMI/RFI filtering 
and permit 1- to 2-µsec over
shoot, but if you connect a TSS 
device to the branch panel that 
serves a group of terminals or a 
computer room, it reduces the 
transient energy to a level that's 
easier to control using a ZTA or 
ZTD device (these units can, of 
course, provide full protection 
by themselves). 

In one package, ZTA units 
incorporate a line filter that 
eliminates differential and 
common-mode EMI/RFI ·and a 
special TSS circuit to delay 
electric transient wavefront and 
eliminate overshoot. 

Three ZTA packages are 
available for North American 
(120V ac) and European (220V 

EDN JUNE 10, 1981 

Triple protection (against excessive voltage, current and EMllRFI) is a key fea ture of 
Pico-family line conditioners. Accommodating sources ranging from logic levels to 
3-phase y- and delta-connected systems, they also provide bilateral protection, 
restricting transients into and out of the protected equipment. 

ac) voltages. ZTAP and ZTAPE 
models plug direct ly into a 
typical duplex receptacle. ZTAC 
and ZTACE are designed to be 
built into the protected equip
ment; a molded cord set then 
connects the unit to the line. 
Finally, ZTAS and ZTASE 
model s are al so built into 
equipment, but they employ a 
terminal strip for input/output 
connections. 

The rest of the products in the 
ZTA line (ZTA3 through ZTAlO) 
accommodate 3-wire single
phase and y- or delta-connected 
3-phase systems. 

All ZTA units are selectively 
fusable from 20 mA to 20A. 
Clamp symmetry equals ±5% 
max, shunt capacitance is 0.01 
µF , minimum EMI/RFI attenu
ation (from 0.15 to 200 MHz) 
specs at 60 dB and response 
time is 0.1 µsec . 

The ZTD line consists of 14 
products designed for pc-board 
mounting. 

The ZTD devices furnish 

bidirectional protection fr om 
EMI/RFI and transient glitches 
that can occur on a board. 
Operationally, t heir TSS 
system- rather than the devices 
connected to the board's power 
bus-dissipates surge energy. 

ZTD units also eliminate 
overshoot and provide 60-dB 
min EMI/RFI attenuation. They 
are available in seven voltage 
ratings to protect TTL and 
CMOS circuitry (5 and 12V de), 
automobile batteries (14.2V de), 
op-amp circuits (15V de), 
industrial-control circuits (24V 
de), aviation batteries (28.2V 
de) and telephone systems (48V 
de). 

TSS and ZTA (production 
qty): $500 to $1000 for multi
phased y and delta configura
tions, $100 to $200 for single
phase 3-wire, $50 to $100 for 
single-phase 2-wire. ZTD: $10. 

Power Integrity Corp, 300 E 
Wendover Ave, Suite 102, 
Greensboro, NC 27401. Phone 
(919) 379-9773. Circle No 450 
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Editor's Choice: New Products 

Lightweight, low-cost scopes 
feature 60-MHz bandwidths 
Priced at less than $1200, 
Models 2213 and 2215 neverthe
less feature 60-MHz bandwidths 
and ·delayed-sweep modes. The 
$ll00 Model 2213 has a single 
timebase and uncalibrated 
delay, and the $1400Model 2215 
features dual-delay sweep facili
ties. Each scope weighs less 
than 15 lbs including probes and 
optional pouch and front cover, 
13Y2 lbs without pouch and front 
cover. 

The low prices arise in part 
from a simplified design in 
which almost all circuitry within 
the instruments resides on one 
board. As a result, cabling and 
interconnects are reduced, in
creasing reliability as well as 
reducing manufacturing cost. 
An additional contribution to 
low cost comes from the chassis, 
formed from two simple L
shaped aluminum parts rather 
than a handful of expensive 
extruded panels. 

The instruments have 5-in. 
CRTs and typically are down 3 
dB at 70 MHz or more. Fastest 
calibrated sweep speed is 5 
nsec/div, and sensitivity spans 2 
mV/div to lOV/div. 

Delay modes available 
Model 2213 has a single 

time base and Delay mode 
calibrated to the screen mark
ings for 3% accuracy. The mode 
makes it easier for you to 
position the sweep and acts as a 
selective magnifier. 

Model 2215 has a dual 
timebase with 1.5% calibrated 
accuracy. Alternate/intensified 
sweep-mode switching lets you 
simultaneously view the A 
channel with its intensified 

Delayed-sweep facilities and 60-MHz bandwidth characterize the Tektronix 2200 
Series scopes, which are priced at less than $1200 and weigh less than 15 lbs. 

segment and the intensified 
segment with its own B sweep. 

A sweep-separation control 
makes it easier to set the 
vertical positions of B sweeps 
with respect to A sweeps. And a 
B trigger after delay helps 
reduce jitter in delay-time 
measurements. 

In both instruments, true 
Vertical-mode alternate trigger
ing provides asynchronous
signal triggering. Enhanced 
autotrigger minimizes trigger
control adjustment, and varia
ble hold-off offers stable trigger
ing on complex analog or digital 
signals. 

The instruments feature auto
matic intensity and focus adjust
ments so that both sweeps are 
the same intensity, regardless of 
sweep speed. 

You can use both channels at 
their full sensitivity ranges for 
accurate X-Y phase measure
ments. And a Z-axis input lets 

you use the instruments with 
logic analyzers and other devic
es. Other features include a 
beam finder to simplify setup 
and a front-panel trace-rotation 
control for correct displays 
regardless of scope position. 

A high-efficiency power sup
ply operates from 90 to 250V, 50 
or 60 Hz, while reducing weight 
and power consumption and 
increasing reliability by mini
mizing parts. New x 10 probes 
supplied with the instruments 
are lightweight and feature 
flexible cables. No bandwidth 
loss occurs at the probe tip, and 
an IC grabber simplifies connec
tion to devices on boards. 

An optional pouch and cord 
wrap enhances portability by 
carrying all probes, manuals 
and other accessories. A protec
tive front cover is also optional. 

Tektronix Inc, Box 4828, 
Beaverton, OR 97208. Phone 
(800) 547-6711 . Circle No 451 
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KONTRON'S 
MPP 80 ... The total 
programnaing instmment 

For data on Kontron® Computer/Controllers. Digital Multimeters. Counters. PROM Programmers. 
Logic Analyzer and Printers. call (800) 227-8834. In California call (415) 361-1012. 

~ ~9r~!!}Q~ ~'-A~~. R~wood Cify, CA~ (415) ~l-1012 
Advanced Electronic Instrumentation 

Circle no. 38 for literature Circle no. 37 for demonstration 
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Editor's Choice: New Products 

Remote-job-entry terminal 
uses 16-bit µ P 
If you need an extremely 
intelligent terminal for your 
t ime-sharing or networking sys
tem, Model 2010 could fill the 
bill. Built around the Intel 8086 
µP and incorporating 32k bytes 
of RAM on one pc board, it 
features a full-screen (66 
lines x 80 characters) display 
configuration, a complete set of 
ANSI control functions , a 107-
key keyboard, two RS-232C 
serial ports, and a rotating 
(±30°) detachable 15-in. screen. 

Easy on the eyes 
The terminal's modular de

sign provides placement versa
tility. Screen attributes include 
two intensity levels, blinking, 
underlining, reverse video and 
variable character size. (The 
latter function is user selectable 
and depends on the number of 
lines per screen selected: 66 
max, 33 min.) 

The terminal employs the 
128-character ASCII set. Char
acters are generated as a 7 x 9 
matrix in a 9x 15 cell on the 
vertically mounted green
phosphor CRT, which can dis
play 5280 characters max in the 
full-screen mode. 

The ANSI-standard control 
functions include area qualifiers, 
block-mode transmission, pagi
nation, download and go, cursor 
controls with associated numer
ic parameters, form filling and 
transfer and support of down
loaded software. 

System communication 
Because Model 2010 is de

signed for use primarily with a 
host system, its two RS-232C 

Displaying 66 BO-character lines in a full-page format, Model 2010 intelligent terminal 
employs an Intel 8086 µP and provides two RS-232C serial ports and a detc.chable 
107-key sculptured keyboard. 

serial ports provide user
selectable baud rates ranging 
from 75 to 19.2k, ei ther 
switched via hardware or under 
software control. The terminal 
transmits data in either conver
sational mode (byte protocol) or 
block mode with a variety of 
communication protocols. 

You can expand RAM to 256k 

and add 8k of ROM. The 
terminal requires a 95 to 130 or 
190 to 260V ac power input at 47 
to 450 Hz. 

The 65-lb, 19 x 21 x 21-in. unit 
is available now. $2495 (50). 

Piiceon Inc, Intelligent Sys
tems Div, 2350 Bering Dr, San 
Jose, CA 95131. Phone (408) 
946-8030. Circle No 452 

Need to Know? 
EDN's advertisers stand ready to provide you 
with helpful design information and other 
data on their products. Just circle the appro
priate numbers on the Information Retrieval 
Service card. If your need is urgent, contact 
advertisers directly, and mention EON. 

EON: Everything Designers Need 
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Today not tomorrow. 

Already qualified on more state-of-the-art high 
speed, primary memory specs than one might imagine, 
the MITSUBISHI M5K4164 carries with it the reliability 
and technological leadership of one of the world's 
most respected names in electronics. No blue sky 
promises, but reality. 

Compatibly packaged in an industry-standard 16-pin 
DIP for interchangeability with any other 64K unit 
available, MITSUBISHI'S 65.536 word X I-bit Dynamic 
RAM is now being produced in initial volumes and can 
be obtained from stock. 

Featuring high-density, high capacitance memory 
cells, and low soft-error rate, the M5K4164 is 
manufactured via N-channel silicon gate MOS process. 
using VLSI techniques for reliability and production 
availability. 

Think about it. The MITSUBISHI M5K4164 offers 150-
200 ns access time. low-power dissipation. TTL 
compatibility, I 28 refresh cycles every 2 ms, 5V single 
power supply operation. and a high-density polysilicon 
structure for superior performance characteristics. Pin I 
open or functional, your choice. 

Semiconductor Division 

MITSUBISHI ELECTRONICS AMERICA. INC. 
I 230 Oakmead Parkway 
Sunnyvale, California 94086 
(408) 730-5900 TWX 910-339-9549 

The M5K4164 is available today. And, the production 
quantities you'll require will be ready to ship when you 
want them. The credentials of our memories are 
recorded in the thousands of applications where 
MITSUBISHI 4K, BK and 16K RAMS. EPROMS, 
microprocessors, LSTTL and other devices are now in use. 

TEST SAMPLES AND DATA 
To evaluate the M5K4164 for your system 

applications. simply call us. Or; write for complete data, 
MITSUBISHI ELECTRONICS AMERICA, INC. Factory 
offices located in Sunnyvale, CA (408) 730-5900; 
Compton. CA (213) 979-6055; Bloomington, IN (812) 
339-2463; and So. Plainfield, NJ (201) 753-1600. 

The reliability is MITSUBISHI. Where memories are 
made for you. Today. 

CIRCLE NO 39 



• 100 MH1J&nv (2mV at 35MHz) 
• Third channel for simultaneous viewing 

ot trigger 19ulses 
• Altemate time base dlsplay facility 



PH•uPs Test & Measuring 
~ Instruments 
~ 

For nationwide sales and sawJC9 informatton Q8ll 
800-631·7172, except In Hawaii, Ala• Md New Jersey. 
In New Jersey call collect (201) 529-380Q, or contact 
Philips Test & Measuring Instruments, 1116., 85 McKee 
Drive, Mahwah, NJ 07430. 

CIRCLE NO 40 



'lbday'a storage oscilloscopes open the door on a host of new 
measurement capabilities. (Photo courtesy Tektronix Inc) 



SPECIAL REPORT 

Analog-storage scopes cover a broad price/performance range; 
digital models provide more signal-analysis flexibility. 

Both types furnish operating conveniences that let you concentrate 
on measurements rather than instrument adjustment and protection. 

Rick Nelson, Associate Editor 

Storage oscilloscopes now offer capabilities that allow 
them to serve diverse applications ranging from 
research and development to production testing. Fea
tures common to such instruments include "user
friendly" front panels that help provide bright, clear 
displays without extensive adjustment and protective 
functions that guard against CRT burning. 

In addition to these common human-engineering and 
protective features, however, storage-scope manufac
turers furnish a wide range of storage techniques and 
price/performance tradeoffs that you must consider 
when selecting such an instrument. Indeed , even the 
data sheets of these devices can confuse the selection 
process: They contain such esoteric terms as useful 
storage bandwidth (USB)-a digital-scope spec analo
gous to analog-scope bandwidth-that seldom confront 
the purchasers of general-purpose nonstorage oscillo
scopes. Moreover, even such seemingly straightfor
ward specs as a digital scope's sampling rate can have 
radically different interpretations: A specified sampling 
rate can translate to one USB in a Tektronix scope and 
to quite another in a Philips instrument. 

To help cut through some of the confusion, this report 
discusses several storage techniques, features and 
terminologies applying to the two primary storage
scope categories: 

• Analog-storage scopes. These instruments span 
the wider price/performance range of the two 
categories. For example, Tektronix's 10-MHz 
Model T912 provides a stored writing speed-the 
maximum spot velocity that results in the visible 
storage of a single-shot waveform on the CRT 
screen (Fig 1)-of only 0.25 cm/µsec and costs 
only $1800. The firm's 400-MHz Model 7834, on 
the other hand, furnishes a 2500-cm/µsec stored 
writing speed and costs $10,395. Another analog-
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storage-scope tradeoff is between stored writing 
speed and storage-time: For example, Hameg's 
$4035 Model HM 812 achieves a 48-hr storage 
time but only 2.5-cm/µsec stored writing speed, 
while Hewlett-Packard's $7200 Model 1727A of
fers 2000-cm/µsec stored writing speed with a 
30-sec storage time. 

• Digital-storage scopes. These devices provide 
the greater flexibility in waveform analysis
they feature pre- and post-trigger capabilities 

Suited to portable operation, Tektronix's Model 468 digital-storage 
scope furnishes 100-MHz nonstorage capability and achieves a 
25-MHz sampling rate . Combined with the unit's sinusoidal
interpolation function, this rate yields a 10-MHz useful storage 
bandwidth. 

77 



Useful storage bandwidth 
depends on your viewpoint 

that allow you to record events occurring before 
as well as after a trigger condition, and they let 
you zoom in on any portion of a stored waveform 
for closer inspection. And most incorporate 
extremely slow-sweep-speed roll modes that let 
them double as solid-state chart recorders. For 
example, Philips's $6395 Model PM 3310 features 
a 1-hr/div sweep speed, which, when used with 
the instrument's four 256-byte memories, permits 
storage of 40 hrs of data. Digital scopes can also 
transmit digitized waveform information to a 
computer for further analysis; scopes such as 

Illustrating the waveform-handling capabilities of the Philips 
Model PM 3310 digital-storage scope (a ), displays (b) and (c) exhibit 
various presentations of a stored 2-msec-period square wave. In (b), 
the top trace shows the waveform at 1 msecldiv; the second trace 
shows the same waveform at 0.2 msecldiv. The third trace shows the 
details of the wave 's rising edge at a 10-nsecldiv sweep speed; the 
fourth trace, also at 10 nsecldiv, shows the waveform repositioned to 
display the falling edge 's details. You can also modify the vertical 
gain as well as the horizontal sweep speeds; in (c), the 10-nsec/div 
rise- and fall-time representations are shown at a 0.4Vldiv vertical 
gain rather than at the 2Vldiv gain of (b). 

Tektronix's $10,500 Model 7854 even permit 
on-board digital signal processing. Furthermore, 
the instruments' waveform storage times are 
limited only by the life of the storage medium. 

Analog-storage scopes offer variety 
Your choice of an analog- or digital-storage scope 

depends primarily in where your requirements lie in 
the price/performance spectrum. At the low end, you 
won't find any digital scopes that compete in price with 
Tektronix's $1800 analog Model T912, for example. 
(This situation might soon change, however. Although 
details aren't available, Hameg's US operations manag
er Joseph LaFiandra reports that his firm is planning to 
introduce a digital-storage scope this summer, priced at 
less than $1500.) And at the high end, you won't even 
find off-the-shelf digital-storage scopes that rival the 

A line of five digital-storage scopes from Gould includes models that provide sampling rates to 10 MHz, vertical resolutions to 10 bits and 
real-time bandwidths to 25 MHz. For example, Model DS04020 features a 2-MHz sampling rate, 8-bit vertical resolution, 4k bytes of RAM and 
an IEEE-488 interface, and Model DS0440 offers 4-trace capability. 
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Fig 1- Required writing speed depen.ds on sine-wave frequency or pulse rise time as well as the peak-to-peak amplitude of the 
signal to be stored. Note that you would need a 2500-cm/µ,Sec writing speed to store an 8-cm p-p 100-MHz sine wave, but only a 
1000-cml µ,Sec writing speed to store a 3-cm p-p sine wave of the same frequency. 

waveform-capturing performance of such analog instru
ments as HP's Model 1727 A. 

(You can buy components that allow you to put 
together your own high-speed digital scope, however. 
For example, you can combine Tektronix's Model 
7912AD waveform digitizer with a raster display to 
digitally record an 8-div p-p 500-MHz sine wave. The 
instrument costs $23,800 plus the input vertical amplifi
er and display, making such a system considerably 
more expensive than high-end general-purpose analog
storage scopes. Indeed, the instrument utilizes an 
analog-storage technique to furnish its high-speed 
performance: A scan-conversion technique writes the 
analog waveform under investigation onto a silicon
diode target array; subsequent scanning of this array 
digitizes the waveform into 512 horizontal points, each 
at 9-bit vertical resolution. The instrument's maximum 
sweep speed of 500 psec/div allows the target array to 
store a 5-nsec time window; thus, the 512-point 
digitizing yields a 100-GHz equivalent sampling rate.) 

Digital scopes are price competitive 
If your requirements fall in the middle of the 

price/performance spectrum, though, you have a choice 
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of technologies: Analog- and digital-storage scopes with 
equivalent performance cost roughly the same. Why? 
The expensive storage CRTs that analog-storage 
scopes require are balanced by digital scopes' costly 
high-speed AID converters and memory ICs. 

Direct price comparisons between the two storage 
technologies are difficult to make, but consider Tek
tronix's analog Model 464DM44 and digital Model 468: 
Both cost approximately $5600, come in packages with 
similar form factors and furnish 100-MHz nonstorage 
capability. Model 468 offers a USB of 10 MHz; Model 
464DM44 can write a 10-MHz sine wave with 3-cm p-p 
amplitude. Model 468 incorporates a calibrated cursor 
readout; Model 464DM44 includes a DMM. 

Similar performance comparisons among other 
analog- and digital-storage scopes with capabilities like 
those of Models 464DM44 and 468 are more difficult to 
make. But making them reveals the price similarities in 
this performance range. 

For example, Philips's digital Model PM 3310 and 
analog Model PM 3266 each cost $6395. The digital 
scope has a USB of at least 5 MHz; it has no analog 
capability but can digitize and display repetitive 
waveforms to 60 MHz. The analog scope provides 
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Variable-persistence scopes 
furnish fast writing rates 

100-MHz nonstorage capability. Its Fast mode permits 
waveform storage to this full nonstorage-bandwidth 
rating, although only for 3 to 8 sec, and its Max Write 
mode permits longer storage t imes but limits writing 
rate to 2.5 div/µsec, which translates to a somewhat 
lower storage performance level than the digital scope's 
5-MHz USB. Thus, if your storage requirements lie in 
the 5- to 10-MHz range, these examples' price similari
ties, coupled with digital scopes' flexibility and conve
nience, will probably prompt you to select the digital 
instruments over their analog counterparts. 

And in addition to performance and initial-price 
considerations, factors such as total cost of ownership 
might also sway your choice toward the digital models. 
For example, the standard CRTs that digital scopes 
employ don't have the limited life expectancies of some 
analog-storage CRTs. Moreover, in field-service appli
cations-where chances of CRT damage are greatest
the lower replacement costs of digital-storage scopes' 
CRTs make the digital technology more attractive. 
Indeed, replacement costs for storage CRTs can be 10 
times the replacement costs for standard CRTs. 

Adding pretriggering to an analog scope 
One product allows you to add storage and 
pre-trigger . capabilities to a nonstorage analog 
scope. Ballantine Labs' (Boonton, NJ) $995 Model 
7050 A electronic signal recorder incorporates a 
2-in .-diameter x 1/4-in.-wide continuous computer
grade magnetic-tape loop that can store a transient 
signal 20 msec or less in duration. You can then play 
this signal back for display on any real-time scope. 
Using the 7050 A's output-trigger delay in conjunc
tion with your scope's sweep-speed adjustment lets 
you see the entire 20-msec transient or zero in on 
any portion of the stored signal. The 7050 A has a 
100-kHz bandwidth and pre-trigger capability ad
justable from 0 to 16 msec. It provides analog
storage times limited only by the magnetic tape's 
life. 
~-----·--------------·--, 

Add pre-trigger and storage capabilities to a nonstorage 
scope with Ballantine 's Model 7050 A electronic signal recorder. 
This 100-kHz instrument can store a transient signal lasting 20 
msec or less on a continuous magnetic-tape loop for subse
quent display on a standard real-time scope 's CRT. 

80 

Aimed at both production and laboratory applications, Tektronix's 
Model 7854 can capture waveforms and then determine such 
parameters as rise time and rms levels. The programmable 
instrument's calculator-type keyboard lets you tailor it to your 
measurement applications. 

Choices are straightforward with analog scopes 
Even after you choose between the two storage 

technologies, however, the selection process is far from 
over. If you've selected the analog technology, though, 
your further choices are relatively straightforward: 
Higher writing rates result in higher costs and shorter 
storage times. Moreover, you don't have to choose 
among the various pre-trigger capabilities common on 
digital-storage scopes; such functions are almost never 
available on analog-storage units (see box, "Adding 
pretriggering to an analog scope"). 

Other analog-storage-scope specification considera
tions include storage-CRT type. Bistable CRTs use 
their phosphor as the storage medium; each phosphor 
particle has two stable states: written (energized) and 
unwritten (de-energized). Scopes employing this stor
age technique usually furnish slow writing speeds but 
also provide low price and storage times measured in 
hours. Some models also provide split-screen capabili
ty, a feature that allows you to store a reference 
waveform on the top half of the CRT screen and then 
display a comparison waveform, in either a storage or 
nonstorage mode, on the bottom half. 

Drawbacks to bistable storage include the limited 
lives of bistable CRTs. You can expect some of these 
devices to furnish only 50% of their initial brightness 
after 1000 hrs of operation. 

A second analog-storage CRT type, variable
persistence (of halftone) CRTs (see pg 93) , uses a 
standard phosphor and incorporates one or more 
storage meshes for waveform memory. These CRTs 
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Three variable-persistence scopes from Hewlett-Packard provide a 
range of key-spec values. The $7200 Model 1727 A (a) features a 
275-MHz bandwidth and 2000-cm/µ,Sec stored writing speed. The 
$5500 Model 1744A (b) and $4750 Model 1741A (c) each furnish 
100-MHz bandwidths; their stored writing speeds equal 1800 and 
200 cm/µ,Sec, respectively. 
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have life expectancies comparable to those of nonstor
age CRTs, furnish higher writing rates than the 
bistable models and permit Z-axis (intensity) modula
tion. But they cost more and have storage times 
specified in minutes. 

To help overcome this storage-time limitation, some 
scopes implement multimode storage: You can select 
bistable or variable-persistence operation in one instru
ment. For example, Tektronix's Model 7834 achieves a 
30-sec storage time in its full-scan variable-persistence 
mode (which makes use of the CRT's full 6x 8-div, 
0.9-cm/div screen), furnishing a 270-cm/µsec writing 
rate. It also achieves this 30-sec storage time in its 
reduced-scan variable-persistence mode (which uses 
only a centered 8x 10-div, 0.45-cm/div portion of the 
screen), providing a 2500-cm/µsec writing rate. The 
scope's fast bistable mode, however, achieves storage 
times as great as 30 min at a 45-cm/µsec full-scan 
writing rate or a 350-cm/µsec reduced-scan writing 
rate. 

Among other analog-storage scopes, Hewlett
Packard's 275-MHz Model 1727 A (introduced late last 
year) is the newest. This $7200 variable-persistence 
instrument furnishes its 2000-cm/µsec stored writing 
rate over the full CRT screen, as well as a 2000-cm/µsec 
variable-persistence writing speed-a spec that indi
cates how a scope performs in general-purpose (rather 
than single-shot) signal-capturing applications. 

HP also offers two 100-MHz variable-persistence 
scopes: Model 1744A furnishes 1800-cm/µsec writing 
speed and costs $5500; Model 1741A achieves 200 
cm/µsec and costs $4750. 

Other analog-storage-scope choices include Hameg's 
Model HM 812. In addition to its 48-hr storage-time 
rating, this $4035 instrument provides 50-MHz nonstor
age performance; Hameg plans to upgrade this rating 
to 70 MHz. Other features include an Automatic 
Storage mode that lets the scope capture a single-shot 
waveform occurring after several days of unattended 
operation. 

If you don't need 50-MHz or better performance, 
consider Kikusui's 10-MHz Model 5516ST. This $1795 
bistable-CRT scope provides a 0.025-div/µsec writing 
rate (at 0.95 cm/div) in its Normal mode and a 
0.2-div/µsec writing rate in Enhanced mode. A 100-kHz 
chopper provides dual-trace operation. 

Such chopper circuits economically provide dual
trace capability, but if you must record two high-speed 
single-shot signals simultaneously, the chopping fre
quency might interfere with the signal's display. To 
avoid this problem, Philips incorporates dual-beam 
operation in its 10-MHz variable-persistence Model PM 
3234. This $3395 instrument furnishes writing speeds 
to 0.9 cm/µsec and storage times as great as 15 min. 
And Tektronix's $2640 Model 5113 also offers dual-beam 
performance but in a bistable, split-screen configura
tion, furnishing writing speeds to 0.25 cm/µsec with an 
optional fast-writing-speed CRT. Both the Philips and 
Tektronix scopes provide independent vertical beam 
deflection but common horizontal deflection-both 
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Pre-triggering capability 
highlights digital scopes 

beams in each scope must operate at the same sweep 
speed. 

Digital-scope selection yields tough decisions 
If these analog-storage scopes don't provide the 

signal-analysis flexibility you're looking for and you've 
decided on digital-storage technology, the selection 
process has only begun for you. The recent flurry of 
digital-scope introductions reflects a variety of design 
philosophies, and you'll have to consider such factors as 
front-panel design, added nonstorage operation, sam
pling and digitizing rates, information presentation, 
resolution and data-handling capability before making a 
choice. 

Digital-scope design has occupied the recent product
development efforts of most major scope manufac
turers; even Hewlett-Packard, which has yet to offer a 
digital-storage scope, is now working on a digitizing 
option for its Model 1980A (EDN, October 5, 1980, pg 
172). Although the firm has not released details on this 
feature, one Hewlett-Packard customer told EDN in 

Capable of storing an analog waveform for 48 hrs, Hameg 's Model 
HM 812 features 2.5-cm/µ.sec writing speed and 50-MHz bandwidth, 
which the firm plans to upgrade to 70 MHz. 
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ANALOG-STORAGE SCOPES 

STORED 
WRITING REAL· TIME 

MANUFACTURER MODEL SPEED 1 VIEW TIME' BANDWIDTH PRICE COMMENTS 
(cm/µSEC) (MHz) 

HAMEG H M_fil2_ ?5 _3_Q_$J:_C _5Q_ $4035 S.<\l[E_ MOQEE£BMITS.A8J:iB.filQBp.C'..EllM E 
HEWLETT· 1727A 20002 10SEC 275 $7200} 
PACKARD 1744A 18002 10SEC 100 $5500 STORE MODE PERMITS 30·SEC STORAGE 

..1I4.1A 2003 ..10....S..E.C. _101)_ _$_4750 TIMES 
KIKUSUI 5516ST 0.02375 DNA 10 $1795 ENHANCE MODE PERMITS 0.19·cm/µSEC 

WRITING SPEED 
PH ILIPS PM 3266 900 15SEC 100 $6395 STORE MODE PERMITS 1·HR STORAGE TIME 

~ Jl9_ 1.5 MIN 10 ~3395 DUAL·BEAM OPERATION· SAVE MODE 
TEKTRONIX 7834 25004 30SEC 400 $10,3955 MULTIMODE (BISTA BLE Ofl VARIABLE 

PERSISTANCE) 
466 13504 15SEC 100 $6275 135-cm/µSEC FULL-SCREEN STORED 

WRITING RATE 
7633 10004 30SEC 100 $68605 135-cm/µSEC FULL-SCREEN STORED 

WRITING RATE 
7623A 135 30SEC 100 $52505 

464 99 15SEC 100 $5115 
7613 4.5 15SEC 100 $43955 SAVE MODE PERMITS VIEW TIMES TO 1 HR 
5441 4.5 15SEC 50 $36055 SAVE MODE PERMITS VIEW TIMES TO 1 HR 
434 0.0975 DNA 25 $4310 SPLIT-SCREEN BISTABLE; OPTION EXTENDS 

WRITING RATE TO 4.875 cm/µSEC 
5115 0.254 1 HR 2 $19805 10-HR VIEWING TIME AT REDUCED 

INTENSITY 
5113 0.0254 1 HR 2 $26405 10-HR REDUCED-INTENSITY VIEW TIME; 

DUAL-BEAM OPERATION 
5111 0.0254 1 HR 2 $18505 10-HR REDUCED-INTENSITY VIEW TIME 
214 0.0416 1 HR 0.5 $1925 3.5 LB, 3 x 5.25 x 9.5 IN ., 0.26-cm/µSEC 

ENHAN CE MODE WRITING RATE 
314 0.048 DNA 10 $3170 0.25-cm/µSEC ENHANCE MODE WRITING 

RATE; VIEW TIME TO 4 HR 
SC 503 0.05 4 HR 10 $2850 TM 500 PLUG-IN ; ENHANCE MODE WRITING 

RATE TO 0.25 cm/µS EC 

NOTES: 
'INDICATED VIEW TIMES CORRESPOND TO INDICATED STORED WRITING SPEEDS. SOME SCOPES FEATURE MODES THAT PERMIT 
LONGER FULL-INTENSITY VIEW TIMES AT SLOWER STORED WRITING RATES. " SAVE" AND " STORE" MODES PERMIT LONGER 
STORAGE TIMES AT REDUCED· OR ZERO-INTENSITY DISPLAYS. " ENHANCE" MODES INCREASE BISTABLE-SCOPE WRITING RATE BUT 
TEND TO MAKE THE DISPLAY FADE " POSITIVE" OR " ON ". CONSULT THE MANUFACTURERS. 

20VER CENTER 6 x 8 DIV (0.72 cm/DIV) OF CRT AND WITH VIEWING HOOD 
JOVER CENTER 7 x 9 DIV (0.85 cm/DIV) OF CRT AND WITH VIEWING HOOD 
4REDUCED SCAN: CENTER 8 x 10 DIV AT 0.45 cm/DIV 
5·5000 OR 7000 SERIES MAINFRAME PRICE; VERTICAL· AND HORIZONTAL-AMPLIFIER PLUG-INS EXTRA 
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Furnishing 100-MHz dual-trace transfer-storage performance, 
Philips's $6395 Model PM 3266 (a) can store signals for 3 to 8 sec in 
its fast mode and for 1 hr in Max Write mode. The $3395 Model PM 
3234 (b) provides 10-MHz bandwidth and incorporates a dual-beam 
design that eliminates waveform distortion caused by chopper 
circuitry. 

April that an HP salesman had offered him the 
digitizing package-Option 860-for less than $3500, 
with delivery in 8 to 10 wks. Option 860 reportedly 
consists of two pc boards that plug into a basic 1980A. 

Among other manufacturers, Gould, Philips and 
Tektronix have all introduced digital-storage scopes 
since last spring, and with this plethora of new 
products, as well as the variety of more mature 
instruments, come some tough choices. 

Front panels show different design approaches 
Differences among the offerings begin right at the 

instruments' front panels. One look at the Time Per 
Point knob on Explorer Series instruments from 
digital-scope pioneer Nicolet, for example, leaves no 
doubt in your mind that you're dealing with a digital 
instrument. Knowledge that a scope's horizontal axis is 
made up of 512, 1024 or 2048 points (depending on the 
model) allows you to determine the total sweep time. 

Gould, Philips and Tektronix, on the other hand, have 
chosen the traditional front-panel labeling used on 
analog scopes for their digital instruments; you'll find 
the familiar Time/Div knob on these manufacturers' 
digital scopes. 

You might consider such differences in labeling 
conventions relatively minor. (Scope manufacturers, 
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Weighing 3.5 lbs and measuring 3 x 25 x 29.5 in., the 500-kHz 
dual-trace Model 214 from Tektronix is the smallest available storage 
scope. Its bistable CRT achieves a 0.5-divl µ,sec (0.52 cm/div) stored 
writing speed and storage times to 1 hr. 

Dual-beam performance highlights Tektronix's Model 5113, which 
features split-screen bistable operation and writing speeds to 0.25 
cml µ,sec with an optional fast-writing-speed CRT. Standard writing 
speed equals 25 cmlmsec. 

however, consider them anything but.) The Nicolet 
controls might take some getting used to, but they do 
prompt you to keep in mind such digital-scope-related 
problems as aliasing (EDN, March 18, pg 134) when 
using the instrument. The major differences among 
digital-storage scopes, though, lie behind the front 
panel. 

Some digital scopes include analog capability 
Your first behind-the-panel choice in selecting a 

digital-storage scope is whether or not you want 
nonstorage analog operation along with the instru
ment's digital capability (Fig 2). Gould and Tektronix 
offer such analog performance on some digital-scope 
models-indeed, Tektronix's Model 468 is basically the 
firm's 100-MHz nonstorage Model 465 with 25M
sample/sec digitizing and memory capability added. 
Digital scopes from Nicolet and Philips, however, let 
you monitor only digitally processed information. 
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Interpolation techniques 
vary with manufacturer 

One advantage of incorporating nonstorage operation 
in a digital scope, explains Tektronix lab-scopes product 
marketing manager Jim Geissinger, is that you can use 
Model 468's full 100-MHz capability when you don't 
need storage, rather than be limited to the 10-MHz 
USB of the scope's digital portion. Furthermore, even 
when you're using the digital-storage feature, you can 
switch to the analog mode to ensure aliasing isn't taking 
place. 

Philips oscilloscope product manager Hans Toorens, 
however, says his firm has decided to concentrate on 
extending Model PM 3310's digital capabilities- such as 
permitting digitizing of repetitive waveforms to 60 
MHz (Fig 3)-rather than incorporating analog non
storage operation. He points out that aliasing generally 
results in an unstable waveform display that an 
operator can identify without using analog capability, 
and he recommends approaching the desired sweep
speed setting from a scope's maximum sweep speed to 
further aid recognition of aliasing. 

Sampling rate might not equal digitizing rate 
Other factors you should consider in choosing a 
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Fig 2-The simplified block diagram of one channel of Gould's 
Model D504000 (a) illustrates that the scope provides a choice 
of analog nonstorage operation or digital-storage capability. The 
diagram of Philips 's Model PM 3310 (b), however, illustrates that 
this scope furnishes only digital-storage operation. Note that the 
P2CCD (profiled peristaltic charge-coupled device) can sample 
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the incoming analog waveform at 50 MHz and store these 
samples for subsequent digitizing by the 78-kHz AID converter 
on receipt of a trigger pulse. The ADC can directly digitize the 
incoming signal with sweep time set at 5 msecldiv or less. An 
8085 µP supervises the scope 's internal operation_ 
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AMPLITUDE 

T+T 2(T + T) 

Fig 3-This sampling technique can digitize repetitive wave
forms with frequencies higher than the sampling rate . In this 
example, the first sample of a waveform of period T is taken at 
the initial trigger point at t= O. The second trigger point occurs 
one period later at t= T, but the second sampling is delayed until 
a time •after this trigger point; thus, the second sampling occurs 
at t= T+ T. The sampling time is then delayed 2T after the third 

digital-storage scope include the instrument's sampling 
rate, digitizing rate and method of presentation of the 
digitized information. 

The first two parameters might appear the same, but 
they actually connote considerably different perform
ance features. In some cases, they indeed have the 
same value. For example, Tektronix's Model 468 can 
sample and digitize at 25 MHz; thus, the scope can 
display the continuously digitized input signal in real 
time. 

Philips's Model PM 3310, however, digitizes at only 
78 kHz but can sample at 50 MHz. In this scope, a 
profiled peristaltic charge-coupled device (P2CCD) can 
sample the input waveform at the 50-MHz sampling 
rate. It acts as a sort of "analog shift register" or 
"bucket-brigade" device that stores 256 analog levels, 
clocked into it at the sampling rate. If no trigger 
condition is present, a new analog value clocks into the 
P2CCD each sample time, and the oldest sample stored 
in the device becomes lost. However, when a trigger 
condition occurs (the scope has a digital-delay function 
that permits positioning of a stored waveform relative 
to the trigger), the P2CCD stops receiving new analog 
data, and the 78-kHz AID converter can then take its 
own sweet time-12.82 µsec/sample-in digitizing the 
analog information stored in the P2CCD. 

One drawback to this approach is that at high sweep 
speeds, the P2CCD can't accept new analog data during 
the 3.3-msec digitizing period; thus, the instrument has 
a blind spot between allowable triggers. The scope's 
display alway~ represents the P2CCD contents at the 
last trigger point, rather than the current waveform 
condition, except for sweep speeds of 5 msec/div and 
less. At these speeds the P2CCD is not used; the ADC 
digitizes the input in real time. 

Note that despite a scope's maximum sampling-rate 
capability, the actual sampling rate used during 
operation depends on the sweep-speed setting. For 
example, Philips's Model PM 3310 must fill one of its 
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ARBITRARY REPETITIVE WAVEFORM 

3(T + T) 9(T + T) 

trigger point so that the third sampling occurs at t= 2(T-'- T) , and 
so on. If T = T/10, at least 10 repetitions of the initial waveform are 
required to digitize one cycle. The trigger time and the accuracy 
of the , delay are critical, but the sampling rate can be less than 
1 sample per cycle. This technique allows Philips 's Model PM 
3310 to store repetitive waveforms with frequencies as high as 
60 MHz with its 50-MHz sampling capability. 

256-byte memories each sweep. Thus, at a 5-msec/div 
sweep speed (corresponding to a 50-msec total sweep 
time), it must obtain a sample every 0.2 msec, 
corresponding to a 5.12-kHz sampling rate. 

With an alternative approach, Tektronix's Model 468 
includes an Envelope mode (EDN, February 18, pg 115) 
that initiates sampling at a much faster rate than called 
for by the sweep-speed setting. The scope then displays 
and stores both the maximum and minimum waveform 
values it detects for each horizontal point required by 
the sweep-speed setting-a capability that lets you 
display a large time chunk of a waveform and still 
detect glitches that might otherwise have occurred 
between sample points. 

Interpolation techniques affect display 
In addition to considering sampling techniques and 

rates, you should also consider the way a digital scope 
uses the sampled and digitized information. Although 
the Nyquist criterion allows you to accurately recon-

. struct any waveform with frequency components as 
high as half the sampling frequency, your eye can't 
readily reconstruct a sine-wave cycle from only two or 
three samples. This shortcoming stems from perceptual 
aliasing-the visual tendency to connect displayed dots 
based on their relative distances from one another, 
rather than to fit a sinusoidal curve to them. 

In order to obtain a suitable visual presentation of a 
sampled waveform, then, you need at least ten samples 
per cycle, according to most scope manufacturers. 
Thus, a digital-storage scope's useful storage band
width is one-tenth the sampling frequency. 

More specifically, Tektronix defines USB this way: 
USB=(maximum digitizing rate)/K 

where K is 25 for a dot display, 10 for a vector 
(connect-the-dots-with-straight-lines) display and 2.5 
for a sinusoidal-interpolation display-one that fits a 
sinusoidal curve to the waveform's sampled points. 
Thus, the Tektronix Model 468's 25-MHz sampling rate 
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On-board processing 
can aid in data analysis 

gives it a 10-MHz USB with the user-selectable 
sinusoidal-interpolation function and the 2.5-MHz USB 
with the vector function. 

Philips's Toorens, though, disagrees with Tektronix's 
sinusoidal-interpolation philosophy. After all, he asks, 
if you know you're looking at a 10-MHz sine wave, why 
bother looking at it? His firm specifies USB only in 
terms of one-tenth the sampling frequency; thus, Model 
PM 3310's 50-MHz sampling rate yields a USB, with 
vector interpolation, of 5 MHz. 

When attempting to choose a digital-storage scope, 
then, you won't find definite yes or no answers to 
questions regarding the validity of such functions as 
sinusoidal interpolation. For example, Tektronix's 
Model 468 does present a more pleasing picture of a 
10-MHz sine wave than Philips's Model PM 3310. On 
the other hand, the Tektronix scope also presents the 
problem of deciding when to select the sinusoidal or 
vector interpolation-when monitoring an arbitrary 
waveform, you might have trouble telling which 
interpolation algorithm is providing the most accurate 
waveform picture. Moreover, if you're transmitting 
digitized waveform information to a computer for 
processing according to your own algorithms, the 
Philips scope delivers twice as much information. 

Resolution needs depend on application 
Other factors to consider when selecting a digital

storage scope include resolution and data-handling 
capabilities. 

If you're choosing a digital scope primarily to replace 
an analog-storage unit, your resolution requirements 

will be relatively modest. Most analog-scope users can 
resolve only about 1 mm on a CRT screen
apprgximately 1 to 2% of full scale, roughly equivalent 
to 6-bit resolution. Thus, the 8-bit resolution found on 
many digital-storage scopes should prove more than 
adequate. 

Keep in mind, though, that digital scopes let you 
zoom in on (magnify) portions of a stored waveform. 
Under such magnification, additional bits of resolution 
can prove advantageous, even if your signal analysis is 
purely visual. If you are transmitting waveform data to 
a calculator for external processing, for example, your 
requirements might well dictate a need for more than 
eight bits of resolution. Nicolet's Explorer Series now 
offers the highest resolution-to 12 bits vertical and to 
2048 points horizontal-and Gould's Model DS04200 
offers 10 - bit vertical and 4096 - point horizontal 
resolution. 

If your requirements call for external signal process-
. ing, consider the digital interfaces provided with 
various scopes. For example, Gould's Model DS04020 
supports an optional GPIB interface, and Nicolet's 
Explorer Series instruments feature GPIB, RS-232 and 
12-bit parallel binary interfaces. One Nicolet model 
even includes a built-in disk drive that can store 32 
waveforms per disk. 

On-board processing aids data analysis 
If you don't have a computer available for waveform 

processing but need to determine such parameters as 
rise time, rms values or averages, scopes such as 
Tektronix's Model 7854 might suit your needs. Key
stroke programming via a calculator-style keyboard 
lets you tailor the 400-MHz instrument to your 
measurement tasks. And even if you do have access to a 
central computer for waveform analysis, Model 7854 
can perform distributed processing tasks; it can calcu-

DIGITAL-STORAGE SCOPES 
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SAMPLING MEMORY NONSTORAGE 
MANUFACTURER MODEL RATE SIZE BANDWIDTH PRICE COMMENTS 

(MHz) (BITS) (MHz) 

GOULD DS04000 1.8 8 x 1024 10 $4100 
DS04020 2 8 x 4096 10 $4700 
DS04040 10 8 x 5120 25 $5700 4-TRACE CAPABILITY AT 1280 POINTS PER 

TRACE 
DS04100 1 8 x 1024 - $3100 
DS04200 0.8 10 x 4096 - $3700 

NICOLET EXPLORER I 1 12 x 4096 - $3990 
EXPLORER II (1) 12 x 4096 - $3200 
EXPLORER Il l (1) 12 x 4096 - $5200 INCLUDES DISK DRIVE 

PHILIPS PM3310 50 8 x 1024 - $6395 SAMPLING TO 60 MHz 

TEKTRONIX 468 25 8 x 1024 100 $5600 CHOICE OF VECTOR OR SINE-WAVE INTER-
POLATION 

5223 12 10 x 10243 
0.54 

10 $4995 USES 7000 SERIES PLUG-INS; ON -BOARD 
7854 10 x 1024 4005 $10,500 DIGITAL PROCESSING 

NOTES: 
1 $1700 MODEL 201 ·2 PLUG-IN PROVIDES 0.2-MHz DIGITIZING AT 12-BIT RESOLUTION (2-CHANNEL) 
$3900 MODEL 204-A PLUG-IN PROVIDES 20-MHz DIGITIZING AT 8-BIT RESOLUTION (2-CHANNEL) 
$1750 MODEL 206·1 PLUG-IN PROVIDES 2-MHz DIGITIZING AT 12-BIT RESOLUTION (1-CHANNEL) 
$2600 MODEL 206·2 PLUG-IN PROVIDES 2-MHz DIGITIZING AT 12-BIT RESOLUTION (2-CHANNEL) 

2REQUIRES $775 MODEL 5B25N TIME-BASE PLUG-IN 
31024 WORDS PER VERTICAL COMPARTMENT, REQUIRES 5000 SERIES PLUG-INS 
4WITH EXTERNAL CLOCK 
SSCOPE CAN DIGITIZE REPETITIVE WAVEFORMS TO FULL NONSTORAGE BANDWIDTH 
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late the waveform parameters needed by the main
frame and then transmit each parameter as a 1-number 
answer-rather than, for example, as a 256 x 8-bit 
description of the entire stored waveform. The instru
ment transfers data via the IEEE-488 bus; you can also 
perform all keyboard-programming functions via the 
bus. You can't, however, control front-panel settings 
via the bus, although a GPIB controller can monitor 
these settings and instruct a user to manually make the 
correct ones. 

Philip~'s Model PM 3310 carries GPIB capability one 
step further. It can transmit data over the bus, and it 
also permits complete front-panel control via the bus 
(with the exception of trigger selection). It can't, 
however, calculate and send waveform parameters such 
as rise time, as can Model 7854; rather, it transmits 
only raw waveform data. 

(Some GPIB-programmable scopes can't transmit 
any measurement data at all over the bus. HP's 
nonstorage Model 1980A, for example, features com
plete front-panel GPIB programmability but no bus
related data-output capability. It relies on an operator 
to visually interpret the CRT display and reflects the 
premise that in some cases, such visual waveform 
interpretations can yield results more rapidly than 
computer analysis.) 

The options widen 
In the future, you can expect to see digital-storage 

scopes that will further broaden your selection options. 
An example of this trend is Gould's recent introduction 
of three digital-storage scopes in its DSO line. Before 
this introduction, the line consisted of the $4100 Model 
DS04000 (providing 1.8-MHz sampling, 10-MHz real
time operation and a 1024x 8-bit memory) and the $3100 
Model DS04100 (featuring 1-MHz digitizing and a 
1024x 8-bit memory). 

The new scopes include the $4700 Model DS04020, 
which furnishes 10-MHz real-time operation, a 2-MHz 
digitizing rate and a 4096 x 8-bit memory. A second 
instrument is the $5700 Model DS04040, which offers 
10-MHz digitizing, 25-MHz real-time operation and a 
5120 x 8-bit memory. ·And you can also choose the $3700 
Model DS04200, which provides 0.8-MHz digitizing and 
a 4096 x 10-bit memory. 

All of these instruments use straight-line dot joining 
and permit dual-channel · display; Model DS04040 
exhibits 4-trace capability at 1280 horizontal points per 
trace. All versions except Models DS04100 and 
DS04200 include a Roll mode, and all offer at least 25% 
pre-trigger capability and x 10 vertical expansion. 
Some allow pre-triggering to 100% and x 40 or x 50 
vertical expansion; Model DS04200 permits x 10 hori
zontal expansion. 

Expect other manufacturers to follow suit in expand
ing the range of digital-storage scopes. In addition to 
Hameg's low-cost instrument and Hewlett-Packard's 
digitizing option, look for at least one other major 
digital-storage-scope introduction by year's end. 

Other trends include the incorporation of digital-
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scope functions into other instruments. The most 
recent reflection of this trend is Biomation's (Santa 
Clara, CA) incorporation of 4-bit digitizing capability on 
the analog-input channel of its K500-D logic analyzer 
(EDN, March 18, pg 101). 

Ira Spector, president of San Jose , CA-based Para
tronics (the first firm to incorporate waveform digi
tizing in a logic analyzer), sees the combination of such 
functions as a trend toward total measurement sys
tems-multifunction, monolithic configurations that 
can each replace several benchtop instruments and 
eliminate interfacing problems. He points out that such 
multifunction instruments are more convenient to use 
and cheaper than individual instruments providing 
equivalent performance (EDN, June 5, 1980, pg 128). 

Spector adds, though, that merely packaging logic
analyzer and digital-scope functions in the same box 
isn't an optimum approach; he says the functions should 
work together to make measurements that are difficult 
to perform with individual single-function units. As an 
example , he cites measurement of the effect of a 
transmission line on a digital pulse; the logic-analyzer 
portion of Paratronics' Model 540 can monitor and 
trigger on the digital-pulse generation, then the 6-bit 
50-MHz waveform-digitizer channel can display the 
attenuated pulse appearing at the transmission line's 
other end. 

Indeed, you can consider digital-storage scopes 
themselves to be multifunction instruments-they 

NEXT 
TIME 

EDN 's June 24 issue will feature a Special 
Report on CMOS-envisioned by many in
dustry experts as the premier processing 
technology of the 1980s and now exploding 
into a variety of new product areas. Other 
highlights include articles on 

• Designing with current-mirror ICs 
• Implementing a color-graphics processor 
• Understanding the recently amended 

patent law 
• Using digital techniques in signal-proc

essing applications 

.. and much more. Also look for Technology 
Update stories on CAD/CAM developments 
and laser technology, plus our regular Design 
Ideas, A Question of Law and µC Design Tech
niques departments. You can't afford to miss 
this issue! 

EON: Everything Designers Need 
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NUCLEAR 
ENVIRONMENTAL 
QUALIFIED 
Switches 
and lndicaton 
Stacoswitch's lighted display switches and indicators are 
fully qualified to the requirements of l.E.E.E. Standards 
323-1974, 344-1975, and 381-1977. These rugged units, 
having successfully completed the nuclear environmental 
test program, including thermal aging , cyclic, seismic 
(fragility) , endurance, and seismic (generic), are qualified 
for use in Nuclear Power Generating Stations. 

Individual or matrix mounted switches with square or 
rectangular lighted display pushbuttons ... one to four 
message areas per switch pushbutton, one to one 
hundred switch stations per control unit are available as 
standard components . 2PDT or 4PDT circuitry , momen
tary or alternate switch action plus solenoid held or 
mechanical latchdown, and choice of termination types 
offer power plant designers important flexibility in meet
ing control system requirements . 

FREE! 
Design Catalog GC-6/2. 
Write today for fully illustrated 
catalog giving complete 
descriptions, dimensions, 
and specifications. 

f'loct~.~~~~ 
@Im (714) 549-3041 ·TWX: 910/595-1507 
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Other STACO Company products: Custom Transformers , STACO 
TRANSPOWER, Richmond , Indiana, Variable Transformers , STACO 
ENERGY PRODUCTS , Dayton , Ohio. 

CIRCLE NO 41 

Digital-scope technology 
aids logic-analysis tasks 

combine waveform digitizers or transient recorders 
(ED , December 15, 1980, pg 182) with displays and 
controls that make them more "friendly" than systems
oriented waveform digitizers. Biomation marketing 
manager Ed Jacklitch points out that a major emphasis 
of digital-storage-scope manufacturers has been to 
package digitizers in a user-convenient format-to 
make them look and work like standard oscilloscopes. 
Waveform digitizers, on the other hand, tend to be 
more difficult to use in benchtop situations, says 
Jacklitch; today the majority of these devices interface 
to computers rather than humans. 

Although Biomation is not involved in digital-scope 
manufacturing per se (except through parent Gould), it 
did pioneer the waveform digitizer with a 6-bit 10-MHz 
model, and it incorporates the technology in Model 
K500-D. Regarding multifunction instruments, Jack
litch agrees with Spector, noting "there is a growing 
perception that having a digitizer in a logic analyzer is 
the way to go." 

Beyond cost reductions, also look for manufacturers 
to add more convenience features to their digital
storage-scope offerings. For example, one industry 
expert suggests that incorporation of raster displays in 
the instruments would not only reduce package sizes, 
but might also open the door to such display enhance
ments as color. But he adds that for the short term, cost 
reduction should be the major thrust as digital-storage
scope manufacturers design instruments that are 
increasingly competitive with their analog-storage 
counterparts. Indeed , he points out that a price/per
formance breakthrough in AID conversion would 
be devastating to analog-storage scopes. EDN 

Manufacturers of storage oscilloscopes 
For more information on analog- or digital-storage scopes, 
contact the following manufacturers directly. 

Gould Instrument Div 
(Digital-storage scopes) 
3631 Perkins Ave 
Cleveland, OH 44114 
(216) 361-3315 

Hameg Inc 
BB-90 Harbor Rd 
Port Washington, NY 11050 
(516) BB3-3B37 

Hewlett-Packard Co 
1507 Page Mill Road 
Palo Alto , CA 94304 
Phone local office 

Kikusui International Corp 
17121 S Central Ave 
Suite 2M 
Carson, CA 90746 
(213) 63B-6107 

Nicolet Instrument Corp 
Oscilloscope Div 
5225 Verona Rd 
Madison , WI 53711 
(60B) 271 -3333 

Philips Test and Measuring 
Instruments Inc 
B5 McKee Dr 
Mahwah, NJ 07430 
(201) 529-3BOO 

Tektronix Inc 
Box 1700 
Beaverton, OR 97075 
(BOO) 547-6711 ; 
in OR, (BOO) 542-6773 
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Nicolet digital oscilloscopes 
offer you resolution, precision, 
dynamic range and transient 
capture capabilities unobtainable 
on analog oscilloscopes. They 
are simple to operate and yet 
extremely versatile. 

Signals can be viewed live, 
continuously compared to a 
reference waveform or stored 
for detailed examination. 
Continuous, normal and pre
trigger operation are offered as 
standard and in all modes cursor
interactive time and voltage 
coordinates can be displayed 
concurrently with the signal. 
Stored waveforms can be dis
played or plotted in XY or Yr 
format, transferred to internal 
disk memory for permanent 
storage or output to other 

Expansion of selected area in above photo, 
for detailed analy sis. 

In addition to offering you 
the performance you would 
expect from the industry leader, 
Nicolet digital oscilloscopes are 
extremely well proven with thou
sands in effective use throughout 
the world. 

Find out how Nicolet can help 
you solve problems and see things 
you've never seen before. 

For more information, simply 
circle the reader service card 
or call 608/ 271-3333. Or write: 
Nicolet Instrument Corporation, 
5225 Verona Road, Madison, 
Wisconsin 53711. 

NICOLET 
INSTRUMENT 
CORPORATION 
OSCILLOSCOPE DIVISION 

Sales and Service Offices Worldwide 





Now the logic is clear ... 
B&K-PRECISION is the new 
choice for logic analyzers. 
Announcing a new line of logic analyzers 
ready to face all comparisons. 

The very latest word in logic analysis is 
B&K-PRECISION. Not just another "L-A" 
line, B&K-PRECISION's new instruments 
offer real user advantages. 
Both new analyzers, the LA-1020 and 
LA-1025, are 16 channel, 20MHz 
instruments. In addition to logic analysis, the 
LA-1025 "Digital Systems Analyzer" offers 
the added capability of signature analysis. 
Signatures are displayed in industry-accepted 
coding for modified hexadecimal format. The 
LA-1025 is also capable ofrecording the 
occurrence of unstable signatures. 

An important feature of both instruments is 
the ability to present data in both state and 
time domain formats. State data is formatted 
in a user selected code ... binary, octal, 
decimal or hexadecimal and displayed via the 

integral 12-digit LED display. Timing 
diagrams of 16 channels by 16 words can 

be displayed on most oscilloscopes. 
The front panel controls provide 

excellent interactive capability, and 
complete control over a powerful 

measurement system. After 
hearing industry complaints 
of unnecessarily complex 

logic analyzer operation, 
B&K-PRECISION 

engineers devoted a 
considerable amount of 
design time to 

maximizing the 
instruments' ease-of-use 

and efficiency. The results are 
impressive. Not only is set-up time faster 

than on competitive instruments, but the new 
B&K-PRECISION instruments reduce the chance 
of user set-up errors. 

Model LA-1020 $2075 Model LA-1025 $2475 

Circle no. 43 for additional information 
Circle no. 44 for demonstration 

A new trigger system was developed for these 
instruments. An 18-bit pattern recognition trigger is 
used to initiate storage into the 16-bit x 250 word 
system memory. Sixteen qualifiable channels are 
featured, plus two additional qualifiers to aid in 
meeting unique trigger requirements. Convenient 
front panel switches select a logic l, 0 or" DON'T 
CARE" for all 18 inputs. 

Trigger event and/or clock delays can be rapidly set 
from 0 to 999. The trigger word may be located 
anywhere within the 250 word memory. This 
provides PRE, POST and variable PRE/POST 
trigger recording. 
The LA-1020 and LA-1025 interface to the circuit 
under test through two Model LP-1, TTL 
compatible, probes or LP-2 CMOS probes. Trigger 
capability can be increased to 34 qualifiers by 
adding the optional LP-3 qualifier expander probe. 

An event pulse-output is provided on both 
analyzers , allowing interconnection of two units to 
expand system versatility to 32 channels, 67 
qualifiers, at speeds to lOMHz. 
B&K-PRECISION's LA-1020 and LA-1025 are 
available now for delivery or demonstration. If 
you're currently using logic analysis or considering 
a system, call B&K-PRECISION toll-free at 
800/621-4627 for a no-obligation demonstration. It's 
the only way to see the clear choice. 

For service applications, 
theSA-1010 
Signature Analyzer 
is the time saving choice. 

Model SA-1010 $825 

(Price includes a set ofuserordered 
probes , additional probes available 
as accessories). 

~DYNASCAN 
~CORPORATION 

6460 w. Cortland Street• Chicago, IL 60635 • 312/889-9087 
International Sales, 6460 W. Cortland Street, Chicago, IL 60635• Canadian Sales, Atlas Electronics, Ontario 



When you plug in an Everett/Charles Test Equipment Series 
55 Shorts and Continuity Test System, you automatically find 
circuit opens, shorts or faulty resistors. It' s that easy. 

Self-programmed from a known good board, the Series 55 can test 
over 1,600 assemblies in eight hours, 2048 test points in less than 
seven seconds - including handling time. Auto dwell, auto ranging · 
and auto zeroing provide simplistic programming to make testing 
fast, operation simple. 

In addition, the Series 55 uses the highly dependable Series 33 test 
fixturing with interchangeable test heads. The same Series 3 3 test 
head can be used through the entire in-circuit and functional test 
process for reliable testing, with lower fixturing costs. 

When you plug in E/ C Test Equipment' s Series 55 Shorts and 
Continuity Test System, you plug into loaded board testing that's 
easy, fast and cost effective. 

Everett/Charles Test Equipment, Inc., 2887 North Towne Avenue, 
Pomona, CA 91767 , (714) 621 -9511 , TWX 910-581-3838. 
Everett/Charles lntemational, Inc.: USA (714) 625-1596, 

When positioned after flow soldering and prior to in
circuit and/ or functional test equipment, the Series 5 5 
off-loads more complex equipment plus increases 
throughput. And as we all know, early detection of 
shorts and opens lowers manufacturing costs, speeds 
production. 

CIRCLE NO 45 

TWX 910-5811462; United Kingdom, Tel. (0462) 31341 , 
Everett/Charles Tix 826055 ; Germany, Tel. (06021) 21067, Tix 4188731 ; 
Test Equipment, Inc. Japan, Tel. (045) 242-2556, Tix 03823155 



Variable persistence 
aids signal display 

Variable-persistence oscilloscopes offer measurement advantages 
despite recent advances in their digital-storage counterparts. 

A look at variable-persistence theory and measurement applications 
helps put the technique in perspective with other storage methods. 

Michael Gasparian, Hewlett-Packard Co 

Variable-persistence oscilloscopes afford control over 
the perceived persistence of a CRT phosphor-you can 
thus tailor them to the characteristics of the signals 
you're measuring. Minimum settings allow you to 
simulate conventional-oscilloscope operation, while in
creased settings allow you to view bright, clear displays 
over a wide range of input-signal conditions. 

Many of these benefits result directly from the 
"light-integrating" effect of long-persistence settings
long persistence permits multiple sweeps to repeatedly 
stimulate the phosphor, generating brighter traces 
than possible with conventional oscilloscopes in many 
repetitive -signal applications . As a result, low
repetition-rate signals and slowly changing physical 
phenomena, which with traditional scopes are annoying 
to view and even more difficult to measure, quickly 
integrate with variable-persistence capability from a 
flickering waveform or a trace too dim to see to a bright 
display. 

Examples show the technique's advantages 
One common application that illustrates the variable

persistence technique's advantages is the examination 
of flip flops for setup and hold violations. In such cases, 
the output transition is of primary concern; you must be 
able to capture the full spectrum of valid and invalid 
transitions. As one approach, you might consider 
making single-shot measurements, using either an 
analog- or digital-storage oscilloscope. But although 
such procedures are useful in · looking at individual 
events, if an invalid transition only occurs once in 5000 
sweeps, their chances of capturing the signal are rather 
low- indeed, the invalid state might not occur at all. 

persistence phosphor commonly used in those scopes. 
On the other hand, a variable-persistence oscilloscope's 
continuously variable settings allow multiple-sweep 
presentations to display events that might only occur 
once or twice in several thousand sweeps. This 
multiple-trace retention provides an account of the full 
spectrum of transitions that take place. 

Another application that illustrates variable
persistence scopes' capabilities involves monitoring a 
µP data bus during a read cycle. During such a cycle , a 
faulty component might occasionally attempt to com
pete with a good one in an effor t to drive the bus, 

Thus, with a conventional oscilloscope, you would ' 
have a difficult time displaying such problem transi- Variable-persistence oscilloscopes such as Hewlett-Packard's 

Model 17 41 A perform the electronic equivalent of finding a needle in 
tions, because random events mixed with repetitive a haystack-they can sort out one wayward signal from several 
signals are difficult to observe with the short- thousand sweeps. 
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Variable-persistence scopes 
suit random-event capture 

resulting in a bus conflict. This conflict in turn results in 
neither a HIGH nor a LOW, but rather an indetermi
nate state (Fig 1). 

Note that during the bus-read cycle, the logic levels 
present on the data bus (lower trace) are mostly valid 
HIGH or valid LOW during the read strobe (upper 
trace). However, when two devices incorrectly respond 
to the same read strobe, one attempts to drive the 
data-bus signal HIGH while the other simultaneously 
attempts to drive it LOW. Because this condition 
occurs rarely, the information would be difficult to 
extract with a standard or digital-storage oscilloscope. 
A variable-persistence instrument, though, readily 
uncovers it. 

Another bus problem that a high-persistence setting 
can detect is the failure of a device to respond to a 
CPU-invoked read cycle. Such phenomena can be 
captured only at a very high persistence setting 
because of their extremely low repetition rate. This 
problem is frequently termed a "floating'' -bus condition 
and occurs during the read strobe, as indicated by a 
faint RC-time-constant trace (Fig 2). 

Variable persistence suits random-event capture 
To see how variable-persistence scopes stack up 

against their digital-storage counterparts, consider 
how the latter instruments would handle the examples 
just cited. Some of the techniques available with digital 
oscilloscopes can be useful, but in attempting to capture 
random events, such as floating-bus conditions or 
invalid logic states, these instruments' averaging and 
envelope modes are of little use. · Averaging techniques 
merely average a random event out as if it were noise. 
And although envelope modes (EDN, February 18, pg 
115) are useful in capturing maximum excursions riding 
on a waveform, this technique is not effective in 
attempting to view transitions occurring between logic 
levels; the envelope masks any information between 

· valid logic levels. 
The value of variable persistence is also illustrated by 

certain timing measurements-even those with jitter. 
The amount of jitter associated with a signal is often 
the key to a timing relationship. And you can measure 
jitter-often a process more like a guess than a 
measurement-with a high-persistence multiple-sweep 
display (Fig 3) that clearly defines the area of jitter. 

Variable persistence-its origin and operation 
Some basic physics explains the technique that 

permits measurements such as these. Phosphors gener
ate photon energy by means of electron excitation. This 
photon energy consists of a primary emission, which 
occurs at the time of the excitation, and a secondary 
emission of photon energy that continues after the 
stimulus is removed. The duration (persistence) of the 
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secondary em1ss10n frequently characterizes phos
phors. Standard oscilloscope phosphor (P31) decays to a 
10% light-output level in about 38 µsec and a 1 % level in 
250 µsec. ' 

Ideally, you would obtain the best trace display by 
interchanging phosphors to compensate for sweep 
speeds, repetition rates and other signal characteris
tics. Obviously, this is not a practical solution; there
fore, scope manufacturers have developed an artificial 
method of changing persistence. Superficially, using 
this variaWe-persistence capability involves combining 
the Persistence, Intensity and Brightness controls to 
dictate a phosphor's perceived persistence. 

The technique appears easy to implement, but 
variable-persistence storage oscilloscopes have always 
been surrounded by an atmosphere of mystery. Trace 
blooming, the most apparent problem, has complicated 
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Fig 1-Monitoring a µP data bus (lower trace) during a read strobe 
(upper trace) shows that a high-persistence setting easily captures 
the data-bus-conflict condition between the logic levels (arrow). 

the display of a sharp, well-focused trace, and potential 
CRT damage has always lingered in the background as 
a worrisome possibility. 

Enhancements developed to deal with these prob
lems include Hewlett-Packard's autointensity circuit, 
introduced in 1979. This circuit permits a variable
persistence fast-writing-speed storage oscilloscope to 
act like a general-purpose instrument. It uses the 
CRT's beam-current value in a feedback loop to clamp 
the gate voltage at high-intensity settings. The circuit 
satisfies two goals: The gate voltage is clamped to 
minimize blooming, and you need be less concerned 
about burning the storage mesh. These contributions 
make variable-persistence storage oscilloscopes with 
fast writing speed and high light-integrating capability 
much easier to operate. 

The operation of the autointensity circuit is a function 
of the CRT beam current, the mode selected and the 
sweep-speed setting. In Single Shot mode, the high
intensity settings are preserved for fast stored writing 
speeds and easy viewing. However, in repetitive 
Variable Persistence mode, intensity is limited as a 
function of the sweep speed and CRT beam current. In 
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summary, the circuit provides maximum intensity 
when needed and automatically limits intensity in 
repetitive modes to prevent blooming and burning. 

Storing an image 
Three steps combine to form the storage process: 

storage, projection and image erasure. Understanding 
the general concepts involved in these steps helps in 
understanding the concept of variable persistence. 

A stored image results when the electron write beam 
interacts with the storage surface. The beam's vertical 
posit ion and intensity contain all the input-signal 
information at a particular time. This information gets 
transferred to the storage surface, which consists of a 
fine wire mesh covered with dielectric material and in 
turn serves as the actual medium where the informa
tion transfer occurs. 

Fig 2-Very high persistence settings extract a floating-bus 
condition (arrow) that could go unnoticed with conventional oscillo
scopes. 

The ability to differentiate between the areas that 
are hit by write-beam electrons and those that are not 
is the key to the storage process. Imagine three 
primary electrons hitting the storage surface with 
enough energy to dislodge three other electrons. The 
net effect of the interaction is zero; the charge has 
remained constant. However, if the same three elec
trons hit the storage surface with a great deal more 
energy, six electrons might be dislodged, creating a 
highly localized net positive charge. This phenomenon, 
termed the secondary-emission principle (Fig 4), 
provides a means of image differentiation through 
potential differences on the storage mesh. The secon
dary-emission ratio quantifies the process; it's defined 
as the average number of secondary electrons emitted 
from a bombarded material as a function of primary 
electron energy. In a storage CRT, the primary 

Fig 3-Jitter is clearly defined and easily measured using 
variable-persistence measurement techniques. 

STORAGE 
DIELECTRIC 

SURFACE 
SECONDARY 

6= EMISSION = 1 
RATIO 

PRIMARY o· 0 0 :::[] ELECTRONS 

SECONDARY 0 r:"\ 0 
ELECTRONS \J 

o o o--n 6=2 
000~ 
000 

0 0 0:==0 ·~, 
000 
000 
0-0 0 

Fig 4-The secondary-emission ratio (o) is defined as the average number of secondary electrons emitted from a bombarded 
material as a function of primary-electron energy. 
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Image-storing process 
consists of three steps 

storage surface to accept new information from the 
write beam. 

electrons accelerated from the write gun possess a 
great deal of energy, resulting in a secondary-emission 
ratio of approximately 10. 

The erase process starts with application of a high 
voltage on the entire storage mesh. This voltage 
accelerates the flood-gun electrons with enough energy 
to create a secondary-emission ratio greater than one, 
producing a net positive charge on the entire storage 
surface and forcing both written and unwritt en areas to 

Thus, a storage CRT's high-energy write-gun elec
trons create a highly localized net positive charge 
wherever the beam strikes the storage surface . Writ
ten and unwritten areas can then be easily differentiat
ed through the potential differences on the storage 
surface. 

Projecting the stored image 
In this process, low-velocity flood-gun electrons 

reacting differently to written and unwritten areas on 
the storage surface project the stored image to the 
phosphor. The CRT's collimator forms these electrons 
into a uniform cloud; they are then accelerated toward 
the storage surface. The electric fields of the written 
areas permit electrons to penetrate the storage mesh, 
while electric fields associated with unwritten areas 
repel electrons, resulting in a "flashlight effect" (Fig 5). 

Once through the storage mesh, the flood-gun 
electrons see the high voltage of a post accelerator and 
accelerate to the phosphor screen. They strike the 
phosphor with enough energy to excite the phosphor, 
produce photon emission and display the stored trace. 

Erasing the image 
The erase cycle is both the initial and final phase of 

the storage process. Initially, this cycle erases any 
stored image, and finally, it sets the sensitivity of the 

Fig 5-Electric fields of a scope 's written areas permit 
flood-gun electrons to penetrate the storage mesh and 
continue to the phosphor, while electric fields associated 
with unwritten areas repel these electrons. 
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Using stored writing speed successfully 

A stored-writing-speed specifica
tion defines the maximum beam 
velocity that a scope can capture 
and display on a single-shot basis. 
To simplify comparisons among 
oscilloscopes, it's convenient to 
express writing speed in centime
tres per microsecond, eliminating 
any ambiguity regarding division 
size. Determining whether a par
ticular storage oscilloscope can 
capture a specific single-shot sig
nal is relatively easy: Calculate 
the maximum signal-spot velocity 
and compare ·it with the specified 
writing speed. 

Here's how to calculate the 
maximum spot velocity of a sin
gle-shot sine wave and the transi
tion time of a pulse. Make all 
writing-speed measurements 

using a viewing hood to avoid 
variations in perceived writing 
speeds arising from different am
bient-light conditions. 

You can convert writing speed 
in centimetres per microsecond to 
divisions per microsecond by di
viding the first figure by the grati
cule division size in centimetres. 
For example, the HP Model 
1727A has 0.72-cm/div graticule 
markings with a 2000-cm/µsec 
stored writing speed ; therefore , its 
stored writing speed equals 2778 
div/µsec. 

When a beam writes a sine 
wave, the vector spot velocity (V) 
is composed of a vertical (Vy) and 
a horizontal (Vx) component, relat
ed through 

V = v V/ + V/ . 

Vertical displacement (y) is de
fined as 

y= Asin(2Tift)/2; 
therefore, 

dy/dt= Vy= ATifcos(2Tift) . 
Maximum spot velocity occurs at 
the point (8) where cos(2Tift) = 1. 
Therefore, 

Vy(max) = ATif. 

v 

When a CRT beam writes a sine wave, 
the vector spot velocity (V) is composed of 
a vertical (Vy) and horizontal (VJ compo
nent. 
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__.-FLOOD GUN 

----- COLLIMATION LENS 

Fig 6-An expansion-type storage CRT combines a small precision storage mesh with a static-electric-field lens system to achieve 
high writing speeds in both Variable Persistence and Single Shot modes. 

the same potential, eliminating any differentiation. Variable persistence involves slow erasure 
After this high-voltage step, the storage surface 

returns to a nominal voltage and is prepared for writing 
new information. The Brightness control, which regu
lates the voltage on the storage mesh, establishes the 
mesh's sensitivity. 

The principle underlying variable-persistence opera
tion in a storage scope is relatively simple. Imagine a 
stored image being projected to the phosphor. So long 
as that image remains stored, it continues to be 
displayed on the face of the CRT. But if that stored 

Horizontal spot velocity is con
stant and equals the inverse of the 
time-base setting (divisions per 
microsecond). Therefore, when f 
is measured in megahertz, 

V(max) 

= V(A7Tf} 2 + (1 /(µ.sec /div}}2
. 

A 

When calculating maximum spot veloc
ity for single-shot pulse measurements, 
assume that the quantity equals the aver
age velocity between a waveform 's 10% 
and 90% points. 
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When several cycles (approxi
mately 10) are displayed on 
screen , the horizontal-spot
velocity component is small with 
respect to the vertical component 
and can be neglected. In this 
example, 

V(max) = A rrf. 
When a beam traces a single

shot pulse (assuming that the 
maximum spot velocity equals the 
average velocity between the 10 
and 90% points), 

Vy= O.BA!f 
where T is the observed rise time 
for most oscilloscopes: 

Because horizontal spot velocity 
is constant, 

V(max) = 

f( 0.8A) 
2 

( 1 ) 2 

V Tabs + µ.sec/div 

0.8A f V V =-,=-- or y >> x· 
obs 

Note the relationship between 
signal amplitude and stored writ
ing speed . For example, a 275-
MHz sine wave, four divisions 
high at a sweep speed of 1 
nsec/div, generates a maximum 
velocity of 2590 cm/µsec, while 
the same signal three divisions 
high requires only 2000-cm/µsec 
writing speed. Understanding this 
tradeoff can result in significant 
savings in terms of an instru
ment's price and performance. 
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Expansion-storage CRTs 
use static-electric-field lens 

image is erased slowly, the image on the phosphor 
slowly fades away. This process results in a persistence 
that depends on the rate of erasure of the storage mesh. 

The erase process occurs through miniature erase 
pulses rather than one large standard erase pulse. 
These mini erase pulses slowly erase the stored image, 
and by varying their frequency, you can achieve 
diffei:ent persistence levels. The higher the frequency, 
the faster the erase process. In Hewlett-Packard's 
variable-persistence oscilloscopes, a 1-kHz pulse train 
corresponds to the minimum persistence setting (ap
proximately 100 msec). 

One mesh or two? 
In addition to exploring these storage and erasure 

techniques, consider one additional dimension-the 
techniques that storage scopes use to achieve fast 
stored writing speed. Basically, two technologies exist 
today-€xpansion storage and transfer storage. Each 
technique can achieve fast, single-shot writing speeds; 
however, the methods of capture and display in each 
case are radically different. Applications for each 
technique emphasize the merits and limitations of each 
approach. 

Expansion storage achieves its fast writing speed by 
combining a miniature precision storage mesh and an 
electronic lens system that magnifies and projects the 
stored image. The storage mesh is about one-fifth the 
size of the viewing screen and is sandwiched between 
the collector and accelerator meshes, directly in front of 
the deflection plates (Fig 6). Any image written on the 
storage mesh gets magnified by a static electric-field 
crossover-lens system and projected to the viewing 
screen. Extremely fast writing speeds are possible 
with expansion storage, and these speeds occur in both 
the Variable Persistence and Single Shot modes. 

Transfer storage, on the other hand, achieves its fast 
writing speed by using two meshes adjacent to the CRT 
phosphor. The write beam traces an image on the first 
mesh, an extremely sensitive one optimized for writing 
speed and usually called the fast mesh because it can 
capture fast write-beam slew rates. The high sensitivi
ty of this mesh allows a store time no greater than a few 
seconds; therefore, once the image is captured, it gets 
tr an sf erred to a bistable mesh for long store times. 

This method of storage offers very fast storage 
speeds and long storage times in Single Shot mode. The 
method of capture and display is to write (on the fast 
mesh), transfer (to the bistable mesh), erase (fast 
mesh) and reset to capture the next event. 

Three items dictate your choice 
Three key parameters can serve to determine which 

storage technique is most advantageous in your applica
tion: blind time, variable-persistence writing speed and 
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stored writing speed . . Consider them when evaluating a 
variable-persistence storage oscilloscope. 

Blind time directly affects a storage scope's ability to 
scan data streams for random events such as glitches, 
noise, coupling and other spurious signals. It depends 
on the storage technology used and can be as short as 
that of a conventional oscilloscope for variable
persistence storage and as much as six orders of 
magnitude longer for transfer storage. 

Indeed, although oscilloscopes using transfer-storage 
techniques achieve very fast single-shot stored writing 
speeds, they have blind-time limitations. This blind 
time arises from a combination of erase, transfer and 
reset times and is generally about 1 sec. Alternatively, 
oscilloscopes using the high-writing-speed variable
persistence storage technique achieve fast writing 
speeds in a variety of operating modes and have the 
same blind time as conventional instruments (it varies 
with sweep speed but is on the order of microseconds). 

Variable-persistence writing speed is often over
looked as a key specification when for many applications 
it's the most important one. Moreover, a technique 
exists for viewing signals with trace velocities greater 
than the variable-persistence writing speed. 

To illustrate this perceived increase in variable
persistence writing speed, consider the HP Model 
1727 A with variable-persistence writing speed of 2000 
cm/µsec and display time of 10 sec. Determine the 
number of signal repetitions occurring within the 
display time and then multiply by the variable
persistence writing speed. Then compute the maximum 
signal-spot velocity using the formulas for stored 
writing speed (see box, "Using stored writing speed 
successfully"). For example, a 275-MHz sine wave with 
a displayed amplitude of eight divisions has a maximum 
spot velocity of 5028 cm/µsec. It would appear that the 
signal is too fast to be captured. However, a clear 
display of this waveform only requires three sweeps of 
the signal during the display time of 10 sec (3 x 2000 
cm/µsec is greater than 5028 cm/µsec). EDN 
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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's and 
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 fill-in-the-blanks 
software. Just snap in the 
appropriate family board mod-

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 (617l 329-4700, 
Analog Devices, P.O. Box 280, 
Norwood, MA 02062. 

AND WE CAN I 

DEL~ . .: ,,~~ 
\'t.::::;fUVl""'itO;\"-~_;~ '\ t.~l ~\\,l\• 

ule and socket module, plug 
in the device and press "GO" -
the LTS-2000 does the rest. 
There's even a full-edit capabil
ity, so test parameters can be 
changed quickly and easily, 1111111111 ANALOG 

WDEVICES 

WAYOUI' IN FRONT. 
Analog Devices. Inc .• Box 280, Norwood, MA 02062; East coast: !617l 329-4700; Midwest: !312l 894-3300; West Coast: !714l 842-
1717; Texas: !214l 231-5094; Belgium: 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. 
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AIM 65. lhe professional's 
microcomputer. 

Printer, display, full keyboard. Under $500.00. 

For professional learning, 
designing and work, 
Rockwell's AIM 65 
microcomputer gives you an 
easy, inexpensive head start. 

• 20-column printer and 
display 

•Dual cassette, TTY and 
general purpose I/Os 

•R6502 NMOS 
microprocessor 
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• System expansion bus 
•Read/write RAM memory 
• Prom/ROM expansion 

sockets 
•Self-prompt interactive 

monitor firmware 
•Terminal-style keyboard 
• Options include: 

-Prom Programmer 
module 

-RM 65 standard modules 
and card cages 

For more on AIM 65 and 
how you can develop 
programs in assembly 
language, BASIC, PL/ 65 or 
FORTH, write Rockwell 
International, Electronic 
Devices Division RC55,P.O. 
Box 3669, Anaheim, CA 
92803. For location of nearest 
distributor or dealer call 
800-854-8099 (in California 
800-422-4230). 

Rockwell International 
... where science gets down to business 
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A LITTLE GOOD 
NEWS FOR 

DATA GENERAL OEMS. 
Look what we've put together for you. 

A desk top computer that doesn't take up the 
whole desk. 

It's called MPT. 
And look what's inside this little thing; 

a 16 bit microNOVA™ computer. 60 K bytes 
of memory. 80 column by 25 line screen. 
Full keyboard with 1 0-key numeric 
pad. And up to 716 KB of on-line 
storage on two 358 KB mini diskettes. 
(Also available with one diskette. 
Or none.) 

Out back you'll find an 1/0 bus 
that accepts the standard mi
croN OVA peripherals. 
As well as your own 
interfaces. And two syn
chronous/asynchronous 
communications ports, 
programmable to 19.2K baud. 
Standard. (We could go on about why 
that's an option on other systems. But don't get 
us started on that.) 

Also standard are power-up diagnostics 
that check out the whole system before it accepts 
your diskettes. So you and your software 
shouldn't be accused of hardware problems. 

MPT is upwards compatible with 
the microNOVA, NOVA® and ECLIPSE® 
computers you're probably using now. And 
because it uses a run-time version of MP/OS, 
you're going to be able to develop your software 
with your MP/OS and AOS operating systems. 
In PASCAL, FORTRAN, BASIC. 

You can get to work on your MPT 
software now. By calling your local Data Gen
eral sales office. Or writing us at MS C-228, 
4400 Computer drive, Westboro MA 01580. 

Or if you really want to move, you can pick 
one up at your local Data General industrial elec
tronics stocking distributor* this afternoon. 

You'll find MPT very easy to take. 
Partly because of the $4071 price (USA price, 
2 diskette version, OEM quantity 20). 
And partly because the whole thing weighs just 
30 pounds. 

Remember when you decided to become a 
Data General OEM? That was a very intelli
gent decision on your part. 

MPT is good news for every Data General 
0 EM. And bad news for those who are not. 

- •Data General 
We take care of our own. 

*SCHWEBER, HALL-MARK, KIERULFF, ALMAC/STROUM, and in Canada , R. A.E. and FUTURE. 
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EON Design Management 

Understand the tradeoffs 
in development-system selection 

Define your hardware needs and consider programming languages, 
emulation support, and initial and ongoing costs. Then project 

the savings in your production and marketing efforts. 

Fred E Warren, Plantronics/Zehntel 

You can use the information presented in this article to 
help choose a software-development system from the 
sometimes bewildering array of products now available 
(EDN, September 5, 1980, pg 140). And chances are 
good that as a manager, you will be required to make 
such a choice, because software-development systems 
have assumed increasing importance as the software 
content of µC-based OEM products rises- thanks in 
turn to rapidly evolving computer technology and its 
use in new and more complex applications. 

The choice of a software-development system begins 
with a knowledge of available equipment, then calls for 
understanding the major considerations underlying the 
selection process. With regard to the first point, five 
basic types of software-development systems are 
available. In order of increasing sophistication, they are 

• Product-based systems 
• Single-user development systems 
• Multiuser development systems 
• Central development systems 
• Net work systems 

Examine each type in turn to start the selection 
process. 

Product based: simplest, but can incur problems 
When you only have a limited amount of software to 

develop, a product-based system might suffice. Rather 
than purchase additional computer hardware to use 
exclusively for software development, you can adapt 
the µC-based product itself- perhaps by adding a 
terminal and floppy-disk drive-to serve as a dedicated 
development system. Not only does this choice save 
capital outlay, it also guarantees that the software, 
once debugged, will work in its application environ
ment. This system type requires no product simulation 
or cross compilation; software, as it's developed, runs 
on the product itself- a feature that can prove a great 
advantage when the product is a real-time device with a 
complex hardware/software interface. 

A major drawback of product-based systems is their 
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Writing software on a ta.rget pfoduct ~ften proves difficult.' Most 
lack the built-in development tools found in this system from Dig ital 
Equipment Corp. · · 

primitive nature: They have few if any built-in 
development tools. Additionally, because only one 
engineer can use such a system at a time, production 
efficiency suffers, particularly if the hardware product 
is still under development while the software is being 
created. 

If you find that you must produce more software than 
you anticipated, these limitations become even more 
severe. Thus, if you want to dynamically respond to 
changing market pressures, you need a more sophisti-
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Software-development systems 
increase programmer productivity 

cated approach to software development. 

Store-bought systems provide power, efficiency 
If your software-development effort is sufficiently 

large to warrant purchase of a system designed 
specifically for the task, your first option is a single
user development system supplied by the vendor of the 
µP used in your product. Unlike a typical product-based 
system, a commercial single-user development system 
contains its own complete computer. This computer 
utilizes assemblers and compilers, which produce 
programs that run in your microcomputer-based envi
ronment. 

Additional utility programs move your application 
programs to and from the main computer. Not needing 

A single-user development system, such as this Intel lntellec unit, 
has its own computer and is optimized for a particular processor or 
processor family. 

to rely for software execution on the microcomputer 
contained in the product, your software-engineering 
staff can develop software without having to share the 
system with hardware designers-at least for the 80% 
of software development that typically doesn't require 
interaction with hardware at all. (A language re
cognizer, for example, is quite independent of the 
hardware on which it executes.) 

A single-user software-development system is ideal 
for OEMs developing a modest amount of software for 
products that all utilize the same processor or processor 
family. Because the µP vendor sells the development 
system, these small systems are usually optimized for 
developing software for the specific processors sup
ported. In addition to helping you write better 
software than you could with your own product-based 
system, development systems built by µP vendors 
allow you to take better advantage of the processors' 
capabilities. 

One example of a single-user system is Intel's 
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Intellec, which can be configured to support software 
development for products based on the 8080, 8086 and 
other Intel processors. 

Depending on the nature of the work, a single-user 
development system can usually support as many as 
three software engineers. Typical cost of such a 
system-including CRT terminal, processor module 
with memory and peripheral interfaces, floppy-disk 
drives and printer-runs from $10,000 to $30,000. 

The traditional single-vendor dedicated system has in 
recent years encountered much competition from 
multivendor systems manufactured by instrument 
companies. Rather than support a single processor 
family, these universal systems handle a wide variety 
of processors. And although no system on the market is 
truly universal, several, such as AMI's Phoenix I, 
accommodate more than a dozen popular µPs and µCs. 

Although the software-development system that 
supports only one µP or µC might be well tailored to 
that device, the development tools and capabilities of 
such a system can lack sophistication. And you might 
require more powerful development tools for efficient 
software production because systems that support one 
µP are generally produced by vendors whose main 
business is something other than producing software
development systems--0nly a limited amount of such a 
vendor's resources are devoted to development-system 
production. Most systems that support one processor 
also execJJte slowly compared with those that support a 
variety. For these reasons, you might want to consider 
the latter type of system. 

But regardless of the number of processors support
ed, you also face the problem of deciding how many 
users your system will have to support. Larger 
workloads require several single-user systems or one or 
more multiuser systems; the choice- as with many 
other system-selection factors-doesn't depend on one 
but a variety of considerations related to your current 
and anticipated software-development requirements. 

Multiuser system proves more complex 
A multiuser development system typically supports 

three to 10 concurrent users and costs $30,000 to 
$100,000. Although some microprocessor vendors pro
vide such systems, the more widely known systems 
come from companies specializing in systems built for 
software development. Multiuser systems usually sup
port more than one processor vendor's products, allow 
simultaneous software development for a variety of 
microcomputers and permit several engineers to inter
act during a team's development effort. 

One typical multiuser system is Texas Instruments' 
AMPL DS990/10, which consists of a processor unit, 
hard-disk drive and as many as eight terminals. It 
supports software development and in-circuit emula
tion (see pg 121 in this issue) for six different TI µPs. 

With another example, Boston Systems Office offers 
an unusual approach to multiuser development sys
tems. It supplies a variety of software-development 
tools, including cross assemblers, cross loaders, simula-
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tors and a PASCAL cross compiler, that execute on 
standard scientific or business computer systems. If 
you're using or need a computer for other purposes, this 
approach eliminates the need for purchasing hardware 
solely for software-development use. 

The clear advantage of a multiuser development 
system over a single-user configuration is more effi
cient use of expensive hardware. Even though these 
systems are more expensive than single-user systems, 
their cost per user is usually lower. Additionally, the 
hard-disk storage and greater computer power charac
teristic of most multiuser systems allow them to 
perform more efficiently and more rapidly than their 
smaller, floppy-based cousins. 

Unlike those of single-user systems, vendors of 
multiuser systems that support a variety of processors 
usually make a major marketing commitment to their 
software-development products and tend to support 
new processors and development tools more thoroughly 
than vendors who supply development systems only as· 
support aids for chip production. But the same tradeoff 
also exists: It isn't economically feasible for vendors of 
general-purpose development systems to spend a lot of 
time and development dollars optimizing their software 
for the particular processors an OEM uses. You'll notice 
some inefficiency, therefore, when you compare these 
systems with those from the processor manufacturers. 

For OEMs with a large development effort, even a 
multiuser system can prove inadequate. As more users 
are supported by such a system, response time becomes 
longer. (In many cases, if the system operates at more 
than 90% of capacity-ie, handles more than 90% of the 
number of programs it can run simultaneously-any 
increase in utilization actually cuts productivity.) You 
can avoid this problem by always using the system at 
less than full capacity, realizing that such a reduction 
will prove difficult to justify to upper management. 
Additionally, if the · system is based on a general
purpose computer, conflicts can arise between software 
engineers and personnel from other departments when 
the latter need to retrieve and print data. In many 
cases, then, the only solution is to buy an even larger 
development system. 

Central development facility: another step up 
A central software-development facility is such a 

system; it's an extension and elaboration of the basic 
multiuser-development-system concept whose distinc
tion is mainly one of scale. 

You can consider time-sharing systems supporting 
more than 10 simultaneous users to be central develop
ment facilities. Although this definition might seem 
somewhat arbitrary, it's based on the actual situation in 
today's marketplace: Some vendors sell systems that 
support a maximum of 10 concurrent users, while 
others sell configurations supporting 10 users or more. 
(Actually, relatively few vendors fit into this latter 
category. A handful sell prepackaged turnkey systems, 
but most configure custom systems to meet individual 
OEMs' needs.) The cost of a central development 
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system ranges from $100,000 to several times this 
figure-a price less than that of several multiuser 
systems with the same total capacity. 

A major advantage of a central development facility 
is the large computer it usually includes-one that can 
run many powe:r:ful existing development-software 
packages. One example is the text-editor software used 
in Plantronics/Zehntel's central development facility 
(see box, "One OEM's solution"). This text editor won't 
run on a multiuser system; utilizing its advantages calls 
for the computing power of a central development 
facility. 

Software packages such as this and dozens of others 
represent thousands of man-hours of programming and 

· debugging. For the OEM who needs the capacity of a 
central development facility, the ability to use these 
pre-existing software packages eliminates the huge 
programming task of trying to create equivalent 
software-development tools in house. 

This universal development system from American Microsystems 
Inc supports a variety of µ.Cs and µ.Ps. 

Although the size of your development effort can 
dictate the use of a central development facility instead 
of a multiuser system, note that selection of a large 
system demands that you show more sophistication
not only to accurately determine your development 
needs, but also to understand the technical methods 
available for meeting them. If you find that none of the 
turnkey systems available are quite right for your 
needs, you must design your own software
development system, which necessitates selecting an 
operating system and computer, then researching the 
availability of cross assemblers, cross compilers and 
other utility programs that can support software 
development for the microcomputers in your products. 
This latter step can be time consuming and might not 
even succeed. 

Furthermore, not all microprocessors are supported 
on every central development system. And in those 
cases where support is available, unpredictable difficul
ties can arise. 

105 



Multiuser systems 
use hardware efficiently 

communication are necessary between large groups of 
engineers working on one project or several related 
ones, a central facility is usually preferable. 

The complexity of configuring a central development 
system points up another tradeoff: You might avoid it 
by instead purchasing several multiuser systems, 
despite the higher overall cost. This approach might be 
an ideal solution if you have several independent, 
medium-sized software-development projects under
way. For other situations, though, where control and 

In addition to complexity, a central development 
facility has other drawbacks. One relates to its high 
initial cost: Central facilities are usually sufficiently 
expensive to require purchase approval at the highest 
management level. Thus, because approval procedures 
can be time consuming, you might wish to avoid them; 
one way to do so is to purchase several multiuser 
systems, one at a time. 

Another central-system drawback concerns mainte-

One OEM's solution 
Plantronics/Zehntel (Walnut 
Creek, CA) manufactures equip
ment that automatically performs 
component-by-component in
circuit testing of every device on a 
printed-circuit board. Using this 
equipment calls tor generating a 
separate test program for each 
type of circuit-board assembly to 
be tested. 

When Zehntel was founded in 
1966, such programs were hard
wired. In 1973, the company in
corporated microprocessors into 
its testers and began developing 
system software to support 
customer-generated test pro
grams. At that time, no suitable 
software-development system 
was available, so the firm used a 
product-based one : The tester 
also served as the development 
system. 

Eventually, users demanded 
greater programming capabilities , 
necessitat ing developing more 
system software and thus requir
ing a more powerful development 
system. The system had to sup
port at least 20 to 25 program
mers and utilize a well-known 
high-level language for software 
implementation. 

This latter requirement was 
based on two considerations. 
First, the company needed a sig
nificant amount of software devel
oped quickly-a factor that super
seded any requirement for 
minimizing memory utilization. 
Second, the new programmers 
weren't experienced in working 
with the language used on the test 
system, but they had been writing 
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software for large computers. 
Having outgrown its product

based system, Zehntel examined 
the alternatives. 

• Single-user system-
Rejected because 15 to 20 would 
have been required. At $10,000 or 
more each, and with limited capa
bilities at that, this choice wasn't 
cost effective. 

• Multiuser system-While 
addressing the firm 's immediate 
needs, this approach left no room 
for growth. 

• Network system-No 
available system of th is type was 
large enough. 

• Central development 
facility-Proved the best choice. 

However, after much research , 
Zehntel couldn't find a turnkey 
system of this type to meet its 
needs. So it decided to configure 
its own-only after locating a 
company (Tymshare Computer 
Maintenance) that would maintain 
a multivendor system. After con
ducting further research , Zehntel 
chose to configure the entire proj
ect around the UNIX/PWB operat
ing system, the Whitesmiths ltd 
C-language compiler and a DEC 
PDP/11-70 computer. 

UNIX proved the best choice as 
the operating system because: 

• It's a well-known operating 
system written entirely in a high
level language. Zehntel program
mers could use it to do their own 
software maintenance. 

• It's easy to use for software 
development, because that's what 
it was designed for. 

• It incorporates several pow
erful and well-tested software 

tools, including compiler-gen
erator utilities, well-written text
processing routines, (invaluable in 
program documentation) and an 
electronic-mail feature that boosts 
efficiency by allowing a project 
team to communicate effectively. 

• It has excellent configur
ation-management tools for track
ing and combining pieces of soft
ware such as those that make up 
the firm 's automatic test-program 
generator. 

• It's widely used in a variety 
of applications. Moreover, the 
user community is a source of free 
or virtually free software. 

By configuring the system itself, 
Zehntel saved a significant per
centage of what the nearest 
equ ivalent single-vendor system 
would have cost. 

After a month of fine tuning , the 
system ran smoothly. Its cross 
compiler has been used exten
sively ; one application-devel
oping a new automatic test
prog ram generator-involved 
thousands of lines of C code 
executing on a microcomputer. 
Such an extensive programming 
effort would have proved ex
tremely difficult without the power 
of both a high-level language and 
the development tools of the 
UNIX-based central-develop
ment-facil ity system. 

Each organization must evalu
ate its own needs and projected 
applications. Zehntel 's experi
ence, however, serves to illustrate 
that a manufacturing company 
can successfully configure and 
implement a large software
development system. 
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nance and support. A large system requires frequent 
file-system backup, regular hardware maintenance and 
occasional total-system regenerations for software or 
hardware updates. It can be susceptible to power 
failures and overheating and usually requires at least 
one staff expert to train users and help them perform 
their jobs. Training can continue well beyond an 
instruction period, and ongoing training sessions inevi
tably throw off development schedules. 

Despite all of these drawbacks, though, OEMs 
requiring the power and size afforded by a central 
development system generally find that this alterna-

In the futu re, more development stations will be tied into networks, 
like this Hewlett-Packard system is, to maximize power yet maintain 
flexibility. 

tive's advantages-especially the ability to use a large 
base of existing software, the ease of control and 
communication between engineers and the potentially 
lower cost compared with that of several multiuser 
systems-far outweigh its disadvantages. 

Network systems: wave of the future 
A new concept in software-development systems

and a fifth alternative-has emerged in the last 2 yr s: 
the distributed network. In these systems, each 
workstation (or group of two or three workstations) has 
its own computer to develop software. The stations 
interconnect so that each can interact with any other or 
with any printer, disk storage device or other peripher
al in the system. 

Because no industry standard for local-network 
protocol exists, the only network systems available are 
those supporting a single vendor's equipment. Exam
ples of this system type are Hewlett-Packard's HP 
64000S, which serves as many as six users and costs 
$18,000 to $150,000, GenRad/Futuredata's 2300 (eight 
users, $8000 to $20,000) and Zilog's Z-Lab 80 (as many 
as 255 intelligent stations and shared disk units, $8550 
per station). 

Over the next 2 to 5 yrs, though, as local-network 
protocols such as Ethernet become standardized, the 
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single-vendor limitation will disappear. Then net
works-especially those supporting many users- will 
undoubtedly replace multiuser systems and even cen
tral development facilities. They will do so because they 
provide an ease of expansion not available with any 
other configuration. With a network system, an 
incremental addition in capacity requires only an 
incremental addition of intelligent hardware
inexpensive hardware at that, because of today's 
computers' low cost. By contrast, once a multiuser 
system is working at capacity, you can add a work
station only by purchasing an additional complete 
multiuser system. 

Thus, if you expect your needs to grow, a network 
system could be the ideal choice. But keep two factors 
in mind. First, network capabilities are expensive. If a 
network must only support, say, six to 10 users at first, 
a multiuser system probably represents significantly 
lower initial capital outlay. Second, network technology 
remains new. With no standard protocols as yet, 
networks currently serve only OEMs willing to accept 
one source for all their development-system compo
nents. Newness also means that you might need a 
strong technical staff to iron out possible bugs and 
reliability problems. 

Select a system with care 
Having gained an understanding of the five types of 

development system, you're now ready to examine the 
main system-selection considerations: 

• Target-hardware environment and programming 
language to be used 

• Software-development-staff size 
• Emulation support 
• Speed 
• Expected benefits 
• Initial and ongoing costs 
• Political factors. 
An OEM planning to manufacture a low-cost intelli

gent terminal based on, say, an 8080 µP has a hardware 
environment where memory space is at a premium; the 
cost of even lk more of memory for system software 
could produce a competitive disadvantage. On the other 
hand, an OEM developing a $150,000 process-control 
system based on the same 8080 has an entirely different 
type of hardware environment. Here, ease of operation 
by the end user-not memory space-could be the key 
consideration. 

The nature of the hardware environment relates 
·directly to the choice of programming language to be 
used for software development. The OEM building an 
intelligent terminal will probably need a development 
system that supports an assembler for the 8080, unless 
he produces custom terminals in dozens of special 
versions. Then the choice could be a large development 
system and high-level language to quickly meet low
volume special applications. The OEM building the 
process-control system will also want to support a 
high-level language and provide efficient software
modification/maintenance capabilities for developing 
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Include necessary software tools 
and utility programs 

the large volume of software the product requires. The 
cost of the additional memory space required will be 
insignificant compared with overall product cost. 

Another consideration in choosing a language is the 
range of microcomputers for which you're developing a 
particular piece of software. If the software must run 
on more than one µC , its transportability becomes 
important, especially if it will later be upgraded in 
sophistication for execution on a more powerful micro
computer. In most cases where software transportabili
ty is a factor, implementation must proceed via a 
high-level language. 

In addition to specifying what implementation lan
guages will be supported, be sure that your develop
ment system includes appropriate software tools and 
utility programs. Sorting, text editing, disk mainte
nance and backup are some of the routines you might 
require. For large systems, you'll also need sophisticat
ed file and version controls. 

The number of software engineers who will simulta
neously use the system is another crucial factor. Thus, 
plan staff size as early as possible. A multiuser system 
might be adequate today, but perhaps you'll need a 
network system or central development facility within 
2 yrs. Purchasing a large, expandable system now 

The software-production cycle 
The process of developing software is a repetitive 
series of operations, each of which can benefit from 
one or more features of a software-development 
system. It starts with writing or modifying a pro
gram-a step usually accomplished with the aid of a 
text editor. 

The next step is to translate the program into a 
form executable by a computer. The programs that 
accomplish this step are language compilers, as
semblers and loaders. 

Finally, the program must execute on the comput
er and produce results. Utility programs termed 
debuggers can be used to aid in this process step. 

Once you've inspected a program's results, 
you're quite likely to find a problem. If so, you return 
to the initial step and begin the process again. 
This activity continues until the program performs as 
desired and expected. (At this point, another major 
activity begins: documenting the software, which 
involves writing detailed instructions on how to use 
it. Here, too, text-editor routines can greatly help.) 

Because the three steps in the software
production cycle depend upon relatively few support 
programs, these critical program capabilities form 
the mainspring of any development system. Im
provements in any of them improve productivity. 
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might prevent paying more in the long run for 
accumulating several multiuser systems that can't be 
linked together. The choice is yours. 

Consider support and speed 
Debugging by means of in-circuit emulation usually 

requires only a small portion of the overall development 
time for a software item-typically 2 wks out of a 
6-month project. But during this period the emulation 
capability is critical, whether it's used for the integrat
ed debugging of the hardware/software interface in a 
new product or for modifying a program that works on 
the development system but won't run on the existing 
product after cross compilation. Look carefully into the 
emulation capabilities of systems you're considering 
(EDN, March 20, 1980, pg 190). Emulation systems are 
available either in "unbundled" (stand-alone) configura
tions such as the Tektronix 8100, or as an integral part 
of a development system, such as the Intel Intellec 
Series II. 

A major reason for purchasing a software
development system is increased programmer produc
tivity. Therefore, an important part of system selection 
is determining which system most quickly carries out 
the software-production cycle's three phases: editing, 
translation and execution (see box, "The software
production cycle"). 

Having ascertained the speed with which a proposed 
system can help engineers with , each software
production-cycle phase, calculate the number of man
.hours the system will save. Then weigh this figure , 
converted to dollars, against system costs to determine 
the system's overall cost effectiveness. 

Man-hours saved can also mean other opportunities 
gained. The first OEM to get a product on the market 
can usually count on a significantly greater market 
share than the second or third to arrive with a similar 
item. Although harder to quantify than simple man
hours saved, this factor alone could justify the purchase 
of a very expensive software-development system. Ask 
the marketing department to predict how many addi
tional units will be sold if the product is ready 2 months 
earlier than planned to gain some idea of the financial 
benefits of getting to market sooner. 

Consider the costs 
Also consider hardware, software, installation and 

maintenance costs in pricing a system. Hardware costs 
include not only the cost of the development system's 
computer, but also that of the peripherals and supplies. 
Indeed, peripherals can be a major cost factor in certain 
systems. Single-user configurations, for example, typi
cally have no built-in provision for sharing line printers. 
Thus, if you purchase several single-user systems, 
you'll need a separate printer for each. (The alternative 
is to locate, purchase and install a series of switches to 
allow all the development systems to share one 
printer-a bother, to say the least. And in the case of 
some peripherals, such as magnetic-tape drives, such 
switches might not even be available. ) 
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You can save money when you assemble a system 
from hardware components made by a variety of 
vendors rather than purchase one ready made. Profes
sional help in configuring and maintaining such a 
multivendor system, however, might be difficult to 
obtain. 

Leasing is another cost-factor option you might 
explore. Although it can prove expensive in the long 
run, it can also be valuable as a means of learning about 
and trying out one or more software-development 
approaches before actually buying. The rapid evolution 
of new hardware and capabilities might even make 
leasing a less expensive alternative for the OEM who 
always wants the latest equipment in order to maintain 
the best possible development system. 

Short-term leasing can be very attractive, especially 
for individual components. This scheme is particularly 
efficient for emulator use, because you generally need 
an emulator for only a small portion of any given 
project. And leasing an entire system often makes 
sense from a corporate viewpoint because in many cases 
it can provide a company with tax and cash-flow 
advantages. 

Turnkey systems include the necessary development 
software. Alternatively, in systems configured from 
components supplied by a variety of vendors, you 
frequently have an initial choice of which software to 
include. If, for example, a simulator for a particular µP 
or FORTRAN capability isn't needed immediately, you 
can push their cost forward into another budget period. 
This added flexibility makes it easier to obtain the most 
economical, appropriate and useful system in the near 
term and to retain growth possibilities for meeting 
future needs. 

Installation costs can run from near zero on small, 
single-user systems to several thousand dollars on a 
large time-sharing system. In the latter case, if site 
preparation-such as the creation of a climate- · 
controlled room-is necessary, allow extra lead time 
and anticipate spending additional capital for air
conditioning equipment and contract labor. 

Never overlook maintenance costs, either. The 
success of a software-development project often hinges 
on the continued proper operation of the development 
system, which requires a strong maintenance program. 
A vendor usually provides a warranty of several 
months on a development system and makes service 
contracts available afterwards. 

Make arrangements not only for hardware mainte
nance but for software maintenance as well. The latter, 
which requires incorporating updates of operating
system software whenever they become available, 
ensures that you're using the most up-to-date, error
free development tools available for your particular 
system. 

In some localities, independent support organizations 
are available and can often maintain computer systems 
composed of a variety of different vendors' equipment, 
providing services on monthly terms competitive with 
those of computer manufacturers. 
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Finally, another factor sometimes overlooked in the 
selection of a software-development system is your 
company's political environment. Some upper-level 
managers simply won't consider anything but a turnkey 
system. Others buy only from a particular vendor. And 
others are more open minded. You must deal with the 
political environment at the decision-making level: It 
can be the deciding factor in a software-development
system purchase and can also govern what type is 
chosen. 

You must, therefore, involve the company decision
making people as early as possible in the system
selection process. Fully explain the need and intended 
use of the proposed system to ease its introduction into 
any environment. Also educate the company employees 
who will be affected daily, and prepare programmers 
for the change. If a general-purpose computer will be 
used for other tasks as well as software development, 
consult people in the affected departments, such as 
accounting and manufacturing, so that you can agree on 
how to harmoniously share computer time. IEDN 
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TECHNOLOGY FOCUS. 
First in a series of reports to detail the custom MOS, Bipolar and hybrid 
research and production underway at Sperry Univac's Semiconductor Division. 
This account highlights historic engineering accomplishments and describes 
current opportunities in MOS, Bipolar and Thick Film development. 

FOR THE RECORD. 
Sperry Univac's engineering 
legacy spans over three decades 
of uninterrupted commitment 
to the computer industry. It began 
in 1946 when we introduced the 
world's very first electronic 
digital computer. As the success 
of this development snowballed, 
so did progressive innovations 
which included: the first solid 
state processor, the first use of 
magnetic cores, drums, thin-film 
memories, real-time applications, 
and nano-second computers. 

Technical excellence has proved 
vital to gaining and retaining a 
substantial segment of the computer 
user market. Today, Sperry Univac's 
installed systems base is valued at 
over $11 billion, second only 
to IBM. 

FOR PROGRESS. 
The needs of computer users have 
grown as sophisticated as the 
equipment they buy. The immed
iate promise for VLSI applications 
has substantially heightened user 
expectations for attaining record
breaking levels of cost-efficient 
productivity. 

To satisfy this market objective 
while continuing to provide com
petitive and reliable computing 
power for applications ranging 
from medical research to pipeline 
construction, millions of dollars 
have been invested to establish 
an advanced in-house R&D semi
conductor facility. 

The challenge of gearing up this 
new Division is continuing to attract 
some of the best engineering minds 
in the field. In a brief three-year 
period, these professionals have 
effectively designed, developed and 
implemented custom techniques 
utilizing Schottky TTL, CMOS, NMOS 
and high speed ECL circuits using 
double and triple level metallization 
employing 2 micron type device 
structures. 

FOR MORE. 
Backed by Univac's corporate 
research investment of $189 million, 
current development programs are 
accelerating in areas of E-beam 
lithography, laser annealing, sub
micron device physics, and refractory 
metal silicide gate structures. 
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SEMICONDUCTOR 
OPPORTUNITIES. 
The anticipation of further VLSI 
developments has created a 
uniquely dynamic and rewarding 
working environment at Sperry 
Univac. With more significant 
opportunities still to come, 
challenging positions exist in 
a wide range of disciplines. 

Bipolar Project Engineer/ 
Manager- Requires background 
in product or customer engineering 
for responsibilities involving the 
design, fabrication, assembly, 
testing, and systems implemen
tation of advanced ECL, VLSI and 
analog integrated circuitry. BSEE 
or MSEE with 2+ years experience 
in engineering or marketing above 
technologies. Budget management 
experience also desired. 

HMOS Product Engineer-BS 
or MS in EE or physics for position 
in VLSI device development en
vironment. Requires 2+ years 
product engineering experience. 

Thick Film Technology/Sr. 
Process Engineer- Extensive 
experience in fabrication of thick 
film circuits. Will be responsible 
for all aspects of thick film screen 
printing and firing, including: pro
cess specifications, material 
usages and capital equipment 
selection, and production aspects. 
Management potential. 

CIRCLE NO 50 

MOS Circuit Design Engineer 
- 2 year minimum CMOS or NMOS 
circuit design experience. VLSI + 
complexity with 2 micron 
channel lengths. 

Facilities/Equipment En
gineer - Experience in semicon
ductor facility construction, plant 
engineering, or equipment evalu
ation and maintenance desired. 

CONTACT. 
There's an exciting sense of 
professional commitment here 
that promotes technical achieve
ment and career satisfaction. Get 
the details first-hand by calling 
Erich Florentine at (612) 
456-2894. 

Or send a resume to his attention 
at Sperry Univac Semiconductor 
Division (HERl), YllDl, P.O. Box 
3525, St, Paul, MN 55165. An Equal 
Opportunity Employer M/F. 

St=E~Y~>=UNIVAC 
SEMICONDUCTOR DIVISION 

The Computer People 
Who Listen. 
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IF YOU . DESIGN 
COMPUTER PERIPHERALS: .. 

SPECIAL MAGNET DESIGN 
CONCENTRAM FLUX 
AT PIELD POLE FACIS 

PATENTED 
BIEAKPROOF 
BRUSH HOLDER 
DESIGN 

OVERSIZE BRUSHES 
PROVIDE LONG LIFE 

LOW-INERTIA ROTOR 
FOR HIGH ACCELERATION 

303 SS SHAFT 

LARGE R-8 
DOUBLE-SHIELDED 

BALL BEARINGS 

MAGNETIC DESIGN 
REDUCES COGGING 

TO NEGLIGIBLE LEVELS 

... THIS SERVO MOTOR 
WAS DESIGNED FOR YOU! 

This new line of "SNAPPER" DC Servo Motors combines 
high performance with. surprisingly low cost. Herc's how ... 

Until recently, a PM servo motor that 
delivered the torque and acceleration 
needed for high-performance printers and 
tape drives had to have an Alnico magnet 
field. ·unfortunately, this involved the 
higher costs and uncertain availability 
associated with cobalt. 

Now EG&G Torque Systems offers 
an inexpensive alternative with its 
proprietary "Focused-Flux, Ferrite-Field" 
servo motor design. 

Using low-cost, ferrite magnets, 
this "SNAPPER" design exhibits motor 
performance equalling that usually 
obtained with an Alnico field. The unique 
configuration of the field magnets serves to 
concentrate, or "focus ", the magnetic flux 
at the pole faces. As a result, continuous 
and peak torque (up to 170 oz-in and 1500 
oz-in respectively) values are considerably 

•Line printers, daisy wheel printers 
or high-speed tape transports . 

higher than would normally be obtainable 
within the same physical size. 

TYPICAL INCREMENTAL MOTION 
VELOCITY PROFILE 

5 6100~ ~ ~ 75 
> V) 

"'~ 50 / 
~~ 25 / "'e:., ~--___,. ___ ..___ 
~ r- .010--j- .008-J 

TIME (SECS) 

HIGH ACCELERATION 
As a further benefit, the high torque 

of the SNAPPER motor combines with 
unusually low rotor inertia to produce 
acceleration characteristics that are " 
generally associated with printed circuit 
motors (see curve). Cogging is negligible 
in most applications. 

BEST OF ALL SERVO WORLDS 
For the designer, the SNAPPER series 

represents an unusually advantageous 
performance/cost ratio. He has a wide 
choice of ten off-the-shelf motor lengths, 
two motor diameters (2.60" and 3.38'~ 
an<! 8 standard winding options. And most 
important, he has the performance benefits 
of more expensive motor types at a 
surprisingly modest price. 

Send for your copy of this new catalog. 

~n~EGc.G TORQUE SYSTEMS 
36 Arlington St., Watertown, MA 02172 
(617) 924-6000, Telex: 95-1 736 
CIRCLE NO 53 



Hitachi's new IOOMHz scope. 
Cost performance, clearly visible. 

When you challenge the industry 
standard, you must offer more. We 
do. Our lOOMHz delayed sweep 
V-1050 has performance features 
such as quad trace, sensitivity of 
500µ micro V / div to 5MHz, and 
vertical plus horizontal deflection 
accuracy of less than ± 23. 

Many of the features that the 
V-1050 includes as standard, like 
auto focus and full TV triggering, 
are optional or unavailable on other 
manufacturers' models. And at 20.5 
pounds, the V-1050 is as light
weight as it is precise, appropriate 
for use in the field as well as on the 
bench. 

Every facet of the V-1050's de-

sign is directed toward making it 
simple and easy to use in your 
measurement applications. Alter
nate time-base operation allows the 
operator to simultaneously view 
magnified and original wave forms 
on the 6" CRT. 20kV accelerating 
potential combined with an im
proved phosphor produces a sharp, 
bright and easy-to-read trace. To 
assure problem-free operations, 
controls are functionally grouped on 
the color-coded front panel. 

Because this scope is made by 
Hitachi, with over 20 years of oscil
loscope experience, you can expect 
us to deliver the most performance 
for your money, at a price which is 

hundreds of dollars lower than our 
competitors'. 

Hitachi's V-1050 is available now 
from your authorized industrial dis
tributor. You owe it to yourself to 
see what it can do for you. 

Hitachi ... 
The measure of quality. 
• V-1050 lOOMHz Quad Trace 

$2,390.00 (Probes Included) 

@ ~J.!~Qt.!J. 
175 Crossways Park West 
Woodbury, NY 11797 
(516) 921-7200 



Phase-angle voltmeters 
solve noise problems 

Signal impurities can hinder your efforts to measure complex ac 
waveforms using conventional instrumentation. But 

phase-angle voltmeters handle even noisy and distorted 
signals with no degradation in accuracy. 

Kenneth Salz and Arthur Freilich, 
North Atlantic Industries Inc 

If noise and distortion in ac signals prevent you from 
making accurate measurements using digital voltme
ters, phase meters and oscilloscopes, try a phase-angle 
voltmeter (PAV). Although they've been available for 
some time, PAVs can maintain measurement accuracy 
in harsh control- and servo-system environments-a 
capability that's sparking new interest in them. 

This article describes typical noisy-signal measure
ment problems and discusses how the PAV design 
philosophy helps solve them. Also included are explana
tions of specific meters' performance features and some 
specific measurement applications. Although this dis
cussion isn't all-inclusive, it should get you up to speed 
on PAVs. 

Characterize the measurement problem 
Accurately measuring complex ac signals has always 

been a tough engineering problem. Regardless of its 
accuracy, for example, a standard digital voltmeter 
can't truly represent a complex ac waveform that 
includes significant amounts of noise and harmonics. 
And DVMs aren't the only instruments with this 
drawback. 

As an alternative, phase meters generally read only 
the phase difference between two signals, using 
zero-crossover detection. And although they provide 
fairly high resolution, they exhibit accuracy that's 
almost totally dependent on the input signal's distortion 
characteristics. Thus, even with minimal signal har
monics, accuracy can degrade significantly. 

In fact, phase meters become virtually useless if 
harmonics affect the signal fundamentals' crossover 
points-and they usually do in ac servo systems. Noise 
on the signal also degrades measurement accuracy. In 
essence, phase meters aren't very useful in applications 
involving synchro/resolver servos, transformation-ratio 
measurements or high-accuracy ac measurements. 

Within limits, you can use oscilloscopes to measure 

EDN JUNE 10, 1981 

phase. Unfortunately, these instruments furnish poor 
resolution and accuracy; it's nearly impossible to derive 
useful information from signals containing even small 
amounts of noise and/or harmonics. Thus, because 
signals found in ac-servo-control systems contain vary
ing amounts of noise and harmonics, oscilloscopes are a 
poor choice for these applications. 

Ea = Er SIN 8 

NOTES 
Ea= QUADRATURE VOLTAGE 
E1 =IN-PHASE VOLTAGE 
Er= TOTAL VOLTAGE 
EF =FUNDAM ENTAL VOLTAGE 
ER= REFERENCE VOLTAGE 

Fig 1-Using phase-sensitive demodulator techniques, 
phase-angle voltmeters accurately measure an ac signal's 
vector components and phase angle. 

Complex ac-signal measurements thus demand an 
instrument capable of monitoring a signal while 
ignoring the noise and distortion in typical ac-control
and servo-system applications. The phase-angle voltme
ter meets these requirements. 

Using phase-sensitive demodulator techniques, PAVs 
quickly and accurately measure ac-signal vector compo
nents-quadrature, in-phase, fundamental and total 
voltage-and phase angle. They measure in-phase and 
quadrature vectors for both magnitude and direction 
with respect to the fundamental vector (Fig 1). 

Unlike conventional voltmeters, PAVs provide a very 
sharp null reading unaffected by harmonics and noise. 
For this purpose, a variable phase shifter provides 
subtle but important advantages. As shown in Fig 2, 
for instance, a conventional voltmeter provides a very 
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Phase-angle voltmeters 
eliminate low-pass-filter needs 

broad null indication. Adding some filtering improves 
null-point definition, but measurements still suffer from 
the effects of residual quadrature voltage. But by 
canceling quadrature-voltage effects and thereby sub
stantially increasing sensitivity, a PAV defines the true 
null very precisely. In fact, you'll commonly see PAV 
signal-to-noise ratios of 72 dB or greater. 

Take a look at PAV operation 
When PAVs make measurements, a phase-sensitive 

demodulator converts a complex ac waveform into a de 

NOISE l 
HARM8aNICS 

-180 ' 

PHASE-ANGLE 
/~---- VOLTMETER 

IN PHASE 

Fig 2-By canceling quadrature effects, a PAV serves 
applications requiring a highly sensitive, very precise null 
detector. 

voltage-proportional to the signal's fundamental com
ponent-whose value is multiplied by the cosine of its 
phase angle with respect to a reference voltage. The 
demodulator also eliminates harmonic effects to any 
desired degree. 

Conventional full-wave phase-sensitive demodulators 
accept a reference square wave (ER) and a signal (Es) as 
inputs. The output's average value is then proportional 
to the cosine of the phase angle between the two inputs. 
Operation involves multiplying Es by ER, whose 
amplitude alternates from + 1 to - 1. 

If each signal-frequency component is multiplied by 
each reference-frequency component, a de output 
results only if the signal contains frequencies also 
present in the reference square wave that aren't in 
quadrature phase with the signal. In essence, the 
operation eliminates de response to even harmonics 
(relative to the fundamental response) because they 
don't appear in the reference signal and reduces de 
response to odd harmonics in inverse proportion to each 
harmonic's order. Additional low-pass filtering in both 
reference and signal channels can reduce odd-order 
harmonics by 60 dB or more; eyen-order harmonic 
rejection can typically run 80 dB. 

A digital phase-sensitive demodulator eliminates the 
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need for low-pass filtering, however. How? If the 
multiplying signal (ER) were perfectly sinusoidal, the 
resultant multiplication would yield a de output propor
tional only to the signal component that has the same 
frequency as the reference; the output would thus be 
independent of harmonics. Using digital techniques, 
PAVs can synthesize a multiplying reference having an 
infinite number of points. 
_ A practical implementation of this concept (Fig 3a) 
utilizes a phase-locked loop (PLL) and a digital 
multiplier consisting of a sine-programmed ROM and a 
4-quadrant multiplying DAC. The PLL locks the 
voltage-controlled oscillator to a multiple of the ref
erence-signal frequency to set the sampling frequency 
ws; the binary counter's division ratio determines this 
frequency. 

(a) 

(b) 

f-;;1~T7C~~;;;t7E;-1 
MULTIPLYING 

I D/A CONVERTER I 
I I 
I I 
l I 
l---- ___ .J 

FILTER 
DC 
OUTPUT 

r------- -------------, 
I DIGITAL VOLTAGE- I 

MULTIPLIER FILTER CONTROLLED I I OSCILLATOR 

I I 
I BINARY I 
I COUNTER I 
L~~~~~~~~--------------J 

I 
I 1 
1-+-Ts=-

ws 

Fig 3-lmprove harmonic rejection without using low-pass 
filtering by employing a digital phase-sensitive demodulator 
(a). Each angular increment (Ts) of the reference-voltage 
sinusoid (b) is defined by a digital-word output from the 
binary counter. 

PAV 

REFERENCE 

Fig 4-Recognizing true null is easy when using a PAV and 
a synchro bridge-read the shaft position ex directly from 
the bridge. 
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REPRESENTATIVE PHASE-ANGLE VOLTMETERS 

MANUFACTURER MODEL SALIENT FEATURES PRICE RANGE 
(APPROXIMATE) 

AILTECH/EATON CORP 
2070 FIFTH AVE 
RONKONKOMA, NY 11779 
(516) 588-3600 

PAV-4 AVAILABLE WITH VARIOUS PLUG-INS TO ACCOMMODATE $2800-$4000 
SERIES DIFFERENT REFERENCE-FREQUENCY RANGES. VOLTAGE 

ACCURACY EQUALS 2% . MIDBAND PHASE ACCURACY MEASURES 
± 1 °. ANALOG DISPLAY. ISOLATION OPTIONAL. 

DYTRONICS 
4800 EVANSWOOD DR 
COLUMBUS, OH 43229 
(614) 885-3303 

244 SINGLE 400-Hz REFERENCE FREQUENCY (OTHERS AVAILABLE ON $1895 
SPECIAL ORDER). TYPICAL VOLTAGE ACCURA_CY EQUALS 2%. 

250 

NORTH ATLANTIC INDUSTRIES 213C 
60 PLANT AVE 
HAUPPAUGE, NY 11787 
(516) 582-6500 

321 

225 

225R 

PHASE ACCURACY MEASURES ± 1 °. ANALOG DISPLAY. ISOLATION 
OPTIONAL. 

SIMILAR TO 244 BUT CAN ACCOMMODATE UP TO FOUR FILTERED 
FREQUENCIES. ANALOG DISPLAY. ISOLATION OPTIONAL. 

SINGLE (USER SPECIFIED) REFERENCE FREQUENCY. VOLTAGE 
ACCURACY EQUALS 2% . PHASE ACCURACY MEASURES 1 °. 
ANALOG DISPLAY. ISOLATION INCLUDED. 

WIDE FREQUENCY RANGE: 10 Hz TO 100 kHz. BUILT-IN REFERENCE 
ISOLATION. OPTIONAL SIGNAL ISOLATION. REQUIRES NO FILTERS. 
VOLTAGE ACCURACY EQUALS 2%. PHASE ACCURACY MEASURES 
0.5 °. ANALOG DISPLAY. 

DIGITAL UNIT. AUTOMATIC PHASE-ANGLE READING. 4 1/z-DIGIT 
DISPLAY. INTERNAL REFERENCE AND SIGNAL ISOLATION. AUTO
RANGING. UP TO FOUR USER-SPECIFIED FREQUENCIES. REMOTE 
PROGRAMMING. OPTIONAL IEEE-488 GPIB. VOLTAGE ACCURACY 
EQUALS 0.1 %. PHASE ACCURACY MEASURES 0.25 °. 

RATIOMETER VERSION OF MODEL 225. SAME FEATURES BUT ADDS 
RATIO CAPABILITY FOR ALL MODES. 

$3355 

$1840-$2270 

$4365-$4900 

$6690-$8900 

$7700-$9800 

The counter's output consists of digital words, each of 
which corresponds to an angular increment Ts of the 
reference sinusoid (Fig 3b). The ROM converts the 
digital words to the sine of each angle, and the DIA 
converter at the ROM output performs the multiplica
tion function on input signal Es. This same digital 
multiplier serves as a phase-sensitive demodulator at 
the PLL input to minimize reference-harmonic effects. 

calibrated dial. 
With the exception of North Atlantic Industries' 

Model 225 (which has automatic phase reading; see box, 
"A closer look at a novel PAV"), all meters use the same 
phase-angle measurement technique: You first measure 
the input voltage's quadrature component and then 
observe the amount of additional phase shift required to 
make this quadrature voltage disappear. 

Shopping for a PAV? 
The nearby table lists a few manufacturers that 

currently market phase-angle voltmeters. The specs 
are condensed from data-sheet information and are 
listed only to show relative performance. (Check with 
the manufacturers for up-to-date specs and prices.) 
Every PAV listed includes a null meter and the ability 
to phase-shift the reference voltage by means of a 

To make the measurement, you switch the PAV to its 
quadrature-reading mode, introducing a fixed 90° 
phase-shift network into the reference channel, and 
read the quadrature voltage on a coarse scale. You then 
adjust the phase-shift network to reduce the quadra
ture voltage toward zero, progressively improving 
instrument sensitivity by switching to lower voltage 
scales until you achieve the desired accuracy. The 
phase-shift dial then shows the actual phase difference 

A closer look at a novel PAV 
A digital instrument providing a 
4V2-digit readout, Model 225 from 
North Atlantic Industries advanc
es the measurement accuracy of 
phase - angle - voltmeter (PAV) 
technology. With a bandwidth of 
30 Hz to 100 kHz (in Total mode) , 
it features 0.25° midband-angle 
accuracy and 0.1 % FS in-phase 
and quadrature voltage accuracy. 

The 225 displays phase angle 
directly-it requires no manual 
adjustments. An autoranging fea-
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ture speeds null measurements 
by circumventing the need to 
manually down-range for higher 
sensitivity. Compatible with either 
stand-alone bench or ATE appli
cations, the 225 offers a choice of 
output options-standard parallel 
digital or GPIB. 

Additional features include 
60-dB min harmonic rejection, 6-
decade (10 mV to 1000V FS) 
measurement range, 1-µ V resolu
tion on the 10-mV scale, 0.2 to 

200V reference-voltage range and 
broad-band signal and reference 
isolation. The meter accommo
dates one to four discrete phase
sensitive frequencies spanning 30 
Hz to 54 kHz ( 400 Hz is standard 
for the first frequency). 

An alternative configuration , 
Model 225R, also measures 
signal-to-reference input levels. 
Additionally, it measures and dis
plays in-phase, quadrature and 
total voltage ratios over a full
scale range of ±0.0002 to ±20. 
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lion-Linear Systems' Touch Test 20. 
The 2 lb. 4 oz. test lab. 

The Touch Test 20 DMM weighs only 2 lbs. 4 oz. Yet it puts twenty key test functions at your fingertips. Plus 
exclusive light pressure touch function selection. Shown from above on leather shoulder sling (optional). 

Road test the remarkable Touch 
Test 20. Now; with its 20 key test 
functions at your fingertips, (plus the 
ability to measure 10 electrical para
meters and 44 ranges) you can 
take one lab to the field instead of a 
cumbersome collection of individual 
testers. 

Another bright idea. The Touch 
Test 20 is the only DMM with light 
pressure touch function selection. 
No more dials to fiddle with. Instead, 
an LED shows the function you 
choose. And when you switch, you 
get an audible bleep and a visual 
blip to let you know. 

\.~ ~ L_.::::_; 

~I ~ ._,, 

' I- ,,.------, 
' / r I I 

Operation's a snap. A light touch chooses the 
function . An LED shows it. 

Functional. Not gimmicky. We be
lieve that in DMM design, form should 
follow function. For example, it's 
rare that a DMM is used hand-held. 
Usually it's placed so the operator's 
hands are free to manipulate the 
test leads and the equipment being 
tested. That's why we developed the 
Touch Test 20- to fit where and how 
it would be used. The result is the 

most innovative portable/bench
type multimeter in the industry 
today 
Small wonder. The Touch Test 20 is 
designed specifically for mainline 
electronics measurement and testing. 
It checks AC and DC voltage, AC and 
DC current as well as resistance. 
Analyzes temperature in Celsius and 
Fahrenheit. Measures conductance 
and capacitance. It also performs 
diode/transistor and continuity 
tests. All with the accuracy that's 
synonymous with the name Non
linear Systems. 
Shop-proven. Field-proven. The 
Touch Test 20 is ideal for benchtop 
use. The large, 0.55-inch LED num
bers make it easy to read. And its 
dial-free, light touch selection sys
tem prevents the unit from skitter
ing across the tabletop. Light and 
versatile, it's the perfect, portable 
road lab, too. 

The Touch Test 20 comes with test 
leads, temperature probe and re
sistor/capacitor test adapter. It fea
tures automatic polarity and over
load indication plus in-circuit test 
capabilities. The Touch Test 20 is 
available in two models-recharge
able battery or line operated. All 
parts and labor are guaranteed for 
a full year. And each model is avail
able with optional accessories like a 
leather carrying case with shoulder 
strap and belt loop, to help you get 
thejob done. 

CIRCLE NO 54 

Touch Test 20 at a glance 

Measurements 
AC Voltage 
DC Voltage 
AC Current 
DC Current 
Resistance 

Temperature 

Conductance 

Capacitance 

Tests 

Diode 

Continuity 

Size 

Weight 

Price 

10 µV to 7'31J VRMS, 6 ranges. 
10 µV to 1000 VDC , 6 ranges. 
10 µA to 10 A, 4 ranges. 
O.Ql µA to 10 A, 7 ranges. 
10 milli 0 to 20 meg 0, 
7 ranges. 
- 40° C to 150° C. -40° F to 
302° F; 2 ranges. 
0.01 nS to 200 nS (equivalent 
to 5 megohms to 100,000 
megohms) 2 ranges. 
1 pF to 200µ F. 6 ranges. 

Diode and transistor junctions 
in conducting and non
conducting directions. 
Audible signal. 

2.9" H x 6.4" W x 7.5" D 
(74 mm x 163 mm x 191 mm) 

2 lb. 4 oz. (l.02 kg) 

$467.00 with batteries 
$435.00 without batteries 

8 DMMs. One right for you. Non- · 
Linear Systems also offers eight 
other outstanding digital multi
meters . Trim and low-priced, each 
of our three, three and one-half and 
four-digit DMMs is a performance 
and value-packed instrument. 
Get the word on us. NLS has been 
intelligently innovating in the digital 
instrument industry for nearly three 
decades. From the introduction of 
the first digital voltmeter to break
through products like the Touch 
Test 20. 

Today we offer a full line of com
petitively-priced, state-of-the-art 
equipment. From miniscopes, digi
tal voltmeters, digital panel meters 
and counters, to frequency meters, 
logic probes, line-frequency meters 
and pre-scalers. 

Our entire lineup is available now 
from top electronic distributors 
throughout the world. Contact your 
local distributor today 

For further technical information, 
or the location of your nearest 
distributors, contact Non-Linear 
Systems, Inc., 533 Stevens Ave., 
Solana Beach, CA 92705. Telephone 
(714) 755-1134. WIX 910-322-1132. 

e Non-linear Systems, Inc. 
Specialists in the 
science of staying ahead. 

© 1980 Non· Linear Systems, Inc. 
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A PAV's phase sensitivity 
provides highly accurate nulls 

REF 

400-Hz 
SOURCE o-----f 

AMP 
UNDER 
TEST 

PAV 

SIG 

TRIM 

LOAD 

Fig 5-Aligning carrier-type servos for maximum torque 
is straightforward when using a PAV. You merely employ the 
calibrated phase shifter in the reference channel. The test 
circuit shown yields trims of well under 1°. 

between input and reference . 

Put the PAV to use 
When you make such phase measurements, harmon

ics, noise and phase relationship significantly affect 
instrumentation sensitivity and accuracy. Because 
synchro/resolver bridge measurements best exemplify 
the problem's severity, consider the task of synchro 
zeroing, nulling and phase-shift testing (Fig 4) as an 
example of PAV use. 

In aligning servo systems, you must physically zero 
each synchro when the output is zero--electrical zero is 
the datum for generating error curves. Because of the 
presence of harmonics and noise, you can't obtain an 
accurate null using nonphase detectors such as DVMs. 
And DVMs require you to align the scribe mark on the 
shaft to distinguish true zero from the false electrical 

. zero that's 180° away. 
If you use a PAV, though, the nulling operation 

presents no problems. You can instantly recognize the 
true zero: Just rotate the shaft counterclockwise 
slightly and the needle must swing to the right. You can 
also readily measure phase shift (the difference be
tween the fundamental components of the primary and 
secondary voltages) at the first position of maximum 
coupling while rotating the shaft counterclockwise 
from electrical zero. 

With a PAV, you can obtain two null-voltage measure
ments. Set in its Total measurement mode, the 
instrument measures total null voltage including har
monics and noise. In the Fund mode, internal filtering 
eliminates the harmonics and noise. 

PAVs' phase-sensitive characteristics also let you 
achieve levels of synchro null accuracy unobtainable 
with conventional instruments. When adjusting the 
synchro bridge for null on the PAV, you can read the CX 
electrical shaft position directly on the bridge. 

In most cases, you can't monitor servo-amplifier 
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stages using conventional instruments because the 
chopped waveforms can lead to prohibitively large 
measurement errors. Obtaining maximum output 
torque becomes a straightforward task with a PAV, 
however. In fact , you can monitor the servo output 
directly because the meter reading equates to motor 
output. 

A PAV also simplifies transformation - ratio test
ing. For example, you can easily check the transforma
tion ratio of RXs, CXs, CDXs, CTs, transformers, etc, 
directly using a ratiometer-type PAV. This technique 
eliminates the need to use the time-consuming ratio-box 
nulling technique. 

Consider now the problem of gyro-drift measure
ments. For small drift angles, the PAV's de recorder 
output is directly proportional to a pickoff sensor's 
deviation. In gyro-drift-rate tests, for example, you can 
adjust the PAV and synchro bridge for a null at the 
beginning of a run. With a chart recorder, you can then 
record gyro drift rate in degrees per hour (setting 
desired scaling using the recorder's gain control). 

Finally, it's frequently necessary to align units such 
as phase-compensation circuits, summing circuits and 
amplifiers to reduce the quadrature effect to an 
acceptable minimum and establish a transfer function at 
precise phase-angle values. Usually, you can't conven
iently monitor carrier-type servomechanism-amplifier 
stages using conventional instruments because the 
useful or torque-producing signals typically bear some 
phase-angle relationship to the carrier reference. But 
with a PAV, such measurements are straightforward: 
You merely use the calibrated phase shifter in the PAV's 
reference channel. 

Fig 5 illustrates a setup used to check the phase
angle transfer characteristics of a 400-Hz-carrier 
amplifier. Switch S1 exactly adjusts the 90° point. This 
circuit yields trims of a fraction of a degree. IEDN 
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Designer's 
Guide 

to FIBER 
OPTICS 

A Designer's Guide to 
FIBER OPTICS 

This comprehensive, authoritative 
guide covers all aspects of fiber-optic 
systems. Totalling 60 pages, it 
provides full understanding of the 
components, their key parameters 
and how they relate to fiber-optic 
system design. 

• Part 1 - Understanding glass 
fibers and their parameters 

• Part 2 - Matching sources and 
detectors to the fibers 

• Part 3 - System-design 
considerations 

• Part 4 - Building a fiber-optic 
system 

• Part 5 - What's available today: 
Fibers, connectors, sources and 
detectors 
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FAST Connect/Disconnect 
Full Line of AwDUIT® PAN-TERM® Disconnects 

Male/Female Couplers for 
Fast, Safe In-line Splice 

Insulation is 
keyed for fast, 
rel iable 
connections 

Full nylon insulation prevents 
shocks or shorting if energized circuit is discon
nected. Wire sizes #22 through #14. Female can be 
used alone as a fully pre-insulated disconnect. 

Full Line of Disconnects 
for Fast Slip-on 
Interconnections 

Right Angle Female 
Disconnects Fit 
in Tight Spaces 

Right angle configuration helps to make reliable con
nections in cramped spaces. Pre-insulated and non
insulated types available in various tab sizes and wire 
ranges. Fast, easy crimping with standard crimping 
tools. No special tools required. 

Clear Fully Pre-insulated 
Disconnects for 
Reliable Crimping 

Fully pre-insulat ing 
female disconnects 
eliminate the need for sepa
rate insulat ing pa rts ; protect 
against shorting across exposed con
nections. Clear vinyl type allows installer 
to see proper tool positioning through insula
tion for fast , positive crimping. 

Sold Only Through Panduit Distributors 
PANDUIT PAN-TERM male and female disconnects 
are offered in many configurations to meet special 
connection needs. Available with nylon or vinyl insu
lation or non-insulated. Three barrel configurations: 
funnel entry, sleeved barrel and butted seam. All 
applicable types are U.L. recognized and CSA cer
tified. Also complete line of tooling . 

FREE 
SAMPLES 

Applicable Types of PAN-TERM Disconnects 
are Recognized under the Components Program 
of Underwriters' Laboratories, Inc. 

Certified by 
Canadian Standards 
Assoc1at1on 

CIRCLE NO 58 

ELECTRICAL PRODUCTS GROUP 

Tinley Park, IL 60477 • Phone: (312) 532-1800 
In Canada: Panduit (Canada) Limited 

Visit Panduit at NEPCON East Booth 4816 



Understand emulator use 
to increase prototyping skills 

To take full advantage of µP emulators, you must completely master 
the interactive hardware/software dynamics they make possible. 

Mike Mihalik and Bob Francis, Tektronix Inc 

Although microprocessor emulators can provide power
ful prototype-hardware/software analysis (with or 
without a development system), using them wisely calls 
for a detailed knowledge of their strengths and 
limitations. Armed with this information, you can more 
effectively utilize an emulator's diagnostic capabilities 
in your new product's integration process. The result: 
design-time and cost savings. 

To help you achieve t hese goals, this article explains 

SYSTEM CLOCK 

the emulation process, summarizes emulator types and 
describes basic emulator tasks. Additionally, it ex
plores common emulator usage and specification prob
lems, as well as potential future emulation techniques. 

Start with the fundamentals 
Emulators come in several versions. Some units form 

an integral part of a development system; others 
function in a stand-alone manner within the confines 
and support of such systems; still others function as 
self-contained, stand-alone instruments, independent of 

USER CLOCK 

MICROPROCESSOR 

TO 
DEVELOPMENT 

SYSTEM 

SYSTEM 
ADDRESS 

BUS 

SYSTEMS 
DATA 
BUS 

SYSTEM 
CONTROL 

BUS 

SYSTEM 
CONTROL 

BUS 

TO 
PROTOTYPE 

SYSTEM 

Fig 1-With help from a development system, an emulator can monitor, control and modify the interaction between a µ.P-based 
prototype 's hardware and software. To carry out these tasks, it contains interface, control and gating logic, buffers and multiplexers 
and a µ.P that closely resembles that of the prototype. 
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Emulators track, change and 
control hardware and software 

development systems. This article concentrates on the 
first two types. 

Before considering emulators, though, first examine 
their intended mission-µP emulation. Executing this 
task calls for replacing the target µP in a prototype 
circuit or system with a probe or pod connected to the 
development system. Such a setup combines software 
or firmware execution and debugging facilities with 
prototype hardware in an operating environment 
closely resembling that expected of the final product. 

A basic emulator (or emulator processor) designed 
for such use comprises one or more logic cards that plug 
into a compatible development system and connect via 
cable to the probe. The probe itself contains a µP with 
electrical characteristics similar to those of the target 
µP . To use the emulator, you remove the prototype µP 
from its socket and insert the probe's cable connector in 
its place. The emulator's µP can thus execute the 
prototype's program, as well as special operating
system programs, to examine, change or modify the 
prototype's memory, I/O and µP registers. Additional-

Some typical emulator problems 
Common emulator problems stem from using emu
lators with µP-based prototypes. Often they materi
alize from obvious design oversights. Here are two 
prevalent scenarios. 

In one case, the prototype works with the 
emulator but not with its own µP. This situation 
usually results from overlooked hardware consider
ations during the prototype's design and develop
ment. A common difficulty, for example, arises from 
µP bus overloading (either capacitive or de) . 
Additionally, timing deficiencies, based on different 
initial conditions (ie, control-line states, such as 
Reset, when power is applied to the prototype), 
frequently show up when the µP functions in the 
prototype circuit. Such a timing problem results from 
an overly short or noisy Reset signal on power-up. 
This defect might affect the µP's internal initializa
tion but gets ignored by the emulator because 
emulator execution begins after power-up. 

In the second case, the prototype works with its 
own µP but not with the emulator. This situation 
arises many times because of tight bus timing, 
power-supply noise, development-system ground 
loops or the requirement of real-time operation at all 
times after power-up. In many cases, after develop
ment, the prototype masks these problems and 
therefore appears to work properly. Such problems, 
though, often occur intermittently and then mysteri
ously disappear. Even a proven design might exhibit 
them. 
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ly, the emulator's µP allows you to start, stop and 
monitor prototype-program execution using the devel
opment system's commands. 

In most cases, the emulator uses an emulation µP of 
the same type as the target or emulated µP. However, 
single-chip µCs such as the 8048 demand special 
attention; they must operate in an expanded mode to 
allow access to their address, data and control lines, and 
the emulator must simulate their I/O ports with 
additional hardware. 

How an emulator works 
Functionally, an emulator contains a processor 

section, a prototype-control section and a target-µP 
probe (Fig 1). The processor section interfaces the 
development-system bus to the µP bus. It permits 
emulator use of development-system resources such as 
memory, breakpoint circuitry and memory-mapping 
control. 

Connected to the processor section via flat-ribbon 
cable, the prototype-control section contains cable 
drivers and receivers, the target µP and control 
circuits. These circuits switch µP signals between the 
prototype and the development system. The µP located 
in the prototype-control section is chosen to be as 
electrically close to the prototype µP as possible to 
minimize propagation delays of key processing signals. 
Minimizing such delays becomes critical when emulat
ing fast µPs, especially in real-time operation. 

The target-µP probe joins the prototype system to 
the prototype-control section. It usually contains cir
cuits that buffer key clock and interrupt lines. These 
buffers prove necessary for crystal- or RC-type clock 
sources; tying a clock source directly to the µP pins 
with interconnecting cable adds capacitance that could 
prevent oscillation. 

Ideally, the emulator manufacturer should physically 
locate the target µP at the probe socket. Electrical and 
mechanical limitations, however, don't allow for such 
proximity. 

Emulation relies on breakpoints 
To use a typical emulator, you initially define the 

prototype's environment for the development system. 
You then establish commands that specify the proto
type's memory, the development system's memory and 
logical-address range, the program memory's write
protected areas and the operating system's active 
service calls. Whichever method you use to activate 
service calls, make sure it permits relocation anywhere 
in memory or I/O space should the predefined locations 
conflict with prototype addresses. 

After you set up the prototype's environment and 
emulation mode (see box, "An emulator's operational 
modes"), you load the prototype's program into the 
emulator's memory. You next specify the program's 
starting address and begin program execution there. 
Inevitably, however, problems arise at this point in the 
emulation process (see box, "Some typical emulator 
problems"). 
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An emulator's operational modes 

To execute a prototype µP's pro
gram, an emulator needs several 
components: 

• A µP to execute the pro
gram 

• A clock to drive the µP 
• A memory to store the pro

gram 
• 1/0 circuits to control or 

respond to program execu
tion . 

The associated development 
system provides or simulates the 
prototype's environment for exe
cuting or debugging the prototype 
program before prototype hard
ware is available. When the proto
type is built, you can transfer the 
necessary hardware functions , 
such as RAM, ROM or 1/0 , from 
the development system to the 
prototype. 

The development system and 
the emulator should apportion 
these functions between the de
velopment system and the proto-

(a) EMULATION MODE 0 

SYSTEM 
110 

DEVICES 

type on several operational levels. 
By specifying one of three emula
tion modes (figure), you can indi
cate the functions slated for devel
opment-system handling and 
those for prototype handling: 

• Mode O (System mode) 
uses the development system's 
clock as the µP's clock. The 
development system also pro
vides memory space. No external 
interrupts are allowed, and 1/0 
gets simulated via service calls to 
the development system's operat
ing system. Until prototype hard
ware is available, the prototype's 
program can execute only in 
Mode 0. 

e' Mode 1 (Partial Emulation 
mode) employs the prototype's 
clock as the µP's clock and uses 
service calls for simulated 1/0. It 
can also employ the prototype's 
1/0 facilities. Additionally, Mode 1 
allows the emulator's program to 
access memory in either the de-

USER 
PROTOTYPE 

MEMORY 
AND 1/0 

USER 
PROTOTYPE 

MEMORY 
AND 110 

velopment system or the proto
type. With memory located in the 
development system (for exam
ple, in the same address location 
as the prototype's ROMs) , you 
can then simulate the ROM's 
environment without programming 
a PROM. The development sys
tem's memory should have pro
gram-write-protect capability in 
case a fault causes memory 
writes to the ROM-address area. 
A memory map in the develop
ment system determines whether 
a particular address refers to 
development-system memory or 
prototype memory. 

• Mode 2 (Full Emulation 
mode) utilizes the prototype's 
memory, clock and 1/0 facilities . 

In all three emulation modes, 
the emulator substitutes for the 
target µP slated for installation in 
the working prototype. 

CLOCK 

CLOCK 

Emulation modes define the functions performed by an emulator and those executed by its associated development system. In 
Mode O (a), the development system and the emulator can simulate prototype software operation without the need for the 
prototype 's hardware. In partial emulation, Mode 1 (b) allows the emulator's program memory to access both the development 
system's and prototype 's memories. Mode 2 (c}-the Full Emulation mode--€mploys the prototype 's memory, clock and /JO fac ilities. 

EDN JUNE 10, 198 1 123 



Breakpoints allow flexible control 
over hardware/software diagnostics 

To verify proper program operation, you could 
single-step through the entire program, checking 
performance at each instruction. To save time, though, 
it's easier to set a breakpoint at the end of a particular 
operation sequence and examine the results at that 
point. Establishing such breakpoints can isolate a 
problem within a small program section. You can then 
concentrate debugging efforts on that section. 

Breakpoints halt program execution 
As a key capability, an emulator can trigger condi

tional breaks to stop prototype-program execution for 
analysis. Multiplexer-type circuits in the emulator 
switch the µP between the prototype and the develop
ment system whenever you want such a conditional 
program break. (You might need this break capability 
to accommodate a breakpoint, a service call to the 
operating system or an instruction single-step opera
tion, or merely to cease prototype-program execution.) 

To determine the µP 's status-its registers' contents 
at the breakpoint-the emulator software directs the 
µP to execute a software routine that clumps register 
information to the development system's memory. 
After storage, the development system's operating 
system can gain access to this register information 
without disturbing the prototype's status information. 

To locate the program-execution breakpoint, the 
emulator latches the address bus pn the instruction 
fetch occurring just before the break. The location of 
the instruction executed just before the breakpoint is 
termed PCLAST. After latching it , the µP is forced to 
execute an instruction sequence to obtain its status 
information . During this forced jump, several events 
occur: 

• The address bus latches during the current 
instruction fetch to obtain PCNEXT (program 
counter next)-the address where program exe
cution should continue. 

• The buffers switch from the prototype and allow 
the µP to execute special software routines. 

INSTRUCTION 
EXECUTED 

INST MNEM OPER SP F 

These routines could reside in the same memory 
area that the prototype requires, but the buffers 
allow complete switching transparency. 

• The emulator's µP-probe pins get forced to a 
predefined state or sequence. The prototype's 
environment thus undergoes only minimal distur
bances during this sequence. In particular, mem
ory writes occurring during this status transfer 
should not affect the prototype. . 

The emulator's operating system and µP use this 
status information to define the prototype's current 
state. The information-presented as a trace line
contains the following data (Fig 2): 

• Program-counter contents (PC LAST) when 
break occurred 

• Disassembled opcode of instruction just executed 
• µP registers' current contents 
• Reason for break. 

You can then alter memory contents or change register 
values before continuing with prototype-program exe
cution. However, before starting the prototype pro
gram, the operating system must restore the µP 's 
contents to their states before the break or to a new 
state as commanded. 

At this point, the µP gets forced to execute a restore 
program. It then starts program execution at the 
memory location specified by PCNEXT. (You can 
continue program execution at another location by 
specifying a new PCNEXT with the appropriate 
command.) 

Flexible triggers vary break conditions 
For flexibility in specifying break conditions, an 

emulator should allow you to choose among several 
trigger methods. The simplest method utilizes a trigger 
based on an address location; you can extend this 
method by also specifying read or write operations. 

For increased breakpoint flexibility, you can specify 
memory or I/O operations and define different bus
transaction types, such as interrupt-acknowledge cy
cles, address-space references and memory-stack oper
ations. And for still more flexibility, you cart specify a 
trigger based on the µP's control signals or on external 
hardware. The generated trigger is also available 
externally to activate test equipment, such as a logic 

l'p REGISTERS' CURRENT CONTENTS 

A B c D E H L IM SOD LOG 

0106 

0106 

86 ADD M 0000 04 OF 01 00 00 00 05 04 07 O 

124 

PC LAST 

< BREAK BKPT1 > 

REASON FOR BREAK 

(BREAKPOINT 1) 

Fig 2- A trace line displays address, data and status information for the processor cycle executed just before a breakpoint. This 
information includes the program-execution breakpoint location, the last instruction processed and the µP's registers ' current 
contents. For user convenience, the Trace line indicates the information in assembly-language mnemonics. 
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What an emulator can and can't do 
Emulators can execute prototype 
programs in several environ
ments, including the prototype 
hardware's. Along with a develop
ment system, an emulator also 
provides removable prototype
debugging capabilities . You could 
permanently install such facilities 
into the prototype, but they would 
add significantly to the product's 
cost. Additionally, unskilled prod
uct users wouldn't be able to 
implement the debugging tools. 
(Obviously, however, skilled prod
uct users would profit from these 
capabilities.) 

do you use the emulator's capabil 
ities to pinpoint the problem. 

operating in OMA mode, the µP 
gets bumped off the bus because 
OMA circuits access memory di
rectly. Because the only path 
connecting the development sys
tem to the prototype goes through 
the emulator's µP socket, the 
OMA bus-arbitration circuit dis
connects this path and isolates 
the µP socket from OMA activity. 

Emulators do exhibit some op
erational restrictions. One con
cerns µP-status information dis
plays ; they interrupt the prototype 
program. Additionally, an emula
tor can generate extraneous sig
nals on the µP-probe lines. And 
buffers inserted between the µP 
and the prototype, plus the con
necting cable's propagation delay, 
produce timing skews that man
date prototype design care . 

Yet another restriction arises 
when you attempt to mimic the µP 
used on another emulator/devel
opment- system combination . 
Specifically , emulators can gener
ate µP-timing variations and add 
propagation delays, clock skews 
and different drives or loads. 

Most importantly, though, an 
effective emulator should operate 
completely transparently to the 
user until a fau lt arises ; only then 

Still another restriction centers 
on direct-memory-access (OMA) 
capabilities built into the proto
type. You can't expect to force 
OMA capability into the develop
ment system's memory. When 

analyzer , for assistance in verifying prototype opera
t ion. 

Dur ing that operation, random faults commonly 
occur, preventing trigger definition on an invalid 
condit ion. A powerful development system, however, 
can define triggers for a breakpoint whenever the 
prototype does not meet trigger definition. The proto
type's program thus breaks only when the problem 
occurs. If available externally, the trigger can also arm 
a logic analyzer or oscilloscope to capture the proto
type's status record at the time of the trigger. 

Logic analyzers aid real-time checking 
When using an emulator, recall that any time the 

development system displays status information or 
interrupts the prototype program for other reasons, 
the program doesn't execute in real time. It proves 
helpful, then, if an emulator can extract µP-status 
information on the fly without forcing the µP to execute 
a system software routine. Unfortunately, emulators 
for currently available µP s require such routines. 

Despite claims to the contrary, all emulators pause 
mome ntarily dur ing prototype-program execution 
while µP- status information passes to the operating 
system. Only the amount of t ime spent processing and 
displaying information varies with different emulators. 

Analysis methods that execute externally to the 
emulator, however, can capture µP information on the 
fly. One such method uses a dedicated logic analyzer, 
which monitors the µP bus and records bus transac
tions as they occur or if they meet predefined trigger 
conditions. 

Design for emulator compatibility 
Keep in mind certain prototype-design considera

tions when planning on using an emulator for product 
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development and debugging (see box, "What an 
emulator can and can't do"). In terms of hardware 
design, make sure that the emulator's specs define 
timing skew so that you can design adequate margins 
into the prototype. Additionally, check that adequate 
space exists around the µP socket to receive the 
prototype-control probe. 

More importantly, carefully investigate the emula
tor's transparency (see box, "What to look for in an 
emulator"). The emulator must not require that you 
avoid certain memory areas or I/O addresses to 
accommodate its functions. 

Inspect the emulator for proper connections to 
special I/O interfaces that monitor instruction execu
tion in parallel with the µP. Monitoring becomes 
important when information from development-system 
memory-corresponding to the µP 's data lines
appears on the emulator's probe pins. If the prototype's 
buffers get turned in the wrong direction, the emula
tor's buffers will probably win the bus-contention 
contest. Likewise, should a DMA (direct memory 
access) or multiprocessor environment exist in the 
prototype, the emulator must handle the necessary bus 
arbitration. 

In terms of software design, remember that the 
emulator takes time away from the prototype whenev
er the development system displays the µP' s status. 
Additionally, whenever the development system must 
communicate with the emulator's µP , the µP must 
suspend prototype-program execution for a very short 
time . One proposed application of a µP involves using a 
software-refresh program for the prototype's dynamic 
RAMs. But unless an emulator can assure that its µP 
acknowledges the interrupts asking for a refresh cycle, 
its memory continually loses its contents during 
development-system operations. Note, though, that 
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A Trace line displays address, 
data and control-signal activities 

prototypes not relying on software refresh of dynamic 
memory should work with most available emulators. 

Processor problems can thwart emulation 
Switching the emulator's µP between prototype and 

development-system operations appears simple. In 
practice, though , this switching becomes complex. Not 
all µPs, for example , provide the same interface for 
their interrupt , address, data and control lines. Addi
tionally, some µPs (such as the 6800 family) don't 
indicate when an instruction-fetch cycle occurs. For 
these µPs, the emulator must add hardware to supply 
this information in order to determine PCLAST and 
PCNEXT. With other µPs, the emulator can't employ a 
forced-jump sequence to execute special dump/restore 
routines. Instead, it must activate the µP with 
available interrupts. 

Still other µPs, such as pipelined types, impose 
unusual problems. A pipelined µP commonly includes 
two separate processors and a queue or cache memory. 
The first (bus-interface) processor fetches instructions 

What to look for in an emulator 
Before you choose an emulator, carefully check its 
capabilities. The most significant emulator capability 
embodies user transparency in the intended appli
cation . Transparency in this case refers to the 
limitations imposed on the prototype's design by the 
emulator in the following areas (the more transpar
ent the emulator, the fewer the limitations): 

• Address range available and restrictions on 
certain locations 

• System-1/0 facilities available and restrictions 
on locations 

• Interrupts 
• Microprocessor control signals 
• Probe timing , including the ability to run at the 

µP's full rated speed 
• Support of the µP's special functions and 

operating modes, such as internal timers and 
multiprocessor interfaces. 

Also evaluate the emulator's ease of use. Consid
erations for the uninitiated include design help and 
tutorial facilities; for the experienced , fast and 
simple setup and control commands. 

Another important consideration encompasses 
the emulator's operational display. Via a Trace line, 
this display must indicate the µP registers' contents, 
disassembled instructions and the emulator's state 
at a breakpoint. It should also show the memory's 
information in disassembled mnemonics, ASCII or 
various number bases. Look for an ample mix of 
features and complete but simple displays. 
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and operands from memory and places them in a queue. 
The second (execution) processor takes instructions 
from the queue, decodes them and performs the desired 
functions. 

The advantage gained in this configuration? While 
the execution processor performs an internal register 
operation that requires no memory access-such as 
multiplying the contents of two registers-the bus
interface processor can fetch instructions to fill the 
queue. A full queue frees the memory bi.ls for other 
uses in a ·multiprocessor application. 

Consider a pipelined processor such as the 8086. With 
this µP , you're most likely to be interested in true 
execution information rather than in the activity 
occurring on the µP's pins. Such information proves 
important because it follows the program's logic. On 
the other hand, prefetching by the bus-interface 
processor accesses instructions that might never be 
executed (ie, a branch or jump instruction prevents the 
execution of instructions following it in the queue). The 
bus-interface processor must therefore clear and refill 
the queue from the new branched-to location. 

Consequently, an emulator must derive current 
address, data and control information so that break
point conditions are met by executed instructions, not 
by those placed in the pipeline and never executed 
because of an interrupt or branch. 

In addition to emulators, other capable product
development software-debugging and integration tools 
exist, such as simulators, romulators and partial 
emulators. However, these tools share a common 
deficiency-they distort the prototype's environment. 

Simulators, devices in which a software program 
represents the target µP, can't accurately recreate 
interrupt or internal processor conditions present in 
the prototype. This drawback becomes critical if you're 
working on a real-time control application. 

Romulators normally provide partial memory or 
I/0-resource substitution in the prototype by the 
development system. For these devices, the µP re
mains in the prototype. And other notable disadvantag
es exist: 

• You must add circuits and jumpers or straps to 
the prototype to disable its memory and/or 
buffers, complicating the hardware and software 
interfaces. 

• You can't use the romulator approach with 
single-chip µCs. 

Pa.rtial emulators suffer from problems related to 
deficiencies in user transparency and special µP 
handling. 

Unless future µPs contain debugging capabilities, 
future emulators will become complex and prohibitively 
expensive. Current 16-bit-µP families (eg, 8086/8088, 
Z8001/Z8002 and 68000) provide limited software
debugging capabiiities by means of trace bits and 
software interrupts. 

To provide real-time debugging, though, manufactur
ers might have to incorporate more of the functions that 
an emulator typically provides into custom emulator 
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No 
ADAC expands the use of DEC LSI-11 and 
Intel SBC-80/10 and 80/20 into the most 
demanding industrial applications. 

• Direct Multiplexing of Thermocouple Signals. 
• Cold Junction Compensation. · 
• Software Selection of Thermocouple Types. 
• Linearized RTD Measurements. 
• Choice of Relay or Solid State Multiplexing. 
• 250 Volt Common Mode Isolation. 
• Input Full Scale Ranges from lOm V to 500m V. 
• Programmable Gain Amplifier with 6 Gain Settings. 
• 16 Differential Inputs per Card. 
• 12 Bit Resolution. 
• Program Control/Program Interrupt Interface. 

• High Level Software with Thermocouple 
Linearization. 

• Complete Integrated Systems. 

To learn more about measuring 
thermocouples by data acqui
sition systems, contact: 

CORPORATION 

70 Tower Office Park 
Woburn, MA 01801, 617-935-6668 
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NO 
DRIPPING. 

Gates Energy cells and batteries oper
ate safely in any position. For these unique, 
sealed lead-acid cells there is no "right 
side up'.' 

All the benefits of a conventional dry 
cell plus high output (up to 200 amps 
discharge from our 5Ah cell) over a wide 
range of discharge rates. Hundreds of 
deep discharge and thousands of shal
low c;f ischarge cycles. 

Get all the details. Send the Reader 
Service card for our comprehen~ive in
formation packet. Or write: Gates Energy 
Products, Inc., 1050 S. Broadway, Denver, 
co 80217. Phone (303) 744-4806. EDN-6 

CIRCLE NO 61 

Future emulators could become 
complex without chan~es in µPs 

chips. The 8051, for example, requires special bondout 
options to bring out important status information for 
use in emulator designs. Moreover, the 8086 and 8088 
provide queue-status information when configured for 
Maximum-mode operation~ritical information for the 
emulator designer to extract. 

The 68000, furthermore , calls for an emulator with 
instruction-fetch and true-execution-information capa
bilities. Instruction prefetching provides an indication 
of the approximate execution address when interrupt
ed. This lack of precision stems from the absence of 
status information provided by the 68000. The lack of 
externally available internal-queue-status information 
in turn masks execution activity from both the user and 
the emulator designer. This µP might thus have to 
slight the interests of both of them. lEDN 
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It was a pipe dream only a few short • • which comes pretty 
years ago. A computer you could carry 
around in your pocket, so you 
could run programs at 
home or while travel
ing; a computer 

• 'f) • 'ff>: close to the fiexi-
.., • ..._. ~ bility of a con-

, ~~-~ •• - ... / ventionalsize 

small enough both 
Q-~~~~· ..... ,,,,,,,,,,,, Itwillrun 
~ C:.. ~ \> ~ .... ~ programs of as 

for your pocket and 
your pocketbook. 

'-'*' .,,..:" ~ °': C:.- ""~ ._~'ii<~/: , many as 30 or 40 lines. 
~(p c;..~0- " , , That's a remarkable degree of 

Herewith, the 
pipe dream made real: 
the Sharp PC-1211 Pocket 

· ~ (p ~ ~ sophistication to be carrying 
~ ~ ~ (-">q J- around in your pocket. 

/.(\""" ~ . "" WILL WONDERS 
Y"" fl t? ~9 NEVER CEASE? Computer. 

Not a fancy pocket 
calculator. A computer. With 
l.9K RAM memory. Programmed 
conventionally through the key
board. Or, using an optional 
cassette interface, able to load and / 
unload programs using almost ' 
any cassette recorder around. 

You can even hook up the 
PC-1211 to a printer (optional) 
and print out the program results or the program 
listing itself. 

BASIC SPOKEN HERE. 
The PC-1211 Pocket Computer has a dot matrix 

display that scrolls right or left, handling up to 24 
alphanumeric characters. 

This allows the program to display instructions 
asking for data, as well as any other prompting the 

ll The Sharp Pocket Com-r:: ~·-¥-! '4.~ J ._,. ,,. 
-.v puter even has some features 
VJ!!'. 

2,~.;,!~"" that the big ones don't have, 
.. ~'""' .;,,. ~ such as reservable keys. 
----- Commonly used commands, 

~.,,,.,,.,~.-~· 

· statements, mathematical func-
tions, almost anything can be 
assigned to these keys. 

If you don't want to keep 
spelling out the statement PRINT, 

for example, you simply assign it to, say, letter ''A:' 
Thereafter you press one key instead of five. Math
ematical functions like 
COS can be assigned. 
Or A2 +B.20rRUN. 
And so on. 

The PC-l2ll has The PC-1211 with optwnal printer. 

many more fascinating features. It's more than a 
fantastic tool. It's an intellectual adventure. program requires. It also allows you to look 

at the program listing, line by line. 
If you don't know Basic, the PC-1211 

is a good way to learn. There are 22 state
ments and 12 commands at your disposal, 

Go to your local computer store and 
SHARR fool around with one. You'll see that we 

® haven't exaggerated in the least about the 
Sharp PC-1211 Pocket Computer. 

Sharp Electronics Corp,, 10 Keystone Place, Paramus, N,J, 07652 
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POWER-ONE 
D.C. POWER SUPPLIES 

Our customers select" their favorite models 
The choice wasn't ea~y. Not with 105 open frame 

linears and a full switcher line to choose from. Still, 
the top models of the pa$t ·year - prc;>Udly pictured 
below - have been named. 

Actually, this is a state"ment of Power-One's most 
popular D.C. power supplies - as determined by our 
customers. Obviously, appl ications vary widely, from 

Switchers 
• Hi-Tech Design 
• High Efficiency · 75% min. 
• Compact/Light Weight 
• 115/230 VAC Input 
• 20 msec Hold-up 
• Totally Enclosed 

Packaging 
• Two Year Warrantee 
• 24 Hour Burn-in 

Disk-Drive 

• Powers Most Popular 
Drives 

• 7 " Off the Shelf" Models 
• Powers Drives & Controller 
• UL & CSA Recognized 
• 115/230 VAC Input 

Open-Frame Linear 
• Industry Standard 

Packages 
• 115/230 VAC Input 
• ± .05% Regulation 
• Two Year Warrantee 
• UL & CSA Recognized 
• Industry's Best Power/Cost 

Ratio 

DUAL OQTPUT 
. ~ .. .. " . ,. !=,-·.;;·~ .. 

::. :, ........ ~; 
~ ; L -1-;;. 

• 1" ~/ .. 

± 12V @ 1.7A or 
± 15V @ 1.5A 

HBB15-1 .5 : $49.95 

SINGLE OUTPUT 

5V to 24V Models 

SD, 60W : $115.00 
SF, 100W : $170.00 
SK, 200W : $250.00 

51/4" FLOPPY SUPPLIES 

CP340, 1 Drive : $44.95 
CP323, Up to 4 Drivers : $74.95 

SINGLE OUTPUT 

5V @ 3A 
12V @ 1.7A 
15V @ 1.5A 

H B Series : $24.95 

24V @ 1.2A 
28V @ 1.0A 

250V @ 0.1A 

TRIPLE OUTPUT 
~ -..,·~"'! ~ · , ;o ... 9.o I 

" ~: .. 
j : - ~ .. 
. . ·•·'---·. 

5V @ 2A 
±9V to± 15V @ 0.4A 

HTAA·16W : $49.95 

small floppies and micro-computers to large main
tram~ systems. 

But one thing they all have in common. They're built 
by Power-One. Which means the most reliable power 
supplies available, at the lowest cost possible. · 

So take a look at our entire line. Send tor our new 
1981 Catalog and Facilities Brochure tor details. 

MULTIPLE OUTPUT 
150 Watts 

5V @ 20A -12V @ 3A 
12V @ 5A 5V to 24V @ 3.5A 

User Selectable 

SHQ-150W : $295.00 

8.0" FLOPPY SUPPLIES 

· ·o _-t ·. _;,; .__ -· 
.•\..I.I. • o· o 

:. 1 r:· ,_ .f I 
• ~~ :1 . 
• .. : 11': - ~ • 

~ . . \ 

CP205, 1 Drive : $69.95 
CP206, 2 Drives : $91 .95 
CP162, Up to 4 Drives : $120.00 

SINGLE OUTPUT 

5V @ 6A 
12V @ 3.4A 
15V @ 3.0A 

24V @ 2.4A 
28V @ 2.0A 
48V @ 1.0A 

HC Series : $44.95 to $49.95 

TRIPLE OUTPUT 
. ..... . . ~ . . ' . 

0 _- : ,· 0 0' 

t : - : -= :~ --. ~ .. ': 

5V @ 3A 
± 12V @ 1A or 
± 15V @ O.BA 

HBAA-40W : $69.95 

QUME PRINTER SUPPLY 

~-· §:.: 1!11 ---
5V @ 10A 

± 15V ' @ 4.5A/16A Peak 

SP305 : $345.00 

WINCHESTER SUPPLIES 
2 Models to Power any 

Manufacturer's Drive 

CP379, CP384: $120.00 

DUAL OUTPUT 

± 12V @ 1.0A or 
±15V @ O.BA 

HAA15·0.8: $39.95 

POWER FAIL MONITORS 

• Indicates pending 
system power loss. 

• Monitors AC line and 
DC outputs. 

• Allows for orderly data· 
save procedures 

PFM-1 : $24.95 PFM-2 : $39.95 

NEW '81 CATALOG & 
FACILITIES BROCHURE 

Get your tree copies now! 
Phone or wri te us direct, or circle the 

reader service number 

PaUier-ane 
IJ.t:. PBUJer SU/IPL/es 

Power One Drive • Camarillo, CA 93010 • (805) 484-2806 • (805) 987-3891 •TWX 910-336-1297 
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New Application Technology 

Digital ICs switch analog phones 
for high performance, low cost 

Advanced semiconductor devices are converting yesterday's 
analog-only telephone systems to today's digital methods. Your next 

design can benefit by incorporating these dedicated /Cs. 

Neil Wellenstein, Motorola Inc 

By applying dedicated digital !Cs to your next tele
phone-network design, you can enhance system per
formance as well as reduce initial development costs 
and increase overall reliability. And although a typical 

digital central-office system (Fig 1) controls and routes 
10,000 phones, this same scheme applies to both larger 
and smaller installations, including PABX systems. 

MAIN 
PROCESSOR 

MC68000 

MEMORY 

MEMORY 

Fig l's architecture depends on a central-µP
supervised distributed multichannel concept. The µP 
coordinates the activities of the channel groups, each of 

VOICE SWITCHING MEMORY 

TIM(: SLOT INTERCHANGE 

BIDIRECTIONAL DIGITAL DATA BUS 

TELEPHONE 
SET NO 128 

MICRO
PROCESSOR 

80 

r------------, 
t----- ---- ---- ----T""--, scu 10240 I 

MEMORY 

NOTES: 
SCU: SUBSCRIBER-

CHANNEL UNIT 
TSAC: TIME-SLOT 

ASSIGNMENT CIRCUIT 
sue: SUBSCRIBER-LOOP 

INTERFACE CIRCUIT 

D STANDARD PRODUCTS 

TSAC I 

FILTER 

I 
I 
I TIP 

I RING 
I 

ANALOG GRO.UND1 
.--~ ...... ~~ I 

VOLTAGE I 
REFEA£NOE I 

L- ------------ _J 

TELEPHONE 
SET 

NO 10,240 

D CMOS DEDICATED PRODUCTS • BIPOLAR DEDICATED PRODUCTS 

Fig 1-Modern telephone systems employ µP-controlled digital voice- and status-information-handling techniques. One main 
processor can oversee the activities of as many as 10,240 subscribers by delegating traffic-handling tasks to subsidiary µ.Ps . 

EDN JUNE 10, 198 1 131 



Connect the subscriber-channel 
un~t via a backplane 

complexity of required components, a subscriber 
channel unit (SCU) contributes the lion's share of the 
cost of manufacturing-as opposed to developing-a 
digital switch. But as shown in Fig 2, a few dedicated 
ICs reduce this complex problem to a simple solution. 

which handles 128 subscribers. Every channel group is 
in turn controlled by its own µP. Thus, you can 
incorporate as many channel groups as your current 
requirements demand and leave room for future 
-expansion that won't require extensive redesign. 

Four specialized building blocks form the heart of this 
approach. (You can find a complete description of the 
devices' functions in the box, "Modern telephones: 
More than a hand crank".) Briefly, Fig 2's SCU 
performs voice-encoding functions via the MC14407 
codec (note the on-chip ADC and DAC). Following this 
component, the MC14413 filter handles 10-, 20- and 
60-Hz rejection along with transmit antialiasing and 
receive restoration filtering; you can use its on-chip 

Simplify complex subscriber interfaces 
What dedicated ICs make this approach possible and 

cost effective? Because of the number and functional 

132 

Modern telephones: More than a hand crank 
The days are long gone that you 
can ring up the operator and ask 
to be plugged into your party . 
Integrated circuits have not only 
replaced yesterday 's massive 
matrix-like switchboards , they 
have also improved quality and 
reliability of service by taking on 
tasks no operator could handle. 

the figure handle these diverse 
tasks . (A more detailed schematic 
appears in the main text as Fig 2.) 

The building blocks shown in 

The SLIC (subscriber-loop in
terface circuit) chip performs the 
standard BORSHT functions (bat
tery, overvoltage, ringing , super
vision , hybrfd and test). In addition 
to this dedicated IC, the circuit 
employs Darlington power transis-

MC14413 FILTER 

I 

r
~------------------------, 

SLIC 
MC3419 TX GAIN 

I MJE270/271 ADJUST 
·' 'MDA220 I AND 1-TO-V I . fr CONVERTER 
·I TX 
I ":" 

I lBATIERY FEED~~ •SIGNAL I • LINE·FAULT BALANCE 
I _9::1 PROTECTION 2-T04- • OFF:HOOK ~ 
I TIP • SECONDARY WIRE DETECTION 

' 

LIGHTI!llG CONVERSION • RING TRIP ~ 
PROTECTION • LOOP· 

: _9::1 • AD~USTABLE CURRENT 
RING PEED ~ND DISABLE ...... 

I TERMINATION 
J IMPEDANCES ' 

! J RX, RX 

' O '-- GAIN 

1 

tors, a diode bridge, a current 
regulator and several resistors 
and capacitors . These devices, 
applied in combination , provide a 
myriad of specialized functions. 
For example : 

• The MC3419 and its associ
ated networks handle the 2 -
wire - balanced - to - 4 -
wire-single-ended conver-

VREF 11----------. 

VAG 

MC14407 CODEC 

VAG 
[ 

Voof2 
REF 

CONTROL 
LOGIC 

I - 48V ADJUST 

L--~-.-·-------~------ ------- _ ... _-...1+1--+-----------1~------+f--+------1 

l l r I 
RINGING H RING t!§ING LOOP- POWER r PROGRAMMABLE l r f 

'- RELAY ..... ENABLE TRIP CURRENT DOWN TIME-SLOT r~-___, f.-------..------1 
DISABLE ASSIGNER rl-I-------' 

1 ...._ { Ml~OPROCESS~ PORT ~~~~~ [ } ~~RR~D 
MC14418 TSAC L...:~i!.t:tl:tlli.......t-t--- ADDRESS 

A few dedicated ICs perform telephonic functions that previously required many discrete devices. Shown are the operational blocks 
required to service each subscriber. 
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uncommitted op amps for transmit-gain-adjustment 
and ring-trip functions. 

because the standard telephone-line voltage is -48V 
de , the SLIC, at least, must operate from this source. 
The codec, filter and TSAC, however, require a 10 to 
15V supply. If you use the -12V supply indiciated in 
Fig 2, the SCU doesn't require any additional level 
shifting, and you gain the advantage of CMOS's noise 
immunity. 

The MC3419 SLIC (subscriber-loop interface circuit) 
chip meets several diverse requirements, including 
2-to-4-wire conversion, battery feed, secondary
lightning and line-fault protection and signal-balancing 
functions. Finally, under the µP's guidance, the 
MC14418 TSAC (time-slot assigner circuit) chip gov
erns line-circuit control. 

One moment please; I'll connect you 
Because all the circuit signals except de power and 

ground are digital, you can connect the SCU to the rest 
of the phone system via a backplane hookup. And 

ote that a system's channel-group µP mignt have to 
interface to 0 and 5V logic levels. In this case, the 
codec, filter and TSAC require a + 12V supply with the 
TSAC's V cc pin at 5V. Interfacing to the SLIC, 
however, then requires that you capacitively couple the 
analog ground (V AG) and level -shift the power-down 
input (PDI), hook-status output (HSO) and tip-sense • 

sion that previously required 
a transformer. 

• The diode bridge protects 
against temporary power
linE;l faults and furnishes pro
tection against 1500V sec
ondary lightning . (And you 
can further enhance the ca
pability by employing an 
SCR configuration in lieu of 

..-
t-- Voo= 12V 

-TX DATA 

I-----' CONV ERT 
CLOCK 

1---'f DATA CLOCK 

--CTX SYNC 

,.-- I-----' RX SYNC 

1---'f RX DATA 

w 
z 
<i 
_J 

a. 
:.<'. 
() 
<i 

~~,s>A~~S CD 
_J 

0 MUX a: ,__ 
z 
0 
() 

w 
z 
::::i 

f-+-BANK STATUS 
,__ 
a: 
0 a. 

f--ocBANK SELECT a: 
0 
Cf) 
Cf) 

r--c ADDRESS 
w 

>8 
r--c TIME-SLOT 

a: 
a. 

DATA 0 
a: 

r--c cLOCK 
() 

~ 

t-- Vss=OV 
_J 

<i 

t-- VEE= - 48V a: 
w 

t--RINGING BUS Cf) 

'---' 
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the diodes.) 
• The circuit monitors various 

ring- and tip-current limiting 
and status functions. 

The MC14407 codec encodes 
voice information. This chip con
verts the analog input to a digital 
format in Transmit mode and de
codes it back to analog form in 
Receive mode. Encoding follows 
the 8-bit µ-Law format, and 
you can select either µ- or A-Law 
companding by adjusting the 
chip's pin 9 input connection. 
Additionally , this chip provides an 
isolated analog ground (V AG) for 
the codec and filter and the SLIC's 
4-wire side, minimizing supply
noise pickup and eliminating com
mon-ground crosstalk between 
channels. 

The MC14413 filter IC , a 
switched-capacitor device, con
tains two 5-pole elliptic low-pass 
filters and a 3-pole Chebyshev 
high-pass filter. Although the 
transmit-filter sampling rate is 128 
kHz, you should band-limit it to 
124 kHz to prevent aliasing into 
the audio band. (Connect the 
high-pass and one of the low-pass 
sections in series to achieve the 
transmit-bandpass function .) The 
receive filter incorporates a 1/s
duty-cycle, 8-kHz presampler that 
eliminates the codec 's 8-kHz 
PAM-induced sinX/X distortion. 
You can use the two on-chip 
uncommitted op amps to adjust 
the transmit path 's gain and detect 
off-hook during ringing . 

The MC14418 TSAC (time-slot 
assigner circuit) chip permits the 

channel-group µP to address and 
control each of the system's 128 
SCUs-four banks of 32 
channels-from an 8-bit-wide 
backplane control bus. One of the 
four banks is enabled by the 
appropriate select line (CS1 
through CS4), and all 32 TSACs in 
that bank clock in eight bits from 
the address line (AD) and eight 
from the data line (DI). One of 
these TSACs responds to its own 
address, latches in the time slot 
and control data, and-via the 
CTS line-informs the µP that the 
data has been accepted. 

The selected TSAC then sends 
an enable pulse to the codec at 
the proper time, and the codec in 
turn transmits data to and re
ceives data from the digital voice
data bus. In a 32 - channel 
bank, the data rate equals 
2.048M bps. Thus, during each 
125-µsec frame, the codec trans
mits and receives eight voice-data 
bits. (You can increase the sys
tem's capacity to 40 channels by 
clocking at 2.56 MHz.) 

In addition to implementing time 
slots, the TSAC performs SCU 
supervisory and control functions. 
For example, the address's first 
three bits serve as control bits and 
determine the logic states of the 
control outputs, Oo through 0 2. 
You can then employ these sig
nals to control such functions as 
power down, ring- and test-relay 
enable and data-path selection. 

To receive additional informa
tion on these devices, Circle No 
499. 
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Re~uce circuit complexity, 
get better performance 

output (TSO). 
In addition to the eight µ.P bus lines, power and 

ground, nine other signal lines run on the channel
group backplane. The codec uses one of these signals, 
Data Clock-which operates at a 2.048-MHz rate in a 
32-channel bank-to clock data on and off the lines. 

Outgoing information on the backplane is termed TX 
Data; the incoming signal, RX Data. Tone-signaling 
data-busy signals, dial or ringing tones, etc~oming 
to the subscriber over another line is labeled RX Tone. 
TX Sync and RX Sync establish the beginning of the 
TX and RX data frames; they need not coincide , but 
they must be synchronous with Data Clock. 

Another backplane signal, Convert Clock, controls 
the codec's analog-to-digital-conversion sequence; a 
128k-bps input yields a 64k-bps full-duplex output. And 
note that you can control two voice channels (each at 
64k bps) by doubling this input to 256k bps to achieve a 

MDA220 
....---+--. TIP 

Fig ~ne µP controls four channel banks of 32 channels each 
for a total of 128 subscriber lines. Because the µP/TSAC interface 
requires two frames (250 µsec) to transfer to each channel, the entire 
128 channels can be updated every 32 msec. You can mount eight of 
these cards in a 343-in. 3 space to service 32 customers. 

.----:-----t EP Vee VAo i---+-------+-----------<' 
RX 

MC3419 
BP SLIC 

'-..ll~f-+---+-+---+-----~ TSI 
TX Rvrx 
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RING 

cc 
.-V..'V'1t-+---t-+---+------+-t RSI 

BN 

P5f t---+------+-+--~ 

TSQ t---+------+-+--+---------! 

IN5305 

Rrso 

Fig 2-Each subscriber-channel unit (SCU) employs several dedicated digital !Cs to perform critical voice- and status-data 
handling. In addition to the codec, filter, SLIC and TSAC /Cs, the circuit contains several logic-controlled transmission gates, a 
voltage-regulator IC and a diode-bridge transient arrester. 
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TYPICAL END-TO-END PERFORMANCE OF CODEC AND FILTER 
(ALL MEASUREMENTS MADE USING HP3779B PCM TEST SET) 

SPECIFICATION 

CHANN EL SATURATION 

GAIN TRACKING WITH 1-kH z TONE 
+3 TO - 40dBmO 
-40TO - 50 dBm0 
- 55 dBmO 

QUANTIZING DISTORTION @ 1 kHz 
+3TO -30dBmO 
- 35 dBmO 
- 40 dBmO 
- 45 dBmO 

IDLE-CHANNEL NOISE WITH VTX = VAG 

TYPICAL 
PERFORMANCE OF 

MC1440/4 CODEC AND 
MC14413 FILTER 

+ 3 dBmO 

± 0.2 dB 
± 0.3 dB 
±05dB 

37 dB 
34 dB 
31 dB 
25 dB 

QUIET CODE NOISE (ALL ONES AT DECODER (ROD) INPUT) 
16dBrncO 
10 dBrncO 

FREQUENCY RESPONSE @ 0 dBmO INPUT 
50-Hz GAIN RELATI VE TO 1.02 kHz - 28dB 
60-Hz GAIN OR 0.820 kHz - 24 dB 
200- TO 300-Hz RIPPLE 
3400-Hz GAIN 
4000-Hz GAi N 
;>4600-Hz GAIN 

SIN GLE-FREQUENCY SPURIOUS RESPONSE 
IN BAND WITH INPUT 1 kHz @ 0 dBm 
OUT OF BAND WITH INPUT 0 TO 12 kH z @ 0 dBm 

DIFFERENTIAL DELAY DISTORTION 
1150 TO 2300 
1000 TO 2500 
900 TO 2700 

~Vee 
'-----" VREF 

r-----1 Vss MC1403 
o-j 2.5V REF ..-<1>---+------1 VAG 

<<~ u~---1 ADI 
..._--------+~ ~ C11 

J----- ~ C12 * ~ CZ1 ffi Voo ~ VAG 

+---1 + A 
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~ R2 
NC o-1 MU/A 

V DO t------< 
CCI 1-----1---~ 

± 0.20 dB 
- 1.0 dB 
- 32 dB 

< - 62 dB 

.;; - 44 dB 
.; -32.5dB 

58 µSEC 
72 µSEC 
91 µSEC 

&l ROD 1-----1----+-+-----. 
g RCE t----+---, 

0 RDC h _ ___,f----+--+-... 
~ TDC f---l' 
o.. TDD 1-------1---+--+--+--+--+--+----t .... 
~TOE ..---+-~ 

~ MSl l-----1--+-+--+-+-e 
~ PDlt--- i--. ~ 

BELL SYSTEM 
04 VOICE FREQUENCY 

REQUIREMENTS 
PUB 43801 

+ 3 dBmO 

.;; ± 0.5 dB 
~ :: 1.0 dB 
.; ±3.0d B 

;.33 dB 
;>30d B 
;> 27 dB 
;>22 dB 

.; 23 dBrncO 

.; 15 dBrncO 

.;; - 20 dB 
.;; ± 0.3 dB 
;. - 3.0 dB 
.;; -28 dB 
.;; - 60 dB 

.;; - 40 dB 

.;; - 28 dB 

.;50 µSEC 
.; 100 µSEC 
.; 200 µSEC 
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32-charinel system 
occupies a 7-in. cube 

3-party conferencing capability. Convert Clock also 
controls the transmit/receive-filter functions. 

The Hook Status MUX signal indicates hook informa
tion to the channel group's µP, and a TSAC-controlled 
transmission gate puts the information on the bus 
during the TX time slot assigned to the channel. 

Fewer devices yield better specs 
Does integrating many highly specialized functions 

into a few dedicated chips improve a design's perform
ance as well as its cost effectiveness? A look at the table 
provides the affirmative answer. An end-to-end (analog 
to analog, including two codecs and two filters) 
performance comparison of this approach's 4-wire 
portion appears, along with the relevant Bell System 
specs. As favorable as these results are, the specs that 
aren't shown are even better. For example , AT&T's 
Technical Advisory No 64 specifies that the separation 
between the transmit and receive paths must equal at 
least 20 dB. The MC3419 SLIC achieves a minimum 
value of 23 dB, and if you trim the balance network, you 
can realize transhybrid rejections greater than 60 dB. 

Designing with dedicated ICs car ries with it an 
additional advantage: size reduction. Fig 3 shows what 
a 4-channel line card might look like. This design 
incorporates provisions for ringing, ring trip, hook
status signaling, power-down and transient protection 
on each channel. Because the PCM "highway" can be 
clocked at 2.048 MHz, you can combine eight cards into 
a 32 channel bank and still occupy only 7 x 7 x 7 in. of 
space. li::DN 

Author's biography 
Neil Wellenstein, telecommu
nications marketing develop
ment manager for Motorola's 
Phoenix, AZ Semiconductor 
Group, is involved with identi
fying and developing new tele
communications-related prod
ucts. A Motorola employee for 
17 yrs, he obtained his BSEE 
from the University of Nebras
ka and an MSEE from Arizona 
State University. A member of 
the IEEE, Neil enjoys flying , camping and photography. 

JOB SHOPPING? 
Check EDN 's Career Opportun it ies 

EON: Everything Designers Need 
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( 

v I- vb'b ) MUD e gru r org. ME monie: mini; OHG 
grubilon: to dig 1. habitual saver of capital, hoarder of 
funds. 2. cautious investor. 3. budget slasher who calls 
Leasametric to rent quality general purpose electronic 
test equipment. Mollo: It's cheaper to rent than to buJi 

Electronic 
test equipment 

for rent. 
Rent state-of-the-art general purpose elec

tronic test equipment, data processing terminals, 
desktop computers, microwave and telecommu
nications equipment and microprocessor test and 
development systems for less money than pur
chase. Try it out before you buy, fill that Sudden 
need, and don't get stuck on back order. Call 
Leasametric now for overnight delivery you ol' 
Money Grubber you. 

3510 
6160B 
220 
5150A 
5328A 
3437A 
8620C 
465B 
47 5A 
7L13 
164 
616B 
1/0 950-0099 
1/0 990-1903 

DESCRIPflON 

In lllinois call 800-~22 -4400. In Canada call 1-800-268-6'}2~. 
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And Adtech is ready to step in. 
That's because Adtech 's new 

Universal Series Open Frame Linears 
come in standard case sizes and unique 
mounting hole pattern to allow direct substi-
tution of AC/ DC power supplies . And more than 
14 other manufacturers too. 

In fact, our Universal Series gives you several 
good reasons to change . But judge for yourself. 

Does AC/ DC give you, as standard, cermet 
trimmers for high resolution and easier adjustment? 
Or shielded transformers to reduce transmitted 
noise? Or remote sensing to improve voltage 
regulation? 

How about reverse voltage protection? 
You have to buy AC/ DC units in 

quantity to get the break we give you on a 
single-piece order. And our warranty is a 
full two years. 

Adtech does it all. Plus we have uni
versal input voltages of 103-130V, 206-260V 

• over a frequency range of 47 Hz to 440 Hz . 
Find out more . Call Ad tech ~ 

Power, Inc , 1621 S. Sinclair Street , ~ • 
Anaheim, CA 92806 , 800/ 854-8288 
or 800/ 854-8289 . (In California, 
phone 714/ 634-9211) . We 'll give . , . , . 
you even more reasons to change . 
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THE 
CHIPS 
ARE 

DO 

Thanks to a New Method of Termination for 
Sprague Solid-Tantalum Chip Capacitors. 

Type 1950 Tanite® Chip Capacitors feature 
a unique plating process ih which the termi
nals conform to the capacitor body, eliminat
ing the need for metal cans, clips, or welded 
anode connections. Thus, these superior chip 
components realize lower costs and make for 

the most efficient use of valuable hybrid cir
cui t substrate area. 

Available in six sizes, the tiniest of which is 
.170" x .070" x .070", Type 1950 Capacitors 
have a capacitance range of .1 to 100 µF, with 
voltage ratings from 4 to 50 WVOC. 

4SW·1103 

For complete technical data, write for Engineering Bulletin 3539 to: 

SPRAGUE® Technical Literature Service, Sprague Electric Co., 491 Marshall St., 
North Adams, Mass. 01247. 

THE MARK OF RELIABILITY 
THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 

CIRCLE NO 70 
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NOONEGCIS 
10GIEATER 
LENGTHS10 

GET YOU 
MIL•C•26482 
SERIES II AND 
MIL•C•S01SG 

ONTIME. 
When you need MIL-C-26482 
Series II and MIL-C-5015G 
rear release connectors, call 
ITT Cannon Electric. Because 
we can deliver. 

With our tooling , tech
nology and design expertise 
you get top-quality, highly 
reliable Cannon® PVs and 
CVs in a wide variety of 
configurations. 

Our PV connectors (MIL
C-26482 Series II) come in 
eight shell sizes, twenty-five 
contact arrangements and 
three to sixty-one contacts. 
Our CV connector (MIL
C-5015G) series offers sixteen 
shell sizes, one to fifty-two 
contacts and sixty-eight con
tact arrangements. And both 
types have the superior con
tact stability provided by 
our Little Ceasar® rear release 
contact retention system. 

We've gone to great 
lengths to make sure we pro
vide you the best delivery 
and prices possible. For 
immediate information refer 
to our pages in EEM. For 
literature, the name of your 
local Cannon distributor or 
other information contact Cir
cular Division Marketing 
Manager, ITT Cannon Electric, 
a Division of International 
Telephone and Telegraph 
Corporation , 10550 Talbert 
Avenue, Fountain Valley, 
CA 92708. (714) 964-7400. 
In Europe, contact ITT Can
non Electric, Avenue Louise 
250, B-1050 Brussels, Bel
gium. Phone: 02/640.36.00. 

CANNON ITT 
You can always connect with Cannon. 
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Designer's Guide to: 
µC buses-Part 2 

Compare µC-bus specs 
to find the bus you need 
When you choose a µC bus, use this guide to match up the 

capabilities you require with the specs you can get. 

Carl Warren, Western Editor 

Applying the bus concepts explained in Part 1 of this 
Designer's Guide (EDN, May 27, pg 158) and the 
profiles of specific buses presented in this installment 
and the final one can help you turn complex system
design problems into straightforward tradeoffs. 

In this part of the guide, you'll find the detailed 
specs-mechanical and electrical-for three 8-bit µC 
buses: the Exorciser bus, the S-100 and the STD Bus. 
Part 3, to appear in a subsequent issue of EDN, will 
contain information on four high-performance buses: 
the Multibus, P896 futurebus, Versabus and Z-Bus. 

Consider four application areas 
For an overview of the highly segmented market for 

bus-related products, consider the four application 
areas shown in Fig 1. High-end industrial applications 

Text continues on pg 144 

(a) HIGH-END INDUSTRIAL 
BUSES 

MULTIBUS, 
P896 

O·BUS 

(c) INTERFACE-SPECIFIC 
BUSES 

IEEE-488 
AND DERIVATIVES 

Fig 1 - Bus application areas 
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(b) MIDRANGE INDUSTRIAL 
BUSES 

S·100 STD 

OTHERS 

(d) HOBBY BUSES 

Fig 2 - Bus Checklist 

CRITERION 

1. NUMBER OF PHYSICAL LINES 
2. DATA-FIELD WIDTH 
3. TRAN MISSION MECHANISM (PARTIALLY) 

MULTIPLEXED, FULL PARALLEL) 
4. SYSTEM GEOMETRY (ON E PC BOARD, ONE 

CRATE (HOUSING), SEVERAL CRATES) 
5. ACC~SS TO MEMORY AND 110 (M ETHOD) 
6. MULTIPROCESSOR CAPABILITY 
7. NUMB ER OF REDUNDANT TRANSMISSION 

PATHS 
8. ADDR ESS-LINES WIDTH (WI LL 

MULTIPLEXING BE USED?) 
9. DATA-LINES WIDTH (WI LL 

MULTIPLEXING BE USED?) 
10. NUMBER OF CONTROL LINES 
11 . NUMBER OF TIMING LINES 
12. EXTRA LINES (FOR FUTURE USE) 
13. POWER LINES 
14. DATA-LINE USE (UNIDIRECTIONAL, 

BIDIRECTIONAL) 
15. ADDRESS EXPANSION (POSSIBLE? 

TO WHAT EXTENT?) 
16. MAXIMUM NUMBER OF DEVICES THE 

BUS SUPPORTS ELECTRICALLY 
17. MAXIM UM NUMBER OF DEVICES 

DESIRED ' 
FEATURE 

SUPPORTED BY ADDRESSING CAPABI LITY __ _ 
18. DATA TRANSFERS (ASY NCHRONOUS, 

SYNCHRONOUS) 
19. MULTIPLE OPERATIONS REQUIRED 
20. CARD SIZES REQUIRED 

NOTES: 
·soME SYSTEM DESIGNS REQUIRE ONLY SINGLE 
OPERATIONS. HOWEVER, IN MULTIPROCESSOR 
SYSTEMS, THE BUS MUST HANDLE FUNCTIONS SUCH 
AS MULTIPLE UNINTERRUPTIBLE OPERATIONS, 
MULTIPLE INTERRUPTIBLE OPERATIONS AND MULTIPLE· 
SOURCE READS AND WRI TES . 
.. THE CARD SIZE THAT FITS ON THE BACKPLANE BUS 
CAN BE CRITICAL. THIS CARD DETERMINES HOW MUCH 
REAL ESTATE A DESIGNER CAN EMPLOY TO 
IMPLEMENT A FUNCTION OR FUNCTIONS. IN SOM E 
DESIGNS, SUCH AS THE STD BUS, EACH BOARD 
PERFORMS ONLY ONE FUNCTION , THUS PERMITTING 
SMALL BOARD SIZES. HOWEVER, IN SYSTEMS THAT 
USE HIGH-PERFORMANCE BUS ARCHITECTURES, EACH 
BOARD IMPLEMENTS MANY FUNCTIONS, THUS 
CALLING FOR MORE REAL ESTATE. 
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BUS FEATURES 
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~ a:: ID u ID :z: .... 
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c u w w .... :z: ~ 

NUMBER OF LIN~S SPECIF IED/ AVAILABLE 50/ 50 72172 64/64 43/ 4:i /86 + 4 50/ 50 48/ 48 

DATA· FIELD WIDTH 8 16 18 8 32 8 8 

TRANSMISSION MECHANISM (PM=' PARTIALLY MULTIPLEXED, FP = FULLY PARALLEL) FP FP PM PM PM PM FP 

SYSTEM GEOMETRY (PC=ONE PCB . OC=ONE CRATE. SC = SEVERAL CRATES) oc oc SC oc oc oc -
UNIFIED ACCESS TO MEMORY AND 1/0? y y y y y y -
MULTIPROCESSOR CAPABILITY? y y y N y N -

REDUNDANT TRANSMISSION PATHS SPECIFIED? N y N y N N -

ADDRESS LINES WIDTH (M = MULTIPLEXED) 16 18,M 18,M 16,M 32, M 16 8,M 

DATA LINES WIDTH (M =M ULTIPLEXED) 8 16,M 18,M 8 M 8,M 8,M 

CONTROL LINES 3 19 7 8,M 9 11 8 

TIM ING LI NES 3 6 5 15 7 2 1 

LINES OTHERWISE SPECIFIED 2 13 9 10 25 0 -

RESERVED LINES 1 0 0 2 ? 0 -
FREE-USE LINES 1 0 9+ 62 8 ? 0 -
POWER LINES (M = MULTIPLE) 4 10 ,M 16 ,M 11 ,M 4 4 -

DATA-LINE USE (U = UNIDIRECTIONAL , B= BIDIRECTIONAL) B B 6 B B B B 

ADDRESS EXPANSION POSSIBLE? N y N y N N N 

MAXI MUM EXPANDED ADDRESS FIELD - 18 - - - - -
MAXIMUM NUMBER OF DEVICES BY ELECTRICAL DRIVE CAPABILITY 8 24 20 14 20 10 -
MAXI MUM NUMBER OF DEVICES BY DEVICE ADDRESSING CAPABILITY 256 216 - 256 20 256 -
BUS-ACCESS MANAGEMENT-CENTRALIZED? y y y y - y y 

-DAISY CHAIN? y y N y - N N 

- PARALLEL POLLING? N N N N - N -
-SERIAL POLLING? N N N N - N -
-DIRECT LINES? N y y y Y,CODED y -
-..IDHER? N N N - - N -

PROGRAM- INTERRUPT MANAGEMENT-CENTRALIZED? y y y y - y -
-DAISY CHAIN? y y N y - N -
-PARALLEL POLLING? N N N N - N -

-SERIAL POL.LING? N N N N - N -
-DIRECT LINES? N y N y - y -
-OTHER METHODS? N N N - y N -

MAXI MUM TIMES FOR A SINGLE REQUEST-BUS-ACCESS DETECTION (AS = ASYNC) 300 nSEC AS - 500 nSEC ? AS -
-PROGRAM INTERRUPT DETECTION y - - SOO nSEC ? 11NST -
- PROGRAM INTERRUPT LATENCY - - - 11NST ? 11NST -

-PROGRAM INTERRUPT PROCESSING - N - 11NST N 21NST -
DATA· TRANSFER TYPE-SYNCHRONOUS (FIXED TIMING)? y y N N y y -

-ASYNCHRONOUS? N N N N N N -
- ~YNCHRONIZED (HANDSHAKE)? y N N y N N y 

SINGLE OPERATION.SONLY? y N N - N y y 

MU LTIPLE UNINTERRUPTIBLE OPRATIONS? N y N N y N -
MULTIPLE INTERRUPTIBLE OPERATIONS? N y - N y N -
MULTIPLE-SO URCE READ? N y y N y N -
MULTI PLE-DESTINATION WRITE? N N y N N N -
DISTINCTION BETWEEN BYTE/ WORD TRANSFER? N y N y N N -
SPECIAL LINES - HOLD? N y N y y y y 

-WAIT? y y y y N y y 

-IN ITIALIZE·RESET? y y y y N y y 

-POWER FAIL/ WARNING? y y y y N N -
- INTERRUPT REQUEST? N y N y N y -

-INTERRUPT ACKNOWLEDGE? y y N y N y -
-OTHERS? y y N - N N -

LI NES FOR HANDLING ERRORS-TRANSMISSION ERRORS? N N N y y N -

-OPERAT IONAL (USER ERRORS )? N y y - N N -
NOTES : 
SO ME TABLE ENTRIES ARE BASEb ON THE MICRPROCESSOR BUS EVALUATION PREPARED BY THE . . . 

MULTI PROCESSOR/ MULTITASK SUBGROUP OF THE EUROPEAN DISTRIBUTED INTELLIGENCE STUDY 

GROUP, SU PPLIED COLIRTESY.MICROSGOPE MAGAZINE . OTH ER DATA WAS GATHERED FROM 

MANUFACTURERS' DATA SHEETS AND BUS MANUALS . 

' P896 HAS TWO LEVELS , 1 AND 2. LEVEL·1 LINES ARE 64 SPECIFIED/ 64 AVAILAbLE AND LEVEL 96 

SPECIFIED/96 AVAILABLE . 

THE LEVEL·2 DESIGN IS STI LL UNDER REFINEMENT , AND LEVEL 1 IS BE ING REVISED TO EXACT 
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Check your bus needs 
against available specs 

are dominated by the Intel Multibus; the midrange 
industrial segment is currently shared by the STD Bus 
and S-100 bus; interface-specific applications depend 
almost solely on the IEEE-488 bus; and the low-end 
hobby-bus arena is very segmented. The latter group 
encompasses a tremendous variety of bus architectures 
and offers many special design and marketing oppor
tunities to OEM designers. 

Note in Fig 1 that the S-100 bus falls into three of the 
four market segments. Although disliked by some 
designers, this bus has enjoyed an extremely high level 
of popularity among industrial and hobby designers 
alike. And its recent standardization as IEEE-696 has 
boosted its acceptance as a low-cost method of imple
ment ing high-performance µC systems in a variety of 
applications. 

Possibly even more interesting to small-systems 
designers is the fact that in the hobby-bus segment, the 
TRS-80, Apple and Heath buses share the market 
almost equally. This hobby segment represents well 
over 500,000 machines, as reported by a recent Popu lar 
E lectronics poll (conducted by Market Probe Interna
tional in January 1981), plus an untold number of 
cottage-industry manufacturers supporting various 
hobby systems. 

The µC market is huge. Market projections indicate 
that well over a million hobby systems will be in use by 
late next year, for example, with Heath/Zenith selling 
approximately 2500 units a month and Radio Shack 
selling more than twice that number. Moreover, 
industry analysts peg the total number of µC-based 
systems at about two million and growing at approxi
mately 200% per year. 

Thus, you can imagine the growing market for 
system add-ons. By choosing your basic system design 
carefully, you can either tap existing markets or fill 
gaps that arise as the market grows. 

For more information ... 

Use a bus checklist to compare specs 
To aid in such tasks, you can utilize a bus checklist 

(Fig 2) adopted from MicroScope magazine (Lausanne, 
Switzerland). To make the most of this list, compile 
your bus requirements and compare them with the 
specifications shown in the following bus guides and 
those in Part 3. Be aware, however, that no one bus can 
meet all your requirements and that you must make 
some tradeoffs. 

To facilitate its usefulness, this part of the Designer's 
Guide includes an evaluation table covering several 
popular buses. Based on a table compiled by W Mahr 
for the Multiprocessor/Multitask Subgroup of the 
European Distributed Intelligence Study Group (No
vember 29, 1978), the table presented here contains 
extensive additions. It does, however, rely on the 
study-group notes for both tabular and bus-guide 
information. 

The detailed specs presented on the following pages 
cover three of the 8-bit buses in the table that suit 'three 
types of µC applications: The Exorciser bus was 
designed primarily for use in development systems; the 
S-100 bus evolved from hobby status to a prominent 
place among more generally applicable buses; and the 
STD Bus employs single-function cards that implement 
specific system needs. ED"' 

Need 
to Know? 

EDN's adverti sers stand re ad y to provid e you 
wit h helpful des ig n informati on and other 
data on their produ cts. Just circ le the appro
priate numbers on the Informat ion Retrieval 
Service card. If your need is urgent, contact 
advertisers direc t ly , and ment ion EON . 

EON : Everything Designers Need 

For more information on the buses listed in the table but not covered in a detailed-spec section, contact the fo llowing 
sources. 
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Apple bus 
Apple Computer Inc 
10260 Bandley Dr 
Cupertino, CA 95014 
(408) 996-1010 

Cyberbus 
Cy!>ersystems Inc 
8300 Whitesburg Dr South 
Huntsville , AL 35802 
(205) 883-441 0 

Eurobus, Fastbus, Microbus, 
Modus, Mubus 
Prof J D Nicoud 
Mini and Microcomputer Lab 
Swiss Federal Institute of 
Technology 
Bellerive 16 Ch-1007 
Lausanne, Switzerland 
(41) (21 ) 472642/472686 

H8 
Heath Co 
Benton Harbor, Ml 49022 
(616) 982-3200 

IEEE-488 
Hewlett-Packard Co 
1000 NE Circle Blvd 
Corvallis, OR 97330 
(503) 757-2000 

Nova GPIB 
Data General Corp 
4400 Computer Dr 
Westboro, MA 01580 
(61 7) 366-8911 

Q-bus 
Digital Equipment Corp 
1 Iron Way 
Marlboro , MA 01752 
(617) 467-5780 

SS50C 
Southwest Technical Products 
219 W Rhapsody 
San Antonio, TX 78216 
(512) 344-0241 
or 
Gimix Inc 
1337 W 37th Pl 
Chicago, IL 60609 
(312) 927-5510 

EDN JU E 10, 1981 



EXORCISER II 

SOURCE 
Motorola Microsystems 
3102 N 56th St 
Phoenix, AZ 85018 
Phone (602) 244-5557 

GENERAL INFORMATION 

The Exerciser 11 µ.C bus is an 8-bit-wide bus with 16 address paths. The standard mother board as defined by Motorola supports as 
many as 14 separate system modules and incorporates an embedded groundplane to meet high-speed µ.Ps' high-noise-immunity 
requirements. Additionally, eight lines are present for user-defined applications , thus making the bus ideal for numerous 8-bit uses. 

BUS SIGNALS 
PIN 
NUMBER 
A, B, C 

D 

E 

F 

H 
J 

K 
L 

M 
N 

p 

R 

s 

T 
u 

v 

w 

X, Y, Z 
A 
8 

c,o, E,F 

SIGNAL 
MNEMONICS 
+ 5 voe 

VMA 

<l>2 

GND 
MEM CLK 

- 12 voe 
TSC 

BA 

MEM ROY 

+ 12 voe 
STANDBY 

PWR FAIL 

PARITY-ERR 

GND 

GND(REF) 
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SIGNAL NAME AND DESCRIPTION 
+ 5V de Power- Used for the system's logic ci rcu its and available to users for prototype
module requirements (15A total max). 
Interrupt Request-A LOW-level-sensitive input signal to the MPU II Module used to request 
generation of an MPU interrupt sequence. The MPU waits until It completes the instruction 
being executed before it recognizes the request. At that time , if the interrupt mask bit in the 
MPU Condition Code Register is not set, the MPU begins executing the interrupt sequence. 
Nonmaskable Interrupt-A LOW-going, edge-sensitive input signal to the MPU II Module used 
to request generation of MPU nonmaskable-interrupt sequence. The MPU waits until it 
completes the instruction being executed before it recognizes the request. At that time, 
regardless of the logic state of the Interrupt Mask bit in the MPU Condition Code Register, the 
MPU begins executing the nonmaskable interrupt. 
Valid Memory Address-A HIGH-level, TTL-compatible signal produced by the MPU II Module 
and used to indicate to the Debug II Module that a valid memory address is present on the 
address bus. 
Not used-Reserved for system expansion . 
Phase 2-0ne of the biphase clock signals generated by the clock circu it on the MPU II 
Module. 
Ground-Power ground for ± 12V de. 
Memory Clock-An ungated, TTL-level <!>2 clock signal used to refresh all dynamic-RAM 
modules within the system. 
- 12V de Power-Available to users for custom-designed prototype modules (1.5A max). 
3-State Control-This input signal to the MPU II Module, when HIGH, places all the address 
and data lines on the module into their OFF or high-impedance state. The VMA and BA signals 
go to their OFF or high-impedance state. Because the MPU is a dynamic device, it should not 
be held in the 3-state Control mode for more than 4.5 msec. 
Bus Available-A normally LOW-level output signal from the MPU II that , when activated , goes 
HIGH to indicate that the MPU has halted and the address bus is available. This condition 
occurs whenever the GO/HALT signal is in the HALT (LOW) state or the MPU is in the Wait 
state as a result of executing a Wait instruction. When this sequence occurs, all MPU 3-state 
output drivers go to their OFF (high-impedance) state and other outputs to their normally 
inactive state. A maskable or nonmaskable interrupt removes the MPU from the Wait state. 
Memory Ready-A signal generated by the user that permits the Exerciser II to work with slow 
memory modules . When this signal is LOW, the Q>, and <l>2 clock signals are stretched , with the 
Q> 1 signal held LOW and Q>2 signal held HIGH for one clock cycle. After one clock cycle has 
elapsed , the MEM ROY signal is made HIGH, thus enabling the clock to once again generate 
the Q>, and Q> 2 clock signals at the normal operating frequency . 
Not used-Note: The original Exerciser 8k Dynamic-RAM Module (MEX6815-1) used this line 
for refresh control. However, th is signal is now considered obsolete. Motorola reserves th is line 
for system expansion . 
+ 12V de Power-Available to users for custom-designed prototype modules (2.5A max). 
Standby Power-This line is reserved for use with battery-backup memory modules. If battery 
backup is not required , the Standby line is not used. 
Power Fail-This signal line is reserved for use with memory modules requiring battery 
backup. When used, this LOW-level signal disables the protected memory module. (The 
Exerciser II does not provide this feature. ) 
Parity Error-This signal line is normally held HIGH by the Debug II Module. If a memory 
module that incorporates a parity-check circuit is used within the Exerciser II and a pari ty error 
is detected , this signal will be forced LOW for one clock cycle. 
Ground 
Not used-Reserved for system expansion . 
Reference Ground-Available to users for prototype modules that require an isolated ground . 
This ground line is not connected to the normal Exerciser II ground connection . 
User defined-These signal lines , along with their counterpart pin numbers (25 , 26, 27 and 
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07 
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A9 
A6 
A5 
A2 
A1 
GND 
+ 5 voe 

G/H 
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GND 
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REF GRANT 
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28) , are reserved by Motorola for possible expansion of the data bus to 16 bits. Because 
compatibility of 16-bit data-bus modules with existing modules is unlikely, these eight lines can 
be used for custom modules. 
Data bus (bit 3)-0ne of eight bidirectional data lines used to provide a 2-way data transfer 
between the MPU II Module and all other plug-in modules within the system. The data-bus 
drivers on the other modules are in their OFF or high-impedance state except when selected 
during a memory read or write operation. 
Data bus (bit 7) 
Data bus (bit 2) 
Data bus (bit 6) 
Address bus (bit 14)-0ne of 16 address lines from the MPU II Module that permits the MPU to 
select any addressable memory location within the Exorciser II. 
Address bus (bit 13) 
Address bus (bit 10) 
Address bus (bit 9) 
Address bus (bit 6) 
Address bus (bit 5) 
Address bus (bit 2) 
Address bus (bit 1) 
Ground 
+ 5V de Power-Used for the system's logic circuits and available to users for prototype
module requirements (15A total max) . 
Go/Halt-When this input to the MPU II Module is HIGH, the MPU fetches the instruction 
addressed by the program counter and starts instruction execution. When LOW, all activity in 
the MPU halts. This input is level sensitive . In Halt mode, the MPU stops at the end of an 
instruction, the Bus Available -signal goes HIGH, the Valid Memory Address signal and all other 
3-state lines change to their OFF or high-impedance state. 
Reset-This buffered input/output signal to/from the MPU II Module is used to restart the 
Exorciser II when power is initially applied . Restart occurs on the LOW-to-HIGH transition of 
the Restart signal. If the Restart pushbutton switch, located on the front panel of the Exorciser 
II , is depressed while the system is operating , the LOW-to-HIGH transition of Reset signal 
causes the MPU II Module to execu.te the Exbug restart routine or the restart routine indicated 
by the user. 
Read/Write-This signal is generated by the MPU II Module and indicates to the other system 
modules that the MPU is performing a memory-read (HIGH) or -write (LOW) operation. This 
signal 's normal standby state is read (HIGH) . Additionally, when the MPU is halted, this signal 
is in read state. 
Phase 1-0ne of the biphase clock signals generated by the clock circuit on the MPU II 
Module. 
Ground-Power ground for ± 12V de. 
Valid User's Address-This signal is produced by the Debug II Module. When HIGH, it 
indicates that the addres.s on the address bus is valid and the MPU II Module is not addressing 
the Exbug program. 
- 12V de Power-Available to users for custom-designed prototype modules (1 .5A max). 
Refresh Request-This input signal to the MPU II Module, when LOW, initiates a memory 
refresh cycle of the dynamic-memory modules. During refresh operation, the clock is inhibited 
from gener.ating its <!>1 (held HIGH) and <!>2 (held LOW) clock signals. During a refresh 
operation , however, the MEM CLK signal is still generated to provide the nece~sary refresh 
clock. 
Refresh Grant-This output signal from the MPU II Module, when HIGH, instructs the 
dynamic-memory modules to refresh their memories. 
Debug-This LOW-level signal from the Debug II Module indicates to the MPU II Module that 
the Debug Module is installed in the Exorciser II. The signal is used to determine whether the 
Valid User's Address (VUA) signal is controlled by the Debug II Module or the MPU II Module. 
When the Debug II Module is not used , the MPU II Module forces this signal line HIGH. 
3-state Grant-This signal is generated by the MPU II Module in response to a 3-state Control 
request (TSC). During normal operation, the TSG signal is LOW. During a 3-state operation , it 
is made HIGH. 
+ 12V de Power-Available to users for custom-designed prototype modules (2.5A max). 
Standby Power-Same as Standby on Pin U. 
Clock-A free-running , symmetrical clock signal generated on the MPU II Module and 
available to peripheral modules that require a clock unaffected by MPU and/or memory 
timings. This clock signal has the same frequency as MEM CLK, but is not stretched during 
slow memory operations (initiated by the MEM ROY signal on Pin R) . 
Valid Executive Address-A HIGH-level signal generated by the Debug Module in place of the 
VUA signal (refer to description of VUA on Pin 10) when the Exorciser II is operating in the Dual 
Map Mode and the Exbug Program is addressing the memory map's Executive portion. 
Additionally, all peripheFal modules (such as memories) must be set to respond to VXA to 
permit operation of those modules in the Executive portion of the map. 
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20, 21 , 22 GND Ground 
23 Not used-Reserved for system expansion. 
24 GND(REF) Reference Ground-Available to users for prototype modules that require an isolated ground. 

This ground line is not connected to the normal Exorciser II ground connection. 
25, 26 User defined-These signal lines, along with their counterpart pin numbers (C, D, E and F) are 

reserved by Motorola for possible data-bus expansion to 16 bits. Because compatibility of 
16-bit data-bus modules with existing modules is unlikely, these eight lines can be used for 
custom modules. 

29 01 
30 05 
31 DO 
32 04 
33 A15 
34 A12 
35 A11 
36 AB 
37 A7 
38 A4 
39 A3 
40 AO 
41 , 42, 4 GND 

5-1 OO/IEEE-696 
SOURCE 

Howard Fullmer, Chair!'Tlan 
IEEE-696 Committee 
Parasitic Engineering 
Box 6314 
Albany, CA 94706 
Ptione (415) 839-2!)36 

GENERAL INFORMATION 

Data bus (bit 1) 
Data bus {bit 5) 
Data bus {bit 0) 
Data bus (bit 4) 
Address bus (bit 15) 
Address bus {bit 12) 
Address bus {bit 11) 
Address bus (bit 8) 
Address bus {bit 7) 
Address bus (bit 4) 
Address bus (bit 3) 
Address bus {bit 0) 
Ground 

The S-100 so-called hobby bus is one of the older backplane 
µP-bus architectures. Originally designed as a quick and 
convenient way to interconnect the MITS Altair µC system, it 
found its way into numerous system designs ranging from 
business systems to industrial control. To overcome the many 
problems associated with this bus, the IEEE assigned Task 
Number 696.1/02 for assigning standard definitions to pins and 
solving the problems associated with ringing , termination and 
loading. 

In the process of standardizing the bus, the IEEE added 
additional attributes to make it workable with 16-bit µPs. In doing 
so , the address paths were extended to 24 bits, the data-in and 

BUS SIGNALS 

-out buses ganged to form a 16-bit-wide data bus for 16-bit 
transactions and two additional handshaking lines added to 
permit intermixing 8- and 16-bit memory cards. 

Furthermore, the inclusion of a binary-encoded multiple
master arbitration bus permits as many as 16 masters on the bus 
at a time with the necessary logic on one chip. To bring the bus to 
high-performance standards, additional ground lines, a power
fail line and an error line have been added. Moreover, three 
additional user lines meet specialized needs. 

The bus now stacks up well against other 16-bit buses and can 
in most cases hold its own when compared with high
performance bus a.rchitectures . 

The S-100 bus consists of a set of signal lines used to carry all information, interface messages and device-dependent messages. Its 
structure is organized into eight sets of signal lines, which include : 

• 16 data lines 
• 16 or 24 address lines 
• Eight status lines 
• Five output control lines 
• Six input control lines 
• Eight OMA control lines 
• Eight vectored-interrupt lines 
• 20 utility lines 

PIN SIGNAL & TYPE 
NO 

+av (Bl 

2 + 16V (B) 

3 XRDY (S) 
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ACTIVE 
LEVEL 

H 

DESCRIPTION 

Instantaneous minimum greater than 7V, instantaneous maximum 
less than 25V, average maximum less than 11 V. 
Instantaneous minimum greater than 14.5V, instantaneous maxi
mum less than 35V, average maximum less than 21 .5V. 
One of two ready inputs to the current bus master. The bus is ready 
when both these ready inputs are true. See pin 72. 
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4 VIO*(S) 
5 Vl 1*(S) 
6 Vl2*(S) 
7 Vl3*(S) 

8 Vl4*(S) 
9 Vl5*(S) 

10 Vl6 *(S) 
11 V17*(S) 
12 NMl*(S) 
13 PWRFAIL*(B) 
14 DMA3*(M) 
15 A18 (M) 
16 A16 (M) 
17 A17 (M) 
18 SDSB*(M) 
19 CDSB*(M) 
20 GND (B) 
21 NDEF 
22 ADSB*(M) 
23 DODSB*(M) 
24 <l> (B) 
25 pSTVAL *(M) 
26 pHLDA (M) 

27 RFU 
28 RFU 
29 AS (M) 
30 A4 (M) 
31 A3 (M) 
32 A15 (M) 
33 A12 (M) 
34 A9 (M) 
35 D01 (M)/DATA1 (MIS) 
36 DOO (M)IDATAO (MIS) 
37 A10 (M) 
38 D04 (M)/DATA4 (MIS) 
39 DOS (M)/DATA5 (MIS) 
40 D06 (M)IDATA6 (MIS) 
41 Dl2 (S)IDATA10 (MIS) 
42 Dl3 (S)IDATA11 (MIS) 
43 0 17 (S)IDATA15 (MIS) 
44 sM1 (M) 
45 sOUT (M) 

46 slNP (M) 

47 sMEMR (M) 

48 sHLTA (M) 
49 CLOCK(B) 

50 GND (B) 
s1 +av (Bl 
52 - 16V (B) 

53 GND (B) 
(i4 SLAVE CLR* (B) 

55 DMAO* (M) 
56 DMA1 * (M) 
57 DMA2* (M) 
58 sXTRO* (M) 
59 A19 (M) 
60 SIXTN* (S) 

61 A20 (M) 
62 A21 (M) 
63 A22 (M) 
64 A23 (M) 
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L OC 
L OC 
L OC 
L OC 

LOC 
L OC 
LOC 
LOC 
L OC 
L 
LOC 
H 
H 
H 
LOC 
LOC 

LOC 
L OC 
H 
L 
H 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

H 

H 

H 

LOC 

L OC 
LOC 
L OC 
L 
H 
LOC 

H 
H 
H 
H 

Vectored interrupt line O. 
Vectored interrupt line 1. 
Vectored interrupt line 2. 
Vectored interrupt line 3. 

Vectored interrupt line 4. 
Vectored interrupt line 5. 
Vectored interrupt line 6. 
Vectored interrupt line 7. 
Nonmaskable interrupt. . 
Power-fail bus signal. 
Temporary-master priority bit 3. 
Extended address bit 18. 
Extended address bit 16. 
Extended address bit 17. 
The control signal to disable the eight status signals . 
The control signal to disable the five control output signals . 
Common with pin 100. 
Not to be defined . Manufacturer must specify any use in detail. 
The control signal to disable the 16 address signals . 
The control signal to disable the eight data-output signals. 
The master ti ming signal for the bus. 
Status-valid strobe. 
A control signal used in conjunction with HOLD* to coordinate 
bus-master transfer operations. 
Reserved for future use. 
Reserved for future use. 
Address bit 5. 
Address bit 4. 
Address bit 3. 
Address bit 15 (most significant for nonextended addressing) . 
Address bit 12. 
Address bit 9. 
Data-out bit 1, bidirectional data bit 1. 
Data-out bit 0, bidirectional data bit 0. 
Address bit 1 O. 
Data-out bit 4, bidirectional data bit 4. 
Data-out bit 5, bidirectional data bit 5. 
Data-out bit 6, bidirectional data bit 6. 
Data-in bit 2, bidirectional data bit 10. 
Data-in bit 3, bidirectional data bit 11 . 
Data-in bit 7, bidirectional data bit 15. 
The status signal indicating that the current cycle is an opcode fetch. 
The status signal identifying the data-transfer bus cycle to an output 
device. 
The status signal identifying the data-transfer bus cycle from an input 
device. 
The status signal identifying bus cycles that transfer data from 
memory to a bus master, which are not interrupt-acknowledge 
instruction-fetch cycles. 
The status signal that acknowledges execution of a HLT instruction. 
2-MHz (0.5%) 40 to 60% duty cycle. Needn't be synchronous with 
any other bus signal. 
Common with pin 100. 
Common with pin 1. 
Instantaneous maximum less than - 14.SV, instantaneous mimimum 
greater than - 35V, average minimum greater than - 21 .SV. 
Common with pin 100. 
A reset signal to reset bus slaves. Must be active with POC* and can 
also be generated by external means. 
Temporary-master priority bit 0. 
Temporary-master priority bit 1 . 
Temporary-master priority bit 2. 
The status signal that requests 16-bit slaves to assert SIXTN*. 
Extended-address bit 19. 
The signal generated by 16-bit slaves in response to the 16-bit 
request signal sXTRO*. 
Extended-address bit 20. 
Extended-address bit 21 . 
Extended-address bit 22. 
Extended-address bit 23. 
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65 NDEF 
66 !'JDEF 
67 PHANTOM* (MIS) 

68 MWRT (B) 

69 RFU 
70 GND (B) 
71 RFU 
72 ADY (S) 
73 INT* ($) 
74 HOLD* (M) 

75 RE$ET* (B) 

76 pSYNC (M) 
77 pWR* (M) 

78 pDBIN (M) 

79 AO '(M) 
80 A1 (M) 
81 A2 (M) 
82 A6 (M) 
83 A7 (M) 
84 AB (M) 
85 A13 (M) 
86 A14 (M) 
87 A11 (M) 
88 D02 (M)IDATA2 (MIS) 
89 D03 (M)IDATA3 (MIS) 
90 D07 (M)IDATA7 (MIS) 
91 Dl4 (S)/DATA12 (MIS) 
92 Dl5 (S)IDATA13 (MIS) 
93 Dl6 (S)IDATA14 (MIS) 
94 Dl1 (S)IDATA9 (MIS) 
95 DIO (S)DATAB (MIS) 

96 slNTA (M) 

97 sWO* (M) 

98 ERROR* (S) 

99 Poe• (B) 

100 GND (B) 

= -==-· 

Not to be defined. 
Not to be defined. 

-=-

L OC A bus signal that disables normal slave devices and enables 
phantom slaves-primarily used for bootstrapping systems without 
hardware front panels . 

H pWR*-sOUT (logic equation). This signal must follow pWR* by not 
more than 30 nsec. 

HOC 
LOC 
LOG 

LOG 

H 
L 

H 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

H 

L 

L OC 

L 

Reserved for future use. 
Common with pin 100. 
Reserved for future use. 
See comments for pin 3. 
Thi;i primary interrupt-request bus signal. 
The control signal used in conjunction with pHLDA to coordinate 
bus-master transfer operations. 
The reset signal to reset bus-master devices. It must be active with 
POC* and can also be generated externally. 
The control signal identifying BS, . 
The control signal signifying the presence of valid data on DO bus or 
data bus. 
The control signal that requests data on the DI bus or data or data 
bus from the currently addresseq s!ave. 

Address bit O (least significant) . 
Address bit 1 . 
Address bit 2. 
Address bit 6. 
Address bit 7. 
Address bit 8. 
Address bit 13. 
Address bit 14. 
Address bit 11 . 
Data-out bit 2, bidirectional data bit 2. 
Data-out bit 3, bidirectional data bit 3. 
Data-out bit 7, bidirectional qatq bit 7. 
Data-in bit 4 and bidirectional dc;ita bit 12. 
Data-in bit 5 and bidirectional data bit 13. 
Data-in bit 6 and bidirectional data bit 14. 
Data-in bit 1 and bidirectional data bit 9. 
Data-in bit O (least significant fqr ey-bit data) and bidirectional data bit 
8. 
The status signal identifying the bus input cycle(s) that can follow an 
accepted interrupt request presented on INT* 
The status signal identifying a bus cycle that transfers data from a 
bus master to a slave. 
The bus-status signal signifying an error condition during current bus 
cycle . 
The power-on clear signal for all bus devices; when it goes LOW, it 
must stay LOW for at least 10 msec. 
System ground . 

NOTE: 
OC=OPEN COLLECTOR 

tcv ~ PERIOD 

~PULSE WIDTH HIGH 

~PULSE WIDTH LOW 

READ/WRITE-CYCLE TIMING PARAMETERS 

DELAY~ HIGH TO pSYNC HIGH; 

DELAY~ LOW TO pSYNC LOW 

tsy pSYNC PULSE WIDTH HIGH 

tsr~ pSTVAL * LOW PRIOR TO ~ LOW DURING pSYNC 

tsr pSTVAL * PULSE WIDTH HIGH 

tsr pSTVAL * PULSE WIDTH LOW 

tsrsv pSTVAL * FALLING ED~E PRIOR TO pSYNC HIGH 

tAsr ADDRESSES STABLE PRIOR TO pSTVAL * LOW DURING pSYNC HIGH 

tssr STATUS STABLE PRIOR TO pSTVAL. LOW DURING pSYNC HIGH 

t 08 pDBIN PULSE WIDTH HIGH 
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MIN (nSEC) MAX (nSEC) 

166 

0.4tcv 

0.4 tcv 

10 

0.7tcv 

0 
50 

50 

0 
70 

40 

0.9tcv 

2000 

0.4tcy:::::100 @4 MHz 
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READ/WRITE-CYCLE TIMING PARAMETERS (Cont) 

tsfos DELAY pSTVAL' LOW TO pDBIN HIGH · 

t[IBsv DELAY pDBIN LOW TO pSYNC HIGH 

tDBAS HOLD TIME FOR ADDRESSES AND STATUS AFTER pDBI N LOW 

t[IBz DELAY pDBIN LOW TO SLAVE DI DRIVERS Hi-Z 

tosz DELAY pDBIN HIGH TO SLAVE DI DRIVERS ACTIVE 

tAcc DELAY pSTVAL ' LOW TO DATA VALID 

ts[IB DATA VALID SETUP TIME TO pDBIN LOW 

twp pWR ' PULSE WIDTH LOW 

tsrwP DELAY pSTVAL ' LOW TO pWR ' LOW 

twRSY DELAY pWR ' HIGH TO pSYNC HIGH 

towR SETUP TIME DO VALID TO pWR' LOW 

MIN (nSEC) MAX (nSEC) 
20 

0 
50 

25 + 0.1tcv 

10 25+0.1tcv 

SPECIFIED BY MANUFACTURER. 

WORST-CASE MAXIMUM FOR ALL 

SLAVES AND WORST-CASE 

MINIMUM FOR ALL MASTERS. 

0.9tcv 

30 

0 

0.1 tcv 

twRASD HOLD TIME ApDRESSES, STATUS AND DO FROM pWR ' HIGH 0.2tcv 

twRMR DELAY pWR' LOW TO MWRT HIGH; DELAY pWR ' HIGH TO MWRT LOW 30 

tRov+ SETUP TIME ROY, XRDY, SIXTN' TO t RISING 80 

t+RDY HOLD TIME ROY, XRDY, SIXTN' AFTER t RISING 70 

BUS-TRANSFER TIMING PARAMETERS 

t s ET DELAY pHLDA TO ADSB', SDSB ', DODSB ' 

t 0 v TIME BOTH TEMPORARY AND PERMANENT MASTER DRIVE THE 

CONTROL OUTPUT LINES 

HOLD TIME ADDRESS, STATUS, AND DATA OUT DURING OMA CYCLE 

SETUP TIME, END OF BUS TRANSFER TO pHLDA RISING EDGE 

MECHANICAL SPECIFICATIONS 
BOA~D SIZE 

30 

0.5lcv 

0.2tcv 

20 

PIN 51 OPPOSES PIN 1 ON THE BACK SIDE OF THE BOARD. 
TOTAL BOARD DEPTH SHALL NOT EXCEED 0.65 IN . 

~ 5125MAX I 0 125MAX11- 1 ~~l~~LBOARDTH ICKN ESSIS00621N 

-~~~+_1_ I~> l_O_M~1~-5~-0500 MAX-1 11 __ ti_1 1°'" °'"M'" 

1 
215 

O.lOO DIA 2.145 
0245 10.110 . 
0255 t 

4.505 4.495 7 _ --r---
0.995 
1.005 

0.025 t 
9.925 

CLEAR AREA 

0.090 
0.100 

CENTER LINE OF PIN 50 50 POSITIONS 
0.125 SPACING 

0.100 DIA 
0.110 

CHAMPFER 

6.375 

_J 
o.3oo I _ 
0.325~ 

BOARD THICKN ESS I 
0.062 NOMINAL~ 

12.042 
10.002 

GENERAL DIM ENSIONS COM PONENT CLEARANCE 
BOTTOM VIEW 

0.005 MAX MISALIGNMENT OF 
CARD GU IDES RELATI VE TO 
CON NECTOR CENTER LINE 

::u-1.rL.1 

~ l+-- 0.75 NOMINAL 

BACKPLANE DIMENSIONS 
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STD BUS 
SOURCE 
Pro-Log Corp 
2411 Garden Rd 
Monterey, CA 93940 
Phone (408) 372-4593 
and . 
Mosiek Corp 
1215 Crosby Rd 
Carrollton , TX 75006 
Phone (214) 323-6000 

GENERAL INFORMATION 
The STD Bus standardizes the physical and electrical aspects of modular 8-bit-µP card systems. The 56-pin interconnect lines permit 
any card io work in any slot. The bus permits a serial priority-interrupt scheme whereby each card needing priority must have logic on 
board. 

In addition to serial priority, the bus allows a parallel scheme. This approach implies use of a parallel priority card on the bus and 
requires that individual requests be made from the edge of each user card. 

USER INTERFACE 

PROCESSORS MEMORY 

8085 RAM 
Z80 ROM 

6800 
OTHER 

STD BUS INTERFACE 

BUS SIGNALS 

TYPICAL STD IMPLEMENTATION 

...Jui -' w -' w (!) Ul (!) Ul 
<( (.) <( (.) <( (.) oa: oa: 
t::;; I-- 1-- _,w _,o -> -> 

<(::: <( Ul l'Jw l'Jw l'Jw 
oo oO oo z a: z Z 

<CO <( ~ 

DIGITAL 1/0 ANALOG 1/0 

INPUT PORTS DA Cs 
OUTPUT PORTS ADCs 

_J 
<( 
a:w 
W (.) 
:i:
a.> _w 
a:o 
w 
a. 

PERIPHERAL 
INTERFACE 

UART 
CONTROL PANEL 

CRT 
OTHER 

The 56-pin STD Bus is organized into four functional groups on dual 28-pin edge connectors: 
• Dual power buses (pins 1-6 and 53-56) 
• Data bus (pins 7-14) 
• Address bus (pins 15-30) 
• Control bus (pins 31 -52) 
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SOLENOID 
VALVE 

INDUSTRIAL 1/0 

OPTO-I NPUT 
TRIAC 

RELAY DRIVERS 
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COMPONENT SIDE 

LOGIC 
POWER 

BUS 

f ~ " 
ADDR~SS 

BUS 

CONTROL 
BUS 

AUXILIARY 
PQWER 

BUS 

NOTE 

PIN 

1 
3 
5 

7 
9 
11 
13 

15 
17 
19 
21 
23 
25 
27 
29 

31 
33 

35 
37 

39 
~1 

43 

45 

47 
49 
51 

53 
55 

•LOW-LEVEL ACTIVE 

SIGNA L 
MNEMONIC FLOW 

+5VDC IN 
GND IN 

VBB #1 IN 

D3 IN/OUT 
D2 IN/OUT 
D1 IN/OUT 
DO IN/OUT 

A7 OUT 
A6 OUT 
A5 OUT 
A4 OUT 
A3 OUT 
A2 OUT 
A1 OUT 
AO OUT 

WR" OUT 
IORQ• OUT 

IOEXP IN/OUT 
REF RESH' OUT 

STATUS 1• OUT 
BUSAK• OUT 
INTAK· OUT 

WAITRQ• IN 

SYSRESET" OUT 
CLOCK• OUT 

PCO OUT 

AUXGND IN 
AUX +V IN 

ELECTRICAL SPECIFICATIONS 

POWER-SUPPLY SPECS 
PIN 

1 & 2 
3& 4 

5 
6 

53 & 54 
55 
56 

DESCRIPTION 
LGGIC POWER 
LOGIC GROUND 
L9GIC BIAS VOLTAGE 
LOGIC BIAS VOLTAGE 
AUXILIARY GROUND 
AUXILIARY POSITIVE 
AUXILIARY NEGATIVE 

PROCESSOR SUPPORT 

DESCRIPTION PIN MNEMONIC 

LOGIC POW ER (BUSED) 2 +5VDC 
LOGIC GROUND (BUSED) 4 GND 
LOGIC BIAS #1 ( - 5V) 6 VBB#2 

LOW-ORDER DATA BUS 8 D7 
LOW-ORDER DATA BUS 10 D6 
LOW-ORDER DATA BUS 12 D5 
LOW-ORD ER DATA BUS 14 D4 

LOW-ORDER ADDRESS 16 A15 
LOW-ORDER ADDRESS 20 A13 
LOW-ORDER ADDRESS 22 A12 
LOW-ORDER ADDRESS 
LOW-ORDER ADD RESS 24 A11 
LOW-ORDER ADDRESS 26 A10 
LOW-ORDER ADDRESS 28 A9 
LOW-ORDER ADDR ESS 30 AB 

WR ITE TO MEMORY OR 1/0 32 RD• 
1/0 ADDRESS SELECT 34 MEMRQ· 

1/0 EXPANSION 36 MEMEX 
REFRESH TIM ING 38 MCSYNC" 

CPU STATUS 40 STATUS O" 
~us ACKNOWLEDGE 42 BUSRQ· 
INTERRUPT 44 INTRQ · 
ACKNOWLEDGE 
WAIT REQUEST 46 NMIRQ· 

SYSTEM RES ET 48 PBR ESET• 
CLOCK FROM PROCESSOR 50 CNTRL • 
PRIORITY CHAIN OUT 52 PCI 

AUX GROUND (BUSED) 54 AUXGND 
AUX POSITIV E ( + 12V°DC) 56 AUX -V · 

COMMENtS 
LOGIC POWER SOURCE (+ 5V DC) 
LOGIC POWER RETURN BUS 
LOW-CURRENT LOGIC SUPPLY 1 (- 5V) 
LOW-CURRENT LOGIC SUPPLY 2 (- 5V) 
AUXILIARY POWER RETURN BUS 
POSITIVE DC SUPPLY ( + 12V) 
NEGATIVE DC SUPPLY (-12V) 

CIRCU IT SIDE 

SIGNAL 
FLOW DESCRIPTION 

IN LOGIC POWER (BUSED) 
IN LOGIC GROUND (BUSED) 
IN LOGIC BIAS #2 ( - 5V) 

IN /OUT HIGH-ORDER DATA BUS 
IN/OUT HIGH -ORDER DATA BUS 
IN/OUT HIGH -ORDER DATA BUS 
IN /OUT HIGH -ORDER DATA BUS 

OUT HIGH -ORDER ADDRESS 
OUT HIGH-ORDER ADDRESS 
OUT HIGH-ORDER ADDRESS 

OUT HIGH-ORDER ADDRESS 
OUT HIGH-ORDER ADDR ESS 
OUT HIGH-ORDER ADDR ESS 
OUT HIGH-ORDER ADDRESS 

OUT READ MEMORY OR 1/0 
OUT MEMORY ADDRESS 

SELECT 
IN/OUT MEMORY EXPANSION 

OUT CPU MACHINE CYCLE 
SYNC 

OUT CPU STATUS 
IN BUS REQUEST 
IN INTERRUPT REQUEST 

IN NONMASKABLE 
INTERRUPT 

IN PUSH -BUTTON RESET 
IN AUX TIMING 
IN PRIORITY CHAIN IN 

IN AUX GROUND (BUSED) 
IN AUX NEGATIVE ( - 12V DC) 

The STD Bus is versatile enough to support a number of µPs and includes provisions for handling them: 

PER IPH ERAL TIMING-CONTROL LINES FOR 8-BIT fl Ps 
REFRESH * MCSYNC * 

(PIN 37) (PIN 38) 
BOB ti SYNC • 
8085 ALE• 

NSCBOO REFRESH• ALE• 
8080 ALE• 
ZBO REFRESH' (RD•+ WR"+ INTAK· ) 

6SOO 
6809 

6809E 
6502 

NOTES: 
• =LOW-LEVEL ACTIVE 
- =NOT USED 

t,2• 
EOUT"(<f>2" ) 
EOUT" (t,2•) 

t,2• 

RtW• =READ HIGH, WRITE LOW 

STATUS 1 * STATUS O* 
(PIN 39) (PI N 40) 

M1• 
s1· so· 
s1· so· 

DT/R" sso· 
M1• 

VMA• Rtw· 
Rtw· 

uc· Rtw• 
SYNC• R/W• 

DT/R" =DATA TRANSMIT HIGH, REC EIVE LOW 
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NO OF 1/0 ADDRESS LIN ES 
NO OF MEM ADDRESS LINES 1/0 MEMORY 

PROCESSOR ADA LINES DURING REFRESH MAPPED 1/0 MAPPED 1/0 
8080 16 LOWERS 16 
8085 16 LOWER 8 16 
ZBO 16 LOWER 7 LOWER 8 16 
6800 16 113 
6809 16 16 
6502 16 16 

NSCBOO 16 LOWER 7 LOWER S 16 
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MECHANICAL SPECIFICATIONS 
CARD SIZES 

0.015 MIN 
CHAMx45 ' 

2 PLACES 

OPTIONAL 
CARD 

rEJECTOR 

0.435 

~ I ,- a.100 
--t~~Z:Z:Z:Z:Z:Z:Z::Z::::Z:::Z:Z::Z::Z:Z:z:2:z:2:::z2:z:2::Z:Z:z:2:z:2::z:;a::z:z;~1'1~ 

r, I t 
+- 0.40 

TOP EDGE 
- l 

ri I 
I I 
I I 
I I 
I J 

(ll l 
m1 
81 m 
8' 

cci'J~Jld1T5aR ~ : 

COMPONENT SIDE 

0.015 x45° MIN BEVEL 
BOTH SIOES ENTIRE LENGTH 

0.06 R MAX 
2 PLACES 

' I 
I 

USER 
INTERFACE 

EDGE 

IJ 

Ori~[ 015rrz:::z::rrz::r~ 
3 p~l~ES -+I r- 3 PLACES 

0.100 
0.062 ± 0.003 -+l [-+----

TOLERANCES: a.xx = ± 0.03,0.XXX = ± 0.010 IN . 
SHADED AREA MUST BE KEPT FREE OF COM PONENTS. 

3.610 
REF 

t 
3.375 ± 0.002 

0.062 ± 
0.003 

_t 
-t 

COMPON ENT 
SIDE 

0.300 MIN 

NEXT TIME 
EDN 's June 24 issue will feature a Special 
Report on CMOS-envisioned by many in
dustry experts as the premier process ing 
technology of the 1980s and now exploding 
into a variety of new product areas. Other 
highlights include articles on 

• Designing with current-mirror ICs 
• Implementing a color-graphics processor 
• Understanding the recently amended 

patent law 

EDN JUNE 10, 198 1 

• Using digital techniques in signal-proc-
essing applications 

.. . and much more. Also look for Technology 
Update stories on CAD/CAM developments 
and laser technology, plus our regular Design 
Ideas, A Question of Law and µC Design Tech
niques departments. You can't afford to miss 
this issue! 

EON: Everything Designers Need 
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• 

the worlds widest selection of matching ratios 
10 KHz-800 MHz ... balanced, DC isolated,center-tappe 
46 off-the-shelf models from Mini-Circuits from$2 95 
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Select from the economical, microminiature T- series (plastic case) or TM 
series (hermetically-sealed metal case) covering 10 KHz to 800 MHz. Thes 
models operate from 12.5 to 800 ohms with insertion loss typically less than 0.5 dB. 

For large dynamic range applications, specify the T- H series which can hand! 
up to 100 mA primary current without saturation or distortion. 

Need a connector version? Select from the Ff or FfB series, available with 
unbalanced or balanced outputs. Connector choices are female (BNC, Isolated 
BNC, and Type N) and male (BNC and Type N). These units operate from 10 KHz 
to 500 MHz with impedances of 50 and 75 ohms. 

Of course, Mini-Circuits' one-year guarantee is included. 

DC ISOLATED TJ.t Tl - lH Tl.5-1 T2.5·6 T4-6 T9-l l'J.IH Tl5-l Tl5-IH 
PRIMARY & Model No. TMOl-1 TMOl.5-1 TM02.5-6 TM04-6 TM09-l TM0 15-l 
SECONDARY Imped. Ratio 1 1 15 2.5 4 9 16 16 

H 
Freq. (MHz) 15400 8-300 .1·300 .01·100 .02-200 .15-200 2·90 .3·120 7.85 
T Model 11049) $2.95 $4.95 $3.95 $3.95 $3.95 $3.45 $5.45 $3.95 $5.95 
TMO model I 10·491 $4.95 $6.75 $6.45 $6.45 $6.45 $6.45 

CENTER-TAPPED Tl-IT T2-1T T2.5-6T T3-1T T4- l T4-1H T5-1T Tl3-1T 
DC ISOLATED Model No. TMO l-lT TM02-1T TM02.5-6T TM03-1T TM04-l TM05-1T TMOl3- 1T 
PRIMARY & Imped. Ratio 1 2 2.5 3 4 5 13 
SECONDARY Freq. (MHz) .05-200 .07-200 01·100 .05·250 .2·350 8-350 .3·300 .3·120 

·1 r T Model (10·49) $3.95 $4.25 $4.25 $3.95 $2.95 $4.95 $4.25 $4.25 
TMO model (1049) $6.45 $6.75 $6.75 $6.45 $4.95 $6.75 $6.75 

UNBALANCED T2- l T3-l T4-2 T&l Tl4-l 
PRIMARY & Model No. TM02-l TM03-l TM04-2 TM08-l TM014-l 
SECONDARY Imped. Ratio 2 3 8 14 

-u 
Freq. {MHz) .025-600 .5·800 .2·600 .15·250 .2·150 
T model I 1049) $3.45 $4.25 $3.45 $3.45 $4.25 
TMO Model I 10·49) $5.95 $6.95 $5.95 $5.95 $6.75 

FT FTB Model No. FTl.5-1 FTBl-1 FTBl-6 FTBl-1-75 

-1 t -1 {-
Imped. Ratio 1.5 1 
F<eq. (MHz) .1·400 .2·500 .01.200 .5·500 
(14) $29.95 $29.95 $29.95 $29.95 

O Mini-Circuits 
A 01v1s1on of Sc1ent1!1c Components Corp 

World 's largest manufacturer of Double Balanced Mixers 
2625 East 14th Street , Brooklyn , New York 11235 (212)769-0200 

Domestic and International Telex 125460 International Telex 620156 
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Design Ideas 

Stand-alone TTL tester indicates Go/No Go 

Florin Nestor Mugioiu 
Institute for Electronic Research, Bucharest 

Using the design shown in the figure, you can 
functionally test TTL devices without tying up any 
special equipment or highly trained personnel. The 
circuit locates performance defects- such as truth
table errors, nonfunctioning inputs or outputs and 
out-of-spec propagation delays-by comparing a 
device with a standard unit. 

The synchronous counters (IC4, IC5) operate at 
approximately 1 MHz and sequence the tested chip's 

I ~ 
I I 

TESTED PROGRAM 

IC BOAR D 

16= 

1 l REFERENCE l :,':: 
IC ..<',,. 

J 1?"' 

5V ;> 
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A = B A =B 
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parallel-connected common inputs. This scheme 
allows you to make a differential propagation-delay 
measurement because the tested ICs' outputs separ
ately feed the A/B inputs of comparators IC6 and IC1. 
Thus, when an IC tests good, the LED lights 
because retriggerable one-shot IC1 isn't triggered 
although IC2 is. 

If any of the tested IC's inputs are grounded, 
counter sequencing stops. Although this action in 
itself doesn't generate an error signal, it does 
prevent LED lighting because IC2 isn't triggered. 

False No Go results are prevented by the remain
ing one-shot (!Ca). Its 40-nsec output inhibits IC1 
from falsely rejecting a tested IC just because the 

~H I ~~ ~ ~! ' ~ ~ \ ~ ~? 

'"' -, A 

-v ,,.. 

-"' 

"' 
J'y 

x 
co 

-v ' 'V' 

' V 

·Al'v 

5V f 1 . f2 !3 !4 
~ 

B2 A3 B3 Oo O, 02 03 

IA =B MR 

IA>BA. ~ 
PE 741 61 TC 

IA< B ~ GET CEP GP 

1c0 -:- J 

~ ~ ~'l ~ ? 

fs fs !7 fa 

Oa o, 02 03 

MR 
CEP 741 61 

PE 

·/\IV 
.A 

·Atv 

·"IV 

J'y 

·Atv 

-'1'v 

0 5V 

-"' 

"' x 
co 

;> 5 v 

H ..._.. 
GP TC GET ~ 

•c, •~·~ 
2fi l _as ~5.6k 

0 . 

5V l 0 ;>sv 
B ~ 5V ;> c R/C A, A2 B, B2 R/C c ' 
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~ ~ 
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T '=40nSEC 

Functionally test TTL ICs by comparing their performance with that of a concurrently tested reference device of the same type. By 
sequentially driving the devices' like inputs in parallel and making an A= B comparison of their outputs, you can find such faults as 
grounded inputs, truth-table errors and excessive propagation delays. 
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I Design Ideas 

PIN CONNECTIONS 

TESTED IC 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

REFIC 
TYPE 

7400, 7402 11 f 2 A0 ICs t 3 14 A1 ICs GND A2 1Cs Is f s A3 1Cs 17 fa 5V 

7403, 7408 11 f 2 B0 ICs 13 14 B1 ICs GND B2 1Cs Is ts B3 1Cs f1 fa 5V 
7409, 7413 
7420, 7440 
7486 

7473 f1 fa Is 5V f 2 17 fs A0 ICs A1 ICs f 4 GND A2 1Cs A3 1Cs f 4 

11 fa Is 5V 12 f 7 fs B0 ICs B1 ICs f 4 GND B2 1Cs B3 1Cs f 4 

7490, 7492 f1 Is 17 GND 5V f 7 fa Ao ICs A1 ICs GND A21Cs A3 1Cs f2 
7493 11 Is 17 GND 5V 17 fa B0 ICs B1 ICs GND B2 1Cs B3 1Cs f 2 

74192 f 3 A0 ICs A1 IC5 f1 11 A2 1Cs A3 1Cs GND f4 f4 Is A0 IC7 A1 IC7 fa t 3 5V 
74193 13 B0 I Cs B1 ICs 17 11 B2 1Cs B3 1Cs GND 14 f 4 Is B0 IC7 B1 IC7 fa 13 5V 

Create individualized programming boards for the TTL tester by making the indicated crosspoint connections. For testing 
sequential devices such as counters and flip flops, the indicated clock inputs (f1 and f,) should be HIGH long enough to catch 
devices with excessively long propagation delays. 

IC's propagation delay isn't within 40 nsec of the pc board. The table indicates which crosspoints you 
reference's. (You can adjust this window by changing connect for a variety of TTL chips. EDN 
the appropriate RC values.) 

You can program this tester via a crosspoint 
matrix board of the type manufactured by Sealectro To Vote For This Design, Circle No 453 
or by through-connecting a matrix-like double-sided 

12-bit ADC+display driver= 33/4-digit DVM 

David Watson 
lntersil Inc, Basingstoke, England 

By combining a 12-bit ADC chip with any of several 
counter/display-driver ICs, you can easily construct 
the 3o/4-digit autopolarity meter shown in the figure. 
Depending on your display-type requirement, you 
can drive common-anode LEDs using the ICM 7225, 
LCDs with the 7224 or fluorescent displays using the 
7236. 

The display drivers have identical input configura
tions and (except for the 7224's backplane output 
connection) identical outputs. And because they
like the ICL 7109 ADC-require only one 5V supply, 
you can employ a common pc-board layout. 

Intended originally for use as a 12-bit ADC for µP 
applications, the ICL 7109 operates somewhat differ-

156 

ently in this design. For example, the circuit uses 
none of the IC's binary outputs. The figure's timing 
diagram shows the signal-processing sequences. 

The ADC requires 8192 clock cycles to complete a 
conversion: 2048 for the autozero (AZ) phase, 
another 2048 to integrate the signal (INT) and 4096 
for deintegrating the reference. Thus, to obtain a 
3%-digit (4096 counts) full-scale reading, you must 
subtract out the nondata-related clock cycles. 

During the AZ phase, Status is LOW. This 
condition in turn drives the counter's Reset line 
HIGH and, by setting the G~G4 flip flop, pulls the 
display driver's Count Inhibit line LOW. After 2048 
cycles, Status goes HIGH, signal integration begins 
and the counter starts counting clock cycles. After 
another 2048 cycles, the reference-deintegrate phase 
commences. One-and-a-half cycles after a zero cross
ing is detected, Status drops LOW again. At this 
time, the total count equals 2050 (2048+ l 1/2) plus a 

Continued on pg 160 
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A 3¥4-digit voltmeter results when you combine a 12-bit ADC with a display's decoder/driver IC. You can use any standard display 
type; choose an ICM 7225 for LEDs, a 7224 for LCDs (note the indicated backplane connection) or the 7236 for vacuum-fluorescent 
units. The counter subtracts the first 2050 nondata-related clock cycles so that the remaining count, N, is directly proportional to the · 
unknown analog input. 

EDN JUNE 10, 1981 157 



your application~ 

16-bit micro 
applications 



5653*16-bit micro? 
If your system design is stretching the capabilities 

of 8-bit performance, take the step into 16-bit micros 
without sacrificing cost efficiency. 

And at the same time, get all the advantages of a 
more powerful and proven instruction set. Faster pro
cessing. Larger addiessing capability. Expandability 
which allows your system to grow as your needs grow, 
without changing system architecture. And without 
appreciably cfi.anging your software requirements. 

Chances are, you can use Digital's $65316-bit micro 
in your application. 

For full information, fill out the coupon or call toll 
.free (800) 225-9220. In MA, HI, AK and Canada call 
(617) 467-7000. Or simply contact the Hamilton/ Avnet 
or Harvey Electronics office near you. 
*In quantities of 50. Single unit price is $990. Domestic U.S. prices only. 

r-------------------------1 
Please rush your 16-bit Micros Application Infor
mation Package to me at once. My application is: 
D Laboratory/Scientific 
D Data Communications 
D Industrial Controls (please specify) ____ _ 

D Other (please specify) ________ _ 

Name _ 

Title 

Company 

Street 

Ci 

State Zip Tel. ( ) 

Digital Equipment Corporation 
Microcomputer Products Group, MR2-2/M65, 
One Iron Way, Marlboro, MA 01752 

ED·S-10-1 

L _________________________ J 

We change the way 
the world thinks. 
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I Design Ideas 

number (N) proportional to the unknown analog 
input signal. 

To recover N's value and thus display the correct 
analog equivalent count, you must subtract the 
surplus 2050 from the total. You perform this task 
by, in effect, not allowing the display driver to start 
counting until after the first 2050 cycles have 
occurred. That's the 12-bit counter's function. By 
NANDing its Q2 and Q12 outputs via G2, you can (at 
count 2050) reset the flip flop and therefore enable 
the display driver's counter. The resulting count and 
display shows the number of cycles proportional to 
the analog input. 

You can expand this scheme to achieve higher 
resolution measurements. Just replace the 12-bit 
ADC with the ICL 8052A/7104 16- and 14-bit 
ADCs-their outputs interface like the 7109's. And 
you can directly cascade the display drivers. Howev
er, in that case you'd have to extend the counter 
chain to perform the count-inhibit function. Subtract 
8194 counts if you use a 14-bit ADC and 32, 770 for 16 
bits. EDN 

To Vote For This Design, Circle No 454 

Locate random addresses with PROMs, DEMUXs 

Jeff Taragin and Don Anderson 
AAI Corp, Cockeysville, MD 

The next time you must decode multiple nonconsecu
tive addresses, don't fall into the trap of sor ting out 
everything only to use a few. Instead, give this idea 

INPUT 
ADDRESS 

LINES 

10 .-----. 

A Y 1 ,___......--+-~ 

Y2 
4 

CE Y3 
v. 

IC1 Ys 4 

2kx8 PROM 

DECODER 
(4TO16) 

Ao 
A, 
A2 
AJ 

'---aE, IC
3 

74LS154 

DECODED 
OUTPUTS 

DECODED 
OUTPUTS 

Decode nonconsecutive addresses by using a PROM to 
translate the inputs to a format that can then be sorted out by an 
m-inln-out decoder. Here, the PROM's most significant output 
allows the decoders to yield a 32-of-1024 sort. 
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a try; you can expand the concept to meet your 
needs. 

The scheme depicted in the figure decodes 32 
nonconsecutive addresses out of a possible 1024 by 
combining a PROM with two 16-bit decoder/demulti
plexers. You drive the 2k x8 PROM (IC1) with the 10 
input address lines; it in effect functions as an 
address translator. At the desired addresses, you 
can employ the PROM's 6-bit output to access 
decoders IC2 and ICa. 

Note how the PROM's most significant outputs 
(Yo, Y,) serve to enable (and therefore select) the 
appropriate 4-to-16 decoder chip. By incorporating 
this trick, you can use the PROM's four remaining 
outputs as parallel inputs to the decoders. The 
result? One and only one of the decoders' outputs 
responds to the desired 32 of 1024 possible inputs. 
Any other addresses always contain code combina
tions that disable the decoders. 

You can easily expand this concept to decode any 
number of nonconsecutive addresses by using addi
tional decoders and, if necessary, another 
PROM. EDN 

To Vote For This Design, Circle No 455 

JOB SHOPPING? 
Check EDN 's Career Opportunities 

EON: Everything Designers Need 
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Quality, capability and performance in an 
outstanding universal counter for only $425. 
HP's experience in counter design , 
manufacturing advances and tough 
quality control bring you the Model 5314A 
-a counter that does a lot and does it 
for a remarkably low price : $425'." 

You'll get the measurements and 
performance you're likely to need where 
a basic universal counter is called for: 
frequency range is 100 MHz, time interval 
resolution is 100 ns and it will measure 
period down to 400 ns with 100 ps 
resolution. It also measures frequency 
ratio , ratio averaging and will totalize. 
For longer times between calibrations 

020058 

plus added accuracy, HP offers an 
optional high stability time base (TCXO) 
for $100'." For field use , there's a low-cost 
battery power option for $95'." 

Counters at this price usually have 
single-channel time interval controls or 
none at all. But the 5314A gives you 
both input trigger level and slope controls 
for two input channels. This allows you 
to measure pulse widths or time between 
pulses with stop and start commands 
from either one or two input control lines. 

We've adhered to HP's high quality 
standards in building the 5314A. A look 

CIRCLE NO 77 

HEWLETT 
PACKARD 

inside will reveal competent, careful 
design and craftsmanship throughout. A 
low parts count and conservative design 
contribute to excellent reliability, too. 

Now, more than ever before , it makes 
sense to buy quality from the start. 
That's what you get with the remarkable 
5314A. To get your 5314A, or more 
details , call your nearest HP sales office 
today or write , Hewlett-Packard , 1820 
Embarcadero Rd., Palo Alto , CA 94303. 

*Do mestic U.S. prices o nly. 
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µC Design Techniques 

Combine USART and 8086 with care 

Robert D Grappel 
Hemenway Associates Inc, Boston, MA 

When designing a µC system, you must often scan 
many pages of data sheets, looking for just the right 
"magic" that will make the project go. Such a 
problem arose in the design of an 8086 disk operating 
system (DOS), which combines the features of a 
monitor (including automatic baud-rate selection) 
with those of a simple disk system. 

Using Intel's 8251A USART as the serial interface 
and an 8253 programmable timer as the serial clock 
source, the program times one or two "U" characters 
from the console and sets itself up for the incoming 
baud rate. During the design process, it worked 
quite well-most of the time. Sometimes, however , 
it wouldn't initialize at all. If the baud-rate-selection 
code worked at all , the operating system worked 
fine , but if it didn't work, no monitor was available 
for debugging. 

A large amount of documentation is available on 
the 8251A; you can easily get source-code examples 
to show how to use it. Unfortunately, if you don't 
understand the chip well , and your application even 
better, you might not find the information you need. 

Specifically, all of the examples indicate the need 
to meet special timing constraints. Yet each puts 
different delays in different program locations. And 
because the 8086 DOS had to fit into 4k bytes, it 
wouldn't tolerate such delays everywhere. 

Because the 8251A uses both Synchronous- and 
Asynchronous-mode operation, it requires fairly 
intricate initialization sequences; its state after 
power-up isn't well determined. One bit of 8251A 
"magic," therefore , involves sending the device a 
null byte three times on power-up, guaranteeing 
that it's ready for command. Then send the chip a 
reset command; the mode and command byte follow 
to complete the initialization. 

A second bit of "magic" (found in note 4 of the 8251 
data-sheet section describing ac characteristics) lies 
in the fact that the 8251A requires six clocks 
between writes during initialization and a minimum 
of eight clocks between writes once in Asynchronous 
mode. (Synchronous mode requires 16 clocks.) The 
8086 is fast enough to overdrive these timings. 

EDN J UNE 10, 198 1 

I NITIALIZE AN 8251A USART 
ASSU ME POWER- ON CONDITIONS 

MOV DX, SIOSTA 
MOV AL, O 

; POI NT TO USART STATUS 

OUT DX,AL 
SCAS 
OUT DX , AL 
SCAS 
OUT DX , AL 
SCAS 
MOV AL, 040H 
OUT DX , AL 
SCAS 
f.IOV AL, 04 EH 
OUT DX,AL 
SCAS 
HOV AL,037H 
OUT DX, AL 

; SEND A NULL 
; DELAY 
; SEND A NULL 
; DELAY 
; SEND A NULL 
;DELAY 
; RESET COf.IMAtlD 

; DELAY 
; MODE SET 

; DELAY 
; CONl-IAND SET 

ASSUME INSTRUCTIONS HERE GENERATE DELAY 
BEFORE USART IS USED NEXT 

A proper 8086 initialization sequence puts delays between 
writes to the USART. 

Depending on other timing factors, such as dynamic
memory refresh and timer interrupts, code might be 
slow enough in one case but not in another. Thus, 
every once in a while, if you don't insert delays, the 
USART goes haywire. 

The 8086 program shown in the figure illustrates 
an 8251A initialization sequence for asynchronous 
operation. Note the use of the Scan String (SCAS) 
instruction as a time delay. Each SCAS takes 15 
clocks- providing a great deal of overkill . Three 
NOP (no operation) instructions would take up nine 
clocks-a sufficient solution, but one requiring two 
more code bytes than an SCAS. l§DN 

Need 
to Know? 

EDN 's advert isers stand ready to provide you 
wi th helpful design information and other 
data on the ir products. Just circle the appro
pri c;i.te numbers on the Information Retr ieva l 
Service card . If your need is urgent, contact 
advert isers directly, and mention EON . 

EON: Everything Designers Need 
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EON Software Note # 70 

Utility program dumps TMS9900's memory 

Ralph Tenny 
George Goode & Associates Inc, Dallas, TX 

Texas Instruments' TM990/189 single-board µC, 
with its on-board line-by-line symbolic assembler, 
adapts easily to new tasks. The assembler leaves the 
application program in memory, ready to run, 
thereby minimizing start-up time. And after you 
finish a job, you can use the µC's cassette-dump 
facility to save the program. Software maintenance 
would prove much simpler, however, with some 

means of making hard-copy documentation. 
The program shown in the figure deals with this 

need. It produces a standard memory dump in one of 
two formats. The form shown in the example 
generates the memory image as 16 columns of single 
bytes-a format suiting text better than program 
material. Comments indicate the modifications need
ed to produce a listing with eight columns of 2-byte 
words. 

The TM990/189 contains a socket that accepts 
lk x8 or 2k x 8 EPROMs. The listing shows the 
program starting at the beginning address for that 
socket. Because the program resides in ROM, 

0010 0000 
0020 0000 
0030 0000 
0040 0000 
ooso 0000 
0060 0000 
0070 0000 
0080 

*THIS PROGRAM DUMPS MEMORY CONTENTS FROM A TM 990/189 
*UNIVERSITY BOARD TO ANY RS232 PRINTER, USING A SIXTEEN 
*COLUMN FORMAT. THE PROGRAM EXPECTS TO FIND THE 
*STARTING ADDRESS OF THE DUMP TO BE IN Rl AND THE 
*NUMBER OF BYTES IN R2. SUBSTITUTE A NOP AT LINE 
*NUMBER 370 AND >2F06 AT LINE 410 FOR EIGHT-

0090 0800 
0100 0800 
0110 0800 02EO 

0802 0180 
0120 0804 04EO 

0806 0036 
0130 0808 COCl 
0140 080A Cl02 
OlSO 080C 020S 

080E ODOA 
0160 0810 0206 

0812 2000 
0170 0814 0209 

0816 0004 
0180 0818 2FOS 
0190 081A 06CS 
0200 081C 2FOS 
0210 081E 06CS 
0220 0820 C203 
0230 0822 C289 
0240 0824 OBC8 
02SO 0826 2E08 
0260 0828 060A 
0270 082A 16FC 
0280 082C 2F06 

*COLUMN FORMAT. USE EVEN BYTE COUNT ONLY. 
IDT 'MEMDMP' 
AORG >800 
DREG ASSEMBLER DIRECTIVE 

STRT LWPI >180 INITIALIZE WORKSPACE 

OUTl 

SHFl 

CLR @>36 

MOV Rl,R3 
MOV R2,R4 
LI RS,>ODOA 

LI R6, >2000 

LI R9,4 

XOP 
SWPB 
XOP 
SWPB 
MOV 
MOV 
SRC 
XOP 
DEC 
JNE 
XOP 

RS,12 
RS 
RS,12 
RS 
R3,R8 
R9,Rl 0 
R8,12 
R8,8 
RlO 
SH Fl 
R6,12 

SWITCH TO EXTERNAL TERMINAL 

SAVE START ADDRESS 
SAVE BYTE COUNT 
CARRIAGE RETURN AND LINE FEED 

SPACE CHARACTER 

SET UP SHIFT COUNT CONSTANT 

OUTPUT CARRIAGE RETURN AND 
THEN A 
LINE FEED TO RESET THE 
PRINTER CARRIAGE 
GET CURRENT ADDRESS, THEN 
INITIALIZE SHIFT COUNTER 
SHIFT EACH CHARACTER TO 
LOW ORDER NIBBLE TO SEND 
COUNT THE SHIFT 
LOOP UNTIL DONE 
OUTPUT TWO SPACES 

Providing hard copy of programs developed by the TM990/189 µ.C's symbolic assembler, this utility program simplifies 
documentation. (Listing continues on next page) 
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Resistor Research Corporation la 
not the only manufacturer of ultra 
precision metal foll resistors, bat 
oar use of advanced manufacturing 
technologies developed by the 
semiconductor industry gives our 
precision resistors the edge in reli
ability and precision. 

RCC resistors begin with a 
nickel/ chromium ingot produced to 
a proprietary alloy specification for 
maintenance of its inherently low 
resistivity variation with temperature. 
As the ingot is converted to a foil, 
successive processing steps are care
fully designed to retain the optimum 
temperature coefficient. The foil is 
then bonded to a ceramic substrate 
and the precision resistance estab
lished by etching a unique conductor 
pattern in the foil. 

Ion beam sys
tem etches Re
sistor Research 
res istors in 
production 
quantit ies. 

Our patented* dry ion beam 
etching process allows us to 
improve precision of high ohmic 
resistance values by permitting finer 
conductor line widths. Contamina
tion of these critical parts is con
trolled by processing parts in a dean-

This is 
What We 
Mean by 
Precision 
Resistor 

Technology 

SEM photo shows etched pattern of Resistor Research resistors. 

room. And to meet your quality 
demands, we built a unique ion 
beam etching machine, larger than 
any commercially available. 

Massive SEM 
enlargement 
shows clean 
wall of ion 
beam etched 
conductor 
pattern . 

Now you can select resistors to 
±0.005% tolerance and 1 ppm/°C 
TCR with a stability of <25 ppm per 
year and rise time ofless than 1 
nanosecond and get them in weeks 
instead of months ... 
. .. BECAUSE WE'VE USED ADVANCED 
SEMICONDUCTOR TECHNOLOGIES TO 
ENHANCE TI-IE MANUFACTURE OF OUR 
PRECISION RESISTORS. SO CONTACT 
US TODAY TO FIU. YOUR PRECISION 
RESISTOR NEEDS OR ASK ABOUT OUR 
METAL FOIL RESISTOR TECHNOLOGY 
SEMINARS TO LEARN WHAT OUR 
RESISTORS CAN DO FOR YOU. 
•u.s. patent numbers 4053977 and 4075452 

CO RPORATI ON 

11515 Sunset Hills Road 
Reston , Virg inia 22090 
(703) 435-2000 

CIRCLE NO 78 



µC Design Techniques 

0290 082E 2F06 XOP R6,12 
0300 0830 04C7 OUT2 CLR R7 
0310 0832 04CA NMBR CLR RlO 
0320 0834 C213 GET MOV *R3,R8 
0330 0836 OBC8 SHF2 SRC R8,12 
0340 0838 2E08 XOP R8,8 
0350 083A OBC8 SRC R8,12 
0360 083C 2E08 XOP R8,8 
0370 083E 2F06 XOP R6,12 
0380 0840 05CA INCT RlO 
0390 0842 028A CI Rl0,3 

0844 0003 
0400 0846 12F7 JLE SHF2 
0410 0848 1000 NOP 
0420 084A 05C3 NEXT INCT R3 
0430 084C 0644 DECT R4 
0440 084E 130A JEQ OUT 
0450 0850 0587 INC R7 
0460 0852 0287 CI R7,8 

0854 0008 
0470 0856 1301 JEQ RSET 
0480 0858 lOEC JMP NMBR 
0490 08 5A 2F05 RSET XOP R5,12 
0500 085C 06C5 SWPB R5 
0510 085E 2F05 XOP R5,12 
0520 0860 06C5 SWPB R5 
0530 0862 lODE JMP OUTl 
0540 0864 · 2F05 OUT XOP R5,12 
0550 0866 06C5 SWPB R5 
0560 0868 2F05 XOP R5,12 
0570 086A 06C5 SWPB R5 
0580 086 c C289 MOV R9,Rl0 
0590 .086 E C203 MOV R3,R8 
0600 0870 OBC8 SHF3 SRC R8,12 
0610 0872 2E08 XOP R8,8 
0620 0874 060A DEC RlO 
0630 0876 16FC JNE SHF3 
0640 0878 0560 INV @>36 

087A 0036 
0650 087C 06AO BL @>3000 

087E 3000 
0660 0800 END STRT 
ERRORS=O 

however, you'll have to pick one output format-you 
can't alter it dynamically. 

This program is straightforward and suits use 
with other TMS9900-based systems. One item, 
however, might prove unfamiliar, even to some 
TM990/189 users. At lines 120 and 640, the program 
modifies the data stored at location 36H. Whenever 
an output function is called, the program checks this 
memory location; if its contents are nonzero , the 
output gets displayed on the on-board terminal 
rather than the external device. This feature allows 
you to use both external and internal peripherals 
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FOR PRETTY FORMAT 
MAKE A COLUMN COUNTER 
AND A SHIFT COUNTER 
GET A WORD OF DATA 
AND SEND IT AS TWO BYTES 
SEPARATED BY 
A SPACE 
SEND SECOND CHARACTER 
SUBSTITUTE NOP FOR 8 COL . MODE 
COUNT THE NIBBLES SENT 
AND TEST FOR THE LAST 

REP.EAT UNTIL DONE 
OUTPUT A SPACE IN 8 COL. MOD E 
BUMP THE POINTER 
COUNT BYTE OUTPUT 
QUIT WHEN DONE 
COUNT COLUMNS 
TEST FOR LAST COLUMN 

LAST COLUMN, START A NEW LINE 
OR GET DATA FOR NEXT COLUMN 
SEND A CARRIAGE RETURN 
AND THEN 
A LINE FEED 
FOR DESIRED FORMAT 
AND GO FOR MORE DATA 
RESET PRINTER 
TO A NEW LIN E . 
SO WE CAN 
PRINT THE ENDING ADDRESS 
MAKE A SHIFT COUNTER AG AIN 
GET THE ADDRESS 
ISOLATE A NIBBLE 
AND SENT IT 
COUNT IT AND 
LOOP UNTIL DONE 
RETURN TO ON-BOARD TERMINAL 

AND GO HOME 

under program control. 
One other caution: The end count tests for zero in 

the byte counter. This test fails if you specify an odd 
byte count in R2 at run time. EDN 

JOB SHOPPING? 
Check EDN 's Career Opportunities 

EON: Everything Designers Need 
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In keeping with its tradition of excellence, C& roudly introduces its 
new line of tiny toggle and push-button switches These timely new 
products carry the same proven reliability as our isting switch lines, 
with the added advantage of specific designs that eet the demands of 
today's smaller, more compact requirements. C&K o ers man · 
urations of each switch to meet a wide variety of n est 
instrumentation, PC boards, word pro ssin and telecommunication 
equipment. 

The entire 1rnature line is in use throughout the world and our 
_,_,~u.,.,ge catalog is yours for the asking. It's no wonder that demand for 
our products is increasing as their size is decreasing. 

Call or write for samples and literature. 

C&K Components, Inc. 
15 Riverdale Avenue, Newton, MA. 02158 
Tel: (617) 964-6400, Telex: 92-2546 •TWX: 710-335-1163 

The Primary Source Worldwide ... 
CIRCLE NO 79 



the world's lowest priced attenuators 3,6,10 or 20 
from DC to 1500 MHz ... hermetically sealed 
The AT Series from Mini-Circuits s1~~ 

Check these features: 

shown with 
cover removed 

.../ High stability; thick film construction 
in a hermetically sealed case 

.../ Rugged construction: Meets 
requirements of MIL STD 202 

.../Miniature Size: 0.4" by 0.8" by 0.2" high 

.../Flat frequency response: Typically ±0.3 dB 

.../Excellent VSWR: typically less than 1.2:1 

.../Low cost: $1.95 (1,000 quantity), $3.95 (1-49) 

...; Delivery: From stock 

Attenuation, Attenuation Frequency Attenuation Change VSWR 
dB Nominal Tolerance Range From Nominal Over Max. Power 

Model Value from Nominal MHz Frequency Range, MHz Max. 

AT-3 
AT-6 
AT·lO 
AT-20 

DC- 1000-
DC-1000 1000-1500 1000 1500 

3 ±0.2dB DC-1500 0.6dB l.OdB 1.3:1 1.5:1 lW 
6 ±0.3dB DC·t500 0.6dB 0.8dB 1.3:1 1.5:1 lW 

10 ±0.3dB DC-1500 0.6dB 0.8dB 1.3:1 1.5:1 lW 
20 ±0.3dB DC-1500 0.6dB 0.8dB 1.3:1 1.5:1 lW 

O Mini-Circuits 
A 01v1s1on ot Sc1en!1f1c Components Corporation 

World's larges t manufacturer of Double Balanced Mixers 
2625 East 14th Street , Brooklyn , New York 11235 (212)769-0200 

Domestic and International Telex 125460 International Telex 620156 

CIRCLE NO 85 



New Products INSTRUMENTATION & POWER SOURCES 

Graphic/alphanumeric thermal recorder 
produces real-time annotated plotting 

Accepting analog or digital 
waveform inputs or digital data 
and control inputs, the Versa
trak-60 graphic thermal recorder 
provides complete information 
control for medical, laboratory 
and data-acquisition printing 
applications. The µP-controlled 
instrument features a linear
dot-array printhead that pro
duces 240 dots across a 60-mm 
field on 0.25-mm centers. 

On thermal graphic paper, the 
instrument can create a grid 
simultaneously with the trace or 
print the trace without the grid. 
This capability minimizes re
cording errors and eliminates 
the need for expensive pre
gridded paper. 

Three display modes 
The recorder operates in 

three selectable modes: Real
Time Waveform, Printing and 
Graphic Plotting. In the first , it 
provides selectable 5-, 25- or 
50-mm/sec chart speeds or one 
user-controllable advance rate; 
grid printing with minor grid 
marks every 1 mm, major marks 
every 5 mm and tic marks every 
75 mm; and 32-c)'l.aracter left- or 
right - hand • margin edge 
printing. 

Other features in this mode 
include choice of analog or 
digital waveform inputs. With 
analog inputs, the recorder can 
handle a ±250-mV FS range in a 
differential -balance -to -common 
configuration at 500 kfl. With 
digital inputs, it accepts 8-bit 
parallel TTL-compatible signals 
at a 1.5-msec sampling time. 

With 20-column data-logging 
and text orientation in the X 
direction and 10-column right-

EDN JUNE 10, 1981 

!ntvrrixed Prlflt!(1g 
.A.ndGraptics 

A digitized graphic recorder, the Versatrak-60 operates in three selectable modes 
that provide real-time waveform and alphanumeric printing as well as graphic plotting. 

or left-hand-justified printing in 
the Y direction, the instru
ment's Alphanumeric mode uses 
an upper-case 64-character 
ASCII set printed in a 5 x 7 dot 
matrix. Character size runs 
2.5 x 3.5 mm. This mode also 
provides user-controlled chart 
advance or backspace with a 
3-character-line capability. 

Graphic Plotting mode sup
plies a 30-dot-lines/sec print 
rate, 1- to 8-line chart advance 
or backspace and a 240-dot 
buffer for one line. In normal 
operation, this mode permits 
1-byte individual dot address
ing; in enhanced operation, two 
bytes specify one Y-direction 
line segment. 

The recorder requires paper 
in 150-ft rolls measuring 2. 75 in. 
wide and 2. 75 in. in diameter. 
Front or side loading permits 
servicing convenience. 

The 6Ys x 5% x 10%-in. instru
ment incorporates 3-pin analog 
and 15-pin digital connectors for 
waveform inputs and a 25-pin 
connector for digitized alphanu
meric and graphic plotting data. 
It operates over 10 to 50°C and 
requires 95 to 135 or 210 to 250V 
ac power. Power consumption 
equals 14W typ. $1200. Deliv
ery, 90 days ARO. 

Gu/ton Industries Inc , 
Gu/ton Industrial Park, East 
Greenwich, RI 02818. Phone 
(401) 884-6800. Circle No 215 
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INSU-SHIELD® is designed with a unique aluminum/polyester/drain 
wire configuration which allows the drain wire to be laid over rather 
than under the foil shield in paired cables. It incorporates a thin layer 
of aluminum tape (foil out) bonded to a polyester film. This shield is in 
CONTINUOUS CONTACT with a tinned copper drain wire. An addi

tional polyester tape is applied over the drain wire for the indi
vidual pairs . This technique assures TOTAL PAIR-TO-PAIR 

ISOLATION. INSU-SHIELD® provides maximum RFI and 
EMI defense. 

Field proven INSU-SHIELD® represents the optimum 
in shielding effectiveness. INSU-SHIELD® has 

been acclaimed by Design Engineers for its 
dependability and performance reliability. 

Over 5000 INSU-SHIELD® products are 
available in stock for immediate de

livery from 16 regional ware
houses . Custom assemblies 

and configurations can be 
manufactured to your 

exacting engineering 
requirements. 



New Products INSTRUMENTATION & POWER SOURCES 

Battery-operated IEEE-488-bus analyzer 
helps debug applications software 
Featuring 40 words of memory 
and three operating modes, 
Model 488 bus analyzer permits 
monitoring of IEEE-488 sys
tems to aid in troubleshooting 
applications software. 

In Passive mode, the battery
operated instrument monitors 
bus activity and reads out the 
status of data input/output (DIO) 
lines in 2-digit hexadecimal 
format on its LCD. Other 
display capabilities include indi
cation of memory locations in 
2-digit decimal format and 
direct readout of instrument 
low-battery and trigger-arm 
conditions, as well as the status 
of bus general - interface
management and handshake 
lines. 

In Single Step mode, the 
analyzer controls the bus hand
shake lines to provide single
step operation. And the instru
ment 's Trace mode permits 
normal bus operation; trigger 
controls similar to those on a 
logic analyzer allow you to 
capture 40 words of bus activity. 

You can specify trigger condi
tions on DIO, ATN, SRQ and 
EOI lines and locate the trigger 
condition at the beginning, 
middle or end of memory to let 
the instrument capture both 
pre- and post-trigger informa
tion. Furthermore, you can 
mask any lines from the trigger 
condition. 

After triggering, the instru
ment lets you single-step 
through the captured words; 
moreover, you can operate the 
bus at full speed until a trigger 
condition occurs, then single
step the bus operation from that 
point. 

EDN JUNE 10, 1981 
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Battery operation, 40 words of memory and three operating modes allow Model 488 
bus analyzer to help you debug IEEE-488 systems. The LCD reads out data in 2-digit 
hexadecimal format and memory locations in 2-digit decimal format. And it provides 
direct readout of handshake- and housekeeping-line status. 

Transparent operation 
Reflecting a design philoso

phy aimed at operation trans
parent to the bus, the instru
ment's designers incorporated 
battery power (four l.5V C 
cells) to eliminate ground-loop 
problems-a potential source of 
system intrusion. And to fur
ther enhance its nonintru
siveness, the instrument has no 
controls that can modify bus 

data; thus, even unskilled opera
tors can use it without risk of 
generating data-bus errors. 

The battery operation and 
2x 6x8.5-in. dimensions (achiev
able via two custom chips) make 
the 2-lb instrument portable. 
$895. 

Racal-Dana Instruments Inc, 
18912 Von Karman Ave, Irvine, 
CA 92713. Phone (714) 833-
1234. Circle No 216 
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16-channel, 20-MHz logic analyzers 
come with or without signature analysis 
Aimed at engineers designing 
µP-based products, Models LA-
1020 and LA-1025 achieve 
16-channel, 20-MHz perform
ance. The $2475 Model LA-1025 
provides signature-analysis ca
pability that displays signatures 
in modified hexadecimal format; 
it features Continuous Signa
ture, Unstable Signature and 
Signature Hold modes. The 
$2075 Model LA-1020 comes 
without the signature-analysis 
feature . 

Both instruments present 
data in both state and time 
domains. Each model's integral 
12-digit LED readout displays 
state data in binary, octal, 
decimal or hexadecimal codes. 
And each instrument can gener
ate 16-channel x 16-word timing 
diagrams, as well as clock-pulse 
and cursor information , for 
display on a conventional scope. 

The instruments offer a 
variety of clock selections. A 
single front-panel control lets 
you choose internal asynchro
nous clock rates from 1 Hz to 10 
MHz or external edge-selectable 
clocks for operation to 20 MHz. 

An 18-bit pattern-recognition 
trigger initiates recording into 
each instrument's 16-bit
wide x 250-word-deep memory. 
The 16 recording channels are 
fully qualifiable; the two addi
tional qualifiers let you tailor the 
instrument to your application. 
Front-panel switches allow you 
to select a ONE, ZERO or Don't 
Care state for each of the 18 
inputs. 

Movable trigger word 
You can position trigger-word 

location anywhere within the 

Featuring signature-analysis capability, Model LA-1025 logic analyzer displays 
state data on its 12-digit LED readout or timing diagrams on a conventional 
oscilloscope. It contains a 16-channelx 250-word memory and 18 trigger qualifiers 
and operates at rates as high as 20 MHz. The companion LA-1020 has the same 
features except for signature-analysis capability. 

250-word memory to capture 
pre- and post-trigger informa
tion; recording can be delayed as 
many as 999 clock pulses after 
trigger-word recognition. 

Options include a choice of 
TTL- or CMOS-compatible 
probes and 16 additional qualifi
ers. You can connect the event 

output of one analyzer to a 
qualifier input of a second to 
provide 32-channel capability at 
10 MHz. 

B&K-Precision, Dynascan 
Corp, 6460 W Cortland St, 
Chicago, IL 60635. Phone (BOO) 
621-4627. Circle No 218 

Need 
to Know? 

EDN 's advertisers stand ready to provide you 
with helpful design information and other 
data on their products. Just circle the appro
priate numbers on the Information Retrieval 
Service card. If your need is urgent, contact 
advertisers directly, and mention EDN . 

EON: Everything Designers Need 
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AIRPAX giv~s you the best perform
ance-to-price ratios available in step
pers and DC motors. They have the 
precision - plus ranges of voltages, tor
ques, speeds-to suit the wide variety of 
drive requirements in today's computer 
peripherals. 

Need precise positioning and fast, 
smooth response for memory devices? 
Choose an AIRPAX 82700 logic stepper 
motor. Unipolar and bipolar models, 5 
or 12Vdc, 7.5° or 15°steps with holding 
torques 8 to 14 oz.-in. Their high, re
peatable accuracy is ideal for floppy and 
mini-floppy disk drives. With lead 
screws, they're perfect for read/ write 
head positioning. 

In high-speed printers, Series 82700 
and 82900 stepper motors serve paper 
advance mechanisms, smaller AIRPAX 
steppers are naturals for ribbon drives. 
And for carriage drives, select size 15 
AIRPAX 17400 DC motors-12 or 
24Vdc, speeds to 5,600 rpm, stall tor
que 16.8 oz.-in. For outstanding perfor
mance , design your positioning or 
speed control servo loop around the 
17400 motor. 

Write for our stepper motor hand
book and size 15 DC motor literature. 
Or call for engineer-to-engineer design 
assistance. AIRPAX/ North American 
Philips Controls Corp., Cheshire Indus
trial Park, Cheshire, CT 06410. Phone 
(203) 272-0301. 



Look To 

Excellence in Design, Quality 
Added Features in 
Commercial/Industrial 
Jacks & Plugs 
Switchcraft makes Jacks & Plugs that are especially designed for 
Commercial and Industrial connecting applications - controls, 
instrumentation, computers and peripheral equipment, telecom
munications, audio products, and many others. 

The line includes full cable, cord , and accessory packages. 

As if reliable connections weren't enough, Switchcraft Jacks & 
Plugs offer versatile options: shunt circuitry, isolated switching, 
special terminals and insulation, precious metal contacts, and 
other design variations . 

There are Jacks & Plugs for chassis, panel, side-by-side mount
ing ; models that can be snapped into PC boards. 

Here's one of the bright stars in 
Switchcraft's Jacks & Plugs lineup. 
From industry's audio component leader, com
pact fully-enclosed 2 & 3 conductor Hi-0 Jax® 
phone jacks mount with plug axis parallel to PC 
board for maximum space saving. 

Send for Switchcraft New Product Bulletin No. 346. 

,--- - ----- ------------------ -- --- - ------------- ----: 
' Please send me the Switchcraft catalog of 

Commercial/Industrial Jacks and Plugs. 

Name Title 

' Company 

Address 

, City State Zip 
' -... ---.. ----- -... -- ...... ---- ... -..................... ------- .... - ... -......... -- ... -... -

Mail coupon today to: 

5555 N. Elston Ave., Chicago, Ill. 60630 

( A R•ytheon Company ) 

CIRCLE NO 88 
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DMMs with dedicated corilputing functions 
provide prompts on 4Y2-digit LCDs 
Series 6500 DMMs feature 
4¥2-digit resolution, prompting 
capability and the dedicated 
computing functions often need
ed in DMM applications. They're 
aimed at what their manufactur
er perceives as a gap between 
DMMs providing only 
prompting functions and those 
combining prompting with gen
eralized computational pro
gramming. 

Prompting messages include 
"func," which requests a func
tion selection; "no ac," which 
indicates that an ac range has 
been incorrectly selected for a 
resistance measurement; "rng," 
which prompts range selection; 
and "o.rng, " which indicates an 
overrange condition. 

Other prompts include "oflo," 
which indicates an undisplayable 
calculation overflow; and "ouch," 
which indicates application of 
voltages greater than 1050V de 
or 800V ac on the 2000V range. 

Computational capabilities in
clude a scale/offset function that 
applies the algorithm y=Ax + B 
to the measured value: You key 
in A and B, and the DMM 
displays y. This feature can, for 
example, turn a diode into a 
thermometer: The A value could 
represent the inverse of the 
incremental diode-voltage-drop 
change with respect to tempera
ture, and the B entry could then 
compensate for the diode drop at 
a reference temperature. 

Other computational func
tions include percent deviation, 
minimum- and maximum
reading recall, a null feature 
that indicates changes from a 
preset level and a limit function 
that indicates whether mea-

EDN J U NE 10, 198 1 

Operator-prompting functions and computational capabilities usefu l in 
DMM applications highlight Weston 's Series 6500 DMMs. Here, an instrument 
warns that the ac mode is incompatible with resistance measurements. 

sured levels are higher or lower 
than a preset band. 

Selectable filter 
The instruments contain a 

user-selectable digital filter 
that's automatically disabled if 
measured values change at more 
than 2% per reading, thus 
providing fast display update. 
DC accuracy specs at 0.03% of 
reading+2 digits. 

You can measure ac and de 
voltages to 2000V and ac and de 
current to 2A and select models 
that provide either average- or 
true-rms-responding ac meas-

urements. Front-panel paddle 
switches allow you to operate 
the instruments without sliding 
them across your lab bench. 
From $640. 

Weston Instruments , 614 
Frelinghuysen Ave, Newark, 
NJ 07114. Phone local office. 

Circle No 217 

JOB SHOPPING? 
Chec k EDN 's Career Opportunities 

EDN : Everything Designers Need 
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Microwave spectrum analyzer's µP control 
permits semiautomatic testing 
Spanning the 10-MHz to 22-GHz 
frequency band (extendable to 
170 GHz with external mixers) , 
Model 8569A features µP con
trol of IIO capabilities that suit it 
to semiautomatic production 
test and data logging . 

An advanced mixer design 
that yields high sensitivity plus 
flat response and a stabilized 
local oscillator that permits high 
resolution combine to suit the 
instrument to applications rang
ing from wide-band displays to 
detailed narrow-band analysis. 

Specifications include sensi
tivities of - 113 dBm (at a 1-kHz 
bandwidth) for fundamental 
mixing and -95 dBm at 18 GHz, 
±3-dB frequency response to 18 

Featuring 10-MHz to 22-GHz opera
tion, Model 8569A provides µP control 
that suits it to production test. 

GHz and 80-dB dynamic range 
to 1.8 GHz. Dynamic range 
exceeds 100 dB in preselected 
bands. 

The instrument's µP-
controlled digital display pro
vides two independent traces, 

PROM-programming system 
suits production needs 
A PROM-programming system 
consisting of Model 200A data
control unit , Model lOOA pro
duction programmer and a 
handler interface suits manufac
turing applications by handling 
data management, program
ming, testing and record
keeping. 

The data-control unit comes 
with one or two 5Y4-in. disk 
drives-one floppy disk contains 
82k bytes of 8-bit programming 
data-the equivalent of 41 
2716-type EPROMs. You can 
store this data under user
specified part numbers. 

Other features of the data
control unit include three RS-
232C ports, which allow it to 
support three programmers . 

Meeting manufacturing requirements, 
Model 100A production PROM pro
grammer and Model 200A data-control 
unit team up to handle programming, 
testing and recordkeeping chores. 

And when the 200A is used as a 
slave to a lOOA, an operator can 
control both instruments via the 
lOOA's front panel. (Model 200A 
also has an optional front panel 
that lets you use it with any 
RS-232C-compatible program
mer.) 

each with resolution to 480 
horizontal and 800 vertical 
points. 

Other capabilit ies include dig
ital averaging for extracting 
low-level signals from noise, 
normalization that faci litates 
observation of signal changes 
and maximum hold that allows 
you to monitor signal drift. The 
analyzer also features GPIB 
read/write 'capability. 

$26,500. Optional 100-MHz 
comb generator, yielding 
0. 007% frequency accuracy 
through 22 GHz, $1425. 

Hewlett-Packard Co, 1507 
Page Mill Rd, Palo Alto, CA 
94304. Phone local off ice. 

Circle No 219 

English prompts 
Model lOOA's features include 

English-language prompting 
messages on a 16-character 
display. Load, Program and 
Start keys initiate routine 
operations; an alphanumeric 
ke yboard permits input of 
data-pattern part numbers. An 
optional foot switch facilitates 
manual programming of MOS 
PROMs t hat don't warrant 
automatic handling because of 
their long programming times. 

Model lOOA, $2750; Model 
200A, $2300 to $4000; handler 
interface , $2100. Delivery, 6 to 8 
wks ARO. 

Data 110 Corp, Box 308, 
Issaquah, WA 98027. Phone 
(206) 455-3990. Circle No 220 
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Best n~s in recent memory: 
Ne"" SK PROMs. Plus fresh redesigns. 
The big family from1exaslnstruments. 
New SK PROMs that are speedier, that 
save space and power. Redesigns that 
signifi ca ntly improve system per
formance. TI , a major PROM supplier, 
gets your day started right. 

Three 8K headliners 
For outstanding speed, t ry these TI 
SK PROMs: t he TBP24 SS1-55 and 
TBP2SSS6-60. Typical address access 
time: 35 ns; max address access times: 
55 ns and 60 ns, respectively. 

To co nserve space, TBP24SS1-55 
comes in a 300-mil wide, IS-pin package 
requiring 60% less board room than the 
indu stry-standard 600-mil wide, 24-
pin package. 

To save power, Tl's TBP2SLS6 SK 
features typical power dissipation of 
only. 275 mW - about 50% less than 
Tl's standard high-speed PROMs -
yet is one-third faster than similar de
vices currently on the market. 

Five banner improvements 
Redesigned lower-density PROMs now 
offer up to 20% faster max address ac
cess times and reductions of as much as 
35% in power consumption . Included 
are Tl's popular lK; a low power 2K; 
two 512xS 4Ks; the 1024xS 24-pin SK. 

Extra! Easy programming 
Programming proble ms are fewer, 

costs lower with TI PROMs, since only 
one programming configuration is 
needed for all our devices from lK 
through SK. 

More news in the making 

On the way from TI: 16K PROM with a 
typical address access time of 35 ns, 
as well as Registe red Output and 
Power-Down PROMs. For all the news 
about Tl's big PROM family, call your 
TI distributor, or write ~ 
Texas Ins trum ent s In- •n 
corporated, P. 0 . Box U/ 
225012, M/S 30S, Dallas, 
Texas 75265. 

TEXAS INSTRUMENTS 
©1981 Texas Instruments Incorporated INCORPORATED 

CIRCLE NO 89 
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LOWEST 
POWEi\ 
DC/DC's 

24-Pin DIP Compatible 
DC/DC Converters 

With Internal Filter. .. 
only from 

Power Products 

Get the most performance from the 
least package when you specify 

these ultra-compact, 
regulated DC/DC converters .. . 

each with its own 
self-contained Pi input filter. 

FEATURES: 
Outputs to One Watt 

Internal Pi Filter 

Low Input Reflected 
Ripple Current 

Wide Input Voltage Range 

Regulation: 
0.3%Line, 0.4% Load 

No Derating 

1-9QTY. 100QTY. 
INPUT OUTPUT PRICE PRICE 

5V/ 100mA $43.50 $30.45 

5VDC 12V/80mA 43.50 30.45 

or 15V/65mA 43.50 30.45 

12VDC :;: 12V/:;: 40mA 46. 50 32.55 

:;: 15V/ :;: 33mA 46.50 32.55 

Unfiltered Models Avoiloble 
Consult Foctory for O EM Discount Schedules 
Two-Yeor Worronry •Three-Doy Delivery 
Send for Free Coto log/Doto Sheet 

~Power 
Products 

Division of 
Computer Products, Inc. 

2801 GATEWAY DR 
POMPANO BEACH, FL 33060 

(305) 974-2442 •TWX 510-956-3098 
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µP DEVELOPMENT SYSTEM. 
The hard-disk Multi-AMPL multi
user prototyping/development 
system provides a complete set 
of hardware- and software
development facilities for its 
manufacturer's 16-bit 9900-
family µPs and TM990 Series 
µC modules. Furnishing com
plete concurrent multitask opera
tion , including compile, assem
ble, debug, edit and print, plus 
multiple-processor emulation, it 
also features optional PASCAL 
or FORTRAN, Component Soft
ware libraries and a high-level 
debugging test-procedure emu
lation language. The standard 
system comprises a CPU, a dual 
hard-disk drive, one to four 
1920-character 12-in.-diagonal 
video display terminals with 
keyboard and software. De
pending on the system version 
used, as many as eight remote 
users can work simultaneously 
at up to eight video units and 
terminals . Main-memory size 
ranges from 256k bytes 
(TMAM9010 version) to 320k 
bytes (TMAM9040). Disk stor
age ranges from 9.4M formatted 
bytes (TMAM9010) to 89.4M 
formatted bytes (TMAM9040). 
$37 ,700 (TMAM9010) to 
$72,900 (TMAM9040). Texas 
Instruments Inc, Box 202129, 
Dallas, TX 75220. 

Circle No 221 

TRWoPTRON 
AUTHORIZED DISTRIBUTORS 

AL · Huntsville, PIONEER (205) 837· 9300 
AZ · Scottsdale, FIESTA (602) 948-3573 
CA · Manhattan Beach . PRIME ELECTRO (213) 379-3642 

San Oiego, ANTHEM ( 714) 279 • 5200 
San Oiego, ARROW (714) 565-4800 
Santa Ana , VSI ELECTRONICS (714) 557- 7131 
Sunnyvale , ARROW (408) 745-6600 
Sunnyvale , BELL (408) 734·8570 
Sunnyvale, DIPLOMAT ( 408) 734·1900 
Sunnyvale , VSI ELECTRONICS ( 408) 734 • 5470 
Tustin , ANTHEM (714) 730-8000 

CO · Denver, ARROW (303) 758-2100 
Wheatridge , BELL (303) 424·1985 

CT · Danbury. DIPLOMAT (203) 797-9674 
East Haven, JV ELECTRONICS (203) 469· 2321 
Wallingford , ARROW (203) 265-7741 

FL • Ft. Lauderdale . ARROW ( 305) 776 · 7790 
Orlando, PIONEER (305) 859·3600 
Palm Bay, ARROW (305) 725-1480 

GA • Norcross . ARROW ( 404) 449 · 8252 
IL · Elk Grove Village , PIONEER (312) 437-9680 

Lombard, RM ELECTRONICS (312) 932-5150 
Northbrook , CLASSIC COMPONENTS (312) 272 · 9650 
Schaumburg , ARROW (312) 893 - 9420 

IN • Indianapolis, ARROW ( 317) 243 · 9353 
Indianapolis , GENESIS (317) 257· 2231 
Indianapolis, PIONEER (317) 849-7300 
South Bend, GENESIS (219) 287· 2911 

MD · Baltimore, ARROW (301) 247· 5200 
Columbia , DIPLOMAT (301) 995-1226 
Gaithersburg , PIONEER (301) 948-0710 

MA · Newton , GREENE-SHAW (617) 969· 8900 
Woburn , ARROW (617) 933· 8130 

Ml· Ann Arbor, ARROW (313) 971-8220 
Livonia , PIONEER (313) 525-1800 
Wyoming , RM ELECTRONICS (616) 531-9300 

MN · Edina , ARROW (612) 830-1800 
Minneapolis , DIPLOMAT ( 612) 788 · 8601 
Minnetonka , PIONEER (612) 935 · 5444 

MO· St. Louis , ARROW (314) 567·6888 
NH · Manchester, ARROW (603) 668-6968 
NJ· Moorestown , ARROW (215) 928-1800 

Saddlebrook , ARROW (201) 797· 5800 
Totowa, DIPLOMAT (201 ) 785·t830 

NM • Albuquerque , ARROW ( 505) 243 · 4566 
Albuquerque , BELL (505) 292 • 2700 

NY · Easl Syracuse , DIPLOMAT (315) 437- 9900 
Elmsford , ZEUS (914) 592·4120 
Hauppauge, ARROW (516) 231-1000 
Hauppauge , COMPONENTS PLUS ( 516) 231·9200 
Liverpool , ARROW (315) 652·1000 
Melville , DIPLOMAT ( 516) 454 · 6400 
Rochester, ARROW (716) 275-0300 
Rochester, ROCHESTER RADIO (716) 454-7800 

NC · Greensboro, PIONEER (919) 273-4441 
Winston-Salem, ARROW (919) 725· 8711 

OH · Centerville , ARROW (513) 435·5563 
Cleveland, PIONEER (216) 587· 3600 
Dayton , PIONEER (513) 236·9900 
Reading , ARROW (513) 761· 5432 
Solon , ARROW (216) 248 · 3990 

OK · Tulsa , QUALITY COMPONENTS (918) 664-8812 
OR· Lake Oswego, BELL (503) 241· 4115 
PA· Horsham, PIONEER (215) 674·4000 

Monroeville , ARROW (412) 856-7000 
Pittsburgh, PIONEER (412) 782· 2300 

TX· Addison , QUALITY COMPONENTS (214) 387-4949 
Austin, QUALITY COMPON ENTS (512) 835 · 0220 
Dallas , ARROW (214) 386-7500 
Dallas , PIONEER (214) 386-7300 
Houston, PIONEER (713) 988· 5555 
Houston, QUALITY COMPONENTS (713) 772·7100 
Stafford , ARROW (713) 491-4100 

UT· Salt Lake City, BELL (801) 972-6969 
WA · Bellevue, BELL (206) 747-1515 

Tukwila , ARROW (206) 575-0907 
WI· Oak Creek , ARROW (414) 764-6600 

Mequon , TAYLOR (414) 241-4321 

CANADA • ZENTRONICS : 
Calgary (403) 230-1422 ·Edmonton (403) 463 -3014 
Montreal (514) 735-5361 · Toronto (416) 676-9000 
Ottawa (613) 238 • 6411 • Vancouver ( 604) 688 - 2533 
Waterloo (519) !\84-5700 ·Winnipeg (204) 775-8661 

EDN JUNE 10, 1981 



Free! Your own 
brand new optically coupled isolator 

with triac driver output from TRW Optron. 
You already know what it does; with 
as little as 10mADC in the coupler 's 
input, it gives you logic control capa
bility and electrical isolation for 120 
VAC appl iances and equipment. 

What you didn 't know until now 
is that you no longer have only one 
source for these popular optocou
plers .TRW Optron has just jumped 
into the opto triac driver business 
with both feet. Our OPl3009, OPl3010, 
and OPl3011 are directly inter
changeable with their MOC3009, 

EDN JUNE 10, 1981 

MOC3010, and MOC3011 . 
Naturally, you can look for the 

same kind of quality, reliability, and 
availabil ity you already expect from 
an industry leader. 

Write now for your free TRW 
Optron-quality opto triac driver. 
Check it out. And, keep your eyes on 
TRW Optron . In the near future , you 
will see the OPl3020, OPl3021 series 
for 240 VAC applications and the 
OPl3030, OPl3031 series with zero 
crossing networks included on-chip. 

r----------------1 
Yes 1 I'd like to test a TRW Optron triac 
driver. Send one free with Application 
Bulletin #110 and data sheet. 

Name 

Company 

Div/Dept Mai l Code 

Address 

City 

State Zip 

TRWOptron 
1201 Tappan Circle 
Carrollton, Texas 75006 USA 
Phone 21 4-323-2200 EDN-6 

----------------~ 

TRWoPTRON 
CIRCLE NO 91 

An Electronic Components Division of TRW Inc. 
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New Products 

INSTRUMENTATION 
& POWER SOURCES 

FUNCTION GENERATOR. Fea
turing a waveguard output
protection circuit that resets 
automatically after removal of an 
external voltage or short circuit, 
Model 1 OOOA provides 20V p-p 

sine, square and triangle wave
forms from 0.2 Hz to 3 MHz. A 
1500:1 frequency-tuning range 
on three multiplier bands is also 
included. Other features include 
external voltage control of fre
quency, calibrated control
voltage output proportional to 
frequency and auxiliary TTL 

THE QUALITY 
OF INK ••• 

THE 
DEPENDABILITY 

Gulton's new Position Feedback 
Galvanometer electronically reproduces 
your exact waveform for dependable, 
highly accurate recording. Increased pen 
pressures minimize skip and deliver 
exceptional trace quality. And, with excep
tionally fast delivery ... 2 weeks. 

OF THERMAL ••• 
2WEEK 

DELIVERY! 

Our Oscillographic recorders are also 
available for lease or rental. Call us for full 
details: GUL TON MCS DIVISION, Gulton 
Industries, Inc., East Greenwich, Rhode 
Island 02818 (401) 884-6800 
TWX 710-387-1500 

11 1111 ,gultan ' 
Plotting the Future of Graphic Recording 

180 
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output. $345. Krohn-Hite Corp, 
Avon Industrial Park, Avon, MA 
02322. Phone (617) 580-1660. 
TWX 710-345-0831 . 

Circle No 222 

IC TEST SYSTEM. An en
hanced version of its manufac
turer's 1732 digital-IC test sys
tem, Model 1732K is a benchtop 
unit for the de parametric and 
functional testing of all types of 
digital devices. Designed for 
incoming inspection, it provides 
as many as 48 pins and employs 
three processors. A Z80 µP with 
64k bytes of RAM controls the 
system and operates the CRT 
display. A second processor 
operates the magnetic-tape stor
age unit, and a third high-speed 
pattern processor applies test 
vectors to the device under test 
at rates to 2 MHz. Test vectors 
are stored in a pattern memory 
with 4k x 4 bits of storage for 
each driver/sensor pin. Test
pattern entry is aided by a Learn 
mode whereby the response 
portion of the truth table is 
derived from a known-good 
device. Operating-system soft
ware performs a Kelvin self test 
for verification of contact closure 
on automatic handlers. From 
approximately $33,000 for a 
16-pin unit. Delivery, 4 to 6 wks 
ARO. GenRad Inc, 170 Tracer 
Lane , Waltham , MA 02254. 
Phone (617) 890-4900. 

Circle No 223 
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All UDS LP modems are FCC-certified for direct connection to the telephone network and require no AC power connection. 
For details, contact Universal Data Systems, 5000 Bradford Drive, Huntsville, AL 35805. Phone: 205/ 837-8100. 

"Confidence in Communications" 

Universal Data Systems 
DISTRICT OFFICES: Summit, NJ, 201 / 522-0025 ·Blue Bell, PA, 215/ 643-2336· Atlanta, 404/ 998-2715 · Chicago, 312/441-7450 

See us at ·Columbus, OH, 614/ 846-7478 Dallas, 214/ 385-0426 ·Santa Ana, 714/ 972-4619 · Sunnyvale, 408/738-0433 · Boston, 617/ 875-8868. 

Member 
IDCMA 

~~MM~IXVSPRING'81 .. CIRCLE NO 93 Created by Dayner/ Hall , Inc., Winter Park , Florida 
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A world-class relay. 
New from American zettler. 

High dielectric strength. 
As you see here, our new AZ 690 
and AZ 730 relays feature a full 
8-mm spacing between coil and 
contacts. The benefit is a 4000· 
volt breakdown rating 

You get complete isolation 
between sensitive control circuits 
and switching circuits. 
Meets international stan
dards. in addition to UL and 
CSA approvals. these units meet 
the tough international stan· 

dards imposed by 
VOE, IEC, CEE, 
and SEMKO. 

Power switching. Ava ilable 
in both single-pole and 
double-pole arrangements, 
these relays switch up t o 
10 amps. Coils to 48 volts de. 
High-density packag-
ing. When board space is at a 
premium, choose the SLIM PAK™ 
version . Or when low profile 
is important, select the THIN PAK® 
model. Epoxy-sealed versions 
available. 
Get all the details. Call Don 
Barkhurst at 714/ 540-4190 
for samples, technical data, 
and a quotation on the AZ 690 
and AZ 730 miniature power 
relays. Or write American 
Zettler, Inc., 16881 Hale Avenue, 
Irvine, CA 92714. 

The path between coll and contacts Is greater than Bmm. 
<Relay shown 2.sx actual slze.J 

" It's a better relay" 

AMERICAN ZETTLER,INC. 

CIRCLE NO 94 

THREE NEW REASONS TO 
USE AN MFE RECORDER. 

If you thought you· d never find 
the recorder you need - at a price 
you can afford - here's some 
good news from MFE: 

1. We've increased our sensitiv
ity range. Now you can record 
signals from O.Smv/mm up to 
Sv/ mm. That's a degree of sensi
tivity you just can't get from our 
competition. 

2. We've added differential 
input so now you can isolate and 
display a signal as small as 25mv 
or as large as 250 volts. full 
scale across a 50mm grid. 

3. We've introduced a single
channel model. So now you can 
choose from 1-. 2-, 4-, 6- and 
8-channel recorders. 

182 
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AND ONE OLD REASON. 
Yet even with all these improve

ments. MFE recorders still cost 
you thousands less than competi
tive instruments. 

And of course. MFE still offers 
you ink.less. thermal writing that's 
crisp and dependable. Plus an 
unlimited choice of speeds from 
lmm per hour to 100mm per sec
ond. So you can scale your record

ings for optimum resolution 
and paper economy. 

For complete information 
call toll-free 1-800-258-3884. 
Or write. MFE Corporation. 
Keewaydin Drive. Salem. 
NH 03079. 

A WHOLE LOT MORE 
FOR A WHOLE LOT LESS. 
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DATACOMM ANALYZER. For 
testing , monitoring and emulat
ing data-commun ication net
works, the interactive portable 
Monitor II simulates a variety of 
communications parameters at 
rates to 120k bps. Compatible 
with asynchronous , synchro
nous, SDLC and similar high
level data-link-control appl ica
tions, it conforms to RS-232C 
and CCITT V.24 standards. It 
also features a 1-button autopro
gram setup for monitoring and 
transm itting , a 16k-character 
memory (optionally 48k) , a 
5-in.-diagonal screen with 512-
character display and byte- and 
bit-oriented protocol capability. 
Also featured are idle suppres
sion ; ASCII , EBCDIC, and hex 
display codes; composite video 
output; and a 33-key multifunc
tion keypad for entry of user
designated control characters . 
$3795. Huber Systems Corp, 
Marlton, NJ 08053. Phone (609) 
983-0807. Circle No 226 

GPIB INTERFACE. Model 4380-
488 connects its manufacturer's 
directional RF Power Analyst 
wattmeters to the GPIB for 
automatic measurement and 
recording of data. Typical appli
cations include unattended peri
odic measurement of one to nine 
RF signal parameters, hard-copy 
printout of data-logging data, 
and scope, graphics-terminal or 
curve-plotter feed for depend
ent-variable display. $975. Bird 
Electronic Corp, 30303 Aurora 
Rd, Solon, OH 44139. Phone 
(216) 248-1200. Circle No 227 

EDN JUNE 10, 198 1 

Well , to begin with , color graphics. 

RCA's VP-3301 has unique color-locking circuitry that gives 
you sharp, jitter-free color graphics and rainbow-free characters. 

Plus much more: Microprocessor control. Resident and 
programmable character set. Reverse video. State-of-the-art 

LSI video control. 20 and 40 character formats. RS232C and 
20 mA current loop. Six baud rates. Eight data formats. ASCII 

encoding . Light-touch flexible-membrane key switches for 
rel iability and long life. CMOS circuitry and a spill-proof, dust

proof keyboard for hostile environments. 
The VP-3301 can be used with a 525-line color or monochrome 

monitor or a standard TV set through an RF modulator.•• it 
serves a wide var iety of industrial , educational , business and 

individual appl ications including communication with time 
sharing and data base networks. 

All this-for as little as $255. And it's made by RCA. 
So get the whole story about the surprising VP-3301 today. 
Write RCA Microcomputer Marketing , New Holland Avenue, 

Lancaster, PA 17604. Or call toll-free: 800-233-0094. 

•* Model VP-3303 with built-in RF modulator-$270. O.E.M. 
• Quanti t y price. Monitor and modem not included . 

CIRCLE NO 97 non 
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... Count on Ziatech's 
IEEE 488 analyzer. 

Our GPIB analyzer tells you when your control pro
gram is correct. And when it's not. That makes· for easy 
systems debug because you can follow each GPIB transac
tion . And each step is clearly visible on a 16-lamp display. 

THE ZIATECH ZT 488 IS THE FIRST REALLY LOW
COST GPIB ANALYZER. It costs only $449. It weighs under 
one pound. And it offers control facilities for all 16 lines 
of the IEEE standard 488 bus. 

Since it's portable, it's the perfect instrument for field 
testing . It fits in your tool kit. So you can trace GPIB 
problems quickly on site. Anywhere. 

DON'T LET ITS LOW COST FOOL YOU. There's a 
lot of flexibility ready to work for you. Put it to work in 
instrument design testing to manually control a GPIB 
instrument. The ZT 488 lets you check out new logic, one 
operation at a time. Without the need to program a com
puter or calculator. Use it for device simulation, too. 

GET FULL INFORMATION ON THIS NO RISK RUG
GED GIANT TODAY. Contact Bert Forbes, Ziatech Presi
dent, at (805) 541-0488 for full details. 

JJ.!.L 710. 
=~=----Ye.ch 1 11 r corporation 
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"See Us At ATE 
Seminar/ Exh ibit" 

I New Products I 
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& POWER SOURCES 

SWITCHER. Delivering 5V/25A, 
±12V/4A and -5 or 24V/4A, the 
open-frame Model AC-200 fur
nishes 200W max to 50°C, 
derated 2.5%/°C to 70°C. Me
chanically compatible with the 
Boschert OL-200 Series and 
meeting or exceeding Boschert 
specs , it sports an 80 to 
140V/160 to 264V input-voltage 
range (43 to 440 Hz) , plus ±3% 
regulation on the 5V output and 
±5% on the others. All outputs 
are short-circu it protected, and 
overvoltage protection is includ
ed for the 5V output. The unit 
has been submitted to VDE for 
approval with regard to Specifi
cation 0730. $369. Conver 
Corp, 10629 Bandley Dr , 
Cupertino, CA 95014. Phone 
(408) 255-0151. Circle No 224 

PYROMETERS. Pocket sized, 
these taut-band 2%-accuracy 
meters need no external power 
or batteries to cover a - 200 to 
+ 2500°F range. Mirror scaled, 
with both Fahrenheit and Celsius 
readings on one scale, they 
provide built-in self compensa
tion for changes in ambient 
temperature. An adjustable re
sistor on the front face eliminates 
the need for a fixed resistor and 
facilitates thermocouple chang
es. $115 without thermocouple. 
Nanmac Corp, 9-11 Mayhew St, 
Framingham Centre, MA 01701. 
Phone (617) 872-4811 . 

Circle No 225 
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Zero Bias 
Video Impedance (100il typical) 
Low VSWR 
50mw (3 erg.) Power Handling 

Productized for low cost and quick delivery 
Supplied with HI-REL germanium diodes 
Computer-characterized for frequency 
response, sensitivity and VSWR 
Size: 1.60 x .25" diameter; all models 
Connectors: SMA male input-female output 

FREQ. MODEL FLATNESS FIG.OF TSS* 
(GHz) NR. (dB) MERIT (dBm) 

0.5 - 4.0 CTM 2540 ±0.4 90 -51 
1.0 - 12.0 CTM 3112 ±1.0 80 -50 
2.0 - 18.0 CTM 3218 ±1.0 60 -49 
8.0 - 18.0 CTM 3818 ±0.7 80 -50 

*TSS for 2MHz VID BW; 2 dB VIO. N.F. 

ENGLAND, London, Walmore Electronics, Ltd. INDIA, Bombay, Micronlc Devices JAPAN, Tokyo, Nippon Ai rcraft Supply Co., Ltd. 
FRANCE, Champlgny..Sur-Mame, Serrgop ISRAEL, Tel Aviv, Talviton Electronics NETHERLANDS (Belgium/Luxembourg), Gennep, Heijene B.V. 
GERMANY (West), Muenchen, Mikro Lambda ITALY, Milano, Mlcroellt S.R.I. SWEDEN, Skarholmen, Amerikanska Teleprodukter 
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MICROWAVE LIMITER. Protect
ing microwave-counter input cir
cuits against damage from 
excessively high signal levels to 
aw cw (39 dBm) and to 1 oow pk 
pulsed (50 dBm), Option 006 
operates to 26.5 GHz. Available 
for its manufacturer's Model 
5340A, 5342A and 5343A micro
wave counters and Models 
5356A and 5356B frequency
converter heads, it can be field 
installed in counters now in use. 
$400. Delivery, 60 days ARO. 
Hewlett-Packard Co, 1507 
Page Mill Road, Palo Alto, CA 
94304 . Phone local off ice . 

Circle No 228 

POWER MODULES. Rated at 
250 or 375 VA, UL-listed and 
CSA-certified lsoreg modules 
protect computers from sharp 
voltage spikes, excessively high 
voltages and brownout-type volt
age drops. Ferroresonant devic
es incorporating neither moving 
parts nor semiconductors, they 
furnish ± 0.5% output-voltage 
stabil ity for input voltages rang
ing from - 25 to + 15% of 
nominal , 0.75-pF input-to-input 
capacitance and 3% harmonic · 
distortion at full load. Input cord 
plug , dual outlets and circuit
breaker protection on both input 
and output are also provided. 
$298 for 250-VA version ; $340 
for 375-VA model. Frequency 
Technology Inc, TDC Div, Box 
486, Littleton, MA 01460. Phone 
(617) 486-3539. TWX 710-347-
697 4. Circle No 229 
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Our filtered 
connectors 
kee~ your system 
quietsovou 
won't disturb 
the FCC. 

Get a breather from redesigning 
today's equipment. Control interference 
and eliminate electrostatic discharge. 
Avoid the need for special cable. You 
can do it all with AMP Quiet Line 
filtered connectors. 

By absorbing noise instead of reflecting 
it back into the system, our filtered 
connectors harmlessly dissipate noise 
as small amounts of heat. And in the 
process, their performance helps you 
comply with the new FCC emission 
regulations. 

So for less noise and a quiet FCC, 
see AMP. 

AMP Facts 
Subminiature D Type 
• RS 232/449 and MIL-C-

24308 compatible 
•Available in 9, 15, 25 

and 37 position sizes. 
• Right-angle board

mount, solder-cup 
and male-female 

Performance 
•Insertion loss-3db at 5MHz 

to 55db from 1-18 GHz. 
•Higher loss elements 

available 

interface versions. 1~~; ~~~~~~~ls Filtered pin header 
• 10 through 50 positions; 

.100" centerline; .025" posts 
• Mates with AMP receptacle 

connectors and with all 
similar types. 

• Bulkhead mountable. 
Conductor 

Circular connector 
• 8 positions. 

High 
Temperature-~-, 

• Bulkhead feedthrough 
receptacle with pin contacts. 

Solder 

Absorptive Filter Element 

For more information, call the AMP Filtered 
Connector Desk at (717) 780-8400. 
AMP Incorporated, Harrisburg, PA 17105. 
AMP is a trademark of AMP Incorporated. 

AIVIP means productivity. 



In the world 
of flat cable, 
new Vari~wist™ 
cable really 
stands out. 

Belden's new Vari-1\vist™ twisted pair cable combines the excellent 
electrical characteristics of paired conductors with the fast termina
tion of flat cable. 

The 18 inch twisted portions feature opposite direction lays on each 
adjacent pair of conductors. This minimizes cross-talk and provides 
a cleaner, more reliable signal. Each two inch straight section has 
precise 50 mil centers to fit standard IDC connectors. And because 
Vari-1\vist is laminated on one side only, an easier, more reliable 
termination can be achieved. 

Best of all, you can count on Vari-1\vist cable's high quality because 
it's made by Belden. And backed by our strong commitment to 
service. For more information on Vari-1\vist cable or any other 
cables, connectors or value-added products in Belden's flat cable 
world, contact: Belden Corporation, Electronic Division, Central 
Regional Sales Office in Richmond, IN; 317-983-5200. Western Re
gional Sales Office in Irvine, CA; 714-833-7700. Eastern Regional 
Sales Office in Framingham, MA; 617-872-7846. s -1-1 

BELDEN~ 
Coming through ... 
with new ideas for moving_ electrical energy 
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VIDEO TEST SCOPE. The 
portable Model 053350/5 TV
monitoring unit combines an 
NTSC (PAL version also avail
able) 525-line waveform and 
picture monitor with the functions 
of a general-purpose 40-MHz 
dual-trace scope. It fits the 
testing and troubleshooting of 
TV, CATV, CCTV, video
recorder/playback and other 
video equipment. The timebase 
generator permits a line-by-line 
examination of 525-line wave
forms or display of complete 
pictures. Accepting standard
level composite video signals 
with or without sound-in-sync 
signals and providing five trig
gering modes, the unit indicates 
the line examined on a 3-digit 
LED display. A vernier control 
provides triggering delays to 90 
µsec, the displayed video signal 
can be clamp.ed or not, and the 
triggering point selected can be 
shown as a bright-up line on the 
displayed TV picture. $4395. 
Gould Inc Instruments Div 

' 3631 Perkins Ave, Cleveland, 
OH 44114. Phone (216) 361-
3315. Circle No 230 

MINICASSETTE LOGGER. The 
portable MTL 900 suits remote 
data gathering, program updat
ing and memory downloading. 
Each miniature cassette holds 
86k bytes max at 800 bpi. 
System data-transfer rate specs 
at 2400 baud. Power is supplied 
through the RS-232 interface 
cable from the host equipment. 
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New 1Snsec 
CMOS/TTL 

Microprocessor 
Digital Interface. 
RCA IC combines low cost with 

microprocessor speed. 

Our new 8-bit interface 
integrated circuit costs only 
$8.20 (plastic, 100+ price).* 

But look at all it gives you: 
• Interface between CMOS 

and TTL logic levels on the 
data bus of microprocessor
based systems. 

• CMOS to TTL conversion: 
15 ns typical. 

• TTL to CMOS conversion: 
30 ns typical. 

• Eight inverting channels. 
• 3-state outputs on both sides. 
• Low power requirements. 
• High noise immunity. 

You can use it to: 
• Interface a CMOS 

µP 

microprocessor with TTL 
memories and peripheral 
devices. 

• Interface between and 
within systems that combine 
CMOS and TTL. 
For more information on 

the CD40116 Interface IC, 
contact any RCA Solid State 
sales office or appointed 
distributor. 

Or contact RCA Solid 
State headquarters in 
Somerville, N.J. Brussels, 
Belgium. Sao Paulo, Brazil. 
Hong Kong. 

· Optional distributor resale, U.S. only. 

RO M's 
TTL or MOS 

TTL or MOS 

LSTTL 
Control 
Logic 

LS TTL 
1/0 Logic 

non 
CIRCLE NO 102 





J New Products I 

INSTRUMENTATION 
& POWER SOURCES 

Internal ac · or battery power 
supplies are optional . $425. 
Braemar Computer Devices, 
11950 12th Ave South, Burns
ville, MN 55337. Phone (612) 
890-5135. Circle No 231 

DATA-ACQUISITION SYSTEM. 
Accepting as many as eight 
analog inputs, the Z80-based 
Model M80/0AS permits simul
taneous controlled sampling of 
inputs, conversion to 12-bit 
binary format (plus sign bit) , 
analysis and data . storage on 
Philips cassettes. One converter 
serves each channel; the differ
ential inputs have selectable 
ranges of ±500 mV to ±5V. 
Common mode is rejected 
between ±5V. Resolution 
equals 13 bits binary and 
includes overrange indication. 
Initiating a conversion cycle and 
sampling channels as pro
grammed, the 5x 5 x 8.5-in. unit 
converts values to decimal or 
engineering units and stores 
and/or transmits them over the 
RS-232C port. '$2190 for a 
4-channel system; $2535 for 
eight channels. Memodyne 
Corp, 220 Reservoir St, Need
ham Heights, MA 02194. Phone 
(617) 444-7000. TLX 922537. 

Circle No 232 
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Free yourself 
• .... from the 

jungle of 
selecting the right 

power supply for your high 
reliability applications. It's NJE to the rescue, 

with the finest standard and custom high 

I I : '. I 'fi ;; 

: I . ~ 
: ~- <r . •. 

..,.....,.,.,., . , 

--:· 
, ... , ••. -i 

quality ferros in the industry. 
Performance 
Up to 650 Watts and more of DC Power 
Good Line Regulation and isolation 
from line transients 
Up to 90% Efficiency 
Reliability 
Full 5 Year Warranty on Parts and Labor 
Economy 
You can probably use our economical fer
roresonant power supplies in many ap
plications that you thought might call for 
more costly switchers . 
Why Settle For Anything, When You Can 
Have The Finest Power Supplies In The 
Jungle. Rely On NJE. 
Call or write for complete specifications. 

P.O. Box 50, Culver Road 
Dayton. NJ 08810 
(201) 329-4611 
TWX: 710-480-5674 

CIRCLE NO 202 
191 
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Low-cost fiber-optic receivers 
satisfy varied applications 
Versatile enough to serve a 
variety of needs, the MFOC600 
and MFOD624F receivers are 
designed for short- to interme
diate-range data transmissions. 

A monolithic device housed in 
a 16-pin ceramic DIP, the 
MFOC600 accepts a detected 
optical signal from a PIN diode 
or an optical-detector preampli
fier. Its outputs can be compati
ble with TTL and ECL as well 
as analog signals, accommodat
ing data rates of lOM and 20M 
bps and 10 MHz, respectively. 

Operational data formats in
clude NRZ, pulse-bipolar and 
Manchester encoding. The 
$18.30 receiver operates from 
one supply voltage and includes 
an AGC circuit with 20-dB 
dynamic range and a trans
impedance amplifier for systems 
employing a PIN-diode input. 

Uses FOAC package 
Compatible with glass and 

plastic fibers, the $14 . 70 
MFOD624F is a complete single
chip receiver housed in the 
manufacturer's FOAC package 
(providing an optical port with 
200-µm-core fiber having 0. 7 
NA). It accommodates NRZ 
data transmissions at rates up to 
500k bps. 

The unit mounts il! metal 
connector housings from AMP 
(227240-1) and Amphenol (905-
135-5000), providing EMI/RFI 
protection. It operates from one 
5V supply and features 20-µ W 
sensitivity. 

Motorola Semiconductor 
Products Inc, Box 20912, 
Phoenix, AZ 85036. Phone 
(602) 244-4556. Circle No 233 

a 

b 

For short- to medium-length runs, the MFOC600 receiver (a) offers a choice of TTL, 
EGL or analog outputs. The companion MFOD624F (b) accommodates 500k-bps NRZ 
data rates. 

EDN JUNE 10, 1981 



And say hello to Fluke' 
family of True RMS 
Digital Voltmeters at 
analog prices. The ad
vantages of a digital 
voltmeter's speed and 
accuracy have finally 
come to wideband True 
RMS measurements . 
Thanks to an exclusive 
Fluke-designed micro
electronic chip, you can 
now make True RMS measure
ments with an ease never before 
possible - and starting at just $1295. 

Try this on your old analog meter. 
Each model boasts an autoranging 
LED display of volts (3V2 digits) or dB 
(4V2 digits) with 0.5% midband accu
racy. An exclusive "dial-a-reference" fea
ture lets you match the instrument's 
dBm reference to the impedance of the 
system you're working with. The 
resultant direct reading of dBm elim-

inates time-consuming calculations. 
With the relative dB feature, you can 
set the existing dB reading to zero 
establishing the input voltage level 
as the dB reference. Subsequent 
readings will be indicated as ± dB. All 
with ac or ac + de input coupling. 

For simplified peaking/dipping 
measurements, an analog meter com
plements the digital display. Counter 
and log output options are available 
for your system applications. 

Match the model to your mea
surement needs. There's no compro
mise when buying a Fluke True RMS 
Voltmeter. The 8920A and 8921A boast 

*U.S. Prices Only 

lOHz to 20MHz specifications with a 
2 mV range to 2 MHz. Choose the 8920A 
with a BNC input or, for floating mea
surements to 500V, the 8921A with 
isolated banana jacks. 

The 8922A, newest in the series, 
includes design enhancements for 
both audio measurements (with 
specifications to 2 Hz) and rf 

_...._=--- applications (with an 
11 MHz, 2 mV range). 
Selectable 200 kHz 
filtering enhances 

- audio performance 
;;:r;;;aiiiiii• by eliminating 

unwanted high 
frequency noise. 

Latch them to-
. ·· ··· -· ·· · gether, then put them 

"""IH'l-':!:!J.... on the b_us. Each 
~ r 8920-Senes Voltmeter 
is housed in the exclusive Fluke por
table test instrument package. This 
system allows convenient stacking and 
latching of multiple instruments for 
unrivaled transportability. And by 

adding the new 1120A 
Translator, with appropriate 
instrument options, you 
can make your new 
voltmeter IEEE-488 
compatible. 

See how the 8920 Series 
measures up. For imme

diate response, contact the Fluke 
sales office or representative in your 
area or call: 

800-426-0361 
If you prefer, just complete and mail 
the coupon below. 

lFLUKEl ====® 
For Technical Data Circle no. 104 

r-------------------------------
kiti~~i¥,;.8N t~E~~iitEs: IN EUROPE: EDN 1 6181 

John Fluke Mfg. Co., Inc. 
P.O. Box C9090, MIS 250C 
Everett, WA 98206 
(206) 356-5400 
Telex : 152662 

D I'd like a demonstration. 

Fluke (Holland) B.V. 
P.O. Box 5053, 5004 EB 
Tilburg, The Netherlands 
(013) 673 973 
Telex : 52237 

D Please send me information on 
8920-Series True RMS Voltmeters. 

D Please send 1120A IEEE-488 'lranslator 
information. 

Name 

Title Mail Stop 

Company 

Address 

City State Zip 

Telephone ( Ext. 
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Sealed low-profile pushbutton switches 
accommodate wave soldering 
Available in lighted and unlight
ed versions, 0.25-in.-square 225 
Series sealed switches can be 
mounted directly on a pc board, 
then wave soldered and immer
sion cleaned. Their internal 
sealing-system arrangement re
duces parts count to increase 
switch reliability: Life expectan
cy specs at 106 operations min. 

The switches feature a short 
0.025-in. travel and tactile feel. 
Their spst normally open con
tacts, available in either gold or 
silver finish, switch 24V ac/dc at 
100 mA. Contact bounce equals 
3 msec, contact resistance 
measures 100 mO max and 

Compatible with wave-soldering and 
immersion-cleaning assembly opera
tions, 0.25-in.-square 225 Series push
button switches utilize an internal 
sealing system that reduces parts count 
to increase reliability-lifetime specs at 
106 operations. 

voltage breakdown specs at 
350V ac. 

Switch base and caps are 
high-temperature thermoplas
tic. White, red, gray, blue and 
black are standard; other colors 
are available. A wide choice of 
standard legends (epoxy inked 
for durability) is offered. Light
ed versions employ an LED. 

Maximum mounted height 
equals 0.3 in., and operating
temperature range spans -20 to 
+75°C. $0.42 for unlighted 
versions; $0.90 (10,000) for 
lighted designs. 

Oak Switch Systems Inc, Box 
517, Crystal Lake, IL 60014. 
Phone (815) 459-5000. 

Circle No 234 

Thermocouple temperature transmitters 
achieve 600V rms isolation 
Accepting Type J, K or T 
thermocouple inputs, Model 
2B52 and 2B53 transmitters 
provide cold-junction compensa
tion and convert millivolt inputs 
to proportional 4- to 20-mA 
signals for 2-wire tral;lsmission. 
Both devices come factory 
calibrated for a specific thermo
couple type and temperature 
range; however, you can also 
readily recalibrate them in the 
field. 

The 2B52 employs transform
er coupling that provides 600V 
rms isolation. It specs 160-dB 
CMR at 60 Hz. And although 
the 2B53 is nonisolated, it 
achieves similar performance. 

Both models contain internal 
filtering by circuitry to reduce 
errors caused by EMI/RFI and 
line-frequency pickup. The in-

Easily recalibrated in the field , the 
2852 and 2853 temperature transmit
ters achieve ±0.1% accuracy over - 30 
to + 85°C. 

ternal cold-junction compensa
tion assures ± 0.1 %-accurate 
operation over an ambient
temperature range of -30 to 
+85°C. Other features include 
open-thermocouple detection , 
plus response time and bias 
current of 0.3 sec and 85 nA and 
0.1 sec and 30 nA for the 2B52 
and 2B53, respectively. 

For environmental protection, 
the units come in metal enclo
sures with screw terminals for 
easy termination. Measuring 
4 x 3.26 x l.26 in., the cases 
mount on surfaces or relay 
racks. Power can come from an 
unregulated supply voltage 
ranging from 12 to 60V. 2B52, 
$160; 2B53, $114 (100). 

Analog Devices Inc, Box 
280, Norwood, MA 02062. 
Phone (617) 329-4700. 

\ Circle No 235 

JOB 
SHOPPING? 

Check EDN 's Career Opportunities 

EO N: Everything Designers Need 

EDN JUNE 10, 198 1 
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STAR COUPLER. Furnishing 16 
connection points (eight input 
fibers optically coupled to all 
eight output fibers), the 8-port 
Model EPS-1 permits a remote 
computer or central processor to 
link with as many as seven 
terminals or peripherals using 
graded-index optical fibers. A 
totally passive device, it provides 
typical excess loss of 5 dB and 

can be supplied wtih 50-, 62.5-
or 100-µm-core graded-index 
pigtails. The eight input and 
output 50-cm-long pigtails ac
commodate connectors or direct 
fiber splicing. The coupler is also 
available with installed connec
tors. Approximately $700. Deliv
ery, 6 wks ARO. Fibronics Ltd, 
655 Concord St, Framingham, 
MA 01701. Phone (617) 879-
7071 . Circle No 236 

F-0 MULTIPLEXER. A 16-port 
fully protected unit, Model LDM-
9500 multiplexes as many as 16 
RS-232C data channels in 
asynchronous or synchronous 
formats for full-duplex transmis
sion over a pair of optical fibers. 
Providing transmission-system 
protection (including the fiber
optic cable), with a redundant 
hot-standby transmission sys-

RG B·Alpha 11 a low cost single board color con.troller 

tern, it automatically switches on 
the backup system if any of the 
high-speed components fail or a 
fiber breaks during transmission. 
Asynchronous data rates span 
de to 19.2k bps; synchronous 
rates , de to 64k bps. Other 
features include transmission to 
2 km, diagnostic and visual 
indicators, and full RS-232C 
handshaking capability. $6000 
per end . Valtec Corp, 99 
Hartwell St, West Boylston, MA 
01583. Phone (617) 835-6082. 
TLX 920355. Circle No 237 

with a wide range of software programmable alphanumerlcs and graphics 
dlsplayfonnats and character fonts. Multlbus, LSl·11 and PDP-11 versions, 
Hl·Res color monitors and software are available for Medical Instrumentation, 
Process Control, Business Graphics, Test Equipment, CAD/CAM, Art. 

US la CANADA: 
5800 ANDOVER AVE., T.M.R., QUE, 
H4T 1 H4, CANADA 
TEL.: 514-735-1182 
TELEX: 05-825851 

AFFORDABLE COLOR from the WORLD LEADER In OEM VIDEO BOARDS 

< ) mat1oa · 
• T • elect•oalc 1y1lem1 lld. 

CIRCLE NO 106 

EUROPE: 
HERENGRACHT 22, 
4924 BH DRIMMELEN, 
HOLLAND 
TEL.: 01626-3850 
TELEX: 74341 MATRXNL 



Augat topples the 
low~cost socket myth, 
THE MYTH: Augat makes only expensive, precision
machined DIP sockets. 
THE FACT: Augat offers a complete line of DIP sockets, 
including low-cost production sockets-at the lowest 
prices ir the industry 
Furthermore, when we tested our 200 Series Low-Cost 
Sockets against leading competitors', ours actually 
exhibited greater withdrawal force and lower insertion 
force. In addition, corrosive atmosphere testing revealed 
no increased contact resistance - indicating gas-tight per
formance. Augat 200 Series Low-Cost DIP Sockets feature: 

• Beryll ium copper, copper alloy or 
gold inlay contact materials 

• Shock and vibration resistance 
• MIL-S-83734 approval (Beryllium, Tin, & Goldl 
• Low profile construction 
• Closed bottom design 
• Packaged in tubes for automatic insertion. 
• From 8-40 pins 

Plus, the best mechanical and electrical characteristics. 
Don't be fooled by the myth. Specify 200 Series Low-Cost 
Sockets from Augat - and get all the real advantages. 
For more information, contact your nearest Augat 
distributor, or write Augat. Inc .. 33 Perry Avenue, 
P.O. Sox 779, Attleboro, MA 02703. Tel : (617l 222-2202. 
TWX: 710.391.0644. 

Augat interconnection products, 
lsotronics microcircuit packaging, 
and Alco subminiature switches. 

CIRCLE NO 107 
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F-0 MEASURING SYSTEM. 
Furnishing precise, repeatable 
measurements of attenuation 
and numerical aperture of fiber
optic fibers 90 µm through I mm 
in_diameter, the S-1700A Optical 

~ 3/4" r-
ONLY the Gralex high quality, low cost* 
Model 30 DPM offers you ALL these features: 
SHORT DEPTH QUICK DELIVERY 
Only 3/4" deep. Easy to install. Gralex worldwide distributors 
Won 't interfere with internal have DPMs in stock for off-the-
components. shelf delivery. 
LOW POWER AND MORE 
1 Watt @ 5Vdc. First meter to list pinouts on the 
HIGH PERFORMANCE case. Connectors always in-
Model 30 DPM meets or ex- eluded. Available as a board only 
ceeds specifications of higher (Model 31). 
priced models. *OEM: under $38 · one piece: $48.50 

GHBLEX 
INDUSTRIES 

A General Microwave Division 
155 MARINE ST., FARMINGDALE, N.Y. 11735 

Call or write today for more information and the name of our 
nearest representative or distributor. 

Tel. 516-694·3600 •TWX 510-224-6406 

CIRCLE NO 108 

Fiber Parameter Measurement 
System comes in modular form 
on an optical bench. Measure
ments are possible at as many 
as five user-selectable wave
lengths. $2750. Delivery, 4 to 6 
wks ARO. Math Associates Inc, 
6 Manhasset Ave, Port Washing
ton, NY 11050. Phone (516) 
944-7050. Circle No 238 

IR-LED LAMPS. Solid-state 
Models E10 and E12 furnish a 
15- and 6-mW output, respec
tively (at forward voltage of 1.7V 
and forward current of 100 mA), 
from centered GaAs chips and 
optical-quality lenses. Total radi
ation is restricted to a narrow 
emission band of 20°. Peak 
emission wavelength specs at 
940 nm (IF=50 mA) with spectral 
bandwidth of 50 nm at 50%. 
Higher output is possible in 
pulsed mode. Model E10, $1.86; 
Model E12, $1 .72 in hermetic 
T0-18 package. Gilway Techni
cal Lamp, 165M New Boston St, 
Woburn, MA 01801. Phone 
(617) 935-4442. Circle No 239 

KEYBOARD. The solid-state 
intelligent Model CP-4550 fea
tures serial output, n-key roll
over, automatic repeat and cus
tom codes. With a life-cycle-test 
rating > 100 million cycles, the 
capacitive unit utilizes its manu
facturer's line keytops, carries a 
2-yr warranty and provides full 
µP capabilities. $45 (OEM qty). 
Cortron, 400 W Grand Ave, 
Elmhurst, ·IL 60126. Phone (312) 
279-9110. TWX 910-254-0154. 

Circle No 240 
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ECONO/SWITCH 
THE SWITCHER COST BREAKTHROUGH 

YOU'VE BEEN WAITING FOR! 

ks to a new monol ithic chip that contains 
regulation, modulation and a protective 
uitry, 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 count is reduced 20% for a 
h higher MTBF ... well over 50,000 hours ... 
a one year warranty to back it up. Reli-

ity is greatly improved by use of computer
d "worst-case analysis," ini:lividual testing 

•very IC and semiconductor, and a compre-
1sive 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 
i:l manufacturing techn iques. Power/Mate's 
Series switchers set the new standards for 
ue and performance in switching power 
ppl ies for years to come 

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 . 

SpecUlcations. 
AC lnput.85-132and 170-264 VAC, 47-440Hz. 
DC Output. See charts. 
DC Output Adjustablllty. ± 10% . 
Regui.tlon. Line ± 0.1 % + 1 mV within AC limits specified 

above. Load ± 0.1 % + 1 mV from no load to full load. 
Noise and Ripple. 50mV peak-to-peak max., 20Hz to 

200KHz. 
Efficiency. 70 to 80% . 
Transient Response. Recovery to 1 % in 300 microseconds 

for a 50 to 100% load change. 
Remote or Local Sensing. Provision included for improved 

overall regulation . 
Overload and Short Circuit Protection. Solid state short 

ci rcuit protection . Au tomatic electronic current limiting 
circuit lim its output current adjustable between 105% 
and 125% of unit rating, thereby providing protection for 
the load as well as the supply. Units cannot be damaged 
by prolonged short ci rcuits. 

Overshoot. No voltage spikes on turn-on, turn-off or power 
failure. 

Logic Inhibit Function-Optional. A command signal 
between 4.5 and 5.5V referenced to(-) negative sense 
term inal will inhibit the DC output . May be used for 
control, sequencing or maintenance. 

Overvoltage Protection . Built-in , fixed. 
Energy Storage Time. The output voltage will remain with

in regulation for a minimum of 16 milliseconds after loss 
of AC input power(from nominal line voltage). 

Po~~~ol~sab~e either positive, negative or floating up to 

Soft Start. Provides input current limiting at turn-on. 
Parallel Operation. Units may be paralleled for increased 

output current. Consult factory. 
Long-Term Stability. 0.1 % for 8 hours after 20 minute 

warm-up. 
Ambient Operating Temperature. Continuous duty from 

O"C to 71 "C. Full rating from o•c to 50 "C, derate linearly 
to 60% of rating at 11 ·c. 

Storage Temperature. - 2o·c to + 85"C. 
Quality Control. In accordance with MIL-1-45208 

1Lc Series $85. ES·D Series $89. ES-E Series $99. ES·F Series $149. 

MODEL VOLTS AMPS MODEL VOLTS AMPS MODEL VOLTS AMPS MODEL 
ES-5C 5 3 ES-50 5 6 ES-5E 5 10 ES-5F 
ES-12C 12 1.5 ES-1 20 12 3 ES-12E 12 5 ES-12F 
ES-15C 15 1.2 ES-1 50 15 2.4 ES-15E 15 4 ES-15F 
ES-24C 24 0.75 ES-240 24 1.5 ES-24E 24 2.5 ES-24F 
ES-28C 28 0.65 ES-280 28 1.3 ES-28E 28 2 ES-28F 
ES-36C 36 0.5 ES-360 36 1.0 ES-36E 36 1.5 ES-36F 

S-G Series _i 189. ES·H Series $229. ES-J Series $269 Case Sizes 
MODEL VOLTS AMPS MODEL VOLTS AMPS MODEL VOLTS AMPS ES-C 

ES-5G 5 30 ES-5H 5 45 ES-5J 5 60 ES-D 

ES-12G 12 15 ES-12H 12 22 ES-12J 12 30 ES-E 

ES-15G 15 12 ES-1 5H 15 18 ES-1 5J 15 25 ES-F 

ES-24G 24 8 ES-24H 24 12 ES-24J 24 16 ES-G 

ES-28G 28 7 ES-28H 28 10 ES-28J 28 14 ES-H 

ES-36G 36 5 ES-36H 36 8 ES-36J 36 10 ES-J 

p P TIO NS: Crowbar up to 8 Amps $8. great er 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) 440-3100ffWX (71 0) 990-5023 

1400 Coleman Ave., Suite H17/Santa Clara, CA 95050/(408)727-8118ffWX(910)338-0553 

The world's largest supplier of quality switching power supplies. 
CIRCLE NO 109 

VOLTS AMPS 
5 20 
12 10 
15 8 
24 5 
28 4 
36 3 

4.13"x 3.25"x 1.68 " 
6.1 2"x3.24 "x 1.75 " 
4.62 "x 4.88"x 2.00 " 
7.10"x 4.88"x 2.75" 
8.60 "x 4.88"x 2.75" 
10.60 "x 4.88"x 2.98 " 
12.00"x 4.88"x 3.13" 
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DTMF TONE RECEIVER. Model 
ITT 3210 combines CMOS/LSI 
and thick-film hybrid technolo
gies in a unit measuring 
< 0.8x 1.3 in. A complete DTMF 
receiver, it requires only addition 
of a 3.58-MHz crystal, accepts 
standard DTMF signals from 
differential or single-ended 
sources and produces either a 
binary or a binary-coded 2-of-8 
code on its 3-state outputs. Also 
featured are single-supply oper -
ation ; good dial-tone rejection, 
signal-to-noise ratio and speech 
immunity; and a wide dynamic 
range and adjustable sensitivity. 
$65. ITT North Microsystems 
Div, 700 Hillsboro Plaza, Deer
field Beach, FL 33441 . Phone 
(305) 421-8450. TLX 512329. 

Circle No 243 

THERMOCOUPLE COND~ 
TIONER. Featuring pin
programmable cold-junction 
compensation, Model 2B50 also 
provides input protection, filter
ing, isolation and screw termi
nals for direct connection of Type 
J, K, R, S, T, E and B 
thermocouples. Key specs in-

elude ±1500V pk (continuous) 
transformer isolation (input to 
output) , 160-dB min common
mode rejection at 60 Hz, 
± 1-µV/°C max input offset drift 
(B grades) and linearity error of 
±0.01 % max (B grades). A
grade devices fu rni sh input 
offset drift of ± 2.5µV/°C max 

· and ± 0.025% max li nearity 
error. Meeting IEEE Standard 
472-1974:SWR for transient volt
age protection, the unit provides 
220V rms (continuous) input 
protection and a user-adjustable 
input span of ±200 to ± 5 mV. 
2B50A, $86; 2B50B, $103 (100). 
Analog Devices Inc, Box 289, 
Norwood, MA 02062. Phone 
(617) 329-4700. Circle No · 244 

F-0 EMITTERS. GaAIAs emitter 
LEDs that approach the output 
capabilities of Burrus diodes, 
MFOE107F and -108F operate 
at 820 nm, are packaged in their 
manufacturer's plasti c ferru le 
case and include heat-s ink 
spreaders. Power output select
ed in 3-dB ranges specs at 700 
to 1400 µW (MFOE107F) and 
1100 to 2200 µW (MFOE108F). 
Both devices have a 200-µm 
0.5-NA glass-core optical port 
and are compatible with AMP 
(P/N 227240-3) or Amphenol 
SMA connectors (P/N 905-135-
5000) . MFOE107F, $24 .75 ; 
MFOE108F, $27.50. Delivery, 
< 8 wks ARO. Motorola Semi
conductor Products Inc, Box 
20912 , Phoenix , AZ 85036 . 
Phone (602} 244-4556. 

Circle No 245 

~le;AZ( 
C8lllamla (SoulllemJ .. 80ulMm ....... 
ED LANDA COMPANY 
Los Angeles. CA (213) 879-0770 
C.Htoml• (Northern) and Nolthem Newada 
JACK LOGAN & ASSOCIATES INC. 
Mo untain View. CA (415) 9644461 

Colorado, Utah, Wyoming and 
SoutheHt Idaho 
ELCOM INC. 
Englewood, CO (303) 770-4400 
Salt Lake City, UT (801) 532-7940 

Florida 
LAWRENCE ASSOCIATES INC. 
Altamonte Springs, FL (305) 339-2828 
Clearwater, FL (813) 443-2698 
Boca Raton, FL (305) 368-7373 

Illinois, Minnesota, Iowa, Wl1eonsln 
and Indiana 
MAGNUSON ASSOCIATES 
Mt. Prospect, IL (312) 956-0700 
(800) 323-9773 (Outside IL} 
St. Paul , MN (612) 227-8495 
Indianapolis IN (317) 247-5108 

Missouri, Kansas and Nebraska 
THUNDERBIRD TECHNICAL 
SALES & SERVICES INC. 
Wichita, KS (316) 684-3941 
Maryland Heights, MO (314) 567-6488 
Leawood, KS (913) 642-7220 

Michigan 
SHALCO INCORPORATED 
Pleasant Ridge, Ml (313) 547-4771 

New England 
HATHAWAY ELECTRONICS INC. 
Lexington, MA (61 7) 861 -701 0 

New York and Northern New Jersey 
OSSMANN COMPONENTS INC. 
Cli fton, NJ (201) 778-8888 
Rochester, NY (716) 424-4460 
Syracuse, NY (315) 455-6611 

No. Carolina, So. Carolina, Tennessee, Georgia, 
Alabama, Mississippi, Southern Virginia 
MURCOTA CORP. 
Winston-Salem, NC (919) 722-9445 
Huntsville, AL (205) 539-8476 

Ohio 
NORM CASE ASSOCIATES 
Cleveland, OH (216) 333-0400 

Penns ylvania (Western ) and West Virginia 
RUSSELL F. CLARK CO. INC. 
Pittsburgh, PA (412) 242-9502 

New Jersey (Southern), Eastern Pennsylvania , 
Maryland and Northern Virg inia 
KENNETH B. ERDMAN CO. 
Philadelphia , PA (215) 224-1833 

Te xas, Oklahoma, Louisiana and Arkansas 
BARRY SALES, INC. 
Richardson, (Dallas), TX (214) 234-0255 
Houston , TX (713) 784-5860 
Tulsa, OK (918) 749-7775 

Washington and Oregon 
FR ANK JACKSON ASSOCIATES 
Seattle, WA (206) 523-6300 
Portland , OR (503) 292-2638 

Canada 
WHITE RADIO 
Burlington, Ontario (416) 632-6894 
Montreal , Quebec (514) 481-0158 

I IERC l~ I 



heat 
The big, new IERC catalog 

and Thermal Management 
Guide is here. Get your hands 
on one-you may never let go. 

We've put in one place the most 
comprehensive collection of heat 
sink/dissipator pro.ducts. Plus tips on 
applications, metric conversion tables, 
principles of thermal management - just 
about everything there is on heat sinks 
and dissipator products. 

It's 176 jam-packed pages. Plus a 14-page 
section just for engineer's notes. You don't 
even need notepaper with the IERC 
catalog. 

Look at the products included in the 
catalog: 
• heat dissi pa tors for metal and plastic case, 
case-mounted and lead-mounted 
semiconductors 
• heat dissipators for DI Ps, flat packs, 
and microcircuits 

• extruded heat 
sinks for high-power 

semiconductors 
• thermal packaging 
components 

In addition, the products are Tips on applications 

indexed by thermal resistance 
Indexed by thermal 
resistance. board area 

Charts, tables, ordering 
information 

and by board area requirements. They're 
also diagramed for dimensions and mount
ing information, and power dissipation 
tables are provided. 

The IERC Heat Sink/ Dissipator 
Products and Thermal Management 
Guide - the new reference tool for you. 

Call the I ERC Engineeering Repre
sentative nearest you. Find out if you 
qualify for a free copy. Just ask for the 
IERC Catalog Desk. 

International Electronic Research Corporation 
A subsidiary of Dynamics Corporation 
of America 
135 West Magnolia Blvd. , Burbank, CA 91502 
(213) 849-2481 TWX 910-498-2206 

i IERC l~I 



NORTH 
ATLANTIC 

INDUSTRIES 
Instrument Division 

60 Plant Avenue 
Hauppauge, NY 11787 

(800) 645-5292 (516) 582-6500 

CIRCLE NO 110 

j New Products j 

COMPONENTS 
& PACKAGING 

LCD. Furnishing two V2-in.-high 
digits (seven segments) and two 
decimal points, the 1.2x 1.2-in. 
Model FE1901 suits channel
indicator applications and comes 
in transmissive, reflective and 
transflective versions. It also 
comes with DIP connector pins 
attached or in a pinless version 
for use with elastomeric connec
tors. Two operating-temperature 
ranges (- 20 to + 55°C, -20 to 
+ 80°C) as well as red, blue and 
green readouts are available. 
$8.65 (100) . AND, 770 Airport 
Blvd, Burlingame, CA 94010. 
Phone (415) 347-9916. TWX 
910-374-2353. Circle No 241 

F-0 DATA LINK. A fiber-optics 
evaluation module, the GR-1 
system features TTL-compatible 
de to 1 OM-bps operation, inte
grated monolithic pc-board
mounted receiver and transmit
ter, Sm of 100-dB/km-atten
uation glass fiber with polished 
connectors and complete evalu
ation-module specifications. The 
transmitter furnishes 880-nm 
min peak wavelength , 40-nm 
max spectral bandwidth and 
minimum NA of 0.17. The 
receiver features 10.5-mA max 
output current and 0.42 NA (typ) . 
The system operates from a 5V 
supply. $50. Fairchild Opto
electronics, 464 Ellis St, MIS 
4-315, Mt View, CA 94042. 
Phone (415) 962-5011 . 

Circle No 242 
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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 SEV 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· 
trols Corp., Cambridge Division, 
Woods Road, Cambridge, MD 21613, 
telephone (301) 228-4600. 

AIR pa 
I NORTH AMERICAN PHILIPS CONTROLS CORP. I 
Cambridge Division 
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F-0 CABLE. Pifax S-220 Type 
30, a dual-channel multimode 
step-index 200-µm-diameter sili
ca-core cable , prov ides an 
optical fiber clad with a hard 
plastic that can directly attach to 
connectors. Key specs include 
35-dB/km typ attenuation at 670 
nm (30 dB/km typ at 820 nm), 
0.42 NA (typ) , core refractive 
index of 1.46 and rise time (10 to 
90%) of 7 to 8 nsec/0.2 km 
(based on RCA C30133 test 
conditions) . The 600-µm
diameter fiber comes in a 
2600-µm-diameter outer jacket. 
$3.90 per metre (100m). E I 
DuPont de Nemours & Co Inc, 
Polymer Products Dept, Wil
mington, DE 19898. Phone (302) 
774-7850. Circle No 302 

ROTARY SWITCH. Series 500 
is a V2-in.-diameter rotary unit 
that exceeds MIL-S-3786 re
quirements. Also suiting civilian 
communications-system appli
cations, the sealed unit mounts 
directly on a pc board and can be 
wave soldered and immersion 
cleaned. $4.50 (1000) for single
pole, 1 a-position version. Oak 
Switch Systems Inc, Box 517, 
Crystal Lake, IL 60014. Phone 
(815) 459-5000. Circle No 303 

3Aerial Way, Syosset, New Yor:k 11791 • (516) 433-3110 Send for Catalog 

CIRCLE NO 112 

DISTORTION SUPPRESSOR. 
Suppressing harmonic distortion 
at the output of DI A converters 
used for reconstructing digitized 
audio signals , the modular 
Model MP1926 keeps distortion 
well below 0.005% (-81 dB) 
over 20 Hz to 20 kHz. Noise 
specs at - 115 dB. The unit's 
3.4-µsec t ime-constant re
sponse el iminates slewing prob
lems while providing full-power 
response to aud io signals, 
accord ing to the company. 
Requiring approximately 0.1 W, 
the unit handles a power-supply 
range of ± 8V to ± 15V and is 
controlled by one externally 
supplied mode-select command. 
$39 (100) . Analogic Corp, 
Audubon Rd, Wakefield , MA 
01880. Phone (617) 246-0300. 
TWX 710-348-0425. 

Circle No 304 
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THE 
NEWEST 

ADDITION 
TO THE 

GULTON 
FAMILY OF 
THERMAL 
PRINTER/ 

PLOTTERS. 
111111 

EDN JUNE 10, 198 1 

Gulton's new 8%" printer/plotter, the 
Microplot-80 is designed to print and 
plot with your microprocessor-based 
system using a standard page width 
configuration. Microplot-80 utilizes a 
fixed head thermal design developed at 
our own printhead facility. 

The versatile Microplot-80 accepts 
analytical and computational graphical 
data in digital form, plots the data, facil
itates printing the grid and scale, and 
annotation of the data with alphanu
merics. The Microplot-80 is capable of 
printing alphanumeric text in both X and 
Y axis orientation with superior quality. 

It is available in panel mount for 
O.E.M. use as well as a desk top ver
sion and is priced under $2,000.00 in 
single quantities. 

complete specifications, mail 
the coupon below to: GUL TON 
MEASUREMENT AND CONTROL 
SYSTEMS DIVISION, Gulton 
Industries, Inc., East Greenwich, 
Rhode Island 02818 (401) 884-6800 
TWX 710-387-1500 
r--------------

For more information and complete speci- I 
fications, send this coupon to: GUL TON I 
MCS DIVISION, GUL TON INDUSTRIES, j 
INC., Gulton Industrial Park, East Green- I 
wich, Rhode Island 02818 I 

I Name _ _ ________ 1 

Title _ _ ________ , 

I Company _ ________ 1 

Stree.__ _ ______ __ , 

City State ip __ I ______________ J 

Plotting the Future of Graphic Recording 

CIRCLE NO 113 205 
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LET YOUR FINGERS DO THE TALKING . .. 
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ETHERNET TRANSCEIVER. 
Meeting Xerox, DEC and Intel 
Chapter 7 Physical Layer specifi
cations for Ethernet compatibili
ty, this 1 OM-bps transceiver 
features front-end circuitry that 
tolerates coaxial-cable tran
sients. It also supports controller 
time-domain-reflectometer func
tions for use in Ethernet cable 
maintenance and comes with 
standard N Series connectors for 
coupling to the coaxial-cable 
network. $SSO (2), including 
SO-ft transceiver cable. 3Com 
Corp, 3000 Sand Hill Rd , #1 , 
Menlo Park, CA 9402S. Phone 
(41S) 8S4-3833. Circle No 246 

RELAYS. Providing UL and CSA 
ratings to SA for applications 
requiring multipole double-throw 
switching , Class 67 devices 
come in dpdt through 8pdt 
configurations, have 3 or SA 
silver gold-clad bifurcated or 
nonbifurcated contacts and han
dle 6 through 11 OV de or 6 
through 11 SV ac control voltag
es. Other coil voltages or 
currents are also available . 
Packaged in a polycarbonate 
dust cover, the relays furnish 
plug-in/solder-type and printed
circuit terminals. From $ S.SO. 
Magnecraft Electric Co, SS7S 
N Lynch Ave, Chicago, IL 60630. 
Phone (312) 282-SSOO. T'NX 
910-221-5221 . CircleNo 247 
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You can't buY. a better 
frequency counter than our 

new6001. 
Even if you spend $300 more. 

Count the extra range. The extra 
precision. The dollars you save. And 
you understand why, at $489,* our 
new Model 6001 650 MHz Precision 
Frequency Counter offers you more 
value than those of other leading 
manufacturers. 

A look at the competitive mod
els** from B&K, Leader , Data Pre
cision, Fluke and Hewlett-Packard 
will tell you why. 

$725 and get only 1 /1 O the preci
sion ( ± 5ppm as compared to our 
0.5ppm). 

You can settle for a six- or sev
en-digit display instead of our eight. 
Half the range and one-fifth the ac
curacy at about the same price. Or 
spend considerably more, for equal 
precision and extra features you 'll 
probably never need. 

It's this simple: if you 're looking 
for a high-precision, wide-range 
counter, nothing compares to our 
Model 6001 . With its 

switchable audio-band low-pass fil
ter. Selectable 0.1/1.0/10-sec. gate. 
Internal/external timebase selection. 
Unit-count mode. High-brightness 
display. True TIL inputs. Built-in 
temperature-controlled oven. And 
NBS-traceable standard. To name 
just a few of its many advantages. 

Make your own comparison. Ask 
us for full specs and a demonstration. 

The rest is a matter of dollars 
and sense. You can spend as much as 

$550 and get a range of only 10 Hz 
to 520 MHz (as compared with our 
guaranteed 5 Hz -650 MHz). 

You can spend ~~iiiiii 

on Terr. New Haven. CT 06509 (203) 624-3103. TWX 710-465-1227 
OTHER OFFICES: San Francisco (415) 648-0611 . TWX 910-372-7992 

Europe: Phone Salfron-Walden 0799-21682. TLX 817477 
Canada: Len Finkler Lid .. Downsview. Onlario 

GLOBAL Call toll-free for details 

SPECIALTIES iu~i~<?u9;e~~~;6077 
CORPORATION 

· suggested U S. resale . Prices . speci fications subjec1 to change withou1 notice . ro Copyright 1981 Global Specialties Corporation . 

CIRCLE NO 116 
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BREADBOARD SYSTEM. You 
can use the expanded Scotch
flex breadboard system t9 fabri
cate plugs and connectors 
accommodating 8- to 40-
conductor sockets. Plug and 

solder strips come in 24-contact 
sizes but can be snapped off 
with the supplied tool for smaller 
sizes. The modular strips can be 
stacked end to end or side by 
side. Standard kits provide 24 
24-contact plug strips 16 24-
contact solder strips and dual 
16- to 40-pin sockets with 

... your source 
for reliability in 

pots and trimmers! 

Sure, reliability is a term often used in our business today-<>ften misused, 
too! But, at VAN, reliability is a commitment. Not just in consistent quality 
either. In service. In fast, on-time delivery. And, in competitive pricing. 

Don't take our word for it. Ask any of the giants in the telecommuni
cations or computer fields. They'll tell you that VAN reliability is consis
tently above average. Frankly, without our reliability what would their's be! 

Isn't it about time you dealt with someone who is reliable in every way? 
Call us. Give us a chance to prove our commitment. 

'nit°' 'Ma';:Jf acturers of precision 
potentiometers, tnmmers 

INT NATIONAL and dip switches 
aD.v.s<>nofVem•tron Co•p 2801 72nd Street N., P.O. Box 44000 

St. Petersburg, FL 33743 

See our catalog 
beginning on 
Page 4029 of EEM. 

Tel. (813) 347·2181 TWX: (810) 863·0357 TELEX: 523417 

CIRCLE NO 117 

S-shaped beryllium-copper con
tacts . Optional kits add an 
SBC-8010-, Motorola M6800-, 
S-100- or Zilog Z80-equivalent 
µP board. A universal bread
board tool comes standard; an 
optional self-feeding wiring tool 
permits insertion of two wires in 
each U-contact. Standard kits, 
$80; µP-board kits, $110 to 
$135. 3M Co, Box 33600, Saint 
Paul , MN 55133. Phone (612) 
733-9214. Circle No 248 

TRIMMERS. With TCRs of ± 5 
(Model 1285) and ± 15 ppm/°C 
(Model 1280) over -55 to 
+ 125°C, these %-in. Accutrim 
precision units provide a 26-turn 
adjustment screw that can be set 
to any value within 0.05%. 
Setting stability is > 0.1 % under 
shock and vibration conditions. 
Also featured are 10-nsec rise 
time and standard resistance 
values from 1 on to 20 k11. 
Resistance tolerance equals 
±10%, with ± 5% tolerance also 
available. Model 1280, $3.44; 
Model 1285, $7 .99 (100). 
Vishay lnterteGhnology/Res
istive Systems Group, 63 
Lincoln Hwy, Malvern , PA 
19355. Phone (215) 644-1300. 

Circle No 249 
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50 MHz Timing Section 
Independent, 8-channel, 1000-
word timing analyzer with 5 ns 
glitch capture. Also provides 5 
state display formats. 

$9,500 (State and timing) 

Waveform Recording Section 

50 MHz and 1000 samples. 
Waveform can be linked to 
other analysis sections for 
tracing analog and digital 
interactions. 
$11,250 (State, timing, and waveform) 

100 MHz counter/timer. 
hardware and software ma_,~, 
times. Includes industry standard 
signature analyzer. 

RS-232 Serial Testing 

Model 70 probe converts Pl-540 
into powerful serial 
communications analyzer. 
Receive, edit, and transmit 
messages at rates up to 19.2 Kb. 
$550 

Want a closer look? Call 800-538-9713 (outside California) or 408·263·2252. TWX: 910·338-0201 -,. f:l~!~!'!!'!!~!or!'ts~· 
Leading the Way In Analysis Technology 

For additional Information circle no. 118 

The P/-540 resides in the 
expandable System 5000 
mainframe. RS-232 and 
IEEE-488 interfaces are available. 

For demonstration circle no. 125 
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Modular terminals let OEMs add value 
Series 8000 intelligent terminals 
consist of three basic building
block modules: CRT (12 or 15 
in.), logic unit and keyboard. 
This modular design allows 
OEMs to configure a variety of 
terminal systems. 

These configurations can be 
easily accomplished without 
specialized tools. For example, 
OEMs can easily exchange 12-
and 15-in. CRTs, and the 
detachable keyboards plug in via 
a simple cable. 

The green-phosphor CRTs 
mount on ball joints to fit on top 
of the 2. 75-in. -high logic box; 
they provide up to 20° of tilt and 
60° of swivel for maximum 
operator comfort. The manufac
turer has located power for both 
the CRT and logic within the 
CRT housing and offers the 
CRT with nonglare surfaces in a 
variety of optional phosphors, 
including white and amber. 

Additionally, the video mod
ules handle an 80 x 24-character 
display, forming a 7 x 9 charac
ter in a 10 x 10 cell. The standard 
character generator supports 
128 symbols, with 224 optional. 
Moreover, the video module 
features dim, reverse, under
score, blink, blank and double
width characters on a per-row 
basis. 

Keyboard options 
Like the CRT monitor, the 

Model 8401 keyboards meet 
ergonomic requirements for op
erator confort; they're canted to 
11° and incorporate sculpted 
keys. The keyboards employ an 
Intel 8048 µP, attach via a 4-ft 
spiral cord and sport a full 
typewriter keyboard plus a 
14-key numeric pad, 12 special
function keys and 16 general
function keys. 

For OEMs that need flexibility in custom applications, Zentec 's Series 8000 
modular intelligent terminals include a video module (12- or 15-in. monitors), a logic 
module and a detachable keyboard module. 

The third module in the Series 
8000 is the 8201 logic box. This 
18.5-in.-wide x 14-in.-deep box 
can accommodate as many as 
three snap-in logic boards , 
allowing OEMs to develop their 
own logic to support the 
terminal. 

However, in the standard 
configuration, the logic box uses 
the Intel 8085A µP and can 
support up to 8k of PROM with 
the Intel 2716 or 16k with the 
Intel 2732. The standard config
uration comes with 16k of RAM, 
but it can expand to 32k or 64k. 

Communication occurs via a 
Zilog SIO, which supports 
RS-232C, 20-mA current loop, 
async, byte sync and bit sync 
protocols, with switch
selectable transmission rates 
ranging from 100 to 19.2k baud. 

The terminal's manufacturer 
explains that designers can pick 
and choose the modules desired, 
thus reducing on-hand invento-

ries. $826 (100) for a µP , 16k 
RAM, 8k ROM and communica
tions controller; $448 and $777 
for the 12- and 15-in. CRT 
modules, respectively; $266 for 
the standard typewriter-style 
detachable keyboard. Deliveries 
planned for July. 

Zentec Corp, 2400 Walsh 
Ave, Santa Clara, CA 95050. 
Phone (408) 727-7662. 

Circle No 251 

Need 
to Know? 

EDN's advertisers stand ready to 
provide you with helpful design in
formation and other data on their 
products. Just circle the appropri
ate numbers on the Information 
Retrieval Service card . If your need 
is urgent , contact advertisers 
directly , and mention EON. 

EON: Everything Designers Need 
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James E. Koncel, Manager, 
Research and Development, 
Bodine Electric Company 

Small Motors, Gearmotors, Electronic Motion Controls 
For Seventy-five years, "the power behind the leading products!' 

2500 West Bradley Place 
Chicago, 60618 USA 
Telephone 312-478-3515 Telex 25-3646 

"With Bodine, you'll get 
high quality stepper system.s, 
and a high quality catalog!' 
"We think you'll be particularly pleased 
with the documentation for our 1.8° 
stepper mot.ors-which are U.L. Com
ponent Recognized-and matching CMOS 
motion controls. You get all the informa
tion you need to select the optimum 23, 
34, or 42 frame motor length and drive 
combination-' software' that makes a 
hardware choice easier. 

"With all the facts-like separate full and 
half step curves, you can make accurate 
predictions of performance near resonance. 
You can estimate the benefits of reducing 
drive current or increasing series R to in
crease resonance frequency. And because 
curves extend to the zero U>rque line, as 
well as including performance above 
resonance, our data also shows motor 
capabilities at very high speeds. 

"Full disclosure doesn't stop there, how
ever. We include a scope phot.o of single 

step response for every mot.or and step 
mode-showing the exact effect of choosing 
half-step or wave drive. Separate families 
of error-free-start-st.op curves and slew 
curves accurately predict slow speed per
formance and traverse time with various 
inertias. 

"We also show separate families of static 
torque curves at various current levels, for 
every motor and winding. This means as 
much as ten times greater accuracy than 
a ' typical' curve in predicting friction, 
spring, and weight-load position error 
effects. 

"We think we've made stepper application 
easier'.' Write today or ask your Bodine 
representative or distributor for our free 
48-page stepper system catalog. You'll 
find all the information you need to make 
the very best choice-Bodine. 

CIRCLE NO 120 
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CP/M-compatible electronic worksheet 
accommodates any terminal 
An aid to nonprogrammers and 
a flexible information-handling 
tool, the· SuperCalc electronic 
worksheet quickly handles 
row/column calculations and aids 
in the development of statistical 
data. This software package 
simplifies its user's tasks by 
permitting single-keystroke 
command and data entry and 
allowing automatic user-defined 
movement to the next data or 
cell location. 

A user can display data in 
individually modified column 
widths and with numeric op
tions. In appropriate terminals, 
highlighting and low-intensity 
displays implement protected 
fields. 

Menu-driven commands 
To increase SuperCalc's usa

bility, menus guide a user to the 
correct command. Errors
unrecognized keyboard en
tries-are diagnosed by tog
gling the terminal's bell; enter
ing a question mark then 
produces detailed explanation of 
the problem. 

With single keystrokes, a user 
can replicate any block of the 
worksheet, or one previously 
saved, in any worksheet por
tion. The user can also replicate 
formulas and their current 
values. 

Accepts many terminals 
The package is designed to 

work in concert with the popular 
Digital Research CP/M operat
ing system. Additionally , it 
supports any terminal currently 
available. 

The first time you use 
SuperCalc, its installation por
tion runs to customize the 

EDN JUNE 10, 1981 

f: c D E F 
1 Jan. Feb. Karch Apri I lla\I 
2 ASSETS 
=: Acct.s Receivable 1888.88 1858.88 1182.58 1157.63 1215.51 
4 Cash 258.88 588.88 525.88 551.25 578.81 
5 .Unso ld Goods 250.88 262.58 275.63 289.41 383.88 
~': 
7: Total Assets 1500. (Ji) i:::12 ,5,) ! 'le::.! 3 1·B::: .2::: 2~'j::: . 2~ 

'l:LIABILITIES 
lO: Acct.s Pa\lable 1888.88 916.67 833.33 758.88 666.67 
l l: Storage Costs 58.88 58.88 58.88 sue 58.88 
12 :Labor 188.88 185 .ee 118.25 115. 76 121.55 
: :: :"ahrials se.ee 52.58 55.13 57.88 68.78 
: 4 : ======================================================== 
:s Total Liabi I it ies 12~)i) I (i(l 1124 . 17 104:3. 71 ·m .t.4 ,::'38 , '33 
:E.: 
17 HIBT 388.88 688.33 854.42 1824.64 1199.2t 
18 'Dep. Al lovance 188.88 188.88 188.ee 188.88 1eut 
: 1 :Taxable lnco11e 288.88 588.33 754.42 924.64 1899.2t 
c~: 

:; "; :29k C28 18 m 
"::~ :Enter Co1111and: A(A,B,c,r ,6,I ,P,R,T ,v,u,v, or Zl 
::::1T :1 

CP/M compatible, the SuperCalc electronic worksheet handles column/row data, 
performs calculations on any cell and lowers display intensity for protected fields. 

package to your terminal config
uration. The process usually 
involves choosing your termi
nal's name from a menu, but you 
also get the option of installing 
the software in an unlisted 
terminal. With this latter op
tion, SuperCalc prompts for 
information on cursor address
ing, control and escape codes, 
plus attributes such as low
intensity fields. 

The package will be available 
by mid-July for $295, which 
includes a CP/M-formatted disk
ette and a manual with a 
quick-reference card. Prepro
grammed templates ($100) for 
various applications are also 
available, as are OEM licensing 
agreements. 

Sorcim Corp, 405 Aldo Ave, 
Santa Clara, CA 95050. Phone 
(408) 727-7634. Circle No 253 

NEXT TIME 
EDN 's June 24 issue will feature a 
Special Report on CMOS-envi
sioned by many industry experts 
as the premier processing tech 
nology of the 1980s and now 
exploding into a variety of new 
product areas. Other highlights 
incl ude articles on 

• Designing with current-mirror 
I Cs 

• Implementing a color-graph
ics processor 

• Understanding the recently 
amended patent law 

• Using digital techniques in 
signal-processi ng applica
tions 

... and much more. Also look for 
Technology Update stories on 
CAD/CAM developments and laser 
technology , plus our regular 
Design Ideas, A Question of Law 
and µC Design Techniques depart
ments. You can't afford to miss 
this issue! 

EON: Everything Designers Need 
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Information-handling software packages 
meet growing retrieval needs 
Created to turn a personal 
computer into a powerful intelli
gent worksheet, four generic 
software packages, dubbed Visi
Plot, VisiTrend, VisiDex and 
VisiTerm, provide such capabili
ties as arithmetic functions, 
plotting and graphing and 
financial or statistical analysis. 

The packages-currently con
figured to operate on Apple 
computers-are visually orient
ed and require no special 
programming skills. Additional
ly, they demonstrate com
monality of command structure. 

Versatile data plotting 
The VisiPlot package pro

duces high-resolution graphs 
and charts in six formats and 
colors without user program
ming intervention. It can use 
either numerical data entered 
directly or data generated from 
the manufacturer's popular 
VisiCalc program. 

Typically, VisiPlot produces 
several plots, including bar 
graphs (cumulative and side by 
side), time-series line plots, area 
charts, pie charts, Hi-Lo charts 
and scatter charts. A total of 645 
data points can reside in 
memory at one time, and as 
many as 150 data points can 
appear on one graph. 

As an added feature, users 
can print plots via either the 
Apple Silentype thermal print
er, the Integral Data Systems 
Paper Tiger Models 440 and 445 
or daisy-wheel printers with 
graphics capability. 

A combined approach 
Combining the power of 

VisiPlot with a forecasting 
program, VisiTrend/VisiPlot 
speeds time-consuming and 
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Information-handling tools, Personal Software's generic software packages 
allow you to quickly manipulate a variety of data and transfer it over a 
communications network. The packages include VisiTrend/VisiPlot (a) for data 
analysis, VisiDex (b) for storing and rapidly retrieving dissimilar information and 
VisiTerm (c) for communications capability. 
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SOLENOIDS. 
This box frame SJH is designed 
for smooth. pull -on-operate ac
tuation . Its molded coil cover 
provides excellent co il and ter 
minal protec tion. Intermittent 
and co ntinuous duty cycles 
available for AC or DC. 

Cl RCUIT BREAKERS. 
This W58 thermal is the inexpen
sive alternative to fuses . Con
tacts "snap" open and reset 
button extends when breaker 
trips. f rom 0.5 through 35 amps . 
UL & CSA. 

NEW KRPA. 
This new, low-cost version of the 
famous KRP relay features a 
clear dust cover and octal-type 
p lu g ter minati on . 5 and 10 
amp contac t s are availab le 
in arrangements up through 3 
form C. UL recognized . 

GENERAL PURPOSE RELAYS. 
Save space with the compact. 
ruggedly constructed KIO series . 
2 form C contac ts rated 13 amps 
at 120V AC (resistive), JO amps at 
277V AC or 28V DC ( resistive). 
UL and CSA. 

DEFINITE PURPOSE 
CONTACTORS. 

The P30 and P40 series switch 
motor loads up to 30 and 40 
amps at 600V AC or resistive 
loads up to 40 and 50 amps at 
600V AC. Three and four pole 
models are available. 

SOLID STATE RELAYS . 
This ECM hybrid is packaged in a 
.875" high, screw terminal enclo
sure . Reed-trigge r ed tri ac 
swi tches 120 and 240V AC loads 
from 0.75 through 40 amps. Pot· 
ted and non-potted versions are 
UL recognized. 

P&B isn't just relays. 

Circuit breakers, solenoids, solid state re
lays, time delays , definite purpose contac
tors-now they're all designed and manu
factured to meet the same high standards 
Potter & Brumfield has set for 
general purpose and power 

A~F 

available off-the-shelf from leading dis
tributors backed by P&B's sizeable factory 
inventory. Potter & Brumfield Division 
AMF Incorporated, 200 Richland Creek 

Drive , Princeton, IN 47671. 
812/386-1000. 

relays. And since they're P&B 
components, they're all 

Potter & Brumfield 
We're demanding so 
you don't have to be. 

CIRCLE NO 121 
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complex calculations such as 
descriptive statistics and 
multiple-linear-regression anal
ysis. Because the software 
works in tandem with VisiPlot, 
calculation results can be dis
played graphically. And like 
VisiPlot, VisiTrend can accept 
data from either direct key
board input or files previously 
created by VisiCalc. 

Types of trend analysis Visi
Trend handles include trend-line 
forecasting, data transforma
tions, cumulative-total data val
ues, fitted- and residual-series 
generation, moving averages, 
smoothing (line of best fit), 
lead/lag and percent change. 
This latter function could suit 
OE Ms who must keep a constant 
watch on trends in pricing and 
parts availability. 

Electronic card file 
The third program m the 

series, VisiDex, provides a way 
to do what everyone thinks a 
personal computer should do: 
store and provide rapid retrieval 
of masses of unrelated informa
tion. This package permits users 
to enter information on a CRT in 
free-form fashion or according 
to user-defined fill-in formats. 

Typical applications include 
tickler files, mail lists, memos 
and virtually anything else you 
now do on paper. As many as 36 
6-letter key words can be 
defined for any record, thus 
permitting multiple access to 
the data. 

VisiDex also contains a calen
dar that facilitates retrieving 
information by date. And if the 
host Apple has an on-board 
clock, the program can automat
ically purge information on a 
given date or time or generate a 
user reminder. Furthermore, 
data can be sorted by key word, 

Signal-processing modem 
handles 14.4k-bps data rates 
System designers requiring 
data rates greater than 9600 bps 
can add a building block to their 
arsenal: the SP . 14.4 modem. It 
can transport data at 14.4k bps 
using a novel signal-processing 
architecture rather than a 
µP implementation. 

The modem's signal structure 
employs hexagonal packing on a 
triangular grid and a patented 
data-transparent internal error
correction mechanism. Com
pared with rectangular grid 
structures, this one provides 
greater immunity to line impair
ments such as noise and phase 
jitter. 

Current 9600-bps modem ap
plications can upgrade to the SP 

•.: <_, 

Utilizing novel data-rate, signal
processing and error-co rrection 
mechanisms, the SP 14.4 modem 
achieves a 14.4k-bps data rate. 

14.4 and add two channels of 
digitized voice without incur
ring additional circuit costs. 
And in certain applications 
requiring statistical multiplex
ers, this modem decreases the 

numeric order or date for later 
printout. 

Communications tie-in 
The final package in the 

series, VisiTerm permits the 
transfer of disk-file information 
over the phone. This terminal 
package works with files created 
by the other packages and 
includes features such as single
key macro definitions, an ability 
to match host systems and 
scrolling. 

The four packages are avail
able now for the Apple II or II+ 
on 5Y4-in. soft-sector (16-sector 
configuration) floppy diskettes. 
VisiPlot, $179. 95; Visi
Trend/VisiPlot, $259.95; Visi
Dex , $199.95; VisiTerm, 
$149.95. 

Personal Software Inc, 1330 
Bordeaux Dr, Sunnyvale, CA 
94086. Phone (408) 745-7841. 

Circle No 254 

number of required high-speed 
links. 

The SP 14.4 serves point-to
point applications with or with
out a 6-channel buffered multi
plexer-an option that permits 
combinations of two to six inputs 
with a wide variety of data 
rates. 

The modem also finds use in 
network-control and -manage
ment systems. Reports trans
mitted by it to the central site 
can alert operators of deterio
rating conditions , permitting 
corrective action. $9950. Deliv
ery, starting in November. 

Codex Corp, 20 Cabot Blvd, 
Mansfield, MA 02048. Phone 
(617) 364-2000. Circle No 255 
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THE BETTER BUSSER. 
SYSTROH DOHHER's IEEE·ltBB IHSTRUMEHT CONTROLLER. 

A dedicated controller is more 
efficient, easier to use. 
It 's Systron Donner's Model 3522-nick
named the I EEE-488 Busser 11. It controls 
instruments. Pure and simple. It speaks 
the language of IEEE-488. With precisely 
the right controls and features . Things 
such as special IEEE-488 function keys. 
And BASIC as the programming lan
guage. And a large, easy-to-read 
fluorescent display. And a standard 
teletypewriter keyboard . And simplified 
program storage. On and on. 

Which means the 3522 is not one of 
those big general-purpose desk-top 
computers with horsepower you don't 
need . (And extra cost and complexit ies 
you don't want .) 

- including PROM reader/programmer. - - - - - - - -
Which means a 50% savings -er more SYSTRON DONNER EDN s1os1 

-compared with those desktop computer INSTRUMENT DIVISION//S2 

"controllers :' 2727 Systron Drive, Concord CA 94518 
And that means, now you can automate Phone: (415) 671-6630 
a lot more testing, a lot more economi- TWX: 910-481-9479 
cally. And with a lot less trouble. 

Easy-to-change programs. 
With the 3522, you store programs in 
simple, plug-in cartridges. To change 
programs, just plug in a different car
tridge. And you can erase/reprogram 
cartridges whenever you wish. 

SD: a supermarket ol IEEE-flBB 
instruments. 
We've got you covered in IEEE-488: 
Frequency counters. Signal generators. 
Digital multimeters. Pulse generators. 
Power supplies. DC voltage source. 
Matrix switch. We've even got a Model 
3520 Controller if you don't quite need all 
the memory and software of the 3522. 

Dear Systron Donner, 
Better instrument control at half the 
price? I'm interested! 
O Rush me complete literature on the 

3522 Controller, including a descrip
tion of the software instructions. 
Also fill me in on your other 
instrumentation : 

0 Frequency Counters 
0 Signal Generators 
O Digital Multimeters 
0 Pulse Generators 
0 Power Supplies 
D Other: ___________ _ 

Name ______ _ _____ _ 

Title ____ ____ ____ _ 

Company __________ ~ 

Address _ __________ _ 

City/State/Zip _________ _ 

And hall the price. Call Systron Donner. Prices /isled are U.S. domest ic . Alf prices and 
specifications subject to change without notice. 

JVith the 3522 you pay only for instrument Getting more information is easy. Just call 
: ontrolling . And the computations nor- us or send in the coupon . We'll rush you 
l\'dll)J rnqu'imcl tor test a.nd measurement co.mp!ete product literature -:- along with 
...,.,"''""anu11::;. ;so me price is only $1995 a list of our representatives 1n your area. 
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When it comes to circuit protection, we 
carry a lot of weight. With more types of small 
dimension circuit protection devices than 
anyone. Fuses. Fuseholders. Fuse blocks. 
Fuse clips. Circuit breakers. 

And not just a few choices either. You name 
it, we've got it! Normal-blo and slo-blo glass 
and ceramic fuses. Subminiature fuses for 
"tight space" applications. Fast-acting fuses 
for instrument protection. In-line, panel, 
and subminiature fuseholders. 

Most of our products are listed or 
recognized by Underwriters Laboratories 

Theheav 
in circuit pr 

CIRCLE NO 123 
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COMPUTER SYSTEM. Model 5 
microsystem combines the HP 
1000 L Series µC, dual 270k
byte mini-floppy disk drives, a 
CRT and a keyboard. It supports 
a variety of HP 1000 software, 
including two real ..:time operating 
systems. The RTE-L is an 
execute-only system for as much 
as 64k bytes of memory ; 
RTE-XL is an expanded
memory operating system for as 
much as 512k bytes, providing 
full program-development capa
bilities. Both are multiuser and 
multitasking. Available languag
es include HP PASCAL, FOR
TRAN, assembler or BASIC. 
Optional software includes the 
manufacturer's Distributed Sys
tems Network software for a 
computer-network link and IM
AGE/1000 for database man
agement. Graphics peripherals 
and the manufacturer's 
GRAPHICS / 1000 - 11 soft
ware with 3-dimensional capabil
ities are also supported. From 
< $10,000. Delivery, 8 wks ARO. 
Hewlett-Packard Co, 1507 
Page Mill Rd, Palo Alto, CA 
94304. Phone local office . 

Circle No 256 

DISPLAY TERMINAL. A non
ventilated unit with keyboard for 
interaction with remote devices, 

E D N JUNE 10, 198 1 

Our new A/ D converter is just one way 
to improve your system's capabilities. 

We also have eight others. 

Circle no. 126 tor demonstration Circle no. 124 tor literature 
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Model 4815 is designed for use 
in hostile environments with wide 
shifts in ambient temperature (to 
50°C) and noncondensing rela
tive humidity (to 95%). Its Noryl 
structural-foam enclosure meets 

Make lmposs·ible 
Measurements Easy ... 
with Unprecedented Accuracy 

11••····~0~nly the 
31 00 makes other.Vise 

impossible measurements quickly 
and easily. It calculates a unique combination 

of different parameters, with state-of-the-art accuracy, and under 
measurement conditions where other instruments simply do not work. 

Use the 3100 on continuous and burst signals. Measure transfer functions. Analyze signals, 
networks, and components. In ATE, use it in manufacturing and quality testing of transformers, 
chokes, servos, filters, sonar and communications equipment, and many other applications. 

In stand-alone, or IEEE-488 mode, the 3100 quickly and easily calculates (where appli-
cable) fundamental, total, harmonics to the 14th, for all of the following: 

PHASE ANGLE VRMS (OR I) VA PF 
HARMONIC PHASE ANGLE RATIOS: RMS & COMPLEX VARS GROUP DELAY 
THD IMPEDANCE, ADMIITANCE REAL POWER FREQUENCY 

SPECI Fl CATIONS: 
• Accuracy: ± 0.1%, ± .03 degrees. 
• Frequency Range: l Hz to 500 kHz. 
• Dynamic Range: 70 dB in any range, 

120 dB between channels. 
• Harmonics: Any combination to the 14th. 
• Input Channels: Two, with 12 full scale 

ranges from l mV to 300V, plus 
autoranging. 

FEATURES: 
• Programmable Sampl ing: 16, 64, 256 

samples /measurement. 
• Programmable Averag ing: 

l , 16, 64 measurements/reading. 
• Trigger Choices: Internal, external. 
• Frequency Reference: Internal, external. 
• Printer: 20 column, front panel control. 
• Communications: RS-232C. IEEE-488 

optional. 

The remarkable 3100 - only from Dranetz, where we make impossible measurements easy. 
For more details, request 12-page bulletin 31 00. 

I J 
DRANETZ ENGINEERING LABORATORIES, INC. DRANETZ 1000 New Durham Rd., Edison, NJ 08817 •--------------.J. (201 ) 287-3680 TWX: 710-997-9553 

220 CIRCLE NO 127 

general NEMA 12 specifications 
(dust tight, drip tight) . Covered 
and sealed with a membrane, 
the keys can be operated using 
thick work gloves and provide 
tactile and audio feedback. 
Other standard features include 
self test, 12-in.-diagonal 80-
characters-per-line display with 
full ASCII character set and 
addressable cursor, switch
selectable 1 00- to 9600-baud 
operation and repeating numeric 
and cursor control keys. $3550. 
Delivery, 45 days ARO. Xycom 
Inc, Box 984, Ann Arbor, Ml 
48106. Phone (313) 429-4970. 
TWX 810-223-8153. 

Circle No 257 

MODEM. An FCC-approved di
rect-connect device for use with 
RS-232C-compatible computers 
or terminals, Smartmodem can 
be program controlled by ASCII 
strings in any language. Analyz
ing and executing commands 
and responding by sending 
result codes, which can be 
English words or decimal digits, 
it provides autodial and auto
answer capabilities. Touch-Tone 
or pulse dialing modes can 
combine with in a command, with 
pulse-mode signals accessing a 
PBX and Touch-Tone dialing an 
outside number after the second 
dial tone is received. An audio 
monitor and automatic redial are 
also provided. $279, including 
power pack and modular tele
phone cable. Hayes Microcom
puter Products Inc, 5835 
Peachtree Corners East, Nor
cross, GA 30092. Phone (404) 
449-8791 . Circle No 258 
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Good reasons to switch. 
More bright ideas from TI Opto. 

Thirteen devices. Five packages. Low
cost l/R emitter/detectors replace 
mechanical switches with reliable, 
solid-state components. 

If you're sti ll using mechanical 
switches, switch. If you're experienc
ing problems caused by ground loops 
and induced common mode noise in 
your analog and digital applications, 
switch. If you're looking for solid-state 
reliability, cost -effectiveness and off
the-shelf availability, switch. 

Design in any one of Tl's infrared 
(l/R) optical switch products for use in 
either the transmissive or reflective 
mode for sensing applications such as 
shaft encoders, sector sensors, level in
dicators, line finders, batch counters, 
beginning/end table indicators. 

Reflective applications 
Optical switches for these applications 
consist of a high-efficiency gallium 
arsenide LED and a silicon phototran
sistor in a molded plastic package. The 
photosensor responds to the emitted 
radiation from the LED only when a 
reflective object is within the sensor's 
view. For optimum PC board mounting 

ease, these switches are available in 
two package designs: Specify TIL139 
or TIL149. 

· Transmissive Applications 
Eleven devices, each consisting of a 
high-efficiency gallium arsenide LED 
and a silicon NPN phototransistor or 
photo Darlington, in a molded plastic 
housing, in a variety of pinouts to meet 
the demands of all your design require
ments . The switc h hou s ing gap 
provides you with a means of interrupt
ing the signal with tape , cords, shaft 
encoders or other opaque materials , 
thereby switching the output transis
tor from an ON to an OFF state. Spec
ify as follows: TIL138, TIL143, TIL144, 
TIL147, TIL148, TIL158, TIL159, for 
high-speed switching. TIL145, TIL146, 
TIL160, TIL161, with photo Darlington 
output. 

100-piece pricing* 
TIL138, TIL139, TIL149 
TIL141 , TIL146, 

TIL159, TIL161 
TIL143, TIL145, 

TIL158, TIL160 
TIL147 (Hermetic application) 
TIL148 (Hermetic application) 

$1.52 

$1.79 

$1.99 
$6.81 
$4.94 

Optical switches from TI. Available 
now at your nearest field sales office or 
authorized distributor. 

Bright ideas - getting 
brighter all the time. 

In addition to optical switches, Tl's 
growing opto line includes: 
• Visible LEDs 
• Opto-couplers 
• Single-digit displays 
• Multi-digit displays 
• Hermetic displays 
• Fiber optic assemblies 

TI Opto. Offering the highest quality 
devices across the complete product 
spectrum. A full line from one of the 
industry's largest Opto suppliers. A 
supplier with a firm commitment to in
novative, cost-effective Opto products. 

More bright ideas keep coming 
from TI Opto. You can find out about 
them by sending for your free copy 
of the Optoelectronics Master 
Selection Guide. Write to ~ 
Texas Instruments Incor- •n 
porated, P. O. Bo x U/ 
225012, M/S 308, Dallas, 
Texas 75265. 

·u.s. OEM orice. sutliect 10 change withou1 nolice 
TEXAS INSTRUMENTS 

.n~i:rr•W.J HUIYYdl'j. 

~ 1981 Texas lnstrumenls Incorporated INCORPORATED 
CIRCLE NO 128 
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AUTEK 
SYSTEMS CORP. 

COAXIAL SWITCHING 

• High Bandwidth 
• Compact Size 
• 50 ohm Signal Paths 
•Variety of Pole 

Configurations · 

A broad product line of Autek coaxial switches offers a selection 
'of format, pole configurations, and performance to meet a 
variety of high-frequency switching systems requirements. 
These switches are widely used in OEM applications, for test fix
turing, and in building switching matrices and trees for automatic 
test systems. 

Control is as simple as a TTL logic closure. An IEEE controller is 
also available. Autek Systems has built several custom switch
ing systems and welcomes inquiries on these or special systems. 

AUTEK SYSTEMS CORP. 

TEL [4081 496-0400 

3200 CORONADO OR. SANTA CLARA, CA 95051 

TWX [9101 339- 9328 

CIRCLE NO 129 

I:) A GREAT COMBINATION I:!.. liiOGRAMMER-CONTROLLER AND 
ENVIRONMENTAL CHAMBERS-MicroTenn™ 

• Microtape Memory System 
• Single or Dual Channel 
• Fully Digital 
• Easy Programming 
• Closed Loop Control 
• CRT and Computer Interfaces 

Tenney, the innovator of the DigiTenn® mi
croprocessor programmer, announces the 
Micro Tenn TM , a new fully digital high perfor
mance microprocessor programmer - con
troller employing the latest state-of-the-art 
techniques, designed exclusively for envi
ronmental test chambers. 

The Largest and Most Experienced Manufacturer of High Technology Environmental Test Equipment 

~f.e.~rv 
1090 Springfield Road , Union , New Jersey 07083 • (201) 686-78?0 • (212) 962-0332 
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DISK DRIVE. This 5V4-in. Win
chester disk drive furnishes 
11,000-power-on-hrs MTBF, 
6.38M-bytes-per-drive unfor
matted capacity, 170-msec av
erage access time and 5M-bps 
data-transfer rate. With two 
5V4-in. disks per drive, informa
tion can be written and stored on 
all four sides. The drive includes 
a spindle mechanism, stepper 
motor and head assembly with 
four read/write heads and drive 
electronics located on two pc 
boards mounted beneath the 
disk. An integral fail-safe brake 
mechanism stops disk rotation 
within 15 sec. The disk's sealed 
head-to-disk interface protects 
against external contaminants. 
$1490. Texas Instruments Inc, 
Box 202145, M/S H-574, Dallas, 
TX 75220. Phone (713) 373-
1050. Circle No 259 

OPERATING SYSTEM. MuDOS 
CP/M-compatible operating sys
tem can be used with its 
manufacturer's Net/80 and 
Exp/80 network slave proces
sors, can be customized to any 
Z80-based hardware configura
tion and replaces CP/M, MP/M 
and CP/Net. Using the Z80's 
extra registers and instructions 
to speed processing of oper
ating-system calls, it provides 
6-times-faster program loading 
than CP/M and 3- to 5-times
faster · file-processing TunLllon.,. 

A buffer manager, a totally 
re-entrant file manager and 

EDN JUNE 10, 1981 
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optional multiple-print queueing 
capability are also available, as 
is automatic concurrent print 
spooling. The software supports 
disk files to 67M bytes and 
drives to 2000M bytes and 

performs read-after-write verifi
cation of each disk-update 
operation. $300 to $750 on 
diskette, depending on configu
ration. Musys Corp, 1451 E 
Irvine Blvd, Suite 11, Tustin , CA 
92680. Phone (714) 730-5692. 
TWX 910-595-1967. 

Circle No 260 

GENERAL SCANNING STRIP CHART 
RECORDERS MEET VIRTUALLY 

EVERY RECORDER NEED. 
When it comes to thermal writing can specify from one to eight recordirig chan-

Strip Chart Recorders, check with General nels with a choice of multiple chart speeds 
Scanning where you will find the widest plus a list of options that includes alpha-
choice of field-proved designs available numeric printheads, event markers and 
anywhere. paper take ups. 

Depending upon the application, Using a building block approach, 
OEM modules can be provided for integra- General Scanning creates customized 
tion into your product, or packaged record- designs to meet your most stringent 
ers supplied to meet most field or ·~~n!m: application requirements. 
laboratory requirements. Channel For complete informa-
widths of 20, 40, 50, 80 or lOOmm tion, circle the readers service 
are available for either con- number or write today, General 
tinuous roll or fan-fold paper. Scanning Inc., 500 Arsenal 
Velocity feedback or closed Street, Watertown, MA 02172, 
loop operation can be Telephone (617) 924-1010. 
selected depending upon 
power consumption and 
dynamic performance 
requirements. 

And, you 

224 

GENERAL SC4NNJNG INC. 
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WINCHESTER SYSTEM. Pro
viding 41 .6M bytes of memory 
(20.8M bytes . per drive), the 
5V4-in.-high WINC-08 emulates 
the RL02 cartridge drive and is 
partitioned into two logical 
sections so that each drive looks 
like two RL02 units. Software 
transparent to DEC operating 
systems, it comprises two pc
board assemblies . The µP
based intelligent formatter/con
tro 11 er can handle two 
Winchester drives and is housed 
with the disk drives; the host
computer interface adapter 
comes as a dual-width card for 
LSl-11 users or as a quad-width 
card for PDP-11 systems. Error
correcting-code capability identi
fies and corrects errors of as 
many as five continuous bits 
anywhere in a disk sector. $8445 
for one drive, power supply, 
controller and interface card. 
Delivery, 8 wks ARO. Advanced 
Electronics Design Inc, 440 
Potrero Ave, Sunnyvale, CA 
94086. Phone (408) 733-3555. 

Circle No 261 

SPEECH SYNTHESIZER. Type
'N-Talk text-to-speech synthesiz
er permits an RS-232C
interfaced personal computer to 
reproduce words typed on the 
keyboard in English words and 
phrases. Without using the host 
memory, words can be spoken 
simultaneously as soon as they 
are typed, and the 750-character 
buffer can hold them until the 
user prompts the computer to 
speak in phrases or sentences. 
The phonetic speech is heard 
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There's a hot design team 
behind every hot design 

.. . like the GenRad team that designed the 1732 Digital IC Tester 

This is one of GenRad's top design teams. For 18 
months they worked to develop a low-cost, yet highly 
sophisticated benchtop IC tester. Their effort, which at 
times involved most of the Component Test Division's 
engineering department at GenRad's Concord, 
Massachusetts facility, produced a truly state-of-the-art 
test system and one of GenRad's hottest new products. 

EON announced this exciting new development in 
November, 1979. But we were there long before the 
announcement. 

When team members had to specify more than 1500 
electronic components and mechanisms 
for the system ... EDN was there. 

And when design engineers were 
challenged by difficult design 
problems ... EDN was there. 

And when the GenRad team 
needed to keep a close watch 
on the progress of the competi
tion . . . EON was there. 

The facts are, more 
engineers and engineering 
managers in the electronic 
OEM read and prefer 
EDN magazine. And why 
not! EON provides infor
mation that is immediately 
applicable to the design and 
specifying functions of 
leading design teams like this 
one at GenRad. 

The HOT design teams in 
the electronics industry 
read the HOT design 
magazine. 

About EON ... EON combines pinpoint circulation to 
the engineers and engineering managers of the elec
tronic OEM with an editorial program that exactly 

matches their information requirements. 

EDN's tough qualification standards have built an 
audience of more than 113,000 designers like the 129 

who receive copies of EON at GenRad. 

Editorially, EON focuses on the state-of-the-art of 
applied technology and concentrates coverage on prac

tical engineering tools as well as the latest useful 
techniques and newest products available. 

Last year alone, EON published more 
than 1200 pages of technical features, 

more than 630 pages of new 
product reports, arid more 

than 330 pages of late
breaking industry news. 

The net result of this com
bination is clear leadership 

in readership and reader 
preference . . . with 

EON winning 27 of 
the most recent 34 

independent studies 
in the field. 

And EDN's growth in 
ad pages echoes the 

growing awareness of 
its superiority by 

leading marketers to 
electronics. 

See EDN at the 
ATE Seminar/Exhibit 

Boston, June 9-11 
Booth 206 

EDN 
The HOT Design Magazine 

CAHNERS PUBLISHING COMPANY 221 COLUMBUS AVENUE, BOSTON, MA 02116 TEL: 617-536-7780 



New Products 

COMPUTERS 
& PERIPHERALS 

through the user's loudspeaker. 
The system can also furnish a 
software-generated display of 
phonetic codes, storable in the 
host's memory. $345. Votrax, 
500 Stephenson Hwy, Troy, Ml 
48084. Phone (313) 588-0341 . 

Circle No 262 

PRINTERS. Letter-quality char
acter printers, the seven units in 
the Spinwriter 7700 Series 
operate to 55 cps, use 27% 
fewer parts than their 5500 
Series predecessors and utilize 
digital head-position ing tech
niques. MTBF is estimated at 
> 2500 hrs. Key features include 
dual-pressure roller assembly 
and 3-roller bail ; a variety of 

user-installable forms-handling 
options, 115/230V ac universal 
power supplies and enhanced 
diagnostic self test. Terminal 
models furnish an optional 
word-processing feature that 
permits creation of graphs, plots 
and bold-face printing. OEM 
units , from $1254 ; terminal 
models , from $2170 (100) . 
Delivery, 30 to 60 days ARO. 
NEC Information Systems Inc, 
5 Militia Dr, Lexington, MA 
02173. Phone (617) 862-3120. 

Circle No 263 

GRAPHICS SOFTWARE. For 
the manufacturer's HP 1000 
family of real-time computers , 
GRAPHICS/1000-11 software in
cludes two packages: a device
independent Graphics Library 
(DGL) and an Advanced Graph
ics Package-3D (AGP-3). Re
quiring minimal space, DGL is a 
2-dimensional package permit
ting the use of different graphics 
peripherals , controlled by a 
common set of commands 
without programming changes. 
Requiring DGL for operation, 
AGP-3 is a 3-dimensional 
package providing interactive 
communication with graphics 
peripherals. Based upon the 
CORE Graphics System of the 
ACM SIGGRAPH Graphics 
Standard Planning Committee, 
the software suits applications 
involving data-display charts, 



r,~OOl150/200l300 Amps AC .... 
6/15140/100/300 Amos AC 
150/300/600 Volts AC .... 
6115140/100/300 Amos AC 
150/300/600 Volts AC 
250 Mid-Scale 
IPR.-cL 
6/15/40/100/300 Amps AC 
150/300/600 Volts AC 
250 Mid-Scale 
EXP-318 
6/15/401100/300 Amps AC 
100-150/200-300/400-600 Volts AC 
250 Mid-Scale 
SPR-311 
1. 5/5115/50/150 Amps AC 
150/300/600 Volts AC 
250 Mid-Scale 

THE AWS SNAP l's 
no11 A FlllOUS 

FAlllLY OF 
INSTBUllEITS 

Meet theAWSSnap8family. It's 
made up of six different models 
and each is specifically de
signed to handle a variety of job 

does it all. It can also read to 600 
Volts AC and has a 250 mid
scale. Other AWS Snap S's are 
available for measurements as 

:y:;.: 

requirements. We know there's one that can 
handle yours. 

Take the SPR-300 for example. Grand-daddy of 
the Snap 8 series and still undisputed leader in 
Snap-Around versatility. The "300" equips you 
for all of your daily troubleshooting needs. From 
testing low current (6 Amps AC FS) to servicing 
, big systems drawing 300 Amps AC. the SPR-300 

low as 1.5 Amps AC FS and have expanded 
voltage ranges for even greater accuracy. 

To get the whole picture on the entire family of 
AWS instruments, call your distributor today or 
contact A. W. Sperry Instruments Inc., 
245 Marcus Blvd., Hauppauge, N.Y. 11787, 
800-645-5398 Toll-Free (N.Y .• Hawaii, Alaska 
call collect 516-231-7050). 

Jl.W. 8~ RY INSTRUMENTS INC. 
The Measurable Advantage. CIRCLE NO 137 



Over-design costs money. With 
Led ex tubular solenoids you can 
count on the complete perform
ance characteristics supplied in 
the catalog and technical data 
sheets-fully documented. 
Push or pull : 

.005" to 1.250" 
Force options: 

3 oz. to 20 lbs. 
Dynamic response: 

as fast as 2 ms. 
We've never tried to make the 

lowest cost solenoids-just the 
most reliable because that 
assures your product of better 
quality and lower maintenance ... 
THAT'S VALUE' 

21 standard models in stock 
for prototype work . We also 
custom design , build proto
types , and manufacture to your 
exact requ irements . Write for 
complete catalog . 

Ledex Inc , P.O. Box 427, 
Vandalia , Ohio 45377. 
Phone 513-898-3621. 

-~ 
L:i:DEX 

I / ® \·------· 
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I New Products I 

COMPUTERS 
& PERIPHERALS 

dynamic display graphics for 
monitoring process-control sys
tems and interactive design 
graphics for computer-aided 
drafting, mapping and design. 
DGL, $2000; AGP-3, $4000. 
Hewlett-Packard Co, 1507 
Page Mill Rd, Palo Alto, CA 
94304 . Phone local off ice . 

Circle No 264 

COMPUTER SYSTEM. A CP/M 
system based on the Mostek/ 
Pro-Log STD Bus µC family, 
XMBOO combines a 16-slot card 
cage plus terminal mother board, 
5-output power supply (linear or 
switching) and dual 8-in. floppy
disk drives in an 11 x 17.5x 22-
in. enclosure. A wide range of 
peripheral and 1/0 cards is 
available; double Eurocard and 
Multibus versions will be avail
able later this year. $3995 for 
system including five STD Bus 
cards, 64k dynamic RAM, dual 
disk drives and CP/M 2.2 ; 
without drives, software and 
cards, $995. Xitex Corp, 9861 
Chartwell Dr, Dallas, TX 75243. 
Phone (214) 349-2490. 

Circle No 265 

MICROCOMPUTER SYSTEM. 
Software compatible with all 
DEC PDP-8 minicomputers and 
VT-78 DECstation equipment, 
the 4-MHz PCM-12 employs a 
binary instruction set identical to 
the PDP-B's and provides a 
64k-word memory capacity. The 
mainframe sports an all
aluminum cabinet, tilt-up card 
cage with 18-card capacity, 
heavy-duty linear power supply 
and built-in pushbutton-activated 
bootstraps for both RX01 (sin
gle-density) and RX02 (double
density) floppy disks, RK05-type 
hard disk, TU-58 DECtape and 

SIEMENS 

Specify Siemens 
at these distributors. 
ALABAMA: Hall-Merk, Huntsville (205) 837-8700 
ARIZONA: Klarulff, Phoenix (602) 243-4101 ; G.S. Mai 
lhall, Tempe (602) 968-6181 
CALIFORNIA: Arrow, San Diego (714) 565-4800; Su 
nyvale (408) 745-6600; Bell, Sunnyvale (408) 734-8579 
Capacitor S.lea, Sunnyvale (408) 734-3020: Jaco 
Chatsworth (213) 998-2200; San Jose (408) 263-1100 
Klerulff, Los Angeles (213) 725-0325: Palo Alto (4151 

968-6292; San Diego (714) 278-2112; Tustin (71 41 
731-5711: G.S. MaraMll, Canoga Park(213)999-5001 : S 
Monte (213) 686-0141 : INine (714) 556-6400: San Diegl 
(714) 278-6350; Sunnyvale (408) 732-1100, Sh•llYI 
Chatsworth (213) 998-3333; Shelly·Neuman, San Dieg1 
(714)453-7133: Zaua, Anaheim (714) 632-6880; Santi 
Clara (408) 727-0714 
COLORADO: Arrow, Denver (303) 758-2100: Klerulft 
Denver (303) 371 -6500: G.S. Marshall, Arvada (303 
423-9670 
CONNECTICUT: Arrow, Wallingford (203) 265-7741 
G.S. Mlnhall, Wallingford (203) 265-7738 
FLORIDA: Arrow, Ft. Lauderdale (305) 776-7790; Palrr; 
Bay (305) 725-1480: Hall·Mark, Ft. Lauderdale (305) 
971-9280; Orlando (305) 855-4020: Hammond, Orlando 
(305) 849-6060; Klerulff, St. Petersburg (813) 576-1966! 
O.S. Merahall, Orlando (305) 859-1620 
GEORGIA: Arrow, Norcross ( 404) 449-8252 
ILUNOIS: Advent, Rosemont (312) 298-4210; Arr 
Schaumberg (312) 893-9420; Hell-Merk, Bensenville 
(312) 860-3800; Klerulff, Elk Grove Village (312) 640· 
0200; O.S. Merahall, Bensenville (312) 595-6622 
INDIANA: Advent, Indianapolis (317) 297-4910 
IOWA: Advent, Cedar Rapids (319) 363-0221 
KANSAS: Hell-Mark, Shawnee Mission (913) 888-4747 
MARYLAND: Arrow, Baltimore (301) 247-5200; Hall 
Merk, Baltimore (301 ) 796-9300; G.S. Marshall , 
Gatthersburg (301) 840-9450 
MASSACHUSETTS: Arrow, Woburn (617) 933-8130 
Klerulfl, Billerica (617) 667-8331 : G.S. Merahell, Newto 
(617) 965-5115; Zeus, Burlington (617) 273-0750 
MICHIGAN: Arrow, Ann Arbor (313) 971 -8220: Advent 
Farmington Hills (313) 477-1650 
MINNESOTA: Arrow, Edina (612) 830-1800; Hllll·Merk, 
Bloomington (612) 854-3187; G.S. Merahall, Plymout 
(612) 559-2211 
MISSOURI: Arrow, St. Louis (314) 567-6888; Hall-Me~ 
Earth City (314) 291-5350; G.S. Mer•hall, Gladstone 
(913) 648-6414 
NEW HAMPSHIRE: Arrow, Manchester (603) 668-6968 
NEW JERSEY: Arrow, Moorestown (609) 235-1900: 
Saddle Brook (201) 797-5800: Hall·Merk, Cherry Hill 
(609) 424-0880: Klarulfl, Fairfield (201) 575-6750 
NEW MEXICO: Arrow, Albuquerque (505) 243-4566 
NEW YORK: Arrow, Farmingdale (516) 694-6800: (516) 
293-6363; Hauppauge (516) 231-1000: Liverpool (315) 
652-1000; Rochester (716) 275-0300; Ronkonkoma (516} 
694-6800; ACI, Plainview (516) 293-6630: G.S. Mershall, 
Farmingdale (516) 293-4141 ; Zeu•, Elmsford (914) 
592-4120; Melville (516) 752-9551 
NORTH CAROLINA: Arrow, Winston Salem (919) 
725-8711 : Hall-Merk, Raleigh (919) 832-4465; Ham
mond, Greensboro (919) 275-6391 
OHIO: Arrow, CenteNille (513) 435-5563: Coton (216) 
248-3990; Reading (513) 761-5432; Hllll-Mark, Highland 
Heights (216) 473-2907: Worthington (614) 846-1 882; 
O.S. Mar•hall, Dayton (513) 236-8088; Mlcro·Mll, 
Dayton (513) 434-8231 
OKLAHOMA: Hell-Mark, Tulsa (918) 835-8458 
OREGON: Klerulff, Portland (503) 641-9150 
PENNSYLVANIA: Advecom, Duquesne (412) 469-2601 : 
McKean (814) 476-7774; Arrow, Pittsburgh (412) 
856-7000: G.S. Merahall, King of Prussia (215) 337-3330 
SOUTH CAROLINA: H1mmond, Greenville (803.} 
233-4121 " 
TDAS: Ar'lflW, Dallllll (214t 386-7500; Stafford (713 
491-4100; G.S. ll#llNlll, DalliiS (214) 233.:S200· Hou 
(713j 777-0358: tfall-Marlc, Austin (&12) 258·8848· 
~~1~A~J1l.~?:'c~~11 ; Houston (713) 1ai-6100,· _ 
UTAH: Klerulff, Salt Lake City (801) 973-6913 
WASHIN010N: Arrow, Tukwila (206) 643-4800; Klarulff, -
~~~~:f~206) 575-4420; G.S. Merahall, Tukwila (206) 

WISCONSIN: Arrow, Oak Creek (414) 764-6600: Hell
llerk, Oak Creek (414) 761-3000: Klarulff, Waukesha 
(414) 784-8160 



SIEM.ENS 

Siemens Zener Diodes. 
World's Finest Quality. Made in Arizona. 
For over a decade, Siemens has been noted for the 
most reliable zener diodes on the market-offering 
Hi-Rel and MIL-Spec components designed to 
support your equipment under the most difficult 
conditions. Siemens reputation for highest-quality 
zeners has been built through state-of-the-art 
semiconductor technology in manufacturing, 
testing and documentation procedures. 

Each and every Siemens device is 100% tested for 
zener voltage, impedance, knee impedance, 

reverse leakage, and forward voltage. Internal 
microscopic inspection, high temperature storage, 
temperature cycling, acceleration are just a few of 
the extensive preconditioning and test methods 
applied to assure quality far superior to industry 
standards. 

It all helps explain why Siemens zener diodes were 
selected for so many space and military programs. 
Among them: Voyager, Pioneer/Venus, Comsat, 
Trident, Poseidon, AWACS, Polaris, and Telsat. 

And Siemens' broad commercial line offers one 
source for virtually all zener diode needs-from 
250 mW devices up through 50 W devices. Specific 
family types within these lines range from 1.8V 
through 200V. All designed, manufactured, and 
100% tested to provide highest-quality support to 
your end product. 

For further information, return the coupon to 
Siemens Corporation, Components Group, lselin, NJ. 

SpAcifv s;emens and be secure. 
CIRCLE NO 139 
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I New Products I 

COMPUTERS 
& PERIPHERALS 
paper tape. Optional plug-in 
modules include seven memo
ries, four serial or parallel 1/0 
modules, floppy- and hard-disk 
controllers and paper-tape, au
dio-cassette and printer interfac
es. $815 (10); plug-in modules, 
$200 to $300. PC/M Inc, 6800 
Sierra Ct, Dublin, CA 94566. 
Phone (415) 829-8700. TWX 
910-389-6890. Circle No 266 

MODEM. A 300/1200-bps unit, 
Model 212 furnishes full- or 
halt-duplex transmission and 
reception over 2-wire dial-up 
networks or 2-wire leased or 
private-l ine systems. At 0 to 300 
bps, it operates in binary FSK 
format and is compatible with 
Bell 100 modems or acoustic 
couplers. The 1200-bps mode 
uses a DPSK character
asynchronous or bit-synchro
nous format; at 1200 bps, the 
unit is compatible with Bell 212A 
modems. Answer and Originate 
buttons on the front panel allow 
switching from data to voice and 
back to data communications 
without rel inquishing the phone 
li ne. Other features include 
unrestricted use with Key-Phone 
systems, seven test modes, 
optically isolated DAA and 
test-pattern generator/analyzer. 
$795 for stand-alone unit ; $695 
for rack-mounting card. Delivery, 
30 to 45 days ARO. Datec Inc, 
300 E Main St, Carrboro, NC 
27510. Phone {9ll:1J l:128-z1;:.i;:.i. 

Circle No 267 
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"With my group 
your nickel buys 86 years of 
PC experience-every time:' 

"For 10 years my group has had just one 
objective: to answer customer questions the first 
time they call. 

"You could say that with 86 years of experience 
in the 'front end' of my group we ought to have all 
the answers. But the reason we can goes far 
deeper than that. 

"My group is totally organized to make sure we 
can do business on your nickel. You won 't have to 
wait for us to call you back with an answer. 
"We've got full control ... 

"Last year our group made 97% of our sh ip
ments on time. An average we maintain consis
tently, year after year. 

"We can do it because each product group at 
Photocircuits Glen Cove has its own manufac
turing organization dedicated to the needs of its 
customers. We literally control our own produc
tion . Our groups are kept small , so that we know 
exactly what our customers need. And we each 
have our own production capability to do it. 
No wonder we can give answers the first time 
you call. 
"Delivery date changes are not kept secret... 

"With· this kind of control, we never find out on 
shipping day that the plant had a problem weeks 
ago. If it affects the customer, my group lets the 
customer know the same day. 
"Tooling right-right from the start ... 

"If our 86 years of experience have taught us 
one thing ,' it's that a job that starts right, runs right. 

"The way Photocircuits tools up makes sure a job 
runs right the first time. As soon as we get your 
blueprints, art masters and specifications, we 
analyze them for possible problems that could 
cause delays later on. 

"When you realize that my group tools at least 
one new job a day, and our deliveries run so well , 
you can be sure we're tooling right - right from 
the start. 

"Recently, for a new customer requiring qualifi
::;ation samples, Photocircuits was the only vendor 
:hat met specs the first time. 
'Less than 1% returns ... . 0 

"Ind~~- ovQr~ll, my group runs with less than 1 % 

Warren Wagner, Product Group Manager, center, with 29 years of 
experience, flanked by his group: Nick DeJesu (17 years), Barbara 
Poit ( 14 years) and at right, Gene Knecht (26 years). 

returns. Since much of our product is made for 
te lecommunications, a market place with strin
gent demands on quality, you know there is no 
compromise in customer requirements." 
The complete Photocircuits Glen Cove story. 

Warren Wagner's product group is just one of 
four Photocircuits teams, all specialists in two
sided PTH boards, delivering quality and service. 
Our new brochure describes our complete manu
factu ring capability and product group structure. 

For this brochure and the name of our sales 
representative in your area, write Photocircuits 
Glen Cove, New York 11542. Or call (516) 448-1059. 
A division of Kollmorgen Corporation. 

Photocircuits 
Glen Cove 

!::DN JUNE 10, 1981 
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New Products COMPUTER-SYSTEM SUBASSEMBLIES 

Speech-synthesizer board 
enlivens computer output 
If you want your computer to do 
some fast-or even slow
talking, connect it to the Speech 
1000 board. Incorporating a 
linear-predictive-coding system, 
the board stores approximately 
200 sec of speech at a 2200-bps 
encoding rate or 300 sec at 
slower rates . The resulting 
digitized speech sounds nearly 
as natural as the original, 
according to the manufacturer. 

You can use the available 
458k-bit memory to store any 
number of words, phrases or 
sentences. The board also comes 
with seven 28-pin memory
device sockets. 

Featuring large vocabulary capacity, 
high-fidelity speech and 3-way interfac
ing, the Speech 1000 synthesizer board 
allows computers to generate recorded 
voice responses. 

Depending on vocabulary 
size, you can choose standard 
16k-, 32k- or 64k-byte EPROMs, 
ROMs or RAMs. Customized 
vocabularies, however, with 
individualized voice type, dia-

Commercial counters 
with 

military precision 
Rugged, reliable, continuous 
events counters. Non-volatile, 
non-resettable. Microminiature 
in size; less .than 11:!" drum di
ameter. Low power consump
tion with various AC or DC 
operations. Use these micro
miniature counters where 
space is at a premium and re
liability is a must. We'll adapt to 

your needs-you name it 

lect, foreign language or inflec
tion cost $50 per word. 

The Speech 1000 provides 
3-way interfacing via an RS-
232C serial port, a TTL parallel 
port or a plug-in Multibus 
interface. A simple command 
protocol permits the host to 
download a sequence of com
mands and word pointers that 
specify and enunciate the re
corded message, freeing the 
host from constantly servicing 
interrupts or polls. $1200. 

Telesensory Speech Sys
tems, 3408 Hillview Ave, Palo 
Alto, CA 94304. Phone (415) 
856-TALK. Circle No 268 

Write or call for free 
12-page Events 

Counter Catalog. ... or your money back. 

CIRCLE NO 142 

If your computer s.ystem makes random errors it's a good chance 
that power line noise 1s the culprit. And if power line noise is your 
problem, we'll take the good chance that Xentek's Extreme lsolatio 
Transformer will solve it. 

You 'll find up to 160dB common mode noise re· t' 'th 
interwinding capacitance choice of 0.001 jeC 1on ~I an 
both versions is a high 97% in r-\· or 0.0001 pF. E ciency or , ..... ln9~ o\ ..._ 2.... .. 

Call Chuck Henry at (714) 744-3346 for 'th . .,"" ~ .... ...., ,_, , . 
your noise problem. We'll put our t f e low cost solution lo 

Xerlt;k 
279 South Pacific St., San Marcos CA 92069 TW 

' X: 910-322-115 
CIRCLE NO 143 

EDN JUNE 10, 198 





234 

Measure pulsed and CW electric 
fields accurately, easily 
and economically 
The EFS-2 E-Field Sensor measures electric fields from 1 to 300 
volts/meter, pulse or CW, in a frequency range of 10KHz to 220 
MHz. A companion model, the EFS-3 also offers monopulse 
capability; the EFS-3 can operate on a single pulse as narrow as 1 
usec. No tuning or bandswitching is required. Self-contained and 
powered by rechargeable batteries, the unit is physically small, 
thus has only negligible effect on the field. Accessories 
are available for remote readout or control, induding fiber 
optic data link. Write for com
plete data on the EFS-2 and 
EFS-3. These low cost instru
ments offer maximum versa
tility and accuracy for measur
ing and monitoring electric 
fields. 

ti&\ illstfUlllCHlb for iqdultnJ. iqc. 
~ 151 Toledo Street. Farmingdale, N.Y. 11735 

516-694-1414 Cable: Electronic Hallandale, Fla. Telex: 51-43-32 

CIRCLE NO 145 

Flat Woven Cable 
Terminated To Your Requirements 

You get guaranteed plug-in reliability plus reduced in-plant labor 
costs. And you specify your requirements - terminated or unterminated. 
With or without breakouts . Twisted pair or single component constructions. 
Or even combinations. 
You can get flat woven cable from Electroweave .... anyway you want it. 

CIRCLE NO 146 
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COMPUTER-SYSTEM 
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MEMORY BOARD. A 16k-word 
add-in CMOS unit for the DEC 
LSl-11 backplane , the dual
height Model 1816CMOS uses 
450-nsec memory chips, pro
vides NiCd-battery backup and 
includes a recharger. Although 
maximum retention time is a 
function of battery voltage and 
temperature, the worst-case fig
ure equals 64 hrs. The card 
decodes an 18-bit address and 
allows 16k words to start on any 
4k boundary. Switches, accessi
ble when the board is plugged in, 
permit write protection of any 
4k-word block . $1995 ; de
populated 8k version, $1795. 
Delivery, 60 days ARO. ADAC 
Corp, 70 Tower Office Park, 
Woburn , MA 01801. Phone 
(617) 935-6668. TLX 949329. 

Circle No 269 

µC BOARD. Providing sockets 
for 8k to 32k bytes or ROM and 
EPROM and 64k bytes of 
dynamic RAM, the 4-MHz Z80 
MCPU-800 STD Bus card re
quires no Wait states when used 
with the on-board RAM and 
350-nsec-access-time ROMs 
16k blocks of RAM and ROM 
c~n be selectively enabled or 
disabled by software via a 
memory-map port and its asso
ciated bipolar PROM. A com-

EDN JUNE 10, 198 





• 
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
perience 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
formers, Inc., 800 Beechtree, 
Grand Haven, Michigan, 49417. 
Or call 616-842-5430. 

/ SRR#ll/ 
*#UiZZVtZtiWZMZ#mM 
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COMPUTER-SYSTEM 
SUBASSEMBLIES 

pletely programmable serial port 
furnishes software-controlled bit 
rates of 30 to 56k baud ; eightbits 
for modem or terminal control ; 
and even, odd or no parity-bit 
generation. The 8255A parallel 
interface can be configured as 
24 1/0 bits, two 8-bit ports with 
handshaking or a bidirectional 
bus interface with handshaking. 
$1175 with 64k bytes of RAM; 
16k-byte version, from $675. 
Miller Technology, 16930 Shel
don Rd, Los Gatos, CA 95030. 
Phone (408) 395-2999 . 

Circle No 270 

µC SYSTEM. Featuring 48k 
max of RAM, 32k max of ROM or 
EPROM and system address 
expansion to 131 k bytes, the 
Aim-65/40 system consists of 
four modules: an R6502-based 
single-board computer with on
board expansion to 64k bytes of 
memory, a printer with full
graphics 280 x n dot-matrix and 
40-column alphanumeric modes, 
a 40-character alphanumeric 
display and a full-ASCII-set 
keyboard with user-assignable 
function keys. 6-level priority
interrupt logic and six 16-bit 
multimode timers are provided, 
as is an RS-232C asynchro
nous-communications interface 
channel with programmable data 
rates to 19,200 baud, a 20-mA 
current-loop interface and dual 
audio-cassette interfaces. Two 
user-definable 8-bit parallel 

ports with handshake control 
and an 8-bit serial shift register 
are included. Three additional 
programmable 8-bit parallel 
ports interface to keyboards , 
displays and printer modules. 
$1795 for system with ROM
resident software; µC module, 
$1195. Delivery, 90 days ARO. 
Rockwell International , Box 
3669 , Anaheim , CA 92803 . 
Phone (714) 632-2321. 

Circle No 271 

1/0 MODULE. Linking a variety 
of monitoring and control devic
es to any computer using 
RS-232C (or RS-423) lines , 
Model SL-BOOM furnishes eight 
analog inputs (12-bit resolution) , 
digital inputs and digital outputs 
and a 115/230V ac power 
supply . Opt ions include two 
analog outputs (12-bit resolu
tion) and differential analog 
inputs. With the RS-423 commu
nications interface, the 9x 12-in. 
board can be located as far as 
4000 ft from the host; as many 
as 96 units can be daisy chained 
on the same serial line. You can 
program the module in any 
high-level language or in assem
bly language. From $995 (100). 
Serial Lab Products Inc, Box 
766, Marlboro , MA 01752. 
Phone (617) 481-1684. 

Circle No 272 

DISK CONTROLLERS. The 
iSBC 215 for Winchester disks 
and the iSBC 220 for storage
module drives utilize their manu

facturer's 8089 1/0 processor for 
DMA and controller intelligence. 
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It 
totally 

ers more power than any other 
maintenance-free battery in the world. 

For emergency lighting systems, UPS systems 
or anything requiring reliable, stand by power, the 
new CF6V50 is the optimum power source. 

Instead of retying on several smaller batteries 
arranged in series, one CF6V50 does it all .. . 
including delivery of 100% capacity on the critical 

first cycle. 
Moreover, the CF6V50 is just one of over 40 

Carefree® batteries. They're the maintenance-free 
rechargeables that fit more space ~nd power 
requirements than any other batteries in the 
world . . . from the 6VV2"H to the 6V50AH. 

Nominal Capacity @ 68° F 
20 Hour Rate ( 2.5 amperes to 5.25 volts) 50 ampere hours 
1 O Hour Rate ( 4.5 amperes to 5.1 O volts) 45 ampere hours 

5 Hour Rate ( 8.0 amperes to 4.95 volts) 40 ampere hours 
1Y2 Hour Rate (18.0 amperes to 5.25 volts) 27 ampere hours 

1 Hour Rate (26.0 amperes to 4.50 volts) 26 ampere hours 

Physical Size(± .05 Inches): 
Length ...... . . ..... . .. . ... Cover 7.42 Base 7.24 inches 
Width ..... . . .. ...... .. . .. . Cover 4.51 Base 4.40 inches 
Height ... .. .......... ... ....... . ... . .... . ... 7 .42 inches 
Height (including terminal) ... . ..... ....... . ... 8.32 inches 
Volume (excluding terminals) .....• . . .. . .. 237 cubic inches 
Weight . . . . . . . . . . . . . . . . . . . . ..•....... . ..... 21 .5 pounds 

Carefree® 
CIRCLE NO 149 

gle-Picher Industries, Inc. 
Commercial Products Department P.O. Box 130, Seneca, MO 64865 (417) 776-2256 TWX 910-774-4533 

@E.agle-Pieher Industries, Inc. Carefree9 is lhe registered trademark of Eagle·Plche• Industries. Inc. 



New Products 

COMPUTER-SYSTEM 
SUBASSEMBLIES 

Programming is simplified 
through use of memory-based 
parameter blocks that permit 
multiple-disk operations using 
linked-list techniques. The iSBC 
215 accommodates as many as 
four 8- or 14-in. 4.5M- to 
26. 7M-byte (formatted) Win
chester drives from various 
manufacturers, handles > 1 OOM 
bytes of storage, provides 4M 
bytes max of optional backup 
storage on a removable medium 
and conforms to the proposed 
X3T9.3 ANSI standard interface. 
The iSBC 220 interfaces as 
many as four SMD-compatible 
drives, providing 12M to 2.4G 
bytes of storage. The iSBX 218 
Multimodule board and iSBC 
208 Multibus board control as 

many as four single- or double
density, single- or double-sided 
8- and 5V4-in . diskette drives. 
iSBC 215, $2000; iSBC 220, 
$2500; iSBX 218, $540; iSBC 
208, $1065. Intel Corp, 5200 NE 
Elam Young Parkway, Hillsboro, 
OR 97123. Phone (503) 640-
7147. Circle No 273 

bytes) and -SK (8k bytes) feature 
a software-programmable write
protect window permitt ing 
changes in parts of the program 
or selected data without risk of 
accidentally writing over protect
ed data. When a pow.er drop is 
detected, the boards generate 
an interrupt, enabling the bat
tery-backup system to store data 
before the main power supply 
fails. Providing 250-nsec access 
time, the units run in 4-MHz 
systems with no Wait states. 
Other features include 8- or 
16-bit data transfers and extend
ed memory addressing through 
24-bit address lines. $1095 for 
CMEM-32K; $895 for CMEM-
16K; $695 for CMEM-8K. Dual 
Systems Control Corp, 1825 
Eastshore Hwy, Berkeley, CA 
94710. Phone (415) 549-3854. 

MEMORY MODULES. For S-
100-bus systems, the CMOS 
RAM Models CMEM-32K (32k 
bytes of memory), -16K (16k Circle No 274 

Quallty Sockets For 
Burn-In & Productlonl 
Quality . .. superio; quality ... has made Wells the world's leading 
producer of burn-m/test sockets. This quality is found in all of 
our products .. . in our selectively plated, compact "Mid-Rise" our 
Series 614 isolation sockets, our durable, long life "Hi-Rise" 
sockets, and in our sockets for leadless chip carriers and T0-5 
devices. That same quality is built into our production sockets 
.. . the Series 802 " Lo-Rise" for 
low cost applications, the "VIP" 
line of screw machine sockets that 
meet MIL Specs, and into our 
"top-of-the-line" 24- and 40-lead 
Series 504 zero-insertion-force 
sockets. When you need quality 
sockets, call Wells! 

FREE 1981 CATALOG 
36 pages of bum-in/test 
sockets, production sock
ets, IC contactors and 
carriers. Call 2191287-5941 
or telex 25-8325. 

TM 
Wells Electronics, Inc. 
1701 S. Main Street 
So. Bend, IN 46613, U.S.A. 

238 CIRCLE NO 150 

Portable 
Data Recording 
Plus ... 

with 
YEW's 
new 

< 

sa70 Datalogger 
Our 2543 Datalogger is much more than a small portable 
recorder. With its bu ilt-in 31/z dig it A-0 converter, it covers 
DC voltage ranges from 20mV to 100V with input scaling 
con~rolle~ by a.10-turn vernier so data is printed in correct 
engineering units. A selectable decimal point and ov 250 
captions greatly in<?rease flexibility. Print period is .;~ 
manual. or automatic at 3 seconds, 1, 1 o or 30 mi nu~~ 1~f er
vals.- Pn~tout ~how~ accumulative elapsed time, 31/z dig it 
engineering units, with selected caption. Accuracy is + 015 '71 
of rdg, + 0. ~ % of ra~ge. Battery life is approximately · 0 

100 hrs. whi le .an optional AC power pack is also av .1 bl 
If you have instrumentation applicatio 5 th t a! a e. 

accurate easy-to-use and ext 1 . a require an 
sider YE'N's new Datalogger. ~'nt~~ fie le recorder, con
Yokogawa Corporation of America 2°0 ~lete details to 
doah, Georgia 30265, or call 404_253.lcW. oad, Shenan-

[YEWJ~~~ 
OF AMERICA.._.. 

CIRCLE NO 151 
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Other Series 75-SL 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 

~D JUNE 10, 1981 
CIRCLE NO 152 

It's what's 
up front 
Cand in backl 
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 
for rectangular bezel switches. 

International approvals include 
U/ L, CSA, 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 , 
P.O. Box 427, 
Vandalia, Ohio 45377. U.SA 
Telephone 513-898-3621 
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New Products 

COMPUTER-SYSTEM 
SUBASSEMBLIES 

MEMORY BOARD. Compatible 
with the Motorola Exorciser bus 
and Micromodules, the Pachy
derm uses 16k dynamic RAMs to 
furn ish 64k to 250k bytes of 
storage including parity. With 5 
or 12V battery-backup capabili
ty, a fully populated 256k system 
draws BW in Standby mode. A 
PROM implements fixed memo
ry mapping in increments of 2k 
for the lower 64k of memory. The 
transparent refresh system em
ploys a Cycle Salvaging circuit 
that utilizes unused memory 
cycles to implement refresh 
operations, reducing by two
thirds conventional cycle
stealing memory's refresh time, 
according to the company. From 
$795 for 64k x 9 version to $1980 

·for 256k x 9. Novex Inc, 19717 
Meredith Dr, Derwood , MD 
20855. Phone (301 ) 840-8575. 

Circle No 275 

SINGLE-BOARD COMPUTER. 
Featuring a 6802 8-bit µP and as 
much as Bk bytes of ROM or 
EPROM, Model SBC681 pro
vides expansion sockets for 
adding 1 k bytes to its 128 bytes 
of on-board RAM. Also included 
are a 6821 PIA and/or a 6522 
VIA. The VIA contains an 8-bit 
shift register and two program
mable 16-bit timers in addition to 

two parallel ports. On-board 
jumpers select processor
interrupt connections and ROM 
size; a crystal-controlled clock 
provides 1-MHz operation. The 
4.5x 6.5-in. board operates from 
a 5V regulated supply or from av 
with optional on-board regulator. 
$89.95 (100) . Delivery, stock to 
6 wks ARO. Industrial Micro
systems Inc, 189 Hitchcock Rd, 
Southington, CT 06489. Phone 
(203) 628-4844. Circle No 276 

ADD-IN MEMORY BOARDS. 
For LSl-11 /23 systems, MEM11-
128 and -64 use 64k dynamic 
RAMs to provide 256k 
(128k x 16) and 128k (64k x 16) 
of storage, respectively. The 
dual-width cards plug directly 
into the Q-bus backplane; their 
first and last addresses are 

NATIONAL INSTRUMENTS' NEW 488 BUS TESTER. 
RS-232 users, National Instru- the user to automatically transfer show you h 

men ts' new 488 Bus Tester gives data bytes between any standard ments' 48B Bw ~he Nation al lnstru-
you an f!~pre~s route to GPIB sys- RS-232 terminal and the GPIB. The where you w'::nt ~steber can get you 
tem veri fication . . speed of the transfer is determined 0 · In a hurry. 

Un til now, if you wanted to test by the baud rate selected on the 
your GPIB system functionality, RS-232 port. No matter what 
you had a tedious task on your your system's configuration , the 
hands. Bus Tester can handle it, thanks to 

But ~ational .Instru~ents' Bus designed-in flexibility. 
Tester i s changing things for the Interested in catching the 
better. The RS-232 110 port allows express? Contact us. today. We'll 

CIRCLE NO 153 
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Make your products "smarter" 
3,516 ways with GE panel meters. 

Nothing is more visible in your product than its 
::>anel meters. The right choice helps your product 
OOK and act "smarter" than the product of a 
:ompetitor. 

GE offers you 3,516 smart pane\ meter choices 
n standard catalog models alone. Distinctive BIG 
JJOK® or HOH\10N UNE~ styles in fo r sizes with 
'~ta-~d.e sc,a\es and bo\d, easy-to-read numerals. 
• . Edgewise instruments you can 
Sdgewi~ or Tht~ca\\y or horU.ontaUy. Dependable 
mount either ve Not and -jewel construction. Volt -
taut-band or P - · a wide range of sensi-
-neters and ammeters m 
. . . 1 time meters. frequenq meters. 
:ivit1es · · · P us ete and ac notor load 
meter re\a)'S and ?'Yrom rs. 

ind\cators. 

GE panel meters will give your products years 
of dependable performance. And they're easy to 
install. BIG LOOK. HORIZON LINE and edgewise 
panel meters are available in safely sealed acrylic 
covers that cannot be removed until the instrument 
is disconnected and removed from the panel. 

For complete details on how GE panel meters can 
add long-term " smarts" to your products. call your 
nearest GE sales office, modification center or GE 
distributor - The Quality Connection. Or write GE 
at Section 592-116, Schenectady, NY 12345. 

Instrument Products Operation 

GENERAL. ELECTRIC 
CIRCLE NO 154 



Made to order -
to OEM configurations. 
Chapman SM Bar: the state of the art, shockless micro. 
electrostatic eliminator that outperforms any shockless 
bar on the market today. Can be built for your equip
ment. for specific applications, to your specifications. 
Already proven in high speed computer printers. forms 
bursting equipment. decollators. sorters. copiers, and 
other paper handling applications. Avai lable with 
mounting studs. shielded cable. special connectors. 
and right angle cable. 

Large volume orders. custom OEM configurations. and 
quick turn-around time - a Chapman Corp. specialty. 

Call or wrHe for 
our new catalog. 

Chapman 
Corp. 
P.O. Box 427 
Portia nd. Maine 041 12 
U.S.A. -
(207) 773-4726 

CIRCLE NO 155 

I New Products I 
COMPUTER-SYSTEM 
SUBASSEMBLIES 

DIP-switch selectable in 1 k-word 
increments. DIP switches also 
permit enabling of memory in the 
4k-word 1/0 area in 1 k-word 
increments. Options include byte 
parity generation and error 
detection and 22-bit address 
recognition . MEM11-128, $2990 ; 
MEM11 -64, $2390 ; with parity 
opt ion , $3240 and $2540 , 
respectively. Andromeda Sys
tems Inc, 9000 Eton Ave , 
Canoga Park, CA 91304. Phone 
(213) 709-7600. TWX 910-494-
1248. Circle No 277 

D/S CONVERTERS. 81670 
Series synchro drivers accept 14 
bits of data into internal registers 
and position as many as three 
Size 11 torque receivers with 
±4' . accuracy. Switching the 
receivers through a 1 goo gteo. 
t~ey _are protected against short 
~~cc~; s and synchro-load mal-

. o . l ow-power TTL in 
registers permit th . pu 
P II e units to b 
. ara elled and multiplexed. A~ 
~n tegra l damping feature is 

tctuded. S71 S (small qty) 
ransmagnetics I . 

Adam Bl nc, 210 
s vd, Farmingdale NY 

11735. Phone (516) 293-3100. 

Circle No 2lB 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

Sprint 68 
Microcomputer 

SENSITIVE RELAYS 
olas Randllll Division makes reed re lays 
special instrument , control s_ystems and 

I. y \" "'' i'.no t>r>I> p Jc)vft>O o p er-
}ri~~~~ ~~ 'fnan 5rnilliwatt.signals. Jt has 
- ing capable of withstanding 3500VRMS 
Neen tne switcl"I and coil to meet telephone 
intefl ace rnQuirnrnents. 

Oouolas Randall DivJIGdde, Inc. 
11J~\i;i~·\l~ 

A new 1981 full-color, 360·page Handbook and Catalog 
of Thermometry covers OM EGA temperature measure
ment and control products . Color-illustrated guide 
details over 10,000 items. II features a full !ine of new 
hand-held digital thermometers, a special section on 
temperature data acquisition systems, and a new 
20-page section on industrial thermowells. Handbook 
section has many useful reference tables and impor
tant technical data. 

OMEGA Engineering, Inc. 
Box 4047 
Stamford , Ct . 06907 
Telephone 203·322·1666 

CIRCLE NO 158 

16 CHANNEL LOGIC 
COMPARITOR MODULE 
Model C16 compares 16 TIL level signals 
against user set DI P switches. Upon. a tr~e 
com parison, an acti ve low TIL output signal 1s 
produced and a LED is lit. The C16 can trace 
software execut ion , trigger a scope, halt a 
processor, etc. Multiple units can be cas
caded. Complete with test leads and case for 
$179. For further information , please cal l or 
write: 

Lane Digital 
P.O. Box 303 

Nipomo, CA 93444 
(213) 325-7155 

S Pawcatuc~ Ave ui2891 
pz-,..catuck, Connecticut C\'RC\.E NO 161 

Heurikon presents the MLZ-91A wi th 
Z80A CPU, floppy controller, winchester 
and streamer l/F, OMA, AM9511 math 
chip, GPIB 1/F, 32K/64K RAM with parity, 
2 ROM sockets, 2 RS232 ports (RS422/423 
option), 4 counter/timers, 20 bit Intel 
Multibus, Bi-directional bus l/F, memory 
mapping RAM, 1/0 map, user defined 
LEDS and dip switch positions, CP/M and 
M P/M operating systems. Heurikon 
Corporation, 3001 Latham Drive, Mad ison, 
Wisconsin 53713. (608) 271-8700. 

CIRCLE NO 159 

-
S-100 to IEEE·488 INTERFACE 

THE P&T-488 INTERFACE BOARD lets your 
S-100 computer be a talker, listener, or con
troller on the IEEE-488 instrumentation bus. 
Software packages allowing high level lan
guage access to the 488 bus are available for 
CP/M, CDOS, North Star DOS/BASIC, as well 
as for direct assembly language programming . 
Price of the P&T-488, assembled and tested 
with one of the software packages, 1s $450. 
Additional information is available from : 
PICKLES & TROUT, PO Box 1206, Goleta, 
CA 93116. Phone: (805) 685-4641. 

CIRCLE NO 162 
CJRCLE NO 160 

To advertise in Product Mart, call Joanne Dorio n, 212/949-4445 
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SELF-RETAINING, RIBBED CAGE JACKS 
only from CAMBI ON! Specially designed to 
retain mounting position in PC boards during 
wave soldering operations .. 025", .0301032 ", 
and .040 " sizes. Also unique 5-leaf contact , 
.143 " low-profile length in copper body. Gold , 
electrotin, or gold cage/tin body finishes. Ask 
for evaluation samples from over 100 Cambion 
distributors and get Catalog 800 today! 
CAMBRIDGE THERMIONIC CORPORATION, 
445 Concord Ave., Cambridge, MA 02238. Tel : 
(617) 491-5400 I TWX (710) 320-6399. 

CIRCLE NO 163 

12v DC PRINTER-40 COLUMN-IMPACT 
Extreme ly simple and rugged low cost dot-matrix 
impact line printer designed for portable , mobile and 
wide temperatures . Speeds to 120 LPM . Cassette 
ribbon. Multiple copy . PATENTED SOLENOIDS. Lim· 
ited graphics. The 12 volt controller has 96 char set 
and takes parallel or RS-232 inputs to 9600 baud. 
Mechanism rated from -20°C to + 60°C. DATA 
MACHINES INT'L, INC. (A Sub. of Telxon Corp.), 
Ghent Square, Bath , OH 44210. (216)-666-6789. 

CIRCLE NO 166 

We're 
High Voltag 
Interconnection 
Problem Solvers 

We design and manufacture 
sophisticated connecr.ors and 
cable a ssemblies for con tin· 
uous performance and relia
bility in e x treme industrial 
and military environments. 
Voltages to 200 KV Temps 
from -65 °C LO 200°C. Altitudes 
thru 70,000 ft. All corona
free Our QC systems exceed 
MIL-I-45208 and are 
approved by many aerospace 
prim e contract.ors 

We' ve solved hundreds of 
tough interconnection 
prob lems. Test us with yours 
Pictured 
1 E-2C (40 K V series1 
2 ALQ-131 1RMC ser1es1 
3 A WG-10 fJA seriesJ 
4 ALQ-94 RLA series 
5 ALQ-126 Sub-m1n1ature series 

• r. ' 
Call or wri[e: Dept. 178 

Rm WE 
ROWE~ 

Connectors • Cablr Assemblies • EJrctronic Products 
6225 Benore Road, Toledo. O H 43612. (419) 729-9761 
West Coast Office (415) 969-4831 or (213) 236-2070. · 

CIRCLE NO 170 

RACK MOUNT MULTIBUS™ CAGES 
Now you can assemble Multibus systems for rack 
mounting applications with a minimum of mechan
ical design effort. The 15.75" high units are avail
able with up to 26 card slots com plete with 
backplane and power supply connections. Multi
bus™ Intel Corporation. 
Contact ELECTRONIC SOLUTIONS, 5780 Chesa
peake Court, San Diego, CA (714) 292-0242. Outside 
California (800) 854-7086. 

CIRCLE NO 164 

GYRO STABILIZED, 3-AXIS ACCELEROM
ETER for precise acce leration measure
ments free from the disturbing element of 
earth 's gravity vector. Model SA09 has 
accelerometers on inner gimbal of a verti
cal (:lyro which is maintained with a ver
ticality within ± 0.2 ° of local gravity. 
Wirewound potentiometers provide con
tinuous pitch and roll outputs. Angular 
freedom of ± 85 ° pitch and 360 ° continu
ous roll. 3.13" x 10.0" long, 3.5 pounds. 
AC/DC. Humphrey, Inc., 9212 Balboa Ave., 
San Diego, CA 92123. (714) 565-6631 3-
AXIS ACCELEROMETER 

CIRCLE NO 168 

-
HIGH DENSITY COAX CONNECTOR 
Lerno 28899 series connectors offe• a 50 Ohm coax 
contact suitable for RG-174 and 2 s !;'la 'contacts all 
1n a comoact. high-quality package Oua · workman
sh ip and a matte chrome plated I n•s" :.mplement 
any htgh density front panel Tn1s connector is ex
pressly designed for front panel con nectors to active 
probes .contain ing IC 's and requiring a combination 
of coaxial and signal contacts. Le rno U.S A Inc s 
6626, Santa Rosa, CA 95406 ; 7071523-0600. · · ·· ox 

CIRCLE NO 171 

FAST RELIABLE DISCHARGE PRINTER 
DC-1606B/DC2106D prints 16 or 21 column 
alphanumerics in a 5 x 7 dot matrix format. 
It 's MTBF is 3.0 millions lines on 2.25" 
paper costing about 3/4 cent per foot. 
Just 3.8" H x 5.4" W x 5.5" D, it is as low 
as $120 in 100 quantity. Other printers 
with interface electronics available. 
HYCOM, 16841 Armstrong Avenue, Irvine, 
CA 92714 (714) 557-5252. 

CIRCLE NO 165 

A DRC breakthrough in encoder technology, 
incorporated into our new Series 560 Modular 
Optical Incremental Encoders, allows opera
tion at gaps of .03 " ± .02". Th is insensitivity 
to gap variations means fast , easy integration 
for vol ume production applications. These 
low-cost encoders are available in resolutions 
to 500 cycles/revolution with sinesoidal or 
TIL output. Get more information today. 

ENCODER DIVISION 1~ 
Dynamics Re~~!!,~~.9.e.r£~.~~~i~.~ ~ 

(617) 658-6100 TWX: (710) 347-0299 . 

CIRCLE NO 169 

Reach 113,169 
engineering manager! 

and electronic 
design engineers 

for only 

$450 f1X} 
$42S (7xJ 
$395 (13x} 

For mo · re information call· 
Joanne Dorian 21 21949_444~ 

CIRCLE NO 172 

244 To advertise in Product Mart, ca ll Joanne Dorian, 2121949·4445 

EDN JUNE 10, 1981 



(DAS 8000 SERIES) 
S ~000 ADAPTS TO ALMOST ANY INPUT SIGNAL 
ilRENTLY IN USE. 8000 se ries A / D data con
lers offer automatic or programmed gain se lec-
1 wi th 11 bi nary ra nges from ±10 millivol ts to 
J.24 vol ts full scale . In automatic rang ing mode, 
n ranges effecti vely provide system wi th a 
ary floating poi nt capability. The data word (12 
ary bits) is comb ined with the range data (4 
ary b its) for a 16 bit output word . Overall 
nam ic range: 132 db. PHOENIX DATA INC., 3384 

Osborn, Phoenix, AZ 85017. PH (602) 278-8528. 

CIRCLE NO 173 

DEVELOP 
MORE 

SALES LEADS 
AT 

LOW COST 
To advertise in Product Mart 

Call Joanne Dorian 
212/ 949-4445 

CIRCLE NO 176 

PROMOTE 
NEW 

LITERATURE 
AT 

LOW COST 
To advertise in Product Mart 

Call Joanne Dorian 
212/ 949-4445 

.., .... TELEDYNE 
PHU.BRICK 
4080 

•A°'~ U.S ..... 

FASTEST 12 BIT VOLTAGE D/A CONVERTERS. The 
4080 Series of 12 bit voltage output DACs are fully 
three times faster than nearest compet itor. 10V step 
settles to :!: 0.02% FSR ( :!: 2mV) in 250nsec max. True 
12 bit performers . Integral linearity error guaranteed 
less than :!: Y2 LSB. Monotonic ity guaranteed over 
entire operating temperature range. TIL compatible, 
standard 24 pin DIP, 6 output ranges, :!: 15V suppl ies. 
Power consumption - 900mW max. Uni ts avai lable for 
- 55 °C to :!: 125 °C operati on screened to 883. 
$229/100's. Prototype quantities available from stock. 

..,...TELEDYNE PHILBRICK 
Allied Drive at Route 128 

Dedham, Mass. 02026 
617-329·1600 

CIRCLE NO 174 

1/0 EXPANSION BOARD 
The SBS-520 1/0 Expansion Board with 72 
TTL 110 lines features high-speed operation, 
low-power consumption , diagnostic capabili ty 
and direct interface to many solid-state 1/0 
module systems. All 1/0 drivers, buffers and 
terminators are provided and burned- in as a 
system for 100 hours. 

Price (1-9) $365, (1 00's) $285 
Delivery: Stock to 30 days. 

CTN ELECTRONICS 
5085 West Fork Rd . 

Cincinnati , OH 45239 
Phone (606) 342-7200 

CIRCLE NO 177 

Reach 113,169 
engineering managers 

and electronic 
design engineers 

for only 

$450 (lx) 
$425 (7x) 
$395 (13x) 

For more information call: 
Joanne Dorian 212/ 949-4445 

..... ··--- ~-·--..... - . 
>X A ,. • ,; ~. '' ~ > < 
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INTERNATIONAL FUSE KITS 
International fuse kits conta in 18 different 
values of 5 x 20 mm fuses that comply wi th 
IEC 127, are SEM KO and BEAB approved, and 
satisfy all requirements of VD E, SEV and other 
in ternational test agencies . Two selections are 
available: one is composed of quick·act ing and 
the other of time-lag fuses. These kits are 
designed specifica l ly for R & D labs and 
maintenance and repair operations . Panel 
Components Corp., Box 6626, Santa Rosa, 
CA 95406; 707/523-0600. 

CIRCLE NO 175 

FAST 8048 BASED EPROM TESTER & DUPLI
CATOR screens margi nal or damaged EPROMs 
as they are programmed. Simply touch the 
AUTO PROG key and the UPP-2700 will TEST
PROGRAM -VERIFY and TEST sixteen 2708's 
in less than 130 seconds ! All EPROMs from 
2704's th ru 2732's may be both tested and 
programmed using plug-in fi rmware modules. 
Fi nd out why 3 out of 4 manufacturers who try 
it buy it. Cal l the OAE HOTLINE (213) 240-0080 
or TELEX 194773-0LIVER ADVANCED EN· 
GINEERING, INC .. 676 W. Wilson Ave., Glen
dale, CA 91 203. 

CIRCLE NO 178 
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AC DROPOUT SIMULATOR 
Model 1810 simulates line voltage 
dropouts that are fully adjustable 
from 0-500 cycles duration at 50/60 
Hz. Timing is controlled by a zero
synchronized preset counter and 
calibrated delay for op t imum accu
racy and resolut ion . Handles 15A 
loads at 125 Vac. Test power sup
plies, uP-based systems and other 
ac-operated equipment affected by 
power li ne disturbances. Powertrend 
Technology, 3139-G Los Feliz Drive, 
Thousand Oaks, CA 91362. (805) 496-
2945. 

CIRCLE NO 179 CIRCLE NO 180 CIRCLE NO 181 

To advertise in Product Mart, call Joanne Dorian, 212/949-4445 
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High-speed, high-power op amp 
directly drives video, audio systems 
Your first look at the 1461's 
14-pin DIP gives you a clue that 
this op amp is different: The 
package is all metal and has 
hold-down ears for heat-sink 
mounting. 

Employing a VMOS output 
stage, the hybrid device can 
deliver a ±30V output swing 
with ±600-mA max current into 
virtually any imaginable load
capacitive or inductive. It can 
function, for example, as a 
driver for CRT deflection yokes 
or complementary power
bipolar or FET audio-output 
stages. When driving a 100-µH 
yoke, it can achieve 2- to 3-µsec 
settling times for a 0.5A step. 

The 1461 runs rapidly and 
quietly with a gain-bandwidth 
product of 1 GHz typ and a 
unity-gain bandwidth of 15 MHz 
typ. When operating as a 
unity-gain follower (compensa
tion capacitance equals 30 pF), it 
furnishes a 150V/µsec typ slew 
rate; when running wide open, 
1200V/µsec is typical. 

Settling time is equally im
pressive: A 25V s_tep settles to 
0.1 % in 500 nsec (typ), and a lOV 
step reaches the same 0.1 % level 
in 400 nsec. 

Quiet operation is achieved by 
employing an FET input stage, 
providing typical noise specs of 
4.5 µ V p-p (0.1 to 100 Hz), 1.5 
µ V rms (100 Hz to 10 kHz) and 6 
µ V rms (10 kHz to 1 MHz). A 
bipolar stage between the input 
and power-output stages pro
vides the device's typical 115-dB 
open-loop gain. 

Two operating-temperature
range versions are available: 
The 1461 meets its specs over a 

Combining ± 30V, ± 600-mA output capability and 1-GHz gain-bandwidth product, 
Model 1461 op amp furnishes a typical input noise of 1.5 µ.V rms from 100 Hz to 10 
kHz. 

0 to 70°C span; the 1461-83 
(MIL-spec) device handles -55 
to + 125°C requirements. $129 to 
$147 (100). 

Teledyne Philbrick, Allied Dr 
at Rte 128, Dedham, MA 02026. 
Phone (617) 329-1600. 

Circle No 279 

NEXT TIME 
EDN 's June 24 issue will feature a 
Special Report on CMOS-envi
sioned by many industry experts 
as the premier processing tech
nology of the 1980s and now 
exploding into a variety of new 
product areas. Other highlights 
include articles on 

• Designing with current-mirror 
I Cs 

• Implementing a color-graph
ics processor 

• Using digital techniques in 
sfgnal-processing applica 
tions 

... and much more. Also look for 
Technology Update stories on 
CAD/CAM developments and laser 
technology, plus our regular 
Design Ideas, A Question of Law 
and µC Design Techniques depart
ments_ You can 't afford to miss 
this issue! 

EON: Everything Designers Need 
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Our trimmer 
capa~itor IJne keeps 
groW1ng bigger ".~-, 

by.getting 
smaller. ~~ 

Sprogue-Goodmon's trimmer copocitor with our gloss Pistoncaps." Filmtrims• 
line is growing. With sub-miniature cer- ceramic single turn, and Mica compres
omic and sapphire dielectric Pistoncap" sion lines. 
trimmer copocitors. The ceramics ore So the next time you need stondord 
os small os Jmm d iameter ond the or custom trimmer capacitors, coll us or 
sapphires hove very high Q at UHF your distributor ond osk for Sprogue· 
ond GHz frequencies. Goodman. The first ond lost nome for 

They're available off-the-shelf along trimmer copocitors. 

l-1~~,0~!;P!9!«!i!!r~!!!n~l•ctronlc1, Inc. 
- - 134 FULTON AVE., GAl\DEN CITY PAAK. N.'I'. 11040 • 5)6-746·1385 • TLX: 14-45J:l 

CIRCLE NO 183 

~ .. electrocube capacitors 
MYLAR* 

... Performance In a Nutshell 
If you want your capacitor performance in a 
small package, look into Electrocube's 
Series 200 Mylar and Mylar/Foil capacitor 
lines. Capacitance ranges of 0.001 thru 100 
mfd and voltages of 35 voe to 600 voe are 
offered, in hundreds of wrap-and-fill and 
epoxy models, in both axial and radial lead 
versions. Get complete information today 
on how you can crack the size barrier. 
*TM DuPont 

Electrocube, 1710 So. Del Mar Ave., San Gabriel, CA 91776 (213) 573-3300 

CIRCLE NO 184 

I New Products I 
ICs & SEMI
CONDUCTORS 

POWER DARLINGTONS. Fea
turing collector currents of 2A 
continuous and 4A pk and VcEo 
and Vcso ratings of 400V and 
500V min, respectively, PD-4 
npn power Darlingtons provide a 
de current gain (hFE) of 200, 
V cE(SATl of 1 .20V at 1 A and 
typical switching speed of 2 
µsec. Operating and storage 
temperatures span -50 to 
+ 150°C. The 100x 150-mil mon
olithic chips are gold backed for 
eutectic mounting with aluminum 
pads on top for wire bonding. 
From $4.05 (100). Delivery, 6 to 
8 wks ARO. Dionics Inc, 65 
Rushmore St, Westbury, NY 
11590. Phone (516) 997-7474. 

Circle No 280 

DAC. A 10-bit IC with sign
magnitude coding, DAC-210 pro
vides 1.5-µsec settling time and 
nonlinearity over full tempera
ture range as low as ± 0.075% 
FS. Containing an output amplifi
er , reference , logic-controlled 
polarity switch and ladder
network switches, it's directly 

EDN JUNE 10, 198 1 



In 1981, this symbol ... 
will identify 57 trade and public shows, domestic 
and international, organized and managed by 
Cahners Exposition Group, the largest professional 
management company of its kind in the world . 

They will range in diversity from such established 
events as the 36th annual National Hardware Show 
and the 25th Greater New York Auto Show to 
twelve new CEG shows-seven new international 
and five new domestic . . . in addition , CEG is the 
organizer of the largest group of electronics 
manufacturing exhibitions in the world. 

In total, the 57 CEG shows will represent 
approximately 3 million square feet of exhibit space, 
3Y2 million attendees, and over 10,000 exhibitor 
companies. 

An estimated $1 billion worth of products and 
services will be sold as a direct result of these 
shows. 

Corporate 
Headquarters 
New York: Boston: 

We recite these facts for two primary reasons: 

• To indicate the extraordinary impact of trade 
shows in the marketplace, with more than 5,000 
scheduled in the U.S. this year. 

• To emphasize that the key to the success of any 
show is professional management. 

Our pride in the CEG symbol is rooted in 
performance-our demonstrated ability in 
producing more effective results for existing trade 
shows, as well as creating new shows shaped to 
reflect the dynamic changes occuring in a given 
industry. 

Try us. We will welcome the opportunity to talk 
with you . 

And look for the CEG show symbol. It is the sign 
of professionals at work. 

Chicago: Los Angeles: CEG 
Cahners 
Exposition 
Group 

331 Madison Avenue 
New York, NY 1 0017 
Phone: 212/682-.4802 
Telex: 649400 CEG NY 

221 Columbus Avenue 
Boston, MA 02116 
Phone: 617/536-7780 
Telex: 940573 LPG BSN 

222 W. Adams Street 
Chicago, IL 60606 
Phone: 312/263-4866 
Telex: 256148 KIVER ORG CGO 

8687 Melrose Avenue 
Los Angeles, CA 90069 
Phone: 213/659-2050 
Telex: 194351 SHOWCOINT 

LONDON: 
171-185 Ewell Road 
Surbiton Surrey KT6 6AX England 
01-390-0281 
Telex: 929837 

EDN JUNE 10, 1981 

SINGAPORE: 
360 Orchard Road 
International Building 
D6A-4th Floor 
Singapore 9, 
235-9145 
Telex: RS25932 

OVERSEAS OFFICES 

HONG KONG: 
9F Flat "C" 
Wing Cheong Commercial Bldg. 
19-25 Jervois Street 
Hong Kong 
Telex: 62270 ISCM HX 

TOKYO: 
Kokyo Building 3F 
3-4-11 Uchikanda 
Chiyoda-ku, Tokyo 101 , Japan 
03-254-6041 
Telex: 27280 
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New Products 

ICs & SEMI
CONDUCTORS 

compatible with TTL and DTL 
and interfaces with CMOS 
devices. By applying an external 
reference signal to the reference 
input (instead of shorting the 
reference output to the reference 
input}, you can use the unit as a 
2-quadrant multiplier. Maximum 
zero-scale offset voltage over 
the full temperature range specs 
at ± 0.06% FS (for A and E 
versions) ; maximum bipolar full 
range voltage symmetry, 40 mV 
(for all except G versions) . $9.50 
to $66; DAC-210AX (- 55 to 
+ 125°C operation, ± 0.75% FS 
maximum nonlinearity), $55. 
Precision Monolithics Inc, 
1500 Space Park Dr, Santa 
Clara, CA 95050. Phone (408) 
246-9222. TWX 910-338-0528. 

Circle No 281 

SINGLE-CHIP µCs. Furnishing 
the same architecture and in
struction set as other TMS1000-
family µCs, units in the 
TMS2100 Series incorporate an 
8-bit AID converter, 8-bit interval 
timer , zero-crossing detector, 
software-programmable delayed 
interrupt, on-chip oscillator and 
bidirectional 1/0 port and suit 
industrial and appliance-control 
applications. 2k bytes of on-chip 
ROM and 512 bits of RAM are 
also provided. The TMS2100 
and -2170 feature a 4-bit input 
port, 4-bit bidirectional port, 
analog input and 8-bit output 
port. The TMS2100 has seven 

and the TMS2170 six individually 
addressed output latches. The 
TMS2300 and -2370 provide two 
4-bit input ports, a 4-bit bidirec
tional 1/0 port, two analog inputs 
and an 8-bit output port; the 
TMS2300 has 15 and the -2370 
14 individually addressed output 
latches . The TMS2170 and 
-2370 also furnish a high-voltage 
interface with pull-down to 
directly drive vacuum
fluorescent displays. $3.25 to 
$4.50 (OEM qty). Texas Instru
ments Inc, Box 202129, Dallas, 
TX 75220. Phone (214) 995-
6611 . Circle No 282 

CMOS ROM. MCM65516, or
ganized as 2048 bytes , is 
designed for use in multiplex bus 
systems. Operated at 5V, the -43 
version achieves an access time 
of 430 nsec; the -55, 550 nsec. 

Need a military power converter 
that combines high performance 
and high power density? Look at IMPROVE YOUR PRODUCT'S 

ENERGY EFFICIENCY the 

POWERMIL rM 
by 

CllUIL.YTY~ 

• On board EMI control designed to meet MlL std 461 
• Fast transient response 
• Broad DC input range: 18-40VDC, 50v 704B surge 
• 30 Watts of output power 
• 4 isolated outputs short circuit protected 
• 5V@2A, Tl5V@ 250mA, +24V@500mA 
• Efficiency @ 28V IN, typically 60% 
• Broad temp. range : -55°c to+ lOOOc Baseplate 
• TTl Compatable ON/ OFF Control 
• Rugged potted construction 
• Other outputs available 
• 115V AC 400 Hz 3~input module available 

Send for Technical Data Sheet. 

ANALYTYX has filled power conversion requirements for 
major space programs, so if you're looking for a military 
power converter, call us . 

"The power density experts" 

arnlL.YTY~ 
POWEi SUPPL! OIYISIOM 

One Executive Drive• Hudson, NH 03051 • ( 603) 880-3600 
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2000 15,00 JODOfl I 

a -. • 00 

Model 4612 microprocessor
controlled analyz~r tells you what you have to know if 
your product is to meet the energy-efficiency demands 
of today's marketplace. It tests the power consumption 
of virtually any electrical appliance or device, and its 
integrating capability lets you measure average usage 
over any desired period of time. It gives simultaneous 
readouts of true RMS amps, volts, watts, 
with typical accuracy better than .5 ~--.-",-.... -... - ,-" -
percent. Many other advanced fea- ~ 
tures . Request detailed brochure or cefl U1 toU·fr• M: 

I00"29-7144 
(•XCIPt .... York Slatel today. 

MAGTROL1 INC. 
70 GARDENVILLE PARKWAY WEST 
BUFFALO, NEW YORK 14224 716-668-5555 

CIRCLE NO 187 



For more 
information 

call these Bud 
Representatives 
AL Huntsville , Cartwright & Bean Co. 20"-R.10-1 !i40 
AZ Sco ttsdale, Summit Sales Co . 602-994-4587 
AR Memphis, TN , Cartwright & 

Bean Co . 901 -276-4442 
CA lngelwood, Jack Berman Co . 213-649-6111 
CA Santa Clara , David Ross Co . 408-988-8111 
CO Denver, Lindberg Co . 303-758-9033 
CT Needham, MA, Mullin Techn_ica1 

Sales. Inc . 617-444-4780 
DE Cherry Hill, N.J. Trinkle Sales, Inc . 609-795-4200 
DC Cherry Hil l, N .J . Trinkle Sales, Inc . 609-795-4200 
FL Ft. Lauderdale, Cartwright & 

Bean Co . 305-735-4900 
F-L Orlando , Cartwright & Bean Co. 305-422-4531 
GA Atlanta, Cartwright & Bean Co . 404-233-2939 
ID Denver, Co . Lindberg Co . 303-758-9033 
IL Chicago , Industrial 

Representat ives . Inc . 312-647-7755 
IL Maryland Heights, MO, PMA Corp . 314-569-1220 
IN Carmel , Rich Electronic 

Marketing , Inc. 317-844-8462 
IN Ft . Wayne, Rich Electronic 

Marketing , Inc. 219-432-5553 
IA Cedar Rapids, PMA Corp . 319-362-9177 
KS Overland Park , PMA Corp . 913-381 -0004 
ks Wichita, PMA Corp. 316-684-4141 
KY Louisville , Rich Electronic 

Marketing , 1nc . 502-239-2747 
LA Metarie, Cartwright & Bean Co . 504-835-6220 
ME Needham, MA, Mullin Technica l 

Sales, Inc . 617-444-4 780 
MD Cherry Hill, N.J . Tr inkle Sales, Inc . 609-795-4200 
MA Needham, Mullin Technical 

Sales, lnc . 617-444-4780 
Ml E. Detroit , Jack M . Thorpe Co. 313-779-6363 
MN Minnetonka, Gibb Electronic Sales 612-935-4600 
MS Jackson , Cartwrigh1 & Bean Co . 601-981 - 1170 
MO Maryland Heigh1s, PMA Corp . 314-569-1220 
MT Denver, Co . Lindberg Co. 303-758-9033 
NE Maryland Heights, MO, PMA Corp 314-569-1220 
NV Santa Clara , CA, David Ross Co . 408-988-8111 
NV Sco1tsdale, AZ, Summit Sales Co . 602-994-4587 
NH Needham, MA, Mullin Technical 

Sales, Inc. 617-444-4 780 
NJ Cherry Hi ll , Trinkle Sales, Inc . 609-795-4200 
NJ E. Rockaway , N .Y. W illgold 

Sales Corp . 516-764-4022 
NM Albuquerque, Lindberg Co . 505-881 -1006 
NY E. Rockaway, Wil lgold 

Sales Corp . 516-764-4022 
NY Rochester, Marchese, Marsey & 

Barden 716-544-4300 
NC Charlotte , Cartwright & Bean Co. 704-377-5673 
NC Raleigh , Cartwright & Bean Co . 919-781 -6560 
ND Minne1onka, MN, Gibb 

Electronic Sales 612-935-4600 
OH Cleveland, Marlow Assoc .. Inc . 216-991-6500 
OH Columbus, Marlow Assoc .. Inc. 614-885-7643 
OH Dayton , Marlow Assoc., Inc . 513-435-5673 
OK Dallas, TX , Erickson Sales, Inc. 214-739-5833 
OR Portland, Earl & Brown , Inc. 503-245-2283 
PA Cherry Hill , N .J . Trinkle Sales , Inc . 215-922-2080 
PA Pittsburgh , Marlow Assoc ., Inc. 412-831 -61 13 
RI Needham , MA, Mullin Technical 

Sales, Inc. 617-444-4 780 
SC Charlotte, N.C. Car1wright & 

Bean Co . 704-377-5673 
SD M innetonka , MN , Gibb 

Electron ic Sales 612-935-4600 
TN Knoxvi lle, Cartwright & Bean Co. 615-693-7450 
TN Memphis, Cartwright & Bean Co. 901-276-4442 
TX Austin , Erickson Sales , Inc . 512-327-5486 
TX Dallas, Erickson Sales, Inc . ~ 14-739-5833 
TX Houston . Erickson Sales, Inc. 713-498-2959 
UT Salt Lake City , Lindberg Co. 801-534- 1500 
VT Needham , MA, Mullin Technical 

Sales, Inc . 617-444-4 780 
VA Cherry Hill , N.J. Trinkle Sales, Inc . 609-795-4200 
WA Seatt le, Earl & Brown , Inc. 206-264-1 121 
WV Cleveland , OH, Marlow Assoc., Inc . 216-991 -6500 
W I Milwaukee, Industrial 

Representat ives. Inc . 414-259-0965 
W Y Denver, Co . Lindberg Co . 303-758-9033 

IOI 
BUD INDUSTRIES, INC. 
4605 East 355th Street 
Wi lloughby. Ohio 44094 
12161 946-3200 

BUD WEST, INC. 
3838 North 36th Avenue 
Phoenix, Arizona 85019 
16021269-3151 
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WRITE FOR EON 

If you have an idea for an EDN design feature, 
send us an outline or call the Editor to discuss 
your proposal. We pay $50 per magazine page, 
upon publication, for every contributed feature 
article. Call Walt Patstone, 221 Columbus Avenue, 
Boston, MA 02116. Telephone (617) 536~7780. 

CABINET DECISION. 
When you 're considering small cabinets, instrument cases and 
utility boxes, consider Bud. These sleek, clean, contemporary 
cabine~s and our reputation for value make Bud Standard 
enclosures the outstanding choice. 

And, there's a Bud Authorized Distributor near you to deliver 
these standard products f rom stock. Now, in most cases, you 
won 't have to wait to get the most respected name in enclosures. 

Bud offers the industry's largest, most diversified line of 
standard enc losures, accessories and hardware .. . from stock. 
For full information on the Bud family of enclosures, write or call : 
Bud Industries, Inc. 4605 East 355th Street, Willoughby, Ohio, 
44094. Phone: 216/946-3200. Bud West, Inc. 3838 North 36th 
Avenue, Phoenix, Arizona 85019 .. Phone: 602/269-3151 . 

CIRCLE NO 103 251 
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FREQUENCY RESPONSE 
ANALYSIS NOW UP TO 

100,000 HZ 

.F. e - E»~ ... - ~ • c • • • • . - ( • • • • • • • • • - .( 

c . • • • • ~ • • • • • ' .. c • • . - • 0 I 

The most complete and cost 
effective instruments for bode 
plots in systems subject to 
high noise-for stability anal
ysis and servo development 
and test. Manual, automatic, 
and programmable models 
with carrier and multichannel 
options. 

CIRCLE NO 189 

WITH OUR CATALOG 
YOU MAY NOT NEED 

A CUSTOM 

Picture a complete 
concise composite catalog of over 
800 off-the-shelf capacitors . over 
1200variations includ ing 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 shipment. 

TO GET YOUR CATALOG, 

JUSTDR= l 
Box 997 B'~~.! 

Phone (904) 796·3562 Cable Addcess CONDENSER 

Domg business rhrough out the world 
smce 1934 

CIRCLE NO 190 

New Products 

ICs & SEMI
CONDUCTORS 
Current requirements equal 30 
mA max active and 50 µA max 
standby. Compatible with CMOS 
µCs that share address and data 
lines, the unit features mask 
programmability of pins 13, 14, 
16 and 17. Pin 17 provides 
active-HIGH , active-LOW or 
MOTEL (MOTorola, intEL) op
erating modes, furnishing direct 
compatibility with Motorola 6800 
or Intel 8085 µPs. From $16.60 
(550-nsec access time) in plastic 
to $25.65 (100) (430 nsec) in 
ceramic. Motorola Semicon
ductor Products Inc, 3501 Ed 
Bluestein Blvd, Austin , TX 
78721 . Phone (512) 928-6660. 

Circle No 283 

LOG IF AMPLIFIER. A dual 
wide-band logarithmic amplifier 
that can be directly coupled into 
cascaded stages, SL 523 is 
available individually or in 
matched sets of eight stages. 
Su iti ng use in successive
detection log IF strips for radar 
and ECM and IFF transponders , 
and pin compatible with SL 521 
devices, the SL 523 provides a 
small-signal gain of 24 dB. When 
supplied in matched sets, each 
unit's gain is matched to 0.75 dB 
at 60 MHz; the units track each 
other 's gain characteristics . 
Upper cutoff frequency (- 3 dB) 
specs at 120 MHz min ; lower 
cutoff, 15 MHz max. Other specs 
include detected video-output 

signal of 1.8 mA min (with 0.5V 
rms input voltage) , 6V de 
operation, and typical maximum 
RF output voltage of 1.2V p-p. 
$29 ; ·matched sets of eight, $348 
(100). Plessey Semiconduc
tors, 1641 Kaiser Ave, Irvine, 
CA 92714. Phone (714) 540-
9979. Circle No 284 

LOGIC-ARRAY CIRCUITS. 
Featuring improved power
dissipation and speed specs, 
commercial Series 20 devices 
reduce supply current from 225 
to 180 h1A on PAL 16L8, -16R8, 
-16R6 and -16R4 medium PAL 
registered circuits for performing 
sequential functions . Speed 
specs at 35 nsec max, 25 nsec 
typ. Propagation delay time has 
been reduced from 40 to 35 nsec 
in small PAL devices, performing 
combinatorial functions (except 
for the PAL 16C1, which contin
ues to operate at 40 nsec). 
Available units range from an 
octal 10-input AND/OR gate 
array to a quad 16-input regis
tered AND/CARRY/OR/XOR 
gate array. A!I provide program
mable 3-state outputs, registers 
with feedback and variable 1/0 
pin ratio . Small PALs, $8.35 in 
plastic, $12.20 in ceramic; medi
um PALs, $20.83 in plastic, $25 
(100) in ceramic. Monolithic 
Memories Inc, 1165 E Arques 
Ave , Sunnyvale , CA 94086. 
Phone (408) 739-3535. TWX 
910-339-9229. Circle No 285 

NEW TL780 SERIES 

output Voltage Tolerance t.1%®2S'c 
Line Regulation O.S rrN typ 
Load Regulation 4 rrN typ 
Temperature Coefficient 0 .25 rrNl°C typ 

VOLTAGE REGULATORS. 
Fixed-voltage precision 3-
terminal series-pass devices in 

ED JUNE 10, 1981 



Use our * 1c opto-switch 
(2x actual size) 

Versatile Sprague Type ULN-3330Y Integrated Circuit Optoelectronic 
Switch eliminates the high cost Qf discrete components. 

This optoelectronic switch is a complete sys
tem in a single, 3-lead clear plastic T0-92 
package. It includes a silicon photodiode, low
level amplifier, Schmitt trigger, output driver, 
and voltage regulator. The ULN-3330Y switch 
is designed for ON-OFF light applicat fons 
where passing objects break a light beam (to 3 

kHz or 180,000 rpm) . It is also useful for opera
tion at a precise light level and is recommended 
for applications where a light threshold sensor is 
required. This low-cost switch features an inter
nal latch to provide hysteresis and eliminate 
chatter or hunting. An open collector output 
driver will switch 50 mA at 15 V. 

*In production quantities. Less than 20% the cost of anything comparable. 

For Engineering Bulletin 27480 write to: 
Technical Literature Service, Sprague 
Electric Company, 491 Marshall St., North 
Adams, Mass. 01247. 

For application engineering assistance, 
write or call Sprague Electric Company, 
Semiconductor Division, 115 Northeast 
Cutoff, Worcester, Mass. 01606. Telephone 
617/853-5000. 

FOR FAST INFORMATION, CALL YOUR NEAREST SPRAGUE SALES OFFICE: 
AlAllAllA, Sprague Electric Co., 2051883-0520 • ARIZONA, Sprague E~ctric Co .. 602/244-0154; 602196&-7233 • CALIFORNIA, Sprague Electric Co .. 2131649-2600; 
7141549-9913: R. David Miner Inc .. 7141421-5586; Wm. J. Purdy Co .. 4151347-7701 •COLORADO, Wm. J. Purdy Co .. 3031777-1411 • CONNECTICUT, Sprague Electric Co .. 
203/261-2551; Ray Perron & Co., Inc .. 2031268-9631 ; 203/673-4825 • OIST. OF COLUlllllA, Sprague Electric Co. (Govt. sales only), 2021337-7820 • R.ORIOA, Sprague 
Electric Co., 3051831-3636 • IWllOIS, Sprague Electric Co .. 3121296-6620 • llOWIA, Sprague Electric Co .. 3171253-4247 • NIARYLANO, Sprague Electric Co .. 
3011792-7657 • MASSACHUSETTS, Sprague Electric Co., 6171899-9100; 4131664-4411; Ray Perron & Co. , Inc., 6171969-8100 • MICHIGAN, Sprague Electric Co., 
5171787-3934 • MlllllESOTA, HMR. Inc .. 612/831-7400 • MISSOURI, Sprague E~ctric Co., 31"'781-2420 •NEW HAMPSllRE, Ray Perron & Co .. Inc .. 6031742-2321 •NEW 
JERSEY, Sprague Electric Co .. 2011696-8200; 609/195-2299: Trinkle Sa~s Inc .. 609/795-4200 •NEW MEXICO, Wm. J. Purdy Co .. 5051266-7959 •NEW YORK, Sprague 
Electric Co., 51&234-8700; 9141834-4"439; 3151437-7311; Wm. Rutt, Inc .. 9141834-8555; PaS1on-Hun1er Co .. Inc .. 3151437-2843 • NORTH CAROLINA, Electronic Marl<eting 
Associates. 9191722-5151 •OHIO, Sprague E~ctric Co .. 5131866-2170: E~ctronic Sa~smaSlers , Inc .. 800/362-2616 • l'fNNSYLVANIA, Sprague Electric Co .. 2151467-5252: 
Trinkle ~s Inc .. 2151922-2080 •SOUTH CAROLINA, Electronic Marl<eting Associates, 803/233-4637 • TIJCAS, Sprague Electric Co .. 2141235-1256 •VIRGINIA, Sprague 
Electric Co., 703-463-9161 •WASHINGTON , Sprague Electric Co .. 20&632-7761 • CANAOA, Sprague Electric of tanada , Ltd .. 41&766-6123 or6131238-2542. 

EDN JUNE 10, 198 1 CIRCLE NO 191 

For the name of your nearest Sprague 
Semiconductor Distributor, write or call 
Sprague Products Company Division, 
North Adams, Mass. 01247. Telephone 
413/664-4481. 

SPRAGUE" 
THE MARK OF RELIABILITY 

a subsidiary of GK Technologies 
lnc01porateC1 
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New Products 

ICs & SEMI
CONDUCTORS 
the TL780 Series are pin-for-pin 
replacements for µA7800 Series 
voltage regulators , furnishing 
identical power-handling capa
bilities but with improved output
voltage tolerance, line regula-

tion, load regulation and TC. 
Over an output-current range of 
5 mA to 1 A, maximum output
voltage tolerance equals ± 1 % at 
25°C (±2% over full operation
temperature range). Line regula
tion for input voltages of 7 to 25V 
equals 5 mV max (0.5 mV typ). 
Load regulation over an output-

CIRCLE NO 192 

current range of 5 mA to 1.5A 
specs at 25 mV max, 4 mV typ. 
Typical TC equals 0.25 mV/°C. 
$1.05 (100) . Texas Instruments 
Inc, Box 202129, Dallas TX, 
75220. Circle No 286 

POWER MOSFETs. Comple
mentary n- and p-channel units, 
Models ZVN01 and -P01 
second-source Hitachi 2SK13 
and 2SJ77, lntersil-IVN5000 and 
-6657, Siliconix VN30 and 
2N6656 and Supertex VN01 and 
VP01 devices. With a vertical 
DMOS structure and compact 
interdigitated geometries, they 
can be easily paralleled without 
the use of base-current-sharing 
resistors and don 't exhibit 
thermal runaway and thermally 
induced secondary breakdown. 
Voltage ratings span 20 to 200V; 
drain currents range to 3A. 
ZVN0106A, $0.50; ZVP0106A, 
$0.65 (100). Delivery, stock to 
10 wks ARO. Ferranti Electric 
Inc Semiconductor Products, 
87 Modular Ave, Cammack, NY 
11725. Phone (516) 543-0200. 

Circle No 287 

Need 
to Know? 

EDN 's advertisers stand ready to 
provide you with helpful design in
formation and other data on their 
products . Just circle the appropri
ate numbers on the Information 
Retrieval Service card . If your need 
is urgent , contact advertisers 
directly , and mention EON . 

EON: Everyt,hing Designers Need 
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A Question of Law 
Ed ited by Jesse Victor 

Carefully weigh advantages, disadvantages 
of patent versus trade-secret protection 

David Pressman, Attorney at Law 
San Francisco, CA 

If you want to safeguard valuable information, an 
invention or manufacturing process from competi
tors, making it a trade secret can provide significant 
protection, as the first two articles in this series have 
pointed out. However, there is an alternative to the 
trade-secret route: patent protection. Despite their 
obvious advantages, though, patents have serious 
limitations and thus might not be the best method of 
protecting your important information or inventions 
from misappropriation or misuse. This last of three 
articles, therefore, examines the strengths and 
weaknesses of the patent process as an alternative to 
trade secrecy. 

To patent or not to patent 
Most designers are surprised to learn that they 

often can realistically choose between two modes of 
protection for important information or inventions. 
Both trade-secret protection and the patent process, 
however, can effectively safeguard creative works. 
And as indicated in the first article in this series, it's 
just as practical to sue and recover damages against 
a person who misappropriates a trade secret as it is 
to sue and recover damages against a patent 
infringer. 

Unfortunately, you can't have your cake and eat it 
too. When you create information or a process 
applicable to trade-secret protection, you must 
choose definitively between keeping it a trade secret 
or patenting it: The two modes of protection are 
incompatible. The word "patent," in fact, means 
"open" in its original sense. And US patents, when 
issued, contain a full description of the invention and 
are printed, published and distributed widely by the 
government. Thus, it would be impossible to keep 
information a trade secret and also patent it. 

Law limits prepatent commercial use 
But why couldn't you keep trade-secret-protected 

information under wraps for many years, use it to 
produce a product or deliver a service, and then, if 
the information seems likely to be discovered, patent 
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it and obtain an additional 17 yrs of protection? The 
reason you can't is simple: The law forbids it. Section 
102(b) of the patent law states: 

"A person shall be entitled to a patent unless ... the 
invention ... was in public use or on sale in this 
country more than 1 yr prior to the date of the 
application for patent in the United States ... " 

This provision means that once you use your 
invention commercially, either to produce a product 
or to perform a service, you must file a patent 
application within 1 yr of that activity. If you file it 
later than a year from the product's first commercial 
use, your patent application will be refused ifthe US 
Patent and Trademark Office learns of your commer
cial activity. 

Furthermore, even if you do manage to obtain a 
patent under these circumstances and sue for 
infringement, a court would declare your patent 
invalid (and possibly subject you to other penalties) if 
the infringing party can show that you engaged in 
the early commercial activity specified in the 1-yr 
rule. Moreover, you could additionally be held liable 
for perjury: The patent application's written oath 
contains a statement taken from Section 102(b). 

In any case, you shouldn't wait a year from a 
product's first commercial use to file a US patent 
application. Certain other countries, lacking the 
US's 1-yr grace period, require that a patent 
application (including the corresponding US applica
tion) be filed before an invention is commercially 
exploited at all. 

One other possibility deserves mention. If you're 
not ready or able to exploit your invention commer
cially and prefer patent protection over trade 
secrecy, you can apply for a patent and still keep 
your invention secret. How? By not using it commer
cially for the 1to3 yrs (or longer) that it takes for the 
Patent Office to rule on your application. Then if the 
Patent Office refuses your patent, it will continue to 
keep your unsuccessful patent application secret 
indefinitely, permitting you to institute trade-secret 
protection. 

Consider trade secrets' advantages over patents 
What, then, is the best method of protecting an 

important invention, a manufacturing process or 
information? Most knowledgeable people place a 
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64K byte mass storage data memory 
The CF-500 is an all new FFTanalyzer with dual 
channels, multi-functions, high accuracy and 
low cost! It incorporates a 64K byte large 
capacity mass storage data memory and 
improved real time FFT. Digital oscilloscope 
displays an amazing twenty-eight thousand 
12 bit words ... running to three-dimensional 
recording of power spectra, and coherence
and-transfer functions with CX-445 X-Y 
recorder. Plus a host of other quality features 
that make a powerful , very accurate, easy-to-
use analyzer. Please write for literature and 
specification or call toll-free : 800/323-0315. 
In Illinois, 312/640-8640. 

Send for FREE brochure 

Exclusive Agents SHIGMA. INC. 

80 Mart in Lane• Elk GrOlle , IL 60007 

Western Headquarters 
2471 East Bayshore, Suite 501 
Palo Alto , CA 94303 
415/328-3351 

Distributors and sales representatives wanted. Manufacturer ONO SOKKI co . LTD Tokyo, Japan 

CIRCLE NO 193 

E~-HOOlt 
PROBLEM SOLVER NO. 3 

XR ... THE NEW MID-SIZED CONNECTOR 
SPANS TERMINALS UP TO .059" (1.5mm). 
The XR bridges the size gap between the X100W and Macro-Hooks . 
Construction: One-Piece BeCu , Gold~Plated Conductor and Hook. 
Heat and Chemical Resistant Nylon Body. Stainless Steel Spring. 
Colors: Blk , Brwn , Red , Orng , Yello , Green, Blue, Violet , Gray, White . 
Model XR25 has .025 " (.635mm) square post built into plunger to 
snap onto square push-on type connectors . Increases flexibility . 

SEND FOR COMPLETE CATALOG AND PRICE LIST 

E !7. H""'~ MAILING ADDRESS : P.O. BOX 450 
~- V\:;I" ARCADIA , CALIFORNIA 91006 

A DIVISION OF TEKT EST, IN C. (213) 446-6175 / TWX 910 582 1614 

CIRCLE NO 194 
256 

Patent Pending 

a hi-rel I.C. socket with an 
integral decoupling capacitor 

• Eliminates noise at the source 

• Cuts space requirements 12% 
or more 

• Eliminates separate costs of 
capacitor loading, soldering, 
wiring and bussing 

• Capacitive values from .01 to 
.1JLF, 50v 

For complete details on socket 
configurations, sizes and 
specifications, contact Garry, 
Box 94, North Brunswick, NJ 
08902. 201-846-5280. 

Garry 
A Division of Brand-Re x Company 

CIRCLE NO 195 
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I A Question of Law 

very high value on the advantages that trade secrecy 
confers and hence generally advise taking the 
trade-secret and not the patent route when an 
invention or process can be protected that way. 
Why? Consider trade secrets' advantages over 
patents. 

First, a trade secret affords the possibility of 
perpetual protection. Whereas a patent's protection 
lasts only 17 yrs and is not renewable, trade-secret 
protection lasts as long as the pertinent information 
is kept secret. And with a trade secret, the expense, 
time, and effort expended on the patent process is 
eliminated. 

Even a simple patent application currently costs 
approximately $1000 to $1500 to prepare and file 
using a patent attorney; at least $500 more is 
required to process the application through the 
Patent Office. Furthermore, under the new, recently 
enacted patent law, maintenance fees will be im
posed 3Y2, 7Y2 and 11 Y2 yrs after a patent is granted. 
(See EDN's next issue for an article on the law's 
provisions.) 

In addition to these costs, a substantial amount of 
time is required to consult with a patent attorney 
and supply him with the necessary information. 
Moreover, you'll usually have to spend additional 
time discussing how broad to make the scope of your 
patent-an important decision in the patent
application process. 

With trade-secret-protected information, on the 
other hand, you save all of this time and expense. 
Only minimal expense and routine precautions are 
required to keep important information protected
precautions probably already in use for other types 
of sensitive data. 

Patents can disclose important data 
As a further advantage, you can keep critical 

details confidential with trade-secret protection. In 
contrast, as a condition of the patent process, you 

1 must disclose the "best mode" you're aware of for 
making and using your invention, including all the 
critical details necessary to enable one,skilled in the 
art to make and use the invention successfully. And 
when your patent is issued, all of this information is 
published and circulated for your competitors to see. 

Furthermore, they can use the information 
freely-provided they don't infringe your patent 
during its 17-yr term, and without any restriction 
after the 17-yr term expires. Requiring you to 
disclose details of your invention is actually the 
raison d'etre of the patent law; in exchange for this 
disclosure, the state rewards you with a 17-yr 
monopoly on your invention. 

An additional trade-secret advantage is that you 
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receive protection without risk. In applying for and 
obtaining a patent, however, you run the risk that 
the Patent Office might refuse your application or 
that even if you obtain a patent, the courts will hold 
it invalid. Such rejection usually occurs.because your 
invention is not sufficiently differentiated from the 
prior art, or because of a host of other factors, 
including failure to disclose sufficient detail, violat
ing the aforementioned 1-yr rule concerning com
mercial use or failure to name the proper inventors. 
All of these risks, though, are . generally absent on 
the trade-secret route. 

Circumventing a patent by designing around it 
Additionally, no possibility of "designing around" 

an invention or manufacturing process exists when 
it's protected as a trade secret. In contrast, once a 
patent is issued, it's published with one or more 
"claims"--carefully crafted sentence fragments that 
tell the public the scope of your invention. Anyone is 
free to study the patent and circumvent the 
protection it affords by designing around its claims 
and their equivalents. 

This situation, moreover, is more likely to occur if 
the claim drafter (usually your patent attorney or 
agent) did a poor job by not making the patent's 
claims as broad as possible. With a trade secret, 
however, no claims or other details of the invention 
are ever published for potential competitors to 
design around and exploit. 

Finally, trade secrets afford protection to non pat
entable information. To qualify for a patent (and to 
have it held valid under a court test), your invention 
must constitute a significant improvement or devel
opment over the prior art; in legal terms, it must be 
considered "unobvious" to those skilled in the art to 
which it pertains. And some courts additionally hold 
that it must produce "unusual and surprising re
sults." However, no such severe tests are required of 
a trade secret; as the first article in this series 
pointed out, only secrecy and some minimal degree 
of novelty must be shown. 

Trade-secret protection is not infallible 
Alas, all of these advantages of trade secrets over 

patents don't come without some limitations. Fur
thermore , patents can provide protection that trade 
secrets cannot. And unfortunately, trade-secret pro
tection suits only a relatively small percentage of 
inventions. Thus, the only classes of inventions that 
can generally be effectively kept secret in commer
cial use are chemical formulas, manufacturing proc
esses and performance techniques (such as laser
light-show projection techniques). And as the first 
article in this series pointed out, if information about 
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a process or product is discoverable by reverse 
engineering, anyone is generally free to copy the 
product or process, provided no patent infringement 
occurs. In that case, then, a patent provides superior 
protection. 

A further problem with trade secrets is that they 
provide no protection against an independent discov
erer. Thus, if someone discovers or duplicates your 
trade secret legitimately-as, for example, by an 
independent act of invention-you have no legal 
recourse against such an act. In this respect, a 
patent offers much broader protection: It remains 
valid both against independent creators and copiers. 

Trade-secret protection additionally requires that 
strict secrecy measures must be established and 
maintained. Once information is to be protected, 
therefore, its secrecy must be preserved by limiting 
employee access, using special employer/employee 
agreements and employing locks, "confidential" 
stamps and other measures. Furthermore, failure to 
take such measures and prove their use to a court 
subjects a trade secret to loss of protection. A 
patented invention, on the other hand, can be 
published and used freely without any loss of 
protective rights. 

Insolvency can prevent recovery of damages 
Trade secrets additionally run the risk of loss to 

an insolvent thief If someone should misappropriate 
' your trade-secret information, you of course have a 

full right to sue and recover damages and have the 
1 

court order the thief to cease using your information. 
· But what if the person involved has no assets or has 
' gone out of business after revealing your invention to 

the world? And what if he sells or reveals your 
information to an innocent manufacturer, who in 
good faith tools up and begins to use your trade 
secret before you discover the loss? 

In such cases, your rights against the insolvent 
thief become useless. Moreover, you might not be 
able to stop the innocent user from exploiting your 
invention or recover damages against such a user, as 

, you could with a patent. 
Another trade-secret limitation is that they are 

' more difficu lt to base lawsuits on and enforce than 
! patents. While a patent must initially be presumed 

valid when brought into court, information consid
ered a trade secret must be proven to actually 
constitute a trade secret under the legal criteria for 
trade-secret protection (see the first article in this 
series), and the precautions taken to protect it must 
be shown in effect. Furthermore, some form of theft, 
misappropriation or improper derivation of your 
trade secret must be proven before any suit for 
trade-secret misappropriation can proceed. 
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Although patents don't enjoy the prestige they 
once had, they still are impressive documents. 
Owning one thus entitles you to a handsome 
document from the government, under seal and with 
a fancy ribbon attached. And the patent itself, and 
the fact that it has passed a rigorous test in the 
Patent Office, commands almost universal respect. A 
trade secret, on the other hand, is not accorded any 
of these accoutrements, has passed no government 
test and hence is considered fair game by all 
potential copiers. 

Which route to take? 
Adding up the pluses and minuses of patent versus 

trade-secret protection can prove difficult. But if you 
have information, an invention or a manufacturing 
process that you feel can be protected and kept 
secret as a trade secret and that you estimate won't 
likely be discovered independently for at least 17 
yrs, most experts advise protecting it as a trade 
secret rather than taking the patent route. 

In the final analysis, then, trade secrets provide 
the significant advantages of perpetual protection, 
the relative absence of cost or risk and fact that you 
don't have to let your knowhow be published for all 
your competitors to see and utilize. But whatever 
course you take in protecting your invention, using 
the information contained in these three articles can 
help you provide the highest degree of 
protection. EDN 

(Ed Note: You're invited to send questions on 
aspects of the law that might form the basis of futitre 
articles (or comments or questions on published 
articles) to EDN's editorial office, c!o the Question 
of Law editor.) 

David Pressman, JD, BSEE, received the Juris Doctor 
degree from George Washington University and a 
BSEE from Penn State University. A member of Eta 
Kappa Nu and Sigma Tau , he is registered to practice 
before the US Patent and Trademark Office, is a 
member of the California and Pennsylvania Bar 
Associations and is on the Board of Directors of the 
California Inventors Council. Formerly a field engineer 
at Philco-Ford Corp, a patent examiner with the US 
Patent Office and a patent attorney for Philco-Ford , 
Elco Corp and Varian Associates , Pressman is current
ly in private practice special izing in patent law. He is 
also the author of Patent It Yourself!-How to Protect, 
Patent and Market Your Inventions and a lecturer in 
patent, trademark and copyright law at San Francisco 
Community College. 
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Solenoids' design and 
operating features 
A 24-pg handbook describes 
linear high-performance sole
noids, detailing force-stroke 
curves, coil resistances, recom
mended voltages and maximum 
permissible ON times for either 
continuous- or cyclic-duty devic
es. It provides tips for solenoid 
selection for several applications 
and examines contact protec
tion. A glossary concludes the 
brochure. Electroid Corp, 45 
Fadem Rd , Springfield , NJ 
07081. Circle No 296 

Applications for 
subminiature connectors 
A 60-pg catalog details D 
subminiature rectangular con
nectors for use in aircraft, missile 
and ground-support systems. It 
includes 75 photographs, eight 
cutaways and 70 drawings of 
Original-D, Burgun-D, Golden-D, 
Royal-D, Hermetic-D, Filter-D 
and Masrrer-D devices. Catalog 
D-15 also provides drawings of 
contact arrangements , cross
reference charts for part num-
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bers, tables of shell and mount
ing dimensions, electrical data 
and ordering instructions, as well 
as accessory data, voltage/cur
rent ratings, and panel-mounting 
and tools/assembly instructions. 
ITT Cannon Electric, 666 E 
Dyer Rd, Santa Ana, CA 92702. 

Circle No 297 

Educational-terminal 
features, options 
A 14-pg brochure describes 
GIGI (general imaging generator 
and interpreter), an intelligent 
alphanumeric and graphics ter
minal that operates with a variety 
of color and black-and-white 
video monitors. It discusses the 
terminal's GIGI BASIC, text and 
graphics editors , multiple
character sets , data-plotting 
package and other options. 
Specs on display characteristics, 
user-defined memory, environ
mental factors, input power and 
communications capability for 
the educational-applications ter
minal conclude the booklet. 
Digital Equipment Corp, 444 
Wh itney St, Northboro, MA 
01532. Circle No 298 

Resistor-network 
specs, capabilities 
A brochure describes a line of 
thick-film resistor networks and 
chip resistors, displaying stan
dard network configurations in
cluding DIP, SIP and flatpack 
styles with molded, coated and 
sandwich-type construction. It 
examines models qualified to 

CAiT® audio transducers, elements. 
and minibuzzers can produce sound 
intensities from just audible to over 
100 dbA with ... 

• low current drain 

• compact sizes 

• variety of configurations 

• solid state reliability 

• varied applications 

For detailed product and 
application information on 
these audio and other 
piezoceramic transducers
included in our broad range 
of electroceramic products, 
call collect : 
M.A. FENN 
(201) 548-2800 

Experimenter kits available 
for your audio transducer 
evaluation. 

,gulton. 
Gulton Industries, Inc. 

AA experienced supplier of innovative piezoceramics 
Piezo Products Division 

212 Durham Avenue 
Metuchen, NJ 08840 

(201) 548- 2800 

CIRCLE NO 196 
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KEYWORD: 
STABILITY 

CRYSTAL SOCKET 
ASSEMBLIES 
• Large variety of sockets for HC· 

25/U, HC-18/U, HC-13/U and 
HC-6/U. 

• Horizontal or vertical mounting 
styles. 

• Machined o r stamped contacts ; 
gold o r tin plat ing. 

• High rel iab ility. 

Interconnection Components Division 

33 Perry Ave., P.O. Box 779, Attleboro, 
Massachusetts 02703/Tel: (617) 222-2202 
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DON'T 
MISS OUT!! 
If you 're reading a borrowed 
copy of EON, don 't gamble 
on missing the next issue. 
EON publishes valuable, up
to-date information at the 
forefront of electronics tech
no logy; the person who 
loaned th is issue to you 
might not want to part with 
his copy next time. To re
ceive your own subscription 
to EON , take a few moments 
to fill out the reader quali fi 
cation card at the front of 
the magazine ; if the card is 
miss ing, request one from 
EON Subscription Office, 270 
Saint Paul St, Denver, CO 
80206. Phone (303) 388-4511. 

EON 
Everything Designers Need 

Literature 

MIL-R-83401 as well as chip 
resistors that meet MIL-R-
55342. Finally, it lists resistance 
values maintained in stock as 
well as standard circuits avail
able for pull-up, pull-down, pulse
squaring, dual-line-termination, 
current-limiting , impedance
balancing and other applica
tions. Dale Electronics Inc, 
2300 Riverside, Norfolk, NB 
68701. Circle No 289 

Illuminating 
lamp capabilities 
With 16 pgs of mechanical , 
electrical and optical specs , 
Catalog 156 details technical 
lamps. For each unit, it specifies 
color temperature, filament type 
and size, atmosphere, intensity, 
voltage, current, life in hours, 
glass quality and configuration, 
and filament position. A product 
index is included. Gilway Tech
nical Lamp, 165M New Boston 
St, Woburn, MA 01801 . 

Circle No 290 

Meeting your 
fiber-optic-cable needs · 
A kit-type folder offers specifica
tion sheets detailing the compa
ny's fiber-optic cables. Cable 
types covered include Series 
2200 and 2210 step-index de
signs with 200- and 300-µm
core plastic-clad fibers ; Series 
2260, which utilizes 100-µm
core glass-clad partially graded
index fiber ; and Bitlite Series 

2261, featuring tubeless con
struction with 50-µm-core 
graded-index fibers supplying a 
200-MHz-km bandwidth and 
8-dB/km max attenuation. Each 
sheet provides cable cross 
sections, dimensions, optical
power and attenuation graphs 
and available configurations. 
Belden Corp, 2000 S Batavia 
Ave, Geneva, IL 60134. 
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Data on comm-network 
monitoring 
Detailing state-of-the-art unat
tended - communications -
network surveillance, automatic 
alarms and reconfiguration ca
pability, an 8-pg brochure also 
describes the latest hardware 
available to automatically super
vise communications networks. 
It examines how to automatically 
detect faults at the central 
communications center and 
quickly correct them. Digilog 
Network Control Div, Babylon 
Rd , Horsham, PA 19044. 

Circle No 292 

Connecting in hostile 
environments 
Catalog 8008 describes a line of 
ceramic/metal high-density in
strumentation connectors. It ex
amines units available with 1 O or 
20 conductors per connector, 
developed for use in severe 
environments ; diagrams detail 
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device construction. The 6-pg 
booklet also highlights two 
accessories for the vacuum-side 
conductors used in the units : 
push-on crimp-type contacts and 
ceramic spacers. Ceramaseal 
Inc, New Lebanon Center, NY 
12126. Circle No 299 

• 
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Using position-sensing 
photodetectors 
A 6-pg brqchure highlights a line 
of position-sensing photopetec-

tors. It presents data on 11 
models in three series-the 
SPOT Series of bi- and quadrant 
cells for nulling and centering 
applications, the LSC Series for 
continuous position sensitivity 
over a wide dynamic range and 
the SC Series providing X- and 
Y-axis position information. 
Spec charts, performance 
graphs, responsivity curves, typ
ical schematic hookups and 
dimensional drawings complete 
the brochure. United Detector 
Technology, 3939 Landmark St, 
Culver City, CA 90230. 

Circle No 300 

Custom-designing 
cable assemblies 
A 28-pg catalog describes de
sign-it-you rse If molded cab le 
assemblies for interfacing data 
systems, peripherals, instrumen-

tation and controls. It also details 
shielded and unshielded stan
dard products, including 9- and 
37-position RS-449, 15- and 
50-position RS-422A and RS-
423A, 25-position RS-232C and 
24-position GPIB lines. Specify
ing hints and checklists simplify 
selection. Belden Corp, Inter
connect Systems Operation, 105 
Wolfpack Rd , Gastonia, NC 
28052. Circle No 301 

Sound 
Decision. 

We're in 
complete 
control 

High efficiency. Low drain. 
When it comes to choosing the right trans
ducer for the job, make a sound decision 
and select the new AT-23 from Projects 
Unlimited. Features include: PC . board 
mounting; wave solderable; 90 dBA at ap
roximately 3KHz; operating temperatures 
from -20°C to 70° C; replaces speakers. Make 
a sound decision. Select the AT-23 piezo 
ceramic audio transducer. For specs, write : 
Projects Unlimited, Inc., 3680 Wyse Road, 
oayto~, Ohio 45414. .,.. prqects® 
Phone. (513) 890-1918. "A unl1m1ted 
TWX: 810-450-2523. •• 
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Signal Processing 
D Accept s process signals 

4-20, 1-5, etc . 
D Displays and/ or controls 

Temperature Pressure 

Level Speed 

Digital Control 
D Unique internal digital comrol 
D Control with signal conditioning 

D Adjustable setpoints 
D Plug-in display 

Digital 
Measurement 
D 3 Vi digit s, 0.1 "lo accuracy 
D The only 1 " high display 
D AC ranges available 4443 
D UL recognized (Model 4424) 

For additional information, circle the Reader Service ~1114~ 
Number or contact ,,,~ 
LFE Corporation, 1601 Trapelo Road, Waltham, Mass. 02 154 61 7-890-2000 
Jn Canada: Lisle-Metrix Ltd. , Toronto 
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Regional Manager 
5670 Wilshire Blvd 
(213) 933-9525 
IRVINE 92715 
Ed Schrader, Regional Manager 
2021 Business Center, Suite 208 
(714) 851-9422 
TOKYO 106 JAPAN 
Tomoyuki lnatsuki 
TRADE MEDIA JAPAN INC 
R212, Azabu Heights 
1-5-10 Roppongi , Minato-ku 
Tel: (03) 585-0581 
Telex: J28208 MEDIAHS 
CAREER OPPORTUNITIES 
Kathy Huestis 
221 Columbus Ave 
Boston, MA 02116 
(617) 536-7780 
Western US 
Donna DiChiara 
3031 Tisch Way, Suite 1000 
San Jose, CA 95128 
(408) 243-8838 
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1 1 Literature 

Characteristics of 
low-profile keyboards 
Data sheet 1-0066C describes 
55 low-profile keyboards and 
provides specs, drawings, di
mensions and Ol.Jtput-code dia
grams. The 6-pg brochure also 
covers key arrays, key and 
frame configurations, mounting 
configurations and environmen
tal-protection factors. The Digi
tran Co, 855 S Arroyo Parkway, 
Pasadena, CA 91105. 

Circle No 293 

Tips for using 
optoelectronic units 
In more than 400 pgs, a manual 
discusses solutions to common 
problems in the application of 
fiber-optic systems , optocou
plers , emitters/detectors and 
digital bar-code systems, and 
optoelectronic displays and 
lamps. It also examines photom
etry/ radiometry, contrast en
hancement in displays, reliability 
of optoelectronic components 
and mechanical handling of 
optoelectronic units . Circuitry 
and software examples are 
provided. Each major section 
covers the theory of a particular 
technological area, the theory 
behind products designed to 
service needs in that area and 
practical solutions to technical 
problems encountered. $27.50. 
Hewlett-Packard Co, 1507 
Page Mill Rd, Palo Alto , CA 
94304. INQUIRE DIRECT 

Data details 
fiber-optic system 
A 4-pg brochure defines the 
HOC Interface, a standardized 
fiber-optic system. It includes 10 
color photos of the compatible 
cable/connector/diode hardware 
used in high-density, single or 
multichannel applications and 
provides data on materials , 
performance outline dimensions, 
and terminat ion tooling and 
instructions on ordering compo
nents. Drawings detail outline 
dimensions and a mounting 
pattern. ITT Cannon Electric, 
666 E Dyer Rd, Santa Ana, CA 
92702. Circle No 294 

Choosing and using 
solid-state relays 
Applications data for solid-state 
relays fill a 20-pg catalog . 
Graphs plot surge current 
against time, load characteristics 
and input current and voltages. 
Dimensional drawings and spec 
charts accompany text detailing 
output-switch protection and 
troubleshooting techniques. 
Magne~raft Electric Co, 5575 
N Lynch Ave, Chicago, IL 60630. 

Circle No 295 
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[Books 
Op-amp text emphasizes 
practical designs 
Operational Amplifiers, by Jiri 
Dostal. 488 pgs; $85.50 (hard
cover); flsevier Scientific Pub
lishing Co, 52 Vanderbilt Ave, 
New York, NY 10017, 1981 . 

If you're looking for the best 
up-to-date book on practical 
op-amp applications, you might 
not think to find its author in 
Czechoslovakia. But that's the 
home of Jiri Dostal, whose 
Operational Amplifiers reaches 
an impressive new level of 
completeness and good intuitive 
sense-building, of course, on 
earlier texts by Philbrick Re
search, Burr-Brown, James 
Roberge, John I Smith and 
others. 

Dostal reviews the classical 
and conventional studies of 
operational amplifiers, explain
ing the theory and practice of 
how to make amplifiers work 
well and stably. He also 
provides excellent insights into 
why resistors and capacitors do 
such a good job of facilitating 
analog circuit design when 
activated with an op amp. 

The section on op-amp testing 
is a particularly fine example of 
practical engineering. Where 
else are you told to "place a 
30 x 40-cm shielding copperclad 
board on the bench" and prepare 
"to ground yourself'? Indeed, 
the rules Dostal summarizes 
would prevent 90% of all 
linear-IC testing problems if 
thoughtfully followed. 

·The translation into English is 
in good idiomatic American 
(kudos to translator Ing Karel 
Kieslich); the engineering jar
gon and phrasing fall comfort
ably on the ear. You'd hardly 
guess that American English 
isn't the author's native lan
guage. (Actually, analog elec
tronics is his language!) 

EDN JUNE 10, 1981 

To be sure, this book does 
contain a few glitches. For 
example, most Teflon capacitors.._ 
have a temperature coefficient \ 
of -102 ppml°C-not +200 , 
ppm/°C as stated. Also, Dostal 
claims that "it seems almost 
impossible to switch microvolt 
signals by an FET switch; the 
temperature differences on the 
silicon chip should be below 
0.001°C." But such low tempera
ture differentials do exist m 
modern IC op amps, devices 
that produce less than 0.5 µ V of 
noise. 

Another minor point: In Fig 
3.24, Dostal says that op amps 
stabilized by shunt damping are 
rare, yet Harris Semiconductor 
employs this stabilization tech
nique in most of its amplifiers. 

Finally, although Dostal cov
ers FET-input op amps quite 
well m general, he doesn't 
mention the newest IC FET
input models-a minor over
sight because the design discus
sions apply equally well to 
discrete, hybrid or IC devices. 

Except for these few small 
(nit-picking?) negatives, the 
first 451 pgs of this book are 
quite good-full of useful, gen
eral engineering information. 
The next 8 pgs (Chapter 14), 
however, make Dostal's work a 
must for any good library. This 
chapter contains a compact bible 
of well-founded advice for ana- · 
lyzing, developing and manufac
turing.high-performance analog 
circuits. Dostal provides some 
excellent insights here-most of 
which have never before ap
peared in books or magazine 
articles. Then the discussion 
gets better yet: The 3-pg section 
on troubleshooting is absolutely 
priceless. 

Most textbooks on analog 
circuit design totally ignore 
troubleshooting techniques; 

they seem to pretend that if you 
ignore the subject, the need for 
it will disappear. But all 
designers know that in reality 
Murphy's Law remains unbro
ken, and Dostal proves that 
there are logical, innovative 
1approaches to solving devilish 
problems. Even "old dogs" will 
learn a few "new tricks" from 
this section. And beginners in 
the analog art will gain consid
erable wisdom by studying the 
ingenious techniques distilled 
from years of struggling with 
balky circuits. 

Dostal's attitude toward ana
log design can perhaps be 
summarized by his comment on 
the bottom of pg 157: "Trouble
shooting should resemble fenc
ing rather than wrestling! " 
Bravo! 

Every op-amp engineer or 
enthusiast will enjoy reading 
this book.-Robert A Pease 

NEXT 
TIME 

EDN 's June 24 issue will feature a 
Special Report on CMOS-envi 
sioned by many industry experts 
as the premier processing tech
nology of the 1980s and now 
exploding into a variety of new 
product areas. Other highlights 
include articles on 

• Designing wit h current-mirror 
I Cs 

• Implementing a color-graph
ics processor 

• Understanding the recently 
amended patent law 

• Using digital techniques in 
signal-processing applica 
t ions 

.. and much more. Also look for 
Technology Update stories on 
CAD/CAM developments and laser 
technolog y , plus our regular 
Design Ideas, A Question of Law 
and µC Design Techniques depart
ments. You can ' t afford to miss 
this issue! 

EON: Everything Des igners Need 

263 



264 

OPPORTUNITIES IN THE SOUTHEAST 
RETRACTION 

It was mistakenly reported in the May 13th issue of 
EDN that NCR was closing plants in Ohio and 
Delaware. Production from the former NCR plant 
in Delaware was moved to a new facility in South 
Carolina which was built to ewand NCR's devel
opment and production of systems for the super
market and food distribution industries. No plant 
was closed in Ohio; only a small group of engi
neers headquartered there was transferred to the 
new South Carolina facility. It is regretted that this 
error occurred. 

Ted McCulloch 
Beall Associates 
Spartanburg, SC 

r---------~------------1 
Professional Placement 

Specialists 

HARDWARE & SOFTWARE 
Des ign * Research * Systems 

Manufacturing * Quality Assurance 
$20,000 to $50,000 

PRI provides a personnel service for 
companies and individuals seeki ng 
professional affiliations . Client com· 
panies assume all fees and relocation 
costs . 
For your confidential consultation, 
cal l, Joseph Cushing : 

(201) 256-3677 

MINI APPLICATION 

Name 

Home Address City State Zip 

Home Phone Other 

Degree Job Title 

Present Employer Since 

or wri te: Location Preferred Salary Requ irement 

1----------------------1 
ELECTRONIC ENGINEERS 

We have over 40 years experience in placing professionals 
in all engineering disciplines with a special emphasis on 
electronic professionals. Your career move should be an 
A·1 prior ity. Working with professionals can insure that . 
Your skills are our trade at Nationwide. 

Name 

Home Address 

Home Phone 

Degree 

Present Employer 

Location Preferred 

-IF . -

MINI APPLICATION 

City State Zip 

Other 

Job Title 

Since 

Salary Requirement 

Nationwide 
Business Ser vice 

PERSONNEL CONSULTANTS 
145 State St., Suite 310 
Springfield, MA 01103 

413·732·4104 
"In Our 43rd Year" 

Telephone Sheila Schaeffer, ~astern Regional Mgr. (617) 536-7780 to advertise in Career Opportunities 
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EDN JU 

I!! 

ENGINEERS 
Join the Spirit 

of Emerson. 
We're part of 

the Spirit of St. Louis. 
I f you are interested in career accomplishment 

in a working atmosphere of constant challenge, 
you'll like our spirit. 

There are more than 3,000 Emers:in people now 
living in St. Louis and take their word for it ... St. 

Louis is a great place to live and ra ise a family. 

Just consider a cit y with all the advantages of a large 
metropolis and ye t only a short dri ve from Ozark 

country with its many river s, lakes and recreational 
areas. 

Then too, St. Loui s is a grea t 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, 
fi shing, bicycling, skating, riding , tennis and much more. 
Our four -season climate is stimulating without the hard
ships of extreme heat or co ld . 

Yes , a great place to li ve but what about the cost of living? 
Well , we're below the national average in cost of food, 
utilities 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 

Packag ing 
• Product Development 

RADAR 
• Coherent / Non-Coherent Design 

& Development 

ENGINEERI NG SU PPORT 
• 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. 1 • 

Toll Free 1-800·325·0783 
Ma il Station: 4303 

Dept. EDN-02 

Electronics~ ~pace Division 
EMERSON ELECTRIC CO. 

8100 W. Flori ssa nt, St. Lou is. Mo. 63136 
We are an equal opportunity employer in eYery respect . 

THE INFORNl10N 
111PACT! 

Bu rrou ghs and its 
Pe r iphera l Products Group 
have m ade a profound 
im pact on informa t ion 
techno logy fo r nearl y a 
ce ntury . Be part of itl 

Lead 
Computer 
System 
Engineer 
Develop a nd design system 
concepts. arch it ec ture and 
speci fi cations for t he opt ical 
memory sys tem . So ftwar e 
deve lopment , in terface and 
ha ndshaking, file and data 
ma nage ment a lso included. 
BSEE or BSCS (MS 
pref erred) with 5 - 10 years 
experi ence is requ ired. 

Error Detection 
and Correction 
Engineer 

Develop and imp lement an 
error detect ion and 
correc ti on (EDAC) system fo r 
the opt ical d isk m em ory. A 
BS (MS preferred ) in 
El ectr ical Engineering or 
Computer Scie nce and at 
lea st 2 years expe r ience are 
req u ired. 

For immediate 
considerat ion , please 
forward yo ur resum e or ca ll 
Marilyn Lewis : 

Burroughs Co rporation 
D ept . L 122- 1 
541 1 N. lindero Canyon Rd . 
West lake Village , CA 91361 
(21 3 ) 889- 1010, ext. 1080 

People Making the Impact in 
Information Management 

Equal Opportunity Employer M I F / H 

Burroughs 

Circle No. 5000 (on page 271 of EON) Circ le No. 5001 (on page 271 of EON) 

E 10, 198 1 
Telephone Donna DiChiara, Western Regional Mgr. (408) 243-8838 to advertise in Career Opportunities 
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Engineers and 
other Aerospace 
Professionals 

Your Best Ideas 
Today Could Be Tomorrow's 

Technology 

266 

At Martin Marietta 
We're Martin Marietta Aerospace and we can attribute our great success to the 
outstanding ideas of the Engineering and other Aerospace Professionals on our 

growing team. Our broad range of state-of-the-art projects include work on 
Command and Information Systems, Tactical Weapon Systems, Solar Energy, Space 

Satellites and Space Launch Systems. In addition, our more than 500 on-going 
projects allow you to contribute to advances in American Defense Capability, 

Aerospace and the future of your career when you bring your skills and expertise to 
our respected company. 

At Martin Marietta Aerospace, you can apply your vision and abilities to enhance 
our capabilities while satisfying your professional goals. And Martin Marietta 

Aerospace has a sophisticated environment that will support your efforts as you 
work on the forerunners of 21st century technology. 

But we believe in offering more than an outstanding career. The combination of 
professional opportunities and the broad range of educational, cultural and 

recreational opportunities near all the Martin Marietta facilites in Denver, Orlando, 
New Orleans and Vandenberg A.F.B. make Martin Marietta a great place to work, 

grow and raise a family. 

If you're prepared to work with the tomorrow-minded programs we've described, 
you owe it to yourself to talk with Martin Marietta Aerospace today! Send us your 

resume or letter of interest to: 

In Denver: P.O. Box 179, Mail#D-6310, Denver, CO 80201 
At Vandenberg AFB, Box 1681, Vandenberg AFB, CA 93437 

In New Orleans: Michoud Assembly Facility, Box 29304, New Orleans, LA 70189 
In Orlando: P.O. Box 5837-MP#9, Orlando, FL 32855 

We ere an equal opportunity employer, m/f/h. 

IWARTIN IWARIET'TA 
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------------------ ------------, 
ELECTRONIC PROFESSIONALS 

Analog Design Engineers Test Engineers 
Digital Design Engineers Sales Engineers 
RF Circuit Design Engineers Technicians 
Process Engineers Systems Analysts 
Telephony Engineers Programmers 
Defense Systems Engineering Managers 

Call or Send Mini-Application to: Mr. Keogh (312) 430-4222 

ELECTRONIC ENGINEERING GROUP 
Div. of Polytech Research Corp. 
7667 W. 95th St. 

• Hickory Hills, ILL 60457 
Equal Opportunity Employment Consultan ts MIF 

MINI APPLICATION 

Name 

Home Add ress City State 

Home Phone Other 

Deg ree Job Title 

Present Employer Since 

Zip 

I Location Preferred Salary Requirement 

L------------------------------
NORTHEAST PROFILE: ROAD TO SUCCESS 

Our professional services division is reta ined by more 
Northeast companies everyday. Compan ies deeply into 
the state-of-the-art. Our reg ion is growing! Financially. 
Culturall y. Recreat ionally. Improve your pos ition and en 
joy our superior way of li fe. Current assignments include: 
Software Engineers to 32K; Computer designers to 
35K; System Peripherals to 32K; Machine Controls 
to 32K; Project Managers to 34K; QA Engineers to 
35K; Firm Ware to 27K; M/P Engineers to 27K; 
ECM/Radar to 40K; Guidance Systems to 35K; 
Packaging to 38K. 

BAXTER REYNOLDS 
179 Allyn St . • Hartford , Connecticut 06103 

~---(203)-241-0200 ___ ~ 

. ·s one of the nation 's most respected recruitment firms for high technology indus
tries , we can offer you a wide variety of opportunities, all fees , interviews, and 
relocation paid by our many national client companies . 
Some of our most pressing client company needs fo llow. 
Software Engineers , all levels to $47 ,000 quality Engineers, Electronics to $37 ,000 
Hardware Engineers, all levels to $45 ,000 Manufacturing Engineers to $35 ,000 
Our clients include many of the " big name" an9 smaller , fast growing companies 
in the commercial , scientific , and defense industries , with a specialization in the 
mini and micro computer fields . 

Name 

Home Address City State Zip 

Home Phone Other 

Degree Job Title 

Present Employer Since 

. .. . . . . . . .. .. . .. 
Dick Ray 

Career Consultants 
540 Meadow St. Ext. , Agawam, MA 01001 

413· 789-0907 

Send Blind Box ad 
replies to : 
Box _ _ , 

Sheila Schaeffer 
EON 
221 Columbus Ave. 
Boston , Ma . 02116 

ELECTRONIC 
ENGINEERS 

Our clients. high technology firms in 
New England and nationwide have 
openings in : Hardware and Software 
Design , Analog/ Digital Circuits , Tele
communications , CAD/ CAM . Micro
wave. Optics, Aerospace & Under
water , Electronic Warfare Systems. 

Hardware/Software 
Desi gn Video Games 

Sunbelt Locat ion 
Salary Open 

Contact in confidence: 
Fred Raisner 

llll!li'I SEARCH INC . 1111.. ' 
144 Westminister St. 

Providence. R.I. 0290·3 
(401 ) 272-2250 

SIU SEARCH NORTHWEST, INC. 
A Professional Recruiting Agency 

620 S.W. 5th-Suite 825 
PORTLAND, OREGON 97204 

(503) 222-6461 

PERSONNEL RECRUITING FOR THE 
ELECTRONICS INOUSTRY 

CAREER POSITIONS AVAILABLE IN : 

* General Mnyt * Engr Mngt * Engineering 
• R&D * Design Engineer 

* Product M ngt 
* Packaging * Project Mngt/Engr * Mfg/ Product ion 
* Sales-Marketing 

FORWARD YOUR RESUME 
FOR CONFIDENTIAL CONSIDERATION, 

OR PHONE: 
KEITH NY MA N (503) 222-6461 

DUR SEARCH FEES ARE EXCLUSIVELY 
EMPLOYER PAID 

SOUTHEAST 
Our 15 offices in the southeast 
speci alize in Control Systems, 
In s trum e nt at io n , Ele c troni c 
Design , and al l types of Engineer
ing posit ions fro m 20-40K. Ag
gressive, conf idential. Fee-Paid 
service. Send resume to 
Ted F. McCull och, 
BEALL PERSONNEL, 
P.O. Box 5042, Dept. E.E .. 
Spartanburg. SC 29304. 

rELECTRONiC, I SPECIALISTS I 
I 

R.J. Evans & Associates , I 
Inc., a leading edge Cor-

. porate Recruit ing Firm for 

I 
the high techno logy in-
dustry. Our clients ' needs I 
are extens ive. Chances 
are we have the ri ght 

I position, salary, respon- I 
sibilit ies and location you 
desire. Forward your 

I resume for confidential I 
considerat ion or 

I :~~~~,ii~~~~,:~c. I 
I 26949 Chagrin Boulevard #300 i 

Beachwood , Ohio 44122 j! 
1/216/464·5100 ---
MINI APPLICATION 

Name 

HomeAddress City State Zip 

Home Phone Other 

Degree Job Title 

Present Employer Since 

Location Preferred Salary Requirement 

Telephone Donna DiChiara, Western Regional Mgr . (408) 243-8838 to advertise in Career Opportunities 
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ENGINEERING PROFESSIONALS 

Technology like the NASA/Lockheed 
Space Telescope. In 1983, this 43-foot
long telescope will be slipped into 
orbit 300 miles above the Earth . It will 
enable astronomers to detect objects 
seven times more distant and 50 
times fainter than is possible with 
telescopes on earth. And it will look 
onto sta rs , galaxies and other space 
phenomena with absolute accuracy 
for as long as 30 to 40 hours. Potential 
rewards are huge - scientists may 
even discover new worlds! · 

If your imagination is tomorrow
m inded , you will find stimulating 
and reward ing growth opportunities 
at Lockheed Missiles and Space 
Company in Sunnyvale, California . 

•We w ill provide you with technical 
challenges in a variety 
of assignments . 

•We provide a phenomenal variety 
of educational opportunities to 
enhance your career growth. 

•We provide you with some of the 
most professional management 
you will ever find . 

Check out these 
representative openings: 

Electronic 
Design Engineers 
We have numerous positions 
available for engineers experienced 
in aerospace or in a defense-related 
field with electrical desig n 
experience in one or more of the 
following areas: Ground Support 
Equipment, Factory Test Equipment, 
Signal Processing Eq uipment, 
Electronic Countermeasures, Data 
Acquisition Systems, Custom 
Computer 1/0 , or Flight Simulation 
Equipment. Experience should 
emphasize digita l systems design 
with capability to perform some 
analog design, power switching, 
system interconnect, etc . 

Microprocessor 
Development 
Our Integrated Processor 
Development Labora tory offers a 
variety of excellent opportunities 
to use state-of-the-art equipment 
to develop systems fo r multi
processing applications. We need 
Hardware Development and 
Firmware Development Engineers 
and Technical/Project Leaders 
with experience o n bit slice 
or Z-80 microprocessors. 

Computer and 
Digital Systems 
Hardware Engineers 
Participate in the design and 
development of computers a nd 
digital data handl ing equipment 
for new advanced spacecraft 
applications. We need hardware 
engineers experienced in 
MIL-Spec computers or d igita l 
hardware, digital avionics. or 
commercial computers . 

OTHER O PENINGS exist for Engi neers 
experienced in communications, 
command , telemetry , RF antenna s, 
RF devices, guidance and control, 
systems test, electro-optics, plus 
numerous other technical a rea s 
and disciplines. 

Join us now on the bea utiful San 
Francisco Peninsula. You'll enjoy the 
exceptional challenges a nd rewards 
of working with the finest 
professionals in the industry on 
projects that continually advanc e 
the state-of-the-art. 

For immediate consideration , or 
when you're ready to make a move , 
send your resume to: Professional 
Employment, Dept. 517-0610, P.O. 
Box 504, Sunnyvale, CA 94086. We 
are an equal opportunity , affirmative 
action employer. Proof of U.S. 
Citizenship is required . 

At Lockheed, technical excellence is a way of life. 

~Lockheed 
Missiles & Space Company 

Circ le No. 5003 (on page 271 of EON) 
Telephone Sheila Schaeffer, Eastern Regional Mgr. (617) 536-7780 to advertise in Career Opportunities 
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ELECTRONIC ENGINEERS 
Hig~ technology f irm has cha lleng ing opportunities for 
engineers a.nd man~gers to work at our Fiber Opt ics 
Laboratory in San Diego. MS preferred with a minimum 
of 4 years experience in analog design of 

• Low Noise Amplifiers 
• Active Filters 
• AID Converters 

Submit resume and salary requirements to 
Corporate Headquarters: 

Personnel Department 

TETRA TECH, INC. 
630 N. Rosemead Blvd . 

Pasadena, CA 91107 

Equal Opportuni ty Employer M/F 

SPERRY UNIVAC 
see our 

recruitment ad 
on page 110 

r---------------------~ I Systems Engineers Components 

I Sr. Eng-Micro Processors Based to .. 41 K Vice President , R. F. Connectors .. Salary Open 
Sr. Eng-A&D, TIL , CMOS 10 . 36K QC , Manager . Connectors 10 . 40K 

I Sr. Eng-Digital Logic . Displays to . 38K Project Mgr ., Connectors to . . ........ 40K 
Sr. Eng-Computer Logic to . 35K Project Engineer . Connectors . .. . Mid 30 's I Project Mgr. -Dig Comm to . . . 48K Group Leader, Auto Switch Design ... Mid 30's 
Mgr. -Data Base Comm to . . 45K Senior Development Engineer . I Gp . Leader-Cont . Proc . 43K Front Panel Switches to . .. 30K 

I 
Many positions in Micro based systems Design Engineer . Auto Switches . Mid 20 's 

I 
Noel Rice Chuck Hensel 

MINI APPLICATION 

Name 

Home Address City State Zip 

Home Phone Other 

Degree Job Title 

Present Employer Since 

Locat ion Preferred Salary Requirement 

LliJ/JlffllJ" Inc. 
- - • P.O. Box 1281 

Oakbrook, Ill 60521 
call coll ect: 312·887-1220 

L ______ !'.!...a~l~e..£:_e~e~~~~e~---- _ _j 

IN TODAY'S ECONOMY 
THE "SUNBELT" IS THE 
BEST PLACE TO ADVANCE 
YOUR CAREER!!! 
Our internationally recognized client/family 
is currently seeking career-motivated indi
viduals throughout the beautifu l Sunbelt. 

DIGITAL DESIGN 
BS/ MSEE with 2-10 years experience in 
high-speed logic design (TTL , LI S, S) and 
a working knowledge of microprocessors , 
including Software . 
FLIGHT SIMULATION DESIGN 
BS/ MS EE , AE with experience in the 
Desi{Jn of Hardware and Software compon
ents of Flight Simu lators for military or 
commercial applications . 

Salary and benefits programs are competi
tively structured to complement an easy 
lifestyle, in addition to a professional work 
environment that offers challenge and 
reward . Please forward your resume , in 
confidence , including salary history , or 
call : (813) 872-1853 

FRANK LEONARD PERSONNEL 
1211 N. Westshore Blvd. 

Membe< Tampa, Florida 33607 
~ An Equal Opportunity Employer M/ F f §:""'.""· Client Company Pays Al l Fees 

Circle No. 5004 (on page 271 of EON) 

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, EDN 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 
requ irements in strict confidence to: Roy 
Forsberg , Editor ial Director, EDN , 221 
Columbus Avenue, Boston, MA 02116. 

An Equal Opportunity Employer 

Telephone Donna DiChiara , Western Reg ional Mgr. (408) 243-8838 to advertise in Career Opportunities 
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AVCO SYS I EMS 
AVCO PEOPLE 

APRODUCTIVERE' 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 UN BEA TABLE SUNBELT COMMUNITY WITH MULT/
RECREATIONAL AND CULTURAL DIVERSIONS. 

FOR CONSIDERATION, CONTACT THE PERSONNEL MANAGER: 

L:JIJAVCD 
ELECTRONICS DIVISION 
4807 Bradford Drive 
Huntsville, Al 35805 
Telephone: (205)837-6500 or (800) 633-72024. lillll~illd 

Equal Employment Opportunity and Affirmative Action Employer 

Circle No. 5005 (on page 271 of EON) 

Telephone Sheila Schaeffer, Eastern Regional Mgr. (617) 536-7780 to advertise in Career Opportunities 



HOLMES & NARVER, INC., a prime design engineering con· 
t ractor to the US Department of Energy, has immediate open· 
ings at the Nevada Test Site. These positions offer growth 
potential , travel allowance, paid relocations, and attractive 
compensation and benefit programs. Starting salary is com
mensurate with education and experience. 

RF SYSTEMS ENG IN EER 
B.S.E.E. with major in electronics. Telecommunications 
system design experience in any of the following areas: land 
mobile two-way radio, microwave and multiplex , closed circuit 
TV, digital control circuitry , and alarms is required. 

SYSTEMS ENGINEER 
B.S. in Computer Science, Electrical Engineering or 
Mathematics. Must have experience in Interactive Graphics 
Systems, electronic displays and data processing systems 
and be able to generate software programs in FORTRAN , 
COBOL and Basic computer language. 

CABLE ENGINEER 
Duties will inc lude developing techniques, methods, and 
materials associated with cable, connectors, and gas
blocking design and the design of special tools and fittings for 
cable/connector assemblies. B.S.E.E. or registration is re
quired plus experience in the manufacture of multiconductor 
and coaxial cable. Must be capable of writing procurement 
specifications and preparing cost estimates for wire and 
cable. 

Qualified applicants should forward their resume and salary 
history, including salary requirements , in confidence to: 

Donna Neese 

Holmes & Narver, Inc. 
Dept. 36, P.O. Box 14340 
Las Vegas, Nevada 89114 
U.S. Citizenship Required 

An Equal Opportunity/Affirmative Action Employer 

Electronic 
Engineer 

Opportunity for state of the art involvement 
with digital electronic telecommunications 
equipment and systems. Variety of projects 
including circuit design and modification, tech
nical evaluation of new telecommunications 
equipment, and problem analysis. BSEE or BEE 
with previous experience preferred. Telecom
munications knowledge desirable. 

Competitive salary. Excellent benefits. 

Reply in confidence to: 

I TT 
ITT TERRYPHONE CORPORATION 
Post Office Box 4038 , Harrisburg, PA 17111 

Telephone (71 7) 564-4343 

EQUA L OPPORTUNI TY EM PLO YER MIF 

Circle No. 5006 (on page 271 of EON) Circ le No. 5007 (on page 271 of EON) 
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Recruitment Reader Service Response 
If you are interested in receiving fu ther informat ion on any 
recru itment ad running in Career Opportunities, we will happily 
provide th is free service to you. Here's how to use it: 

1. Circle the number in the box at the right that 
corresponds with the number at the bottom of the 
ad that interests you. 

2. Fill out the in formation form and mail to: 

Sheila Schaeffer 
221 Columbus Ave 
Boston, MA 0211 6 

5000 5001 5002 
5005 5006 5007 
5010 5011 5012 
5015 5016 5017 
5020 5021 5022 
5025 5026 5027 
5030 5031 5032 
5035 5036 5037 
5040 5041 5042 
5045 5046 5047 

5003 5004 
5008 5009 
5013 5014 
5018 5019 
5023 5024 
5028 5029 
5033 5034 
5038 5039 
5043 5044 
5048 5049 

Present posit ion: __________________________ ________ _ 

Presentcompany:_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
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Your response will be held in strictest con fidence 611 o I 

~----------------------------------------------, EDN JUNE 10, 1981 
Telephone Donna DiChiara, Western Regional Mgr. (408) 243-8838 to advertise in Career Opportunities 

271 



Designer's 
Guide 

to FIBER 
OPTICS 

A Designer's Guide to 
FIBER OPTICS 

This comprehensive, authoritative 
guide covers all aspects of fiber-optic 
systems. Totalling 60 pages, it 
provides full understanding of the 
components, their key parameters 
and how they relate to fiber-optic 
system design. 

• Part 1 - Understanding glass 
fibers and their parameters 

• Part 2 - Matching sources and 
detectors to the fibers 

• Part 3 - System-design 
considerations 

• Part 4 - Building a fiber-optic 
system 

• Part 5 - What's available today: 
Fibers, connectors, sources and 
detectors 

--.. EON 6/10/81 I 

I 
I 

I 
Please send copies of 
Designer's Guide to Fiber Optics I 

I - $5.00 ($7 .00 Non-USA Surface Mail, I 
$9 .00 Air Mail) 

I Check or money order must accom
pany each order. No COD. MA 

I residents add 5 % sales tax. 

I Send to: 

I 

I 

I 
I Name _________ _ 

Title I 
I Company _________ I 
I Address_________ I 

City __________ I 
I State _____ Zip ___ _ 
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Looking Ahead: Trends and Forecasts 

High space R&D costs 
ground US firms 

Despite the Space Shuttle's 
recent successful flight , US 
electronics firms are not rushing 
to fabricate exotic new alloys or 
ultrapure semiconductors in the 
nearly gravity-free environ
ment of space. 

The obstacle? Cost. Rental of 
the Space Shuttle's cargo bay
approximately the size of a 
railroad boxcar-will cost as 
much as $35 million next year; 
the Spacelab that goes in it adds 
another $13 million. And addi
tional costs would be incurred 
by the development of special 
machinery for microgravity 
manufacturing. 

Success, however, in develop
ing a new product would be even 
more expensive: Large-scale 
production in space might re
quire an additional space 
station. 

Another problem inhibiting 
US firms : US-government tax 
credits are not available for 
R&D, in contrast to Japan and 
West Germany. 

Thus, while US companies 
currently plan only a few 
mater ials - processing - research 
experiments, the West_ German 
government has made downpay
ments on two Spacelab missions, 
and the Japanese government 
has expressed serious interest 
in one. 

SPACE SHUTTLE/SPACELAB 
MATERIALS·PROCESSING·IN·SPACE RESEARCH 

MATER IALS-SOLIDIFICATION 
EXPERIMENT 

VAPOR CRYSTAL GROWTH 
SYS TEM S, FLUIDS EXP ERIMENT 

ZERO-GRAVITY COMBUSTION 
FACILI TY 

MiSSION 
SHUTTLE, 
MID-1984 

SPACELAB3 

SPACELAB, 
MID-1980s 

SOURCE: TRW/DEFENSE & SPACE SYSTEMS GROUP 

F-0-components market 
to top $1.068 by 1990 
Fueled by rapidly expanding 
telecommunications appiica
tions, the US fiber-optic
components market will grow at 
an average annual rate of 49%, 
reaching $375 million by 1985 
and topping $1.06 billion by 
1990. 

And spurred by sensor fibers' 
44% and integrated optical 
circuits' expected 46% average 
annual growth rate over the 
period, US fiber - optic
component production will also 
exhibit a healthy rate of growth. 
Rising from last year's $2.39 
million figure, it should pass the 
$58 million mark by decade's 

US FIBER-OPTIC-COMPONENT PRODUCTION 
($MILLION, % OF TOTAL PRODUCTION) AVERAGE 

ANNUAL 
GROWTH 1980 

CABLE $0.47 20% 
TRANSMITTER MODULES 0.60 25% 
RECEIVER MODU LES 0.41 17 % 
CONNECTORS 0.16 7% 
SENSING FIBERS 0.43 18% 
INTEGRATED OPTICAL 
CIRCUITS 0.31 13% 
TOTAL $2.39 

274 

1985 

$1 .85 10% 
5.28 29% 
2.30 12% 
1.90 10% 
4.69 25% 

1990 

$7.88 
10.79 
3.15 
6.29 

16.80 

14% 
18% 
5% 

11 % 
29% 

33% 
34% 
22% 
44 % 
44 % 

2.46 14% 13.54 23 % 46% 
$18.47 $58.44 38% 

SOURCE: GNOSTIC CONCEPTS INC 

end, predicts Gnostic Concepts 
Inc (Menlo Park, CA). 

Production of the special 
sensor fiber employed primarily 
in high - accuracy inter
ferometry-based gyroscopes 
will reach a $16.80 million level 
by 1990. And the development 
of fiber-optic sensor systems 
(EDN, October 5, 1980, pg 254) 
should create demand for the 
integrated optical circuits now 
under development. 

Although military and other 
government applications cur
rently represent the largest 
fiber-optic-component applica
tions segment with 37% of total 
consumption, commercial tele
communications' application 
share will accelerate rapidly 
from last year's 21 % level to 43% 
by 1990. Computer and industri~ 
al applications will also rise 
rapidly over the period. Govern
ment/military use, however, will 
drop to 20% of total end use by 
that date, says Gnostic. 

In related developments: 
• Export opportunities will 

open up for US manufacturers 
for computer, consumer and 
other nontelecommunications fi
ber-optic-component applica
tions. But foreign firms will 
offer strong competition rn 
domestic emitter, hybrid trans
mitter and receiver, coupler and 
connector markets. 

• Viewing fiber optics as the 
key to expansion of digital
electronic-system exports, the 
Japanese government plans to 
invest $70 million in fiber-optics 
research over the next 6 yrs. 

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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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/a inch thick aluminum case , with a 
self-contained hefty heat sink . BNC connectors are supplied ; 
however, SMA, TNC and Type N connectors are also available. 
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 0.4-150 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-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 524.00 (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 ou tput VSWR 2.1 ma.x. 
"+28.5 dBm from 1000- 1200 MHz 
For delailed specs and curves , refer to 1980/81 Microwaves Product Data Directory, Gold Book, or EEM . 

World 's largest manufacturer of Double Balanced MiKers 

2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 
Domestic and International Telex 125460 International Telex 620156 r;;:1 Mini-Circuits 

MINI-CIRCUITS LABORATORY 
A 0 1v1s1on of Sc1ent1fic Components Corp. 
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Natural Selec ion. 
is the natural selec

ears of business, we've 
constantly adapting to 

such desirable 
4flthibutor force and 

ld1lm to fit just about 
iMlittile-in any kind of envi

Of, our services includes 
engineering support, value 

analysis-and even the origin of special designs. 
Put these Belden ad~ to work for you. 

You'll see why Belden wtte. cal»le and cord prod
ucts are selected by so many knowledgeable 
people . . . naturally. Bekft Corp., Electronic 
Div., P.O. Box 1980, ichmond, lN 47374. 
Phone: 317-983-5200. Western Reaicmal Sales 
Office in Irvine, CA; 714-833-7700. Eastern 
Regional Sales Office in Framingham, MA; 
617-872-7846. 
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