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Why Assemble, Màlmt and 
Calibrate a Pot and DiaL,1*. 

- 

When you can 
simply insert a Knobpot® 
potentiometer into your panel? 
No assembly, no calibration . . . saves you 
time and money with no hassle. Knobpot 
potentiometers are integrally designed 10-turn 
wirewound pot/dial components that are 
preassembled and prephased at the factory. 
Attractive, rugged and accurate, they're easy to 
install, require less front panel space than most dials 
alone, and are available with either digital or clockface 
readouts. A recent product upgrade provides improved 
reliability, positive lens retention and smoother rotational 
torque. Four different models to fit your front panel needs: 

Digital Readout Clockface Readout 
3610 3650 3600 3640 

Diameter 78- 114- 3/4" 11/4" 
Standard Resistance 
Range (Ohms) 100-100K 100-500K 100-100K 100-500K 
Resistance Tolerance +5% +3% +5% +3% 
Repeatability 
(Voltage Ratio) 0.1% +0.05% 0.1% +0.05% 
Power Rating 
(25 C) 1.5w 2.5w 1.5w 2.5w 
Rotational Life 
(Revolutions) 50.000 100.000 100.000 100,000 
Mounting Style Snap-in Recessed Cup Bushing Bushing 
Save time . . . save money . . . save space. Specify Knobpot potentiometers 
— built only by Boums. They're in stock now at your local Boums distributor 
and available for immediate installation. Call your local Boums representative 
or distributor for more information and for your new 52 page PP-1 Precision 
Potentiometer catalog. 

PRECISIONS DMSION, BOURNS, INC., 1200 Columbia Avenue, Riverside, CA 92507. 
Ph: 714 781-5122 TWX: 910 332-1252. 
European Headquarters: Boums AG, Zugerstrasse 74 6340 Baar, Switzerland. Ph: 042 33 33 33. Telex: 78722. 

The last word in resistive c 
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S 'I IS1E! 

Inierfesee between power and logic whh 
IP's Threshold-Sensing Ophwoupkbr. 

With microprocessor control replacing manual, pneumatic or electromechanical systems, isolation 
between power interface and computer logic is necessary—if not vital. 

This new AC/DC threshold-sensing optocoupler from HP features adjustable external threshold levels and 
logic compatible output providing a smoother interface between power and logic. Ideal for industrial 

control and process applications—or anywhere a predetermined input threshold level is desired. The HP HCPL-3700 
saves design time, board space and offers considerably improved performance over existing couplers. 

This is possible because it contains a complex integrated circuit on the input side which processes the electrical 
input signal before it is passed onto the light emitting diode. 

In quantities of 1000, the HCPL-3700 is priced at $3.65* each. 
For delivery or for more information, call any franchised 

HP components distributor. In the U.S., contact Hall-Mark, 
Hamilton/Avnet, Pioneer Standard, Schweber, Wilshire 

or the Wyle Distribution Group (Liberty/Elmar). ra HEWLETT 
In Canada, call Hamilton/Avnet or Zentronics, Ltd. 

01004 .U.S. Domestic Price Only.   PACKARD 
Circle 1 on reader service card 



5 S Circuit Board Testing Update/No. 5 in a series from Hewlett-Packard. 

JUSTIFYING THE PURCHASE OF AN AUTOMATIC BOARD TEST 
SYSTEM IN LIGHT OF TODAY'S HIGH COST OF CAPITAL. 

Today, an automatic board test 
system can easily cost $100,000 or 
more. Given the current high cost of 
money, can a purchase of this size 
be financially justified? If you choose the 
right kind of test system it can be. In 
fact, the right automatic test system 
will not only pay for itself — including 
interest costs — but will actually save 
your company additional money. 

The secret! Leveraging. 
There are any number of testing alterna-
tives now available. However, HP's 
3060A Board Test System combines 
the latest in-circuit testing technology 
with board level functional testing. 
The addition of functional testing to in-

circuit testing provides a relatively small 
increase in board yield. But 
as you can see from the 
accompanying diagram, 

this small increase can mean, a large 
improvement in product yield. For ex-
ample, in a 5 PC board product, an 
increase in board yield of only 8% (from 
90% to 98%) will leverage product 
turn-on rate from about 59% to 90%. 

The impact of leveraging on 
production test costs. 
As you may have already discovered, 
production testing costs increase 
exponentially. In other words, a fault 
that costs 18C to find during in-circuit 
testing can easily cost $20 or more if 
not detected until final product test 
Why? Because of the additional time — 
and increased labor costs — associated 
with fault diagnosis and repair at 
this level. 
By helping leverage product yield 

through in-circuit plus functional testing, 
the HP 3060A can help decrease 
production test costs. For example, in 
a five PC board product, with a product 
volume of 12,000 per year, the 3060A 
can slash production test costs as 
much as $19.94 per unit. And that's a 
total of nearly $250,000 per year. 

Will it work for you? 
As you can see from the graph, today's 
increasing cost of capital means the 
savings to be generated by an invest-
ment such as the HP 3060A must be 
substantial in order to produce a reason-
able break-even point. How can 
you determine whether or not 
the 3060A would deliver a large 

enough reduction in production test 
costs — to justify its purchase? 

To help you determine this 
for yourself, HP now offers 
a very helpful brochure 

titled "Financial Justifi-

cation — Circuit Test Systems." It 
includes a production test model 
worksheet, and has guidelines for 
calculating the 3060A Automatic Board 
Test System's payback period, 
average return on investment and/or 
discounted cash flow. You can use this 
information to determine the rate of 
return offered by the HP 3060A in your 
facility, even in light of today's high-
interest economy. For your free copy 
of "Financial Justification — Circuit Test 
Systems," or for more information on 
the HP 3060A, (Priced at $85,000* 
for standard operational system) 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. 
*Domestic USA pnce only. 

HP Circuit Testers — 
The Right Decision 

Circle 2 on reader service card 
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Large-scale integration latches onto the phone system, 113 
COMPONENTS 

Decoding scheme smooths 18-bit converter's nonlinearity, 128 
SOLID STATE 

Programmable components: the shape of VLSI to come, 138 
CONSUMER 

Two-chip radio link pilots toys and models, 145 
INDUSTRIAL 

Distributed computer network takes charge in IC facility, 151 
DESIGNER'S CASEBOOK: 134 

ENGINEER's NOTEBOOK: 156 

39 Electronics Review 
PERIPHERALS: Terminal system creates keyboards' for 
use by the untrained, 39 

PACKAGING: Packages within packages embrace data-
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NCC: Show is upbeat in business, products, 41 
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OEM boards . . . , 42 
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169 New products 
IN THE SPOTLIGHT: ATE users get net system, 169 
Data-net tester aimed at field, 177 
INSTRUMENTS: Data system packs performance in, 184 
INDUSTRIAL: Digital thermometer is accurate, rugged, 
and portable, 200 

POWER SUPPLIES: Five units provide 100 W each, 205 
DATA ACQUISITION: Voltage-to-frequency converters 
are stable to 10 MHz, 212 

MICROCOMPUTERS & SYSTEMS: Board takes 8-bit or 
16-bit CPU, 224 
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machine is fully integrated, 234 
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Highlights 
Cover: LSI makers are connecting with the phone system, 116 

It is likely that large-scale integrated circuits will invade telephone networks 
in force during the next few years, as chip makers and phone companies get 
the details ironed out. Complementary-MOs is becoming the technology of 
choice for the power-conscious telephone establishment, which is ready for 
the benefits of digital switching and transmission as soon as conservative 
equipment-lifetime requirements can be assured. 

Cover photograph is by Kenneth Karp; sculpture is by Robert Strimban. 

18-bit d-a converter decodes MSBs to get 16-bit linearity, 128 

The linearity of a conventional digital-to-analog converter leans heavily upon 
the precise resistance of the switch handling the analog contribution of the 
input's most significant bit. By reducing the binary weight carried by any 
one switch, high linearity can be achieved with a more relaxed set of 
production tolerances, as a two-chip hybrid converter with a 0.001% linearity 
error specification proves. 

Future VLSI components: success through flexibility, 138 

Rising levels of integration threaten to place unmanageable demands on chip 
designers—and manufacturer-customer relations will be severely tested as 
well. Standard VLSI products will be nearly impossible to specify, and the 
cost of custom designs stratospheric. The answer lies in a semicustom 
approach represented by such devices as read-only memories, programmable 
gate arrays, and programmable signal processors. 

Distributed processing network manages IC plant, 151 

The production of LSI parts has become an extremely involved task. 
Hewlett-Packard's automated production facility for MOS LSI uses a number 
of linked computers to go beyond process control and testing. It collects and 
analyzes data and handles tedious chores such as mask inventory control— 
pointing the way towards fully automated lc foundries. 

A net is cast for ATE users, 169 

When an operator changes disks on a piece of automatic test equipment to 
load a new test program, valuable run time is lost. A data-communications 
network dedicated to ATE applications centralizes program files and trans-
fers them at 655 kilobits per second to speed the process. 

. . . and in the next issue 

A special report on developing VLSI production techniques . . . an IEEE-
488 controller made for designers custom-building their own automated test 
equipment . . . a microprocessor-based unit that simplifies attaching 
peripherals to computers . . . a c-mos d-a converter. 
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Let Mini-Circuits' 
RF TRANSFORMERS 
Do Your Matching! 

10 kHz 800 MHz 
...from 52.95 

(Actual size) 

Models T. TH (Plastic ease) 

10 300 SQ • 0 230 high) 

(Actual size) 

Model TMO (Metal case) 
1600- I. • .230- w • .255 - h I 

CENTER-TAPPED DC ISOLATED 9 

PRIMARY & SECONDARY -0 

Model Imped Freq Price 
No ratio (MHz) 110-491 
Ti. IT 1 .05-200 53 95 
TMOI-IT 1 .05200 56 45 
T2- IT 2 .07200 54 25 
1M02-IT 2 .07200 $6 75 
T2 5-6T 25 .01100 54 25 
Th102 5-6T 25 .01100 56 75 
T3-1T 3 .05250 53 95 
TM03- IT 3 .05 250 $6 45 
74 I 4 .2350 52 95 
11A04- I 4 .2 350 54 95 

514-1H 4 8 350 54 95 
15 IT 5 .3300 54 25 
TM05-1T 5 .3300 56 75 
T13-1T 13 .3120 54 25 
TM013- IT 13 .3120 56 75 

DC ISOLATED PRIMARY • je 
& SECONDARY 

Model Imped Freq. Price 
No. ratio (MHz) (10-49) 

TI-1 1 .15.400 52 95 
TM01-1 1 .15.400 54 95 

•11.1H 1 8.300 $4 95 
TI 5-1 1.5 .1-300 $3.95 
TM01.5.1 1.5 .1.300 56 75 
12.5.6 2.5 .01-100 53 95 
TM02.5-6 2.5 .01.100 56 45 
T4-6 4 .02.200 53 95 
TM04-6 4 .02.200 56 45 
T9-1 9 .15.200 53 45 
1M09-1 9 .15.200 56 45 

•T9-1H 9 2-90 55 45 
T16-1 16 .3-120 53 95 
TM016-1 16 .3-120 56 45 

•I16-1H 16 7-85 55 95 

• up to 100mA DC without saturation 

UNBALANCED PRIMARY 
& SECONDARY 

Model Imped Fred Price 
No  ratio 1M11:1 110-491 
12-1 2 .025 600 $3 45 
TM02-1 2 .025 600 55 95 
T3-I 3 .5.800 $4 25 
TM03.1 3 .5-800 56 95 
T4-2 4 .2.600 53 45 
TM04-2 4 .2.600 55 95 
T8-1 8 .15.250 53 45 
TM08-1 3 .15-250 55 95 
T14-I 14 .2-150 54 25 
1M014-1 14 .2-150 56 75 

FOR ADDITIONAL INFORMATION COMPLETE SPECIFICATIONS AND 
PERFORMANCE CURVES REFER TO 1979-80 MICROWAVES PRODUCT 
DATA DIRECTORY pas 161 to 368 or 1979 [EM 2770 to 2974 

It's easy to transform 
impedance and reduce VSWR. 

Chose from 40 models, 12.5 to 800 
ohms, 10 kHz to 800 MHz, ultra- low 
distortion (H models) balanced, unbalanced 
and center-tapped . . . immediate 
delivery . . . at prices that can't be 
matched, starting at $ 2. 95 

World's largest manufacturer of Double-Balanced Mixers 

Ç1 Mini-Circuits 
MINI-CIRCUITS LABORATORY 
A Dfvfsfon of Ser-t' -.ponerms Corp 

2625 East 14th Street Bklyn, New York 11235 (212) 769-0200 

Domestic and International Telex 125460 International Telex 620156 

42/awe 
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Now... 
the only 
RF power 

amplifier you 
may ever need. 

The new ENI 550L 
delivers 50W, 1.5-400 MHz. 

This single unit is so incredibly 
versatile it can replace several 
you may be using now. And you 
may never need another. It's an 

extremely broadband high 
power, solid state, Class A linear 
amplifier. It's rated at 50W from 
15-400 MHz But it can provide 
100 Watts from 15-220 MHz 
All you need with the 550L is 
any standard signal or sweep 
generator and you've got the 

ultimate in linear power for such 
applications as RFI/EMI testing, 

NMR, RF Transmission, 
ultrasonics and more 

And, like all ENI power ampli-
fiers, the 550L features uncon-
ditional stability, instantaneous 
failsafe provisions, and absolute 

protection from overloads 
and transients 

The 550L represents the pinnacle 
in RF power versatility. There's 

nothing like it commercially avail-
able anywhere! And it may be 
the only RF power amplifier 

you ever need 
For more information, a demon-
stration, or a full line catalog, 
please contact us at ENI, 3000 
Winton Road South, Rochester, 
NY 14623. Call 716/473-6900, or 

telex 97-8283 ENI ROC. 

ENI 
The advanced 
design line of 
power amplifiers 

Publisher's letter 

Telecommunications is one of the 
" oldest electronics technologies, yet 

it continues to change. Particularly 
important has been the development 
of large-scale integrated circuits 
designed to replace electromechani-
cal and hybrid parts in telephone 
instruments and switching gear. 
Not only do these LSI devices per 

form standard functions, but also 
they are adding capabilities to tele-
communications hardware, reports 
communications editor Harvey Hin-
din. His special report (p. 113) con-
centrates on the chips designed spe-
cifically for telephone use, although 
there are also many applications for 
general-purpose microprocessors and 
memory chips. 
Harvey notes that LSI in commu-

nications has quickly become a big 
business. "For some semiconductor 
companies, shipments of telecommu-
nications products will represent 
about 20% of their business in a few 
years," he observes. 
The reasons for this growth are 

familiar. LSI now represents a reli-
able cost-effective design route 
toward the conversion to digital 
technology. The trend is worldwide. 

"In the developing nations, the sit-
uation is explosive," Harvey says. 
"Oil-rich countries have been able to 
install the most advanced telecom-
munications systems virtually over-
night," he notes. 
Coming soon will be smarter and 

smarter telephones able to store mes-
sages and route calls to other num-
bers. At the switching end, pulse-
code—modulation amplifiers will 
make transmission lines more effi-
cient. And subscriber-loop interface 
circuits (sucs) are coming on 
strong. In short, there is a tremen-
dous diversity in telecommunications 
chips, Harvey points out. 

There is still some debate, but it 
appears that complementary-MOS is 
the favored technology. Chip archi-
tectures, however, are still up in the 
air. For example, there is no clearly 
defined, standardized set of compo-
nents that make up a coder-decoder, 
or codec, especially when it involves 
a proprietary design. 

Part of the problem is rooted in 
the ongoing conflict between the 

equipment makers, who want cus-
tomized components, and the semi-
conductor houses, who want to pro-
duce standard chips in high volume. 
Nevertheless, comments Harvey, the 
LSI producers and the telephone 
equipment makers are working 
closely together. 

E ntering the era of very large-scale 
integration, many may have won-

dered whether high-density devices 
packing such tremendous computing 
capability will introduce insur-
mountable applications problems. 

Will the semiconductor industry 
be able to handle the customer inter-
face problems that will result from 
the increased complexity of VLSI cir-
cuits? And can the industry handle 
the potentially enormous design 
costs of future custom products? 
These questions are posed by James 
L. Fischer, group vice president of 
Texas Instruments Inc.'s Semicon-
ductor group, in an article starting 
on page 138. Both of these questions 
can be addressed with what TI calls 
solid-state programmation. 
"With the industry fast approach-

ing VLSI applications, we believe that 
programmable systems components 
hold great promise for providing the 
customization of standard products 
essential to widespread use of logic 
VLSI circuits at affordable cost," the 
TI executive comments. 
"Today we are seeing a time and 

cost escalation of circuit design that 
parallels increasing complexity in 
both custom and standard products. 
We think our view toward program-
mable VLSI offers a viable road map 
for the future," Fischer states. 
The TI vice president gained 

insight into technical aspects of pro-
grammation early from William 
C. Holton, manager of research, 
development, and engineering for 
the Semiconductor group, and from 
Harvey G. Cragon, TI senior fellow, 
who spearheaded the development of 
programmable systems components. 
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a 100 watt switcher is shown on the shake table 

we shake 'em down 
before you do 

that way we ensure that every Kepco/TDK switcher will 
meet your reliability requirement 

Shock testing: 

20g, 3 axes. 
Pulse duration: 11 ms. ± 5 ms. 

Vibration testing: 

5-10 Hz 10 mm. amplitude, 3 axes. 
10-55 Hz 2g, 3 axes. 

KEPCD® 

Our switchers feature single card construction (coated for 
moisture and fungus resistance) to eliminate vulnerable 
intercard connections and harnessing. They're burned in 
for 48 hrs. at + 55°C (while overloaded at the +50°C 
rating) and then are 100% tested, twice! (You can get a 
certified copy of our test report at no extra charge.) 
Kepco/TDK switchers have also been tested by the 
Underwriters Laboratories and have won UL recognition. 

The result? You can buy a really rugged, thoroughly wrung 
out, UL recognized switcher at very competitive prices. 
They're in stock, ask for a demo to power-up your system. 

For further information on our Switching Power Supplies write: dept. CR-14 

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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Complete 
ranges 
from 220 pF 
to 1.0 pF 
WIMA were first with 
5 mm pcm plastic film 
capacitors — miniature 
components designed 
for semiconductor 
technology. 

WIMA plastic film capac-
itors show greater 
reliability and should be 
preferred to other types. 

The uniform lead spacing 
of 5 mm for the complete 
capacitance range is 
ideal for automatic 
component insertion. 

WIMA have always been 
in the forefront of 
plastic film capacitor 
technology. 

FKP 2: 220 pFto 0.01 (4F: D. F. 2-4 x 10' 
FKC 2: 220 pFto 0.01 (tF: D. F. 1-2 x 10 -3 
FKS 2: 1000 pFto 0.015 (IF: D. F. 5-6x 10 
MKS 2: 0,01 liFto 1.0 D. F. 5-8x 10 -3 
(Typical values at 1000 Hz) 

WILHELM WESTERMANN 
Spezialvertrieb elektronischer Bauelemente 
P.O. Box 2345 • D-6800 Mannheim 1 
Fed. Rep. of Germany 

U.S. Sales Offices: 
THE INTERNATIONAL GROUP INC. 
North Dearman Street • P.O. Box 23 
Irvington • New York 10533 • (914) 591-8822 

TAW ELECTRONICS CO. 
4215 W. Burbank Blvd., Burbank 
California 91 505 • (213) 846-3911 

Readers' comments 
Needed: teachers 

To the Editor: "Needed: a plan for 
educating engineers" [April 24, 
p. 26] discusses a serious problem, 
but I believe that it misses an essen-
tial point. To understand why uni-
versities cannot keep up with the 
demand for engineers, one need not 
resort to philosophical considerations 
of resistance to the "upheavals that a 
redirected emphasis on technological 
education will create." One need 
only consider some hard economic 
facts. A recent conversation with a 
friend at an area university revealed 
that five electrical engineering 
courses scheduled for the fall semes-
ter were to be taught by "staff," 
which means that there is no one 
currently available to teach the 
courses. The reason? Starting facul-
ty salary is in the range of $18,000, 
while roughly equivalent industrial 
positions offer salaries up into the 
$25,000-to-30,000 range. Add to this 
the mediocre benefits and small sala-
ry advances provided by the faculty 
positions, and the bottleneck begins 
to become obvious. At least for the 
institution to which I am referring, 
there is no lack of prospective engi-
neering students, but rather a lack of 
engineers willing to tolerate the 
small economic rewards of employ-
ment in the field of education. 

Mark H. Polczynski 
Watertown, Wis. 

Corrections 

Typographical errors in the Electro/ 80 
preview (April 21, pp. 174 and 176) 
gave incorrect throughput and conver-
sion rates for Data Translation Inc. 's 
12-bit data-acquisition system. The 
throughput is 25 microseconds per 
channel; conversion time is 10 µs. 

The noise figure, gain, conversion 
gain, and dynamic range of a receiver 
are related, but not directly, as indi-
cated in the "Advantages" column of 
the table comparing the inherent trade-
offs of mixers in "Two hams capture 
manufacturers' ears" (May 8, p. 93). 
The noise figure should have been set 
apart from the aforementioned param-
eters by means of semicolons or bullets 
for the bipolar transistor, JFET, and 
diode mixer, respectively. 

Speech 
Synthesizer 

LOW-COST VOCABULARY 
SPEECH SYNTHESIZERS FOR 
OEM USE 
Two 64-word vocabularies available 
—ASCII characters: numerics, alphabet, 

punctacuation 
Clear, highly intelligible male voice 
All MOS-LSI circuitry 
6-bit parallel strobed input 
No external clocks required 
Inputs are TT L compatible 
Analog Speech output signal 

Custom Vocabularies Available 

$179°° 
• Boards with numb«, it 

calculator functions... 

only   $95.00' 
'pr 1',Ill idles la' 1,% M.o. dr4..., awe 

TELESENSORY SYSTEMS INC. 
3408 Hillview Ave., P.O. Box 10099 
Palo Alto, California 94304 
Telephone (415) 493-2626 

Circle 3 on reader service card 

With our monitor and your 
oscilloscope, read fast pulsed 

currents (nsec to millisec) of 
any conductor. Prices range 

from $75 for standard, in-stock 
models. Sensitivities from 

1 V/A to .01 V/A; no physical 

connections required; readings 
without ground loops; BNC 
standard; specials upon request. 

For further information write 

or call: Ion Physics Company, 
F.C. Box 416, Burlington, Mass. 

01803. Tel. 617-272-2800, 

ION PHYSICS COMPANY 
A DIVISION OE HIGH VOtTAGE ENGINEERING CORPORATION 
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Finally a way to make 
noise figure measurements 

10 MHz to18 GHz that are accurate 
and repeatable. 

=IWO Olt Mani BUM». 

HP's new 346B 
Noise Source can cut your 
uncertainty in half. 

In conventional noise figure measurements, 
you now get better accuracy because ENR 
(excess noise ratio) has an RSS uncertainty of 
±0.1 dB from 10 MHz to 8 GHz, ±0.19 dB at 18 
GHz, and is plotted on the nameplate at 20 
frequencies. Low SWR of <1.15 from 30 MHz 
to 5 GHz and <1.25 to 18 GHz further reduces 
uncertainty. 

When used with conventional meters, the 
346's built-in current regulator makes the noise 
output insensitive to 28 ± IV drive variations. 
HP 340B/342A meters use the 11711A adapter. 
Prices: 346B, $1200*; 11711A, $125e 

For more information call your nearby 
HP sales office or write Hewlett-Packard Co., 
1507 Page Mill Road, Palo Alto, CA 94304. 

Electronics/June 5, 1980 
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Or configure a repeatable, 
error-correcting 
automatic system. 

Using an off-the-shelf power meter, local 
oscillator, and a few instruments and accessories, 
you can automatically measure both gain and 
noise figure, while correcting for second stage 
noise, ENR variations, and ambient temperature 
effects; as fast as 100 frequencies per minute. 

The X-Y chart shows excellent repeatability with 3 separate 
plots of receiver noise figure using 3 different power meters, 
sensors, and noise sources. Peak excursions are <± 0.1 dB 
from 2 to 12 GHz, 

HEWLETT 
PACKARD 

'Domestic U.S. prices onl. 
04002 

11111.111.1 
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Your new design is a work of genius. Why 
ruin it with a dumb floppy disk controller? Or 
one with half a brain? Get a Supercomponent. 

Announcing the Am95/6120. 
The worlds smartest 
floppy disk controller. 

The Am95/6120 has its very own 8085A. 
That's the most powerful CPU on any floppy 
disk controller board. It'll take a real load off 
your system's CPU. 
And the Am95/6120 has more than brains. 

It has brawn too. It can handle up to four 8-in. 
or 51/2-in. floppy disks. It can do double density, 
as well as single. One side or two. 
No other floppy disk controller in the industry 

even comes close. Except one. 

Meet the Am95/6110. 
It has the same brain as the Am95/6120. But 

a little less brawn. 
It drives up to four 8-in, floppy disks. Single 

density only. Single or double sided. 

Both Supercomponents offer you 20-bit ad-
dress space, an Am9517 DMA, automatic check 
on startup, and automatic system boot. Both 
work like a charm with 8-bit and 16-bit systems. 

This is a job 
for Supercomponents! 

The Am95/6120 and Am95/6110 are the 
newest members of our Supercomponent family. 

Supercomponents are LSI-intensive boards 
built to save the serious designer a whole lot of 
time and money. They are changing the make-
or-buy rules. Here's why: 

Supercomponents are absolutely state of the 
art. They are designed in like components and 
they think like VLSI. All are plug-in ready. All 
are iSBC80 compatible and have a Multibus? 
And, of course, we have a complete family of 
CPU boards, peripherals, enclosures, power 
supplies, card cages, and software. 

If you're thinking about buying a floppy disk 
controller, call Advanced Micro Devices and get 
the floppy disk controller that thinks. Get a 
Supercomponent. 
'ISBC and MultIbus are trademarks of Intel Corp 

Advanced Micro Devices e 
901 Thompson Place, Sunnyvale, CA 94086, (408) 732-2400 
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HEY'RE 
THAN 
HERS 

THEY'RE 
CNEMS SWITCHERS 

A Tecnetics switching power 
supply is better than most for good 
reason. First of all, we pioneered 
pulse width modulation tech-
niques to achieve higher effi-
ciency, cooler operation and 
compactness. In fact, our 1974 
catalog offered switchers as 
standard items. 

Secondly, Tecnetics is a major 
supplier of high rel switchers to 
the defense and aerospace indus-
tries. These are people that 

demand the most in reliability and 
performance. 

And finally, Tecnetics today 
offers nearly 100 switchers, both 
AC to DC and DC to DC, with 
power ratings between 25 and 
200 watts. They offer EMI filtra-
tion, efficiencies up to 92%,overload 
protection and multiple outputs. 

Write for our 1980 catalog 
today. Look at the specs and you'll 
see why the switch is on to 
Tecnetics switchers. 

Series Power Output Input Freq. Price 
3000 25-150 5-48VDC 28 & 48 VDC $440-665 
4000 25-200 5-48VDC 115 VAC 360-440 H, 440-1030 
6200 200 5-48VDC 115 VAC 47-440 H, 725 

tecnebcs 
INCORPORATED 

1 P 0 Box 910. 1625 Range Street, 
The Power Conversion Boulder, Colorado 80306 
Specialists (303) 442-3837 TWX 910-940-3246 

Circle 12 on reader service card 

Brochure describes Electronics 
editorial reprints, services, books... 
• More than 70 article reprints in 15 subject 
categories 

• Handy wall charts 

• Custom-made reprint services 

• Books especially for Electronics' readers 

• Convenient postage-paid order cards 

News update 

• American Telephone & Telegraph 
Co.'s Advanced Communications 
Service (Acs) plods along on its 
embarrassing way, still plagued by 
software and regulatory issues, for 
all its claims to hold the answers to 
the problems facing the office of the 
future. 

But Bell is not sitting around. 
With a recent tariff filing, the Bell 
Telephone Co. of Pennsylvania is 
continuing AT&T'S move into infor-
mation processing by offering cus-
tomers store-and-forward switching 
services. 
Now, some Pennsylvania custom-

ers can have what Bell terms call 
answering and advanced calling. 
Call answering uses microprocessor 
technology for central office an-
swering of calls, much like a subscri-
ber-site answering machine. 

Novelty. Advanced calling is the 
real novelty. Here voice messages 
sent by the subscriber are delivered, 
later or immediately, as desired, to 
other subscribers anywhere in the 
network. This is really a form of 
electronic mail, with the sender spec-
ifying phone numbers, the message, 
and the delivery time. 

Industry observers expect AT&T to 
offer some form of these services as 
part of the ACS system when it 
comes about [Electronics, Nov. 22, 
1979, p. 34]. For now, the limited 
service is for Philadelphia only, but 
Charles Coughlan, the company's 
consumer interpremise development 
manager, says plans are being for-
mulated to introduce the new ser-
vices around the country. 
The system control for advance 

calling is the IA voice storage sys-
tem designed by Bell Laboratories, a 
device the company says uses "com-
plex software, advanced memory and 
processing electronics, and stored 
program control." But still-sensitive 
Bell says it is an electronic switching 
system —not a computer. 

Telephone-based ACS shopld offer 
digital transmission of the outputs of 
virtually every type of office 'equip-
ment, but is late because it is having 
trouble developing the necessary 
software. Cynics, however, say ACS 
is delayed because it was introduced 
too hurriedly. -Harvey J. Hindin 
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When you can't get action out west... 

COME EAST to CHERRY 
for CUSTOM ICs 

c 

ARIZON 

We'll treat you like a CUSTOMER! 
We're the "action now" people who take your custom 
IC needs as seriously as you do. We know your 
business can't afford delays. So we give you the 
prompt attention you expect. 

With full custom IC capabilities and some of the 
most advanced technology anywhere, we can meet 
your design, production and delivery schedules for 
digital and linear bipolar circuits. Need both on the 
same chip? We've done it with I2L ... successfully! 

And, if a full custom design isn't quite what you 
need, one of our circuits that has been processed up 
to the point where it is ready for your interconnect 
mask can be finished to your specifi-
cations, saving design time and cost. 

Call us today for ACTION! Dial (401) 463-
6000 and ask for Custom IC Engineering 
Sales. Or write for this I2-page, full color 
brochure describing production of custom 
ICs the Cherry way. 

SEMIÉ„„, 
CHERRY SEMICONDUCTOR CORPORATION 99 Bald Hill Rd.. Cranston. Rhode Island 02920 / (401)463-6000 / TWX 710-381-1 757 

A wholly owned subsidiary of Cherry Electmcal Products Corp., Waukegan IL U.S.A., 312 689 7700 • Worldwide affiliates and phone numbers: Cherry Mikroschalter GmbH, Auerbach, Germany, 09 643 181 
Cherry Electrical Products Ud ., Sandridge (Heirs) England. 44 727 32231 • Cherco Bras,' Industrla E Comercio Ltda., Sao Paulo, Brazil, 011 246 4343 • Mirase Cherry Precision Co., Ltd., Kawasaki, Japan, 044 933 3511 
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Textool 
GRID ZIP 
Sockets 

Versatile standard series 
accepts most devices... 
Lead configurations pose no real 
challenge to the unique flexibility 
of Textool's standard GRID ZIP 
socket series. 
The GRID ZIP socket is capable 

of testing almost any plug-in device 
fitting within its 14 x 21 grid (100 
mil). You get optimum versatility 
without extra tooling costs. And, 
since only those positions actually 
required are available to the 
operator (294 maximum), the 
possibility of incorrect lead 
positioning is eliminated. 
Simple mechanical action, 

characteristic of all Textool zero 
insertion pressure sockets, allows a 
user to literally "drop" a device into 
the GRID ZIP's funnel entries which 
guide the leads to socket contacts. 
Then, simply flip a lever to test or 
age. Another flip of the lever allows 
extraction of the device with zero 
contact pressure, thus virtually 
eliminating mechanical rejects 
caused by bent or distorted device 
leads. 

Regardless of device 
configurations — TO's, DIP's, 
platform — the versatile GRID ZIP 
socket accepts them all! If desired, 
several devices may be mounted in 
a single GRID ZIP for burn-in, or a 
single device may be inserted for 
hand test. 

Detailed information on these and 
other products from Textool...IC, MSI 
and LSI sockets and carriers, power 
semiconductor test sockets, and 
custom versions... Is available from 
your nearest Textool sales 
representative or the factory direct. 

Textool Products Department 
Electronic Products Division/3M 
1410 W Pioneer Dr., Irving, TX 75061 
214/259-2676 

3M 

People 

Davies gets his wish 

and moves into computers 

The electronics entrepreneur is pri-
marily a North American species, 
but there are a few European maver-
icks. One such is C. A. (Tony) Dav-
ies, who in 1970 at age 26 founded 
Membrain Ltd., the fast-growing 
British automatic test equipment 
company. By December 1977, when 
Davies sold his company to the 
French multinational Schlumberger 
Ltd., he had built it into a thriving 
$6 million operation. 
Now he is rolling the dice again, 

and part of his next venture is Com-
puter Technology Ltd., the high-per-
formance minicomputer company 
founded by Iann Barron. (Barron is 
now a director of Inmos Ltd., the 
microcircuit company backed by the 
British government.) 

"I always wanted to get into com-
puters," say Davies. The opportunity 
presented itself when four engineers 
from IBM Corp.'s research center in 
Hursley Park, Winchester, asked the 
British venture-capital company, 
ICFC Ltd., to fund an advanced work 
station for the office of the future. 
At the time, Davies, an ICFC con-

sultant, advised that such an IBM 
spinoff could fit well with Computer 
Technology, in which ICFC had a 
major stake. So a new company, 
Office Technology Ltd., was formed 
alongside Computer Technology. 
Davies is taking over as chief execu-
tive of Information Technology Ltd., 
the holding company for the other 
two operations and for startup ven-
tures yet to come. 

Davies says that Computer Tech-
nology's hardware, based on a modu-
lar, highly interactive computer ar-
chitecture, will fit well with the work 
stations being developed by Office 
Technology. So far the team has 
spent a sum total of 55 man-years in 
the general areas of man-machine 
interfacing and office automation. 
However, their first product, to be 
introduced in 1981, will be a simple 
no-frills word processor. But there 
probably will be hooks on which to 
hang future voice-, data-, text-, and 
image-handling capabilities. 

Impress/trio. Davies hopes to orchestrate 
annual 50% growth rate for his companies. 

Davies hopes to push the combine 
from a volume of $13 million today 
to $100 million by 1985 and from 
profits of $1.3 million to $13 million. 
That is an ambitious 50% annual 
growth rate, which he hopes to suc-
ceed in achieving by aggressive mar-
keting focusing on specific market 
opportunities. 

Rittenhouse has a plan 

to make RCA a top bidder 

Now that he has been in the job for a 
year, John D. Rittenhouse has taken 
an aggressive stance in the military 
marketplace. As the division vice 
president and general manager of 
RCA Corp.'s Government Systems 
division, Moorestown, N. J., Ritten-
house, 44, has put together an active 
technological strategy that is calcu-
lated to push RCA into the forefront 
of contract bidding. 
"We have to bid and win jobs in 

an extremely competitive business," 
he observes. "The other part of this 
business is running jobs well once 
you've won them." Keeping these 
two maxims in mind, Rittenhouse 
has identified seven areas of techno-
logical thrust for his division. "All of 
our planning wraps around them," 
he says. 
• Microelectronics, or solid-state 
processing. "The time is ripe for the 
lead in distributed microprocessing 
to be taken in the military market-
place. Program implementations can 
grow in a modular fashion through 
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15111/2® L3111/23® 
COMPONENT PRODUCTS 

WHY IS FIRST COMPUTER YOUR BEST SOURCE FOR 
DEC'S 131-11/2 AND LSI-11 / 23 MICROCOMPUTER 
PRODUCTS? 
FIRST COMPUTER IS THE WORLD'S LARGEST 
SPECIALIZED DISTRIBUTOR FOR LS1 -11 AN r) LSI-23 
MICROCOMPUTER PRODUCTS. 
No—We don't sell capacitors or resistors! We only 
sell products manufactured by Digital Equipment 
Corporation and other leading manufacturers which 
enhance the LSI-11/2 and LSI-11/23 Microcomputer 
Products. 
FIRST COMPUTER SAVES YOU VALUABLE DOLLARS! 
Because of our volume purchasing power we con 
acquire the products at the lowest possible cost. 
These savings enable us to offer the best price avail-
able anywhere. Before you buy, investigate our price 
and save dollars. 
FIRST COMPUTER SAVES YOU VALUABLE TIME! 
Because of our large inventory we can provide you 
with off-the-shelf delivery on the complete line of 
Digital Equipment Corporation's factory fresh Micro-
computer Products. We are just o phone call away, or 
if you prefer you can TWX us your order. With pre-
approved credit we can ship anywhere in the United 
States or Canada within 24 hours. 

aut 

FREE TECHNICAL AND APPLICATION ASSISTANCE. 
Because we specialize in LSI-11/2 and LSI-11/23s we 
con provide you with technical assistance to help you 
determine the products which best meet your appli-
cation requirements. We utilize these products every-
day in our own Commercial, Laboratory, Array Pro-
cessor, and Image Processing Systems. Our applica-
tion experience can help you avoid costly mistakes. 
FULL MANUFACTURER'S WARRANTY. 
When you purchase your LSI-11/2 and LSI-11/23 
products from FIRST COMPUTER you receive the full 
manufacturer's Return to Factory warranty. All war-
ranty claims will be handled by First Computer with 
courtesy & dispatch. FIRST COMPUTER stands behind 
each of the products we sell. 
WE ARE A RECOGNIZED LEADER IN THE DISTRIBUTION 
OF LSI-11 / 2 AND LSI-11/23 PRODUCTS. 
No wonder so many people are turning to FIRST 
COMPUTER to provide them with their Microcomputer 
requirements. You owe it to yourself to investigate 
what FIRST COMPUTER con do for you! We stand 
ready to serve you. You can bank on us. 

Circle 15 on reader service card 

TM TWX NUMBER 910-651-1916 

computer corporation 
corporate square/825rxythcassavenue/westmont, illinois 60559, (312) 9201050 

—Trademark First Computer Corporation Registered trademark of Digital Equipment Corporation C2 



AUN: 8080 and 
Z-80 Programmers 

Softwcre 
Problems? 

TM 

Discover XYBASIC—The language 
for measurement and control. 

• Configure stand-alone systems that appear at 
the touch of a button with ROM Basic. Now you 
can keep both XYBASIC and your XYBASIC 
program in ROM. 

• Versions available for SBC 80, CP M, 
INTELLEC 8 MOD80, and MDS-800 operating 
systems. There's even a version that lets you 
patch for your I O. 

• Unique control features and powerful de-
bugging commands make XYBASIC ideal for 
control, process and lab applications. 

• Specific OEM problems? We'll customize 
XYBASIC to your application. 
Let it help you create process control programs 
for 8080-based computers in as little as one-
tenth the time it used to take! 

Who is using XYBASIC now? 
Control Data Corp. for testing 16K RAM chips 
Disneyland for ride monitoring 
Boeing for certifying 747's 
GTE Sylvania, Magnavox and RCA for auto-
matic testing of TV chassis 
Bendix for quality control of electronic 
components 

Northwestern University for laboratory experi-
ment control and many, many more! 

Find out how XYBASIC can help you 
Mail coupon below or CALL COLLECT. 
(312) 472-6659 Ask for Robert Swartz 

Mark Williams Company 
1430 Wrightwood Ave., Chicago, Illinois 60614 

I'm interested! 
Please send comprehensive brochure. 

Name Title 

Company 

Address 

City -̀,tate Zip 

Country _ 

'hone 
L ti  

People 

Target. One of John Rittenhouse's aims is 

military distributed microprocessing. 

the use of microprocessors." 
• Digital processing. "It can be used 
for a number of things. For instance, 
signal processing is important, espe-
cially array processing in radars." 
• Thermal-mechanical systems. 
"This is unusual work for an elec-
tronics company. It mainly involves 
software programs to identify struc-
tural failure modes in satellites." 
• Microwave technology. "We're at 
the forefront of designing power 
amplifier devices, but, alas, the Jap-
anese have a slight edge." 
• Systems analysis. "You can't be in 
the defense business and be respon-
sive to the customer's needs without 
a systems analysis capability." 
• Electro-optics. "The area needs 
more exploration." 
• Software. "Software modularity 
and transportability won't be merely 
a fond wish." 

In fact, it's this last area to which 
Rittenhouse has devoted much of his 
time and energy. He is establishing a 
software-development facility sched-
uled to come on line in 1981, as well 
as implementing a company pro-
gram dedicated to software training. 

Rittenhouse, who joined RCA in 
1958, holds an MSEE and has 
attended a Harvard Business School 
management program. This combi-
nation of business and technical 
expertise is strongly evident in his 
approach to the military market-
place. "I want my sights set on the 
right technology and I want the 
capabilities of the company to match 
the needs of the marketplace," he 
emphasizes. 

16 Circle 16 on reader service card Electronics/June 5, 1980 



Maglatch TO-5: 
The little relay 

that never forgets 

That's literally true. Once set with a short pulse of coil voltage, 
Teledyne's magnetic latching TO-5 relay will retain its state until 
reset or reprogrammed — even if power fails completely. And 
because it never forgets its last instruction, holding power is 
not required. 

This inherent power conservation makes the Maglatch TO-5 
ideal for any application where power drain is critical. In addition, 
its subminiature size fits it perfectly to high density pc board 
packaging. And for RF switching applications„ the low inter-
contact capacitance and contact circuit losses provide high isolation 
and low insertion loss up through UHF. 

The Maglatch TO-5 is available in SPDT, DPDT and 4PST 
versions, and includes commercial/industrial types as well as 
military types qualified to "L," "M" and "P" levels of 
MIL-R-39016. 

If you need more information about the little relay with 
the non-destructible memory, call or write today. 

1r TELEDYNE RELAYS 
12525 Daphne Avenue, Hawthorne, California 90250 • (213) 777-0077 

U.K. Sales Office: Heathrow House, Bath Rd. MX, TW5 9QQ • 01-897-2501 

European Hqtrs.: Abraham Lincoln Strasse 38-42 • 62 Wiesbaden, W. Germany • 6121-700811 
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Brains Behind the MPU 
Why designers with foresight choose Intel EPROMs 

to control the mind of the microprocessor. 
Look closely at today's high 

performance microprocessor system 
designs. They reflect some of the 
most advanced thinking in modern 
electronics. Little wonder that 
program store memories, like our 
2716 and 2732 EPROM 
have assumed such tre-
mendous importance 
to these systems. 

Your intelligence 
on a chip 

EPROMs are the 
brains behind the 
microprocessor system. 
Inside the EPROM re-
sides your intelligence: 
the program that 
makes your product perform uniquely. 
And that program typically repre-
sents an investment of thousands 
of engineering hours—and hundreds 
of thousands of dollars. In short, 

EPROMs embody a significant part of 
the proprietary value your company 
sends to the marketplace. It means 
your EPROMs must be reliable. 

Keeping pace with advanced 
microprocessors 

At Intel, we know the 
importance of EPROMs 
in your microprocessor 
system. We invented these 
UV erasable and reprogram-
mable memories in 1971 to 
support system development 
with the world's first micro-
processor, our 4004. Since 
then, Intel® EPROMs have 
continued to match the pace 
of the microcomputer 

revolution with higher density, 
faster access, lower power—and in 
our 2716s and 2732s, two-line control 
to eliminate bus contention in per-
formance oriented systems. At each 
step, designers have chosen Intel 
EPROMs as the industry standards. 

Because of the vital role of 
EPROMs in today's high performance 
systems, it's important to specify 
devices you can trust. Like Intel® 
2716s. Since 1971, we've delivered 
over 7 million EPROMs. It gives 
Intel more experience manufacturing 
and testing EPROMs than any 
other supplier. And we build that 
experience into every EPROM 
we make. 

Our recipe for 2716 reliability 
Intel's EPROM reliability proce-

dures are some of the most stringent 
in the semiconductor industry. We 
burn-in 100% of the 2716s at an 
accelerated temperature of 150°C. 
Reliable bit storage (data retention) 
is assured by baking at 150°C for 
72 hours. We also test program 
margins and full electrical parameters. 

intel 
Certificate of Compliance 
to Arrhenlus Forecast 

3' 100% Burn-In 

IZ 100% Bits Programmed 
2{ 100% Bits Erased 

100% Data Retention 
Tested 

IX 100% Electrically Tested 

L100% Margin Tested 

INTEL 6.A. DATE 

Finally, before you receive your 
2716s, we program and erase each of 
the 16,384 bits in every device. 
For military applications, our mil-spec 
M2716 goes through even more— 
to meet the full Level B requirements 
of MIL-STD-883B. 

Based on these procedures and 
the results of over 5 million hours of 
accelerated life tests with Intel 
EPROMs, we're able to enclose a 
certificate of compliance to the 
Arrhenius Forecast with every 
shipment of 2716s you receive. 

This forecast gives you confi-
dence of reliable bit storage in your 
EPROMs for years to corne— 
an extraordinary 99% statistical 
assurance through the year 2002 A.D. 
For more details on 2716 reliability, 
see our EPROM Reliability Report, 
RR19 or our Reliability Procedure 
Brochure. 

To order, or for more infor-
mation—contact your local Intel 
distributor or sales office. Or, write 
Intel Corporation, Literature 
Department, 3065 Bowers Avenue, 
Santa Clara, California 95051. 
Or call (408) 987-8080. 

intel delivers. 
Europe: Intel International, Brussels, Belgium. 
Japan: Intel Japan, Tokyo. United States and Canadian 
distributors: Arrow Electronics, Alliance, Avnet Electronics, 
Almac/Stroum, Component Specialties, Hamilton/Avnet, 
Harvey, Industrial Components, Pioneer, YVyle, 
L.A.Varah and Zentronics. 
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The best way to catch 
a glitch 

is to trigger on it... 



Glitches. They're hard to see and difficult to trap. They 
can appear almost anywhere. And you can seldom 
predict when they'll cause trouble. But when they do, 
HP's 1615A Logic Analyzer is the way to catch them. 
Here's why: 

1) It's the one analyzer that triggers on glitches. It can 
actually differentiate between valid signals and 
troublesome glitches. Then trigger on a glitch so 
you can see where it is and what your system was 
doing when it occurred. 

2) With the 1615A's simultaneous state and timing 
capability plus interactive triggers, you can capture 
both state flow and timing relationships. That 
means you can trigger on a glitch and view program 
execution. Or, you can trigger on the glitch and 
view control lines to see what may have toggled 
simultaneously. Either way, it's a powerful 
technique to relate a glitch to system operation. 

Simultaneous synchronous/asynchronous 
analysis 
Since today's systems utilize both synchronous and 
asynchronous activity, your analyzer should be able to 
analyze both simultaneously. And HP's 1615A does just 
that. For example, you can analyze: 

Memory transactions related to handshake signals 

Ut) 

DMA and control-line relationships 

Control sequence for I/O port data 

Activity on the input and output of I/O ports 

And, of course, the 1615A, with 24 channels, lets you 
analyze relationships between activity on synchronous 
buses such as combinations of address, data and I/O. 

Glitches aren't the only faults 
Since there are other failure modes, you want more 
than glitch triggering and simultaneous synchronous/ 
asynchronous analysis in a logic analyzer. And HP's 
1615A gives you a lot more. Such as pattern triggering for 
isolating program or data related faults; occurrence 
triggering for debugging complex loop problems; menu 
formats for easy set-up and analysis; and more. 

For more information 
There's much more to the 1615A ($6800*) and it uses in 
system design and troubleshooting. For complete details 
and a copy of an application note on glitch detection, 
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. 

HEWLETT 
PACKARD 

•Domestic U.S.A. price only. 
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Dynamic Performance 
Intel delivers the 100ns, 16K 2118: Your ticket to a new 

generation of dynamic RAMs for the 5-volt world. 

Today the spotlight's on even 
higher performance systems 
featuring faster speeds, lower 
power and higher density. Now 
Intel's industry standard HMOS* 
2118 gives designers the fastest 
access ever in a dynamic RAM, 
lowest power, and 16K density. 
Even more important, the 2118 is 
the first of the new generation of 
dynamic RAMs operating on a 
single 5V supply and setting the 
stage for tomorrow's 64K dynamic 
RAMs when they arrive. 

Dramatic advantages 
for microcomputers 

Designers ut new high perfor-
mance microcomputer systems, 
like those using Intel's 16-bit 
8086 or our new 8MHz 8086-2, 
require faster memory and more 
of it. Our 2118 is made to order. Its 

single 5V power supply operation 
makes it the first dynamic RAM 
ideally matched to the world 
of microprocessors. You'll get the 
highest density available in a 
compact, industry standard 
16-pin DIP—assuring upward 
compatibility with higher density 
devices of the future. Plus your 

choice of three speed versions, so 
you can tailor memory precisely 
to system requirements. As a 
microcomputer memory, the 2118 
means simpler, more compact 
designs, and outright higher 
performance. 

Rising star in main 
memory 

It's a 5-volt world for main-
frame memory designers, too. 
The 2118 gives you a head start 
on 5V-only 64K RAMs with 
a producible 5V 16K that's here 
today. The 2118 also delivers the 
speeds you need for high per-
formance main memory. With 
a maximum access as fast as 
100ns, you get speeds as fast as 
many static RAMs, but with lower 
costs and lower power to boot. 

Premiere power saver 
Whether you're designing 

microcomputers or mainframes, 
the 2118 means dramatic im-
provements in power dissipation. 
With 150mW active and 11mW 
standby, you'll reduce device 
power consumption threefold 
compared with 3-supply devices. 
It means reduced overall system 
power dissipation, simpler designs, 
and far more economical cooling 
solutions. 

HMOS for reliability 
and availability 

Intel's HMOS is the high 
performance technology that has 
revolutionized the semiconductor 
industry, combining improved 
scaling, speed, power and density 
with reliability and producibility. 
We've already delivered over 
18 million leading edge HMOS 

2118 FAMILY 

2118-3 2118-4 2118-7 

Maximum 
Access Time 

100ns 120ns 150ns 

Maximum 
Active Power 

150mW 137mW 126mW 

Maximum 
Standby Power 11mW 11mW 11mW 

devices: from our industry 
standard 2114A and 2147 static 
RAMs to our industry standard 
16-bit 8086 microprocessor. 
Today Intel brings the perfor-
mance advantages of HMOS to 
dynamic RAMs, too. 

Start your production 
today 
Our 16K 2118 is in volume 

production and on distributor 
shelves now. To order, or for more 
information, including our 
HMOS Reliability Report #18 
and Article Reprint -71 on 
designing with the new genera-
tion dynamic RAMs, contact 
your local Intel sales office or 
distributor. Or contact Intel 
Corporation, Literature Depart-
ment, 3065 Bowers Avenue, 
Santa Clara, CA 95051. 
(408) 987-8080. 

delivers. 
Europe: Intel International, Brussels. Belgium. 
Japan: Intel Japan, Tokyo. United States and Canadian 
distributors: Alliance, Almac/Stroum, Arrow Electronics, 
Avnet Electronics, Component Specialties, Hamilton/Avnet. 
Hamilton/Electro Sales, Harvey, Industrial Components. 
Pioneer, L.A. '.rah, VVyle Distribution Group, Zentronics. 

'HMOS is a patented process of Intel Corporation. 
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Editorial  
What is a person to do? 

The American communications equipment 
market is mature and well supplied by vendors 
from the U. S., Canada, Europe, and Japan. 
So the obvious next step for American 
manufacturers seeking new business is to 
look abroad, where the Canadians, Europeans, 
and Japanese are already zealously and 
skillfully going about their business. But 
some executives of equipment houses complain 
bitterly that the Federal government permits 
its concern with foreign policy directives, 
national security, and moral stances to override 
any interest it might have in forging strong 
trade relationships. 

Also, U. S. laws prohibit bribery to win 
contracts, while other nations simply look 
the other way. Matters that also make the 
Americans go home muttering are loan terms, 

Is help on its way for small business? 

The entrepreneurial spirit is alive, well, and 
growing in the high-technology world. A 
session entitled Starting and Operating a 
Small High-Technology Business at Electro/80 
in Boston drew a standing-room-only audience 
of would-be businessmen as a number of 
panelists detailed the whys and wherefores 
of launching a venture. 

It's time again for the growth of small 
business. After the raft of new business 
startups in the 1960s, the 1970s provided 
little venture capital for entrepreneurs. 
Government overregulation and overtaxing 
had taken the fight out of many who might 
have dared. That regulatory stance is finally 
beginning to ease somewhat under the present 
Carter Administration, although much 
remains to be done. 
The White House Commission on Small 

Business concluded a two-year study last 
month, calling for government to end a policy 
of neglect toward small companies, so that 
they in turn may take part in helping with 
the problems that confront the nation. 

prohibition of trade with certain countries, 
and the high cost of maintaining highly visible 
representatives abroad, which is attributable 
to the U. S. tax structure. In fact, the Yankee 
Group of Cambridge, Mass., says in a study 
that of three factors vital to clinching a foreign 
contract —technology, diplomacy, and 
financing—the American company usually 
has only technology. 

Bribes and trade boycotts for political ends 
are sensitive and emotional subjects. No one 
wants to campaign loudly for payoffs and 
against support of human rights, though one 
marketing manager says: "The fact is we 
lose contracts. I'd like to know just what is 
accomplished besides making a point." The 
answer might be that there are some things 
more important in the long run than contracts. 

Several bills pending in Congress could 
address some of the problems facing small 
enterprises doing business in the large corporate 
world. The most important of these—the 
Small Business Innovation Act of 1980—would 
have agencies that are dispensing R&D funding 
seek them out more actively, as well as provide 
them with certain patent rights and tax 
provisions. The house version, H. R. 5607, 
would set aside up to 15% of the total R&D 
funds of an agency for that purpose, whereas 
the Senate bill, S. 1860, would provide up 
to 10% of such funds. Of equal import to 
nascent high-technology businesses are Senate 
bill S. 2911 and House bill H.R. 4660. These 
would clear away much of the regulatory 
morass encountered by the small business. 

All of the pending legislation attempts to 
answer important questions that must be 
resolved if the entrepreneurial spirit is again 
to germinate and grow in the U. S. Any 
measure that can strengthen this growth 
should be supported by the high-technology 
community. 
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Microprocessor design canbe simple... 
...with our Series 7000 
STD BUS cards. Designed, 
manufactured, and tested for 
rugged industrial use. 

Our Series 7000 cards handle 
anything from data processing to 
instrumentation or industrial con-
trol. Take your choice of Z-80, 6800 
and 8086 CPU cards. We also have 
other cards including memory, 
input/output, industrial control 
(like TRIAC outputs and AC/DC 
opto-isolated inputs), and com-
munications interfaces (such as 
RS-232 and TTY). We also have card 
racks and compatible power 
supplies. Our Series 7000 cards con-
form to the STD BUS, so all of our 
cards work together. Just plug them 
into our standard bused mother-
board. No messy, inconvenient 
backplane wiring. 

Second-source designed in at 
every level. 

We use all second-sourced 
parts, parts which have been 
proven through years of use. Buy 
250 of any one card, and we give you 
free nonexclusive manufacturing 
rights, photo-ready artwork, a parts 
list and assembly prints. So you can 
build your own cards relying on us 
as your second-source. 

Reliability backed by a 1-year 
parts and labor warranty. 

We test every card before and 
after power-on burn-in. If some-
thing does go wrong, our modular, 
plug-in concept means easy service. 
Just swap cards. 

Our courses and literature show 
you how easy microprocessor 
design can be. 

Write for a copy of our STD BUS 
Technical Manual, our Micropro-
cessor User's Guide, and for a 
schedule of our free half-day micro-
processor economics seminars and 
our microprocessor design courses. 
Pro-Log Corporation, 2411 Garden 
Road, Monterey, CA 93940, phone 
(408) 372-4593. 

•••14. 

PRO-LOG 
CORPORATION 
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MARKEM 
MARKING 

TECHNOLOGY 

'bur partner 
in productivity. 
UV Curing Systems 

Markem has housed 
economical ultraviolet light 
energy in a free-standing, 
parts-handling conveyor—the 
new Model 550 UV Conveyor 
System—for curing imprinted 
flat-product substrates. 

The Markem 550 system 
cures decorative and identi-
fying prints instantly —so 
inspection, assembly and 
packaging can start 
immediately. 

The system ends the 
need for bulky batch curing 
ovens, drying shelves and 
storage racks. It also exposes 
products to less heat, thus 
reducing the risk of damage 
to sensitive products. 

The 550 requires only 
one operator. 

Get the whole ultraviolet 
story. Call Roger Langley in 
Keene at (603) 352-1130. 

MARKEM 
150 Congress St., Keene, NF1 03431 

Meetings 

29th Power Sources Conference, 
U. S. Army Electronics Research 
and Development Command (Fort 
Monmouth, N. J. 07703) et al., 
Deauville Hotel, Atlantic City, 
N. J., June 9-12. 

Automated Testing for Electronics 
Manufacturing Seminar/Exhibit, 
Benwill Publishing Corp. (1050 
Commonwealth Ave., Boston, Mass. 
02215), John B. Hynes Veterans 
Auditorium, Boston, June 16-18. 

Automation for Safety International 
Symposium, International Federa-
tion for Information Processing et al. 
(AssoPo '80, Studieadministrasjon-
en, The Norwegian Institute of 
Technology, N-7034 Trondheim-
NTH, Norway), Norwegian Insti-
tute of Technology, Trondheim, 
Norway, June 16-18. 

First Annual Conference of the 
National Computer Graphics Asso-
ciation Inc. (1129 20th St. N. W., 
Suite 512, Washington, D. C. 
20036), Sheraton National Hotel, 
Arlington, Va., June 16-19. 

1980 Power Electronics Specialists 
Conference, IEEE Aerospace and 
Electronic Systems Society, Dunfey 
Atlanta Hotel, Atlanta, June 16-20. 

International Microcomputers Mini-
computers Microprocessors/DATA-
comm '80 Conference, Industrial 
and Scientific Conference Manage-
ment Inc. (222 W. Adams St., Chi-
cago, III. 60606), Palais des Exposi-
tions, Geneva, June 17-19. 

Chicago Spring Conference on Con-
sumer Electronics, IEEE, Arlington 
Park Hilton, Arlington Heights, Ill., 
June 18-19. 

19th Annual Technical Symposium, 
Association for Computing Machin-
ery (1133 Avenue of the Americas, 
New York, N. Y. 10036) and Na-
tional Bureau of Standards, NBS, 
Gaithersburg, Md., June 19. 

17th Design Automation Conference, 
IEEE Computer Society et al., Radis-
son Hotel Downtown, Minneapolis, 

Minn., June 23-25 

38th Annual Device Research Con-
ference, IEEE et al., Cornell Universi-
ty, Ithaca, N. Y., June 23-25. 

11th International Quantum Elec-
tronics Conference 1980, IEEE et al., 
Sheraton-Boston Hotel, Boston, 
June 23-26. 

Conference on Precision Electromag-
netic Measurements —CPEM 1980, 
IEEE and Physikalisch-Technische 
Bundesanstalt, Stadthalle, Braun-
schweig, West Germany, June 
23-27. 

IBI World Conference on Transbord-
er Data Flow Policies, Intergovern-
mental Bureau for Informatics 
(P. 0. Box 10253, 00144 Rome, Ita-
ly), Auditorium della Tecnica, EUR, 
Rome, June 23-27. 

34th Annual Convention, Armed 
Forces Communications and Elec-
tronics Association (5205 Leesburg 
Pike, Suite 300, Falls Church, Va. 
22041), Sheraton Washington Ho-
tel, Washington, D. C., June 24-26. 

Electronic Materials Conference '80, 
Metallurgical Society of TMS-AIME 
(Box 430, 420 Commonwealth Dr., 
Warrendale, Pa. 15086), Cornell 
University, Ithaca, N. Y., June 
24-27. 

Third International Conference on 
Hot Carriers in Semiconductors, 
Université des Sciences et Tech-
niques du Languedoc (Centre 
d'Etudes d'Electronique des Solides, 
34060 Montpellier, France), Mont-
pellier, July 7-10. 

Siggraph '80—Seventh Annual Con-
ference on Computer Graphics and 
Interactive Techniques, Association 
for Computing Machinery (Sig-
graph '80, P. 0. Box 88203, Seattle, 
Wash. 98188), Olympic and Park 
Hilton hotels, Seattle, July 14-18 

Annual Conference on Nuclear and 
Space Radiation Effects, IEEE et al., 
Cornell University, Ithaca, N. Y., 
July 15-18 
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Mostek MD Series Te M 

The solution to smart design: 
Buy only what you need. 
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Mostek's MD Series: Proven STD -Z80 BUS 
compatible cards simplify microcomputer design. 
We're not alone. There are a 
number of OEM microcomputer 
board series to choose from. 
And like ours, each of them 
offers fully debugged hard-
ware. Memory and I/O expan-
sion modules. A/D and D/A 
interface. Software support 
systems. And more. 

All of which reduces 
hardware development time. 
Eliminates wasted time writing 
hardware documentation. 
Enhances design momentum. 
Increases productivity. Profita-
bility. And allows you to focus 
your resources on designing 
the right products for your 
markets. The bottom line? 
Using an OEM microcomputer 
board series is a very smart 
way to design. 
So what makes the Mostek 

MD Series better? First of all, 
the MD Series is based on the 

Mostek 
MD Series 

powerful Z80 microprocessor. 
And all our MDX boards are 
STD-Z80 BUS expandable. So 
you can use any combination of 
MDX boards to configure your 
final system. 
Then there's the small size of 

the boards themselves: a com-
pact 4.5" x 6.5" that makes 
system packaging easier. And 
two speed versions to choose 
from:either 2.5 MHz or 4.0MHz. 

Mostek MD Series: Think of 
them as design tools you can 
buy one at a time. 
The strongest advantage of the 
Mostek MD Series is that it's 
designed like a set of compact 
precision tools. Each card has a 
singular specific function and 
can be bought separately. Yet 
all the cards work together 
because the STD-Z80 BUS uses 
a motherboard interconnect 
system. 

These boards are further 
grouped into families to give 
you even more power and 
versatility. There's a data 
processing family, a memory 
family featuring dynamic and 
static RAMs, an I/O family that 
includes AID and DIA modules, 
and powerful software devel-
opment and accessories 
families. 

So instead of having to buy 
the equivalent of large, multi-
purpose tools with more func-
tions and more expense than 
your job requires, you select 
only those specific function 
tools that you need. At reduced 
cost. 
Then, if you want to expand 

or modify your system, you 
simply add, delete, or change 
MDX cards in the card cage. 

ACTUAL SIZE 

MDX-CPUT 

MDX-MATH 

MD-SBC-1 

Z80 CPU with 2 PROM 
sockets and 4 timers 

High speed floating point math 

Z80 based single board computer 

8K Dynamic RAM  
MEMORY 

16K Dynamic RAM GROUP 

32K Dynamic RAM 

DATA 
PROCESSING 
GROUP 

MDX-DRAM 8 

MDX-DRAM 16 

MDX-DRAM 32 

MDX-EPROM 
UART 

MDX-UMC 

MDX-SRAM 4 

MDX-SRAM 8 

MDX-EPROM-16 

Comb. EPROMUART 

Universal Memory Card 

4K Static RAM  

8K Stdtic RAM  

EPROM Module 

MDX-P10 

MDX-SIO 

MDX-FLP 

MDX-A D 8 

MDX-DAB 

MDX-A10  

MDX-AD 12 

MDX-D A 12  

MDX-DEBUG 

MDX-SCD 

MDX-INT 

MDX-SST 

32-Bit programmable parallel I 0 

2 channel programmable serial I'D 

Floppy disk controller 

8-Bit A D 

8-Bit D A 

Analog 10 -Bit Input; 8-Bit Output 

12-Bit A D Converter  

12-Bit D A Converter 

I 0 GROUP 

EPROM UART with ACCESSORY 
10K ROM-based software GROUP 

System Controller and Diagnostic Board 

Interrupt Expander and Timer Board  

Hardware single step 
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PROBLEM: A bank's main 
check processing system can 
capture and process millions of 
magnetically encoded checks. 
However, before the computer 
can process these checks 
the dollar amount must be 
magnetically encoded on each 
check, a slow and costly man-
ual operation. In addition, 
checks are handled several 
more times for sorting and 
filing. Then mailed to the 
customer which also increases 
cost. Is there a better way? 

SOLUTION: A new image 
processing system developed 
by Dallas-based BancTec, Inc. 
This system handles a stored 
digital video image of the check 
instead of the check itself. The 
Image Processing System 
eliminates nearly all manual 
handling. It also eliminates 
returning checks to the bank's 
customers because it provides 
images of the checks on the 
customers' statements instead. 
The versatility of the system is 
enormous and the bottom line 
impact is increased efficiency 
with considerable time and 
cost savings. 
According to Gene Dempster, 

principal software engineer, 
BancTec chose Mostek's MD 
Series because "they offer bite-
size chunks that are versatile 
enough to perform many func-
tions depending on where we 
use them in the system. They 
saved us from having to design 
a different piece of hardware 
for each function. Using one 

standard CPU board and one 
standard memory board, we 
reduced our inventory and 
made servicing cheaper." 

"In addition, the Z80 (the 
microprocessor base for the 
MD Series) offers better string 
management instructions than 
any other microprocessor we 
saw. We estimate that we saved 
between four and six man-
months by buying the Mostek 
boards off the shelf. As a result, 
we were able to bring the 
system to the market that much 
sooner." 
There are four MD Series 

boards in the BancTec Image 
Processing System: The CPU 1, 
32K DRAM, 16K DRAM and 
PIO. These are used in three 
separate areas of the system 
(transports, Fax terminals and 
image processor) to perform a 
variety of tasks. 
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PROBLEM: In many manufac-
turing processes, monitoring 
moisture content is critical, 
either in finished goods or in 
intermediate processing steps. 
Overdrying can waste raw 
materials and energy. Under-
drying can result in costly 
reprocessing or outright prod-
uct loss. What's needed is some 
method to measure moisture 
content within a very narrow 
range. 

SOLUTION: The BSP 4000 
Moisture Control System. 
Developed by the Moisture 
Register Company, this instru-
ment monitors and controls 
moisture content on a continu-
ous basis. It eliminates both 
underdrying and overdrying 
because it allows the user to 
enter calibration data and 
control parameters, and set 
minimum/maximum limits via 
keyboard or optical card 
reader, almost instantaneously. 

In designing the BSP 4000, 
engineering manager and chief 
designer Charles Blevins aimed 
for a digital system with 
"smart formatting easily 
changeable by software." 

"After a false start with 
another board family where the 
I/O needed wasn't available, we 
decided on Mostek's MD Series. 
The form factor became a real 
determinant; only Mostek had 
the compact, smaller-sized 
boards we needed. It was an 

excellent choice. Not only did 
the MD Series reduce our 
development time by at least 
50%, it saved us money as well." 
The Moisture Register BSP 

4000 uses five Mostek MD 
Series boards: the CPU 1, 2 PIO 
boards and 2 EPROM/UART 
boards. These handle all the 
product's data transmission 
chores, along with D/A and AID 
conversion. 
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PROBLEM: Granted, the MD 
Series boards can virtually 
eliminate hardware develop-
ment time. But what about 
time-intensive software 
development? 

SOLUTION: Mostek's MD 
Series Software development 
systems. Seven different 
models are available, including 
Mostek's powerful Matrix' 
dual floppy disk-based com-
puter. You can buy as little or 
as much as you want, depend-
ing on your needs. High level 
languages include BASIC and 
FORTRAN. 
Or you can build your own 

software development system 
using MD Series cards. By 
supplying the equipment you 
have, like CRT's and line 
printers, you can cost effec-
tively tailor a system to your 
budget. Plus you can reuse the 
MDX cards from the develop-
ment system once the software 
task is accomplished. 
To configure a typical devel-

opment system from MD cards, 
you need an MDX-CPU 1, two 
MDX-DRAM32s, MDX-FLP, 
MDX- EPROM/UART, wirewrap 
boards, cables, and a 

PROM programmer. Plug the 
cards into a MDX-card cage 
with power. Connect the sys-
tem to your CRT, line printer 
and floppy disk drives (the 
MDX-FLP controls up to four 
single-sided drives). Purchase 
Mostek's FLP- 80DOS disk-
operating system, and insert 
those diskettes into two drives. 
You now have one of the 
industry's most powerful 
software development systems. 
Mostek also has complete 

diagnostic software to give you 
even more flexibility. MEDEX 
80 troubleshoots your system 
to the board level. MITE-80 
enables your MDX system to 
execute multiple programs. 
And supplementing MITE-80 is 
BIOS, a selection of routines to 
help you design I/O drivers. 
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Mostek MD Series: All the tools for a smart design. 
Before you define your next 
design path, consider the 
expandable, tool-like approach 
of the Mostek MD Series. For 
both hardware and software 
needs, it minimizes front-end 
investment. And then, enables 

U.S. and Canadian 
Distributors 
ARIZONA 
Kierulff Electronics 
Phoenix, AZ 
602/243-4101 

Wyle Dist. Group 
Phoenix, AZ 
602/249-2232 

CALIFORNIA 
Arrow Electronics 
Sunnyvale, CA 
408/739-3011 

Bell Industries 
Sunnyvale, CA 
408/734-8570 

Kierulff Electronics 
Los Angeles, CA 
213/725-0325 

Kierulff Electronics 
San Diego, CA 
714/278-2112 

Kierulff Electronics 
Tustin, CA 
714/731-5711 

Schweber Electronics 
Irvine, CA 
714/556-3880 

Wyle Dist. Group 
El Segundo, CA 
213/322-8100 

Wyle Dist. Group 
Irvine, CA 
714/641-1600 

Wyle Dist. Group 
Santa Clara, CA 
408/727-2500 

Wyle Dist. Group 
San Diego, CA 
714/565-9171 

COLORADO 
Kierulff Electronics 
Denver, CO 
303/371-6500 

Wyle Dist. Group 
Commerce City, CO 
303/287-9611 

CONNECTICUT 
Arrow Electronics 
Wallingford, CT 
203/265-7741 

Schweber Electronics 
Danbury, CT 
203/792-3500 

FLORIDA 
Arrow Electronics 
Ft. Lauderdale, FL 
305/776-7790 

(0 1980 MOSTEK 
CORPORATION 

you to respond economically 
and quickly to changing prod-
uct definition and/or market 
conditions. For the 1980s, it's 
the smart way to design. 
For more information, con-

tact your nearest Mostek dis-

Arrow Electronics 
Palm Bay, FL 
305/725-1480 

Diplomat Southland 
Clearwater, FL 
813/443-4514 

Kierulff Electronics 
St. Petersburg, FL 
813/576-1966 

GEORGIA 
Arrow Electronics 
Norcross, GA 
404/449-8252 

Schweber Electronics 
Atlanta, GA 
404/449-9170 

ILLINOIS 
Arrow Electronics 
Schaumburg, IL 
312/893-9420 

Bell Industries 
Chicago, IL 
312/982-9210 

Kierulff Electronics 
Elk Grove Village, IL 
312/640-0200 

INDIANA 
Advent Electronics 
Indianapolis, IN 
317/297-4910 

Ft. Wayne Electronics 
Ft. Wayne, IN 
219/423-3422 

Pioneer Std. Electronics 
Indianapolis, IN 
317/849-7300 

IOWA 
Advent Electronics 
Cedar Rapids, IA 
319/363-0221 

MARYLAND 
Arrow Electronics 
Baltimore, MD 
301/247-5200 

Schweber Electronics 
Gaithersburg, MD 
301/840-5900 

MASSACHUSETTS 
Arrow Electronics 
Woburn, MA 
617/933-8130 

Kierulff Electronics 
Billerica, MA 
617/935-5134 

Lionex Corporation 
Burlington, MA 
617/272-9400 

Schweber Electronics 
Bedford, MA 
617/275-5100 

MICHIGAN 
Arrow Electronics 
Ann Arbor, MI 
313/971-8220 

Schweber Electronics 
Livonia, MI 
313/525-8100 

MINNESOTA 
Arrow Electronics 
Edina, MN 
612/830-1800 

Industrial Components 
Minneapolis, MN 
612/831-2666 

MISSOURI 
Olive Electronics 
St. Louis, MO 
314/426-4500 

Semiconductor Spec 
Kansas City, MO 
816/452-3900 

NEW HAMPSHIRE 
Arrow Electronics 
Manchester, NH 
603/668-6968 

NEW JERSEY 
Arrow Electronics 
Moorestown, NJ 
609/235-1900 

Arrow Electronics 
Saddlebrook, NJ 
201/797-5800 

Kierulff Electronics 
Fairfield, NJ 
201/575-6750 

Schweber Electronics 
Fairfield, NJ 
201/227-7880 

NEW MEXICO 
Arrow Electronics 
Albuquerque, NM 
505/243-4566 

Bell/Century 
Albuquerque, NM 
505/292-2700 

NEW YORK 
Arrow Electronics 
Farmingdale, L.I., NY 
516/694-6800 

Arrow Electronics 
Hauppauge, NY 
516/231-1000 

Arrow Electronics 
Liverpool, NY 
315/652-1000 

Arrow Electronics 
Rochester, NY 
716/275-0300 
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tributor listed below. Or call or 
write Mostek, 1215 W. Crosby 
Road, Carrollton, TX 75006. 
(214) 323-6000. In Europe, call 
Mostek Brussels, 660.69.24. 

MOSTEK. 
Lionex Corporation 
Woodbury, NY 
516/921-4414 

Schweber Electronics 
Rochester, NY 
716/424-2222 

Schweber Electronics 
Westbury, NY 
516/334-7474 

NORTH CAROLINA 

Arrow Electronics 
Winston-Salem, NC 
919/725-8711 
Hammond Electronics 
Greensboro, NC 
919/275-6391 

OHIO 
Arrow Electronics 
Kettering, OH 
513/253-9176 

Arrow Electronics 
Reading, OH 
513/761-5432 

Arrow Electronics 
Solon, OH 
216/248-3990 

Pioneer Std. Electronics 
Cleveland, OH 
216/587-3600 

Pioneer Std. Electronics 
Dayton, OH 
513/236-9900 

Schweber Electronics 
Beachwood, OH 
216/464-2970 

OREGON 
Kierulff Electronics 
Portland, OR 
503/641-9150 

PENNSYLVANIA 
Arrow Electronics 
Pittsburgh, PA 
412/351-4000 

Pioneer Std. Electronics 
Pittsburgh, PA 
412/782-2300 

Schweber Electronics 
Horsham, PA 
215/441-0600 

SOUTH CAROLINA 
Hammond Electronics 
Greenville, SC 
803/233-4121 

TEXAS 
Arrow Electronics 
Dallas, TX 
214/386-7500 

Quality Components 
Austin, TX 
512/835-0220 

Quality Components 
Dallas, TX 
214/387-4949 

Quality Components 
Houston, TX 
713/772-7100 

Schweber Electronics 
Houston, TX 
713/784-3600 

UTAH 
Bell/Century 
Salt Lake City, UT 
801/972-6969 

Kierulff Electronics 
Salt Lake City, UT 
801/973-6913 

WASHINGTON 
Kierulff Electronics 
Seattle, WA 
206/575-4420 

Wyle Dist. Group 
Bellevue, WA 
206/453-8300 

WISCONSIN 
Arrow Electronics 
Oak Creek, WI 
414/764-6600 

Kierulff Electronics 
Waukesha, WI 
414/784-8160 

CANADA 
Prelco Electronics 
Mississauga, Ontario 
416/678-0401 

Prelco Electronics 
Montreal, Quebec 
514/389-8051 

Prelco Electronics 
Ottawa, Ontario 
613/226-3491 

R.A.E. Industrial 
Burnaby, B.C. 
604/291-8866 

W.E.S. Ltd. 
Winnipeg, Manitoba 
204/632-1260 

Zentronics 
Ottawa, Ontario 
613/238-6411 

Zentronics 
Mississauga, Ontario 
416/676-9000 

Zentronics 
Montreal, Quebec 
514/735-5361 

Zentronics 
Waterloo, Ontario 
519/884-5700 

Zentronics 
St. James, Manitoba 
204/775-8661 
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12-bit converter 

from Harris offers 

absolute accuracy 

Harris Semiconductor Products division of Melbourne, Fla., has developed 
a hybrid (actually only three monolithic chips on one substrate) 12-bit 
analog-to-digital converter with absolute accuracy to the 12-bit level over 
the entire military operating temperature range of —55° to + 125°C. The 
unit is housed in a 40-pin ceramic dual in-line package and is slated for 
introduction this year. The converter achieves an accuracy of ±1/2 least 
significant bit over the military range thanks to a quantizing a-d conver-
sion scheme. It reportedly converts in 30 its and includes an advanced 
microprocessor interface and a sample-and-hold amplifier. At the same 
time, Harris has developed a leadless chip-carrier technology that puts an 
entire 12-bit data-acquisition system in two DIPS (see p. 40). 

LCD construction American Liquid Xtal Chemical Corp., Kent, Ohio, has come up with a 
liquid-crystal-display construction method that allows the material to 

technique yields respond to modulating signals extremely fast —in under 50 e. A nematic 
50-us response liquid-crystal cell is made 2 to 3 mils thick (conventional thicknesses are 

0.25 to 0.5 mil). A fixed-voltage bias is applied to the display, and a 
modulating signal, superimposed on the bias potential, causes what the 
company calls a surface-mode effect — only liquid crystal at the display's 
surface is switched, with the bulk of the material held motionless. 

According to its inventor, James Ferguson, president of the company 
and holder of patents on dynamic-scattering LCDs, this type of behavior 
has applications in high-speed displays, as in Tv sets, where images must 
be produced at a rate that does not distort moving objects or graphics. 
Other applications include pulse modulation for control circuitry and 
simple voice-transmission circuits. 

Matsushita readies Look for Matsushita Electric Industrial Co. to introduce a low-cost 
portable home computer, possibly in time for the upcoming Summer 

$800 home computer Consumer Electronics show in Chicago. The Japanese parent of Quasar 
and Panasonic is mum about the product, but industry observers expect the 
price to be around $800. The memory size of the standard machine could 
be 64 kilobytes and, if so, would place the home computer way ahead of 
anything in that price range. An alphabetically ordered keyboard, more 
convenient for nontypers, will be used instead of the conventional typewrit-
er layout. 

Survey sees According to a survey by Creative Strategies International, the San Jose, 
Calif., market analyst, a new market is emerging for turnkey medical 

emerging market information systems built around low-cost minicomputers. The company 
for medical minis projects compound annual increases in revenue of 37.2% from the sale of 

minicomputers to medical groups and 33% to nursing homes. Revenues 
from sales to those respective markets in 1979 were $35 million and $9 
million. Cost-performance improvements in minicomputers over the last 
few years make it possible to provide a full range of information services to 
independent physicians, dentists, clinics, medical groups, nursing homes, 
and other health care facilities. These new clients cannot afford traditional 
mainframe systems and were limited to the simple services offered by 
timesharing services, says the survey, which also spots a potential market 
in veterinary medicine. 
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New hearings bid A roster of blue-chip computer and communications companies is known 
f Van to be considering joining Harold E. O'Kelley's crusade to form an ad hoc 
or Deerlin bill  

lobbying committee to force Congress to open new hearings on the 
picks up backers proposed rewrite of the Communications Act of 1934. The list includes 

Basic-Four, Harris, Hazeltine, Hewlett-Packard, IBM, Pertec, Sperry 
Univac, and Texas Instruments. They were among some 30 companies 
whose representatives attended a planning meeting held at the National 
Computer Conference in Anaheim, Calif. O'Kelley, president and chief 
executive officer of Datapoint Corp. of San Antonio, Texas, is concerned 
that since the 1978 hearings, the proposed rewrite by Rep. Charles Van 
De,erlin (D., Calif.) has been changed substantially in both House and 
Senate versions [Electronics, May 22, p. 64] 
The view in Washington is that the committee will not obtain hearings 

in the current congressional session, but that its activities could serve to 
slow or halt the bill's passage. Congressional observers also point out that 
by delaying action on the bill until the next session the lobbyists on both 
sides will have a chance to regroup and face a new cast of Congressmen. 

NOAA forecasts A new class of "super magnetic storms" will probably strike earth in the 
next few years, causing unprecedented disruptions in power transmissions 

magnetic superstorms and operations of computers and telecommunications, predicts a National 
causing blackouts Oceanic and Atmospheric Administration scientist. Howard Sargent of 

NoAA's Space Environment Services Center, Boulder, Colo., says super-
storms, which set up currents in power lines causing overloads and cutoffs 
of power, tend to occur after the peak in the sun's 11-year sunspot cycle. 
They are especially likely in odd-numbered, active cycles, he says. The sun 
is now just past the peak of a particularly spotty cycle, Cycle 21. Evidence 
shows that a series of August 1972 storms, which ranked 220 on an index 
where a major storm rates 100, could be "weaklings" in comparison. 

New company Syntrex Inc. of Piscataway, N. J., the word-processing company recently 
formed by the founders of Interdata, will introduce three new products this 

ready to show month. Aimed at the office of the present, the two system-level products 
office products offer redundant microprocessors and bus structures for added reliability 

and maintainability. The lower-end, stand-alone work station will interface 
with a standard IBM electronic typewriter, to provide a fully configured 
word processor for under $10,000. 

Addenda Revealing plans for Control Data Corp.'s new top-of-the-line Cyber 205 
mainframe, computer company president Robert Price says the Minneapo-
lis firm is also working on optical or video disk products for data storage. 
The Cyber 205 will offer two to eight times the power of cm's current 
flagship systems. . . . Apple Computer Inc. plans to begin manufacturing 
personal computers soon in a new Carrollton, Texas, plant. It will be 
Apple's first manufacturing activity outside its Cupertino, Calif., head-
quarters. . . . Microwave oven makers do not expect the torrid pace of 
sales to continue for the rest of the year. Tight credit has produced a 
somewhat contradictory trend: sales were up in 1980's first quarter 
compared with a year earlier, but many customers bought the less 
expensive mechanically operated models ($300 or less) rather than lay out 
$450 or more for those with digital controls. 
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The Associate 
Producer. 

High-quality 6-part 
forms printing 

132-character wide, 
adjustable carriage 

Device forms 
control (optional) 

Terminal status control panel 
indicating column, error codes, 
and configuration parameters 

The OMNI 800* Model 820 RO 
Printer has the same designed re-
liability as its associate, the 810 RO. 
With more standard features and 
options like expanded and com-
pressed printing, the 820 RO offers 
greater flexibility for additional ap-
plications. And, should application 
needs change, the 820 RO is easily 
upgraded to a KSR model for a mod-
est cost. The productive 820 RO 
Printer has all the quality and 

Receive-Only Printer 

150 cps optimized 
bi-directional printing 9x7 dot matrix full 

ASCII printing 

21-character operator-
programmable answerback 
memory 

Operator control keypad 
for user configuration 

1280-character buffer 

110 to 9600 baud 
transmission speeds 

performance you associate with the 
OMNI 800 Family. 

TI is dedicated to producing 
quality, innovative products like the 
Model 820 RO Printer. TVs hundreds 
of thousands of data terminals 
shipped worldwide are backed by 
the technology and reliability that 
come from 50 years of experience, 
and are supported by our worldwide 
organization of factory-trained 
sales and service representatives. 

For more information on the 
820 RO, contact the TI sales office 
nearest you or write Texas 
Instruments Incorporated, PO. Box 
1444, M/S 7784, Houston, Texas 
77001, or phone (713) 937-2016. 
In Europe, write Texas Instruments 
Incorporated, 
M/S 74, B.P. 5, 
Villeneuve-
Loubet, 06270, 
France. 

Fifty Years 
of 

Innovation 

*Trademark of Texas Instruments Copyright 0 1980. Texas Instruments Incorporated 

TEXAS INSTRUMENTS 
We put computing within everyone's reach. 
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GenRad's Automatic 
Functional Field Testet 
Now your boards can 

go out as fast as 
they come in. 
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GenRad's 2225 is the first func-
tional field service tester with auto-
matic guided-probe fault isolation. 

At last, sophisticated board testing has come to the field. With GenRad's 2225 
Automatic Functional Field Tester. 

The 2225 lets you run functional tests inexpensively and automatically, even on 
complex PC boards. A guided probe pinpoints faults—includ-
ing intermittent faults—to the specific node in a matter of 
minutes. And the 2225 is software-compatible with GenRad's 
larger functional test systems. So you won't even have to write 
new programs. 

With the 2225, your technicians can diagnose and repair 
boards far faster than with conventional field equipment. 
Which means you can utilize your highly skilled people more 
efficiently. 

And because of the fast turn-around time, you can cut 
your spare-board inventory by as much as 50%. 

In fact, by using the 2225 in all field depots, your com-
pany can save literally millions of dollars. Because the 2225 
can practically eliminate the three-month board repair pipe-
line that ties up as much as 10% of your company's gross sales. 

Just send the coupon, attached to your business card or 
letterhead, and get the full story on GenRad's 2225 Automatic 
Functional Field Tester. 

And find how fast you can make a bad board good. 
GenRad, Concord, MA 01742. 

-...   
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For high-volume service depots, 
GenRad offers the 2225 compatible 
Omnicomp Logic Test System. 

I'd like to know how GenRad's 2225 Automatic 
Functional Field Tester can simplify my board 
repair operations. 
D Please send me literature on the GenRad 2225. 
E Please send me literature on the Omnicomp 
LTS. 
D Have a Sales Representative call me 

at this number: 

Name 

Title   

Company 

Address 

City 

State Zip 
Send to: GenRad, 300 Baker Avenue, 

Concord, MA 01742. 

4`k GenRad 
Put our leadership to the test. 



The scope 
that never forgets. 

Goulds digital 084000 
stores event data for the life of 
the scope. Solid state memory 
lets the Gould 0S4000 
give you instant replay of 
stored event data for as long as 
you need it (while the unit is 
getting power). In addition to 
the event itself, the 0S4000 
uniquely stores and displays 
what happened before 
the event and after 
it. The 0S4000 can 
then expand the 
event display so you 
can study it in slow motion 
detail. Plus, it also allows 
you to compare delayed 
and original sweeps. 
And, when needed, 
the 0S4000 can 
perform as a 
real-time 
scope with 

• I 

•• 1 

. . 

• 

a bright, stable, flicker-free 
display. 
The Gould 0S4000 is easy to 

operate whether its being used 
as a digital storage or conven-
tional oscilloscope, waveform 
recorder, transient recorder, 
comparator or signal generator. 
Interfaced with a recorder, the 
0S4000 can generate hard 
copy data from both ongoing 
events or replayed displays. 

For more information on 
the scope that out-remembers 
any tube storage scope on the 
market, contact Gould Inc., 
Instruments Division, 3631 
Perkins Ave., Cleveland, Ohio 
44114. 
For brochure call toll-free: 
800-331-1000 (in Oklahoma, 
call collect 918-664-8300). 

An Electrical/Electronics Company 
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Electronics review.. 
Significant developments in technology and business 

System for terminals 
creates 'keyboards' 
anyone can use 
by Linda Lowe, Boston regional bureau 

Hardware-software package 

is able to interface 

with almost any computer 

for ease of programming 

Named for the Greek god who could 
change his form to match any occa-
sion, Proteus is a hardware-software 
package that may make computer 
terminals every bit as flexible as its 
namesake. It eliminates the need for 
hard-keyboard inputs by users, gen-
erating instead specialized key-
boards and displaying them on a 
cathode-ray-tube screen, where users 
can activate them using a touch-
sensitive overlay panel. 

Because the system's on-screen 
keyboards display only the inputs 
possible for any given step of an 
applications routine and can incor-
porate easily understood instructions 
and graphics, Proteus can prompt 
unskilled operators through even 
very complex routines. 

Programmers, regardless of exper-
tise, can use development versions of 
Proteus to create applications pro-
grams. Using an interactive editor, 
they can design specialized key-
boards from symbols offered to them 
on screen by the character library. 

Unlike hard-keyboard symbols, 
usually encoded in 8-bit segments, 
Proteus characters have 16-bit 
codes, allowing programmers to 
choose from up to 64,000 characters 
for any individual application. Since 
each character may also vary in size, 
shape, color, and assigned meaning 
as required, the package's overall 
character-generating capability is 
enormous. 

Programmers can arbitrarily as-
sign any meaning to any symbol, 
making a character stand for a 
whole instruction set, subroutine, or 
program. Designing their own key-
boards using such symbols, they can 
easily manipulate programs. 
Many talents. Solid State Tech-

nology Inc. (ssTi), which developed 
Proteus under a patent-licensing 
agreement with the Massachusetts 
Institute of Technology, Cambridge, 
Mass., expects to have 11 prototype 
terminals operating within a month 
and plans to be in full production by 
late 1980, according to Leonard I. 
Hafetz, vice president of applica-
tions engineering at the Woburn, 
Mass., company. Proteus, he says, 
will be going after nearly every seg-
ment of the terminal market, at 
prices "competitive with those of 
conventional terminals." 

Hafetz believes Proteus will be at 
home in most existing terminal 
applications, as well as opening up 
some new ones with its ease of use 
and adaptability. Several run-time 
prototype terminals will be installed 
shortly in a public library, where 
people can use them to access com-
puter-based information on commu-
nity services and educational activi-
ties. "When people can start coming 
in off the street and using a terminal, 
you're going to see computers used 
where they never have been before," 
Hafetz contends. 

Popular language. SSTI provides a 
simple, Pascal-like programming 
language with the development ver-
sion. The language, using no more 
than 15 or 20 statements, lets 
authors design an initial keyboard in 
about five minutes, according to 
Edward S. Harriman, senior systems 

Seeing double. With the Proteus system it is possible to assign functions to an on-screen 

"keyboard" by choosing from up to 64,000 characters for any individual application. 
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engineer. Other source-program de-
velopment tools from SSTI include a 
debugging package and the interac-
tive editor, which the programmer 
can use to mix fonts, character sizes, 
and symbols on a line. Customers 
readying Proteus for specific appli-
cations create appropriate keyboards 
on the development version, Harri-
man explains; then run-time versions 
can access and run these either from 
diskette storage or directly from a 
host computer. 

Proteus' software, written in the 
versatile and increasingly popular C 
language [Electronics, May 8, 
p. 129], "systematizes" in their most 
basic forms all inputs and outputs 
needed for any applications pro-
gram. Through compilers or inter-
preters available in the industry 
today, it transmits input information 
to a host processor in machine code; 
a "software driver" residing in 16 
kilobytes of either programmable 
read-only memory or floppy-disk 
memory transforms coded responses 
from the central processing unit into 
software steps that can be expressed 
by Proteus keyboard displays. 
The ability to communicate in 

machine code means Proteus can 
support most systems' programs, 
whether they are in assembly lan-
guage, Basic, Cobol, Fortran, or Pas-
cal, says Hafetz. Further, he notes, 
Proteus' CP/M-compatible operat-
ing system makes it able to run any 
of the many CP/M-based applica-
tions programs. 

Versatile. Proteus' developers de-
manded that all complementary 
hardware incorporate off-the-shelf 
components. The design is modular, 
using separate circuit boards for 
each function, so that the system can 
be upgraded by adding or exchang-
ing boards and by plugging in 
peripheral devices. It can stand alone 
or operate without software modifi-
cation in host-CPU, master-slave, or 
network configurations. 

Proteus will offer up to 256 K of 
random-access memory and up to 
32 K of programmable ROM; options 
include up to 4 megabytes of diskette 
storage or up to 20 megabytes on 
hard disks. Based on a Z80A micro-
processor, the terminal can contain 

one or more CRT displays. 
The system contains a high-reso-

lution overlay switch capable of sup-
porting an optional word-processing 
keyboard. Other options will include 

high-speed graphics, color graphics, 
character or graphics printers, and 
for systems employing only black 
and white video, up to eight levels of 
gray scale. 

Packaging & production 

Packages-within-a-package technique 

embraces data-acquisition system 
Harris Semiconductor Products divi-
sion has perfected a layout and inter-
connection scheme that promises to 
expand the availability of complex 
integrated circuits in packaged ce-
ramic chip-carriers. The Melbourne, 
Fla., group has unveiled a complete 
12-bit, eight-channel differential 
data-acquisition system in two dual 
in-line packages. The DiPs hold sev-
eral leadless—chip-carrier (Lcc) sub-
system components, on both sides of 
the ceramic mother substrates. 
The LCC concept, pioneered by the 

3M Co., St. Paul, Minn., about a 
decade ago, has not until now been 
extensively applied to commercially 
available ICs except for some single-
function devices like memories. In 
the LCC approach, a chip is die-
bonded to interconnections on the 
chip-carrier. The carrier, which has 
connecting solder pads wrapped 

around its outer sides, is reflow-
soldered to the mother substrate. 
Besides space-saving advantages, the 
Harris scheme of complex LCC pack-
ages offers the ease of lc reworking 
(just reheat the solder and replace 
the chip and the carrier it is on) and 
allows individual testing before the 
chip carriers are mounted onto a 
substrate, thus increasing yields. 

Grounds. In developing the multi-
layer substrate, Harris paid careful 
attention to the interconnection 
scheme's layout to minimize ground-
loop problems, according to Dick Ti 
Tung, Harris's supervisor of design 
engineering for hybrid and board 
products. Now that it has solved this 
problem, Harris is working on inte-
grating the two-part data-acquisition 
system into one DIP, which could one 
day include a sensor and a micropro-
cessor, according to L. E. Enriquez, 

Complex. Multilayer interconnection makes possible a complete 12-bit a-d converter on a 

DIP ceramic substrate. The converter has a companion signal processor in another DIP. 
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product line manager for hybrid and 
board products. 
The two new DIPS are the five-

layer 32-pin HI-5900 analog signal 
processor and the seven-layer 40-pin 
HI-5712 12-bit a-d converter. The 
5900 is the front end of the data-
acquisition system and includes the 
multiplexer, a software-program-
mable gain amplifier (gains of 1, 2, 
4, and 8), and a sample-and-hold 
amplifier. The 5712 includes an 8-
microsecond successive-approxima-
tion analog-to-digital converter, a 
10-volt reference, an internal clock, 
three-state outputs, and necessary 
signal lines to interface with 8, 12, or 
16-bit microprocessors. Both parts 
are rated for operation over the mili-
tary temperature range of — 55°C to 
+ 125°C and will also be offered in 
commercial 0°-to-70°C grades. 
"The mix-and-match approach of 

the LCC concept lets us economically 
select the best subsystem parts for a 
circuit," Enriquez says. 

While declining to be specific, 
Enriquez said that the H1-5900 sig-
nal processor will first be priced at 
about $100 for the commercial-
grade part (100-piece quantities) 
and at about $175 to $200 for the 
commercial-grade HI-5712 a-d con-
verter, though he expects prices to be 
halved within 18 months. 

Military and aerospace markets 
will be the first to be tackled, with 
process control, instrumentation, and 
computer peripherals to follow later 
on. -Roger Allan 

NCC 

Computer networks, 

terminals abound 
With a cavalcade of computers and 
color terminals, a compendium of 
technical papers, and lots of commo-
tion, the National Computer Confer-
ence met in California this past 
month in an overwhelmingly upbeat 
atmosphere. The record number of 
exhibits were jammed with over 
80,800 attendees, topping last year's 
79,400 mark and once again strain-
ing Anaheim Convention Center's 

A line on the printers 

Keeping up with the new computers and terminals, several companies 
unveiled new printer technologies at the NCC. A prominent entry was 
General Electric Co.'s prototype of its Terminet 8000 nonimpact printer. 
Developed at the firm's Data Communications Products Business Depart-
ment, Waynesboro, Va., the printer uses a magnetic-tape imaging mecha-
nism to produce up to 8,000 lines per minute. 

This mechanism is an electromagnetic write head that creates a pattern on 
a magnetic belt —essentially a wide piece of Mylar magnetic recording tape. 
The pattern on the tape then attracts magnetized toner (much the way a 
magnet attracts iron filings), which is then transferred to the paper to print 
the image. This technology is similar to that being developed by CII-
Honeywell Bull in France, among others. GE will not say what the pricing is 
since the production version of this unit will not be available until late next 
year, according to a GE spokesman. 

Also testing the waters with a prototype was Okidata Corp., Mount Laurel, 
N. J. It hopes its dot-matrix printer has high enough quality for the output of 
word-processing systems, yet could be priced, in quantity, at less than 
$1,000. Dot-matrix technology is generally not good enough for such 
systems, but Okidata's parent company in Japan, Oki Electric Ltd., has 
developed a 24-pin print head that produces much denser arrays of dots 
than conventional printers having 7 or 9 pins. Although a final product could 
be available after January, specifications for features like fonts, interfaces, 
and control of forms are still being determined. 
To broaden its line of products compatible with the IBM 3270, Memorex 

Corp. of Santa Clara, Calif., has created the model 1300 matrix screen 
printer. It is a 100-character-per-second machine and is usable only with the 
Memorex 1377 display terminal. The printer can record directly from the 
display terminal without the necessity of intervention by the central process-
ing unit or the terminal controller, thus reducing host-computer overhead. At 
$1,400, it is a low-cost plain-paper printer that can adapt to cut sheets, 
fan-folded stock, or rolled paper. Its print mechanism uses a seven-by-
seven-dot matrix that will reproduce a 96-character set at 10 characters per 
inch for a line up to 80 characters long. -A. D., M. M. 

facilities to the limit. 
As always, the conference provid-

ed a backdrop for a number of prod-
uct and technology announcements. 
Among the popular topics were the 
rapidly growing number of high-
speed local data-communications 
networks (see p. 89), the proliferat-
ing color and graphics terminals 
[Electronics, May 22, 1980, p. 171], 
and some interesting new printer 
technologies (see "A line on the 
printers," above). 
One of the few mainframe an-

nouncements at the show, however, 
was Sperry Univac's introduction of 
an array processor subsystem for use 
with its large-scale 1100/80 comput-
ers. The Blue Bell, Pa., division says 
the array processor can perform a 
maximum burst rate of 120 million 
floating-point operations per second. 
Selling for $950,000, the array pro-
cessor is scheduled for first customer 

shipments in the first quarter of 
1981. 

Colorful show. Color terminals 
were prevalent throughout the show, 
reflecting the current industry trend 
towards those more eye-appealing 
displays. [Electronics, April 10, 1980, 
p. 135]. Adding to the lineup was 
Panasonic's CRT Display group, Se-
caucus, N. J., which introduced two 
13-inch color monitors, as well as 
15- and 19-inch models. All four fea-
ture a delta red-green-blue high-
resolution tube made by parent com-
pany Matsushita Electric Industrial 
Corp., Osaka, Japan. 
As part of a continuing trend 

toward making software easier to 
generate, Point 4 Data Corp. of 
Irvine, Calif. [formerly Educational 
Data Systems Inc.], has come up 
with the Force automatic program-
ming system. Force is an interpreter-
based program that requires the 
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presence of Point 4's business Basic 
and runs on the Isis operating sys-
tem, used by Data General's Nova-
compatible computers. The program, 
which comes in four levels at prices 
from $400 a month to $1,500 a 
month, establishes a data dictionary 
of screen formats and files that can 
be reused in the creation of new pro-
grams. Force is among the first of 
the automatic code-generation sys-
tems, which also include the "no 
code" program developed by Gener-
al Automation Inc. of Anaheim, 
Calif., the software synthesizer de-
veloped by Scientific Enterprises 
Inc. of Portland, Ore., and a Cobol-
based system under development by 
Data General. 
More software. Another aid to 

software development is also capable 
of hardware emulation. Zilog's 
ZSCAN 8000 is a self-contained 
analyzer/emulator for the Z8000 
family that can be used either as a 
stand-alone module or as a front-end 
peripheral to a development system. 
Priced at $4,500, it contains two RS-
232-C ports that allow the module to 
be placed in a serial data path 
between the developer's host com-
puter and a cathode-ray-tube con-
sole. As such, it can allow the user to 
bypass a development system alto-
gether by using the host computer 
for software development and the 
8000 unit for hardware emulation. 
The 8000 is capable of emulating 
either the Z8001 or Z8002 micro-
processors, and its development 
probably represents the first an-
nouncement by a semiconductor 
manufacturer of a stand-alone emu-
lator. Other stand-alone emulators 
previously announced for this mar-
ket include the E-H International 
model 800, and Millennium Sys-
tems' microsystem analyzer. 

In the small-business computer 
area, Dynabyte Inc. of Menlo Park, 
Calif., announced a multiple inde-
pendent processor that plugs into its 
5000 series of microcomputer sys-
tems. The processor, for which a 
price has yet to be determined and 
for which deliveries will begin this 
fall, includes both a Z80 and an 
8086 microprocessor. The latter is 
augmented by an 8087 floating-point 

math-processing integrated circuit. 
In the peripherals area, a new 

company, Data Master Inc. of 
Camarillo, Calif., has come up with 
a way to make floppy disks less flop-
py and to double their capacity in 
the process. The company's first 
products, Megamasters 2 and 4, rely 
upon a unique disk-centering re-
tractable-pin mechanism that levers 
the diskette onto the drive's hub as 
an auto mechanic levers a tire onto a 
wheel. The result, claims company 
president Ko Ko Gyi, is "a metal-
to-metal disk clamp and self-center-
ing spindle that provides unprece-
dented accuracy in securing the dis-
kette within the drive." 

Using this concept, Data Master 
has developed a two-diskette drive 
that fits into a packaging space nor-
mally reserved for one 51/4 -in, flop-
py-disk drive. In the Megamaster 4, 
four read/write heads, one per sur-
face, are powered by the same drive 
to achieve a 2-megabyte total capac-
ity. The Megamaster 2 has two 
read/write heads to handle a halved, 
1-megabyte capacity. 

Although delivery of both units is 
scheduled for the first quarter of 
1981, only the Megamaster 2 has 
been priced. It sells for under $700 
in sample quantities and $550 each 
in lots of 1,000 or more, according to 
the company. 

Also among the peripheral prod-
ucts of note were the 8-in. Winches-
ter disk drives that created so much 
interest a year ago. A new entry into 
this arena was Hitachi America 
Ltd., San Francisco, which unveiled 
its DK801 drive. Available in both 
6.9- and 13.9-megabyte versions, the 
unit has an average access time of 70 
milliseconds and uses a recording 
density of 7,300 bits/in, the Japa-
nese supplier reports. 
The momentum apparent among 

the industry's vendors this year is 
already spilling over into the coming 
year. Exhibitors have reserved all of 
the 1,900 booths—some 250 more 
than were occupied this year —that 
will be available at next year's NCC 
to be held May 4-7 at McCormick 
Place in Chicago. 
-Anthony Durniak, Martin Marshall 

Speech synthesis 

Unlimited vocabulary fits on OEM boards 

and integrates into computer systems . . . 
A leader in developing speech-syn-
thesis products designed for the 
blind, Kurzweil Computer Products 
Co. plans to market its new Kurzweil 
Talking Terminal (KTT) to original-
equipment manufacturers. The un-
limited-vocabulary KU, which con-
verts ASCII- or EBcoic-encoded text 
into full-word speech, acts as a 
speech-output device for either com-
puters or terminals. 
The Cambridge, Mass., company 

plans to deliver prototypes this 
month and to begin regular deliver-
ies by early 1981, according to 
Stephen D. Pelletier, director of 
speech research and development. 
The firm will offer the KU in two 
forms. To OEMs, it will sell a pair of 
circuit boards that can be integrated 
into systems for process control, tele-
phone access to data bases, and simi-

lar applications. For blind program-
mers and computer operators, it will 
sell a suitcase-sized, 15-pound mod-
ule with keypad and other controls. 
If there is enough demand, the OEM 
version could be integrated into a 
single board. Pricing is still uncer-
tain, but Pelletier estimates that the 
board set will sell for $1,500 to 
$2,000 and the module for $4,000 to 
$5,000. 

Phoneme-able. Pelletier expects no 
competition between the KU and 
other speech-synthesis chips entering 
commercial markets [Electronics, 
March 27, p. 39; April 24, p. 42] 
"We're going into areas where the 
large number and variety of spoken 
messages require unlimited-vocabu-
lary operation," he reveals. 
One of the OEM boards is Kurz-

weil's proprietary speech synthesiz-
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er, the same unit found in its Read-
ing Machine [Electronics, May 22, 
p. 99]. Using computerized analog 
synthesis and very complex software 
stored in programmable read-only 
memory, it identifies the thousands 
of possible interphoneme relation-
ships that make up speech and 
directs the speech-synthesizing cir-
cuitry to generate appropriate audio 
frequencies, timings, inflections, and 
stresses as it strings phonemes 
together to form continuous speech. 
The second board contains the 

Krr's 8-bit, Z80 microprocessor con-
troller, 64 kilobytes of memory, digi-
tal interfaces, and code-conversion 
circuitry. An 8,000-character buffer 
memory retains the equivalent of 
three standard cathode-ray-tube dis-
plays. 

Interfaces. Customized PROM 
firmware interfaces make possible 
specialized "dictionaries," suiting 
the KTT to applications that require 
unusual character sequences, techni-
cal terms, and the like. These inter-
faces also allow the Krr to be que-
ried via a 12-key keypad. The user 
can get "speak-outs" of screen con-
tents line by line, word by word, or 
character by character and can 
direct the terminal to back up, 
repeat lines, or even spell out words 
that might otherwise be unclear. 
The KIT package connects to 

data-processing equipment through 
either RS-232 lines or 20-milliam-
pere current-loop bidirectional ser-
ial interfaces. Users can select 11 
transmitting and receiving rates 
ranging from 110 to 9,600 bauds, 
Kurzweil says. -Linda Lowe 

. . . while PBX 

enters talking 
Mitel Corp., Ottawa, Canada, has 
jumped on the speech-synthesis 
bandwagon with a new private 
branch exchange, SX-10, that talks. 

Built around speech-synthesis in-
tegrated circuits produced in house, 
the SX-10 is the latest in the firm's 
series of Superswitches designed to 
penetrate the existing key system 
market of 4 million systems in the 

Phone talker. Mitel's SX-10 private branch 

exchange features a 50-word-vocabulary 
voice-synthesis board built around compo-
nents produced by the company. 

U. S. and Canada. According to 
Mitel president Michael Cowpland, 
the system will also be marketed in 
Europe, Australia, and New Zea-
land, with the principal targets small 
and medium-sized businesses. 
At present the voice synthesizer in 

the "Talking 10," as it is also called, 
uses the waveform digitization tech-
nique. In Mitel's approach the neces-
sary bits of digital information are 
stored in two erasable programmable 
read-only memories mounted on a 
single control board and then are 
converted into analog voice signals 
when necessary. 

Messages. The E-PROms in use 
are prototypes. Production versions 
may well use another synthesis tech-
nique and may be produced by Mitel 
or purchased from chip suppliers. 
The advantage of the synthesis 
board is that it replaces with voice 
messages the more expensive key-set 
buttons used to find free lines. As it 
is at present, the board has less than 

a 50-word vocabulary. 
The basic $3,000 SX-10 can inter-

face with eight internal handsets, as 
well as provide four external func-
tions on trunk lines such as alarm, 
intercom, and paging systems. With 
an additional printed-circuit board, 
the basic unit's capacity is doubled 
at a cost increase of 50% to 70%. 
Customers requiring more than 16 
internal numbers would need addi-
tional units. 

Ease of programming is a key fea-
ture in this system. Comments Pat-
rick Beirne, Mitel's senior research 
and development engineer, "We're 
trying to do to the telephone what 
was done to calculators three years 

Meanwhile, on the recognition front . . . 

A pioneer in voice recognition equipment, Threshold Technology Inc., is 
gearing up to put its isolated-word data-entry system on a chip set. 

Earlier this year, the Delran, N. J., firm acquired Auricle Inc., an IC design 
house in Santa Clara Courtly, Calif. Working with Auricle, Threshold has been 
putting some of its systems features into IC form and will be announcing an 
agreement later this month with a semiconductor manufacturer to make 
these devices. Full production should start within the next 12 to 18 months. 
A Threshold 600 voice data-entry system, using the company's Quik Talk 

algorithm, recognizes isolated words at a rate of 180 to 200 words per 
minute with an accuracy of 99%. The typical price for such a system ranges 
from $7,500 to $75,000, notes Marvin B. Hercher, executive vice president. 
In comparison, the chip set with either three or four ICs will have a 20-word 
vocabulary and sell for about $20. A board-level product will also be 
available with a 50-word vocabulary and price tag of under $1,000. A 
printed-circuit board or stripped-down terminal unit with a larger vocabulary 
will sell for under $2,000. 

Central to Threshold's design is a feature extractor that is used to develop 
spectral derivative features showing the overall spectrum shape of the 
incoming word. Threshold has developed and patented a device it calls an 
analog threshold logic element (ATLE). Herscher compares these devices to 
artificial neurons operating under excitory and inhibitory pulses. "The ATLEs 
are similar to operational amplifiers except for a discontinuity step that gives 
the user noise immunity. The output from the ATLEs makes it possible for the 
user to do Boolean logic operations," he explains. (For a related story see 
page 93.) -Pamela Hamilton 

44 Electronics/June 5, 1980 



Let's talk European production - 
THOMSON-CSF Microwave 
Component Division manufactures 
the widest range of microwave and 
RF components: semiconductors, 
MIC's, ferrite devices 
and materials, optical 
components... and other passives. 

Let's talk R & D capabilities - 
THOMSON-CSF Microwave 
Component Division develops 

high-technology components 
and devices for today's constantly 
evolving detection 
and telecommunications 
equipment. 

Let's talk quality - Our quality-
minded people produce 
components ranging from 
standard specifications to space 
qualified levels. 

Let's talk microwave components... 
Let's talk customer support - 
Our sales engineers are ready 
to help you to find a fast efficient 
solution to your requirements. 

Ask today for our catalog! 

111111 11 11 111111 'THOMSON-CSF 
COMIPCMIMTS 

THOMSON -CSF Division Composants Microonde /101, Bd Murat / 75781 PARIS CEDEX 16 / FRANCE / Tél. : (33.1) 743.96.40 

BENELUX 
THOMSON SANV 
Bruxelles 
Tél (2) 648 64 85 

BRAZIL 
THOMSON-CSF 
COMPONENTES DO BRASIL 
Sao-Paulo 
Tel (11) 542 47 22 

DENMARK 
SCANSUPPLY 
Copenhagen 
Tél (1) 83 50 90 

FINLAND 
OY SUFRA AB 
HelsInk, 
Tel (01 49 01 37 

ITALY 
THOMSON-CSF COMPONENTI 
Wan° 
Tél (2) 688 41 41 

JAPAN 
THOMSON-CSF 
JAPAN K.K 
Tokyo 
Tel.. (3) 264 63 41 

NORWAY 
TAHONIC AIS 
Oslo/ Tel (2) 16 16 10 

SPAIN 
THOMSON-CSF 
COMPONENTES Y TUBOS SA 
Madnd 
Tel. (1) 419 85 37 

SWEDEN 
THOMSON-CSF KOMPONENTER 
ELEKTRONROR AB 

Stockholm/ Tél (8) 22 5815 

SWITZERLAND 
MODULATOR SA 
Llebefeld-Bern 
Tel (31) 59 22 22 

UNITED KINGDOM 
THOMSON-CSF 
COMPONENTS 
AND MATERIALS Ltd /BasIngstoke 
TM- (256) 29 155 

U.S.A. 
THOMSON-CSF 
COMPONENTS CORPORATION 
Chtton 
Tel . (201) 779 1004 
MontgomeryyrIle 
161 (215) 362 8500 

WEST GERMANY 
THOMSON-CSF 
BAUELEMENTE GmbH 
Munchen 
Tel 189) 76 75 1 

Circle 45 on reader service card 



Electronics review 

ago. For example, the SX-10 offers 
more than 100 features and requires 
less than an hour to program." 
The company expects to get Fed-

eral Communications Commission 
approval of the PBX by July 31. Up 
to 1,000 production models will be 
made by the end of the current fiscal 
year next Feb. 28. -Ken Pole, 

McGraw-Hill World News 

Communications 

Digital filter sets off 

Bell codec design 
Bell Laboratories' n-channel mos 
single-chip codec with filters, to be 
announced at the International 
Communications Conference in 
Seattle next week, contains a unique 
architecture that is a radical depar-
ture from convention. The 296-by-
342-mil device is highly digital, has 
few analog components, and is 
designed for "high yield, economy, 
and ease of testing" while meeting 
the governing specification with "a 
comfortable margin," Bell says. 

In the usual pulse-code-modula-
tion encoding schemes for telephony, 
analog filtering is performed before 
analog-to-digital conversion to re-
move frequency components above 

the Nyquist frequency. For the stan-
dard 8-kilohertz sampling rate this 
means a rather sophisticated analog 
anti-aliasing filter. The decoder fil-
ter that removes images around inte-
gral multiples of 8 kHz is likewise a 
problem. 

Faster converter. The Bell ap-
proach, according to researchers 
Toshio Misawa, J. Eric Iwersen, and 
Jacques Ruch of the Murray Hill, 
N. J., facility, reverses the signal pro-
cessing order (see illustration). Key 
to this change is the replacement of 
the analog filter by a digital one. 
The higher data-sampling rate that 
is required to make this change is 
implemented in the analog-to-digital 
converter. 
The necessary band limiting to 

ensure an 8-kHz sampling rate is 
performed digitally after the wide-
band analog-to-digital conversion. It 
is still necessary to provide an anti-
aliasing filter but now this is a sim-
ple, noncritical device, easily de-
signed and produced, the Bell 
researchers contend. 

Because it can be readily adapted 
to the silicon-gate n-moS technology 
that Bell chose for its codec and 
because its concept is ideal for mak-
ing a codec that is mostly digital in 
nature, a delta-sigma modulator was 
Bell's choice for the a-d conversion 
function. According to Misawa, sim-

ilar modulators have been designed 
before, as part of multichip bipolar 
codecs, but they lacked the perform-
ance that the new approach provides. 
In particular, he says the quantiza-
tion noise of Bell's µ-255 law device 
is superior and all the necessary 
codec parts such as the anti-aliasing 
filter are on the chip. 
Do it once. The codec's design phi-

losophy was based on the simple idea 
of designing a chip without precision 
components that would have a high 
yield as soon as possible, according 
to the Bell team. 
The strategy was very success-

ful. Idle-channel noise of 13 dBrnc 
and gain tracking to within ± 0.05 
dB from + 3 to —37 dBm and ±0.1 
dB between —37 and —50 dBm were 
achieved with the first design on all 
chips that worked.-Harvey J. Hindin 

Solid state 

Giant CCD imager 

boasts 640,000 pixels 
Spacecraft astronomy is lifting the 
state of the art in charge-coupled 
devices to new heights. To meet the 
needs of the National Aeronautics 
and Space Administration's space 
telescope satellite, Texas Instru-
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A digital delight. In the encoder a delta-sigma modulator performs linear analog-to-digital conversion at 2.048 megasamples per second. 

This high sampling rate allows a simple analog anti-aliasing filter. The modulator output goes through successive digital signal processing. 
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DIGITAL /ANALOG ANALYSIS: 
THE TEST SYSTEM FOR THE Ws. 

Introducing the new Paratronics PI540 Logic Analysis System. 

The smarter your product becomes for 
the 80's, the harder it's going to be to 
test. Up to now you've been 
using state and timing 
analyzers to wrestle with syn-
chronous and asynchronous 
digital problems. But there 
are still analog signals out 
there, and you still need a 
waveform recorder. 

Now the Third Generation 
Paratronics has looked at 
testing in the 80's and 
developed the PI540 in 
order to combine state, 
timing and waveform 
recording functions into 
one compact piece of gear. 
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linked resources allow you to trace 
sequences beginning with an analog input, 
continuing with its conversion to digital, 
and ending with its ultimate effect on 
program flow. 

The Most Complete Analysis 
Tool Available 
The PI540's standard features include 
variable threshold probes, 16 levels of 
nested triggering, signature analysis, 
cross-correlation processing, comparison 
memories, and hex, octal, binary, 
decimal, ASCII, timing and waveform 
display formats. 

A Word About the 
System 5000 Mainframe 
The PI540 utilizes Paratronics' new 
System 5000 mainframe which houses a 
large, 9-inch (23-cm) CRT; a protective 

folding keyboard with posi-
tive-action, domed keys; 
and a general-purpose 
microcomputing system. 
The individual analyzer 
functions unique to the 
PI540 reside in the System 
5000's applications card 
cage. In this manner, the 
PI540 can be configured 
with the analysis resources 
you need now, and 
upgraded later. 

If you're going to keep smart machines 
working smartly in the 80's, you'll want 
to know all about our PI540. For com-
plete information or a demonstration by 
one of our local sales engineers, contact 
Paratronics, Inc., 2140 Bering Drive, San 
Jose, CA 95131; (800) 538-9713 (toll free) 
or (408) 263-2252 (California). 

Ji PAIlATROIVICS INC. 

For additional information circle #22 
For a demonstration circle #47 

U.S. base price under $7,000 
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Big chip. These 640,000-pixel CCD imaging 

chips, 700 mils on a side, have been devel-
oped by Texas Instruments for cameras in 
NASA's forthcoming space telescope. 

ments Inc. has devised a CCD chip 
700 mils on a side with a spectral 
range 150% that of the typical CCD 
imager. Moreover, it fits into a spe-
cially designed package that enables 
it to withstand temperatures as low 
as -100°C. 
The CCD array in the big chip 

gives 640,000 picture elements-800 
by 800 pixels. For next-generation 
portable color TV cameras, Japanese 
manufacturers are working on chips 
with formats that are less than a 
third that size [Electronics, Feb. 14, 
p. 143]. Ti has begun delivery of 120 
of the chips under contract to NASA 
and the Jet Propulsion Laboratory. 

For each of two cameras in the 
space telescope, JPL will employ four 
of the new imagers, for a format of 
1,600 by 1,600 pixels. For one cam-
era, the goal is wide area coverage; 
for the other, it is high resolution, 
indicates Fred J. Vescelus, manager 
of iFt's Imaging Systems division at 
the California Institute of Technolo-
gy in Pasadena. 

Spectral range. An equally impor-
tant goal was a spectral range that 
extends much further than the typi-
cal CCD imager to capture spectral 
emissions of faraway stars. Ti's engi-
neers used an organic phosphor coat-
ing applied to the rear surface of the 
chips to extend the spectral range 
down from 4,000 angstroms— 
where most mos devices cut off— 

to 500 À in the ultraviolet region. 
The phosphor, known as coronene, 

absorbs photons in the uy frequen-
cies and reemits them in the spectral 
region in which the CCD is sensitive. 
The upper spectral limit of the 
device is in the near-infrared band, 
at 11,000 À, the same as for stan-
dard CCD chips. 

Ti fabricates its imagers with a 
three-level polysilicon-gate technolo-
gy. To meet the low-noise, high-
sensitivity requirements of space 
operation, the Dallas company em-
ploys a buried-channel design, which 
places the CCD wells as far as possi-
ble from surface noise, and on-chip 
signal amplifiers, Vescelus notes. 

Package. Some of the exposure 
times for the space telescope's cam-
eras will be about an hour. Such long 
imaging periods can be thwarted by 
the thermal currents generated natu-
rally in silicon, because these dark 
currents could fill up the CCD wells 
with spurious electrons. 
To overcome this, the CCD im-

agers will operate at —100°C, which 
requires a hermetically sealed 40-pin 
package largely fabricated from an 
iron-nickel alloy with a thermal 
expansion coefficient closely match-
ing that of silicon. The matching 
coefficients prevent shattering of the 
imaging membrane—which is only 8 
micrometers thick—as the tempera-
ture changes, explains Morley B. 
Blouke, manager of the JPL project 

at Ti's central research laboratories. 
The work for JPL began in 1973 

with 100-by-160-pixel imagers— 
then the state of the art —and went 
through successively larger genera-
tions. A 1,000-by-1,000-pixel part 
using a virtual-phase CCD technolo-
gy that Ti recently developed may be 
next. -Wesley R. Iversen 

Industrial 

Radar saves sand 

on new locomotives 
Nestled in the undercarriage of Gen-
eral Motors Corp.'s new Super Ser-
ies 50 freight locomotive is a short-
range, low-power digital radar for 
measuring speed. It is a key compo-
nent in a new automatic control sys-
tem that improves the locomotive's 
wheel-to-rail adhesion by 33%. 
The standard way of controlling 

adhesion is to inject sand under the 
locomotive's wheels. Earlier models 
had to carry 58 cubic feet of the 
stuff. However, engineers at GM's 
Electro-Motive division, La Grange, 
III., found that operators tended to 
waste sand by using it at the first 
sign of slippage. 

Operation. The new automatic 
system uses the radar to measure 
ground speed and adjusts the speed 
of the locomotive's four wheel-

It's consumer showtIme 

RCA Corp.'s final production version of its Selectavision video disk player 
(below) is one of the many new products that will be on display at the 
Electronic Industries Association's Consumer Electronics Show in Chicago 
starting June 15. Despite the recession, the EIA has booked almost 900 
exhibitors and expects 60,000 attendees. -Gil Bassak 
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"We stock 150 different analog I/O boards and guarantee 
delivery in five days.We're turning this business upside down:' 

Fred Molinari, President 
By our competitors' standards, we run a 
pretty unorthodox operation. 

We stock all the analog I/O our cus-
tomers need, and we deliver it quickly. 

Some of our boards are unique. Many 
are technically better than their "equivalents" 
and less expensive to boot. 

In fact, we offer the widest selection 
of high accuracy, high resolution DAS boards 
in the business. 

We stock more Multibus' compatible 
DAS than Intel or National. Even some 
advanced models with on-board intelligence. 
More LSI-11 and PDP-11 DAS than DEC. 
And our prices are lower. 

We can deliver dual height boards for 
LSI-11 and quad-size boards with features no 

one else has. Like DMA, 
125KHz throughput to memory 
isolated low level, 64 
channel analog input capability and DEC compatibility. 

What's more, we have an extensive software library to tie it all 
together. A new catalog to make ordering easier. And free diagnostics 
and user manuals. 

The performance of our PDP-11 Unibusim analog boards is also un-
equalled, thanks to isolated low-level, DMA I/O, 64 channel analog 
input capability, DEC compatibility, and 8 channel analog outputs. 

Whether your application is laboratory or industrial, we offer 
you the means to upgrade your system quickly. 

Unlike our "competitors;' we'll never leave you hanging. 
Data Translation, 4 Strathmore Road, Natick, 

Massachusetts 01760, (617) 655-5300, Telex: 948474. In 
Europe: Data Translation Ltd., Reading, Berkshire/England. 
Phone (0734) 669-335; Telex: 847482. 
We stock the industry's widest selection of microcomputer analog 
I/O systems for DEC LSI-11 and PDP-11, Intel Multibus, Mostek/ 
Prolog STD Bus, Zilog, and Computer Automation. 11111111111911. 

DATA  TRANSLATION 
SALES OFFICES AZ602-994-5400, CA 415-965-9180, 213-681-5631; CO 303-371-2422; FL 305-791-9292, 813-725-2201. GA 404-455-7222; IL 312-960-4054; IN 317-788-4296; MA 617-655-
5300; MD 301-636-1151; MI 313-227-7067; MN 612-441-6190; NC 919-723-8102; NJ 609-428-6060; NM 505-292-1212, 505-523-0601; NY 516-488-2100; OH 513-253-6175; OK 405-528-6071, 
OR 503-297-2581; PA 412-327-8979; TX 713-988-9421. 512-451-5174. 214-661-0300, 713-780-2511, 512-828-2251: UT 801-466-6522; WA 206-455-5846; CANADA 416-625-1907. 

Multibus is a trademark of Intel Corp Unibus. PDP-11 and LSI-11 are trademarks of Digital Equipment Corp. 
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mounted traction motors to mini-
mize slippage accordingly. When 
slippage becomes too great, sand is 
automatically injected. Thus EMD 
boosts minimum adhesion from 18% 
to 24%, uses a sixth the former load 
of sand, and reduces the mainte-
nance necessary to counteract the 
effects of sand on the operating gear. 
EMD built 23 prototypes of the 

new locomotive and put them 
through six months of field testing. 
The improvement in adhesion and 
reduction in deadweight improves 
performance, so that the diesel loco-
motives can pull additional weight, 
notes Henry H. Koci, assistant chief 
of engineering at EMD. The doppler 
radar was designed by the division, 
RCA Corp.'s David Sarnoff Labora-
tories, Princeton, N. J., and C. M. I. 
Inc., a small Minturn, Colo., design-
er and manufacturer of traffic-con-
trol radars and other electronic gear 
for police departments. 
The radar is a digital doppler unit 

because only the doppler effect mea-
sures ground speed reliably, says 
Harry F. Quinn, chief of electrical 
control engineering at EMD. Wheel 
speed does not measure it reliably 
because of wheel slip. 
The GM division went to two sup-

pliers for the new system in order to 
avoid the single-source problem. 
Both C. M. I. and RCA capitalized 
on previous rather different develop-
ment work. 

In the C. M. I. version, a Gunn 
diode emits signals that are returned 
to a horn antenna with a 4-inch 
aperture. Because of the varied 
ground topography, the inputs vary 
from 0 to 31 hertz. A combination of 
automatic gain control and bandpass 
filters reduces this spectrum to three 
ranges, and a phase-locked loop con-
verts them into a single signal rate of 
about 22 Hz per mile per hour. The 
signal-processing circuits generally 
employ complementary-MOS tech-
nology, says Jack D. Fritzlen, presi-
dent and principal designer. 
The RCA version, also with c-mos 

signal processing, uses a printed-
circuit antenna and a transferred-
electron oscillator and corporate 
feed rather than a Gunn diode, 
according to Fred Sterzer, director 

News briefs 

TI reorganizes corporate ladder 
Texas Instruments Inc. has made several changes among upper echelon 
management ranks, including the creation of a corporate-level marketing 
activity. Among those changes: Stewart Carrell, group vice president previ-
ously in charge of European semiconductor operations in Nice, France, has 
been assigned to the firm's Dallas headquarters, where he will take over 
corporate control activities from John M. Walker, senior vice president and 
treasurer; Walker will retire later this year. Replacing Carrell in Europe is 
Charles M. Clough, vice president previously in charge of U. S. bipolar 
operations in Dallas. The new corporate marketing operation, to be headed 
by group vice president Grant A. Dove, encompasses TI's Supply Co., which 
is the company's worldwide industrial distribution arm, as well as the market-
ing organ for Ti's Europe and Asia Pacific divisions. 

Philips gains ally for video disk 
Score yet another one for the optical video disk player. Sanyo Electric Co. of 
Osaka signed a license agreement with NV Philips Gloeilampfabrieken of the 
Netherlands last month. Under the agreement, Sanyo will manufacture, use, 
and sell video disk players that meet the standard specifications of the 
Magnavision optical video disk system developed jointly by Philips and MCA 
Inc. [Electronics, Dec. 21, 1978, p. 33]. Magnavision players were first 
introduced in the U. S. in late 1978; nationwide marketing is expected by the 
end of 1980. Sanyo will be joining Sharp Corp., Trio-Kenwood, and Sony 
Corp. of Japan, as well as Grundig, in support of the Magnavision system. 

TRS-80 computer will have phone access to data bases 
Tandy Corp., Fort Worth, Texas, is taking orders from commercial accounts 
for fourth-quarter delivery of a device known as the TRS-80 Videotex that will 
allow phone-line access to computer data bases for w screen display. 
Retailing initially at about $400, the Videotex employs a Motorola micropro-
cessor, a video display chip, 4 kilobytes of memory, and a modem in a 
keyboard-equipped unit designed to attach to a user's phone jack and 
television antenna. Beginning this summer, Tandy also plans to sell the 
Videotex software separately through Radio Shack stores for under $30 for 
use in a variety of personal computers and dumb terminals. 

GenRad acquires tester manufacturer 
GenRad Inc., Concord, Mass, acquired Omnicomp Inc. in an exchange of 
stock, effective May 21. The Phoenix, Ariz., manufacturer of field service 
equipment now supplies the larger firm with the model 2225 field-service 
tester. The acquisition marks the return to GenRad of Omnicomp founder 
and president, Robert G. Fulkes, who was project leader on the industry's 
first commercial automated board tester at General Radio in the late 1960s. 

Ampex will make memories for Control Pata 
Control Data Corp., Minneapolis, and Ampex Corp., Redwood City, Calif., 
have entered into a manufacturing license agreement under which Ampex 
will produce ferrite-core memories and memory products for CDC. Ampex 
will supply Control Data's internal requirements, support existing large-
volume core-memory contracts and repair installed core-memory products. 

Perkin Elmer adds power to transaction processing 
Perkin Elmer's Computer Systems division, Oceanport, N. J., has beefed up 
its transaction-processing software offering. Reliance II can now handle up to 
128 transaction-processing terminals and 64 software-development termi-
nals for each 3220 or 3240 32-bit minicomputer. It will also support an 
interactive query system, 10/32, allowing ad hoc queries of the data base. 
An enhanced Cobol compiler —offering 30% to 50% better performance 
than the previous one—and an RPG ll compiler are part of the $12,500 
software package. IQ/32 is offered as an option at $3,000. 
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DOUBLE 
DOUBLÉDIbCAILILE 

DSD SOLVES YOUR DEC-COMPATIBLE FLEXIBLE DISK NEEDS. 

DSD 440 DSD 480 

• SINGLE-SIDED, DOUBLE-DENSITY 

• 1/2 MB CAPACITY PER DISKETTE 

• FOR LSI-11, PDP -11 AND PDP-8 SYSTEMS 

• DOUBLE-SIDED, DOUBLE-DENSITY 

• 1 MB CAPACITY PER DISKETTE 

• FOR PDP-11 AND LSI-11 SYSTEMS 

• ALL IBM AND DEC DISKETTE FORMATS— 
CONVENIENT DATA EXCHANGE BETWEEN 
IBM AND DEC SYSTEMS. 

• Full RX02 compatibility 

• Built-in bootstrap 

• Exclusive "Hyperdiagnostics" 

• Low profile, 51/4 inch modular package 

• Higher performance 

• Superb service 

ASK US ABOUT OTHER DSD SOLUTIONS FOR YOUR DISK STORAGE NEEDS. 
Advanced technology and innovative engineering deliver DEC-compatible flexible disk systems with 
added capabilities and superior performance. When you need increased storage capacity and 
proven reliability for your DEC computer, look to the leader, look to THE INDUSTRY STANDARD — DATA 
SYSTEMS DESIGN. 

0 Please call me. LI Please send me more information. 

My system: El] PDP-8 D LSI-11, PDP-11/03, LSI-11/23 D PDP-11/  

Name  Title 

Address   City 

Telephone  

E 6 80 

DATA SYSTEMS DESIGN, Inc. 
3130 Coronado Drive 
Santa Clara, CA 95051 
(408) 727-9353 
TWX 910-338-0249 

Co.  

_ State Zip 

Eastern Regional Sales 
51 Morgan Drive 
Norwood, MA 02026 
(617) 769-7120 
TWX 710-336-0120 

A lip Um. truderrKx. INyria ',yr.", Cur, 
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Woridys broadest 
World's Ht  

PCB sw es. 
A LCO designed and engineered the TT Series primarily for PC 
applications. Their small size allows placement between PCB's 

on 1/2" centers. All terminals and mounts fall into a 0.1" grid. 
Your choice of toggles, pushbuttons, slides, 

rockers and LED lighted types in 1, 2 or 4 
poles. Right angle types are our specialty and 

wire wraps too! Gold plated contacts are 
standard for low-level switching. Silver pro-

vides a 3 amp rating and is U. L. listed. A 

variety of panel mounted types also available. 
We pride ourselves by stocking hundreds of 

standard types, many in production quantities to service your 

immediate needs. However, our engineers and production group 

can also provide literally thousands of custom types promptly 

and economically. We urge you to 

call or write Customer Service for 

160-page ALCOSVVITCH catalog 
and free sample. ' 

it c h 
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TT Series made in USA 
patented worldwide 
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/ 

• 
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ALCO ELECTRONIC PRODUCTS, INC. a subsidiary of AUGAT, Inc. 

1551 Osgood St., N. Andover, MA. 01845 (617) 685-4371 TWX: 710 342-0552 
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Love story 
with a neat twist. 

Electronics review 

Radar speedometer. This control module 

on a GM locomotive processes information 
from a radar to measure ground speed and 

adjusts motors to minimize slippage. 

of the microwave technology center 
at RCA. This design derives from an 
earlier package RCA proposed as 
part of an automotive anti-skid sys-
tem, whereas the C. M. I. unit is 
based its traffic-control radar. 

For both systems, the power 
output is about 10 milliwatts, and 
power consumption is about 3 watts 
at 15 volts. 

Part of the design challenge was 
the varied terrain traveled by loco-
motive. For example, to compensate 
for the lack of ground under a tres-
tle, the PLL in the C. M. I. system 
can freeze the last signal for several 
seconds. If the system malfunctions, 
the locomotive operator can control 
the sand injection mechanism. 

C. M. I. also will package the 
radar with control circuitry for ret-
rofitting older locomotives to meet 
new Federal regulations requiring 
speedometers. For the next few 
years, Fritzlen expects to sell several 
thousand annually at $2,200 each in 
single-quantity orders, a far larger 
business than the annual sales of 200 
to 300 he expects to be able to make 
to EMD. -Larry Marion 

See page 237 
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The 1410 sample 
and hold amplifier 
offers 12 bit accu-
racy with maximum 
acquisition time for 
a ten volt step of 
200 nanoseconds 
to 0.1% and 350 nanosec-
onds to 0.01%. 

In combination with a 
high performance con-

UMC 

verter such as the 2850, 
it permits very accurate 
high speed operation. 

Military versions of 
both are available. 

Send for the 
data sheets, 
as well as 

APPLICATION 
TECHNIQUES 

bulletin AT-803. 

Dynamic Mieueurnments Corp. 
6 Lowell Ave., Winchester, MA 01890. (617) 729-7870. TVVX (710) 348-6596 

Call our toll free number 800-225-1151. 
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DiftftONIh UL 

Yes, Datel-Intersil delivers hybrids — in volume and 
fast! While many hybrid manufacturers are quoting 
you 12 weeks delivery or more, we deliver from stock 
to 4 weeks on almost all of our data acquisition 
hybrids. 

Not only do we have fast delivery. but Datel-Intersil 
has one of the broadest lines of high performance 
data acquisition circuits in the industry. From A/D's 
and D/A's to sample-holds, fast op amps, and 
complete data acquisition systems. 

Backing up this broad line of circuits is one of the 
largest and best equipped thin-film hybrid facilities 
in the world. With a complete in-house thin film 
operation, we produce all of our substrates and thin 
film resistor networks. Then with the most modern 
automatic bonding machines, automatic die 
attachment equipment, laser trimming systems and 
automatic test systems, the products are assembled, 
actively laser trimmed and then automatically tested 
against rigid performance specifications. 

Datel-Intersil has been producing hybrid data 
acquisition circuits since 1975. Hundreds of 
thousands of these devices are in use throughout 
the world in laboratory, industrial, and military 
applications. 

Need military/aerospace hybrids? Our exacting QL 
program produces MIL-STD-883 Class B hybrid 
devices for demanding applications. Delivery is 8 
weeks for most of these high reliability circuits. 
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AM-500GC: Ultra Fast, 
Operational Amplifier 
200 nsec. Settling Time 
1000 V/psec. Slew Rate 
$83.00 (1-24) Stk to 4 wks 
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DELIVERS HYBRIDS 

SHM-6MC: Fast, .01% 
Sample-Hold 
1 psec. Acquisition Time 
For 12 Bit Applications 
6149.00 (1-24) Stk to 4 wks 

ADC-815MC: 8 Bit 
Ultra Fast AID Converter 
600 nsec. Conversion Time 
6 Input Voltage Ranges 
$205.00 (1-24) 4 wks 

.* 8 I III g 

DAC-HF12BMC: Ultra Fast 
12 Bit D/A Converter 
50 nsec. Output Settling 
5 mA Current Output 
$149.00 (1-24) Stk to 4 wks 

V17.. 

HDAS-16MC: 16 Channel 
Data Acquisition System 
12 Bit Resolution 
50 KHz Throughput Rate 
$350.00 (1-24) 4 to 6 wks 

g 

DAC-HP16BGC: 16 Bit 
Precision D/A Converter 
15 psec. Output Settling 
Unipolar or Bipolar Voltage Output 

$72.50 (1-24) Stk to 4 wks 

11 CABOT BOULEVARD. MANSFIELD. MA 02048 TEL 
(617)339-9341 • TWX 710-346-1953 TLX 951340 Santa Ana. 
(714)835-2751. (L .A (213)933-7256 • Sunnyvale. CA (408)733-2424 • 
Gaithersburg. MD (301)840-9490 • Houston. (713)781-8886 • Dallas. 
TX (214)241-0651 OVERSEAS: DATEL (UK) LTD—TEL ANDOVER 
(0264)51055 • DATEL SYSTEMS SARL 602-57-11 • DATELEK 
SYSTEMS GmbH (089)77-60-95a DATEL KK Tokyo 793-1031 

For complete Data Sheet Packet 
Write or Call Datel-Intersil Inc. 

For generous quantity discounts, 
contact your nearest Datel-Intersil sales office. 
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Awhole new world 
of psofteare development. 
Introduchn 
the MDT IMO Series. 

It's affordable. It's expandable. 
It's a whole new world of microsoft-
ware development for everyone 
using the powerful 6500 micro-
processor family—the MDT1000 
Series from Synertek Systems. 

This is a Micro Development 
Tool that has it all—complete with 
CRT display, keyboard, system soft-
ware, three Micromodule boards, 
EPROM programmer and power 
supply plus optional CAS-1 re-
corders. For software develop-

MSYNERTEK SYSTEMS 
A SUBSIDIARY OF HONEYWELL 
150 S Wolfe Road. Sunnyvale. CA 94086 
(408) 988-5682 or 988-5689 TWX: 910-338-0135 

ment. Hardware prototyping. 
Testing. Consulting. Or just learning 
about microprocessors. And, 
because the MDT 1000 is Motorola 
EXORcisorTe bus compatible, it 
expands in a snap to meet growing 
system requirements. 

Programming the MDT1000 
saves time.That's programming as 
it should be.The MDT1000, with 
optional BAS-1, offers over 20,000 
bytes of ROM-based operating 
software.This software availability is 
made possible by the over 12.000 
SYM-1 single board computers 
already in use today. Standard fea-
tures include a powerful 8K ROM 
resident assembler/editor, RAE. 

The best thing about the MDT 
1000 is that it's available right now— 
in 4K, 8K and 16K RAM versions 
at prices you would expect to pay 
for a CRT terminal or EPROM pro-
grammer alone. Starting at $1,495. 
Forcomplete technical infor-
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mation on the MDT 1000 Series, 
contact your nearest Synertek 
Systems distributor. Or call at 
(408) 988-5682 or 988-5689. 

Synertek Systems manufac-
tures a growing line of evaluation 
microcomputers and keyboard 
modules, OEM modules, and devel-
opment systems for both standard 
and custom applications. 



Washington newsletter  
Military avionics Shipments of American avionics bearing military nomenclatures to the 

Peoples' Republic of China are expected to begin late this summer as 
to go to China Peking moves anxiously to upgrade its inventory of close to 5,000 early-

for its MIG fleet . . . model MIG fighters, most of them MIG-6s. Competition to sell the new 
ultrahigh-frequency tactical air navigation, communications, and perhaps 
radar systems is keen among U. S. producers as negotiations continue 
among Defense Secretary Harold Brown, the State Department, and a 
Chinese delegation to the U. S. led by Vice Premier Geng Biao. "The sales 
will be limited to avionics that have no application as weapons per se," 
says one U. S. official. However, he declines to specify if the AN/ARC-
186(V) very-high-frequency a-m/fm multiband communications trans-
ceiver now being delivered to the Air Force by Rockwell International 
Corp.'s Collins Government Avionics division is on the list. 

. . . as House report But Carter Administration initiatives to bolster military ties with China 
through sales of nonweapons like air and ground telecommunications and 

raises challenge tracking systems face "serious reservations" in Congress, according to a 
to nonweapons sales new House Foreign Affairs Committee report. Written by Rep. Lester 

Wolff (D., N. Y.), who headed a congressional delegation to eight Asian 
nations in January, the report disagrees with the White House assertion 
that Washington and Peking have "many parallel strategic and bilateral 
interests" beyond containing Soviet expansionism. Recalling China's inva-
sion of Vietnam, the Wolff report questions whether "the strategic and 
bilateral interests which we posit are in fact shared by the Chinese." It 
calls for "mature deliberation" by the White House—and consultation 
with Congress—before any high-technology sales to China are made. 

Air Force runs The first Air Force flight tests of digital flight controls using fiber 
optics—popularly called "fly-by-light" — are expected to produce "better 

first flight tests aircraft and reliability at a lower cost," according to Forrest Stidham, 
of fiber-optic controls program manager at the Aeronautical Systems division's Flight Dynamics 

Laboratory, Wright-Patterson Air Force Base, Ohio. In the program, 
known as Digitac— for digital tactical aircraft control—Honeywell Inc. 
fiber optics are used in a multiplexed data bus on the A-7D research 
aircraft. Two lightweight wires replace heavier wire bundles with a 
computer controlling the data-transfer functions. 
The tests at Edwards Air Force Base, Calif., are the first of digital 

flight-control computers that check themselves and their data sources for 
faulty signals. "We particularly want to know if flight-control data could 
be lost for a few seconds in the presence of electromagnetic interference 
and what effects this would have on system performance," Stidham says. 
Laboratory ground tests of the fiber optics and the data bus have shown 
the system's vulnerability or susceptibility to emi is very low, he says. 

U. S. finally adopts A new standard designed to cut networking costs of Federal agency 
computers becomes effective June 13 following approval by the Depart-

standard to link ment of Commerce and publication as a Federal information processing 
computer nets standard by the National Bureau of Standards. Known as FIPS PUB 71, 

the standard defines the data-link control procedures to be employed by 
the Federal computers and services that use bit-oriented synchronous 
data-link control. 
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Washington commentary 

Getting a U. S. policy on technology and trade 

The U. S. trade balance in electronic compo-
nents looks good when products like semicon-
ductors are highlighted. But there is bad news, 
too, notably in categories like integrated cir-
cuits, and it is getting worse. 
The Department of Commerce, for example, 

in its latest 1979 figures on component trade 
likes to stress that both exports and imports 
increased by about one third last year from the 
1978 level, so that the U. S. trade balance rose 
nearly 20% to $384 million. Semiconductors 
alone produced $179 million, or nearly half of 
that balance, a 15% rise in a year. That is the 
good news. 

In integrated circuits, however, last year's 
trade deficit grew nearly 40% from 1978 to 
exceed the $1 billion mark for the first time and 
more than wipe out the gains in other compo-
nents trade. The Government's figures give the 
deficit as $1.27 billion. 

Japan's dominant role 

The bad guys in the worsening storm over 
semiconductor trade are the Japanese, of course. 
They shipped to the U. S. nearly three times as 
many products as they bought and thereby 
accounted for $445 million of the American 
1979 deficit. Malaysia, Singapore, South Korea, 
the Philippines, and Taiwan were next in line 
with more semiconductor exports than imports, 
although some of this is due to American off-
shore operations. Four nations bought more 
U. S. semiconductor products than they sold 
back. They were Mexico, Hong Kong, Canada, 
and West Germany. The remainder of the posi-
tive trade balance, some $751 million, came 
from all other countries, which bought some 
$1.2 billion, or nearly 30%, of American semi-
conductor exports while shipping only $451 mil-
lion worth to the U. S. 

Japan's dominant role as the lead supplier of 
components to the U. S. did not yield to Ameri-
can pressures to increase U. S. shipments to the 
island nation. While U. S. exports to Japan rose 
in the year by 47% to $253 million, the Japanese 
more than offset the gain by increasing their 
shipments by nearly $700 million in the same 
period. "It is very difficult to stop the Japanese 
once they target a market," says one U. S. trade 
official. "And it becomes impossible given the 
size of the American market and the fact that 
the U. S. doesn't begin to have the degree of 
cooperation between Government and industry 
that Japan has." 
That is an old complaint, and it has a familiar 

ring to veterans of the home entertainment elec-

tronics war with Japan over more than a decade. 
But there is more involved than the degree of 
Government-industry cooperation. There is the 
issue of product quality, with an increasing 
number of U. S. computer and instrument 
makers saying they now use Japanese ICs not 
because they are cheaper but because they are 
better. Hewlett-Packard Co. first made that 
point in Washington this spring [Electronics, 
April 10, p. 81], and chairman David Packard 
reiterated it during the National Computer 
Conference in May. 
To many American manufacturers it is heresy 

to suggest that they might learn from the design 
innovations of their Japanese competitors. Nev-
ertheless, that is what a delegation from the 
Electronic Industries Association of Japan has 
proposed. As for greater cooperation between 
American Government and industry, it is 
unlikely , to come in the rigidly structured form 
that flourishes in Japan. "In this country, manu-
facturers are just going to say, 'Give us a tax cut 
and let us take it from there,'" says one Com-
merce Department official. "Some manufactur-
ers want to have as little to do with Government 
as possible, particularly in semiconductors." 

The need for an industry voice 

Still, the traditional independence of the U. S. 
semiconductor industry may have to be subordi-
nated to greater cooperation with Government if 
the U. S. is going to retain its role as leader in 
the global ic marketplace, in which the U. S. is 
still the largest consumer by far. But much must 
change before that can happen. 
Now, for example, the semiconductor indus-

try has no effective voice in the capital, despite 
the abundance of trade associations in Washing-
ton. The departure of Texas Instruments Inc. 
from the Electronic Industries Association in 
the 1960s left a gap that no one group has been 
able to fill, despite some valiant efforts. It has 
been every company for itself —a situation 
reflected all too clearly in the lack of any coher-
ent national policy on advancing technology. 

That lack is one that U. S. engineers, facing a 
recession as well as an increasingly competitive 
world marketplace, might do well to raise with 
their congressional and senatorial candidates 
this summer as issues evolve. The candidate who 
wants your vote must do more than bemoan 
America's lack of strategies for trade, exports, 
and industrial development. The winners will be 
those who can come up with viable alternatives 
at your insistence. Have you written your Con-
gressman lately? -Ray Connolly 
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Let us onvert 
thdata. 

It has been written that Teledyne 
Semiconductor's data conversion IC's offer 
the best cost/performance ratios available. 

So we're out to convert your data. And you. 
To make you a true believer, we offer our Data Conversion Design 

Manual for a meager donation. It will enlighten you with application notes 
and specifications on our complete product line, including: 

CMOS A/D  Converters: 8, 10 and 12-bit binary; 3-state outputs; 31/2 -digit 
BCD; ±1/2-bit accuracy. 

CMOS DIA  Converters: 12-bit; ±1/2 LBS; 2 ppm/°C temperature stability. 
V/F, F/V Converters: 0.01%, 0.05%, or 0.25% linearity. 
Voltage  References: 1.22V, 5V, 10V; temperature coefficients from 8.5 to 

100 ppm/°C. 
Regardless of whether you have a new design or second-source re-

quirement, you'll get the best performance for the price. So send a $3.00 
check or money order for a copy of Teledyne Semiconductor's data conver-
sion bible. And let us help convert thy data and thee. 

Teledyne Semiconductor, Dept. D1, 1300 Terra Bella Avenue, Mountain 
View, CA 94043; Phone: (415) 968-9241, ext. 241. 

1rTELEDYNE SEMICONDUCTOR 
The Data Conversion Specialist 
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Announcing ... 
instant access to the most important 

recent advances in 
data communications 

technology. 
Practical Applications 

of Data Communications 
A User's Guide 

edited by Harry R. Karp 
Founding Editor, Data Communications 

Catch up fast with the most significant and helpful 
breakthroughs in data communications technology 
with this invaluable briefing compiled from recent 
issues of Data Communications magazine. 

You'll find a vast range of the most needed 
information and guidelines on such vital 
topics as... 
• architectures and protocols 
• data-link performance 
• testing and diagnostics 
• distributed data processing 
• communications processors 
Page after page is packed with the realistic—not 
theoretical—insights you need for top on-the-job 
performance. All presented in straightforward terms 
you'll relate instantly to your projects in hand. 

Network Designers will find an invaluable storehouse 
of the most needed information on architecture, pro-
tocols, and communications processors all focused on 
what it takes to meet your organization's data communi-
cations needs. 

• data security 
• software 
• digitized-voice and 
data-plus-voice 

Corporate and Division 
Managers will gain 
indispensible insight into 
network complexities and 
come away better prepared 
to communicate objectives 
and assist in achieving 
goals. 

Network Operators will 
benefit from clearcut pre-
sentation of the under-
lying theory and practice 
of network performance... 
plus timesaving descrip-
tions of available equip-
ment and techniques. 

60 

putentaL APPLICATIONS 
Of IIATA CONIMUNICATIONS 

big 1* 
A Use's CuOe 

1,••3.13ectronics ••• • liKG1.21. BC,0.5 

60 invaluable articles, including... 

• Inside IBM's Systems Network Architecture 
• Making SNA work on existing on-line networks 
• AT&T answers 15 questions about its planned 
(ACS) service 
• How to anticipate performance of multipoint lines 
• How to determine message response time for satellites 
• Relating networks to three kinds of distributed function 
• The micro, mini, and mainframe in a DDP network 
• Distributed data processing—the key is software 
• An introduction to what makes the hardware run 
• The NCP atlas: roadmap to IBM's net control 
• The TP monitor: know what's important to ask 
before buying 
• Network security in distributed data processing 
• An orderly routine eases diagnostics on multipoint lines 
• Spotting trouble on high-speed digital data links 
• Network control: managing the data environment 
• Seven steps to picking the best communications processor 
• How concentrators can be message switchers as well 
• Digitized voice comes of age: trade-offs and techniques 
• and much more! 

Order your copy today using the coupon below. 

Electronics Magazine Books 
P.O. Box 669 
Hightstown, NJ 08520 
(609) 448-1700, x5494 

CI Practical Applications of Data Communications 
424 pages. paperback. $1395 

III McGraw-Hill's Compilation of Data Communications 
Standards,1133 pages $165.00 

Send me the book (s) indicated to examine without 
obligation for 15 full days. At the end of that time. I will 
either remit in full plus local tax, postage and han-
dling. or return the book (s) postpaid to Electronics 
Magazine Books 

Basics of Data Communications 303 pages. 
paperback, $12.95 

III Data Communications Procurement Manual. 
150 pages S24.50 

Name  

Company  

Address   

City  State  Zip   

SAVE MONEY' Remit in full with this 
order, plus local tax. and Electronics 
Magazine Books pays all regular 
postage and handling 'charges. Full 
return privileges still apply. 
Please allow 4-6 weeks for delivery 

L EI  Payment enclosed (payment must accompany orders under $25) I) Bill my company E Bill me EL 
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Photo-Detector for  
infrared-Emitter ulnsdeustrial 

tri 

Infrared-Emitter 

ELAKL3 

Applications 
Shaft Shaft Encoder 

Remote Controller 

Tape Reader 

Light Switch 

KODENSHI CORPORATION, AN EXPERT MANUFAC-

TURER IN JAPAN, CAN SUPPLY EVERY VARIETY OF 

OPTOELECTRONICS FOR INDUSTRIAL AND COM-

MERCIAL ORIENTED USE. TOP PRIORITY GIVEN TO 

QUALITY, OUR OPTODEVICES ARE NOW STEADILY 

ACHIEVING A WORLD-WIDE ACCEPTANCE AND 

FAME. 

OPTO-ELECTRONIC TECHNOLOGY FOR WORLD MARKETS 

KODENSHI KODENSHI CORP 
•HEAD OFFICE et FACTORY 
:4 52 MAKISHIMA CHO. UJI. KYOTO 611 JAPAN PHONE 0774-24 1121 TELEX 5453650 KOKOKY 

•TOKYO OFFICE 
NIHONSEIMEI GOTANDA TRADECENTER BLDG 7F 25 5 NISHIGOTANDA. 7,CHOME. SHINAGAWA•KU. 
TOKYO 141 JAPAN PHONE 03.490-1501 TELEX 2466406 KOKOTO 

PURSUIT FOR POSSIBILITY 

PHOTO DETECTOR 
PHOTO DIODE 
PHOTO TRANSISTOR 
ORDER MADE CHARACTER 
READER CELL & ASSEMBLIES 

PHOTO EMITTER 
INFRARED EMITTING DIODE 
ORDER MADE LED ASSEMBLES 

TAPE READER 

PHOTO INTERRUPTER 

SOLAR CELL 
FOR WATCH 
FOR CALCULATOR 
FOR RADIO 
etc 
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RCA 
A report on electro optics: 

Improved avalanche detector/ 
preamplifier modules. 

RCA hybrid modules 
achieve new levels 
of performance out 
to 200 MHz (typical). 

Our new 030950 line of detector/ 
preamplifiers offers optimum 
performance, while maintaining the 
widest possible bandwidth and high-
est sensitivity of these devices. 

Wide bandwidths. 
The 030950 is available in three 

types. All offer extremely low noise, 
high responsitivity and wide band-
widths (see chart). 

Our 030950E is designed to give 
optimum performance over a band-
width of 50 MHz. The C30950F 
extends to 100 MHz. 

At the top of the line is the 
C30950G which delivers its optimum 
performance as far out as 200 MHz. 

Maximum sensitivity. 
All three units use our widely 

acclaimed reach-through avalanche 
chip combined with a hybrid pre-
amplifier, in a modified TO-8 
package. 

The built-in preamp section is de-
signed to neutralize the input capaci-
tance of a unity voltage gain pre-
amplifier. 

This feature assures maximum 
sensitivity and minimum noise 
across the entire bandwidth. 

With light-pipes for optical 
communications. 

It your applications demand 
maximum light transmission, you 
should consider our 030950 series 
with built-in light-pipes, for ease of 
coupling to fiber. 

These packages consist of a 

C30950E 030950F 030950G 

Responsivity (at 830nm) 5.2x10, V/W 1.9x10, V/W 5.8x104 V/W 

Noise equivalent power (at 830nm) 0.029 pW/Hz1/2 0.079 pW/Hz1/2 0.260 pW/Hz1/2 

System bandwidth 50MHz 100 MHz 200MHz 

short piece of fiber or light-pipe 
precisely centered in a modified 
TO-8 header. 

The light-pipe is brought close to 
the chip surface to insure correct 

alignment and minimum light loss. 
This optional light-pipe feature 

makes the 030950 series ideal for 
optical communications, as well as 
for military and industrial range-
finding. 

Free technical data. 
For complete data on RCA 

detector/preamplifier modules, 
contact RCA Ltd., Ste. Anne-de-
Bellevue, Quebec, Canada. 
Telephone (514) 457-9000. 

Or RCA Buenos Aires, Argentina. 
Brussels, Belgium. Sao Paulo, Brazil. 
Sunbury-on-Thames, Middlesex, 
England. Paris, France. Stuttgart, 
West Germany. Mexico 16 D.F., 
Mexico. 
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International newsletter 
Racal-Redac launches The microprocessor looks set to transform the economics of computer-

aided design systems, leading to an explosive growth phase. Setting a trend 
desktop pc-board is the British company Racal-Redac Ltd. in Tewkesbury, Glos., which will 

design system be launching (at a private conference in Amsterdam, June 9-13) a 
benchtop printed-circuit—board design system called Cadet. Built round an 
Intel 8086 16-bit microprocessor, the unit sells for $44,000, roughly one 
quarter the cost of the firm's minicomputer-based system. It triples 
throughput over manual layout methods and is economical for companies 
processing as few as five pc boards a year. The system, which includes a 
graphics display, a keyboard, and a layout tablet, can be used interactively 
to lay out single- or double-sided boards having a complexity of up to 100 
or more integrated circuits. Design tapes generated on the Cadet terminal 
are processed at Racal-Redac bureaus in England, West Germany, and the 
U. S. to produce finished artwork. 

Hitachi enters Japan's newest manufacturer of wafer lithography equipment should have 
no trouble persuading its customers that it believes in its equipment: 

IC lithography market Hitachi Ltd. has already installed several units of its RA-101 10:1 
with 10:1 optical unit projection machine for step-and-repeat wafer exposure in its Central 

Research Laboratory and one of its semiconductor plants. The system is 
nominally specified for minimum line widths of 1.5 gm with a 3-µm pitch, 
but it can produce line widths down to 1 gm with a 3-gm pitch when the 
wafer surface is truly planar. Absolute positioning (accuracy) and repeata-
bility (precision) are within ± 0.2 gm. The maximum chip size that can be 
exposed in one shot is 10 mm square (394 mils square). The standard 
system comes with a loader-unloader for 76-mm (3-in.) wafers, but those 
for larger wafers can be supplied at a surcharge. The price in Japan will be 
about $680,000. 

Two firms join The French telecommunications authority will be supplied with preproduc-
tion models of low-cost digital facsimile machines from Matra SA and 

Thomson in French SAGEM (Société d'Applications Générales d'Electricité et de Mécanique), 
digital fax awards as well as from Thomson-CSF [Electronics, Aug. 30, 1979, p. 72]. CIT-

Alcatel, the fourth principal company bidding for the contracts, worth 
about $3 million each for 50 machines, had its proposal rejected by the 
Direction Générale des Télécommunications. Engineers at the French 
government's telecommunications laboratory apparently feel that the 
reproduction quality on the c IT-Alcatel machines does not come up to par. 
But c IT-Alcatel officials insist that they will continue development of their 
innovative electrochemical reproduction system [Electronics, Jan. 17, 
1980, p. 64] despite the setback. Specifications call for a CCITT group 3 
facsimile machine with a production cost of less than $500 in runs of more 
than 100,000 machines per year. 

EE shortage Concern over the growing shortage of engineers is mounting in West 
Germany's electronics industries. Although the number of engineering 

grows in graduates is on the rise again, the demand far outstrips the supply. 
West Germany Siemens AG of Munich, for example, says that 2,500 engineering posi-

tions in its worldwide operations are currently unfilled. Also, there is a 
need for some 500 engineers solely for printed-circuit—board and thick-film 
technologies. As for semiconductors and related fields, some authorities see 
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International newsletter 

the shortage of specialists seriously impeding the rate of growth and 
innovation. Comments Alfred Prommer, head of the components section in 
West Germany's Central Association for the Electrotechnical Industry, 
"Only if we succeed in getting enough qualified people will we be able to 
maintain our competitive edge in the 1980s." 

International standards A significant stride toward worldwide standards for microprocessors could 
well come out of the general meeting of the International Electrotechnical 

for microprocessors Commission in Stockholm, June 4-13. Rough guidelines for the standards 
likely to move forward already have been blocked out informally: the effort will stress bus 

interfaces, languages, input/output signals, generated rf radiation, and 
immunity to interference. The 43 member countries of the IEC, the 
Geneva-based body that sets international standards for electrical and 
electronic equipment, very likely will set up a technical committee for 
microprocessor standards at the meeting, along with the main job of 
agreeing on some 100 new standards for 34 product groups. 

West German firm As part of a design contest sponsored by West Germany's post office, 
Zettler GmbH, a communications equipment and components producer in 

at work on RAM-based Munich, is developing a digital telephone-answering unit small enough to 
phone-answering unit be integrated right into the telephone handset. Built around eight 64-K 

random-access memories, the unit holds any message up to 22 seconds 
long. Zettler is also developing an answering unit using a 50-second 
minicassette store that likewise can be integrated into the phone handset. 
The latter solution not only provides a more natural voice than does the 
digitally stored speech, but it also is less expensive to implement. At 
current prices, Zettler says, the electronic, RAM-based unit is roughly six 
times more costly than the electromechanical, minicassette-based version. 

Fujitsu outdid Fujitsu Ltd. claims to have passed IBM Japan last year in total sales of 
computers (including exports) to become the leading manufacturer of 

IBM i n J•apan computers in Japan. Among native firms, Hitachi Ltd. retained second 
in 1979 place, but sales of third-place Nippon Electric Co. grew at a faster pace to 

narrow the gap. Much of NEc's business is in the fast-growing office 
computer and terminals market, whereas Hitachi was hurt by a cutoff of 
sales to Itel. Second-tier companies Old Electric Industry Co. and Mitsubi-
shi Electric Corp. also grew apace in the office computer and terminals 
market. 

ESA expects Although they will not know for several weeks exactly why their second 
A rlene to st experimental Ariane launch vehicle broke apart and plopped into the 

Atlantic Ocean less than 2 minutes after liftoff from French Guiana on 
close to schedule May 23, European space officials suspect the failure was provoked by a 

one-shot anomaly in one of four first-stage engines. Therefore they still 
hope they can stick reasonably close to their original schedule for building 
up to operational launches—two more experimental launches by early 
1981, with full-fledged launches to start later the same year. So far, the 
European Space Agency has a dozen firm orders for Ariane launches, plus 
nine options. 
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Meet HP's new System 45C color graphics 
computing center. It plugs into the 
wall- -not into another computer. 

IfJ 
Engineering Design Scientific Research 

and Analysis 

Imagine what you could do with a 
powerful, easy to use graphics system 
that sits on your desk and is not 
dependent on another computer. A 
desktop computer that combines 
outstanding color graphics and the 
computational power to handle com-
plex problems. All built into a com-
pact, functionally-integrated unit, and 
all under your own individual control. 

Based on HP's proven Series 45 
desktop computers, System 45C is 
much more than a display. It's a 
color graphics processing system with 
significant computational abilities. 
You get to your solutions 
faster through new develop-
ments in graphics 
language exten-
sions to BASIC. 

Complex Data 
Presentation 

High resolution and 4913 bright, crisp 
colors give you a realistic, lifelike 
display of your design. A light pen 
lets you work interactively with 
color images. 

[ha HEWLETT 
PACKARD 

1100 
1,00 1.1/01/1, 

Management Graphics 

Solving tough problems with an 
outstanding color graphics system, 
up to 449K bytes of user-available 
read/write memory, and high-
performance I/0 is a rewarding 
experience when it's done the HP 
desktop system way — under your 
total control, and at your own pace. 
To learn more about the graphics 
capabilities of HP desktop computers, 

and to request literature or a 
demonstration of the new 

System 45C, please 
turn the page. 



Scientists and engineers 
computer systems powerful 

Why? 
The Power of HP Graphics. 
Today's Hewlett-Packard desk-
top systems offer an impres-
sive array of powerful graphics 
capabilities to help you analyze 
data more thoroughly and solve 
complex problems more quickly. 
With both full-color and mono-
chromatic displays, and a broad 
range of HP input, output and 
storage peripherals, it's easy to 
tailor a graphics system to match 
your needs. And, you'll realize 
benefits that reach well beyond 
the power of display graphics. 
HP systems today give you 
powerful computing capabilities 
with user-available memory 
to 449K bytes, high-performance 
I/O, data base management 
and mass memory options to 
120M bytes. Whether you're 
computing, optimizing a 
design or acquiring data from 
instruments, HP graphics 
systems put big 
computer power 
under your 
individual control. 
An Interactive 
System. 
Your data can be 
entered in a 
number of ways. 
You can use the 
desktop computer's 
interactive key-
board. Or, if you're 

working with draw-
ings, photographs, maps and 
other graphic material, the HP 
Digitizer enables you to transfer 
this data to the computer. 
System 45C's Light Pen 
provides a natural way to let 
you move and construct 
objects on the system's 
CRT screen. 

Results the Way 
You Want Them. 
Your HP graphics 
system will let you 

choose the way you want your 
results presented. You can 
display your solutions on the 
desktop computer's CRT screen, 
and the 
image can 
be dumped 
onto the 



find today's desktop 
graphics tools. 

desktop's built-in printer. Your 
output can be in the form of color 
plots or overhead color trans-
parencies, made by an HP four 
color plotter. These can be 
useful in group presentations. 
Printed results, including letter 

quality output, can also be ob-
tained from HP printers. When 
your system is assembled to give 
you the graphic results you 
want, HP's high-performance 
language and industry standard 
I/O will ensure smooth inter-
action among all the components. 

Advanced Graphics Language. 
To simplify your development of compu-

tational graphics, we've formulated a 
graphics language extension of HP En-

hanced BASIC. With up to 70 commands, 
our graphics language eliminates numerous 
statements and hours of programming, letting 

you quickly manipulate monochromatic 
and color images from simple charts and 
diagrams to complex geometrical figures. 

Extended Capabilities. 
The power and versatility of your 
desktop system can be extended 
through two new HP capabilities. 
Data Comm allows desktops to 
communicate with larger main-

frames in High Speed Asynchron-
ous or Bisynchronous modes. 
With this capacity, the desktop 
becomes a very powerful and 
fully integrated work station in 

a large computer system. Techni-
cal Data Base Management 

provides HP's award-winning 
IMAGE facilities that let you 

access information in the system 
without writing applications pro-

grams. DBM also includes a 
powerful adaptation of the 
QUERY inquiry program. 

A Choice — and 
Two New Systems. 

We build a broad range of desktop 
computers, with one just right for your 
graphics applications. The new System 
45C offers powerful color graphics and 

up to 449K bytes of computational power. 

-^ 
zwAxgriaelinTri 

411. 

System 45B provides monochromatic 
graphics (including 3-D) and large read/ 
write memory capacity. The new HP-85 is 
a modestly priced professional desktop 
computer with integrated graphics, CRT 
and printer. All three of these systems can 
be used with HP peripherals. 

A Growth Path. 
As your needs expand, 
HP desktop computers 
can communicate 
with the HP 
1000 family of real-
time compu-
ter systems over 
data links. For 
dedicated 
graphics ap-
plications that 
require a multi-
user, multi-terminal 
system, the HP 1000 Model 45 includes a 
graphics terminal and versatile graphics/ 
1000 software. The multi-programming 
power of an HP 1000 can be teamed with 
the graphics devices described above, 
and can also control up to four full-color 
graphics display systems. 

For more information. Call 800-821-
3777, extension 303, toll-free day or 
night (Alaska and Hawaii included). In 
Missouri, call 800-892-7655, extension 
303. Or write 3404 E. Harmony Road, Fort 
Collins, Colorado 80525. 
For a demonstration. 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. 

HEWLETT 
PACKARD 

4:01 
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Introducing 
the F6856 
Protocol 
Controller. 
At Fairchild, we've 
been working on 
ways to help you bet-
ter understand the 
world of protocols. As 
a result, we've just 
developed the first in a 
new series of ad-
vanced telecommuni-
cation circuits that will 
put you worlds ahead. 
The F6856 Protocol 
Controller 

We speak your 
languages: SDLC, 
BISYNC, HDLC, 
DDCMP, ADCCP 
and more. 
Now that the 

F6856 is here, your 
equipment can be 
designed to handle 

virtually any syn-
chronous protocol. 
That includes SDLC, 
BISYNC, HDLC, 
DDCMP, ADCCP and 
other bit-oriented or 
byte-control protocols. 
This eliminates the in-
compatibility problem 
you've encountered 
up until now. 

And, as another 
major advantage, the 
F6856 is compatible 
with all major 8 and 
16-bit microcomputer 
buses. 

A single-chip 
solution 
to multi-protocol 
problems. 

Most of the competi-
tors' products use 
either two or more 
chips, or provide very 
rudimentary protocol 
functions; which 
requires extensive 
programming in the 

host computers. 
The F6856 per-

forms the bulk of the 
communications pro-
tocol functions on one 
chip, including the 
complete BISYNC. 
That means there's 
less programming and 
design time involved. 
So your entire system 
overhead cost, in time 
and dollars, is going 
to be reduced. 

We bring world 
communications 
closer together. 
When you need to 

be on speaking terms 
with the whole world 
of protocol, write or 
call Fairchild Micro-
computer at Fairchild 
Semiconductor 
Products Group, PO. 
Box 880A, Mountain 
View, California 94042. 
Telephone: (408) 
224-7106. 

on speaking terms. 
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Mr Chuck Surat of ITT is about to recreate an accidental 
Nothing will happen to the 

cable—just as nothing happened 
when a tractor accidentally ran 
over ITT cable during a recent 
telephone system installation in 
Pennsylvania. The reason is that 
fiber for fiber, diameter for diam-
eter, ITT makes the strongest opti-
cal cable on the market, with the 
highest degree of ruggedness in the 
smallest tightly bound diameter. 
Back at the plant, every fiber is 
tested to withstand 100,000 psi. It 

all helps explain why no break in 
use has ever been reported in an 
ITT-designed and installed fiber 
optic system 

ITT fiber optic cable has an-
other advantage: a remarkable flex-
ibility that means easier handling 
even under the most adverse wea-
ther conditions. In one instance, a 
cable of 335 meters was installed in 
temperatures as low as —18°C. 
Steam and rodding were needed to 
clear ice-clogged ducts, but the 

ITT Single Fiber Cable—s Kevlat 
strength members. 

Light Duty Cable—Lip fo su Plastic Clad 
Silica, Glass Step Index on Glass Graded 
Index Fibers. 

Heavy Duty Optical Fiber Cable— 
Specifically designed for telephone applications. 

Direct Burial Cable—Aluminum tape 
armor with an outer polyethylene jacket. 



demonstration of our optical fiber cable's strength. 
pressures caused by subsequent re-
freezing had no effect on the cable's 
optical properties. All pulls 
through ducts were made without 
mechanical assistance, and the en-
tire installation, including connec-
tors, was completed in 26 hours. 

Whether you are installing a 
telephone fiber optic link or a 
complete communications system, 

ELECTRO-OPTICAL PRODUCTS DIVISION ITT 

why not call our Marketing De-
partment at (703) 563-0371. Mr 
Surat will be happy to provide you 
with as many kilometers as you 
need of the strongest optical fiber 
cable made, as well as all the com-
ponents to go with it. 

Imagine what we can do 
together 

7635 Plantation Road Roanoke VA 24019 
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BEGONE 
CURSED 
AIMS 

Precision 616 
124 programmable cut-off frequencies. 

Precision 636 
Two models: 4092 or 6141 cut-off 
frequencies. 

Precision 416 
Combined filter and amplifier. 62 cut-off 
frequencies. 

You want analog data to come 
clean for digital conversion. 
We keep extending the Precision 

ways to do it with signal condi-
tioners, amplifiers and filters. 

All Precision anti-alias filters 
have elliptics with 80 dB/octave 
attenuation. All come with time 
delay filters superior to Bessel. All 
have typical phase match of 1/2°. 

All Precision instruments are 
programmable. All interface with 
mini, micro or GPIB. All have 16 
channels, except the 602. 

Call Don Chandler, 
607-277-3550, for detailed 
specifications. 

Precision 602 
Two channels. 124 cut-off frequencies. 

Precision 216 
16 channel automatic/programmable 
gain amplifier. 300kHz bandwidth. 

Precision 316 
Calibration and conditioning for charge, 
voltage and strain inputs. 

PRECISION FILTERS, INC 
303 W. Lincoln, Ithaca, N.Y. 14850 
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Significant developments in technology end business 

Multiple-drain MOS 
packs in very 
fast logic gates 
by Kenneth Dreyfack, Paris bureau 

Comparable to integrated 

injection logic, MD-MOS 

technology lends itself 

to computer-aided design 

When they started developing multi-
drain-MOS (MD-MOS) technology 
some five years ago, engineers at the 
French government's telecommuni-
cations laboratory were seeking first 
and foremost a quick and easy way 
to use computer-aided design for 
large-scale integrated circuits. But 
they managed more than that: their 
CAD-oriented technology also offers 
very fast logic gates even when tight-
ly packed. In fact, the design team 
used CAD MD-MOS for the speech 
synthesizer due out by the end of this 
year [Electronics, May 22, p. 104]. 
MD-MOS technology is the MOS 

counterpart of integrated injection 
logic. A standard n-channel logic 
gate is combined with multiple 
drains, with a depletion-mode n-
channel transistor controlling the 
input (which means that it consumes 
more power than 12L). The common 
gate serves as the input, and the 
drains serve as the outputs (see cross 
section). Thanks to the common 
gate, drains can be tightly packed. 
More important, gate width is con-
stant, making MD-MOS highly amen-
able to computer-aided design. 
One part. "What it really means is 

that an MD-MOS CAD library has 
only one element—the basic MD-

MOS logic gate with a variable num-
ber of drains," says Jacques Majos, 
head of the custom circuit design 
group within the Microelectronics 
department of the Centre National 

d'Etudes des Télécommunications in 
Lannion, Brittany. This greatly fa-
cilitates 1St logic circuit design 
because it permits the use of a sim-
ple symbolic design format. 
The circuit designer need concern 

himself only with the functional ele-
ments in his design—inputs, drains, 
and power supply. The symbolic rep-
resentation he comes up with for the 
functions he wants can be readily 
translated into an actual circuit lay-
out; there are no significant differ-
ences in proportion between the sym-
bolic design and the actual (see com-
parative diagram). 

Grid. Because of the constant gate 
width and the linear arrangement of 
the elements in any MD-MOS logic 
circuit, the overall width of the gate 
circuit is also constant. For comput-
er-aided design, CNET engineers 
draw up an X-Y grid based on this 
constant width. The center-to-center 
measurement for two adjacent gate 
circuits is equal to two squares of 
that grid. The minimum length for 
the logic circuit is never less than 

five squares (for a two-drain gate) 
and can be longer, depending on fan-
out or additional space needed for 
interconnections. The actual dis-
tances involved depend on the width 
of the polysilicon gate. What is 
important is that the proportions 
remain unchanged. 
The CNET has been working with 

a CAD system based on a grid of 
20-micrometer squares, with gate 
widths of 8 gm. In this case, the 
theoretical minimum space occupied 
by the simplest logic gate (two 
drains) is 4,000 µm2; that is, the gate 
width is two 20-µm squares and the 
length is five squares. 

In practice. Thus, theoretically, 
using 8-gm polysilicon gates, a maxi-
mum of 250 mD-mos logic circuits 
can be packed onto 1 square milli-
meter of silicon real estate. In fact, 
Majos explains, fan-outs and inter-
connections cut the actual maximum 
integration for computer-designed 
MD-MOS random logic circuits by 
about half, to 125 logic gates/mm2. 

In contrast, with 8-gm gates, 

Down the drain. Multiple drains serving as outputs make this logic gate from France's CNET 
the MOS equivalent of 12L The common gate functions as the input. 
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D2 

(a) (b) 

Three views. MD-MOS yields a CAD library 

with one element (a) having a variable num-

ber of drains. The simple symbolic format (b) 
is proportionally the same as the actual lay-

out (c), greatly easing logic circuit design. 

Majos says that only 80 n-channel 
NAND gates or 40 NOR gates can be 
packed into 1 mm2. These figures 
apply to gates with a propagation 
delay of more than 45 nanoseconds. 
For delays of less than 20 ns, he 
contends, CAD is out of the question 
for n-channel NAND gates. 
The highest integration achieved 

so far by the CNET has been in a 
counter fabricated with 6-mm poly-
silicon gates. Largely because of the 
regular and relatively simple layout, 
it gets 310 gates, with a gate delay of 
4 ns, on each square millimeter of 

VD 

INPUT 

OUTPUTS 

(c) 

LOAD 
DEVICE 

INPUT 

COMMON 
GATE 

DRAINS 

silicon. 
A main drawback of MD-MOS, as 

noted, is that, since it is static, it 
requires much more power than 121. 
What's more, the use of a thin poly-
silicon gate means the capacitance 
between it and the source is about 
three times greater than for PL. At 5 
volts, the power-delay product for 
MD-MOS is 1 picojoule, considerably 
greater than for a comparable 121 
gate. Even at 3 v, the optimum volt-
age for MD-MOS gates, the power-
delay product-0.5 pi —is still above 
the 121 level. 

France 

Gallium arsenide IC makes decisions 

for fast PCM transmission system 
Practical GaAs integrated circuits 
have started to appear, nearly a dec-
ade after researchers first realized 
that gallium arsenide's high carrier 
mobility could supply the fast 
switching needed for future digital 
communications systems. One pio-
neering IC is a regenerator that 
Thomson-CsF has fabricated for an 
experimental 840-megabit-per-sec-
ond pulse-code-modulation coaxial-
cable transmission system of the 
French telephone network. 
Gérard Nuzillat, head of the fast 

devices laboratory at Thomson's cen-

tral research facility in Corbeville, 
suburban Paris, thinks that this is 
the first GaAs ic produced in "in-
dustrial" fashion. "We have pro-
cessed tens of wafers," he explains, 
"with yields exceeding 60% for most 
of them." 

Intended for signal regeneration 
at rates of between 1 and 2 gigabits 
per second, the IC has 60 devices, 
mostly depletion-mode metal-semi-
conductor field-effect transistors, in-
tegrated on a 0.5-by-0.5-millimeter 
(roughly 20-by-20-mil) chip. The 
gate length of the MES FEB is 0.75 

micrometer, and thus the cutoff fre-
quency is a very high 20 GHz. That 
works out to rise and fall times of 
100 picoseconds and a maximum 
clock frequency of up to 3 GHz for 
the circuit. Just as important, the 
power consumption is moderate— 
typically 350 milliwatts. 
Three tasks. Essentially, the re-

generator, crucial to the repeater in 
long-haul PCM systems, does three 
things. First, it judges, at precise, 
clocked intervals, the logic state of 
the degenerated input signal to the 
repeater (which is why it is also 
called a decision circuit). Next, it 
retimes the incoming pulse train. 
Finally, it reshapes the output signal 
to the transmission format. 

For the experimental 840-mb/s 
PCM system, the format is ternary, 
so that the decision circuits must 
work in pairs. One decides between 
the + 1 and 0 levels, and the other 
between the — 1 and 0 levels. The 
two binary half-signals are summed 
to get the ternary output train. 

Deciding. To make the decision, 
the input signal is compared with a 
preset threshold level. The result is 
amplified and then fed to an edge-
triggered D flip-flop, built around a 
half-dozen NOR buffered logic gates 
(see figure). The flip-flop samples 
the threshold amplifier output at 
each negative transition of the clock 
and signals changes of state. The 
output of the flip-flop is interfaced 
by a dual-gate FET, which makes it 
possible to operate decision circuits 
in parallel with no problems. All 
told, the dynamic sensitivity of the 
circuit is 65 millivolts peak to peak 
at clock frequencies of up to 1 GHz. 
To make the circuits, Thomson 

starts with a chromium-doped semi-
insulating GaAs substrate topped by 
an n-type active layer deposited by 
vapor-phase epitaxy. It processes 
them in six steps, including electron-
beam lithography, lift-off engraving, 
and local etching, to obtain a 
recessed-gate structure. The inte-
grated resistors are nickel-chromi-
um, and there are two layers of met-
al interconnections. 
With electron-beam technology, 

submicrometer gate lengths can be 
obtained; typical values run between 
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What's the difference 
between Bits te and Pascale? 

COMPARE THESE APPROACHES TO DRAWING A CIRCLE  

"This is easy..." 

100 MOVE RP 

I IC' FORT O -ro 3(.0 STEP 2.„5-
12° (Ake/ -* cos CT), R SiN C-r) 
13o NEx-r 

"Oops, didn't quite meet ... 

... but that's easy to fix." 

zoo t-44Vg RA 

110 OR -7=0 72D 34poçsTep 25-

12.0 DRAw RI* Cos Cl'%  

130 NEXT 7 

"Oh, now it closes... 
in fact, it overlaps." 

Programming by trial and error 

in Pascal 

"The simplest circle drawn with line 
segments is a regular polygon..." 

procedure Circle (X, Y, Radius: real); 
const Sides = 16; Pi = 3.14159265; 
var N : integer; Theta: real; 
begin 
Move (X+ Radius,Y); 
for N: = 1 to Sides do begin 

Theta: = 2 * Pi * (N/Sides); 
Draw (Radius * cos (Theta) + X, 

Radius * sin (Theta) + Y); 
end; 

end; 

Programming by design 

GET IT RIGHT THE FIRST TIME 

INTERNATIONAL 

DISTRIBUTORS 

Australia: Sydney. 

Network Computer Services 

290-3677 

Canada: Vancouver, 

Valley Software 

(604) 291-0651 

England: Stafford, 

Hourds Computing Ltd. 

0785-44221 

Japan: Tokyo, 

Riker Corporation 

03-345-1411 

If you like the feel of precision tools, give us a call or return this coupon. 

Oregon 
Software 

2340 SW Canyon Road • Portland, Oregon 97201 
(503) 226-7760 • TWX 910-464-4779 

E 56 
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Firm   
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 1 
Decisive. Thomson-CSF's GaAs regeneration circuit for an experimental 840-Mb/s PCM 

system boasts a maximum clock frequency of 3 GHz and rise and fall times of 100 Ps. 

0.7 and 0.8 gm, with source-to-drain 
distances of 3.6 gm. The circuits are 
housed in 10-pin flat packages 
designed for the high frequencies 
associated with gigabit data rates. 

Nuzillat and two of his fellow 
scientists, Michel Peltier and Mau-
rice Gloanec, reported on the regen-
eration circuit at the International 
Microwave Symposium held May 
28-30 in Washington, D. C., by the 
Institute of Electrical and Electron-
ics Engineers. -Arthur Erikson 

Japan 

Microphone 

'zooms in' 
Video cameras with zoom lenses are 
old hat, but until now "zooming in" 
simultaneously with a "shotgun" 
microphone has proved unwieldy at 
best. The Victor Co. of Japan has 
made the process much simpler by 
developing a stationary on-board 
microphone that "zooms in" on a 
sound source electronically. 
The microphone, which sticks out 

of the camera above and parallel to 
the lens, contains three back-to-back 
mike units. The front two point for-
ward, and the third points toward 
the camera, picking up sound mainly 
from behind the operator. 
Running with the lens at its widest 

angle, the camera records ambient 
nondirectional sound through the 
second and third units. As the lens 
starts to zoom in on its subject, gears 
connected to four volume controls 
gradually reduce the output of mike 
unit three. When its output reaches 
zero and only mike unit two is oper-
ating, unidirectional sensitivity is 
achieved. 

In a park, for example, a wide shot 
of three people sitting on a bench 
would record all ambient sounds 
indiscriminately. Zooming in on the 
three, the microphone would amplify 

their conversation while reducing 
ambient noise. 

If the lens zooms in closer, say, on 
just one person, the gears activate 
mike unit one. What JVC terms "su-
per-directivity" is achieved by sub-
tracting unit one's output from unit 
two's via reduction circuits. The sub-
ject's voice is recorded at up to 2.7 
times higher volume than that of the 
other speakers. 

Smaller, better. Such a mike unit 
configuration is not new, nor of 
course are highly directional shot-
gun microphones. But Pic's is much 
smaller and reportedly overcomes 
previous problems involving uneven 
directivity, signal-to-noise ratio, and 
wind noise. 
As directivity narrows, low fre-

quencies tend to fall off. Directional 
mikes use an equalizer to correct this 
problem, but the correction factor is 
often so great that it exacerbates 
wind noise and reduces the S/N 
ratio. JVC, which is seeking more 
than a dozen patents on the micro-
phone, will not reveal how it has 
solved these problems. 

Processing. Signals from all three 
mike units feed into a central adder. 
Unit one's signal first goes through a 
phase process circuit and a volume 
control, unit two's feeds into the 
adder directly, and unit three's first 
passes through a volume control; 

Zooming in aurally. JVC claims to have overcome problems of uneven directivity, S/N ratio, 

and wind noise with its "zoom" microphone, which is also smaller than similar mikes. 

76 Electronics/June 5, 1980 



SCIENCE/SCOPE 

New three-dimensional polymer fiber networks show promise for a variety of in-
dustrial and commercial applications. The unique materials, comprised of high-
strength fibers, are produced by vibrating an object in a supercooled polymer 
solution. The fibers can be grown directly on electronic devices prior to 
encapsulation with plastic, thereby providing internal fiber reinforcement. 
Hughes, with U.S. Air Force sponsorship, will apply its proprietary in situ  
fiber technology to a number of high-voltage electronic devices to validate a 
production process. Other potential uses include filters, high-strength 
composites, and medical implants. 

Novel digital logic circuits employing charge-coupled devices (CCDs) may soon be 
used in a wide range of military systems, including communications, radar, voice 
processing, sonar, and guidance. Experimental chips developed by Hughes are 
five times more compact than similar circuits made with I2L (integrated injec-
tion logic) or CMOS (complementary metal oxide semiconductor) processes. They 
also can provide up to 10 times the throughput per unit power when structured to 
perform many different logic operations at the same time. 

An infrared sensor that would detect and track ballistic missiles -- and perhaps 
even distinguish "live" missiles from decoys -- has proven extremely successful 
in initial tests. The device, a part of the Designating Optical Tracker (DOT) 
program, is designed to be carried by a rocket to an altitude of 100 nautical 
miles. There, at the outer edge of the atmosphere, it scans a wide area of 
space and then relays the data it gathers to the ground. The infrared sensor is 
much more sensitive than conventional infrared devices because it's supercooled. 
The device was developed by Hughes for the U.S. Army Ballistic Missile Defense 
Advanced Technology Center under subcontract to Boeing Aerospace Company. 

Hughes Missile Systems Group, located in Canoga Park, California, is seeking 
engineers and scientists to work on a growing list of development and production 
programs. The list includes AMRAAM, Wasp, multimode guidance, TOW, Phoenix, 
Maverick, and U.S. Roland. Typical openings are in areas of LSI, radars, IR 
systems, signal processing, pattern recognition, computer software, electronic 
components, guidance and controls, gyro-stabilized platforms, and digital sys-
tems. Please send resume to Hughes Engineering Employment, Dept. SE, Fallbrook 
at Roscoe, Canoga Park, CA 91304. Equal opportunity M/F/HC. 

A traveling-wave tube newly introduced for use in satellite earth terminal 
transmitters is capable of more than 250 watts of CW power in the 14.0 to 14.5 
GHz frequency range. The device is a metal-ceramic tube with PPM focusing and 
forced-air cooling. A modulating anode allows beam current to be turned on and 
off quickly during normal operating sequencing and under fault conditions. In-
ternal programming assures a proper TWT/power supply interface and simplifies 
field maintenance. The TWT is designated Hughes Model 881H. 

Creating a new world with electronics 
r 1 
1 1 

HUGHES . . 
L J 

HUGHES AIRCRAFT COMPANY 
CULVER CITY.CALIFORNIA 90230 



is just one of our 
advantages. Others are 
reliability, versatility and 
combat-proven use. 

We offer you custom-
designed electronic 
equipment and systems 
for military microwave 
communications 
(command, control, data) 
and power. 

Try us for 
communications systems 
• airborne and 
other military power 
supplies and converters • 
pulse radar altimeters • 
proximity fuzes for artillery 
and mortars. 

Tell us what you need. 

telkoor 
electronics industries 

Marketing Manager 
P.O.B. 76, Petah Tikva, Israel 
Tel. 03-903661-3, 
Telex: 341993 MAAC IL. 

A subsidiary of Koor Electric & Electronics Ltd 
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from the adder, the synthesized sig-
nal moves through an equalizer with 
a built-in volume control and then 
through an amplifier before passing 
through the fourth and final volume 
control. 
The microphone's sensitivity 

ranges from —66 decibels/micro-
bar/kilohertz in its nondirectional 
mode to —54 dB/µbar/kHz in its 
super-directional mode. The S/N 

ratio is above 45 dB for nondirection-
al operation and above 43 dB when 
super-directional. The sound-pres-
sure level is 120 dB, with distortion 
in the super-directional mode 3%. 
JVC plans to start marketing a 

home video camera this fall incorpo-
rating the microphone. It will likely 
sell for about $90 more than a regu-
lar video camera. -Robert Neff 

McGraw-Hill World News 

East Germany 

Digital telephone switching system 

compares with those in the West 
The latest show of economic cooper-
ation on a bi- or multi-lateral basis 
among Comecon bloc countries in 
electronics is a joint East German— 
Soviet development in telecommuni-
cations. Called Ensad, the acronym 
for the German words for "unified 
communications system for analog 
and digital switching" [Electronics, 
March 13, p. 63], the project repre-
sents what East German industry 
officials consider an approach to 
third-generation switching systems. 

Judging by its performance char-
acteristics, the computer-controlled 
Ensad system seems to be matching 
similar equipment developed in the 
West. It, or its all-digital follow-up 
version, may well become the stan-
dard for East European countries. A 
prototype has already been installed 
and is now undergoing trials in an 

actual operating environment. 
The East German partner in the 

development effort is VEB Kombinat 
Nachrichtenelektronik, an organiza-
tion combining the capabilities of 25 
facilities, including a research center 
and an engineering bureau. Employ-
ing some 38,000 workers, engineers, 
and scientists, the combine handles 
virtually all of East Germany's activ-
ities in communications, from initial 
research and development to produc-
tion and marketing. During the past 
two decades, the country's communi-
cations sector increased its exports 
ninefold, selling to more than 30 
countries. 
The Ensad system, whose develop-

ment started in the mid-1970s, is a 
product of VEB Fernmeldewerk Arn-
stadt, one of the combine's members. 
Like similar Western products, it 

Eastern switch.The East German-Soviet Ensad analog and digital switching system offers 

performance characteristics and services comparable to those of similar Western products. 
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The ONLY Family 
that delivers complete 

Floppy Control. 

Double Density 
Inverted Bus 

Single Density 
Inverted Bus 

Single I>ensitv 
Trui• Bus 

Everything you've always needed 
to interface with a floppy 

Western Digital's 179X Family of Floppy Disk Controllers pro-
vide the flexibility needed to interface with single and double-
density Drives. Whether you choose IBM or non-IBM formats, 
mini-floppy or 8" drive, single-sided or double sided, we have 
the controller to do the job. And with its 11 powerful macro-
commands, your CPU can spend more time processing the 
data it reads, rather than trying to read it. 

WD1691 Reduces board space 

With our new WD1691 Floppy Support Chip, we've reduced 
your component count even more. A Phase-Lock-Loop data 
separation and write precompensation circuits are provided, 
reducing discrete logic to a minimum number of components. 
The 179X, 1691, and 2143 clock generator are all offered as a 
chip set. The results are lower component costs, less board 
space, less design time, and a higher degree of reliability. 

REGIONAL OFFICES: 

Floppy 
Support 

Logic 

Double Density 
Double Sided 
Inverted Bus 

Double Density 
Double-Sided 
True Bus 

CORPORATE OFFICE 
Western North Central Southern Northeastern European Newport Beach, CA 
Newport Beach, CA Des Plaines, IL Dallas, TX Marblehead, MA London, England (714) 557-3550 
(714) 851-1221 (312) 635-6090 (214) 386-9450 (617) 631-6466 01-542-1035 TWX 910-595-1139 

WESTERN DIGITAL 
3128 Redhill Avenue, P.O. Box 2180, Newport Beach, CA 92663 • (714) 557-3550 
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NEW NICKEL FLAKE 
OUTSTANDING FOR 
RFI-EMI SHIELDING • 
NOVAMET Ni-HCA-1 Nickel Flake Pigment Newly 
Developed for Electronics Applications 

Ni-HCA-1 is especially 
suited for RFI-EMI shielding as 
well as conductive adhesives. 
Specially developed for elec-
tronic applications, this new 
nickel flake pigment has been 
treated to yield metal-filled 
epoxy, acrylic and urethane 
paint and adhesive formulation 
with low surface resistance (1-3 
ohms/sq). 

Due to the high aspect ratio 
of the flake morphology (33:1 
average) equivalent electrical 
or shielding performance can 
be obtained with lower pigment 
loadings of Ni-HCA-1 than con-
ventional powders. This means 

Typical Properties of NOVAMET 
Ni-HCA-1 

Specular Reflectance (R8) >40% 

Average Flake Thickness 1.2 microns 
Typical Size Distribution: 

-44 gm (-325 mesh) 97% 
-30 p.m 90% 
-20 FLM 80% 
-1012m 35% 
Approx. Bulk Value .033 gal/lb 
Approx. Specific Gravity 3.66 
Approx. Apparent Density  1.30g/cc 
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easier handling and improved 
application characteristics of 
the coating or adhesive system. 

NOVAMET Ni-HCA-1 flake 
gives you outstanding environ-
mental stability. You also gain 
significant economies over 
silver filled coatings. 

You can take advantage of 
lower pigment loadings than 
conventional powder with Ni-
HCA-1 and still maintain equiva-
lent electrical or shielding per-
formance. This is the result of 
Ni-HCA-1's high aspect ratio of 
flake morphology (3 3:1 
average). And lower pigment 
loadings mean easier handling 
and application characteristics 
for both coating and adhesive 
systems. 

You should know more 
about NOVAMET's new nickel 
flake pigment. Call Sharon Per-
kins at (201) 891-7978. Or write 
to Sharon Perkins, NOVAMET 7, 
681 Lawlins Road, Wyckoff, N.J. 
07481 

NOVAMET 
DIV OF MPD TECH CORP 

Terrified by 
mass termination? 

See page 88 

Electronics international 

offers subscribers and operators a 
host of new performance features 
and services because of its program-
mable control. 

What's more, the modular concept 
of the functional groups and of the 
software allows operators to build up 
exchanges ranging from small units 
for local-traffic switching to large 
facilities for long-distance traffic 
switching. Switching of audio-fre-
quency voice channels and pulse-
code—modulated channels is possible 
via a common space-division switch-
ing network without demodulation. 

Services. Among the performance 
characteristics and services that En-
sad offers subscribers are call wait-
ing at the "busy" party and confer-
ence hookups between a maximum 
of seven parties, as well as push-
button and abbreviated dialing. Oth-
ers are call tracing, temporary call 
blocking, full blocking, automatic 
wake-up services, outgoing traffic 
blocking, operator recall, call trans-
fer, and alternative routing. 

Further, the system offers the pos-
sibility of trunk traffic restriction, 
data recording for outgoing traffic, 
and record keeping for the various 
services. In addition, special services 
for particular groups of subscribers, 
such as traffic with a storage fea-
ture, parallel ringing, and call for-
warding to a special terminal, may 
be implemented. 

Significantly, even small ex-
changes may have the full spectrum 
of these services. This capacity is 
achieved by remote control of the 
small exchanges from a larger mas-
ter exchange via separate channels. 

For the operator, Ensad integrates 
comprehensive test equipment to cut 
considerably the expenses of mainte-
nance, service, and operation. Also, a 
computer at a remote maintenance 
center automatically collects all es-
sential operating data and processes 
it for controlling network operation. 

Moreover, Ensad exchanges can 
be used without being tied to the 
maintenance computer— if, say, 
economy is wanted or when the 
exchanges are incorporated into ex-
isting networks. Thus, the system 
may be adapted for different net-
work conditions. -John Gosch 
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...With a broader range of programmables and more 
extensive software solutions than anyone else. 

Hewlett-Packard's extensive 
line of programmable calculators 
coupled with its vast range of 
software solutions lets you solve 
more problems more quickly 
and easily. 

MORE SOLUTIONS 
With programmable calculators 

hardware is only half the story. 
Hewlett-Packard's superior soft-
ware support lets you spend 
your time solving problems rather 
than writing programs to solve 
your problems. 
HP offers a growing collection 

of software solutions, from 
aviation navigation to x-ray dif-
fraction. For use on-the-job or 
at your leisure. And HP software 
is available in several conven-
ient forms: hundreds of easy to 
use, step by step key-in programs 
for all HP programmables; 
and preprogrammed magnetic 
cards, plug-in modules, and soon, 
bar-coded programs for fully-
programmables. Plus thousands 
of software solutions in HP's 
Users' Library. So when you buy 
a Hewlett-Packard program-

mable, you're buying a more use-
ful, efficient, and complete 
problem solver. 
A PROGRAMMABLE FOR YOU 

Hewlett-Packard has a full 
line of scientific and engineering 
programmables to choose from: 
six different programmables with 
a full range of capabilities. One 
of them is sure to meet your 
particular needs. 

HP Scientific Programmables 

HP-33E Scientific Programmable S 90.00* 
HP-33C Scientific 

Programmable with 
Continuous Memory 
Advanced Scientific 
Programmable with 
Continuous Memory 

HP-67 Fully-Programmable 
HP-97 Fully-Programmable 

Printing 
Alphanumeric Fully-
Programmable with 
Continuous Memory 

HP-34C 

HP-4IC 

S120.00* 

5150.00' 
5375.00* 

$750.00* 

S295.00* 

The most extensive range of 
programmable calculators backed 
by the most extensive line of 
software solutions. It's an unbeat-
able combination and another 
example of Hewlett-Packard's 
commitment to the principle 
of "excellence by design:' 

For the address of your nearest 
HP dealer, CALL TOLL-FREE 
800-648-4711 except from Alaska 
or Hawaii. In Nevada, 800-
992-5710. For details, send the 
attached coupon or write: 
Hewlett-Packard, 1000 N. E. Circle 
Blvd., Corvallis OR 97330, 
Dept. 214D 

rha HEWLETT 
PACKARD 

HEWLETT-PACKARD 
Dept. 214D 
1000 N.E. Circle Blvd. 
Corvallis, OR 97330 

Please send details on HP programmable 
calculators and software solutions. 

NAME  

TITLE  

COMPANY  

ADDRESS  

CITY  

STATE  ZIP  

'Suggested retail price excluding applicable state and 
local taxes — Continental U.S A.. Alaska and Hawaii. 

Displays photographed separately to simulate 
typical appearance. 610/03 
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LOGIC ANALYZERS 

FIXED LINEAR 
ARRAY RECORDERS 

SIGNAL CONDITIONERS AND 
AMPLIFIERS 

«MI 

SIGNAL GENERATORS 

AUTOMATIC TEST EQUIPMENT 

OSCILLOSCOPES 

OSCILLOGRAPHIC RECORDERS 

BIOPHYSICAL INSTRUMENTS 

_ 
DIGITAL COUNTERS MULTIMETERS 

ANALYTICAL 
INSTRUMENTS 



If you measure, 
display, store, or record... 
Gould makes the right 
instrument for you. 
We make all kinds of test and measurement instruments. 
State-of-the-art instruments designed to give you accurate 
measurements with rugged, dependable performance you 
can count on. 

And you can count on us for a lot more. Like some 
of the toughest quality standards in the industry. Plus, an 
international sales and service network covering 64 countries. 
So no matter where in the world you are, were never far away. 

The next time you need to measure, display, store, 
or record, call on one of the fastest growing instrument 
companies around. 

Call on Gould Inc., Instruments Division. Operations in 
Santa Clara, California; London, England; Paris, France: 
Frankfurt, Germany; and world headquarters at 3631 Perkins 
Ave., Cleveland, Ohio 44114. 

az.) o ow") 
An ElectricallElectronics Company 

Electronics/June 5, 1980 Circle 83 on reader service card 83 



t 101 

k i  411 t* t  t\L \LI \Ill  

ith  :II Ale ISkteltiti 

( LI \ 1 

(• \ II 

t, 

eee. 

e 

di/ 

/7reiéliel 



Managing the unmanageable: 
57 tons of engineering data--
cataloged, collated, 
cross-indexed and 
cross-referenced for you. 

That's processed information. 
Any number of companies would like to help you with your information processing. 

But only Information Handling Services provides you processed infor-
mation . . . engineering data that's already been cataloged, collated, cross-
indexed and cross-referenced for you. So that when you need one important 
catalog page, Industry Standard, Mil Spec or Government Spec, you can get it. 
Faster than with any comparable system in the world. 

In other words, what you get from Information Handling Services isn't hard-
ware that helps process data. 

It's processed engineering data. presented in a useful. usable form. 

The most comprehensive engineering data base in the world. 
We've been gathering and distributing engineering data for over twenty years. In 
the industrial area alone, we currently have over 23,000 different manufac-
turers' catalogs. Plus the most comprehensive collection of Military Specs in the 
world. Along with 90% of the world's most important Industry Standards. In 
fact, our total data base now incorporates more than 8,000,000 pages of 
technical information. 

Fast, easy access. 
Even more important, we've organized all this information into a system that 
delivers fast access. All you do is identify the product in which you're interested. 
Our unique Locator Index then directs you to the catalogs you need, to all 
appropriate Industry Codes and Standards, to Government and Military Specifi-
cations, even to International Standards. In minutes. 

One thousand people working for you. 
Information Handling Services does a better job of providing you with processed 
information, because we originated Visual Search Microfilm Files (VSMF). 
Today, our engineers spend tens of thousands of manhours each year simply 
organizing and cataloging technical data, to make it easier for you to use. 
For that matter, we have more than 1100 employees now producing a wide 
variety of information services ranging from manufacturers' catalogs to Military 
Specifications and Standards, and from an Industry Standards service to 
Federal Documents, including the Code of Federal Regulations. 

Interested? 
Find out for yourself the difference between information processing and pro-
cessed information. We have a complete information package that will give 
you more details, and that can help you determine which of our many information 
services might best relate to your work. Just write: Dept. 480, 15 Inverness 
Way East, Englewood, CO 80150. Or call (toll free) 1-800-821-2280, ext. 301 
(in Missouri. call 1-800-892-7655, ext. 301.) 

Not information processing, 
but processed information. 

Information Handling Services 
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The problem 
in big board testing 

is finding the problem. 
Introducing the FF323. 
The first digital in-circuit 
test system that can test 
up to 2400 points and pin-
point the problem right 
down to the component. 

Building faults into large, digital 
PC boards is inevitable. And 
the bigger the board the more 
chance of faults. Simple shorts, 
opens, misorientation and mis-
insertion faults cause most. But 
chip faults, such as stuck at 
one or zero, IC power loss or 
functional failure can all occur 
at final test. Until now, finding 
faults like these was like finding 
a needle in a haystack. 

The new FF323 from Fair-
child has changed all that. It's a 
digital in-circuit test system 
with 2400 points— more than 
twice the capacity of any other 
system. It not only tells you 
where the fault is, but what the 
fault is. 

It can test a broad range of 
SSI, MSI and LSI device types, 
and it can isolate faults on 
highly complex PCBs. It can 
handle microprocessors, 
peripheral chips, bit slices, 
RAMs, ROMs, shift registers, 
UARTs, as well as the full range 
of small and medium scale ICs 

in technologies like CMOS, 
NMOS, SOS, TTL and DTL. 
The FF323 can even pinpoint 
the analog component prob-
lems on your digital boards. 

You save time, labor, 
money and headaches. 

The FF323's testing capability 
delivers complete and precise 
fault isolation in seconds—not 
hours. A 100 chip board can 
be tested in 100 seconds. And 
the FF323 delivers yields of 
95% and better at final test. 
Fairchild's in-circuit testing 
strategy safely isolates cata-
strophic faults, before power-
up (testing begins) so costly 
ICs won't be unnecessarily 
destroyed. And our patented 
digital testing technique 
insures comprehensive, func-
tional interrogation of ICs. 

You do more testing, less 
programming. 

FF323 software helps you solve 
the problems of development 
costs and turnaround. You get 
up to speed quickly and stay 
there with the world's most 
comprehensive IC testing 
library. Our FAULTS automatic 
program generator gets new 
board testing programs on line 
in weeks instead of months. 
And the BASIC editor makes 
program changes problem 
free so you respond immedi-
ately to engineering changes. 

Look closer, and you'll find 
our software short and simple. 
CHIPS, the LSI test compiler, 
allows fast test routine genera-
tion. Real time datalogging and 
analysis helps you keep track 
of component and board 
faults. And our foreground/ 

background programming 
option gives you optimum CPU 
use with concurrent program 
execution. 

Only Fairchild can offer all 
the big board testing you 
need. 

FF323's flexibility lets you 
choose a system configuration 
to suit your application. Choose 
from either 1200 or 2400 sys-
tem point capacity—just plug in 
32 point switching modules as 
you need them. Our range of 
computer and peripheral 
options lets you select a well 
balanced data management 
subsystem. An instrumentation 
option is also available and 
Fairchild's Thinline fixturing 
system lets you choose from a 
wide variety of fixtures, fixture 
kits and two universal designs. 

With Fairchild, you'll also 
get all the applications engi-
neering, training, service and 
support you need to keep test-
ing without interruption. 

For more information on the 
FF323, contact your nearest 
Fairchild Test Systems sales 
office. Or write Fairchild Test 
Systems Group, 299 Old 
Niskayuna Rd., Latham, N.Y. 
12110. Tel. (518) 783-3600. 

FAIRCHILD 

A Schlumberger Company 

The 
first family 
of ATE. 

COME SEE THE FF323 AT ATE BOSTON, JUNE 16-18. 
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"Frankly, IDC connectors used to be a 
pain in the neck:' 

"My problems were monstrous. 
When I could find the connectors I needed, 

I would have to go digging around for the cable. 
If the price was right, the products weren't. And 
on and on, eon after eon. 

Until one day my doctor suggested 
Spectra- Strip. 
Of course! They've been making flat cable 

longer than anybody, so they would have to 
know how to make ends meet! 
They do, and now I get all my IDC receptacles, 

headers, DIP plugs and sockets, PCB transi-
tions and card-edge connectors from a single, 
reliable source: Spectra-Strip. 
When things get really busy at the lab, I even 

have them or one of their value-added distribu-
tors provide completely terminated and tested 
jumpers and custom assemblies. 

cSpectra.Ship Inc. 1979 

Their products 
are just what the 
doctor ordered, their 
Q.C. has real teeth in it 
and their prices never 
put the bite on 
my budget. 

For the name and 
number of your nearest distributor or rep, write 
Spectra-Strip, 7100 Lampson Avenue, Garden 
Grove, CA 92642, telephone (714) 892-3361. 
In the East, call (203) 281-3200. 
And tell them Frank sent you:' 
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Local networking grabs NCC spotlight 
Ethernet proposal, combining skills of Xerox, DEC, and Intel 

to link noncompatible systems, is the talk of the computer show 

by Anthony Durniak, Computers & Peripherals Editor 

Perhaps the hottest topic of conver-
sation at last month's National 
Computer Conference in Anaheim, 
Calif., was not so much the comput-
er and peripheral equipment but 
rather ways to connect them. 

Stimulating the attention was the 
announcement the week before the 
show that Xerox Corp. had recruited 
Digital Equipment Corp. and Intel 
Corp. to assist it in establishing the 
specifications for its Ethernet local 
data-communications network [Elec-
tronics, May 22, p. 70]. Xerox, which 
first introduced the technique last 
December [Electronics, Dec. 20, 
1979, p. 33], will supply 
its communications pro-
tocol, while DEC will 
supply systems expertise, 
and Intel will add its 
semiconductor knowl-
edge. All three will enjoy 
cross licensing of the 
ideas that come out of 
the cooperative develop-
ment effort. 
Such local networks 

are gaining popularity 
because of their ability to 
link the various comput-
ers, terminals, and word-
processing gear to sup-
port increasingly wide-
spread distributed-pro-
cessing and office-auto-
mation applications. 
These applications typi-
cally require devices to 
be linked over relatively 
short distances through-
out an office building or 
industrial complex. 

Xerox's Ethernet pro-
posal is especially ambi-
tious, calling for industry 

support to establish it as a standard. 
Xerox hopes Ethernet will be widely 
used, encouraging the design and 
manufacture of interface chips that 
would be as inexpensive as a current 
universal asynchronous receiver-
transmitter (uART) chip, which costs 
$4 to $6, according to David Liddle, 
vice president of systems develop-
ment at the Xerox Office Products 
division, Dallas, Texas. To encour-
age wide use, Xerox will make pat-
ent licenses readily available. 

General view. Although the final 
specifications will not be ready until 
the third quarter of this year, the 

three companies are discussing the 
general outline of the network's 
operation. All information will be 
transmitted in packets of 1,024 bytes 
preceded by 144 bits of header infor-
mation. The key part of the header is 
a 48-bit address that indicates the 
device to which the information is to 
go. Such an address theoretically 
permits an almost unimaginable 281 
trillion devices to be connected to the 
network. A 32-bit cyclic redundancy 
code will be added at the end of each 
packet for error detection and cor-
rection. 
The network itself operates like a 

party line—the transmit-
ting device listens for a 
quiet period on the line 
and then broadcasts the 
packet to all devices on 
the net. Only the ad-
dressed device picks the 
information off the net-
work. Since this ap-
proach essentially lets the 
devices handle their own 
message routing, no cen-
tral network controller is 
needed. This increases 
reliability—because 
there is no single point of 
failure that could knock 
out the entire network— 
while reducing cost. 
A key element in Xe-

rox's Ethernet design is 
its patented collision-
detection and -avoidance 
algorithm, says Liddle. 
When a device tries to 
transmit and finds the 
network busy—called a 
collision in communica-
tions jargon—the algo-
rithm directs the device 
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Probing the news 

Great day a-comin'. Zilog's Manny Fer-

nandez sees Ethernet-like systems opening a 

whole new market and becoming the local 

communications of the future. 

to wait a randomly specified amount 
of time before trying again. If the 
network is still busy, the device waits 
still longer and longer before retry-
ing, thus preventing network bottle-
necks during peak loads—the so-
called deadly embrace that occurs 
when two devices keep trying to 
transmit coincidentally and then 
continually find the line busy (much 
like two stubborn drivers trying to 
move in opposite directions on a sin-
gle-lane bridge). 

Standard cable. The network itself 
is built from standard coaxial cable 
in lengths up to 500 meters long. 
Taps—the same used for cable-tele-
vision nets—make attaching termi-
nals easy and inexpensive. The pre-
liminary specifications call for 
Ethernet to operate at 10 million bits 
per second, a rate fast enough to 
handle large volumes of data yet 
slow enough to be handled by mos 
large-scale integrated circuits. 
The cooperative work initiated on 

Ethernet comes on the heels of two 
other recent local networking an-

nouncements. Last month Unger-
mann-Bass Inc. of Santa Clara, 
Calif., unveiled its Net/One, also a 
packet-switched coaxial-cable—based 
network operating at 4 mega-
bits/second [Electronics, May 8, 
p. 40]. But Net/One is unique in 
that it will also convert between 
incompatible computer and terminal 
protocols. Ethernet requires all ter-
minals attached to it to observe the 
same communications rules. 
At the same time, Zilog Inc. of 

Cupertino, Calif., introduced its co-
axial-cable—based Z-Net to tie its 
MCZ-2 microcomputers together. 
Z-Net transmits information packets 
at speeds up to 800 kilobits/second. 
Each packet is 8 bits wide and up to 
512 bytes deep; header information 
is additional. It also can communi-
cate with other networks; for exam-
ple, its work stations can emulate an 
IBM 2780 or 3780 intelligent termi-
nal. That, in turn, permits it to talk 
to Zilog's earlier MCZ-1 series. 
When Z-Net comes on the market 

this summer, the MCZ-2 will make 
available 10 to 40 megabytes of car-
tridge disks that will serve as net-
work nodes. Consequently, the Z-
Net scheme will wind up with the 
ability to connect as many as 255 
stations having one processor apiece. 
Then, in the fourth quarter, Zilog 
will begin marketing a four-proces-
sor package that also may be linked 
by Z-Net. 

Other companies offering local 
networks include Datapoint Inc. of 
San Antonio, Texas, which calls its 
system Attached Resource Comput-
ing, and Wang Laboratories Inc. of 
Lowell, Mass., but these include 
sophisticated network control soft-
ware to handle the sharing of files 
and peripheral devices that was not 
included in the Xerox proposal. 

Also offering general-purpose lo-
cal networks based on coaxial cable 
is Amdax Corp., of Bohemia, N. Y., 
but this company's networks operate 
at a broader bandwidth to carry vid-
eo signals, too, and are based on 
centralized controllers. 
Work together. Xerox's Liddle 

does not feel these networks have to 
compete with Ethernet, but rather 
can build on the basic transmission 
medium that Ethernet proposes. 
Similarly, distributed-processing ar-
chitectures that have appeared al-

ready like DEC's DEcnet and IBM 
Corp.'s Systems Network Architec-
ture could conceivably work with 
Ethernet, since they involve a higher 
level of control function. 
And rather than compete with sys-

tems such as Xerox's own proposed 
Xten satellite-based communications 
system [Electronics, Dec. 7, 1978, 
p. 84], Satellite Business Systems, or 
AT&T's now delayed Advanced 
Communications Service (see p. 12), 
Ethernet will complement these 
long-haul services and connect to 
them through "gateway boxes." 
David House, general manager of 

Intel's Microprocessor and Peripher-
al Operation, which is working with 
Xerox, says that "this type of high-
speed local network has become a 
common requirement of our custom-
ers." And since Intel, Xerox, and 
DEC are such good customers of each 
other it made sense for them to work 
together, he continues. 

According to Dale Kutnick, a 
communications industry analyst 
with the Yankee Group in Boston, 
such networks "eliminate the com-
munications problems now cropping 
up" in distributed-processing and 
office-automation applications. As a 
result, he says, their market poten-
tial is huge, although he was unable 
to supply a specific dollar amount. 

Called endorsement. Manny Fer-
nandez, group vice president of 
Zilog, views Xerox's moves as an 
endorsement of the concept of 
Zilog's Z-Net. "We're on the verge 
of throwing open a whole new mar-
ket for communications, and it will 
be big enough for everybody," he 
says. "Ethernet-like communications 
network systems will be the local 
communications of the future." And 
making Z-Net compatible with 
Ethernet is a distinct possibility in 
the future, he notes. 
Edward J. Zander, director of 

general systems marketing for Data 
General Corp., Westboro, Mass., 
perhaps sums up the reactions of 
others. Though saying it is too early 
to pass judgment on the Ethernet 
system, he agrees that "there's a tre-
mendous need for an inexpensive 
high-speed local communications 
technique. It makes no sense to 
spend $2,000 to $3,000 on a box to 
connect a $2,000 or $3,000 terminal 
to a network." El 
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SETTING NEW STANDARDS 

ISO-CMOS OCTAL INTERFACE 
THE LS REPLACEMENTS 

AIM\ 

Remember when microprocessor designs 
were an either-or proposition — either high 
speed but power hungry bipolar TTL or low 
power but painfully slow CMOS? 

Mitel Semiconductor has come up with a 
solution that gives you your highs with your lows 
— HIGH SPEED and LOW POWER ISO-CMOS 
technology. Established pin-outs and logic 
layouts of a range of 20 standard Octal circuits 
have been incorporated with a proven production 
process that does justice to today's LSI. 
ISO-CMOS achieves fast propagation by use 

of a recessed oxide silicon-gate process that 
minimizes the inherent long time constants of 
traditional metal-gate CMOS. All the advantages 
of noise immunity and practically no quiescent 
power dissipation have been retained. 

Our family of latches offer transparent or 
clocked operation and include inverted or non-
inverted 3-state outputs. The decoder family 
has single one of eight, latched or unlatched, or 
dual one of four configurations. Bus buffering 
is catered for with high-current drivers having 
assorted configurations of chip selects for single 
or bi-directional connection. 
A comprehensive range of circuits allows 

improvement of design, by direct pin for pin 
compatibility with their 74LS series counterparts. 
For redesign to maximize ISO-CMOS advantages, 
a simplification of layout is achieved by the 
preferred bus-oriented 74SC5XX selections. 

MD 74 SC 137 1 of 8 Inverting Decoder with input latches 
MD 74 SC 138 1 of 8 Inverting Decoder 
MD 74 SC 139 Dual 1 of 4 Inverting Decoder 
MD 74 SC 237 1 of 8 Decoder with input latches 
MD 74 SC 238 1 of 8 Decoder 
MD 74 SC 239 Dual 1 of 4 Decoder 
MD 74 SC 240 Octal Inverting Buffer 
MD 74 SC 241 Octal Buffer 
MD 74 SC 244 Octal Buffer 
MD 74 SC 245 Octal Transceiver 
MD 74 SC 373 Octal Transparent Latch 
MD 74 SC 374 Octal D-Type Flip-Flop 
MD 74 SC 533 Octal Inverted Output, Transparent Latch 
MD 74 SC 534 Octal Inverted Output, D•Type Flip Flop " 
MD 74 SC 540 Octal Buffer 
MD 74 SC 541 Octal Buffer 
MD 74 SC 563 Octal Inverted Output. Transparent Latch 
MD 74 SC 564 Octal Inverted Output, D•Type Flip-Flop 
MD 74 SC 573 Octal Transparent Latch 
MD 74 SC 574 Octal D•Type Flip-Flop 

MITEL SEMICONDUCTOR 
United States: 2321 Morena Blvd., Suite M, San Diego, California, U.S.A. 92110. Telephone 17141276-3421. TWX: 910-335-1242. 

1223 Westchester Pike, Havertown, Pennsylvania, U.S.A. 19083. Telephone 12151449-5556, TWX: 510-662-6653. 
Canada: P.O. Box 13089, Kanata, Ottawa, Ontario, Canada K2K 1X3. Telephone 1613) 592-2122, Telex: 053-4596, 

TWX: 610-562-8529. 
Europe: Hamilton Road, Slough, Berkshire, England SL1 4QY. Telephone 0753-36137, 0753-36138, Telex: 847730. 

Fredericiagade 16, Suite 309, 1310 Copenhagen K, Denmark. Telephone 101) 119302, Telex: 22321. 
Asia: TST P.O. Box 98577, Kowloon, Hong Kong. Telephone 3-318256, Telex: 64235. 

TM-Trademark of Mitel Corporation 
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The Spectrol Model 15 Dials 

There's nothing on the horizon to match the 

smooth operating mechanism and the quality "feel" of 

the Spectrol Model 15 turns-counting dials. These good looking, 

low-profile dials are available as 3-digit 10-turn models and in 4-digit 100-turn 

versions, with satin chrome or black finish. All models feature large, highly readable 
numerals ... positive braking action ... and a handsome removable knob that 

conceals setscrews and permits access to pot shaft after mounting 

for fast accurate phasing. These Model 15 dials make natural 

companions for our popular Model 534 10-turn 

potentiometers. Send for data sheet or 

Short Form Catalog today. 

pectroi 
SPECTROL ELECTRONICS GROUP 

UNITED STATES Spectrol Electronics Corporation p 0 Box 1220, City of Industry, Calif 91749. u S.A. • (213) 964-6565 • TWX (910) 584-1314 

UNITED KINGDOM Spectrol Reliance Ltd. Drakes Way, Swindon, Wiltshire, Engtand • Swindon 21351 • TELEX. 44692 

ITALY SP Elettronica SpA Via Carlo Pisacane 7, 20016 Pero (Milan) Italy • 35 30 241 • TELEX 330091 

GERMANY Spectrol Electronics GmbH Oberauerstrasse 15, 8000 Munich 70 West Germany • (089) 7145096 • TELEX. 52/3014 

PUERTO RICO Spectrol Caribe Corporation Las Marias Industrial Park, Anasco. Puerto Rico • 1809) 826-3012 • TELEX SCC PR 3452012 
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Probing the news 

Electronic speech 

Military has its eye on speech 
Voice synthesis and recognition are sought for applications 

in training, in automated terrain mapping, and in the cockpit 

by Wesley R. Iversen, Dallas bureau manager 

Speech synthesis and voice recogni-
tion are receiving increasing atten-
tion these days as a growing number 
of vendors scramble to cash in on an 
expected high-growth market for 
low-cost consumer, commercial, and 
industrial applications of these 
emerging technologies [Electronics. 
May 22, p. 95]. However, another 
less heralded but also potentially 
lucrative market—albeit longer 
term—involves Government, mili-
tary, and aerospace applications for 
voice input/output systems. 

That fact was evident last month 
in Dallas, where a three-day sympo-
sium on voice interactive systems, 
sponsored by a subgroup of the U. S. 
Department of Defense, provided 
industry and Government officials 
with an overview of the technology, 
emphasizing potential military uses. 
Also evident was the need for addi-
tional research and for improved 
voice systems—designed to take a 
variety of linguistic, psychological, 
environmental, and other human 
factors into account in an interdisci-
plinary approach to solving prob-
lems. 
Among the papers presented by 

more than 30 speakers at the sympo-
sium were many describing proto-
type systems and ongoing research 
aimed a military applications, such 
as recruit training, automated ter-
rain mapping, and reduction of pilot 
workload in today's increasingly 
complex aircraft. 

Hearing voices. Applications of 
voice technology in the cockpit hold 
a particular military appeal. A syn-
thetic voice warning system, which 
would replace the bells, tones, and 
buzzers currently used in many air-
craft, could provide pilots with spe-

cific information on a problem and 
reduce the visual workload asso-
ciated with instrument scanning to 
determine the severity of the prob-
lem and appropriate response. Voice-
recognition systems that would en-
able pilots to fire weapons or per-
form control functions verbally could 
be particularly valuable in many of 
what the military labels hands-busy 
cockpit situations. 

Before such systems find wide-
spread military use, however, addi-
tional work involving a variety of 
human and environmental factors 
must be completed. In the case of 
cockpit voice-recognition systems, 
for example, the effects of high cock-
pit ambient noise levels, vibration, 
and pilot psychological stress on 

speech characteristics and hence on 
systems recognition accuracy are not 
yet well known. 

Research on these types of ques-
tions is under way at various labora-
tories—including the National Aero-
nautics and Space Administration's 
Ames Research Center at Moffett 
Field, Calif., and at McDonnell 
Douglas Corp. in St. Louis—using 
cockpit simulators and commercially 
available speaker-dependent recogni-
tion systems. Such systems require 
"training" in which each human 
subject repeatedly verbalizes each 
word in the system vocabulary to 
provide the templates, or voice refer-
ence patterns, to which comparisons 
are later made for word recognition. 
Perhaps not surprisingly, prelimi-

Fledgling. Pilot trainee in a Manned Air Combat Simulator from McDonnell Douglas practices 

formation flying without leaving ground. Image is on a 40-ft-diameter projection screen. 
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nary data seems to indicate that rec-
ognition accuracy under high noise 
or vibration conditions improves if 
the training is done under similar 
conditions, but that accuracy then 
declines when conditions become less 
harsh, researchers report. 
Down the road. Since cockpit 

voice-recognition research is just 
now moving out of the simulators 
and into actual airframes, its appli-
cation in production military aircraft 
is still years away. 
The use of solid-state speech syn-

thesis in military cockpits is a near-
er-term prospect, officials indicate, 
with several efforts aimed at install-
ing prototype systems already under 
way. Voice warning systems employ-
ing magnetic-tape players have been 
used in Air Force B-58s for years 
and have been popular with pilots 
despite a limited, 20-word vocabu-
lary and problems with tape brittle-
ness at high altitudes, says Eric 
Werkowitz, an official at Wright-
Patterson Air Force Base in Dayton, 
Ohio. Current questions involve the 
functionality of voice messages other 
than warnings and the necessity for 
providing visual information to sup-
port the voiced messages, as well as 
the need for a distinctive voice or 
technique that allows the pilot to 
pick out and identify the message 
within normal radio traffic. 
The use of voice for less critical 

noncockpit functions is further ad-

vanced, with various demonstration 
and prototype systems already being 
tried. For example, a system that 
employs both speech-synthesis and 
voice-recognition technologies to 
teach aircraft ground-control ap-
proach skills to Navy recruits has 
recently been tested at the Navy's 
air traffic control school in Mem-
phis, Tenn. 

Developed by Logicon Inc., San 
Diego, Calif., under contract to the 
Naval Training Equipment Center, 
Orlando, Fla., the system make use 
of isolated word-recognition equip-
ment provided by Threshold Tech-
nology Inc., DeIran, N. J. It enables 
the student to direct the movement 
of a simulated aircraft that appears 
on a simulated radar screen. A voice 
synthesizer supplied by Federal 
Screw Works' Votrax division, Troy, 
Mich., allows the system to talk to 
the trainee and is used for prompting 
and to take the role of the pilot and 
tower controller. In tests ended in 
April, voice recognition accuracy 
recorded for 20 students using the 
ground-control training system 
ranged from 59.5% to 97.9%, with 
an average accuracy of around 84%. 

Rules coming. Guidelines for rou-
tine consideration of voice technolo-
gy for use in Navy training systems 
are due for adoption within a year, 
says Robert Breaux, research psy-
chologist at the NTEC'S human fac-
tors laboratory. But improvements 
will be required before the voice-
recognition technology goes into 
widespread use in Navy training sit-

Don't hit the deck. That's what trainee is learning in the MACS. System is being used also to 

test the effects of cockpit conditions on voice-recognition techniques. 

uations, he indicates. 
Another experimental military use 

of recognition technology is under 
way at the Defense Mapping Agency 
Aerospace Center in St. Louis. 
There, a system in place since last 
November that uses voice-recogni-
tion equipment from Threshold 
Technology has improved the pro-
ductivity of workers who are in-
volved in mapping significant fea-
tures based on an examination of 
aerial photographs. Each individual 
terrain is assigned a number descrip-
tor code for input to a computer, and 
these codes can be recited by work-
ers who view the photographs 
through stereo viewers. The system 
makes use of a 16-character light-
emitting-diode display seen through 
the viewer for visual verification that 
digits have been properly recognized, 
thus enabling workers to proceed 
without looking away from the view-
er. Developed under the supervision 
of the Rome Air Development Cen-
ter, Rome, N. Y., the system re-
places previous techniques involving 
manual recording of codes with sub-
sequent keypunch or optical scan-
ning computer data entry. 

Basics needed. Several at the Dal-
las conference voiced concern over 
the lack of significant Government-
funded basic research in voice-recog-
nition technology since termination 
of the speech-understanding re-
search program—a five-year, $15 
million project sponsored by the 
Defense Advanced Research Proj-
ects Agency that ended in 1976. 
Wayne A. Lea, a research linguist 

and engineer at the Speech Commu-
nications Research Laboratory in 
Los Angeles, warned participants 
that recent and expected new com-
mercial voice-recognition products 
are doing little to advance the state 
of the art. Rather, such systems typi-
cally offer "somewhat perverted 
methods of using old, existing algo-
rithms" and seem more oriented 
toward grabbing a piece of the antic-
ipated large commercial market, Lea 
complained. Since recognition sys-
tems on the market today are "all 
promised with over 99% accuracy," 
there is a growing concern about 
how to evaluate them, said the 40-
year-old researcher, who is currently 
under an NTEC contract to come up 
with just such an method. 
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Look to Varo for the 
widest choice of Schottky devices 

for power supplies. 

0.75A BRIDGE VSB51 Series: 
10/20/30/40 VFmm 0.65 V F @ 
0.75 mA IF 

3A VSK 3 Series: 20/30/40 VRF9.4 5A VSK 5 Series: 20/30/40 VARm 
0.475 V, @ 3.0 A IF 0.450 VF @ A IF 

15A VSK15 Series: 20/30/40 VaRki 
0.60 VF@15.0 A IF 

1A VSK 1 Series: 20/30/40 VAAL' 
0.55 VF @ 1.0 A IF 

1911, 

11.111•1111101 
30A VSK3OT Series: 20/30/40 V„m 
0.64 VF@ 15.0 AI, 

30A VSK3OS Series: 20/45 VAR, 40A VSK40 Series: 20/30/40 VFIR•A 
0.64 VF @ 30 AIF 0.62 VF@ 40.0 A I, 

60A VSK51 Series: 45 VARFA 0.60 V, 
@ 60 A I, 

Look to Varo for the widest 
choice of Schottky devices 
for power supplies. 
Efficiency is today's basic design criteria, 
and energy-saving begins in the power 
supply. That's why Varo has developed the 
most comprehensive line of Schottky 
devices around today. From a practical, 
dual in-line bridge family to a tough, 60 
amp braided lead rectifier, we've got your 
requirements covered. Devices are 
available now; ready to meet your 
prototype or production schedules. 

For application info, specs or a sample 
device, call: (214) 271-8511. Varo 
Semiconductor, Inc. Box 40676 Garland, 
Texas 75040. 

VARO 

The world's leading 
rectifier company 
Customer Service 
Varo Semiconductor, Inc. 
Box 40676; Garland, Texas 75040 
Please send me: 

E Specs and pricing on.  

My application is 

Name  

Company  

Address   

City   

State  Zip  

Phone  
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Encryption chips sort themselves out 
Now that dust has settled, user choices are clear 

but they aren't queueing up with shopping lists 

by Harvey J. Hindin, Communications & Microwave Editor 

Now that the technological improve-
ments and product introductions 
have halted for the moment, it is 
possible to get a clear look at the 
chips available to implement the 
data encryption standard, or DES. 

Two classes have evolved, each 
defined by data rates. 

Either the devices are so fast that 
they can handle input data in real or 
almost real time for high-speed com-
munications or computer data appli-
cations or they just plod along taking 
care of facsimile and telex services, 
crédit-card verification, and the like. 
But chips for these applications can-
not be chosen by speed alone. 

There is a variety of other consid-
erations such as the number of 
encryption keys that can be handled, 
whether the device has been certified 
to comply with the DES, and which 
microcomputer it is compatible with. 
In the now classic manner of the 
large-scale integration industry, a 
bewildering array of approaches to 
encryption has been made available, 
ranging from simple programming 
of the on-chip read-only memory of 
a microprocessor, as in the device 
from Texas Instruments Inc., Dallas, 
to the ultrafast bit-slice four-chip set 
made available by Fairchild Camera 
and Instrument Corp., Mountain 
View, Calif. 
Module option. To complicate 

matters, it must be remembered that 
chips are not the only way to go for a 
given DES application. Says Heather 
Bryce, strategic product marketing 
engineer with Motorola Semicon-
ductor Group's Austin, Texas, facili-
ty: "The purchase of a chip is the 
least out-of-pocket expense but re-
quires the most software develop-
ment." Bryce notes that potential 

users of the DES algorithm can also 
buy a chip on a board with asso-
ciated hardware—which requires a 
microprocessor to make it work —or 
they can buy a stand-alone unit to do 
the whole job. This approach is the 
most expensive but involves little or 
no design effort. 
Many encryption devices, includ-

ing modules and stand-alone versions 
as well as chips, have been certified 
by the National Bureau of Stan-
dards as complying with the require-
ments of the DES algorithm. These 
include, according to test program 
director Dennis Branstead, one de-
vice each from Burroughs Corp., 
Nixdorf Computer Corp., Racal-
Milgo, Sperry Univac, General Tele-
phone and Electronics Corp., Col-
lins, Intel Corp., Fairchild, and 
Western Digital Corp. and two from 
Motorola. 
Chips from TI and American 

Microsystems Inc. have not been 
certified by the NBS, although they 
have been advertised as complying 
with the standard. The implications 
of this are not clear for the potential 
purchaser of those devices. If the 
device is intended to be used to 
implement DES in non-Government 
applications, that is one thing. But if 
it is intended to be used in some 
manner connected with the Govern-
ment, the user should investigate 
what effect, if any, the lack of an 
NBS blessing will have. 
At AMI in Santa Clara, Calif., 

manager of microprocessor market-
ing Mitchell Goozé says his compa-
ny has decided to leave certification 
to the customer. As for TI, it says 
that it did not seek certification 
because its chip is not on the market. 

According to Branstead, all of the 

chips or devices that have been sub-
mitted have passed through his labo-
ratory. So for the foreseeable future 
at least, the chips listed in the table 
are the ones that will be available. 
Quick pick. It is possible to make 

a choice of chips easier than the 
table would indicate by asking a few 
basic questions. Of course, if a chip 
must have NBS certification, then the 
AMI and TI offerings are out of the 
question. And, as the table shows, a 
simple calculation of the data-han-
dling rate needed may well eliminate 
all but the three chips in the fast 
category. For example, for almost 
real-time encryption of computer 
output data with a minimum of stor-
age and buffering, the Fairchild chip 
set may be the only way to go. It is a 
stand-alone device, one that has no 
need of a microprocessor to control it 
and is unique among the DES chips 
in this respect. But there is a trade-
off—it needs a pair of data registers, 
four 8-bit shift registers, control 
logic, and two read-only memories 
laid out as 64 by 4 bits to make it go. 
The other encryption chips also need 
auxiliary devices to varying but less-
er degrees. 

Once the data rate is settled, the 
next criterion is whether the user 
needs multiple-key encryption. For 
this need there are only the offerings 
of AMI and Motorola. 

Multiples. The use of secondary 
keys adds to the security of a system. 
In this approach a primary key 
encrypts a secondary key, and the 
secondary key—perhaps at a remote 
site—decrypts the message. Depend-
ing on the number of reception sites 
and the degree of security required, 
it may be necessary to have many 
secondary keys. 
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COMPARISOiN OF DATA ENCRYPTION CHIPS 

National 
Bureau 

of Standards 
certification 

Manufacturer 
and part 
number 

Data 
throughput 

Number 
of keys 

Compatible 
with 

microprocessors 

Motorola 
MC6859 

400 kb/s 2 6800, 
8080 

yes 

Intel 8294 0.64 kb/s 1 8080 yes 

Texas 
Instruments 
9940 

4.8 kb/s 1 9900 no 

American 
Microsystems 
S6894 

4.7 kb/s multiple 
possible 

6800 no 

Fairchild 
9914 

13.3 Mb/s 1 not 
required 

yes 

Western 
Digital 
2001 

1.34 Mb/s 1 8080A yes 

AMI's two-chip set —based on the 
Motorola microprocessor — offers 
two or more secondary keys, but at 
4.7 kilobits per second it is slow. The 
Motorola version can handle only 
one secondary key, but it is the third 
fastest. 
Once the number of required keys, 

the need for certification, and the 
data-encryption speed have been 
determined, the number of chip pos-
sibilities is drastically reduced. 
Then, the user may bring in other 
considerations. Among them are 
what kind of microprocessor is avail-
able, what kind of power supplies are 
needed, and a perception of the rela-
tive ease of implementing the soft-
ware and hardware needed to make 
the chips work in real systems, no 
matter how self-contained they are 
claimed to be. These devices are 
complicated, since, with appropriate 
modifications, some chips can be 
made to work with other micropro-
cessors, different chip clocks can 
establish higher data rates, chips can 
be paralleled for greater throughput, 
and so on. 

However, not many designers are 
now occupying themselves in making 
these determinations. While few 
marketing managers will admit that 
their company's chip is not selling, 
Branstead says, "there is no question 
that people are not flocking to buy 
these chips. The market just isn't 
there for any kind of security." 

Scare stories. The major thing 
that the security issue seems to have 
spawned, says one former DES 

enthusiast, is "lots of consultants 
going about telling people about 

spectacular computer crimes and 
engaging in exotic debates concern-
ing the relative merits of DES and 
public-key encryption systems." The 
latter system does not exist in hard-
ware yet, although the Massachu-
setts Institute of Technology has 
worked on one chip. 

Supporting the view that all is not 
well commercially is a report issued 
by Carnegie-Mellon University in 
Pittsburgh. It says that encryption is 
not following a normal market devel-
opment but is going to be "event-
driven," and the events have not 
started yet. Spectacular computer 
crimes are still seen as isolated inci-
dents by the people who make 
encryption purchasing decisions. 
"The DES industry is waiting for a 
shoe to drop" is the way Branstead 
describes it. 
While DES is developing slowly, 

one form of the chief competitor, the 
so-called public key technique [Elec-
tronics, Aug. 16, 1979, p. 81], is 
being used in combination with the 
DES by Mitre Corp. of Bedford, 
Mass., and Digital Communications 
Corp. of Gaithersburg, Md. What 
the two companies want to do is 
avoid dangerous and time-consum-
ing transmittal of DES keys by mail 
or courier, so they are investigating 
the means of encoding DES keys with 
one of the public-key system codes 
for electronic transmission. As is 
customary for public-key systems, 
the user would simply make his 
encryption key public, so that every-
one could communicate with him 
while keeping his decryption key 
secret. EJ 

New 
Ultraminiature 
Grayhill 
Pushbutton Switch 
Provides a 
Watertight Seal 
to the Front Panel. 

Button to Bushing Seal 

Bushing to Panel Seal 
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Designed to be the smallest shaft and 
panel sealed pushbutton switches avail-
able anywhere, these new SPST 
switches have a host of applications in 
medical electronics, outdoor equip-
ment, electronic scales, etc. 

They're available in both Normally 
Open and Normally Closed versions, 
with red or black integral buttons. 
Red, white, or black accessory caps 
are available at additional cost. 

The switches feature momentary ac-
tion, butt contacts, and are rated to 
make and break ih amp, (SPST-N.0.), 
I/4 amp (SPST-N.C.), 115 VAC, resis-
tive load for 250,000 operations. Total 
travel is 0.035" ± 0.015" for the N.O. 
switch (Part No. 39-351), 0.042" -± 
0.010" for the N.C. (Part No. 39-352). 

For complete specifications, let us 
send you Bulletin #296. 

eLvaykff 
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Probing the news 

Computers 

IBM foes look to joint ventures 
Flurry of mergers and acquisitions lends financial muscle 

and broader market reach to plug-compatible makers 

In the seemingly eternal race to 
catch up with IBM Corp., the latest 
ploy is the joint venture, acquisition, 
or merger. Lately there has been an 
uncommonly large number of them, 
all involving competitors in the IBM-
compatible market. 
The latest list includes a joint ven-

ture between Fujitsu Ltd. and TRW 
Inc.; the acquisition of The Comput-
er Software Co. by Nixdorf Comput-
er Co. while its parent, Nixdorf 
Computer AG, goes into the main-
frame business; an investment by C. 
Ing. Olivetti & Cie. in ¡PL Systems 
Inc.; and a merger of Amdahl Corp. 
and Storage Technology Corp. And 
there is no assurance that the list is 
complete. 

Perhaps the most significant move 
is the Fujitsu-TRW alliance to form 

by the editors of Electronics 

the TRW-Fujitsu Co., with headquar-
ters planned in the Los Angeles area. 
Indeed, the joint venture is only part 
of a plan by the Japanese company 
to compete extensively in the U. S.— 
a plan that has it calling itself "a 
new element in the American elec-
tronics industry." 

Fujitsu has good reason for the 
self-awarded appellation. It plans to 
invest $30 million in American oper-
ations beyond the $10 million it has 
sunk into TRW-Fujitsu (TRW has put 
in $9 million). This includes $10 mil-
lion for a Fujitsu Microelectronics 
Inc. semiconductor memory plant in 
San Diego, Calif., and $5 million 
earmarked for its recent acquisition 
of The Word Machine, an IBM 

mainframe-based word-processing 
system developed by DPF Inc. of 

Hartsdale, N. Y. Also, Fujitsu is set-
ting up a factory in a leased building 
in Melbourne, Fla., to make the 
word processors. 
What does Fujitsu bring to the 

TRW wedding? Quite a bit: it is the 
largest Japanese computer maker — 
ranking second overall to IBM 
Japan—and a leading producer of 
telecommunications systems and 
equipment, as well as semiconduc-
tors and other components. Some of 
its computer peripheral products are 
already being offered to original-
equipment manufacturers through 
Fujitsu America Inc. of Santa Clara, 
Calif. 
Cash and customers. Aside from 

TRW-Fujitsu, the question is "why 
all the activity now?". At least part 
of the answer comes from Stephen J. 

Fujitsu's chief faults U. S. managers 

As Fujitsu America Inc. prepares to open new factories in 
the United States, its president, Norihiko Nakayama, has 
little doubt about what to expect from American employ-
ees. "I can trust the American worker under good man-
agement to produce high-quality products," says the 52-
year-old executive. "It is possible for them to have the 
same work habits as Japanese workers if the management 
is correct." The holder of a Ph.D. degree in electronic 
engineering, Nakayama has been president of Fujitsu 
America in Santa Clara, Calif., for two years; before that 
he headed the Fujitsu liaison office in New York for three 
years. 
When Nakayama discusses "correct" management, he 

has some barbed remarks to make about his American 
counterparts. American managers do not want to hear 
bad news, he says, and they do not make the same effort 
that Japanese managers make to mingle with their work-
ers and discuss problems. "Top U. S. management people 
sit in beautiful offices with beautiful secretaries and look at 
documents," he says. "But [our] managers go around to 
the factories on foot to see if the factories are clean and if 
the workers are happy to work for Fujitsu. I have not seen 

this" being done by managers in the U. S. 

Such interaction between workers and management 
makes for good communication, which Nakayama consid-
ers crucial for quality production. It is a lack of good 
communication that "is the biggest difference between 
management in the U. S. and Japan," he says. "Japanese 
management is very sensitive to problems. We want to be 
told bad news, not just good." 
Nakayama also has some points to make about the 

Japanese decision-making process, which he concedes is 
slow by some U. S. standards. "We may make decisions 
slowly, but we believe the total time from idea to finish is 
almost equal. This is because we take time before the 
decision is made to discuss the situation so people will 
know what it is about and what must be done. Then, when 
the decision is made, everyone works for it. People will 
even volunteer their help. This would not be the situation in 
an American company. People just wouldn't know what to 
do to help when a decision is made only at the top. And 
management may not be able to give clear direction. 

"The decision time [in the U. S.] may be short, but 
actual performance is slow." 
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Power budget tight? 
Thermal 

management 
a problem? 

Powercube's new advance in reli-
able power conversion may be your answer. 

This new power conversion system provides 
higher power and sets new standards in efficiency. Energy 
formerly dissipated as heat is put to useful work. Heat prob-
lems are minimized: heat sink requirements are simplified. 

For flexibility in meeting power requirements 
and customer options, the new high powered AC input set, 
Model ASPG, 250-watt AC-AC (high frequency) converter is 
packaged into a 3- or 4-module unit ® and provides the 
Powercube universal interface 40V peak square wave re-
quired by all Powercube Cirkitblock- output modules. 

Terminals are available for both 115/220 VAC. 
Operation with input frequency range of 47-440 Hz. Input 
circuits provide EMI filtering and transient protection as re-
quired in most military and aerospace applications (re: MIL-
STD-461 and MIL-STD-704A). 

/ 2_6°\14 

GA SuBSOIARY OF uNITRODE CORPORATION 

Depending on power requirements, output high 
frequency AC. up to 250 wattb maximum, is available with 
four modules. Output is to the 5TR200. a set of two new 
Cirkitblock modules () incorporating an input transformer 
that operates with the 40 V peak square wave at a nominal 
frequency of 25 KHz. The secondary voltage is stepped 
down and regulated using magnetic switching techniques. 
The modules supply 5 VDC at 20 A for high-efficiency driv-
ing of logic element,. IC's. etc. 

Available conditioned power not required by the 
5TR200 modules can be used to supply power to other 
standard Cirkitblock modules for developing auxiliary out-
puts O. 

For detailed information on the new extension of 
the Powercube line, write or call Powercube. 

POWERCUBE 
POVVERCUBE CORPORATION EIGHT SUBURBAN PARK DRIVE 

BILLERICA MASSACHUSETTS 01821 • (617) 667-9500 
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Carborundum 
noninductive 
ceramic power 
resistors solve 
tough problems. 
Carborundum makes three types of 
noninductive ceramic resistors that 
can solve tough resistance problems. 
save money and space. 

Energy Dissipation 

60 KV 

oc 

C. 
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1000 Watts 
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2:i4SP (1"x '/41 

1 

Regardless of the pulse shape, we 
have the resistor. Our Type SP handles 
large amounts of power from 60 
cycles to many megahertz. Type AS 
can absorb huge amounts of energy 
while maintaining its noninductive 
properties at high voltages. Type A 
solves high resistance problems in 
high voltage situations. 

For more information on ceramic 
power resistors and our broad line of 
thermistors and varistors, contact: 
The Carborundum Company. 
Graphite Products Division, 
Electronic Components Marketing. 
P 0. Box 339, Niagara Falls, New York 
14302. Telephone: 716-278-2521. 

CARBORUNDUM 

A Kennecoll Company 
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Ippolito, president of ¡PL Systems of 
Waltham, Mass., who sees several 
advantages. First is money. In the 
case of his firm, Olivetti's estab-
lished size and financial base will 
add to In's financial strength. Sec-
ond is markets. "Getting a foothold 
in Europe will help cushion us 
against any recessionary downturn 
in markets here at home," he says. 
The threat of recession is also 

cited by Ryal Poppa, president of 
Pertec Computer Corp. of Los 
Angeles. His firm was acquired ear-
lier this year by Triumph Adler Inc., 
a wholly owned subsidiary of Tri-
umph Werke Nurnberg AG, a unit of 
West Germany's Volkswagen orga-
nization. Says Poppa, "OEM sup-

pliers limited in product scope, man-
ufacturing capacity, or the capital to 
invest in new plant and equipment or 
in research and development, are at 
a disadvantage going into this reces-
sion and will be less competitive dur-
ing the following business upswing." 
To achieve a position in the fore-

front of technology, Memorex Corp. 
not only had to triple R&D outlay 
during the 1974-79 period, but had 
to use "affiliations with Teigin, 
Toda, and Fujitsu in Japan," says 
Clarence W. Spangle, chairman of 
the Santa Clara, Calif., firm. Donald 
Fuller, chairman of Microdata 
Corp., the Irvine, Calif., minicom-
puter maker acquired last year by 
McDonnell Douglas Corp. of St. 
Louis, believes "the industry is going 
through a phase where the big com-
panies get bigger by gobbling up the 
smaller ones" because "very few 
companies have the resources to get 
bigger" simply by growing. 

Development cost. For Paul Ely 
Jr., who is a vice president of Hew-
lett-Packard Co., Palo Alto, Calif., 
and also general manager of its com-
puter groups, the reason for tie-ins is 
obvious. "For general-purpose mar-
kets, where a need exists to develop 
worldwide sales and service support, 
as well as in-house semiconductor 
and peripherals capability, the cost 
of development, even for medium-
size companies, is overwhelming." 
What of the independents? Will 

they be able to continue alone? Joe 
Hitt, chief executive officer of Mag-

nuson Systems Inc. of San Jose, 
Calif., is unafraid. "We are not look-
ing for mergers or acquisitions," he 
says. Integrated-circuit develop-
ments won't obsolete his product 
line, he believes, because "the bus-
structured architecture means rede-
sign of a single board, not an entire 
system. That we can do typically in 
four to six weeks." 

In Japan, Mitsuhiro Saitoh, man-
ager of the planning department of 
Hitachi Ltd.'s computer group, 
points out that his company is 
already competing successfully with 
IBM in Japan without benefit of 
mergers or acquisitions. The group 
wants to increase its export 'ratio, 
and its executives are still examining 
methods, though Saitoh says a joint 
venture isn't the answer. For Nippon 
Electric Co., the way to expand its 
U. S. operations is by hiring superior 
local talent, not through joint ven-
tures, says Yasukuni Kodaka, assist-
ant general manager of the electron-
ic data-processing planning office. 
Also, says Kodaka, Nippon has no 
major problems selling ¡BM-compati-
ble mainframes in Japan. 

Natural moves. Whatever has hap-
pened up to now, a lot more is com-
ing, agree the experts. E. Floyd 
Kvamme, president of National Ad-
vanced Systems of National Semi-
conductor Corp., sees the alliances 
as natural since "it is very expensive 
to develop a computer product" and 
"the electronics industry, for its size, 
is probably one the most splintered 
industries in the world." And HP's 
Ely says, "What we have seen is only 
the beginning. We'll see a lot more, 
especially internationally." 
A highly respected computer-

industry analyst, William Becklean 
of Bache Halsey Stuart Inc. in Bos-
ton, says, "It's definitely a continu-
ing trend, and will be very effective 
as long as IBM leaves its system 
architecture and software alone." 
But he suggests that IBM could 
counter by changing its systems "to 
offer significant benefits that are 
hard to duplicate." In fact, he points 
out, "IBM is looking at a substantial 
change in its product offering, and 
the 4300 may be part of it. IBM is 
due for a major new generation—it's 
four years late, but it will be intro-
duced. I wouldn't bet any money 
against IBM." 
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Fluke Portable Test Instruments 

"We built these two new counters 
for design engineers like us:' 

You'd expect our engineers to be 
biased in favor of our new counters. 
But when we challenged them, they 
quickly pointed out why they're 
becoming favorites of design 
engineers everywhere. 

"The 7260A and 7261A 

represent the best combination of 
counter performance, pricing and 
packaging that a design engineer 
could want. Both incorporate 
Fluke-designed thick-film hybrid 
circuits for excellent sensitivity and 
flat response. Stainless steel RFI 

shields, switchable attenuators and 
low-pass filters eliminate unwanted 
signals. And they can be operated 
from optional rechargeable batteries' 
Getting down to specifics. 

"But advanced technology 
means little unless the instrument 

does the job for you. So both 
feature a basic bandwidth of 125 
MHz with options to 1300 MHz. 
Each with manual or 
autoranging through all 
measurement modes. 

Max. 
Model Resolution Sensitivity 

7260A 

7261A 

100 ns 

10 ns 

10 mV 

10 mV 

Price 

$895 
'$1050 

Built for «ME> systems. 
"Fluke's exclusive portable 

test instrument (PTI) 
packaging design lets us stack 
and latch multiple instruments 
on top of our counters. And by 
using the new Fluke 1120A 
Translator, we can afflPmble an 
inexpensive IEEE-488 system'? 
Convincing evidence. 

Our engineers are sold on 
our new counters. How about 
you? For more information call 
toll free 800-426-0361; use the 
coupon below; or contact your 
Fluke sales office or 
representative. 

'U.S. prices only. 

FLUKE 

IN THE U.S. AND NON-
EUROPEAN COUNTRIES: IN EUROPE: 

John Hulce Mfg. Co, Inc. Fluke (Holland) By. 
P.O. Box 43210 MS n2B P.O. Box 5853, 
Mountlake Terrace, WA 98043 5004 EH Tilburg, 
(5m) 774-2481 The Netherlands 
Telex: 152662 (013)673973 Tlx: 52237 

D Please send 7260A/726IA specifications. 

D Please send information on Fluke's 

80-MHz 7250A Counter. 

D Please send 1120A IEEE-488 Translator info. 

D Please have a salesman call. 

Name 

Title Mail Stop 

Company 

Address 

'ity 

Telephone ( 

State Zip 

For technical data circle no. 101 

Ext. 
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Probing the news 

Letter from Ireland 

Prosperity is tied to electronics 
50 companies in the past five years have used Ireland 

as the gateway to the Common Market, and the recruiters are casting about for more 

Ireland is a land of green and fertile 
valleys, thatched roofs, and friendly 
pubs. That's what the tourist people 
want the world to believe. But to the 
hard-nosed corps of specialists at the 
Industrial Development Authority, 
their nation is one with a plentiful 
and willing labor supply, an irresist-
ible menu of tax incentives, and con-
sequently what may be the fastest 
growing electronics industries in the 
world. 
The romantic image of the Repub-

lic of Ireland is one that the IDA 
men, who have been remarkably suc-
cessful in attracting electronics 
firms, more than 60% of them 
American, realize they have to live 
with. But the image they would rath-
er broadcast is of an electronics com-
munity worth $892 million and 
employing 11,400 persons. And from 
what amounts to a standing start five 
years ago with 20 firms, it now num-
bers 70 companies scattered across 
Eire and boasts the highest return on 
investment in Europe-29.9%. The 
target for 1985 is a $2 billion indus-
try employing 25,000 to 30,000. 
The attractions are fat investment 

grants, a tax holiday on exports, a 
plentiful supply of labor, and a foot-
hold inside the European Economic 
Community's tariff barrier. But 
there are obstacles, among them a 
shortage of skilled technical person-
nel and a communications system 
that has not kept pace. 
The key is subsidies. "For each job 

we create, we spend around 
$10,000," says David Hanna, man-
ager of the 1DA's electronics division, 

Touch of the Irish. At the Data 100 plant in 

Ballincollog, County Cork, technician puts 

finishing touches to power supply. 

102 

by Kevin Smith, London bureau manager 

who adds that the investment is 
returned to the economy within two 
years. In the past four years, the IDA 
has spent $165 million, but to get its 
money's worth it tries to pick compa-
nies in the professional sectors. The 
list of firms with plants in Ireland 
includes such names as Amdahl, 
Digital Equipment Corp., Analog 
Devices, Centronics, Computer 
Automation, Data 100, Memorex, 
Prime Computer, and Wang. 

Fight. Though the IDA is far and 
away the most successful develop-
ment agency in Europe today, the 
competition is getting tougher. 
There was a spectacular no-holds-
barred battle last year between the 
Irish and Scottish development peo-
ple over Mostek Corp. of Carrollton, 
Texas. The semiconductor maker 
finally settled on Dublin as the site 

for a $92 million assembly and diffu-
sion facility. 

Even then the IDA had to subsidize 
at well above its going rate to win 
Mostek over—an estimated $40,000 
per job—and also agreed to establish 
a microcircuit research and under-
graduate capability at nearby Dub-
lin University. 
Now that Mostek is in hand, the 

IDA is chasing additional semicon-
ductor companies. Japan's Fujitsu 
Ltd. and America's Rockwell Inter-
national Corp. are looking for 
European plants, and Nippon Elec-
tric Co. is adding to its assembly 
facility in Ireland. 

Still, some companies make the 
point that almost everything has to 
be flown in. A shortage of support 
companies such as cabinet manufac-
turers and mechanical engineering 



WE DELIVER EFFICIENCY 
MORE WAYS THAN ONE. IN 

Unitrode's Schottky 
Power Rectifier, 45V. 

Unitrode 1980 

UNITRODE POWER 
RECTIFIERS 

Circle 103 on reader service card 

Next time you select power rectifi-
ers for your switching power supply, 
come to Unitrode. 

Because we're the only major sup-
plier who helps you get efficiency 
two ways. 
Our Schottky's are rated up to 75A 

and 45V. With specs like zero recovery 
time, and forward voltage drops of 
.52V max. at 150°C. 
Then there's our line of UES (Ultra-

Efficient Switching) PN junction recti-
fiers. Up to 70A and 50V, they perform 
more like a Schottky than any other 
PN junction rectifier. And up to 150V, 
they're in a class by themselves. With 
reverse recovery times of just 5Ons 
max., and forward voltage drops 
of just .84V max. at 150°C. 

So if you want efficiency, take a look 
at Unitrode's Schottky and UES power 
rectifiers. Available in identical DO-5 
packages. 

For more information, call or write: 
Unitrode Corporation, 5 Forbes 
Road, Lexington, MA 02173. 
Tel. 617-861-6540. 

UNITRODE 



Now experience the easiest way 
there is to trouble-shoot DIP ICs. 

Nail-head pin rows 
offset for easy 
probe attachment. 
(Straight-pin models 
for attachment of 
connectors.) 

The A P Super Grip Il is the 
ultimate test clip. 
You get positive contacts. 

No intermittents. No shorts. 
Ever. The contacts are gold-
plated phosphor bronze 
arranged in a "contact comb" 
which separates contacts 
precisely. Narrow-nose 
design fits highest-density 
boards—even ICs with 
only .040" between rows. 
Flat contacts won't roll 
off IC leads. 

Heavy-duty industrial-
grade spring maintains firm 
contact pressure. Engineer-
ing-grade thermoplastic 
body is molded around 
contact pins. Eleven 
models from $4.50. All 
DIP sizes. 
Where to buy? Phone 

(toll-free) 800-321-9668 for 
the name of your local A P 
distributor. And ask for our 
complete A P catalog, "The 
Faster and Easier Book." 

AP PRODUCTS INCORPORATED 
1359 W. Jackson St., Painesville, Ohio 44077 Tel. 216/354-2101 TWX: 810-425-2250 

Circle 104 on reader service card 

If you're 
down to the wire, 

Probing the news 

design outfits has presented prob-
lems in the past. But the IDA works 
to plug these problems as they arise, 
in one case persuading an English 
rack maker to come to Ireland. 
Not so easily moved is the biggest 

roadblock in the IDA's plans for cre-
ating a fully integrated electronics 
industry: the shortage of skilled per-
sonnel. In the competition to attract 
high-technology firms, neighboring 
Scotland already has a highly devel-
oped university and technical educa-
tion system boasting a top microcir-
cuit research center at the Universi-
ity of Edinburgh. The industry there 
is highly integrated. 

School days. To counter this chal-
lenge, gearing Ireland's educational 
system to the requirements of local 
industry is a top priority. New 
microcircuit research and training 
centers have been created at Dublin 
and Cork and an applications center 
at Limerick. And to meet the short-
age of skilled technical personnel, 
one-year electronics conversion 
courses are now being offered to 
science graduates. Even so, the IDA 
is throttling back a little on its 
investment targets and is carefully 
monitoring projected demands for 
skilled personnel. 
Companies already in Ireland 

have found other problems. Commu-
nications are bad, as even the IDA 
admits. But equally, because Ireland 
is such a small country, investment 
planned to improve matters can 
achieve rapid returns. Over the next 
five years, for example, some $1.3 
billion is to be spent on modernizing 
the telephone network. This will 
effectively double its size and give it 
a high digital content, as modern 
solid-state exchanges are to be 
bought from the French company 
crr-Alcatel and from the Swedish 
manufacturer LM Ericsson. 
High inflation. A more worrisome 

problem for companies locating in 
Ireland is a rate of inflation now 
running at 17%, in part because of 
the high levels of indirect taxation. 
Wage rates for skilled personnel are 
now actually higher than in England. 
But for all that, both Ireland and 
England are among the cheaper 
European labor markets. 

See page 176 
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Speak SCOUT, speak. 
SCOUT" is a smart minicomputer. He 

can tell you when one of his 
boards is bad. Good SCOUT! 
How does SCOUT do this? 
SCOUT has ISOLITE: 

Do you see the red light? It 
means ISOLITE is testing 
the board. If the light stays 
on, the board is bad. Bad 
boards don't get to play any-
more. They get replaced 
with a spare 6.25" x 8.3" card 
in about three minutes. 

Isn't ISOLITE neat? It can 
even test your 

whole system every time 
you turn SCOUT on. 

Does SCOUT turn you on? 
Think what three-minute maintenance 

could do for your bottom line. Think what it 
could do for your product line. Everyone will 
love your products. You will grow very rich. 
You will save up front, too. 

SCOUT starts at 
less than $1K for 
a 16-bit CPU, I/O, 
32K Byte RAM 
and card cage. So, 
SCOUT also speaks 
to value. 
Speak SCOUT, 

speak. 

See the light. 
Every bit of the 16-bit performance you need, 
plus incredible operating economy. It's all 
in our how-to-save-on-maintenance primer, 
A Plug for SCOUT Get your free copy with 
this coupon and a business card. Or, for imme-

diate information, call 714/833-8830, Ext. 455. 

Name Title 

Company 

Address 

City State Zip 

MCOMPUterAUtOnlatiOn 
NAKED MINI Division 

Where OEM'S come first. 

L ...... ...... 18651 Von Karman, Irvine, CA 92713 

SCOUT and ISOLITE are registered trademarks of Computer Automation, Inc. 
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How STC speeds 
production testing 
by a factor 
of five to one... 

Storage Technology Corporation's revolutionary 
8650 Winchester disc subsystem for big, main-
frame computers utilizes double-density re-
cording to pack twice the normal amount of data 
in the same space as a conventional, single-
density disc. 

Critical to the success of this technology are 
complex, high-speed, analog read/write and 
servo boards. In fact, STC's read/write board 
contains more than 350 separate active and 
passive components. 
When conventional methods were used, 

it took approximately 15 minutes to test each 
board. As this testing time became more and 
more unacceptable, the decision was made by 
STC to switch to automatic testing. 

Paul Zieschang, Manager of Hardware De-
velopment, recommended that the company 
assemble its own system using 12 HP-IB com-
patible insruments, an HP 9835A Desktop 
Computer as system confroller and a 9885 Disc. 
Zieschang reports that the 9835A was chosen 
because its large CRT display made it easy for 
an operator to interface with the system, and 

because of its programming ease. What's more, STC incorpo-
rated diagnostics into the system which help STC technicians 
better understand the testing procedure. This software even 
helps technicians locate — via a flashing cursor and a graphic 
display of the board's topology — the position of any component 
on the board. Finally, the 9835A also delivers a print-out of 
the component's value and STC part number. 

Documentation simplifies system configuration. 
According to Zieschang, some of the many application 

notes supplied by Hewlett-Packard were helpful both in de-
ciding the first configuration and speeding assembly of STC's 
first HP-IB system. 

Flexibility that reduces the chance for obsolescence 
and speeds assembly. 

Twelve HP-IB compatible instruments were chosen for this 
system, according to Zieschang, because HP's bus archi-
tecture and programming ease permit the flexiblity necessary 
to make changes within the system as STC's requirements 
change and, thus substantially reduce the possibility of 
system obsolescence. 
HP instruments also provide STC with speed of assembly. 

The company assembled and programmed its first automatic 
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test system faster than other comparable ways of solving its 
system test needs. Zieschang believes they will be able to 
assemble and program future systems even faster. 

The bottom line. 
Just as important, Zieschang says the STC HP-IB compatible 

system will reduce testing time from 15 minutes per board 
to approximately three minutes. A factor of five to one. The 
system is also expected to reduce the time required to debug 
faulty boards from 45 to 20 minutes. In short, STC's HP-IB 
system will help the company turn out more boards per 
day. 
Why not consider the HP-IB solution 

for your production test needs? For 
complete details, send for our brochure, 
"Do your own system design in 
weeks, instead of months." Simply 
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. 

using HP-IB 
"designed 
for systems" 
instruments 
and computers. 

DESIGNED FOR 

SYSTEMS 

1-1P-IB: Not just a 
standard, but a 

decade of experience. 

HEWLETT 
IL r.Á PACKARD 
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It took a 
low power source to 

set the tone in 
telecommunications. 
Low power. Unquestionably, it's 

the driving force behind integrated 
circuit technology for telecom-
munications. And rightfully so. 
Because no matter how remarkable 
an integrated circuit might be, it's 
neither practical nor cost-efficient 
if it dissipates too much power. 
Not in a system where, typically, 
power supply costs average 
$10/watt. Where components are 
designed in by the thousands. And 
where, consequently, milliwatt 
differences easily translate into 
kilowatt losses. 

Power. Designing high quality 
sophisticated devices that use less 
of it is our approach at Mostek. 
Judging from the past, it's the right 
approach. For in just 5 years, our 
dedication to lower power has 
made us the world leader in 
telecommunication ICs. Has 
resulted in the widest and most 
broadly accepted product line 
available. And has led to an 
unparalleled production record: 
Over 10 million circuits shipped to 
more telecom majors than all other 
manufacturers combined. 
Lower power. Finding new 

ways to achieve it is an ongoing 
challenge. It's why we harnessed 
CMOS technology for Codec and 
dialer development. And why we 
are now able to introduce an 
NMOS transmit/receive filter with 
a power rating an order of magni-
tude lower than the most compara-
ble part. 

Introducing the 
MK5912 filter: CMOS power 
with NMOS technology 

The MK5912 transmit/receive IC 
filter represents a major advance-
ment in telecommunications circuit 
technology. This device combines 
the low power advantages of CMOS 
with the smaller die-size advan-
tages of NMOS. As a result, power 
dissipation is extremely low: 20mW. 

In operation, the Mostek fil-
ter is equally impressive. The 
MK5912 displays band-pass 
response on the transmit filter. 
It will pass frequencies between 
300Hz and 3200Hz; reject the 
50/60Hz power line frequency, yet 
provide the anti- aliasing needed 
in an 8kHz sampling system. 
To simplify hardware require-

ments for the line circuit functions, 
the device can also directly drive a 

2-to-4 wire transformer or elec-
tronic hybrid. 
The receive filter in the MK5912 

is a low-pass filter which smooths 
the voltage steps present in the 
Codec output waveform. Then 
provides the correction necessary 
to give unity gain in the passband 
for the Codec decoder and receive 
filter pair. 

2 WIRE 

ANALOG 

Ml<5912 

BAND-PASS 

IGAIN GAIN LOW-PASS 

FILTER 

FILTER I 

LOCAL EXCHANGE 
PCM 
HIGHWAY 

MKSISI 
MK5116 

or 
MKSIS6 
CODEC 

The MK5912 complements 
Mostek's present generation Codec 
products. Power supply and 
clocking requirements are identical 
for the two devices. This insures 
compatible system architecture. 
Reduces external circuitry. And 
simplifies interfacing. 
For more information on the 

MK5912 as well as Mostek's com-
plete line of lower power telecom-
munications ICs, call or write the 
low power source: Mostek, 1215 
West Crosby Road, Carrollton, 
Texas 75006. Phone: (214) 323-6000. 
In Europe, contact Mostek Brussels 
at 660.69.24. 

MOSTEK 
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Itrrroom. 
Introducing Series 0-60 pins in 20 MHz. 

• • 

The faster your LSI devices, thek' 
more you need our latest break-
through. Because our new 
Sentry® Series 20 is one of the 
fastest LSI test systems around. 
It can test a full 60 pins of micro-
processor, memory and periph-
eral chips at an uncompromised 
20 MHz. Or 30 pins at 40 MHz. 
The Series 20 system 

uses 10K and 100K 
ECL throughout all 
formatters, timing 
paths, pipeline and 
local memory sec-
tions. You get faster 
throughput and faster 
data formatting. 

You'll test MOS 
and bipolar memories, 
microprocessors and 
peripheral chips that run above 
10 MHz. Static RAMs, bit slice 
microprocessors and micro-
programmable controllers that 
run above 20 MHz. And you'll be 
able to characterize these high 
speed devices as they're de-
signed. In fact, Series 20 is the 
only commercially available 
tester that can provide full 60-
pin I/O operation at 20 MHz. 

Series 20 also features an en-
hanced timing system that gives 
you increased accuracy and 

e. 
flexibility at these 

e high speeds. You get 
156-picosecond resolu-

tion to place edges accurately 
when testing AC parameters. 
And 16 timing generators so you 
can program up to 32 edges 
independently. You can even 

change each 
edge between 

16 different values on the fly. 
Series 20 gives you expanded 

memory capacity Up to 196K 
24-bit words give you the pro-
gram capacity needed to test 
future high-speed devices. And 
our new fast, fixed head disk 
gives you a two-to-one speed 
advantage in access time while 
expanding your program capac-

ity even further. Your investment 
is solid today and protected for 
years to come. 

Series 20 is compatible with 
all Sentry software. So you don't 
have to wait for programs to be 
developed. You can start right 
up, using existing Sentry pro-
grams without incurring heavy 
retraining and programming 
costs. 
So don't let the new technolo-

gies pass you by. Shift into high 
speed with Series 20. You 
get the speed, accuracy, 

flexibility and world-
wide support that will 
keep you ahead of 
the pack. Call us at 
(408) 998-0123. Or 
write Fairchild Test 
Systems Group, 
1725 Technology 
Drive, San Jose, 
California 95110. 

FAIRCHILD 

A Schlumberger Company 

The 
First Family 

of ATE. 
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Three Best Sellers 
for the 80's 
1 New 1980-81 Catalog 

28 colorful pages with complete details on over 100 standard open-
frame and switching D.C. power supplies. Full 
specs, photos, O&M drawings, and 
prices on each model. 
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New Tour Guide — A Trip 
Through Power-One 
The next best thing to a personal 
visit. Our new Tour Guide takes 
you on a photographic trip through 
our modern new facility. See why 
Power-One is the most automated, 
efficient producer of D.C. power 
supplies in the world ... and why 
we've been able to hold our prices 
steady for over 5 years! 
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Mail coupons 
for fast action or 
phone us direct 

Power-one 
ac, power SUPPLIES 

New Open Frames and Switchers... 
At Our Same Old Prices! 
More new open-frames to choose from — plus new special-
purpose models for specific applications such as Microprocessor 
and Floppy-Disk systems. Also, Power-One now offers a growing 
line of switching D.C. power supplies with the same quality and 
high reliability as our open-frame models. 

So Act Now... 
Get Our Free "Best Sellers"Todayl 

r---------
• Rush Me Power-One's New Catalog and Tour Guide! 

• Name _ 
I Company Title 

• Address 

I City stale 

Zip Phone 

-------------

Power-One, Inc. • Power One Drive • Camarillo, CA 93010 
Phone: 805/484-2806 • 805/987-3891 • TWX: 910-336-1297 
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Technica 

SPECIAL REPORT 

Large-scale integration 
latches onto 

the phone system 
A $2 billion chip market will shortly open up as manufacturers 

of telecommunications gear and semiconductors resolve their differences 

by Harvey J. Hindin, Communications & Microwave Editor 

El Though in terms of 
circuit design all-elec-
tronic telephones and 
telephone networks have 
been feasible for many 
years, in terms of per-
formance and cost they 
became practical only 
with the large-scale inte-
grated-circuit develop-
ments of the late 1970s. 
For the 1980s, these de-
velopments portend a 
new LSI market that sem-
iconductor companies es-
timate at between 10% 
and 20% of chip ship-
ments within two or three 
years (Fig. 1). 

Texas Instruments Inc. 
of Dallas is typical. According to telecommunications 
circuits branch manager Glen Haas Jr., it estimates that 
"the opportunities are there for what may be 16% of our 
sales by 1985." 
The telephone manufacturer will shortly be offering 

the user higher performance, better reliability, and alto-
gether new features at little or no extra cost (Table 1). 
The user will gain a previously unobtainable convenience 
that also makes his phone more cost-effective. The bene-
fits of LSI will also accrue to the switching equipment 
manufacturer and the telephone operating companies. 
The European view of these benefits typifies the 

worldwide industry opin-
ion. "For the subscriber, 
LSI is making the subset 
more attractive in that it 
easily implements al-
ready existing or soon-to-
come features such as 
repeat and abbreviated 
dialing, indication of 
time, rate and length of 
call on a handset-
mounted display, and 
storage of often used 
numbers," says Rüdiger 
Karnatzki, director of 
European marketing at 
Intermetall GmbH of 
Freiburg, West Germa-
ny, leader of the ITT 

Semiconductor Group. 
Werner Flagge, product marketing manager for tele-

communications integrated circuits at Siemens AG of 
Munich, sees LSI as also a means of "optimizing the 
production cost for manufacturers." LS!, he says, "can 
make all these services possible with high reliability, at 
reasonable additional cost, and without consuming much 
space in the subset." Amplifying, Karnatzki adds that 
LSI can make switching technology faster and more 
flexible and allows better use of space. This is particular-
ly true for digital devices. For example, Flagge says that 
"the savings in space is enormous when a digital is 
compared with an analog central office switch." LS! also 
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1. Half again as good. A comparison of actual 1979 figures with 

these 1984 predictions shows that the communications chip share of 

the semiconductor market will grow 50% in that period. In dollar 

terms, there will be 300% growth, from $0.69 billion to over $2 billion. 

makes for better interfacing of this switch gear with 
transmission lines, he adds. 
With all these advantages an electronic phone that is 

cost-competitive with older electromechanical devices is 
still no mean feat. Having been manufactured for a 
century now by the gigantic worldwide telephone indus-
try (see "Where the top telephone markets are heading," 
p. 115), electromechanical phones have undergone many 
engineering economies and are well advanced on the 
learning curve. The Ls! chips basic to their replacements 
must therefore be manufactured in large volume to keep 
overall costs down to comparable levels. 

Keep it working 

The need for mass production has driven the LS1 
industry to address the problems of chip reliability and 
testing, correct process technology, and chip architecture 
that have hindered its forays into telecommunications 
applications until now. And, while these problems are far 
from being solved, solutions are now at least on their 
way. Thus the impact of LSI on telephony will develop to 
its fullest in the next few years. 
"They ask for 20 years of life data on a two-year-old 

chip," remarks an LSI test engineer, in frustration. 
Another chip engineer deplores New York Telephone 

TABLE 1: SERVICES FOR THE TELEPHONE CUSTOMER 
OF THE 1080s 

Service Description 

Short code 
dialing 

Allows the customer to associate a long 
telephone number with a short code, by 
saving him (or her) the necessity of 
entering the full phone number each time 
he wishes to call that number. 

Repeat last 
call 

Sets up a repeat attempt to the last 
telephone number dialed — particularly 
helpful when a number is engaged upon 
the first attempt. 

Repeat last 
stored call 

Enables the number last dialed to be 
stored for later use, enabling the user to 
dial other numbers before making a 
repeat attempt at the stored call. 

Alarm call Enables the customer to book a call to 
his own phone at a specified time. The 
maturing call can then be used as a 
reminder or an alarm call. 

Incoming calls 
barred 

Enables the customer to bar incoming 
calls to his phone. 

Outgoing calls 
barred 

Enables the customer to bar outgoing 
calls from his phone. 

Basic diversion 
service 

Diverts all incoming calls to another 
phone. 

No-reply 
diversion 

Diverts incoming calls to another phone 

if the call remains unanswered for a 
specified period of time. 

Engaged 
diversion 

Diverts incoming calls to another phone 
if the called phone is engaged. 

Call waiting Provides a means of answering an incoming 
call when the customer is already engaged 
upon the phone. 

Three-party 
service 

Enables the customer to set up a three-
way conversation on his phone. 

Remote control 
service 

Enables a customer to set up services on 
his phone from any other phone. 

SOURCE BRITISH POST OFFICE RESEARCH CENTER 

Co.'s recent hoopla over the retirement of a 1923 electro-
mechanical switch at the Wadsworth Exchange Office in 
Manhattan. "What can you do with people like that?" 
he exclaims. "They're proud of it — I'd hide it." 
These outbursts reveal a mutual lack of understand-

ing—of chip manufacture, on the one hand, and of the 
economics of the telephone industry and its regulatory 
environment, on the other. And a quick change in such 
attitudes is not helped by the fact that telephone people 
tend to be older and more conservative than the go-go 
inhabitants of Silicon Valley in California and Silicon 
Gulch in Texas. 

Yet it is important to remember that long-term equip-
ment service has been the rule worldwide. For example, 
according to W. T. Jones of Standard Telecommunica-
tions Laboratories Ltd. in Harlow, England, "telecom-
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Where the top telephone markets are heading 
The U. S. will trail not only Europe but also Asia in the 
number of telephones installed by the end of the decade, 
predicts the consulting firm of Arthur D. Little Inc. in 
Cambridge, Mass. But have no fear, says the firm's senior 
telecommunications expert, Edgar A. Grabhorn. With the 
1990 world population projected at 5.3 billion and a total 
of "only" 520 million telephone main stations installed by 
then, the market "will be far from saturated." 

In terms of revenue per telephone, the major share of 
this $380 billion market (in constant 1979 dollars) will still 
belong to the U. S. because of its tremendous business 
usage. Nevertheless, Grabhorn believes that, in terms of 
numbers of phones alone, the U. S. will lose the lead to 
Europe by the end of 1981. 
Such mind-boggling statistics have long been charac-

teristic of the telephone industry, and it clearly is going to 
remain a giant among the giant industries of the world. 
According to Little's Clifford A. Bean, also a senior mem-
ber of the telecommunications staff, the worldwide market 
for business communications alone will quadruple over the 
next decade. This translates from a $6 billion level at the 
beginning of 1980 to $24 billion (in 1979 dollars) by 1990. 
Here the U. S. accounts for more than half the total, 
despite the fact that European nations have more busi-
ness telephones. Reflecting the nature of its economy, the 
honor of having the highest percentage of business 
phones (57% of total phones) goes to Africa, says Bean. 

Suppliers of devices to go along with telephones for 
business purposes and of telephone systems, like private 
branch exchanges, geared to business applications, 
should note that business communications networks in 
Europe and Asia lag those in the U. S. by about five years, 

Bean says. The rest of the world is up to a decade behind. 
The best of the telecommunications markets? Bean 

names the transmission equipment sector. Including local 
cable, carrier, microwave, satellites, fiber optics, and all 
associated equipment, its sales will increase fivefold. So 
the $1.7 billion laid on the table in 1979 will grow to $10.3 
billion (in 1979 dollars) by 1989. 

It is hard to find out just what percentage of this 
transmission equipment market is open to, for example, 
the kind of pulse-code-modulation amplifier chips made 
by Exar, Precision Monolithics, and others. But for the 
makers of these and the dozens of other LSI products, it is 
a several hundred million dollar business to tap. This is 
true of not only the transmission path but also the 
telephone itself and the telephone switching offices. 

Moreover, because the telephone industry is adopting 
digital technology in place of the older analog technology, 
which is less able to make cost-effective use of LSI, the 
digital telecommunications market alone is expected to 
grow nearly eightfold from 1978 to be in the $1.5 billion 
range by 1985, concludes the Cambridge, Mass.-based 
Yankee Group market research firm. 

According to the Yankee Group president, Howard 
Anderson, digital telephone switching will "almost com-
pletely dominate the high end of the network hierarchy by 
the mid-1980s." That is good news for purveyors of 
codecs, filters, and subscriber-loop interface circuits, 
which are used in vast quantities in these large switches. 
The news is also good for those who want to put their 
digital chips in local telephone offices. By 1990, according 
to the Yankee Group, the digital telephone switch will be 
"in a dominant position" in the switch market. 

munication systems and equipment are expected to have 
a lifetime of 20 years or more according to ccrrr 
recommendation G.1029." 
Most spokesmen for the semiconductor industry feel 

that the reliability problem has been overplayed: the 
chips have adequate safety margins, and it is simply a 
matter of proper communication to determine what real 
systems require. 

Siemens' Flagge, for instance, to whom reliability is 
always "in the foreground," says that "the knowledge in 
chip development is so extensive that the industry has 
got the reliability problem under control." For example, 
he notes that many transmission-line chips achieve a 
failure rate of 50x 10 -9 error per hour —that is, only 50 
errors in 1 billion hours. His view has weight because 
Siemens, like Bell Laboratories in the U. S., Canada's 
Mitel Inc., and others, has access to the views of in-house 
chip and in-house equipment people. Still other compa-
nies without the benefit of a direct connection work very 
closely with their customers (see "Improving connections 
between users and makers," p. 117). 

For Bell the reliability problem is defined by infant 
mortality rates, which it has devoted a lot of effort to 
beating. Says Klaus Bowers, Bell's vice president of 
electronic technology at the Murray Hill, N. J., facility: 
"Wear-out just does not occur," meaning that the long 
lifetimes traditionally required for telecommunications 
equipment need not be compromised if the chips are 

selected so as to avoid infant mortality. 
He feels that Bell's handle on reliability is real—that 

it is not technology-limited but "will-limited." By this he 
means that once the management decision has been 
made to go after a certain level of achievable reliability, 
it can be done. This approach has been taken by the 
Japanese [Electronics, March 13, 1980, p. 140]. In Bow-
ers' opinion, the much-publicized Japanese reliability is 
excellent but no better than Bell's. "The reliability on 
the outside is much more variable than ours," he says, 
although "the best on the outside is equal to ours." 

Other industry people who were willing to comment 
agree with Bowers that the LSI industry and the equip-
ment manufacturers will work out their reliability prob-
lems, once they decide what needs to be done. And, of 
course, a great deal of the reliability problem will go 
away once chip architectures and processes are standard-
ized. For now, there are just too many of these for 
reliability engineers to be comfortable. 

How to test it 

"The investment in test equipment needed to be in the 
telecommunications business can be taken care of with-
out any more effort than in the consumer or automotive 
business. The market is not more demanding than other 
fields we are in." These remarks by Ti's Haas sum up the 
semiconductor industry viewpoint. 

Until quite recently, that was not the case. Chip 
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TABLE 2: COMMON DIALING STANDARDS 

Name of service Where used To b l ta number 
of tones 

Code Number of 
characters 

Dial-tone multifrequency 

(DTMF); 

Touch-tone; 

Tone-dialing 

subscriber to central 

office 

8 (4 high-band, 

4 low-band) 

dual 1-out-of -4 

(two bands, with each 

code composed of one 

tone from each band) 

16 total, 

12 commonly used 

(digits 1-0, ' and =) 

Dial pulse; 

rotary dial 

subscriber to central 

office (10 pps) 

none 1 to 10 breaks 

in loop current 

for digits 1 through 

0 respectively 

10 

20-pps (pulses per 

second) dialing 

private branch exchange 

to central office, or 

office to office (20 pps) 

none 1 to 10 breaks 

in loop current 

for digits 1 through 

0 respectively 

10 

Multifrequency; 

MF; 

toll MF 

office to office, or 

PBX to office 

6 2-out-of-6 15 total; 

10 commonly used 

Compelled 

multifrequency; 

MFC; R2 

international standard 

for gateway to gateway 

12 (6 high-band, 

6 low-band) 

2-out-of -6 forward 

channels; 

2-out-of-6 reverse 

channels; 

compelled handshaking 

30 total: 

15 forward and 

15 reverse 

companies scrambled to jury-rig test gear or else bought 
bits and pieces of whatever test equipment was available 
and hired people with telephone experience specially to 
modify it. But now they buy ready-to-operate systems. 
To test coder-decoder chips, or codecs, for example, a 

system made by W&G Instruments Inc. of Livingston, 
N. J., is popular (see "Testing telecommunications 
chips," p. 118) and in fact is commonly described as the 
industry pacesetter. In one use, TI controls its W&G 
system with a TM990 minicomputer working through 
an IEEE-488 bus. 

Overall, the test engineer has a much easier life than a 
few years ago, even though some problems of data 
interpretation remain. 

What's in a process? 

Even as the industry gets a handle on reliability and 
testing, a scorecard is needed to keep track of the various 
process technologies used to implement the chips. Yet, 
even here, one process —complementary-mos — will ulti-
mately take over except for special applications. 
The reason is that the telephone system is very power-

conscious. The telephone itself is powered by central-
office batteries. Typically, hundreds of thousands of 
chips sit in a central office and, in the aggregate, burn up 
amperes of current. c-mos, in general, uses the least of 
this precious power. 

In commenting on the best technology for LSI phone 
circuits, Intermetall's Karnatzki says "the low-voltage 
c-mos processes are most favored" for devices used in 
telephone handsets. This preference holds also for chips 

for amplifiers used in the transmission path between 
switching offices. 

According to Alan Grebene, vice president of Exar 
Integrated Systems Inc. in Sunnyvale, Calif., his compa-
ny is starting to move into c-mos for its pulse-code-
modulation (Pcm) amplifier chips. Lower power con-
sumption is the reason Grebene gives for moving away 
from bipolar technology. 
The c-mos consensus seems international. Says Emile 

Julier, chief of the external research and development 
service for the industrial and international affairs divi-
sion of the French telecommunications authority: "The 
pulse dial circuits required for the push-button phones 
going into service in France are our first LSI circuits in 
handsets, and c-mos is the prime choice for them 
because of its low power requirement." 

Another telecommunications executive confessed to 
being "amazed that Intel and others have not made 
major moves into c-mos." He was commenting on what 
some have called "process inertia". It is no easy thing to 
expend the funds to bring a new technology into an LSI 
house that has been using fully developed older pro-
cesses. Markets, technology, and personnel, as well as 
funding, must all be available. 

Decisions, decisions 

To make matters worse, even deciding what process to 
go to in a particular product may be a problem. The 
situation in codec filters has been particularly chaotic, 
with companies actually having changed processes in the 
middle of the product development cycle (p. 124). 
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Improving connections between users and makers 
Semiconductor companies, which work directly with their 
telecommunications customers on the development of 
new large-scale integrated circuits, are very hesitant about 
revealing details. "The equipment people are very con-
cerned with the proprietary nature of their architecture," 
explains one LSI marketing manager. "It's that architec-
ture they feel makes their product unique. We understand 
that and cooperate." 

But there are dissenting voices. "Unique my foot" is one 
of the more printable comments. "The large equipment 
manufacturers and telephone companies have well-estab-
lished in-house LSI groups or tight private relationships 
with certain LSI manufacturers. Neither the companies nor 
the designers want to do anything that might put some of 
their buddies out of work, so they talk about custom chips 
and unique architectures. For the most part, if they were 
open about it and defined what they needed in advance, 
we could furnish them with a lot more in the way of 
standard products." 

This critic, who wished to remain anonymous, went on 
to claim that "the whole industry would benefit from the 
price reductions such an approach would bring." But he 
does not expect it to happen. 

Besides not wanting to surrender the proprietary appeal 
of their gear, the equipment manufacturers worry about 
dealing with LSI houses whose reputation for on-time 
delivery of new products is less than the best. Moreover, 

to these conservative buyers, the ideal is second and even 
third sourcing of chips. 
The view of most telecommunications chip manufactur-

ers and equipment makers is fortunately more positive. 
They feel that the relationship is an evolving one: "We are 
learning what the requirements are—this is a new endeav-
or for all of us." 

In this evolving relationship, the LSI companies are 
trying to adopt a modular approach. They want to sell as 
many standard chips as possible, with auxiliary chips and 
read-only memory used to specialize devices and func-
tions. But their customers' acceptance of this approach is 
still unsure. Companies such as AT&T, Bell Canada, and 
Mitel Inc. have both equipment and LSI groups in house 
and lack the obstacles to communication that can hinder 
the modular approach. Instead, the two camps in these 
operations usually have the same goals and cooperate 
closely in realizing them. 

Even without this identity of aim, both the LSI houses 
and the equipment manufacturers need and work with one 
another. The semiconductor makers recognize a market 
when they see one and try to maintain good customer 
relationships. And the equipment makers know that, as 
the U. S. Department of Commerce put it in its 1980 
survey of key industries, "the increased use of LSI promis-
es more cost-effective communications in the 1980s. The 
wired household and office will begin in this decade." 

England's Plessey Co., for one, is expending a lot of 
effort on deciding whether to make its codec filter with 
the charge-coupled-device or the switched-capacitor 
approach. In the main, though, other companies in the 
field have already decided on switched capacitors. 

Still, the diversity of processes used by the LSI compa-
nies will become obvious as this report is read, even 
though, unlike a few years ago, one process —c-mos — 
seems to be developing a substantial following. 

Mass production is the aim of all LSI manufacturers to 
keep the price rock-bottom. To meet it, they prefer a 
modular approach in which a few chips, each with a 

well-defined function, are interconnected to yield the 
desired performance. But just how many chips are 
needed, what their functions should be, and how they are 
to be interconnected has been a matter of controversy 
with the equipment makers. 

For its part, the LSI industry feels that if the equip-
ment manufacturers are sufficiently open with their 
specifications, the chip people can supply general-
purpose devices. That, it says, will suit everyone and the 
chips can be manufactured in a cost-effective way. 
Where variations are needed, programmable read-only 
memories or a few special devices will be adapted. On 
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Testing telecommunications chips 

Testing of the new large-scale integrated telecommunica-
tions chips, though not an insurmountable problem, has 
been difficult for the manufacturers who have to guarantee 
specifications. Several test equipment makers offer com-
binations of test gear, but one of the most popular setups 
seems to be made by W&G Instruments Inc. of Livingston, 
N. J. An affiliate of the firm of Wandel and Goltermann of 
West Germany, W&D's AMS-95 was originally intended for 
telephone company operations centers, according to 
director of marketing Bob Handrahan. 

"Products like codecs are made by people whose 
expertise lies in digital rather than analog areas of the 
technology," Handrahan says. But a codec, being in part 
a digital-to-analog and analog-to-digital converter, needs 
direct d-a and a-d measurements. 
"No one had an easy way of getting into the middle of 

the bit stream to do this kind of measurement," says 
Handrahan. The codec people, he says, were relying on 
what is known as parametric measurements. Here the 
transmission tests are made and dc measurements 
obtained by means of purely digital techniques, and the 
numbers require interpretation and translation before 
transmission performance can be predicted. 

But, says Handrahan, "the AMS-95 can make a-d or 
d-a measurements directly" on such parameters as quan-
tizing noise, idle channel noise, tracking, signal-to-distor-
tion ratio, insertion loss, frequency response, intermodula-
tion distortion, and crosstalk—in short, the key tests of 
codec capability. Many of these tests either cannot be 
carried out at all by competitive equipment or are much 
harder, he maintains. Three of the LSI manufacturers said 
much the same thing, although they would not be quoted. 
To achieve this capability, W&G uses its knowledge of 

telephone transmission measurements, which have a long 
history in both the U. S. and Europe. In contrast, the 
techniques of digital measurements are not only newer but 
also not geared specifically to codecs. 
The AMS-95 can also be used for testing channel banks 

and switches as well as line cards. It is only necessary to 
make appropriate software and hardware modifications. 
All the hardware is housed in a 72-inch rack controlled by 
a Hewlett-Packard 9825S desktop calculator. 

According to the chip makers who have bought the 
gear, it is not for the uncommitted, since depending on 
options it costs in the neighborhood of $100,000. But, 
they add, "you have to have something like it." 

the other hand, the equipment manufacturers want to 
maintain the proprietary nature of their system designs, 
so they have often striven for custom chips suitable for 
specific purposes in specific systems. Only now, with the 
increase in communication between the chip and equip-
ment manufacturer, does the debate look as if it is being 
resolved. 

These days, semiconductor manufacturers determine 
their component architecture in close collaboration with 
telecommunications customers. Unfortunately, the fact 
that there are no industrywide standards and that archi-
tectural design is done on a one-for-one basis has caused 
many problems. Worse still, to quote one LSI marketing 
manager, there have been "a lot of bucks wasted" on 
producing what one equipment manufacturer called 
"parts which do not even remotely function the way their 
name implies—at least as far as we are concerned." 
The words "as far as we are concerned" are signifi-

cant. The specific product in contention here was a codec 
that had been designed by the LSI company to the 
specifications of one customer. But, as far as this other 
customer was concerned, the codec had too few functions 
on chip and needed too many auxiliary chips. 
The problem is a continuing one for the industry and 

is particularly acute for codecs, codec filters, and sub-
scriber-loop interface circuits. Only time and the long 
overdue but inevitable shakeout will tell which functions 
should or should not be included on the chip. 

A horrible example 

Codec design is an example of a game with no archi-
tectural rules. There is American Microsystems Inc. of 
Sunnyvale, Calif., with its single-channel separate coder 
and decoder chips. There is Precision Monolithics Inc. of 
Santa Clara, Calif., which is shipping lots of its shared-
channel multiple-chip codecs. And available from several 

manufacturers are single-channel single-chip codecs. 
PMI pushes the space and power-saving abilities of its 

shared-channel codec. But its competition, while 
agreeing that sharing is valid in many cases, adds hastily 
that over the long term, shared-channel codecs will be 
replaced by per-channel devices. 

For the director of Bell's Pennsylvania Laboratories, 
in Allentown, Pa., the shared- versus per-channel codec 
issue is readily settled. Says Michael Thompson: "When 
you have lots of multiplexing, shared devices are the way 
to go. But individual encoding gives more flexibility." He 
observes that Bell engineers feel that there is no such 
thing as a universal codec—whether shared- or per-
channel—and the LSI industry would be wrong if it tried 
to design one. "For example," he says, "codecs need 
varying dynamic ranges for different applications, may-
be from an 8- to 12-bit swing, so it is not practical to 
design one device to do it all—you would pay too high a 
price in performance." 
The codec will not appear in actual phones for many 

years yet. That seems clear to all segments of the indus-
try, at least for volume applications. For the phone itself, 
for the next two or three years, the major concern will 
be the LSI chips that work with the keypad. This use of 
LSI technology has been developing since the late 1970s 
and is now almost mature—or as mature as an LSI 
industry can be. In contrast, for the switching office, 
brand-new codecs, filters, and subscriber-loop interface 
circuits have just begun to make their mark. Already 
heavily used in Canada, they will enter common use 
throughout the world within the next few years. For the 
transmission path, new PCM amplifier chips will be used 
even more than now. 

That is not to imply that there are no telecommunica-
tions opportunities for less specific LSI devices—far from 
it. Microprocessors and memories, both read-only and 
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random-access, are finding extensive use in the telephone 
switching network and private branch exchanges as well 
as in certain new telephones. But these applications, 
governed by stored program control, have their own 
special problems and are not addressed in this report. 

Still other components that can fit into an electronic 
phone, such as chips that replace the carbon microphone 
and the mechanical bell, are not yet ready to make their 
impact in volume-production devices. Similarly, in order 
to keep this discussion within bounds, speech-analysis 
and -synthesis chips, although important for the tele-
phone of the 1990s, are not discussed. Their impact will 
only start to be felt in the mid-1980s. 

Behind the dial 

LSI technology has been utilized in the design of 
telephones since the mid-1970s in simple applications. 
But since the start of the 1980s, far more sophisticated 
uses have become possible. 
The best example is the upgrading of the dialing 

procedure, with LSI circuits interfacing with the tele-
phone keypad. This upgrading must be both downwardly 
compatible with old devices and upwardly compatible 
with forthcoming ones, for the industry is too large and 
has too much invested in physical plant to pursue any 
other course. 
The push-button keypad is both the actual entry point 

into the telephone system and the first device to interface 
with LSI circuits. It can provide one of two forms of 
telephone signaling. 
On the one hand, the keypad may originate the so-

called loop-disconnect pulsing of the kind produced by 
the older rotary dial. In fact, many digits (18 or more) 
must be keyed in rapid succession. LSI chips then store 
and pulse the signals out to the transmission line at 10, 
20, or more pulses per second (Table 2). 
The number of digits, pulses, and other operating 

parameters of the system are determined by the stan-
dards of the country of origin and the nature of the 
equipment (telephone, private branch exchange, or 
switching office). All the necessary pauses to keep the 
pulses well synchronized and timed, such as pre-sending 
pause, interdigit pause, and post-sending pause, are 
taken care of by the chips. 

The DTMF approach 

In contrast to the well-established loop-disconnect 
pulse method is the newer approach of multifrequency 
tone signaling, or dual-tone multifrequency dialing. In 
the DTMF technique each digit is represented by a differ-
ent pair of frequencies within the audio band. Depressing 
a button sends a tone, audible in the handset earpiece, to 
the line for as long as the button is held down. 

In the race to make the phone all-electronic, these 
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4. Flexible. The Precision Monolithics RPT-82 is a monolithic chip that provides the amplifier and other circuit functions for pulse-

code-modulation repeaters used in transmission lines. The chip can accommodate up to 36 decibels of loss variation in these lines. 

keypad interface chips form the largest market in the 
short term, or so many companies feel. They look with 
'envy at Mostek Corp., Carrollton, Texas, which ships 
150,000 chips of this type per week. 
Approaches to this market vary from Mitel Inc., 

Ontario, Canada and its Touch-Tone—decoding two-chip 
set, which deals with either rotary or push-button dials, 
to Siliconix Inc. of Santa Clara, Calif., and its offering 
of a new design specific to the loop-disconnect technique. 
Both companies claim that there is enough of a market 
for them each to gain a significant share in it in the next 
few years. Nor are they alone in this view. AMI, for 
example, even feels that it is important to address special 
chips just for parts of a DTMF system. 

Buyers of the Mitel set will be able to use it not only 
for tone decoding but also to upgrade older rotary dial 
switches in central offices to receive Touch-Tone pulses. 
As a bonus, the chip set can be used to restrict certain 
digits and thus control the placing of long-distance calls. 

In this design, says the company's Robert Broomfield, 
integrated-circuits applications manager, the front-end 
operations of band splitting, dial-tone rejection, and 
limiting are done by the MT8865. This is an analog chip 
containing two sixth-order bandpass filters and compar-
ator circuitry. It is mated to the MT8860 digital decoder 
chip, which detects and decodes the DTMF signals using 
all-digital techniques (Fig. 2). 

Early in the decoder chip design cycle Mitel decided 
to limit the number of detectable tone combinations to 

16. "This number is adequate for most applications," 
Broomfield says. It also simplified the tone detection 
problem, so that a scheme to do it could be implemented 
with just two chips. The price paid? Multifrequency 
receivers, which must detect two out of a greater number 
of possible combinations and are therefore more compli-
cated to implement, cannot use this chip set. 

The loop-disconnect route 

Even though DTMF receivers are taking over a sub-
stantial part of the keypad business, for Graydon Timm, 
Siliconix senior design engineer in Swansea, Britain, and 
Barry Boulton, telecommunications marketing manager 
based in Siliconix' headquarters in Santa Clara, Calif., 
there is still a lot of business in loop-disconnect dialers. 
They have what they believe is a most cost-effective 
offering and it is in the design stage. Samples will be 
ready in October of this year, according to Boulton. 

Users of telephones employing one of the four DF820 
chips will be able to redial the last number they called by 
just hitting one button. They will also be able to enter a 
number directly from information without the intermedi-
ate step of writing it down. Both will be unique for 
loop-disconnect dialer chips, especially at the price. 
A low price (which is not yet established) will be 

possible because Siliconix solved the problem of pulse 
output timing, the requirements for which vary from 
country to country. Siliconix did not want to offer the 
variations by creating an expensive chip with multiple 
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5. All in one. The subscriber telephone is connected to three cascaded LSI chips before it is interfaced with the telephone switching network. 

Today, only the codec and filter are available on one substrate. Ultimately all the components shown will be on one chip. 

programming pins, so it designed a separate ROM in 
which all the combinations could be preprogrammed. 
The chips from Mitel and Siliconix are by no means 

the only choices available to the telephone keypad inter-
face designer. Silicon Systems Inc. of Tustin, Calif., for 
example, has for months had production quantities avail-
able Of what the company calls the first DTMF receiver 
on a single chip. 
No front-end prefiltering is necessary in this system. 

Only a crystal for a reference oscillator and two bypass 
capacitors are needed to turn on the monolithic device. 
The analog input signal is subject to both a 60-hertz 
reject filter and a preemphasis shaping before it is fed to 
high- and low-bandsplit filters and the zero-crossing 
detectors. The decoded output digit is furnished to the 
subsequent telephone circuitry as a binary code, with 
four pins providing 16 different signals. The chip pro-
vides its own power regulation and all necessary timing 
and voltage references. 

For low-cost keyboards 

For Intersil Inc. of Cupertino, Calif., a Touch-Tone 
decoder chip should also work with inexpensive key-
boards. So, says the company's director of telecommuni-
cations products, Fred Kashkooli, it is introducing a 
Touch-Tone decoder chip that not only contains an 
oscillator mute feature but is also designed for operation 
with single-contact calculator-type keyboards. 
The latest in a family of Touch-Tone decoders, the 

ICM7206C, has an oscillator mute that enables output 
switching only when a special key is pressed, so that 
spurious side-tone generation is completely avoided. It 
interfaces with either a four-by-three or four-by-four 
single-contact keyboard, for it can generate either the 
single or dual tones required by such systems. The 16-pin 
dual in-line package is also available in die form for 
direct mounting and will operate with as little as 3 volts. 
To become a minimum-operation low-cost tone genera-
tor, it needs only nine additional parts, which Kashkooli 
says is a minimum of extra parts for such a system. 
DTMF components are also being made available by 

manufacturers who have chosen not to make complete 
systems because of their complexity. One chip with 

several user-oriented features that will be ready for 
sampling by customers in the second half of this year is 
the S3525A/B from AMI (Fig. 3). 

This bandsplit filter for DTMF receivers has an uncom-
mitted input amplifier to let the user control program-
mable on-chip amplification. This feature is useful for 
equalization of the different signal levels that must be 
accommodated when the filter chip is used in different 
kinds of receivers. As an 18-pin monolithic device 
designed to work in conjunction with other manufactur-
ers' receivers, the 3525 serves the complete filter func-
tion, including a dial-tone filter, high and low group 
separation filtering, and limiting for squaring off of the 
filtered signals. Another benefit of the design: for flexi-
bility the limiter and filter outputs are externally avail-
able as is the chip's internal ground. 
The only difference between the A and B versions of 

the chip is in the frequency of the output clock signal. In 
the B version, it is 894.89 kilohertz; in the A, it is 3.85 
megahertz. The different clocks are suitable for different 
applications. For example, the A can be used with digital 
DTMF receiver chips that need the industry-standard 
3.85-MHz time base. Then, only one crystal is needed for 
both the filter and receiver chips. 

On the continent 

The myriad of chip designs for interfacing with the 
keypad to be seen in the U. S. is to be found in Europe 
also. Many of the same features are available, as the 
chips are geared to the same kind of application. 

Typical of these chips are those manufactured by 
Intermetall, including the SBA5089 and the SBA5091. 
The 5089 is a C-mos DTMF dialer chip now obtainable in 
sample form. The 5091 is similar but is designed for 
European specifications only. Siemens has the S359 dial-
er, which is made with integrated injection logic. 
NV Philips Gloeilampenfabrieken also uses 121. in its 

TDA1077 tone-generator chip. But for loop-disconnect 
dialing Philips favors c-mos and uses it in its MH320 
and MH323 chips. Both chips can work with either a 
single-contact three-by-four or standard double-contact 
keyboard. Redialing is possible with up to 23 digits. 

Earlier this year Texas Instruments of France intro-
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8. No crosstalk. The American Microsys-

tems two-chip codec performs encoding and 

filtering functions on one chip and decoding 

and filtering on the other. Thus, there is no 

possibility of crosstalk between the transmit 

and receive circuits in the switching network. 

duced its new pulse-dialer chip. The TCM1101 features 
a low-voltage operation capability of 2.2 V. The process 
used is c-mos with three mask-programmable features: 
interdigit pause, pre-impulse pause, and mark-space 
ratio. The ability to preprogram these pauses adapts the 
chip to many different kinds of telephones and telephone 
standards. 

Leaving the telephone, the next place LSI makes its 
impact is in the digital transmission line connecting two 
or more switching offices. At periodic intervals along 
this line an amplifier is needed to build up the strength 
of the multiplexed 1.54-megabit-per-second signal. 
Compared with chips interfacing with the keypad, 

supplying amplifier chips is a small business dominated 
by one company, Exar Integrated Systems. But competi-
tion is on the way. Precision Monolithics is trying to 
make inroads with a new chip. 

Proof wanted 

One reason the business may be small is that some 
industry people are not enthusiastic about such products. 
Siemens' Walter Flagge, for instance, says that "LS1 has 
yet to prove itself in transmission equipment." But he 
admits that ultimately it will improve the cost and 
reliability of amplifiers. 

For Alan Grebene, vice president of Exar, the proof 
that that has already happened is in his company's 
shipments. Exar has been in the amplifier chip game 
since 1975 and, Grebene says, has "80% to 90% of the 
non-Bell business." He adds that "a lot more ends up in 
the Bell system through intermediate manufacturers 
making amplifiers." Half of the company's $15 million 

in sales in 1979 was in the telecommunications business. 
Grebene says that new amplifier chips do not come at 

a rapid rate in this part of the telecommunications 
business. He is not planning to introduce a new one until 
the later part of this year. 
Hoping to make a big dent in Exar's sales, Precision 

Monolithics has just introduced the RPT 81/82. These 
chips, according to Guido Pastorino, telecommunications 
senior staff engineer, perform all the functions required 
for a PCM amplifier that operates at either of the 
standard 1.54- or 2.048-mb/s rates. 

Pastorino says the chips are unexcelled when it comes 
to regenerating all the pulses that meet voltage threshold 
requirements without inserting pulses incorrectly into 
empty time slots. This is important because in a PCM 
system the coded information is transmitted by the pres-
ence or absence of pulses in specified time slots. 

Helping an amplifier maintain a low error rate is not 
all the 81 and 82 can do. The 82, for example, includes a 
line—bail-out circuit that automatically compensates for 
up to 36 decibels of line loss (Fig. 4). And for system 
people, its automatic clock-shutoff circuit inhibits the 
clock amplifier when no signal is coming in. This greatly 
reduces total system noise. 

Lots of interfaces 

Besides the handset and the transmission path, LSI is 
found in the subscriber-loop interface circuits, in the 
codees and the filters found in switching offices, and in 
private branch exchanges of all kinds. 
These are all interface chips of a sort. The SUC 

interfaces the subscriber loop with the switch-gear cir-
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cuits, and the codec converts the analog voice signal into 
a digital signal for interfacing with the telephone sys-
tem's PCM devices. For its part, the codec filter provides 
all of the band limiting needed to keep the signal noise-
free (Fig. 5). 
The codec was one of the first of these chips to be 

developed with some versions available for production 
use in 1978. Yet the questions concerning codec process 
technology and architecture are by no means answered, 
and new products continue to appear as the LSI compa-
nies fight for a market share. 

Two chips or one? 

This effort at American Microsystems has resulted in 
a two-chip c-moS codec set. There are almost a dozen 
codecs on the market already, so why this one? 

Its developers, engineers Yusef Hague and Victor 
Godbole, answer, "Our chip is partitioned so that the 
transmit and receive portions of the line interface are 
independent," eliminating any co-channel crosstalk due 
to either sharing of the circuitry or leakage between 
on-chip components. It also means the two chips can be 
operated synchronously or asynchronously (Fig. 6). 

There is another advantage to the separate encoder 
(the S3501) and decoder (the S3502) approach: AMI can 
sell to several markets with its chips. "In applications 
that require either a-d or d-a conversion but not both, 
such as some forms of digital signal processing, there is 
cost saving because unnecessary circuitry is eliminated— 
the user can just buy what he needs," says Hague. 

Other advantages of the new chip set include its 
machine-insertable 16- or 18-pin DIP construction and its 
low, 100-milliwatt power consumption. This is a result of 
C-MOs technology. 
Not everyone agrees with AMI that the leakage prob-

lem necessitates separating the encoder and decoder 
functions. Some of Hague and Godbole's peers 
believe—although they would not be quoted by name— 
that leakage is readily controlled and one chip would do 
the job. They feel that AMI was giving an engineering 
reason to justify a marketing ploy. 

Meanwhile Bell Laboratories, accused by some of 

dragging its feet in codec development, has not really 
been idle. The much anticipated Bell codec and its 
associated filter will finaliy see the light of day at the 
upcoming International Communications Conference to 
be held in Seattle, Wash., beginning June 9. The Bell 
architecture is unknown to the industry, which is won-
dering if Bell has any surprises in store for it. 

Codecs overseas 

Still other codec developments are on the way from 
Europe and Japan. Siemens' two-channel codec—a com-
bination bipolar and c-mos device—is about to enter 
production. The SM610 (Fig. 7) occupies a place 
between the single-channel approach favored by nearly 
all U. S. manufacturers and the 4-, 8- or 16-shared-
channel codec pushed by PMI. It offers users still another 
option (see "Channels to share," p. 124). 

In Britain, several codecs have emerged in recent 
months. In one development, the British Post Office 
teamed with both the General Instrument Microelec-
tronics division, London, and Ferranti Ltd., Chadderton, 
Oldham, to develop a single-chip codec. The Ferranti 
bipolar device needs but a single 5-v supply and is 
dubbed the ZNPCM1. GI's device is made with n-
channel mos technology. 

For its part Plessey Telecommunications Ltd., Liver-
pool, England, decided that sharing is the way to go. It 
succeeds in outdoing everyone else in terms of numbers 
of channels with a 30-channel two-chip device [Electron-
ics, Feb. 15, 1980, p.67]. 
On the other side of the world, the Japanese have 

finally entered the codec market. Until the 1980 Interna-
tional Solid State Circuits Conference (held in San 
Francisco in February), no one knew about the two-chip 
codec set from Fujitsu Ltd. of Kawasaki, which is similar 
in architecture to AMI's. One chip with an on-board filter 
takes care of encoding, and the other chip with an 
on-board filter takes care of decoding. As with AMI, 
transmit and receive crosstalk elimination is given as the 
reason for this method. 

Hitachi Ltd. of Tokyo also has a product for the codec 
market that it says will be ready this year. At the 

7. Share the burden. The 

Siemens SM610 codec is a 

two-channel device. Such 

shared-channel codecs 

have been the traditional 

approach to telephony and 

can to handle up to 30 

channels. Codecs installed 

directly in a subscriber digi-

tal telephone need to han-

dle only one channel each. 
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Channels to share 
Why is Precision Monolithics Inc. virtually alone in the U. S. 
in pushing the multichannel, or shared-channel, codec? 
Says Glenn Satterthwaite, marketing vice president: 
"Many companies don't have the technology to produce a 
shared codec. The codec is really a linear, or analog, chip. 
Intel and Mostek, for example, are digital MOS houses. 
And to implement linear functions in MOS, you give up 
something in performance and speed." The PMI devices 
are bipolar chip sets. 

Elaborating, Satterthwaite offers the following example. 
"If a D-3 channel bank runs at an 8-kilohertz clock rate, 
there is only a 125-microsecond slot in which to decode 

INDIVIDUAL 
ANALOG VOICE 
SIGNALS 

INDIVIDUAL 
ANALOG VOICE 
SIGNALS 

2-T0-4 WIRE   
CONVERTER 

• 

SINGLE-CHANNEL CODEC SYSTEM 

SINGLE-CHANNEL 
CODEC FILTER I  

one channel. No known MOS technology can perform 
these linear functions with enough accuracy and speed to 
share that 125 Ms among four or eight channels." 

"Of course," Satterthwaite adds, "just because it's a 
unique device is no reason to buy it," and he quickly 
launches into a discussion of the price structure of using 
one codec per channel versus the shared-channel codec 
and the power consumption problem. Then he speaks of 
relative chip areas and package pin counts. Finally, "just 
watch our cost compared with per-channel codecs as we 
go sliding down the integrated-circuit learning curve," he 
says in conclusion. 

(SEPARATE BLOCKS FOR EACH CHANNEL) 

2-T0-4 WIRE 
CONVERTER 

2-T0-4 WIRE 
CONVERTER 

I2-T0-4 WIRE CONVERTER 

FILTER I SINGLE-CHANNEL 
CODEC 

SHARED-CHANNEL CODEC SYSTEM 

FILTER 

FILTER 

MULTI CHANNEL 
ANALOG 

MULTIPLEXER 

MULTICHANNEL 
DIGITAL 

MULTIPLEXER 

SHARED-CHANNEL 
CODEC 

PULSE-CODE-
  MODULATED 

TRANMISSION 
LINE 

PCM 
r TRANSMISSION 

LINE 

conference it spoke of what it calls an "interpolative 
codec" with "multiplexed digital filters." But details are 
sparse and the device is still under development. The 
digital portion of the chip is said to use 14... 

Filters, those devices that ensure that the codec signals 
are properly band-limited and noise-free, are a perfect 
example of the confusion in the LSI industry as to the 
best process technology. To make matters worse, it is not 
at all clear which of the telephone switching network 
system's filtering functions should be included on the 
chip. So a wide variety of types is available. 

A flurry of filters 

The approach at National Semiconductor Corp. of 
Santa Clara, Calif., in its soon-to-be-released codec fil-
ter, is to incorporate transmit, receive, and line-frequen-
cy-reject filters on a single c-mos die. The double—poly-
silicon-gate chip uses a proprietary switched-capacitor 
design (Fig. 8), according to Tom Reynolds, the firm's 
telecommunications industry business manager. 

National feels that the power consumption and noise 
characteristics of this chip, developed in conjunction 
with the University of California, give it a better chance 
of capturing a good share of the codec filter market than 
previously available devices. These, National says, com-
promised overall system performance. 
As a bonus to the user, the National filter includes 

balanced power drivers to directly energize the trans-

former-wound two-to-four-wire hybrids a codec filter 
connects to. This is the older, classic method of providing 
SLIC functioning. Clearly, then, an LSI SLIC will not be 
needed for a cost-effective system. National is taking 
care of some SLIC problems (p. 125) in advance. 

National's entry into what has been called "the filter 
fuss" is pin-compatible with the codec filter introduced 
two years ago by Intel Corp., Santa Clara, Calif. That 
filter's architecture seems to be the industry standard, as 
many manufacturers are copying its pinout. 
So far as a process technology is concerned, however, 

Intel for the time being is sticking to its guns with 
n-mos. And, according to Robert Holm, telecommunica-
tions product marketing manager, it expects that n-mos 
is still capable of lots of power reduction. 

In another contrast to the Intel approach Mitel, 
according to its integrated-circuits design director, Tom 
Foxall, is supplying samples of its new c-mos switched-
capacitor filter. Volume production will occur this year. 

Confusing matters further, Mostek has taken a giant 
step and given up on its C-MOS and charge-coupled-
device filter that it announced only last year. It has 
decided to go with n-MOS, although it will continue with 
a c-mos codec. Truly the process technology pot is 
boiling in the Ls! industry. 

According to Ian A. Young, senior designer in Mos-
tek's telecommunications department, the 5912 con-
sumes a mere 20 mw —one of the lowest power figures 
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8. Still better. The National Semiconductor codec filter is yet another LSI filter for the telephone industry to evaluate. Introduced this year, it 

features a proprietary switched-capacitor construction technique said to result in superior electrical performance and noise characteristics. 

available—and is pin-compatible with the Intel filter. 
Meanwhile, quietly going about its business with a 

minimum of fuss and publicity (as is its style), TI is 
looking into codec filters of various kinds. It has even 
gotten so far as to assign model numbers, although these 
cannot yet be released. 

While "Ws codec is the same as Intel's (it's a second 
source), TI is on its own technically with a filter and 
hopes to market a superior device. The transmit and 
receive filters are complete and are in what is known in 
the trade as "bar layout." It is scheduled for 1981 
production. 

A novel codec filter 

Meanwhile Steve Kelley, telecommunications product 
engineering manager of Motorola Inc. in Austin, Texas, 
has a patented design concept behind the newly intro-
duced and innovative MC14413 codec filter. Comparing 
it with other devices, he says, "The MC14414, which has 
been available since 1979, has two on-board low-pass 
filters to do its filtering. But the 14413 is better since it 
has a high-pass filter for additional 50/60-Hz and 20-Hz 
noise rejection" (Fig. 9). This, Kelley says, is a better 
approach than the notch filter Intel uses to perform just 
the 50/60-Hz rejection, where the 20-Hz rejection must 
be taken care of by external devices. 
Other unique features of the 14413 include the ability 

to amplify the signals applied to it and, most important, 
a circuit patented by Kelley to optimize the filter's 
time-delay characteristics. 

Motorola is also supplying an LSI circuit called a 
time-slot assignment chip, or TSAC. Two of the contro-
versial chips were introduced in early 1980, and a third is 
slated for later this year. To some observers, these chips 
appear unnecessary. Why is this so? 
A TSAC is an addressable, programmable per-channel 

chip that allows programming of codec time-slot assign-

ments through a serial microprocessor port. In this 
approach, one codec is assigned to each TSAC (Fig. 10). 
The TsAc's function is to assign the codec to receive and 
transmit the right time slots in the data stream. 
The 16-pin MC14416 TSAC — a c-mos part—per-

forms basic time assignment functions plus some off-
hook multiplexing control. The full-blown version—the 
22-pin 14418—takes even more functions under its wing, 
so as to reduce system parts count, says Motorola. The 
not-yet introduced 14417 is a medium-scale integrated 
version of the 14418; it performs time assignment func-
tions but on a reduced scale. 
To some industry observers and Motorola competitors, 

the only reason a designer would need a time-slot assign-
er would be that Motorola neglected to put one on board 
its codec. (Mostek's codec, for example, is said to have 
such functions on chip.) Others say that, rather than 
simplify digital switch architecture, the Motorola design 
would complicate it and that "what Motorola did adds 
parts that did not need to be developed separately and 
could have been incorporated into the codec function." 

A job to be done 

For the LSI companies, a true Sim has yet to be 
developed. The most successful approach using hybrid 
technology has for years belonged to ITT MicroSystems 
of Deerfield Beach, Fla. And, it is about to upgrade with 
a still better SLIC. Other firms such as Motorola have 
had only problems so far, whereas Harris Semiconductor 
has a year or more to go before it has a product. 
Meanwhile taciturn TI will say little about its SLIC. 
Why has Motorola been supplying samples of a prod-

uct that is, in the words of one wag, "not too slick a 
suc"? Part of the difficulty is the nature of the device. 
N telecommunications engineers will have n opinions 
about what a SLIC has to do and how it can best do it. 
What's to be done depends on what degree of chip 
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9. Extra filter. The Motorola 14413 codec 

filter has a high-pass filter on board to take 

care of both 20 and 60 hertz noise. It also 

has a patented delay-distortion compensa-

tion network and several uncommitted 

amplifiers, so that it can drive subscriber-

loop interface circuits directly. 

integration is desired and what kind of equipment the 
suc goes into. For example, for Mostek's telecommuni-
cations department manager, David Sealer, there is no 
difficulty with external diodes to help the SLIC take care 
of lightning problems, whereas others feel that diodes 
are a no-no. "We are not treating the Ric as a compo-
nent per se but as a cost-effective solution to an equip-
ment problem," Sealer says in explaining his viewpoint. 

Borsht functions 

sucs are supposed, in theory, to satisfy what is known 
as the Borsht functions. These are B for battery feed, 0 
for overvoltage protection, R for ringing, S for signaling, 
H for the two-to-four-wire hybrid functions, and T for 
test features. Just how these functions are defined and 
which are important depends on whether the chip is used 
in the U. S. or Europe, whether it is in a PBX or a central 
office, and how many auxiliary chips are acceptable. 

Harris Semiconductor of Melbourne, Fla., is develop-
ing its Ric in conjunction with Télécommunications 
Radioéléctriques et Téléphoniques in France. Production 
is slated for late 1981 in this deal, to which TRT brings a 
patented circuit design and Harris brings a worldwide 
manufacturing and marketing capability. The chip, Har-
ris claims, will provide even more than the Borsht func-
tions—for example, the polarity reversals necessary for 
certain digital switches. 
The chip will be made with dielectric isolation tech-

nology. Industry observers and Harris competitors are 
quick to point out that this may be an expensive way to 
do the job. At the same time, they admit that if Harris 
can make a SLIC acceptable to many diverse customers 
and quickly move down on the semiconductor learning 
curve so the price is right, it will have a winning product. 

Harris and TRT are exerting all this effort because of 
some very fundamental economics. As Philippe Kleji-
man, sales manager for Harris Semiconductor in France, 
explains it: "If the cost of a digital time-division switch-
ing exchange is expressed in terms of cost per subscriber 
line, then the BORSHT functions represent somewhere 
between 30% and 45% of the cost". He further estimates 
that the SLIC being developed by Harris and TRT should 

f. age. a 
ii,o4,,,tairrsie riot aim z.11 mt ' a:s le eiisaortepa win aile eis sir (--

see alit aim •• am 111111.11111111111.1 
ale alat at* atic Wm ails Woo ills 

ifis air ale a lam 
eels.* arm re rd Sod 

'Aria UM , 
1.111,a4 111 ea a e 

cut overall cost per subscriber line by about one third. 
While Harris goes ahead with its isolation technology, 

ITT MicroSystems—which has delivered thousands of 
hybrid SLICs to the telephone industry—has opted to 
take the medium-scale rather than large-scale integra-
tion path for its SLIC development. For MicroSystems, a 
device which combines the benefits of Ms! with hybrid 
technology is the way to go to quickly produce the next 
generation of SLICs for its customers. Its new suc (a 
number is not yet assigned) will be ready in sample 
quantities in the first quarter of 1981, with production in 
the middle of that year. 
The company is anxious to avoid the "now you see it, 

now you don't" approach to SLIC production, which it 
says adds to the credibility problem that the semiconduc-
tor industry has with generally conservative telecommu-
nications manufacturers. Says Frank Ashford, manager 
of applications engineering, "Our SLIC is a monolithic 
device which can best be described as using medium-
scale integration." Most of the Suc circuitry is incorpo-
rated on one chip, while critical components such as 
resistor and high-voltage—handling devices are on a 
hybrid substrate. In this way, Ashford says, the resistors 
can be precision—laser-trimmed and large amounts of 
power can be handled without affecting the reliability of 
the bipolar chip itself. 

Laser trimming will also be used by Siemens for its 
suc [Electronics, March 27, 1980, p. 73], which is 
scheduled to reach the sample stage in 1981. The bipolar 
G 150 has on-chip laser-trimmable resistors. Like the 
MicroSystem design, it will be able to handle both PBXs 
and central offices. 
The ITT MicroSystems SLIC collects points in the SLIC 

specifications sweepstakes because not only does it meet 
the Rural Electrification Administration requirements 
for lightning strikes—and the REA funds many rural 
telephone companies—but it meets the REA specification 
for power cross as well. Power cross occurs when power 
lines touching or coming near telephone lines induce 
currents in them that the SLICs must be capable of 
withstanding. 

But the new SLIC is not perfect, according to Wilbur 
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Cu = CUSTOMER UNIT 
TSAC = TIME-SLOT ASSIGNMENT CIRCUIT 
SLIC = SUBSCRIBER-LOOP INTERFACE 

CIRCUIT 

10. Assign a slot. In one Motorola conception of a 10,000-line telephone exchange, a separate time-slot assignment chip works with each 

codec in the network. TSACs are in control of the timing and the placement of the voice signals in the multiplexed network. 

Riner, MicroSystems' marketing director. It does not 
provide the T for test function—but then, "no one else 
does either," he says. He notes that there was not enough 
commonality of definition of the test procedures for 
MicroSystems to be able to satisfy their potential cus-
tomers in the U. S. and Europe. 
What will be done? The tests will be handled without 

recourse to the SLIC by the use of auxiliary, off-chip 
devices. So the chip will readily fit in either a 24-v PBX 
or a — 50-v central office where the two test situations 
are quite different. 

In contrast to the Ms! SLIC from MicroSystems, Ti is 
opting for an Ls! Bidfet device that combines bipolar 
with prolonged-diffusion mos and field-effect-transistor 
technology. But it is not saying much else. All the 
company will reveal is that there is a low-pass filter— 
needed for the SLIC functions—on the SLIC output line. 
It is not integrated into the SLIC proper. And, Ti says, its 
SLIC will have on-board software to help it do its chores, 
which depend on what kind of equipment it is working 
with. Samples of the SLIC, which Ti's Haas calls "a 
leadership product but a high-risk one," will be available 
at the earliest in the fourth quarter of this year. 
One way to deal with the SLIC problem in the central 

office is to reduce the number needed. That may be 

possible if a recent development by Peter Schackle of 
Bell Laboratories in Murray Hill, N. J., bears fruit. 

Schackle has made a monolithic—albeit expensive— 
bidirectional two-by-two crosspoint array, a switching 
matrix that routes calls from one set of wires to another 
as they come into the central office. But as he did it on a 
raised potential dielectric substrate that can handle 500 
V, it may be possible to produce an integrated circuit 
capable of switching dozens of incoming subscriber loops 
onto one SLIC. 

SLIC significance 

Even more important than this reduction in the num-
ber of sucs needed in a central office is the significance 
of the new technology for constructing the SLIC itself. 
Even now the new circuit satisfies the requirements of a 
loop switch—voltage blocking to 500 V and the ability to 
withstand the 1-ampere or so surge currents forced by 
the 50-v battery used to power the loops. If the process 
were workable at 1,000 V or more, some industry observ-
ers think that it might be used to make a SLIC that could 
readily handle lightning problems without add-on diodes 
or other devices. 

Reprints of this special report are available at $3 each. Write to Electronics Reprint 
Department, P. 0. Box 669. Hightstown, N. J. 08520. Copyright 1980 McGraw-Hill Inc. 
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Decoding scheme smooths 
18-bit converter's nonlinearity 

Reducing the maximum binary weight carried by switches helps 

two-chip 18-bit digital-to-analog converter achieve 16-bit linearity 

by Samuel Wilensky, Hybrid Systems Corp., Bedford, Mass. 

El As the data converter industry pushes its digital-
to-analog converters to the 16- and 18-bit level, it faces 
some tough design problems. It is very difficult to make 
parts with linearity to match this level of resolution with 
the techniques used for 12- and 14-bit d-a converters. 

Despite this fact, 16-bit d-a converters have been built 
by adding four current switches and four discrete resis-
tors to existing 12-bit converter designs; the method has 
been extended to 18-bit parts now available. However, as 
performance climbs to the 18-bit level, potential users 
are in the awkward position of being unable to verify a 
linearity specification of ± 1/2 least significant bit for 
these converters, unless they have access to very expen-
sive laboratory equipment. 
A digital decoding technique originally used by 

Hybrid Systems at the 12-bit level to reduce glitch size 
[Electronics, Aug. 2, 1979, p. 131] has been applied at 
the 18-bit level to make a relatively small, low-cost d-a 
converter with 16-bit linearity (a linearity error of 

1. Hybrid pair. Only two chips make up this 18-bit hybrid digital-to-analog converter. The right chip is a custom switching-network 

integrated circuit. On the left is a thin-film resistor ladder network. The converter is a multiplying type with 16-bit linearity. 

0.001%). The decoding scheme reduces the maximum 
binary weight carried by the converter's current 
switches, reducing the accuracy required of the switches 
and resistor network. The only penalty is a slight 
increase in circuit complexity. 
The DAC370-18 is a two-chip hybrid d-a converter: 

one chip is a custom switching-network integrated cir-
cuit and the other carries a thin-film resistor network. It 
is a two- and four-quadrant multiplying converter that 
accepts a reference input of — 10 to + 10 volts, produces 
an output current that settles to within 0.01% of full 
scale in 2 microseconds and requires only 1 milliampere 
at 15 v to operate. It is housed in a 28-pin hermetically 
sealed metal package with 0.600-inch spacing between 
pin rows (twice that of a dual in-line package). 

Comparative measurements can improve confidence in 
the use of high-resolution d-a converters, if equipment 
for making absolute measurements is not at hand. A 
16-bit converter with a 10-v full-scale output would have 
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to be verified to ±0.00078% of full scale, or ±78 
microvolts to make an absolute measurement to ± 1/2 
LSB. For a 10-v 18-bit d-a converter, this is ± 0.00019% 
or 19 µv. Measuring to this accuracy absolutely requires 
measuring 10 y to an uncertainty of 10 µv, something on 
the order of 1 part per million. This is nearly impossible 
to do with conventional production test equipment. 
Comparative measurements, however, can be made 

with relatively unsophisticated equipment to yield differ-
ential nonlinearity information about a high-resolution 
d-a converter. And production-line measurement and 
testing of converters has also been simplified with the 
introduction of desktop computers. Together with instru-
ments compatible with the IEEE-488 interface bus, 
these computers have made possible high-speed compar-
ative testing of high-resolution converters. Although 
such testing does not guarantee that an 18-bit d-a con-
verter has 18-bit accuracy, it does provide information 
about the converter's differential nonlinearity (see "Un-
scrambling converter specifications," p. 130). 

Trading switch sensitivity for complexity 

The most common technique for building a d-a con-
verter of n bits is to use n switches to turn n current or 
voltage sources on or off. The n switches and n sources 
are so designed that each switch or bit contributes twice 
as much to the d-a converter's output as the preceding 
bit. This technique is commonly known as binary weight-
ing and allows an n-bit converter to generate 2^ output 
levels by turning on the proper combination of bits. 

2. Switching network. The 18-bit d-a converter's switching network consists of current-steering field-effect-transistor pairs. Depending on 

which FET in each switch pair is in the on state, current entering the switch's input node is steered to either L., or 104,i2. 

In such a binary-weighted network, the switch with 
the smallest contribution (the LSB) accounts for only 2-
of the d-a converter's full-scale value. Similarly, the 
switch with the largest contribution (the most significant 
bit) accounts for 2-' or half the d-a converter's full-scale 
output. Thus it is easy to see that a given percent change 
in the MSB will have a greater effect on the d-a convert-
er's output than would a similar percent change in the 
LSB. For example, a 1% change in the MSB of a 10-bit 
d-a converter will change the converter's output by 0.5%. 
On the other hand, a 1% change in the LSB of the 
converter affects the output by only 0.001%. 

Looking at the MSB (2'1) and the preceding bit (2 -2) of 
a conventional d-a converter, as shown in Table 1, note 
that all combinations of the on and off states for the two 
bits result in four output levels, assuming that all other 
converter bits are in the off state. By replacing the 2 
msBs in Table 1 with 3 bits, all weighted the same as the 
2-2 bit, the same performance from the converter can 
result. But there is also an additional factor. Turning on 
none, one, two, or all three of such bits correspondingly 
produces 0, 1/4, 1/2, or 1/4 of the converter's full-scale 

TABLE 1: CONTRIBUTION OF 2 MOST SIGNIFICANT BITS 

2-1 (MSB) 2-2 Output 

0 0 0 

0 1 '4 of full scale 

1 0 '/, of full scale 

1 1 '4 of full scale 
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Unscrambling converter specifications 
As if it were not difficult enough to keep track of the 
meaning of the multitude of digital-to-analog converter 
specifications, some users and manufacturers often refer 
to totally different parameters interchangeably. For exam-
ple, accuracy is often confused with resolution, and the 
term linearity is often used to mean integral and/or differ-
ential linearity. 
The important parameters to specify for a d-a converter 

are resolution, absolute accuracy, relative accuracy, and 
differential linearity. A little understanding of each parame-
ter's role can go a long way toward easing converter 
selection. 
D Resolution. This defines the number of digital inputs for 
a d-a converter. The term resolution does not in any way 
define the converter's accuracy. It only indicates how 
many input pins a converter manufacturer has provided 
for his product. 
ID Absolute accuracy. This iS the maximum deviation of a 

converter's actual output compared with its theoretical 
output were the converter an ideal device. This parameter 
is usually specified as a percentage of the converter's 
full-scale range. 
D Relative accuracy. This figure is the maximum deviation 
of the d-a converter's output from a straight line drawn 
through all the device's output points. Relative accuracy is 
usually expressed as a percentage of the converter's 
full-scale range, or as some fraction of the least significant 
bit. 
D Differential linearity. This is the maximum deviation 
between any adjacent output steps of the converter com-
pared with its theoretical deviation. This parameter is 
usually expressed in the negative sense: differential non-
linearity specified as a fraction of the LSB. A d-a converter 
is monotonic—that is, its output will always increase with 
increasing inputs—if its differential nonlinearity is never 
more than ± 1 LSB. 

3. Resistor network. This thin-film network includes a 29-resistor 
ladder for the 4 decoded most significant bits (r,-r,. and IR,-R,5), a 
conventional R/2R network (R,6-R39) for the other 14 bits, and a 
paralleled pair (R.,3 and R..) used as feedback resistors. 

output. Thus by replacing the two switches with three, 
the maximum contribution of each switch to the convert-
er's output was reduced from 1/2 to 1/4. 
With the above method, a 1% change in any one of the 

converter's switches affects the output by no more than 
0.25% of full scale, compared with 0.5% in a convention-
al d-a converter with two switches. In other words, the 
conventional d-a converter's output can be made less 
sensitive to the accuracy of its switches by decoding the 
two mslis into three lines. 
As with anything in design engineering, a sacrifice 

must be made when something is gained. The reduced 
sensitivity of a d-a converter's switches was obtained at 
the expense of an increase in circuit complexity—more 
switches were added. In fact, if more can be sacrificed in 
terms of circuit complexity, the first 3 MSBs of a d-a 
converter can be decoded onto seven lines of switches 
controlling equal binary weights to reduce switch sensi-
tivity by a factor of 4, or the first 4 MSBs can be decoded 
into 15 lines to bring down switch sensitivity by a factor 
of 8. 

Decoding—within reason 

Like any technique, decoding can be carried too far. A 
10-bit converter can be built with 1,023 individual 
switches, all with equal weighting, and no switch would 
contribute more than 1/1,024 of the converter's full-
scale output. The reasonable approach lies somewhere 
between decoding all of a converter's bits, which in the 
case of an 18-bit d-a converter would mean 262,143 
switches, and decoding none of the bits. In the latter 
case, it would be necessary to make a switch and source 
combination that is stable to within 0.0002%, an equally 
unacceptable penalty. For the DAC370-18, the 4 MSBs 
were decoded, and the lower-order 14 bits were designed 
in a conventional manner. Since the design goal was an 
18-bit d-a converter with 16-bit linearity, it was easy 
then to build a 12-bit d-a converter in the conventional 
manner, decoding the next 4 bits. This approach allowed 
converter linearity to within 0.001%. 
An 18-bit d-a converter whose 4 MSBs are decoded 
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requires 29 analog switches that are matched to within 
5% of each other and that track closely over changing 
temperature. Fourteen of the switches are used for the 
lower-order bits and 15 for the 4 decoded higher-order 
bits. 

Assembling such a network with discrete components 
is very difficult, if not impossible. An integrated circuit, 
however, can be easily made on a custom basis with such 
a topology. Such an IC, together with a thin-film ic 
made by Hybrid Systems, constitutes the two-chip 
DAC370-18 (Fig. 1). Partitioning the converter into 
separate switching and resistor network chips makes 
possible individual-chip laser trimming on the wafer for 
achieving 14-bit linearity (0.003%) without the need to 
trim the finished converter actively. 
The use of a custom IC switching-network chip in the 

DAC370-18 d-a converter allowed the incorporation of 
latches and gates for a universal building block compo-
nent. Each switching element consists of a pair of cur-
rent-steering field-effect transistors. Depending on 
which FET is on, the current coming into the input node 
is steered to either 1.1 or 10,2 in Fig. 2. The on-
resistance of each of the transistors that make up the 15 
switches for the decoded top 4 bits (SI through S15) is 
nominally 250 ohms. 

FETs matched to within ±5% 

The FETs are matched to better than ± 5% of each 
other. The first five lower-order switches (S lo through 
S20) have binary-weighted on-resistances ranging from 
500 to 8,000 a Since each successive switch handles half 
the current of the switch preceding it, the voltage drop 
across each switch is the same, and the relative weights 
of the bits track with temperature. Lower-order switches 
S21 through S29 have on-resistances of 8,000 a 

FETs Q1 and Q2 compensate for the change in gain 
caused by the temperature coefficient of the on-resist-
ance of the switching FETs, which is about 0.7%/°C. 
Latches for driving the switches are transparent. When 
the control line is high, data at the latch's input is 
transferred to the latch's output. When the control line is 
low, the latch holds the data that was present at its 
output when the control made the transition to low. 
Exclusive-OR circuits are also provided so that comple-
mentary or straight binary coding can be selected. 
The lc was designed to operate using a 15-v supply 

and to switch TTL input levels. Its dimensions are 148 by 
134 mils. The IC's switches are designed so that the 
outputs L1, and 10„,2 must be operated into a ground 
potential. Current sources for the switches are generated 
by connecting a reference voltage through the convert-
er's resistor network to the input nodes of each switch. 

A thin-film ladder network 

The resistor-network chip that generates the current 
sources for the switches is shown in Fig. 3. The thin-film 
network includes a 29-resistor ladder (r,—r,4 and 
RI-1215), where: 

ri = Ro[0.005/(15-i)]li1=1 
RI = Ro(1.005 — 0.0051) 

The resistor-network chip also includes a conventional 

4. Settle. DAC370-18 settles to 0.01% of full scale in 2 microseconds 

(0.2 is/division). An LSB major transition (a) and a full-scale change 

(b) are shown with vertical scales of 0.5 and 2 V/division, re-

spectively; (c), at 5 mV/division, shows how latches improve on (a). 
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TABLE 2: LINEARITY MEASUREMENTS FOR DAC370-18 

Transition (Octal code) Differential linearity error (LSB) 

+0.5 

2 -- 1 1 0.5 

4 — 3 0 

10 —7 0 

20 — 17 0 

40 — 37 0 

100 ----> 77 0 

200 — 177 0 

400 — 377 +0.25 

1000 —777 5-0.25 

2000 —.1777 +0.25 

4000 — 3777 +0.50 

10000 —7777 —0.25 

20000 — 17777 0 

40000 — 37777 +0.25 
100000 —77777 +0.25 
140000 — 137777 +0.50 
200000 — 177777 +0.50 
240000 — 237777 0 
300000 — 277777 +0.50 
340000 — 337777 +0.50 
400000 — 377777 +0.50 
440000 —437777 0 
500000 +0.25 —477777 

540000 —.537777 +0.50 
600000 — 577777 0 
640000 — 637777 +0.50 
700000 —677777 +0.25 
740000 —737777 +0.75 

R/2R network (RI6-39), where: 

R16-27 = Ron 
R28-39 =  RO 

The other two resistors on the chip (R43 and R44) are 
wired in parallel and used as the feedback resistor with 
an external operational amplifier; the value of the paral-
lel combination is R0/16. 

In choosing the value of Ro, which determines the 
absolute values of all of the network's resistors, one must 
compromise between maximizing Ro's value and main-
taining a practical chip size. A large value of Ro mini-
mizes the on-resistance effects of the switches but also 
produces a very large chip size and thus lower chip 
yields. 

For the DAC370-18, Ro was chosen to be approxi-
mately 80,000 a This gives a total resistance on the chip 
of just under 5 megohms and leads to a chip size of 142 
by 133 mils. Since the binary weighting of the switches is 
carried only down to 2-9, the resistor network is trimmed 
by a laser to compensate for the effect of the switches' 
on-resistances for the lower-order bits. 
The resistor network is fabricated on a silicon sub-

strate. Resistors are nickel-chromium and the metal 
interconnections are aluminum. 
The current-output converter features respectable set-

tling time, even when an output amplifier is used for 
voltage output. The settling time for an LSB major 
transition (400000 to 377777 octal) is shown in Fig. 4a, 
while a full-scale change of 0 to 10 v is shown in Fig. 4b. 

Both photographs were taken with the converter's 
latches in the transparent state, so all timing errors due 
to signal propagation through the decoder are included. 
Figure 4c shows the converter's LSB major transition 
with the latches in use. Note the reduction in switching 
glitches with the latches in operation. 

Verified linearity 

The technique used to verify the DAC370-18's linear-
ity performance involved the use of a Hewlett-Packard 
model HP 9825A desktop computer, a Hewlett-Packard 
model HP 3455 digital voltmeter (used as the ultimate 
reference), and the appropriate interface between the d-a 
converter, computer and digital voltmeter. The d-a con-
verter's output is fed to the input of the digital voltmeter 
through an interface developed by Hybrid Systems. The 
computer interacts with the digital voltmeter and sends 
its own data back to the d-a converter, through the 
interface, to complete the test loop. Such an arrange-
ment allows the measurement and verification of the 
converter's differential as well as integral linearity 
parameters at a selected number of input codes. 

Differential linearity is measured at both the 14 
lower-order bit transitions and at each of the 15 higher-
order transitions. Integral linearity is measured at all 
128 points determined by the 7 msBs. The results of both 
measurements are shown in Table 2. 

This measurement technique is not the ultimate for 
high-resolution measurements, but provides a practical 
indication of the converter's actual performance. EJ 
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A Cut Above the Other 
Able comes up with a 16-line DV11 replacement 
that puts the PDP-11 user back in control. 

You don't have to be stuck again with fixed 
sync/async line controller configurations in 
your PDP-11. Our DV/16 puts you back in 
control with a unique microprocessor-derived 
flexibility that lets you mix sync and a.sync 
lines in any combination of four or eight 
while maintaining modem control and 
compatibility with established DV11-
related software. You get 16 channels 
on only four boards compared to a 
filled up nine-slot mounting 
module required by the DEC 
equivalent. Expansion to 32 
lines takes up only 7 standard 
SPC slots in your PDP-11 
compared to the addition of 
two full 9-slot backplanes for 
the DV11's. 

We use word transfer 
instead of byte DMA to either 
gain a two to one speed advan-
tage (76,800 characters per second) 
or let you operate in one half the 
bandwidth required by DV11 data 
transfers. Power requirements are 
more than fifty percent lower, too. 
The DV/16 is a cut above the other all 
right, but the price doesn't show it. Ours. 
is a very cost effective alternative. We've 
made the cut. Now it's your deal! Your order 
will receive our immediate response. Write 
for details. We'll show you why our customers 

call us the leader 
among manufacturers • 
of DEC enhance-
ments. Able Computer. 
1751 Langley Avenue. 
Irvine, California 92714 
(714) 979-7030. 
TWX 910-595-1729. 

Able, the computer experts. 
DEC and PDP are registered trademarks of Digital Equipment Corporation. 

Circle 133 on reader service card 



Designer's casebook  

Dual-slope filters optimize 
speaker's crossover response 
by P. Antoniazzi and A. Hannigan 
SGS-ATES Electronic Components, Milan, Italy 

The crossover response, and thus the overall perform-
ance, of a two-way high-fidelity loudspeaker system can 
be significantly improved with these high- and low-pass 
networks. Staggering two cascaded RC filters in the 
woofer channel yields a slope of 6 dB/octave near the 
cutoff frequency, fc, and a notably steeper 12 dB/octave 
beyond fc. When combined with the complementary 
(inverted response) output of the tweeter section, opti-
mum crossover characteristics are achieved at low cost 
and without audio-frequency discontinuities at fc. 

In general, many simple low-pass networks can pro-
vide a 6-dB/octave response at frequencies approaching 
fc from the low side. When a single-pole filter is used, 
however, as is still done on occasion, the maximum 
roll-off beyond fc can never be greater than 6 dB/octave. 
Unfortunately, the typical loudspeaker does not have a 
linear enough response to handle high-level signals (de-
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2. Response. Dual-slope filter, using staggered RC networks, virtually 

eliminates drop-off in audio output at the cutoff frequency of hi-fi 

speakers, while providing a roll-off of greater than the usual 6 

dB/octave. Equations for woofer and tweeter sections summarize 

design. 

1. DIstortionless. Staggered low-cost, low-pass filters in woofer channel achieve slope of 6 dB/octave approaching cutoff frequency fc and 

12 dB/octave above fc without introducing quadrature phase shift and accompanying distortion produced by loudspeakers. When combined 

with complementary output of high-pass section, system achieves crossover characteristic devoid of audio discontinuities at fc. 
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graded by only 6 dB/octave) at its high-frequency limits, 
and so distortion results. 
With second-order filters (12 dB/octave), a loss of 

audio usually occurs at the crossover point. This phe-
nomenon is caused by the + 90° phase shift of the 
low-pass network, which when combined with the — 90° 
output of the system's high-pass filter tends to cancel the 
audio output. 

Using a third-order Butterworth filter solves both of 
the aforementioned problems, yielding a flat response 
from dc to near fc, steep cutoff (18 dB/octave) above fc, 
and a gradual phase change across the band of interest. 
But this method is expensive, requiring two or three op 

amps and a large number of external components. 
The dual-slope crossover network (Fig. 1) provides a 

viable answer to the problem. Staggering the responses 
such that the cutoff frequency of the first RC network is 
one half that of the second, attenuation at the crossover 
frequency will be 3 dB as in other systems, but the phase 
shift at fc will be 60°; thus the cancelation problem 
typical of second-order filters is avoided. This circuit is 
ideally suited to active loudspeaker systems. 
The plotted response of the woofer section is shown in 

the curve, which is complete with the required design 
equations. Corresponding equations for the tweeter are 
also included. D 

Low-cost alphanumeric decoder 
drives British-flag display 
by S. Cash Olsen 
Signetics Corp., Sunnyvale, Calif. 

Converting 64-character ASCII into an 18-segment 
("British-flag") display font, this microprocessor-con-
trolled alphanumeric decoder is a low-priced ($12) alter-
native to circuits costing up to five times as much. Most 
18-segment displays (from Hewlett-Packard, Monsanto, 
and others) may be driven directly. And with the addi-
tion of high-breakdown output transistors to the driving 

  circuitry, vacuum fluorescent panels and similar displays 
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Charting characters. Low-cost alphanumeric decoder converts ASCII symbols into 18-segment display representation. Segment information, 

stored as table in 82S115 PROM, is clocked out in 3-bit segments over six states for each character, placed in display via NE591 drivers at 

any location by NE590 strobe latches. PROM character-generation table outlines method utilized to create symbols. 
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CONSERVE 
RESOURCES 

with IEE's 

high performance 

or economy 

LCD models 

Please request additional information on your company letterhead. 

IEE liquid crystal displays 
are field effect, 3-1/2 to 8 
digits, .350" to .700" 
character height, and 
available in reflective 
or transflective modes. 

High Performance Models 
wide temperature range: 
-10°C to +90°C 
high humidity resistant 
operating voltage: 

4.5 to 13.5V 

Economy Models 
cost effective, temperature 
range: -10°C to +55°C 
operating voltage: 
3.0 to 9.0V 

IEE 
The 
Display 
Maker 

Industrial Electronic Engineers, Inc. 
7740 Lemons Ave Van Nuys, CA 91405 
(213) 787-0311 • TIVX 910-495-1753 
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requiring high voltage may be accommodated, also. 
In general operation (see figure), the microprocessor 

coordinates character selection, strobe-timing, and over-
all control duties with the aid of the NE590 strobe 
drivers, the NE591 peripheral display drivers, and the 
74LS175 quad latch. When suitably addressed, the 
82S115 512-word-by-8-bit PROM, which stores all the 
ASCII characters, delivers a logic-state table correspond-
ing to the character selected via the clocked 74LS175 
and the NE591s. 
The PROM functions both as a character-request look-

up table and as a state machine, with the quad flip-flop 
holding the current machine state. Bit 7 of the processor 
initializes the state to zero at the beginning of a charac-
ter-decode cycle. 

Logic signals corresponding to the character desired 
are then applied to pins A3—A8 of the PROM, and the 
device is clocked through seven states (see table) so that 
the desired segments are excited. The display is then 
strobed and the character thus placed in any desired 
location via command from pins O to 6 of the processor 
via the strobe latches, each latch of which is enabled 
separately. This process is repeated for up to 64 charac-

ters, the maximum that may be placed on the display at 
any given instant. Thereafter, as in all multiplexed dis-
plays, only one character is enabled at any time. All 
characters will appear to be displayed continuously, 
however, because of the high scanning rate. 
As seen in the table, during each clocked state the 

PROM generates 3 bits of segment information. Six such 
states define the character produced. Thus only three 
display segments switch during each NE591 latching 
period, substantially reducing load transients and large 
load-current variations, which tend to cause difficulty in 
circuits of this kind. Only six of each NE591's eight 
outputs are used, to reduce power dissipation. Note that 
each device handles 6 of the total of 18 display segments 
for each character. 
As the circuit is digital, neither layout nor component 

values are critical. The clock frequency, typically less 
than 5 MHz, should have a minimum pulse width (te) of 
100 ns, however, in order to ensure proper display and 
strobe latching. LI 

Designees casebook is a regular feature in Electronics. We invite readers lo submit original 
and unpublished circuit ideas and solutions to design problems. Explain briefly but thoroughly 

the circuit's operating principie and purpose. WWII pay $50 for each item published. 
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Programmable 
components: 
the shape of 
VLSI to come 

For economical solutions, 
very large-scale integration will rely on 
ROMs, gate arrays, and in the analog 

realm, programmable signal processors 

by James L. Fischer, Texas Instruments Inc., Dallas, Texas 

CI Entering the 1980s, the semiconductor industry is 
focusing its attention on developing and applying the 
next generation of technology—very large-scale integra-
tion. VLSI promises a far greater level of capability for 
devising electronic solutions to problems. Indeed, it is 
now apparent that the semiconductor industry is on the 
brink of perhaps one of the most profound technologi-
cal developments of the century, the extension of human 
intellectual capability through microelectronics. 
The revolution will be made possible by several trends 

that have characterized the industry from the beginning. 
Among these is ever-diminishing feature size. Current-

ly, advanced semiconductor products are manufactured 
with approximately 3-micrometer line widths. Those will 
decrease to less than 1 gm by the end of the decade as 
the industry converts to advanced lithographic tech-
niques and increases its use of computerized process 
control in manufacturing. 

Decreasing geometries have allowed an increasing 
number of what Texas Instruments calls active-element 
groups (AEGs) —defined as one logic gate or 1 bit of 
memory—to be incorporated on a single chip. Today's 
technology permits manufacture of advanced products 
like the 64-K dynamic random-access memory with a 
density, including control functions, approaching 
100,000 such groups per chip. The path of memory 
product development in the 1980s is well charted and 
predictable, leading to complexities of 1 million or more 
active element groups per chip by the end of the decade. 

Increasing complexity at a decreasing cost per AEG 
has produced an explosive demand for semiconductor 
products in industries far afield from the traditional 
electronic equipment market. The single-chip microcom-
puter, for example, offers a cost improvement of more 
than 1,000 times over a comparable system implemented 
with discrete components and more than 15 times over 
the same system implemented in custom LS! circuitry 
(Table 1). As a result, the semiconductor content as a 
percentage of electronic equipment market value has 
doubled in the past decade to about 7% currently and is 
expected to increase to more than 10% by 1990. 

Design stretchout 

As the complexity of integrated circuits increases, the 
time and cost of circuit design multiplies. That trend has 
prompted questions regarding the nature of future cus-
tomer-supplier relationships, which now range from the 

TABLE 1: THE COST IMPACT 

Evolutionary step 

OF MAJOR MICROELECTRONIC 

Components to 
assemble 

DEVELOPMENTS 

Component and 
assembly costs* 

Cost ratio 

1. Discrete-component systems (transistors, 

resistors, capacitors, etc.) 
20,000 - 30,000 $6,000 — $9,000 — 

2. Integrated circuits (small-scale integration-

less than 10 gates or bits of memory per device) 
350 — 500 $600 — $900 10:1 

3. Medium-scale integration (adders, counters, 

etc.-100 gates or bits of memory per device) 
125 — 150 $250 — $450 20:1 

4. Large-scale integration (microprocessors and 

custom LSI circuits-more than 100 

gates or bits of memory per device) 

7 — 10 $100 — $200 50:1 

5. Single-chip microcomputer 1 $5 — $10 1,000:1 

'excluding backplanes, cables, cabinetry, etc. 
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usual dealings for standard products (where there is 
some design interaction between the supplier and cus-
tomer) to those for custom products (which require a 
much higher degree of design interaction). First, will the 
semiconductor industry be able to handle the much 
greater and more complicated relationships with custom-
er's that will result from the increased complexity of 
VLSI circuitry? Second, can the industry handle the 
potentially enormous design costs of future custom prod-
ucts? In essence, will the customer be able to afford VLSI 
so as to get a fair return on his investment? 

Those problems will be resolved, of course, just as 
others have been resolved in earlier stages of semicon-
ductor development. Indeed, the first steps toward that 
resolution have already been taken. 

New interface 

For most current interactions between component sup-
pliers and system manufacturers, the design interface 
process for both standard and custom parts works very 
well, especially at the lower levels of product complexity, 
where the amount of information exchanged is small. 
For applications of standard products, the component 
manufacturer supplies the product specifications and 
data, and the system designer does the design and proto-
typing. In some situations, however, it may be necessary 
or more practical to specify a custom circuit. In that 
case, the customer must pay the extra development costs; 
however, he receives the advantage of unique circuit 
characteristics. 
As complexity increases, the time and cost of circuit 

design multiplies exponentially. This fact constrains the 
affordability of VLSI designs, since they will involve a 

2. Added dimension. Coupled to the part-number problem is the consideration of how many systems can be served by parts of increased 

integration. With greater integration, the parts become so increasingly distinctive that, at the VLSI limit, each fits only one particular system. 
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1. Parts problem. The explosion in number of unique circuit types 

with increasing integration was predicted by Fubini and Smith in 

1967, when chips comprised but 20 gates. They also predicted that 
the situation would reverse itself when one-chip computers arrived. 

larger portion of the overall system design and will 
become more specialized in nature. 
As early as 1967, Fubini and Smith expressed concern 

about two problems.' The first was the growing part-
number problem (Fig. 1). They pointed out that as the 
level of integration, or chip complexity, increases, the 
number of unique parts required to construct a computer 
of a given size must also increase, resulting in difficult 
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TABLE 2 COMPARING 
CUSTOM 

TMS 1000 PROGRAMMING 
LOGIC DESIGN 

Programming Custom design 

AND 

Savings 

Number of applications 400 400 

Design cost ($ millions) 10 80 70 

Technical effort 
(man-years) 

30 700 670 

Cycle time per application, 
from specification to 
prototype (days) 

50 — 75 200 — 400 150 — 325 

problems for the manufacture of large machines. But at 
some level of complexity, they correctly predicted, that 
trend would reverse as technology eventually attained a 
level of integration that would make possible a single-
chip computer. 

Fubini and Smith also recognized the key problem 
associated with very high levels of integration: the diffi-
culty in specifying a single-chip solution, because of the 
specialized nature of the application. The two suggested 
that designs would need to become increasingly general-
purpose to serve more end-equipment applications. 

Interestingly, those problems were foreseen when the 
level of integration ranged from 10 to 20 gates per chip. 
Though the specialized specification problem appeared 
then to be far in the future, it is very real to designers 
facing the 1980s. 

Growing problems 

Associated with the specialized specification problem 
are problems of design cost and design cycle time. As the 
level of integration increases and the parts become more 
complex, both the design cost and the cycle time 
required for each part increase dramatically. Whereas 
the number of unique parts required for a particular 
system increased with the evolution of small-scale to 
medium-scale integration, at a certain level of integra-
tion the trend reversed itself (as predicted by Fubini and 
Smith) and suddenly another dimension had to be con-
sidered—the number of systems served (Fig. 2). The 
reason: as the level of complexity increases beyond msi 
toward VLSI, the maximum number of parts required for 
a given system decreases. Moreover, the number of 
systems served by individual parts also decreases. Taking 
that to the VLSI limit, where a single part fulfills the 
total system requirement, a new custom device is needed 
for each system application. Obviously, the very high 
design costs and long lead times required would limit the 
number of systems served by VLSI to only those where 
large numbers of systems would be built. 
As has been the case in the application of LSI, 

programming offers a viable alternative to the high cost 
of customizing individual dedicated systems. The single-
chip microcomputer best exemplifies this approach. 
However, the level of complexity achieved to date has 
limited that concept to relatively simple applications, 
most of which have been digital in nature. Because of the 
tenfold increase in complexity possible with VLSI, how-
ever, the concept of programmability—with its asso-
ciated lower costs—will serve much larger numbers of 
system applications using a new class of components that 
may be called programmable system components. The 

customizing of these components is referred to at TI as 
solid-state programmation. 

Three product families within this new classification 
are already apparent. They are microcomputers, gate 
arrays, and digital signal-processing circuits. Among the 
microcomputers, the TMS 1000 family of single-chip 
4-bit microcomputers is the most pervasive example. 

Programmable components 

The architecture of all members of the TMS 1000 
family is essentially the same. Only during the final 
processing of the silicon slice is the program developed 
by the customer to define the system's functional specifi-
cations converted into a single-level mask and then 
embedded within the microcomputer's memory. That 
final mask programs three parts of the microcomputer: 
the read-only memory, the instruction decoder, and the 
output encoder. These three, respectively, control the 
input of data to the central processing unit, the process-
ing of the data, and the encoding of the output informa-
tion to meet the needs of the system. 

This class of device, currently in high-volume produc-
tion, provides a preview of the programmable system 
component of the future. The TMS 1000 architecture 
encompasses more than 20 base sets comprising memory 
expansions from 500 bytes to 4 K of ROM, various 
input/output configurations, and output variants that 
meet the needs of high- or low-voltage and differing 
display technologies. From these base sets, over 400 
different applications, or customizations, have been pro-
duced to date. That represents a total volume of more 
than 40 million units. 

Chips for toys 

Among the first applications for single-chip micro-
computers were microwave oven controls, followed by 
many other appliance-industry and personal-electronics 

3. Array alternatives. The gate array will be especially effective for 

customizing circuits in low-volume applications. The key is to inter-

connect logic elements (the dense clusters in this portion of an array) 

using advanced computer-aided design techniques. 
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applications. In 1977, the toy industry became a major 
user of the one-chip microcomputer. Such cost-effective 
applications have expanded the electronic toy market 
from $21 million in 1977 to $480 million in 1979. The 
most significant aspect of the single-chip microcomputer 
is that it made these applications possible at a much 
lower cost than would have been possible through cus-
tom circuit design. Indeed, most would not have been 
produced were custom designs the only option. 
Another illustration of cost-effective customization 

can be found in the Solid-State Software modules that 
determine the function of Ti's programmable calculators. 
The modules—actually programmed ROMS — can change 
the calculator, for example, from a tool for investment 
analysis to one for a golf handicapper, to an instrument 
for marine or aircraft navigation, to a surveying aid for 
civil engineer. In each case, the change is primarily one 
of software. The only hardware cost involved in serving 
each new application is the incremental design cost of 
programming the ROM. 
Speak & Spell is a learning aid that takes advantage 

of both forms of programmation —the microcomputer 
that acts as the synthetic-speech system's controller, and 
preprogrammed Solid-State-Speech ROM modules that 
can be plugged in to expand the basic vocabulary stored 
within the two 128-K Roms incorporated in the basic 
chip set. 
The use of programmed TMS 1000 microcomputers, 

rather than equivalent custom circuit designs, has 
resulted in substantial savings for system manufacturers 
(Table 2). The 400-plus designs now in production cost 
$7 million less because of programmation. But of even 
more significance is the savings of 670 man-years of 
highly skilled mos circuit design effort. No firm had the 
design resources to develop 400 unique custom lc 
designs during that period. What's more, even if the 
resources had been available, custom designs would not 

4. Breaking even. Because the initial design costs of custom ICs 

increase with circuit complexity, greater and greater volumes will be 

needed to break even on VLSI parts. Gate arrays have a far lower 

design cycle time and cost than custom circuits. 

TABLE 3: COMPARING 
AND CUSTOM 

GATE-ARRAY 
LOGIC DESIGN 

Gate arrays 

PROGRAMMING 

Custom Sayings 
logic 

Cycle time per application, 
from specifications to 

prototype (days) 

50 — 75 200 — 400 150 — 325 

Design cost 
(normalized dollars) 

1 3 — 10 2 — 9 

have been cost-effective for most of these low-cost, con-
sumer-oriented applications. 
A custom design might seem favorable because of its 

smaller die size, which initially suggests a lower manu-
facturing cost. The learning curve for custom circuitry, 
however, must be continuously recycled for each specific 
system application. The programmable system compo-
nent, on the other hand, rides steadily down the learning 
curve, since the same basic part is produced for all 
programmations. Not only does that allow the initial 
component cost to be amortized over all customizations, 
but also it substantially adds to component reliability. 
For example, the TMS 1000 family now carries a failure 
rate of less than 0.05% per 1,000 hours of operation. 
That is equivalent to less than one failure in 210 years of 
continuous operation. 

Gate arrays 

The second programmable system component that 
serves as a system solution for a growing number of logic 
circuit requirements is the gate array, whose initially 
unconnected logic elements are interconnected to per-
form a predefined logic function. Gate-level structures 
are defined by the systems manufacturer in terms of the 
function desired. These functions can be routed at low 
cost by computer, which links logic elements into the 
desired function (Fig. 3). 
The gate-array approach is particularly effective in 

low-volume applications. Since the initial design cost of a 
custom part increases more rapidly with circuit complex-
ity than does the cost of a comparable gate array, the 
break-even point for a custom circuit involves larger and 
larger production volumes with increases in complexity 
(Fig. 4). 
The advantages of programmed logic arrays over cus-

tom logic can best be seen by comparing the design cycle 
times and costs. The cycle time of gate arrays is one 
sixth to one fourth that of custom logic. Moreover, the 
design cost is one third to one tenth, a most significant 
savings in favor of gate arrays (Table 3). Since the 
programmation of gate arrays requires a metalization 
manufacturing step, electron-beam direct writing will 
play a vital role in minimizing prototype cycle time. 

Analog-signal VLSI 

The third programmable system component is the 
digital signal-processing circuit, an emerging technology 
that will replace single-function linear and analog cir-
cuits with programmable circuits. For example, the com-
bination of a multiplexer, an analog-to-digital converter, 
a high-speed programmable vector processor, and a digi-
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5. Analog processing. Digital signal-processing circuits will replace analog systems with programmable components that rely on analog-

to-digital conversion at the input, programmable array processing at the heart, and d-a conversion at the output. 

• e• II owe- ............ 
- ........,...s..4.,  le.1 

• - • 4: ‘4 .,• ". 4 - . • . , ' ,  . é ""....z..à• - 
-.- . . . ' ' • II' 

6. Precursor. A digital signal processor suitable for VLSI, this Micro-

Vector Processor, built with integrated-injection-logic circuits, uses a 

pipelined design. It combines real-time signal-processing techniques 

of seismology, telecommunications, and acoustics. 

tal-to-analog converter constitutes a flexible and effi-
cient signal-processing system. Such a system can per-
form many functions, as indicated in Fig. 5. And since it 
is programmable, the subfunction as well as the sequence 
can be programmed. 
A digital signal processor representative of the current 

state of the art is the Micro-Vector Processor (Fig. 6). 
This fast pipelined processor, implemented in integrated 
injection logic for military applications, combines more 
than two decades of real-time processing experience in 
seismology, telecommunications, and acoustics, along 
with VLSI technology. 

New customer relations 

As technology changes occur, corresponding changes 
in manufacturers' relations with customers will result. 
The relationships for standard products can be expected 
to remain much as they are today: the component manu-
facturer will continue to supply custom designs—mostly 
logic—but the relationship will be strained significantly 

with the advent of higher design costs per product. 
The growing capability of programmable system com-

ponents will relieve much of the need for unique custom 
parts. Thus, the part of the customer interface that can 
be expected to grow significantly will be the one falling 
between standard and custom products. But to use pro-
grammable system components effectively, the compo-
nent maker must be capable of a fast turnaround for 
product prototyping and—equally important—he must 
provide a computer-based design-support system to the 
systems manufacturers. 

In looking ahead to the application of VLSI, it is 
essential not to lose sight of the fact that the initial 
design of VLSI circuits, both programmable and single-
function, will continue to require significant design-
automation programs and large computers. The industry 
must continue to develop design-support systems to mini-
mize the growth in design cost for very complex circuits. 
On the other hand, small distributed computing systems 
provide all the computer support needed for individual 
programmations. The tremendous difference in required 
computer support—and skilled manpower support —is a 
key driving force for employing programmable system 
components. 

The future 

Based on the future opportunities and semiconductor 
industry trends, there is every reason to believe that the 
world semiconductor market will grow from $10.4 billion 
in 1979 to over $45 billion by the late 1980s. Of that, 
programmable system components will account for $20 
billion—or almost half. 

It is safe to say that the growth of the semiconductor 
industry will not be limited by market opportunities. 
Instead it will continue to be driven by technology, 
bound at the upper limit by the effectiveness of the 
interactions with customers. 
The world electronics market is expected to grow to 

$400 billion by the late 1980s, with the semiconductor 
content representing more than 10% of that. Considering 
the potential of VLSI, the total figure should well be even 
higher. But that potential may only be achieved through 
programmation, which charts a path toward the next 
microelectronics revolution. 
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NOW, 
HALF-WAVELENGTH 
RECORDING FO 

TER PAC 
NSITY 

Half-wavelength recording to 120 ips— it's a 
new option for the Model Ninety-Six that lets 
you pack your digital data well above 33 kbpi. 
And you achieve these densities with no sig-
nificant increase in error rate. Frequency 
response is 4 MHz at 120 ips. The payoff is 
impressive savings in system utilization tape 
logistics and tape consumption. 

If your applications are primarily analog, 

you'll also appreciate the new extended 
bandwidth capability of the Model Ninety-Six, 
4 MHz at 240 ips. This frequency response lets 
you produce Wideband Group Il compatible 

recordings. 
Quite frankly, few users of the Model 

Ninety-Six really need the full 4 MHz bandwidth 
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at 120 or 240 ips. They buy the system because 
it gives them good solid data at any record or 
reproduce speed. standard or half-wavelength. 

Because every system comes with high-
performance solid-ferrite heads; a capstan 
servosystem that holds flutter and TBE to 
extremely low levels; and an adjustment-free 
tape path for gentle, consistent tape handling 

and minimum skew. 
For complete information on the 

Model Ninety-Six, just call Ed Haines at 
(303) 771-4700.0r write for a free illustrated 
brochure that describes all our magnetic tape 
systems and other instrumentation products. 
Honeywell Test Instruments Division, 
Box 5227, Denver. CO 80217. 
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Set It! Get It! Believe It! 

PRECISION 

SIGNAL 
SOURCE 

$99-5 

WITH THE NEW Model 1002 Precision 
Signal Source, you can now have digital 
display of frequency and amplitude with 
crystal stability for under $1,000. You get fully 
synthesized outputs from 1 Hz to 2 MHz with 
1 Hz resolution, amplitude settings to within 
10 mV, all digitally displayed, locked to a 

  comstron corporation 
  200 East Sunrise Highway, Freeport, New York 11520 
  (516)546-9700 TWX 510-225-3699 

Circle 144 on reader service card 

reference and set with one convenient 
"Spin wheel" - the Model 1002 has 
PRECISION written all over it. 

Frequency accurate to 1 ppm, amplitude 
accurate to 0.25 dB and clean. IEEE-488 
Interface optional. 



Two-chip radio link 
pilots toys and models 

Transmitter and receiver ICs for multichannel remote control 

give low-cost digital and proportional system a 100-meter range 

by Martin Giles, Kerry Lacanette, Dennis Monticelli, and Ron Page, National Semiconductor Corp., Santa Clara, Calif 

El Toys and model vehicles with radio-frequency remote 
control have long been limited to committed hobbyists 
and radio amateurs working with expensive control ter-
minals. But the price of radio control will drop enough to 
spur a consumer boom now that inexpensive but sophisti-
cated integrated circuits are moving into the field. 

Penetration of this high-volume, low-cost market is 
helped considerably by ICs designed for easy, reliable 
assembly and operation. Two of the first such chips, 
introduced at the end of 1978 and now in volume 
production, are the LM1871 encoder-transmitter and 
the LM1872 receiver-decoder. They make it possible to 
build a complete radio control system for only $10. 
The LM1871 encoder-transmitter contains all the cir-

cuitry required to modulate an rf carrier as high in 
frequency as 80 megahertz with up to six analog chan-
nels of control information. The LM1872 receiver-
decoder uses a combination of pulse-width and pulse-
count techniques to recover two ana og signals and to 

accommodate two others for digital (latched) service. 
Alternatively, simple external circuitry provides for han-
dling a total of four independent channels in any combi-
nation of analog or digital formats. The versatile chip 
pair thus may be adapted to many other tasks such as 
activating burglar alarms or the remote switching of 
lights, TV channels, or data links, to name just a few. 

With or without a license 

While sharing many of the features of the typical 
0.75-watt, $200-to-$400 radio control set used by the 
serious hobbyist in the licensed portion of the spectrum 
at 72 MHz, the LM1871/LM1872 combination is also 
designed to provide superior performance over the fre-
quencies where no operator license is required (see Table 
1). The modulation technique used is compatible with 
the requirements of the Federal Communications Com-
mission for all allocated frequencies. The decoding tech-
nique, suitable for use in the licensed bands at the 

REMOTE 

Frequency 
(MHz) 

CONTROL 

Carrier 
tolerance 

FREQUENCY ALLOCATIONS 

width  

AND GENERAL REQUIREMENTS 

MaximumBand- 
P"ie s r; nogrtfe:eld t 

Modulation Notes 

26.995 

27.045 

27.095 

27.145 

27.195 

27.255 

0.01% 10,000 pV/m 

measured at 

3 meters. 

± 10 kHz On/off keying 
or amplitude 
tone modu- 
lation only 

• Low power. Licensed 
operators permitted 
transmitting powers 
to 2.5 W 

• Frequency phase and 
amplitude modulation 
prohibited 

• Maximum out-of-band 
emission: 500 pV/m at 
3 m 

• Channel spacing: 50 kHz 

49.830 

49.845 

49.860 

49.875 

49.890 

0.01% 10,000 pV/m 

at 3 m 

± 10 kHz Any type • No license required 

• Maximum out-of-band 
emission: 500 pV/m at 
3 m 

• Channel spacing: 
15 kHz 

72.160 

72.320 

72.960 

0.005% 0.75 W ± 4 kHz On/off 

and tone 

• License required 

72.080 

75.640 

72.240 

72.400 
, 

0.005% 0.75 W ± 4 kHz On/off 

and tone 

• Remote control of 
model aircraft only 

• License required 
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1. Guidance. LM1871 encoder-transmitter guides toys and models at 27, 49, and 72 MHz. Digital and proportional unit, shown configured for 

two channels each of digital and analog data, can be set up to deliver up to six channels of pulse-width-modulated information. 

allowed higher power levels, works equally well in the 
low-power unlicensed segments at 27 and 49 MHz. 
The LM1871 is a six-channel combination digital and 

proportional type encoder and rf transmitter (Fig. 1). A 
bipolar linear device, it is designed to generate a field 
with a strength of 10,000 microvolts per meter at a 
distance of 3 meters from its antenna at frequencies up 
to 50 MHz. This is the maximum field strength permitted 
for unlicensed transmitters. Encoding involves a pulse-
width modulation scheme: analog information is con-
verted into a train of pulses whose widths are proportion-
al to the corresponding channel inputs. 

In practice, the analog information at each channel 
input, and thus the output pulse width, can be set by a 
potentiometer that corresponds to a given control vari-
able. Each of up to six pots may be sequentially switched 
to discharge the timing capacitor at pin 8, which is 
periodically charged by the 1871. The setting of switches 
A and B (pins 5 and 6) determines the number of 
channels sent in the transmitted pulse train. This number 
may vary from three to six. Each frame of six pulses lasts 
about 20 milliseconds, which includes a terminating sync 
pulse 5 ms long to allow the receiver to discriminate 
between one set of pulses and the next. 

In operation, capacitor CT at pin 8 is charged to two 
thirds of the supply voltage (V.) through the pulse timer 
in a time determined by both Rm and CT. This time 
corresponds to the carrier-off period. The capacitor is 
then discharged back down to one third of V. through 
external potentiometer RCHI, which sets the carrier-on 

period for the corresponding channel, with the sum of 
the on and off periods constituting the pulse width for 
the channel. This width is usually between 1 and 2 ms, 
with a nominal 1.5-ms value. At the receiver, a corre-
sponding potentiometer connected into a pulse recovery 
circuit is mechanically set in position by a servo, the 
servo rotating until the pulse widths at receiver and 
transmitter match. 

Closed loop or open 

This pulse-width matching is a form of closed-loop 
analog control: the rotation of the receiver's servo is 
proportional to the control position of the transmitter's 
potentiometer—that is, a steering, or positional function. 
Alternatively, open-loop control can be obtained for any 
channel by omitting the corresponding receiver potenti-
ometer and comparing the transmitted pulse with a fixed 
pulse width at the receiver (usually a 1.5-ms monostable 
vibrator triggered by the leading edge of the transmit 
pulse). A shorter transmitted pulse will cause the servo 
to rotate in one direction. Matching pulses will result in 
a stationary motor, and a wider transmitted pulse causes 
rotation in the other direction. The motor speed can 
either be fixed for positional control or variable, depend-
ing on the actual difference in the pulse widths for speed 
control. Because this open-loop method initially requires 
matched pulses for a stationary motor, the LM-
1871/1872 can also use another method, described later, 
that avoids the need for a time reference to control 
latched channel controls (digital channels). 
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The typical transmitting antenna used in the field will 
be a telescoping or fixed wire antenna about 0.6 m in 
length. At 27 and 49 MHz, this length is less than one 
tenth of a carrier wavelength, so the antenna is capaci-
tive. At 49 MHz, a 0.6-m, 5.6-mm-diameter antenna can 
be represented by a 6.2-picofarad capacitor. The ability 
of such an antenna to radiate power can be represented 
by an equivalent radiation resistance (RA) that would 
dissipate the same power. RA is given by: 

RA = 40 (ir L/X)2 ohms 

where L is the length of the antenna and A is the 
wavelength, both in meters. For an antenna 0.6 m long, 
RA equals 3.78 I/ 
The current through RA needed to generate a given 

field strength, E (in µv/m), is given by: 

IA = EdX/(1207rL) 

where d is the distance in meters from the antenna. 
Plugging in the FCC limit for E of 10,000 µv/m at d = 
3 m, it is seen that the antenna current is 0.8 mA. If the 
capacitive reactance of the antenna is tuned out with a 
loading coil (resonating with 6 pF at 49 MHz) less than 3 
mv is required from the oscillator tank circuit, in theory. 
The loss resistance, RL, is considerable, however, and 
must be taken into account. This resistance will be a 
function of the terrain, transmitter height, load mis-
match, and other factors. For a typical hand-held trans-
mitter with a consequently poor ground return, RL will 
vary from several hundred ohms to kilohms. Practical 
experience indicates that the tank coil should be suitably 
tapped to deliver 20 mv peak to peak at 49 mHz and 
about 200 mv p-p at 27 mHz to the antenna loading coil 
in order for the 1871 to deliver the maximum field 
strength. The transmitter is regulated so that the maxi-
mum power output is maintained for a supply voltage 
variation extending from 16 down to 5 volts. 
The extremely low radiated power permitted in the 

unlicensed bands does indicate one difficulty in utilizing 
these frequencies, apart from the limited range. Specifi-
cally, FCC regulations mandate that out-of-band emis-
sions must be at least 26 dB below the peak permitted 
carrier level: that is, less than 500 µv/m. Because of the 
substantial losses encountered in the antenna circuit, the 
oscillator power level must usually be made high to 
achieve the maximum permitted field strength. This 
means that the level of harmonics being radiated directly 
by the oscillator can easily be above the FCC limit if care 
in circuit layout is not exercised. Oscillator and output 
leads, including ground returns, should be kept as short 
as possible. Design and evaluation kits for both the 1871 
and 1872 are now available for those who wish to elimi-
nate construction-phase headaches. 

Range versus terrain 

The range to be expected with this low-power trans-
mitter is dependent on the transmitting and receiving 
antenna heights and the local geography. Outdoors, the 
transmitted field strength can be expected to be similar 
to that of the color curves of Fig. 3, taken across an 
asphalt parking lot with a transmitter 3 feet above the 
ground. Wet grass or water and higher antenna locations 

will yield an increase in field strength for a given 
distance from the transmitter. In contrast, operation 
within buildings can drastically reduce range if they 
contain much metal. Metal furniture, refrigerators, fil-
ing cabinets or steel beams will cause dramatic local 
variations in field strength making any range predictions 
subject to large errors. However, in domestic environ-
ments, a range of at least 10 to 20 m can usually be 
attained. 

But while the permissible output power is an impor-
tant factor in determining the control range, of equal 
importance is the sensitivity of the LM1872 receiver. 

Sensitive superhet 

To obtain sensitivity along with good selectivity, the 
LM1872 (Fig. 2a) is configured as a single-conversion 
superheterodyne receiver. The local-oscillator and mixer 
stages are capable of operation up to 80 mHz with good 
conversion gain and low intrinsic noise. The intermediate 
frequency is 455 kHz, and a wide-range (97-dB) auto-
matic-gain-control circuit is employed in the i-f ampli-
fier to handle the wide range of input voltages typically 
encountered. This circuit also provides good immunity to 
voltage transients on the supply line. The active digital 
detector that follows raises the system gain to 88 dB. The 
resulting baseband signal is then applied to the decoding 
logic, so that the original signal information sent on each 
channel can be retrieved. 
A high-gain precision comparator, a 30-µs integrator, 

and a 25-mv reference make up the unique digital 
detector. When the signal voltage from the i-f amplifier 
exceeds 25 mv (the detector threshold level), the com-
parator will drive transistor Q11 to discharge the enve-
lope-detection capacitor, C12. A period of 30 is is nor-
mally required for the 1-µA current source to linearly 
charge C12 to the 3 V (V./2) level necessary to fire the 
Schmitt trigger. But the presence of the 455-kHz carrier 
waveform (2.2-µs period) prevents C12 from reaching 
this threshold until the carrier signal goes to zero during 
the interchannel time. The Schmitt will respond 30 µs 
later. This delay does not upset system sync since the 
LM1872 decoder responds only to the negative edges of 
the modulation envelope. 

Recovering the data 

The decoder (Fig. 2b) extracts the timing information 
from the carrier for the analog channels (of which there 
are normally two) and the pulse-count information for 
the digital channels (normally two). At the heart of the 
decoder is a three-stage binary (flip-flop) counter, A—C, 
that is advanced by one count on each negative transition 
of the modulated carrier envelope. 
When the rf carrier drops out for the first modulation 

pulse, its falling edge advances the counter. During this 
time the sync capacitor C6 is held low by transistor Q12. 
When the carrier comes high again for the variable 

channel interval, C6 ramps toward V./2 through the 
l00-k1 resistor but is unable to reach it in the short time 
that is available. At the end of the pulse, the carrier 
drops out and the counters advance once again. The 
sequence is repeated for the second analog channel. 

Gates GI and G2 decode the analog channels by exam-
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2. Linkage. LM1872 (a) demodulates up to four channels of incoming data, converting it into positional data for model vehicle's analog- and 

digital-channel servos. Single-conversion superhet is built on par with standard a-m receiver, except for digital decoder (b), which is needed 
for extracting the timing and pulse-count data from carrier in order to deliver the proper channel command to its corresponding servo. 
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3. Profile. The field transmitted by the 1871 (color curves) induces a 

voltage at the 1872 receiver's antenna (black curve) sufficient for 

operation at 100 m. The receiver's automatic-gain-control threshold 

is reached at an input voltage of 250-280 µV. 

ining the counter's binary output to identify the time 
slots that represent those channels. Decoded in this 
manner, the output pulse width equals the sum of the 
standard interpulse time and the variable pulse width 
representing channel information. A Darlington output 
driver then delivers the channel pulses to their corre-
sponding servos. 

Following the transmission of the second analog chan-
nel, one to four (in this case, two) pulses representing the 
digital information are received in the manner outlined 
in the detector discussion. Up until the end of the pulse 
group frame period, the decoder responds as if these 
pulses were analog channels, but it delivers no output. At 
the conclusion of the frame, the sync pulse is sent. 
Because the sync time is always made longer than the 
period of the sync timer (pin 13), the timer can deliver a 
signal to monostable (one-shot) multivibrator AI. The 
first AI enables gates G3-G6 to read the state of flip-
flops A and B into a pair of RS latches. 
The latches can source or sink up to 100 mA, thus 

serving as an ideal device for transferring the digital 
command to its servo. If A or B, and thus its correspond-
ing latch, is at logic 1, then its respective servo will be 
activated. Upon conclusion of the read pulse, one-shot 
A2 is triggered, the counter is reset, and the chain is 
ready for the next frame. 

The motor noise factor 

The voltage induced by this encoder into a receiving 
antenna 0.6 m in length at 49 mHz is plotted in the solid 
black curve of Fig. 3. As seen, the maximum typical 
outdoor range will be 100 meters. The minimum receiver 
sensitivity needed to effect a successful command has 
been set at 15 Iv nominal. Higher sensitivities can be 
easily achieved and the range possibly increased signifi-
cantly, but the high-noise environment created by inex-
pensive servo motors themselves makes this consider-

ation impractical for low-cost applications. 
The automatic-gain-control (AGC) threshold is 

reached for an input of 250 to 280 eiv from the antenna. 
This signal level corresponds to a position roughly 25 m 
distant from the transmitter. At the detector threshold 
level (12 dB below the AGC threshold), the antenna 
signal is 60 to 70 µv, corresponding to a minimum range 
between 50 m and 60 m. To run a small vehicle on a 
received signal of only 60 µv does require good suppres-
sion of motor noise. Although the LM1972 is immune to 
noise transients on the common supply lines, rf noise 
generated by the motor brushes will always be picked up 
at the antenna or i-f transformer windings. Motors with 
wire or carbon brushes are usually better in this respect 
than motors with metal-stamping brushes, but even the 
latter can usually be effectively suppressed by inductors 
mounted close to the brush leads. In applications where 
the drive or servo motors are more remote from the 
antenna circuit, the LM1872 can be designed with high-
er sensitivity. At the licensed frequencies around 72 
MHz, the circuit is able to operate with a signal below 2 
µv at the antenna input. 

Four-channel flight 

The 72-MHz band is intended primarily for control of 
model aircraft, which often requires more than two 
analog channels. Expansion to four analog channels is 
easily accomplished by modifying the LM1871 encoding 
waveform such that channels 1, 2, 4, and 5 are pulse-
width-controlled by potentiometers. Channel 2 is made 
to emit a fixed long pulse (5 ms) such that after decod-
ing channels 1 and 2 at pins 11 and 12, the LM1872 will 
recognize channel 3 as a sync pulse and reset the counter 
chain. Simultaneously, both digital channel outputs will 
be latched low and then channels 4 and 5 will be decoded 
at pins 11 and 12. Because the digital channels are at a 
logic 1 (high) during encoding of channels 1 and 2 but 
are at a logic 0 during encoding of channels 4 and 5, they 
can be used to steer the analog channels—providing four 
independent analog controls. 

This type of transmitter encoding may also be used to 
provide simultaneous control of four independent single-
channel receivers, each receiver using the digital channel 
output to identify its control pulse. 

Other transmission media 

Although the LM1871 and LM1872 have been 
designed primarily as an rf link, other alternatives are 
possible, including common carrier transmission, ultra-
sonic, or infrared data links. To use the LM1872 as an 
infrared receiver, the local oscillator is defeated and the 
mixer stage runs as a conventional 455-kHz amplifier. 
For an ac line link, a 262-kHz i-f is more suitable but will 
have a similar configuration. The choice of carrier will 
depend largely on application —rf links being suited to 
relatively long-range outdoor mobile control, infrared 
and ultrasound to applications where room-limited trans-
mission is needed for privacy. Common carrier will 
apply best to stationary locations where communications 
is desired without additional wiring around a building. 
Additional information is available in the application 
notes for the 1871 and 1872. fll 
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Distributed computer network 
takes charge in IC facility 

Computers at the helm of MOS chip production line manage fabrication 
and testing of wafers, data collection, and generation of test reports 

by David P. Clemens and Gary L. Castleman, Hewlett-Packard Co., Corvallis (Ore.) Division 

Very large-scale integrated circuits have become so 
complex that computers are moving into virtually every 
stage of their fabrication, including factory manage-
ment. Hewlett-Packard's automated production facility 
in Corvallis, Ore., was designed in response to this 
situation. The plant, which produces LSI mos chips for 
calculators such as the HP 85A, has an integral distrib-
uted computer network that controls the chip-processing 
equipment with both flexibility and precision and col-
lects and analyzes a very large amount of technical data. 
It also manages a data base of accounting, manufactur-
ing, and test information. 
At the distributed network, a variety of LSI MOS 

circuits are routinely and simultaneously made on the 
same production line to diverse process specifications. 
Each lot of wafers, under the direct control of the 
computer network, can receive individually tailored pro-
cessing. As the analysis of production and engineering 
data is increasingly performed by the computer network, 
the result is less paperwork. 
Many benefits have been realized with the computer 

network, which was originally started in HP's integrated 
circuits laboratory at Palo Alto in 1975-76 and then 
transferred to Corvallis, where it went on line in April 
1977. Engineering efficiency has increased as data 
acquisition and reduction have been simplified. With the 
network, an engineer can solve problems more quickly 
because complex process interactions are much more 
easily correlated. Also any process alteration can be 
implemented as easily for one product as for another. 

Distributed management 

The distributed computer network is composed of a 
hierarchy of interlinked computers, each performing the 
task its size and power best suit it to. Shown in Fig. 1, 
the system spreads the factory's computational workload 
among three major networks: the LSI process network 
controls wafer fabrication; testing is managed by the LSI 
testing network; and data is collected and reduced in the 
factory management network. These areas are linked by 
the ringlike structure shown in Fig. 1. 
The factory management computer, which resides in 

the top block, requires software and hardware designed 
for batch processing. This processor must be able to 
manipulate a very large data base accessible by direct 
computer link to the rest of the distributed network and 

to generate reports in business ledger form. The pro-
gramming languages must be suited to business and 
scientific functions. The HP 3000 was chosen for its 
mass data storage and flexible data formatting. 
The computers used in the process network and test 

network blocks must be fast, efficient, and relatively 
inexpensive for the real-time management and control 
functions they are called on to do. The minicomputers 
chosen were HP 1000s, which have a real-time operating 
system with high-speed floating-point calculations and a 
flexible input/output architecture. 
The network is tied together with HP distributed sys-

tem hardware and software. In the network, information 
can be transferred to and from any node. At each node, 
information can be assembled and reduced to its most 
useful form. Each data base is updated as information is 
entered, with management and engineering reports con-
taining the most recent data. 

For report generation, if the central processing unit of 
one network node is busy, its stored information can be 
transferred to another that does have time available. For 
an even more efficient mode of operation, redundant 
communication links and a management hierarchy can 
be added to this distributed network. 
The automatic LSI processing network shown in Fig. 2 

manages wafer movements through each wafer-process-
ing step while at the same time precisely controlling each 
process step's parameters and collecting information 
about each wafer lot—a group of wafers that is pro-

LARGE-SCALE-
INTEGRATION 

PROCESS 
NETWORK 

FACTORY 
MANAGEMENT 
NETWORK 

LSI TEST 
NETWORK 

1. Load sharing. At Hewlett-Packard's Corvallis, Ore., facility, a 

distributed computer network, shown greatly simplified, shares the 

computational workload of an MOS fabrication line among linked 

factory management, LSI process, and LSI test networks. 
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2. Processing. Wafer fabrication is managed by the process control system (PCS)—an HP 1000E. It interfaces with equipment controllers via 
the front-end data concentrator (top right). Bank computers manage data transfer between PCS and automatic processing stations. 

cessed from a common beginning to a common end. A 
process is defined as an ordered set of operations that, 
when executed sequentially, convert a lot from bare 
silicon wafers into ICs. 
One goal of the automatic processing network is to 

lower costs by enhancing yield, improving product 
reliability, and simplifying the collection of production 
and engineering data. Another important goal is to mini-
mize operator and environmental influence on the wafer 
processes. Detailed instructions are presented to the 
operator on cathode-ray-tube terminals at each operat-
ing station, and each piece of processing gear is con-
trolled as automatically as possible. 
The main components of the LSI processing net are the 

process control system (Pcs), front-end data concentra-
tor, bank computers that control a bank of equipment, 
and the equipment controllers. The PCS sends instruc-
tions to and gathers data from a series of automatic 
controllers—minicomputers or microprocessors—at the 
various wafer-processing stations. The front-end data 
concentrator is a customized communications interface 
that allows the PCS to communicate with the rest of its 
net without loading associated tasks on its CPU. 
Bank computers manage the transfer of information 

between the PCS and one or more automatic processing 
stations. At present there are four bank computers on 
line. Automatic processing stations are basically auto-
matic controllers for each lc processing step that also 
gather real-time data on the process. 
At the center of the process control system is an 

HP 1000 E-series processor with 160 kilobytes of ran-
dom-access memory. The system manages the movement 
of wafer lots and makes sure that the processing steps 

occur in the correct sequence. Its operating system occu-
pies 40 kilobytes. 
The mass store in the process control system is an 

HP 7900 disk, which has 5 megabytes of storage meant 
for application and system software. A 50-megabyte 
7920 disk is used for accumulating the data base. A 
magnetic-tape system is used for mass storage of the 
operating system and of each day's transactions. A sec-
ond system, which is identical to the PCS, is also utilized 
at the plant for generation of off-line software and as a 
backup for the PCS. 
The PCS interfaces through its front-end data concen-

trator with as many as 30 external devices, including 
bank computers and user input/output terminals. The 
data concentrator is flexible enough to adapt to the wide 
range of asynchronous communication protocol formats 
needed to interface with the different protocols of both 
purchased equipment and that designed in house. 
Asynchronous protocols generally require many time-

consuming routine tasks such as check-sum calculations, 
special character recognition, intramessage timeouts, 
and automatic retries on errors. The front-end data 
concentrator firmware saves valuable time by handling 
all of these tasks. 

Messages pass between the PCS and each automatic 
processing station through a two-way link. The 
communication interpreter is the bank computer, which 
is an HP 1000 with 96 kilobytes of RAM. A terminal 
connected to each bank computer may communicate 
with the PCS or with any automatic equipment in the 
production network. In the rare case when the PCS is 
down, the bank computer and terminal can be used in a 
backup mode to operate all of the automatic equipment 
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3. Automated deposition. A digitally controlled low-pressure chemical vapor deposition system has been integrated into the LSI process 

network. An HP 1000 controller provides real-time closed-loop control of the gas, vacuum, temperature control, and wafer-handling systems. 

with which it directly communicates. Equipment 
installed in the automatic production network is selected 
primarily for its processing suitability and secondarily 
for its adaptability to the computer network. 

Purchased microprocessor-controlled equipment can 
normally be connected directly to a bank computer via 
an RS-232 link, and the division is planning to install 
two additional automatic processing stations for micro-
processor-automated equipment for both deposition and 
inspection. One of the stations will link a microproces-
sor-controlled automated planar magnetron sputtering 
system from Materials Research Corp., Orangeburg, 
N. Y., into the LSI process network. A second station is 
intended for control of a group of microprocessor-
automated wafer-measurement equipment, including an 
automatic spectrophotometer from Nanometrics Inc., 
Sunnyvale, Calif. 

Possible modifications 

Equipment not automated by its manufacturer can be 
modified by installing the appropriate transducers and 
control circuits. This equipment is then connected to 
another HP 1000 computer system configured as a uni-
versal equipment controller. 

Each equipment controller contains a utility set of 
control software, a user-definable set of lookup tables for 
system definition, and an 1/0 set including expandable 
analog signal handling. The modular nature of the bank 
computer and controller designs adds significantly to the 
flexibility of the overall facility. 
An example of automated processing equipment con-

structed at Corvallis is a direct—digital-controlled, low-
pressure chemical-vapor deposition (f_PcvD) system 
designed in house. The LPCVD system contains four 
tubes, each able to deposit silicon dioxide, silicon nitride, 
and polysilicon films on silicon wafers. Each tube, under 
computer control, adjusts critical process parameters 
according to instructions received by computer link from 
the PCS. During processing, the system monitors its 
performance and sends processing data to the PCS for 
real-time logging in the lot history file. 
The LPCVD system was designed to maximize control 

over the process in order to achieve predictable film 
qualities. A block diagram of the LPCVD is shown in 

4. Wafer logging. An operator is pictured logging wafer and material 

movement into a cathode-ray-tube terminal. This information is 

stored in the factory management computer and is used to monitor 

the flow of wafer lots through each station in an MOS process. 

Fig. 3. The FIP 1000 controller computer provides real-
time closed-loop control over the gas, vacuum, and tem-
perature-control systems and the wafer-insertion mecha-
nism. All gas flows are set and monitored by the comput-
er, using mass-flow controllers. 
The computer also sets and controls the temperature 

profile by monitoring a five-junction thermocouple and 
then adjusting the power furnished to a three-zone fur-
nace. Alarm conditions are automatically sensed, acti-
vating audible and visual signals. These alarms also 
automatically trigger a shut-down sequence appropriate 
to the situation. 

Before the processing of a particular lot begins, two 
types of information must be stored or inserted into the 
PCS — a lot history file and an operation description. The 
lot history is composed of all wafer-identification, yield, 
and measurement data. The operation description is a 
detailed set of processing instructions. 
A production supervisor creates the lot in the process 

control system's data base by interactively providing the 
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following information to it through one of the data input 
terminals: lot number, process, number of wafers, work 
order number, required date out, responsible engineer, 
part name or priority. 
The PCS reserves space in its data base for logging 

process information as each lot moves through. A lot 
history file is maintained as the lot moves from operation 
to operation. Information recorded includes the follow-
ing taken at each operation: 
• Date and time in and out. 
• Operator responsible for processing. 
• Measurements taken at each operation. 
• Wafer fabrication yield. 
• Process alarm messages. 
• Automatic hold for engineering disposition of any 
out-of-spec lots. 

The process begins 

The starting point of the wafer flow occurs when the 
operator identifies the lot that is to be processed to the 
PCS. The process control system then checks the lot 
history file and the process description in order to deter-
mine which operation the lot is scheduled to receive. The 
automatic recipe is transferred from the PCS to the 
appropriate automatic equipment via a direct computer 
link. Then the operator is given wafer-handling instruc-
tions for the operation on a computer terminal at the 
processing position. 
The operator then loads the wafers according to the 

instructions and presses the start button. The operation 
proceeds to completion with alarms logged automatically 
in the lot history file. 
Then the PCS checks the data collected on the pro-

cessed wafer for conformance to specified limits and 
places out-of-spec wafer lots on hold for examination by 
the engineering staff. 
A lot is automatically scheduled for the next operation 

in its process immediately after it successfully completes 
the previous operation. Lots are scheduled at each equip-
ment station on a first-in, first-out basis, with the higher-
priority lots—according to the lot description —moving 

ahead of lower-priority lots in the lot QUE file in the PCS. 
Lots are selected for processing at each station by an 

operator who consults the equipment QUE file on any 
bank or system terminal. A typical terminal position is 
illustrated in Fig. 4. The operator selects lots at the top 
of the QUE list and programs them for processing 
through the operation the PCS has scheduled. The opera-
tion description can also be listed on any PCS terminal. 
Each PCS operation contains: 

• An equipment designation. 
• A recipe, or processing instructions, for the automatic 
equipment. 
• A set of wafer parameter measurements, which is 
required for the lot history file after an operation has 
been completed. 
• A set of processing instructions for the operator. 

Operations are segments of processes, and different 
processes may contain many identical operations. Lots 
destined for different processes may be passed through 
the same operation simultaneously if the operation is 
contained in all the process descriptions. 

Each piece of automatic equipment has a complete 
description of its features and specifications stored in the 
PCS. This information is known as an equipment defini-
tion, or bounds, table. The PCS checks the bounds table 
each time a new operation file is entered and verifies that 
each event in the automatic recipe is possible with the 
equipment called for in the operation file. 
When the equipment bounds table is used in conjunc-

tion with the process and operation-definition files, 
a diverse product and process mix can be fabricated by 
using the same equipment, while the probability of incor-
rect procedures is minimized. 

Another feature of the computerized process-control 
scheme is that any piece of equipment can be used for 
more than one operation. Any set of operational parame-
ters can be varied by altering the automatic recipe. 
These features are used extensively in the facility for 
customized processing. 

Data accumulated in the lot-history—file data base is 
accessible for generating special reports. An example is a 
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5. Test management. LSI test network (a) links six HP 1000 minicomputers and other wafer test equipment. Test network manager is an HP 

1000F processor. A detailed diagram of fully automated parametric test station with an HP-1000 handling probe placement is shown in (b). 
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8. Computer management. The factory management network, 

based on the use of a HP 3000 computer with a massive storage 

capacity, keeps track of all wafer lots from processing to test. The 

same computer calculates yields and generates reports. 

lot-movement prediction report, which is a graphical 
representation of the movement of a lot through each 
operation in its process, plotted on a time line in days. 
Movement through each operation is plotted using the 
symbol O. The symbol X is used to predict the time that 
is required for movement through each of the remaining 
operations. 

Movement prediction is based upon the average time 
each wafer lot spends on a queue and is active at each 
operation for lots recently processed. A format similar to 
the lot prediction report has been used to predict the 
number of wafers in process and average cycle time at 
each operation. Other reports have been generated for 
production and engineering purposes by sorting lot histo-
ry data in various ways. 

The test network 

The distributed test network, shown in Fig. 5, is 
responsible for collecting, reducing, and processing large 
quantities of chip parameter measurements. This net-
work is composed of six HP 1000 minicomputers linked 
together with a variety of wafer test equipment. The test 
network manager is an HP 1000F capable of floating-
point computation. A second CPU, to the left of the HP 
1000F in Fig. 5a, is used for software development. Of 
the remaining four computers, two control parametric 
testing and the others collect data from LSI functional 
testers. 
The test network's parametric testing shown in Fig. 5b 

is fully automated, with an HP 1000 system controlling 
probe placement and test circuitry. Each of the para-
metric test systems has a 10-megabyte disk-storage unit, 
128 kilobytes of semiconductor memory, one magnetic-
tape drive, two input/output display stations, and one 
line printer. One parametric test station is equipped with 
a four-color-pen graphics plotter. 

For functionally testing the LSI circuits, two major 
categories of equipment are used—general-purpose and 
dedicated. Two Fairchild Sentry systems are available 
for testing production parts or for those engineering 
applications requiring extensive data collection. For rou-
tine production testing, various dedicated testers are 
available. The Sentry testers are tied into the test 
network by direct computer link. 

Parametric information relating to IC performance, 
continuity tests, and thin-film process quality can be 
combined with functional test data to provide valuable 
diagnostic information about the process and the circuit 
design. Information collected at various stations in the 
test network is sent to the network manager for reduc-
tion and compilation into a report. Trend charts of 
parametric and functional data are generated as needed. 
A project is under way to construct X-Y plots of 

functional yield against parametric test data. These 
graphs of yield versus functional parametric data can be 
used to judge the sensitivity of circuit and device per-
formance to process variations. One goal of the test 

information network is to predict yields through the 
analysis of data trends. The main analytical techniques 
used for this are time series analysis and pattern recogni-
tion. Another goal is to provide direct information feed-
back to wafer fabrication to aid process control. 
The last block of the overall distributed system is the 

factory management computer shown in Fig. 6. This 
computer collects reduced data from the production and 
test networks that can be used for report generation, 
facility projection, data analysis, long-term data storage, 
and cost accounting. The factory management computer 
can also control the mask and spare parts inventory and 
track parts through test and assembly. 
An HP 3000 series III processor with 2 megabytes of 

semiconductor memory controls factory management. 
The mass data storage available to the factory manage-
ment computer consists of a 10-megabyte system disk, 
three user disks of 20 megabytes each, and two HP 7970 
magnetic tape systems. A maximum of 32 display sta-
tions can be connected to the factory management com-
puter for data entry and extracting reports. The factory 
management computer is connected by direct computer 
link to the processing and test networks. 

Mask inspection 

The mask-inventory control system satisfies both pro-
duction and engineering needs. Each of the new masks is 
given a unique control number to reflect the part num-
ber, mask level, and vendor. A history file that contains 
critical mask dimensions, defect count, usage, and 
inspections is entered from the terminals connected to 
the HP 3000. The mask inventory and inspection data 
base is used to provide inventory management reports 
based upon wafer production needs and useful mask life 
history. These reports can also be used to evaluate the 
mask vendor performance and to correlate mask defects 
to process parameters. Both of these factors can directly 
contribute to device yield. 
Mask inventory control is only one example of the 

kind of management function done by the management 
computer system. The system will be used to provide 
management data for making decisions and for more 
complete resource control by mid-1980. At that time, the 
management computer will do things like plan wafer 
starts based upon production needs, correlate process 
and test data for process control and optimization, and 
perform many other facility management functions. El 
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Engineer's notebook  

Contact tester quantifies 
open-, short-circuit tendencies 
by Steven Nirenburg and Wunnava V. Subbarao 
Florida International University, Miami, Fla. 

Many present-day electronic systems, being modular in 
nature, rely heavily on connector blocks to hook the 
various functional units together. As such, it is becoming 
increasingly important to detect any momentary open-
circuit or short-circuit tendencies of the system at the 
connector—especially in high-vibration environments — 
both in production-line testing and during actual opera-
tion. This tester detects both, while indicating if either 
condition persists beyond a given time preset by the user. 

Consider the detection of an open-circuit tendency of 
contact SI, as shown in the figure. For the purposes of 
discussion, the open-circuit condition is arbitrarily cho-
sen to be one in which the resistance across SI is greater 
than 10 ohms for a period equal to or greater than 100 
microseconds. 
On system reset, the 74192 counters and 7476 flip-

flops are brought to logic 0. If SI is closed, voltage V, 
will be near zero and the outputs of comparators G, and 
G2 will be high. Light-emitting diode Do then glows, 
indicating the contact is closed. 

Connection. Tester for block connectors, pc boards, and cable assemblies indicates if duration of open or short circuit in circuit pin or lead 

exceeds preset time and checks relative magnitude of resistance across switch or broken wire. Four LEDs indicate state of affairs. 

If SI is momentarily opened or shows any contact 
deterioration, VI rises slightly above ground potential, 
forcing Gi low and gating the output of the 1-megahertz 
clock through to the counters. Thus should the contact 
deterioration last for 100 pis, 100 clock pulses will be 
counted and the resulting carry pulse generated from the 
second 74192 will set flip-flop F1. And if the ohmic 
resistance across SI goes above 10 9, VI will rise above 
50 millivolts, forcing G2 low and flip-flop F2 high. 
Thus DI will glow if F1 is set and F2 is clear. D2 will 

glow if F1 is clear and F2 is set. D3 will light if both F1 
and F2 are set, so that the predetermined open-circuit 
time and resistance of SI may be readily recorded. 

Short circuits are readily detected by connecting 
points A and B across the normally opened contact 
under test. When the contact is open, VI is near zero and 
the system remains in the reset position, lighting up Do. 
If shorted momentarily, SI will cause either DI, D2 or D3 
to light. For the values shown in the figure, DI will glow 
if the short circuit exceeds 100 /is or more; D2 indicates 
if SI's resistance is less than 1 MI; D3 illuminates if both 
of the aforementioned conditions exist. 

By changing the clock frequency or the counting limit, 
any time interval can be preset. Similarly, the impedance 
at which the circuit responds may be selected by adjust-
ing the threshold voltage at G2. El 

Engineer's notebook is a regular feature in Electronics We invite readers to submit original 
design shortcuts, calculation aids, measurement and test techniques, and other ideas for 
saying engineering time or cost. We'll pay $50 for each item published. 
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It gets tougher all the time. 
Trying to match budget dollars 
with instrument performance can 
be a real problem. Unless the 
instrument is our Model 1062 
Sweeper. 

At only $8907 the Model 1062 is a 
full-performance laboratory 
sweeper with a 1-400 MHz 
frequency range. You can sweep 
any portion of that range at 
variable rates, and have triggering 
capability to boot. You'll also find 

10 mW RF output, 2% sweep 
linearity, and ± 0.25 dB flatness— 
performance characteristics usually 
seen only on much more expensive 
instruments. 
The Model 1062 also includes 

provision for an optional crystal-
controlled birdy bypass marker 
system. Up to six plug-in marker 
modules may be added. The 
markers can be at single discrete TWX (810) 341-3226 
frequencies or they can be 
harmonically related. Front-panel W AVETE 

controls vary marker amplitude 
and bandwidth. 
Get the sweeper that solves 

budget and performance problems 
all at once. Get the Model 1062— 
still only $890, 
Wavetek Indiana, PO. Box 190, 

66 North First Ave., Beech Grove, 
IN 46107. Toll free 800-428-4424; 
in Indiana (317) 783-3221. 

•US pr.c, Circle *156 for demonstration 

CIrcle .157 for 1 iterature 

Get our budget sweeper. 



Calculator notes  

TI-59 derives receiver's 
dynamic range, noise figure 
by August C. Neitzel Jr. 
Manassas. Va. 

Calculating the noise figure, gain, input-intercept point, 
and dynamic range of a multistage communications 
receiving system can take hours, even after the corre-
sponding values for each individual section have been 
measured. This program for a TI-59 calculator derives 
the desired quantities in seconds, given the noise band-
width of interest for the system. 
The program finds the system's input intercept (IP,i) 

and noise figure (NF) from: 

= — 10 log [(G,G2 G„)/IP!,' + 
(G,G2 Gn«,)/In., + GI/IPIK] 

NF = 10 log [NF, + (NF2— 1)/G, + (NF,— 1)/(G,G2) 
+ . (NF,,— 1)/(GiG2 G.4)] 

where: 
IPi = output intercept point of stage n 
= gain of stage n 

NF„ = noise figure of stage n 
K = order of magnitude (either second or third) 

of the distortion product that determines 
a stage's intercept 

The spurious-noise—free dynamic range (sFDR) of the 
system is then found thus: 

SFDR = (1 — 1/K)[IFI!,(— (NF+ kTB)) 

for K = 2 or 3 (whichever yields 
where: 

Overload. Given the noise figure (NF), gain 

(G), and input or output intercept (IP) of 

each section of an 11-stage dual-conversion 

superheterodyne receiver, this TI-59 pro-

gram quickly finds system NF and IRn for a 

stated noise bandwidth. System gain and 

dynamic range are then readily found. 

the lowest SFDR), 

k = Boltzmann's constant 
T = temperature in kelvin (set at 290 K in program) 
B = noise bandwidth in megahertz 
To minimize program complexity, only the insertion 

loss (IL) of a passive stage is considered. The noise 
figure and gain of such a stage are derived from the IL 
value by means of the relations NF = IL and G = — IL. 
The passive stage's gain and noise figure are factored 

into the corresponding values of the first active stage 
that follows. Passive mixer stages are considered to have 
a conversion loss (CL). Generally, NF = CL and G = 
—CL. The total number of passive stages that the 
program can accommodate is unrestricted, and the max-
imum number of active stages is 10. 
An example illustrates the program's usefulness. The 

double-conversion superheterodyne receiver shown in the 
figure below has a total of 11 stages. Entering each 
stage's parameters as instructed for K = 3 and B = 1 
mHz yields: 
NF = 18.57 dB 
G = 14.8 dB 
IP = 10.29 dBm 
SFDR = 70.46 dB 
Note that the input intercept of a stage is specified via 

register C', and the output intercept is entered via 
register C. If a data-entry error is made in this long list, 
the user can sometimes correct the affected registers. 
Otherwise, the program should be restarted at label ADV 
by pressing GTO ADV, R/S. 

If no printer is attached to the calculator, the user 
should set flag 0. This flag will cause the program to halt 
after the calculations are performed and will prevent the 
clearing of the registers that contain the output data. To 
initialize the entry of the next set of parameters, it is 
only necessary to press the R/S key and wait for the 
program to halt. El 
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TI-SO PROGRAM: COMMUNICATIONS RECEIVER ANALYSIS 

000 
001 
002 
003 
004 
005 
006 
007 

LBL 
A 
SBR 
IFF 
RIS 
LBL 
A' 
SBR 

055 
056 

057 
058 
059 
060 
061 
062 

0 
+/- 
SUM 
00 
INV 
STF 
04 
R/S 

110 
111 
112 
113 
114 
115 
116 
117 

ir 

RC. 
00 
SBR 
LOG 
PAD 
38 
RTN 

165 
166 
167 
168 
169 
170 
171 
172 

00 
STO 
31 
2 
0 
SUM 
31 
9 

220 
221 
222 
223 
224 
225 

226 
227 

X ---= T 

4- 
RCL 
38 
= 
SUM 
37 
SBR 

275 
276 
277 
278 
279 
280 
281 
282 

PAD 

STO 
37 
1 
. 
3 
8 
EE 

330 
331 
332 
333 
334 
335 
336 
337 

STO 
55 
INV 
IFF 
03 
TAN 
RCL 
32 

385 
386 

387 
388 
389 
390 
391 
392 

OP 
04 

RCL 
34 
OP 

06 
RCL 
54 

008 I FF 063 LBL 118 LBL 173 5 228 E+ 283 2 338 - 393 OP 

009 +/- 064 D 119 1/X 174 ST' 229 SBR 284 0 339 1 394 04 

010 = 065 STO 120 AC' 175 31 230 1/X 285 +/- 340 + 395 RCL 

011 SBR 066 33 121 00 176 INV 231 1 286 X 341 RCL 396 33 

012 1+ 067 R/S 122 SBR 177 STF 232 8 287 2 342 56 397 OP 

013 SM• 068 LBL 123 LOG 178 04 233 +/- 288 9 343 = 398 06 

014 00 069 CP 124 ÷ 179 RTN 234 SUM 289 0 344 STO 399 LBL 

015 1 070 STF 125 RCL 180 LBL 235 00 290 X 345 55 400 ADV 

016 0 071 01 126 38 181 E 236 RCL 291 RCL 346 LBL 401 ADV 

017 +/- 072 INV 127 = 182 INV 237 36 292 33 347 TAN 402 ADV 

018 SUM 073 STF 128 1/X 183 IFF 238 X-.,T 293 SBR 348 INV 403 ADV 

019 00 074 02 129 SUM 184 04 239 RCL 294 EE 349 IFF 404 ADV 

020 STF 075 X-.-T 130 39 185 EXC 240 00 295 SBR 350 00 405 INV 

021 02 076 1 131 RTN 186 SBR 241 X--=T 296 PAD 351 SIN 406 STF 

022 R/S 077 STO 132 LBL 187 DEG 242 INV 297 STO 352 R/S 407 01 

023 LBL 078 38 133 1+ 188 LBL 243 GE 298 40 353 LBL 408 INV 

024 B 079 0 134 X--,T 189 EXC 244 COS 299 RCL 354 SIN 409 STF 

025 SBR 080 STO 135 1 190 RCL 245 GTO 300 39 355 INV 410 02 

026 E+ 081 00 136 0 191 00 246 ENG 301 - 356 ENG 411 INV 

027 SM• 082 XT 137 SUM 192 STO 247 LBL 302 ( 357 OP 412 STF 

028 00 083 RTN 138 00 193 36 248 COS 303 RCL 358 00 413 03 
029 STO 084 LBL 139 X---,T 194 1 249 OP 304 37 359 RCL 414 RCL 
030 31 085 EE 140 RTN 195 STO 250 30 305 + 360 59 415 36 
031 INV 086 X 141 LBL 196 00 251 SBR 306 RCL 361 OP 416 + 
032 STF 087 1 142 IFF 197 RC • 252 E+ 307 40 362 04 417 2 
033 02 088 EE 143 IFF 198 00 253 SBR 308 = 363 RCL 418 0 
034 R/S 089 6 144 01 199 SBR 254 ir 309 1 364 37 419 = 
035 LBL 090 = 145 FIX 200 LOG 255 SBR 310 INV 365 OP 420 STO 
036 B' 091 RTN 146 SBR 201 STO 256 1+ 311 IFF 366 06 421 00 
037 STO 092 LBL 147 CP 202 37 257 SBR 312 03 367 RCL 422 LBL 
038 32 093 LOG 148 LBL 203 OP 258 1/X 313 RAD 368 58 423 SUM 
039 STF 094 ÷ 149 FIX 204 20 259 RCL 314 X 369 OP 424 0 
040 03 095 1 150 IFF 205 LBL 260 38 315 I 370 04 425 ST' 
041 R/S 096 0 151 02 206 ENG 261 SBR 316 1 371 RCL 426 00 
042 LBL 097 = 152 5<- 207 AC' 262 PAD 317 - 372 38 427 DSZ 
043 C' 098 INV 153 OP 208 00 263 STO 318 1 373 OP 428 00 
044 + 099 LOG 154 20 209 SBR 264 38 319 ÷ 374 06 429 SUM 
045 RCL 100 RTN 155 LBL 210 LOG 265 RCL 320 RCL 375 RCL 430 0 
046 31 101 LBL 156 i( 211 - 266 39 321 32 376 57 431 STO 
047 = 102 PAD 157 SM- 212 1 267 SBR 322 1 377 OP 432 39 
048 LBL 103 LOG 158 00 213 = 268 PAD 323 = 378 04 433 R/S 
049 C 104 X 159 STF 214 XT 269 +/- 324 LBL 379 RCL 
050 SBR 105 1 160 04 215 9 270 STO 325 RAD 380 39 
051 .:-i- 106 0 161 RTN 216 SUM 271 39 326 STO 381 OP 
052 SM• 107 = 162 LBL 217 00 272 RCL 327 34 382 06 
053 00 108 RTN 163 DEG 218 SBR 273 37 328 RCL 383 RCL 
054 2 109 LBL 164 RCL 219 r 274 SBR 329 56 384 55 

Instructions 

• Key in program 

• Enter parameters of each circuit element, mixer, or amplifier stage: 

(IL). A' for elements, or 
(CL), A, (-CL), 8, (113 ), C' for mixers, or 
(NF), A, (G), 8, (/Pin), C' for amplifiers 

• Specify order of intercept-point response, system bandwidth in megahertz: 

(K), 8', (8W), 0 

• Press E to execute program 
System noise figure, gain, intercept point, dynamic range, 
and bandwidth are displayed in order 

Reísters 

32 

33 BW 

34 DR 

37 NF 

38 G 

39 IP,„ 

Electronics/June 5, 1980 159 



Engineer's newsletter  

Understanding "Reliable protection of high-performance electronic components is all-
important in these days of rising component prices," notes Harry E. Pebly, 

dielectric chief of the plastics technical evaluation center (Plastec) of the U. S. Army 
embedding Research and Development Command in Dover, N. J. For a full knowl-

edge of the subject, he goes on, "it's essential to acquaint engineering 
personnel with the plastic resins and the typical processes used in 
applying these polymers to circuit components." Pebly and Plastec have 
published the latest word on "Dielectric Embedding of Electrical or 
Electronic Components." The design handbook with this title concentrates 
on epoxies, polyurethanes, and silicones— the most widely used resins. The 
newer polyxylenes, which are vacuum-deposited on substrates, are also 
discussed. Send $16.50 to the National Technical Information Service, 
5285 Port Royal Road, Springfield, Va. 22161, and ask for AD A074139. 

Dial up an Stardyne, HEC-2, and DOE-2 are not cohorts of R2-D2 and C3-PO—they 
are 4 of 13 new software tools available to engineers on Mainstream-EKs, 

analysis a dial-up computing service of Boeing Computer Services Co. For $90 to 
program $150 per hour, designers can enlist aid for everything from planning a 

solar-energy installation to analyzing a satellite antenna. Contact BCS 
headquarters at 177 Madison Ave., Morristown, N. J. 07960, or call 
(201) 540-7700. 

Software: Efficiently avoiding the wasteful repetition of software efforts calls for a 
write it centralized listing of available programs, the more comprehensive the 

better. The International Directory of Software is one such listing. The 
or find it? magnitude of the problem tackled is reflected in the price: $140. The 

volume has more than 3,200 software products indexed in as many as five 
categories each; 107 categories are listed. 
The date of each program's origin, its installed base, function, terms of 

lease or purchase, and operational mode are supplied along with names and 
addresses. Contact CUYB Publications Inc., First Federal Building, Suite 
401, Pottstown, Pa. 19404, or phone (215) 326-5188. 

Keep tabs Suppliers of equipment for, potential users of, and makers of systems 
competitive with Canada's Telidon interactive television-based informa-

on Telidon tion system will want to receive Telidon Reports. This newsletter, 
published by the Department of Communications of the Government of 
Canada, is "designed to help keep those interested in Telidon informed 
about significant developments." The newsletter is published every two 
months. Those interested in videotext may get it by writing to Telidon 
Reports, DOC-DGSRP, Room 2000, Journal Tower South, 300 Slater 
Street, Ottawa, Ontario, KIA 008. It is also available on Telidon subscri-
bers' television sets via the telephone. 

For its part, the Manitoba Telephone System in Canada's Manitoba 
Province is offering a bilingual (English and French) newsletter for 
keeping up with new developments in the home, office, and farm of the 
future in Manitoba. According to editor Jane Stewart, Dialogue, as it is 
named, will also keep readers informed about the latest in Canadian fiber 
optics projects. Write Manitoba Telephone System, B-101C, Box 6666, 
Winnipeg, Manitoba R3C 3V6. -Harvey J. Hindin 
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The 308 operates in 
four modes: parallel 
state, parallel timing, 
serial state and 
signature analysis. 

DATA 
ANALYZER 

Big power 
in a small package. 

hie 308 
Data AnalyzeE 
From Tekironix. 

Te new 308 Data 
Analyzer packs an impres-
sive array of logic analysis 
capabilities inside its trim, 8 
pound (3.6 kg) frame. For 
instance, it operates in the 
serial and signature modes as 
well as parallel state and 
timing. And samples both 
synchronously and asyn-
chronously up to 20 MHz. 
With a variable voltage 
threshold that covers all logic 
families in addition to VIL. 
Two separate memories, 

acquisition and reference, 
allow automatic data com-
parisons. If there's no data 
difference, the sampling 
process is repeated until a 
discrepancy appears. And the 
acquisition memory can be 
automatically searched for 
any given word. 

Word recognition can be 
up to 25 bits and includes an 
external output to trigger 
other instruments. And the 
trigger itself can be delayed 
up to 65,535 clock pulses past 
the trigger point. The 308 
features a latch mode (5 ns), 
a memory "window" to let 
you closely examine portions 
of the memory and state 
tables which are displayed 
in binary, hex and octal. 
The 308 Data Analyzer, 

from Tektronix. Performance? 
Uniquely versatile. 
Size? Conveniently compact. 
Price? Exceptionally reason-
able. 

Copyright © 1979, Ibktronix, Inc. All rights reseroNl. 844 

In i _i  111 

Ifyou're interested, contact 
your local Tektronix field 
office, or write us at: 

Tektronix, Inc. 
PO. Box 1700 
Beaverton, OR 97075 
Phone: 503/644-0161 
Telex: 910-467-8708 
Cable: TEKTRONIX 

Africa, Europe 
Middle East 
Tektronix Intl, Inc. 
Eun lean Marketing Center 
Postbox 827 
1180 AV Amstelveen 
The Netherlands 
Telex: 18312 

Asia, Australia, Canada, Central (u 
South America,Japan 
Tektronix, Inc. 
America's/ Pacific 
PO. Box 500 
Beaverton, OR 97077 
Telex: 910-467-8708 
Cable: TEKTRONIX 

TektronDmc. 
COMMITTED TO EXCELLENCE 

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



ROUND TRIP 8-BIT B 
OUR NEW 8-BIT ADC'S 
AND DACS GIVE YOU 
A GREAT ONE-WAY 
OR ROUND-TRIP 
PACKAGE, 
ATA PRICE THAT'S 
UNBELIEVABLE. 
Now you can get in and out 
of your i.x.P for the lowest 
fares in town. 
Our AD7574 comes as low as $5 in 1000's, 

and offers specs and features you expect 
only from more expensive hybrids. Our 
AD7524 is priced even lower—$3 in 1000's. 
Take them together and you've got a 
complete, reliable A-D/D-A µP interface 
for only $8. 

OUR AD7574 IS A 
HIGH PERFORMANCE 8-BIT 
ADC WITH SUPER SPEED, 
SUPER SPECS. 
First, we're fast. We use the successive 
approximation technique to give you an 
accurate 8-bit A-D conversion in as little 
as 15 µ s. But there's more to 
high performance than 
speed. That's why 
our AD7574 has 

its own internal comparator 
so you never have to fiddle 
with external components to 
get full 8-bit transfer accuracy. 
And our internal clock oscillator 
runs only during conversion 

for minimal power dissipation. In 
addition, the AD7574's small 
18-pin DIP size, monolithic relia-
bility, +5V supply, and the low 
power consumption inherent 
in CMOS make it perfect for 
applications in avionics, instru-

mentation and process automation. 

DIRECT INTERFACE TOOD. 
Our AD7574 has great handshaking ability 
for quick and easy p.P interfacing. And all 
conversion operations are controlled by just 
two input signals, CS and RD, available in 
every ¡LP 
system. 

MM. 

Ali With its 
three-state 

logic outputs, the AD7574 -4 
allows easy connection to 
any µI3 data bus or system I/O 
port. And to make interfacing 
even easier, you can treat our 
AD7574 just like memory. 



US FARES.$8.WOW! 
OUR AD7524 IS AN 8-BIT DAC 
WITH LATCHES, AND 
ACCURACY TO ± 1/8 LSB. 

We've taken one of our 
etey 5 high performance 8-bit 

corit4_,r, roe • multiplying digital-to-
v analog converters and 

'1 1,44en added level triggered latches — 
G" with on-chip control logic for 
extended interfacing capabilities. So our 
new AD7524 can be easily connected to 
nearly all 8-bit as well as I/O ports that 
provide latched data, without the need for 
supplementary circuitry. 
Our AD7524 also features full four-

quadrant multiplication so it can accept 
both negative and positive variable 
references— a big plus for applications 
in digitally controlled gain setting, 

signal control and attenuator circuitry. 
Other pluses with our AD7524 include 
advanced thin-film on CMOS fabrication for 
accuracy to -±1/8 LSB, single-chip construc-
tion for increased reliability, guaranteed 
monotonicity over the entire operating tem-
perature range, +5V to +15V supply range, 
and a low 20 milliwatt power dissipation. 

AND THE PRICE IS RIGHT! 
Bus in with our AD7574. Bus out with our 
AD7524. Or go round-trip with both. No 
matter which way you go, you won't find 
better fares than Analog's. To get all the 
facts on these two exciting new full per-
formance /1P-compatible converters, call 
Doug Grant or Don Travers at 
(617) 935-5565. Or write 
Analog Devices, Inc., 
P.O. Box 280, Norwood, 
MA 02062. 

woeCOrtll 

00.içe verili• 

iNe 

ANALOG 
DEVICES 

nTAYOUT IN FRONT 
Analog Devices, Inc., Box 280, Norwood, MA 02062, 
East Coast: (6171329-4700; Midwest: (312)894-3300; 
West Coast:17141842-1717, Texas, (214I 231-5094, 
and representatives around the world 
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lensible source for your 
Now, it makes economic sense to automate your receiving test stations...your 
in-process or final test stations...your QA audit stations...even your design 
engineer's workbench. Look into Systron-Donner's IEEE-488 family. 

It starts with the new S-D Model 3520 BUSser. The 3520 is specifically designed 
to control IEEE-488 compatible test instruments. 

The idea was to make this controller easy to use, easy to understand, easy to 
transport, easy to read, and easy to store programs. And that's what S-D has 
done by using a standard teletypewriter keyboard layout, IEEE-488 special 
function keys, BASIC as the programming language, and a large legible 
single line fluorescent display. 

Program storage is simple with the PROM option. One or more programs 
can be stored in the PROM cartridge and erased later if desired. 

Systron-Donner also made this compact controller easy 
to buy: $795* without PROM option, $995* with it. 
We put you on the bus without taking you for a ride! 

*U.S. prices 

SYSTRON DONNER 

Systron-Donner's 
IEEE-4188 

family 

INSTRUMENTATION 
CONTROLLER 

IEEE 488 BUS 

PULSE 
GENERATOR COUNTER 

SD MODEL 3570A 
MATRIX SWITCH 

SYSTEM 

UNIT UNDER TEST 

PRINTER 

SIGNAL 
GENERATOR 

PUT OUR PERFORMANCE TO T1 

OTHER 
STRUMENTS 



Wide-ranging 
systems capability 

Systron-Donner's extensive line 
of standard, off-the-shelf IEEE-488 

compatible instruments includes 
frequency counters, signal generators, 

multimeters, pulse generators, power 
supplies, and a precision DC voltage source. 

In addition, our Model 3570A Matrix Switch 
automates the interconnect, saving time-

consuming operator interface. 

Here is a representative but by no means complete 
sampling of bus compatible Systron-Donner instru-

ments. Let us know what your exact requirements 
are. Contact Scientific Devices or Systron-Donner, 
2727 Systron Drive, Concord, CA 94518, U.S.A.; 
phone: (415) 676-5000. 

Signal enerators. •ne of S-D's most popular signal generators is 
the Model 1702 which provides a range of 100 Hz to 999.999 MHz 
in a single range with 100 Hz resolution. It's fully programmable on 
the IEEE-488 bus. For microwave frequency applications, Models 
1618 and 1626 extend coverage to 18 and 26 GHz respectively. 

Pulse Generators. Model 154-4 is an 
automatic pulse generator which is fully programmable 
with its IEEE-488 interface and the Model 3520 Controller. 
Model 154-4 provides a repetition rate of 10 Hz to 50 MHz, 
pulse delay and width from 10 ns to 10 ms, and outputs of 
0.5 to 10 V within a —10 to +10 volt window. An exceptionally 
versatile instrument for the systems user. 

Frequency Counters. 
S-D's wide selection of IEEE-488 
compatible counters ranges from 100 MHz all the way to 
26 GHz. Model 6043A shown here is one of several thin-
line designs with bus interface standard. This 1,250 MHz 
counter is ideal for communications work and other fre-
quency measurement applications. Note front panel lights 
that tell the operator the status of the instrument while 
it's active in the system. 

Digital Multimeters. Systron-Donner's 41/2 and 51/2 digit 
multimeters for systems use include the Thin Line Model 7344A 
pictured here. This 41/2 digit autoranging DVM includes the bus 
interface, DC volts, resistance, true RMS as standard. In the 51/2 
digit category, consider Model 7115 with microprocessor control, 
auto-calibration, and automatic fault detection and isolation. 

Systems Power Supplies. 
Systron-Donner's P series of power 
supplies receives its bus commands via the S-D 
Programmer module shown here. Controls up to 6 supplies. 
One DAC board controls V, 1, and V limit. Modular flexibility 
allows anywhere from 50 to 500 watts. 

S-D: the IEEE-488 systems people. 
And a lot more. 

galimmak 
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MOTOROLA HAS DEVELOPED A 
It isn't as if we had invented the 
wheel, but at Motorola we 
appreciate some of the feelings 
of the person who did. Because 
we have developed a micro-
processor—the 16-bit MC68000 
—of such exceptional speed 
and capacity that, quite frankly, 
we don't know all the uses that 
equipment designers will find 
for it. 

Of course, we know a lot 
of its applications. And its capa-
bilities are so impressive that we 
think the MC68000 is authen-
tically a new frontier in elec-
tronic innovation. And because 
we have developed the technol-
ogy for making the MC68000 
in great quantities, we think it 
may indeed be the great 
problem-solver of the eighties. 

ELECTRONK 
HORSEPOWER. 

We developed the MC68000 to 

handle jobs that benefit from 
more speed and efficiency than 
earlier microprocessors could 
supply. For instance, the addi-
tional electronic horsepower of 
the MC68000 can more cost-
effectively turn a typewriter 
work-station into a complete 
desktop computer, one with a 
capacity available only in a 
room-size computer just a few 
years ago. 

It can give a telephone 
switchboard the discretion to 
direct many thousands of 
phone calls simultaneously, 
each by the cheapest route. 

It can give the auto 
industry an important increase 
in the ability to control engine 
efficiency by giving engines the 
ability to respond to measure-
ments of such minutiae as air 
temperature, barometric pres-
sure, altitude, even changes in 
the chemical composition of 
gasoline. 

It can give the utility indus-
tries the ability to distribute 
electricity in response to sec-
ond-by-second changes in cus-
tomer demand. 

It can sleeplessly tend 
scores of patients in intensive 
care, automatically and 
instantly responding to critical 
signs (it can cope with two 
million instructions per 
second) with all the relevant 
corrections. 

Even more exciting, 
however, are the applications 
we know nothing about. 



EAR-SOLVER FOR THE 
ELECTRONIC HISTORY 

IN THE MAKING. 

What are the applications of a 
superchip that measures only 
one-quarter inch square, but 
has the ability to control a 
memory containing 128 million 
bits of data, and can complete 
a job in microseconds instead 
of minutes? The mind flies. 

Perhaps a worldwide 
medical diagnostic network that 
recognizes the symptoms and 
knows the prescribed treatment 
for every identified disease on 
earth. Perhaps computerized 

machinery to disassemble 
a space 
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satellite automatically the 
moment its orbit begins to 
decay. 

Perhaps an industrial com-
puter that can handle everything, 
from extraction of raw mate-
rials, to packing and shipping to 
retail outlets. Or an automated 
national allocation system for 
home heating fuel, with com-
puters in every city and town to 
regulate fuel distribution by 
local temperature fluctuations. 

PUSHING THE LIMITS OF 
MICROELECTRONICS. 

Motorola, of course, makes 
only the microprocessor and 

peripheral support 
chips. But the 
MC68000 is a 
tool of enormous 
sophistication. 
In a very 
legitimate 
sense, it is a 
tool for ex-

Making electronics history. 

panding minds extending pos-
sibilities, exciting exactly that 
sense of practical wonderment 
that is the real source of all 
progress. 

Motorola's MC68000 is a 
giant stride even for a company 
that systematically explores the 
very limits of microelectronics 
technology; that has become a 
foremost producer of semicon-
ductors; that has become one 
of the world's largest manufac-
turers devoted exclusively to 
electronics. 

We have been making 
electronics history since 1928. 
With the MC68000, we have 
outdone ourselves. 
For further information, write Public Affairs 
Office, Corporate Offices, Motorola, Inc., 
1303 E. Algonquin Road, Schaumburg, 
Illinois 60196. 

Motorola and 8 are registered trademarks 
of Motorola, Inc. 

MOTOROLA 
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If Ben Experimented Today, 
He Could Rent Any One Of 18,000 
Test Instruments From General Electric. 

Short of a kite and a key, 
a broad selection of the 
most wanted test instru-
ments is available—like 

lightning!—from a GE 
Rental Shop near you. 
Biddle Megger Testers. 
Hewlett-Packard Signal 
Generators. Honeywell 

Oscillographs and Plug-in 
Amplifiers. Scopes from 

Tektronix. Recorders from 
Gould Brush and 

Esterline Angus... and many more. 
So, whether you need a single scope, 
specialized instrumentation, a com-
plex measurement system or appli-

cation assistance, renting 
from GE is a breeze! 

GENERAL ELECTRIC COMPANY 
Apparatus Service Division 

Building 4, Room 210, 1 River Road 
Schenectady, NY 12345 

All rental instruments 
are maintained in tip-
top shape, thoroughly 
checked and calibrated 
before each shipment. 
And it's on the way 
to you fast, normally 
the same day you call. 

For your FREE RENTAL 
CATALOG call collect 
to the inventory center 
nearest you; D Los Angeles, 
CA(213)642-5350 0 Atlanta, 

GA (404) 457-5563 D Chicago, 
IL (312) 854-2994 D Detroit, MI (313) 
285-6700 El Schdnectady, NY (518) 
385-2195 El New York City (201) 
227-7900 D Houston, TX (713) 
672-3570. Or call (518) 327-9900. 

GENERAL 
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New 

ATE users get net system 
Fast network allows centralized software capacity, 

operates 30 to 70 times faster than RS-232-based systems 

Though other automatic test equip-
ment firms already have intercon-
nection systems available [Electron-
ics, Dec. 20, 1979, p. 82], GenRad's 
may be the fastest yet, the company 
believes. GenRad calls its new 
GRnet, "a high-speed, intelligent, 
highly reliable data-communications 
network . . . dedicated to the needs 
of the ATE user." It is composed of a 
series of communications processors 
called network-interface modules, or 
Nims, plus interconnecting hard-
ware, cable, and software. 
The system links GenRad's 2290 

multi-user programming station with 
any GenRad 1790 or 2270 series test 
system or with another program-
ming station. Drop-line networks of 
up to 64 nodes are possible in a basic 
system, but since each 2290 can sup-
port four such networks, and since a 
node in any one of the four can be 
another 2290—itself capable of sup-
porting three networks —GR net 
seems highly expandable. 
The idea behind GRnet's develop-

ment is centralized control of test 
programs and files, which makes 
factory software management more 
efficient. Such centralized control 
would be impossible if not for a high 
data-transfer rate. GenRad claims 
that GRnet is 30 to 70 times faster 
than RS-232—based systems at its 
raw transfer rate of about 655,000 
b/s. In practice, though, serving 
multiple users, the packet-based 
GRnet's throughput is about 40,000 
b/s — well in excess of the 9,600 b/s 
characteristic of RS-232 or the 
19,200 b/s of RS-232-C. 
Saving time. Central control saves 

time, says Genrad. The test routines 
for many of today's circuit-board 
assemblies are stored on disk, and it 

by James B. Brinton, Boston bureau manager 

is not unusual for these disks or disk 
packs to be changed several times 
daily as new board types must be 
tested. "A test-system operator can 
take from 10 to 20 minutes changing 
disks on the production floor," 
according to Gary D. Culbertson, 
product marketing engineer, "so we 
wanted a system that could also 
transfer software fast enough to keep 
test systems active a greater percent-
age of the time." 
Though it may be an extreme 

case, Culbertson shows how disk-
change time can add up: "Say an 
operator changes disks 10 to 20 
times daily and takes 10 to 20 min-
utes each time. At best, the opera-
tor's machine will be off line for an 
hour and 40 minutes a day and, at 
worst, far more than that." Even if 
Culbertson's figures are halved, it is 
easy to see how such nonproductive 

time can accumulate. 
Further, GRnet wastes no central-

processing-unit time. The NIM, a 
plug-compatible board capable of 
fitting into any of the Digital Equip-
ment Corp. minicomputers used in 
Gen Rad's testers, is an independent 
communications processor, allowing 
the test-system central processor full 
time for testing. In this respect, 
GRnet compares well even with 
DECnet III, recently announced by 
DEC [Electronics, Feb. 14, p. 183]. 
DECnet III offers greater potential 
speed, through a variety of modems, 
but does incur some CPU overhead 
and must set aside some system main 
memory for store-and-forward com-
munications with other nodes. 

Topologically, GRnet is a daisy 
chain. Starting at a 2290 master-
station node, units are added to the 
net simply by running coaxial cable 

250- OR 
500-Mb 
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TEST SYSTEM 
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World's most popular - 

11111Pilif 
MONOBLOC® 

Ceramic 
Capacitors 

\'\ 
Temperature 
Compensating 

Stable and 
General Purpose 
ERIE Red Cap Monobloc* 

Ceramic Capacitors are in a 
quality class by themselves 
and today represent a standard of 
excellence unequalled in 
the industry. 
Monobloc capacitor elements, 

solid structures of fused ceramic, 
are produced in a wide range of 
capacitance values, charac-
teristics and sizes. They offer 
inherent stability with conservative 
voltage ratings for long, trouble-
free life. 
The combination of Monobloc 

and "Weecorr" capacitors, under 
the famous Red Cap name, 
provide circuit engineers with 
unlimited design flexibility. 

Best delivery in the 

industry for these popular 
Z5U values ... 

.1 .47 .68 1.0 2.2 4.7 µF. 

• Capacitance range 
100 pF. thru 7.5 µF. 

• 25, 50, 100, 200, 500 Volts 
• Broadest range of TC 

materials and tolerances 

Write for catalog 8100 

ERIE TECHNOLOGICAL PRODUCTS, INC. 
State College, Pa. 16802 

814-237-1431 

New products 

from node to node. The NIM has an 
on-board coaxial interface. There-
fore there is no need to do more than 
plug in the NIM, connect the cable, 
and load system software at the 
2290. 

Inclusions. The NIM is a Z80-
based system with 8 K by 8 bits of 
programmable read-only memory, 4 
K by 8 bits of random-access memo-
ry, timing and internal direct-memo-
ry-access (DMA) control, host in-
put/output, and DMA controllers to 
couple the NIM to a Unibus, Omni-
bus, or Q-bus. It also includes a 
Synchronous Data Link Control, or 
SDLC, implementation and the nec-
essary cable interconnection elec-
tronics—but the modem commonly 
needed in most networking applica-
tions is not required. 
The NIM is inactive unless it 

"sees" its own address at its SDLC 
port or unless a request for data is 
made by its host computer. If the 
host must send data to another stor-
age site, the Z80 uses its local DMA 
control to take data from its host's 
bus and stores that data in its own 
RAM. The NIM then uses the proto-
col stored in its PROM and the SDLC 
interface to gain momentary control 
of the net and discharge the block 
onto the coaxial line. Such blocks or 
packets can be up to 4,000 bits long. 
The receiving NIM performs a cyc-

lic redundancy check (CRC) for 
errors while the incoming data is still 
stored in its RAM; if the CRC shows 
an error, the receiving NIM requests 
retransmission. This check and re-
send operation can occur up to four 
times. If the data is clean, it is 
dumped onto the host computer bus 
through the NIM's calls for the rest 
of the file, and the process repeats 
until transmission is complete. 

While the net is not busy with•file 
tfansfers, it can be performing diag-
nostics. Each NIM runs through a 
series of diagnostic tests at startup; 
other checks are under user control 
through the host 2290 system. The 
diagnostics reach into all but certain 
parts of the .NIM SDLC, host 1/0 con-
trol, and host DMA control. 
GenRad's Ralph P. Anderson, 

product line manager for test sys-

tems, notes that GRnet is about twice 

the price of RS-232 systems, but 
says that "it does a lot more." . It 
allows the user to relocate disk stores 
from the factory floor and at the 
master 2290 programming system; it 
improves productivity through high-
er speed reprogramming of test sys-
tems than is possible manually or 
with other networking systems;, it 
offers almost foolproof operation by 
test technicians; and it can save 
money by cutting the type or amount 
of bulk storage needed to hold test 
programs, as well as allowing disks 
to last longer than they woiild in the 
tough factory floor environment. 
GenRad suggests that the user 

attach a 250- or 500-megabit disk to 
the master 2290 in any GRnet. Com-
pany engineers say that it makes 
simple sense in the name of central-
ized data storage and in many instal-
lations costs less than disk drives 
installed beside the tester. 
From the user's point of view, 

operation is simple. A test technician 
punches in a code like "Boardz," 
thereby triggering a series of opera-
tions: new space can be made avail-
able in the working store; new test 
routines can be requested over the 
network; the tester can be automati-
cally configured to suit the new rou-
tines; and the operator—after a one-
or two-minute wait—can begin it. 

GRnet users must own a 2290 in 
its multi-user configuration as a pre-
condition to networking. BeyOnd 
this, the entry fee is $15,000 for the 
first, or 2290, node and $5,000 per 
node thereafter. 

Delivery of GRnet in small quanti-
ties is immediate; production lots 
should be available in September. 
GenRad Inc., 30 Baker Ave., Concord, Mass. 

01742. Phone (617) 369-4400 [338] 
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THE LIMO= SAMPLER. 
Here's a tiny part 
of the 
broadest line in 
optoelectronics. 
INTELLIGENT DISPLAYS?'" 

Four character, 
17 segment LED 
alphanumeric 
display with on-
board memory, 
character gen-

erator ROM, and LED multiplex 
and drive circuitry. Product 
available with .112:' .160" and .225" 
characters. Interfaces just like 
a RAM. 

LED DISPLAYS. 

Red, orange, 
green and yellow 
digits. Numeric, 
alphanumeric and 
bar graph styles. 
Eight sizes from .1" 

to .8" high. In DIPs of one to 
four digits. Light pipes with wide 
viewing angles, air gap reflec-
tors and filled reflector displays. 
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AN AFFILIATE OF SIEMENS 

LED LAMPS. 

Red, orange, 
yellow and green 
lamps. T-1, T-13/4  
and miniature 
axial lead pack-
ages. Arrays of 

two to ten lamps. Lamps that flash 
on/off. Constant current lamps. 

OPTO - ISOLATORS. 

One, two and four-
channel opto-
isolators. Current 
transfer ratios 
up to 450%. 
Isolation voltages 

up to 5000v. Nine JEDEC types. 

IR EMITTING DIODES. 

Lowest degrada-
tion available 
from any source. 
From medium to 
very high power. 
Beam widths from 

6° to 60° Hermetic and low cost 
non-hermetic TO-18 packages. 
Axial or radial leads. Arrays of 
two to ten diodes. 

PHOTO-DETECTORS. 

Photo-transistors 
and photo-diodes 
with acceptance 
angles from 6° to 
73° Hermetic 
and low-cost non-

hermetic. TO-18 packages, 
ceramic packages and miniature 
radial lead configurations. 
Arrays of two to ten detectors. 

ASK FOR YOUR 
COPY OF LITRONIX 1980 
CATALOG THROUGH YOUR 
LOCAL DISTRIBUTOR: 
OPTORK11101103 CATIL011191» U.S. Distributors: 

Advent, 
Almac-Stroum, 
Arrow, 
Component 
Specialties, Gerber, 
Hamilton Avnet, 

Harvey, Kirkman, Lionex, 
Marshall, Moltronics, Pioneer, 
Summit and Zeus. 
Canadian Distributors: C. M. Peterson, 
Electro Sonic, Future, Hamilton 
Avnet and L.A. Varah. 

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

THE LIGHTS FANTASTIC 



Multiply your micro 
capabilities with 

STATION STATION' 

4 5 

2301 Series multi-station networks 
share disk and printer with up to 
eight stations. Each station is univer-
sal and may be ordered with the 
software and/or hardware capabil-
ities required. 

mmmmmmm 



processor based design 
our universal network 

ADVANCE YOUR SMART-
PRODUCT DEVELOPMENT 
PROGRAMS—Our universal, 
multi-user development system 
network is the most cost-effective 
means of implementing a multi-
station, microprocessor-based 
design facility. It's also the most 
versatile and productive solution 
to smart-product design. 

MORE SUPPORT FOR MORE 
CHIPS FOR MANY USERS—Our 
network stations already support 
all of the most popular micro-
processors. Our unique slave 
emulation system permits us to 
add support for new chips faster 
than anyone else. With eight 
stations tied into our network you 
can stop paying designers to wait 
in line. All eight can be develop-
ing products simultaneously with 
different chips. 

MULTI-PROCESSOR 
EMULATION—Our slave emula-
tion system provides transparent, 
non-stop, full-speed emulation to 
10 MHz. And, it's the only system 
that allows simultaneous emula-
tion of many different processors. 
Up to eight emulators can be tied 
into one network station. Our 
transparent in-circuit emulation 
and logic analysis take all the 
guesswork out of processor evalua-
tion and design, even for products 
using several different chips. 

GenRad 
future{en 

SHARE AND SAVE—By sharing 
costly and under-utilized resources 
(disks, printers, slave emulators, 
design aids and software), a net-
work system lowers your cost-per-
station dramatically. Without 
trade-offs! Each user has his own 
CPU, CRT and keyboard. The 
same powerful software supplied 
with our stand-alone development 
systems is provided to each net-
work station. Each station can be 
equipped with any combination of 
software and/or hardware capa-
bilities you require, including local 
disk storage. 

SPEED UP YOUR 
PROGRAMMING—With our 
interactive, high-speed CRT, com-
plete operating system software, 
and assembly and high-level 
language programming capabili-
ties, things happen fast— 
sometimes instantaneously. Now 
available with highly block-
structured PASCAL compilers, our 
system can cut your programming 
time by 50% or more. 

RELY ON THE LEADER—We 
started delivering network systems 
over one year ago. For a complete 
understanding of how these cost-
effective systems can multiply 
your capabilities, contact one of 
our worldwide sales and service 
offices today. 

GenRaci/Futuredata 
5730 Buckingham Parkway 
Culver City, CA 90230 
(213) 641-7200. TWX: 910-328-7202. 

GenRad/Futuredata universal development systems - 
expanding your world of microprocessor-based design. 
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Tektronix announces the 
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next generation of scopes. 
The 7854. 

Solutions 
at the touch 
of a button. 

ow Tektronix offers a new 
measurement tool for those who depend 
on oscilloscope measurements — the 
7854. It is designed to improve measure-
ment quality yet simplify measurements. 
Look at these features to see how you can 
put its measuring power to work for you. 

Digital storage. 
Digital storage lets you view the same 
node twice or compare waveforms with-
out bothering with waveform photogra-
phy or having to move probes and repeat 
control adjustments. Digital storage im-
proves measurement quality, since reso-
lution is increased to .01 division. Av-
eraging improves measurement accuracy 
on signals buried in noise. With digital 
storage, you've got an open door to fast 
waveform processing and more repeat-
able measurements. 

Waveform processing. 
At the touch of a button, waveform pro-
cessing gives you solutions for common 
waveform measurements like rise time, 
period, frequency, RMS, energy, mean, 
max, and mid. Also, cursors aid in delta 
time and delta voltage measurements. 

Within seconds, you can obtain repeat-
able answers like rise time without hav-
ing to adjust position controls or deter-
mine the number of divisions between 
points. 

WFM ACOUISMON 
AOS 

=100 ADP ONO 

115 

ERS CRT DISPLAY 
PP BOTH 

rgj STORED SCOPE 

MIO 

00I1 
092 4 WFM 
883 IFY>X 
004 CL X 3 W 
065 IFY>X 
006 SWH STO 

Keystroke programming. 
Like a handheld programmable cal-
culator, the 7854 offers keystroke func-
tions for storing, organizing, and reduc-
ing data. You can program the scope to 
acquire and monitor data without an 
operator's presence. You can even 
tailormake special functions to avoid 
manually repeating a series of keystrokes. 
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GPIB. 
The 7854's GPIB interface provides ac-
cess to processing in external controllers 
like the Tek 4050 Series. GPIB also allows 
mass storage and coordination with other 
instruments. 

Part of the Plug-In Family 
The 7854 is the newest member of 
Tektronix' well-respected 7000-Series 
family of high performance scopes. 
Featuring a real time bandwidth of 400 
MHz, it's compatible with 7000-Series 
plug-in units including differential 
amplifiers, samplers, DVM's, counter/ 
timers, logic and spectrum analyzers, 
TDR's, and others. 

Put the 7854's processing power to work 
for you. For more information on this 
new generation of oscilloscope from 
Tektronix fill out the coupon below or 
call your Tek Sales Engineer. 

For the address: of your nearest 
irktronis Field Office, contact: 

U.S.A. 
Tektronix. Inc. 
PO. Box 1700 
Beaverton, OR 97075 
Phone: 503/644-0161 
Telex: 910-467-8708 
Cable: TEKTRONIX 

Africa, Europe 
Middle East 
Tektronix Intl, Inc. 
European Marketing Center 
Postbox 827 
1180 AV Amstelveen 
The Netherlands 
Telex: 18312 

TWctronix 
COPAPATTED TO EXCELLENCE 

Aga, Australia, Canada, 
Central &South Anterica,Japan 
Tektronix, Inc. 
America/Pacific 
PO. Box 500 
Beaverton, OR 97077 
Telex: 910-467-8708 
Cable: TEKTRONIX 

Yes, I'm interested in the new 7854. 

Name  

Company's name  

Title  

Address  

Phone ( ext 

I'd like information on GPIB 
systems applications 

Please send me additional 
information 

Please contact me for a 
demonstration 

The 7854 Oscilloscope brochure and 
accompanying specifications folder provide 
full details on this new instrument. 
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"Speaking as an expert on flat, I would like 
to recommend another expert: Spectra-Strip. 
They really know that flat is where it's at. 

They delivered their first flat cable in 1956, 
and now offer more kinds than anybody. 
Their flat cable line includes gray and color-
coded bonded, laminated, and extruded flat 
and twisted pairs, twisted pairs that can be 
mass terminated (Twist 'N' Flat'), trans-
mission line and ground plane, and extruded 
jacketed cable (Spectra-Guard) that can 
take a real beating. 
They can also provide IDC receptacles, 

headers, DIP plugs and sockets, PCB 
transitions and card-edge connectors. 
And when things get tight, they won't 

leave you flat: their value-added distributors 
can whip together standard jumpers and 
assemblies (single-ended, double-ended or 
daisy-chained), or Spectra-Strip can provide 

e Spectra Strip 1979 

1 

custom 
assemblies 
using their own products 
and anybody else's wire, cable and connectors. 
That way you get pretested assemblies 
that are usually less expensive than if you 
did them yourself. 

For the name and number of your nearest 
distributor or rep, write Spectra-Strip, 
7100 Lampson Avenue, Garden Grove, 
CA 92642, telephone (714) 892-3361. 
In the East, call (203) 281-3200. 
Say that you heard about them from me 

and my dog Splat:' 
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New products 

Data-net tester aimed at field 
Simulation of data-communications equipment and terminals, 

combined with PROM-directed test menus, aids field service 

by Bruce LeBoss, San Francisco regional bureau manager 

The proliferation of complex data-
communications networks has 
spawned many sophisticated net-
work control systems for use by 
field-service technicians. Still very 
much in demand, however, are fast, 
simple, yet accurate instruments for 
identifying which system element is 
malfunctioning and why. 
The model 834 programmable 

data-communications tester from 
Tektronix is a portable (less than 14 
lb) go/no-go tester that eases prob-
lem isolation because it monitors 
"both sides of a communications net-
work," to quote Garth W. Eimers, 
product marketing manager in the 
company's Service Instruments divi-
sion. It does so by simulating the 
data terminal equipment as well as 
the data-communications equip-
ment. Only the latter was simulated 
by the earlier 833 remote site tester 
and 832 terminal tester. 
The model 834 uses two 8-bit 

microprocessors — Motorola's 6802 
for keyboard and display control and 
Zilog's Z80 for system control and 
data processing. The instrument per-
forms standard bit-error-rate and 
block-error-rate tests (BERT/BLERT) 
on the communications channel, 
makes cyclical and longitudinal re-
dundancy checks (cRc/L.Rc), and 
checks error-detection codes. 
With the eight-button control key-

pad, the user can select synchronous, 
asynchronous, or high-level data link 
controls (HLDc) and data rates to 
19.2 kb/s (twice those of the 832 or 
833), in addition to full- or half-
duplex operation and hexadecimal, 
ASCII, or EBCDIC character sets. The 
834's 16-character, five-by-seven-dot 
matrix display translates hexadeci-
mal data into ASCII or EBCDIC— 

"window" data in a form the user 
most easily understands. 

Further enhancing the program-
mability of the tester are four con-
trol keys. With these keys in the 
simulate mode, the operator can 
scroll through a menu of 99 program 
steps (including compare, wait, halt, 
send, receive, jump, and up to 50 
timing commands) and, in conjunc-
tion with the 21-button hexadecimal 
keypad, set up a list of 19 parame-
ters and 19 test messages. This inter-
active prompting, shown on the 834's 
fluorescent display, lets any nonpro-
grammer perform many data-com-
munications tests. 
To make field service faster and 

easier, the 834 uses a series of read-
only memory packs containing pre-
programmed, standard test routines 
for common protocols. Inserting 
these Rom packs (containing up to 
8,192 bits) into the tester's back 
panel allows a service technician to 
call the program into the instrument, 
which then automatically executes 

the test and immediately displays 
go/no-go results. 

According to Eimers, the Rom 
packs "give the 834 added power in 
the field." At the factory, for exam-
ple, data-communications specialists 
can program into the (actually pro-
grammable) Roms a series of tests, 
including setup conditions for the 
834 and the program sequence, he 
continues, "giving the technician [all 
the instructions] he needs to find the 
problem in specific equipment." 
The 834 can be set up to match 

the data parameters of virtually any 
data-communications system that 
conforms to the RS-232-C/CCITT 
V.24 interface. An optional adapter 
also provides current-loop capabili-
ties for the tester. Available in 
August, the 834 has a base price of 
$3,700 and, Eimers claims, "pro-
vides 80% to 90% of the functionali-
ty of data-communications analyzers 
costing three times as much." 
Tektronix Inc., P. O. Box 500, Beaverton, 

Ore. 97077. Phone (503) 644-0161 [339] 
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Three precise, high resolution 
digital oscilloscopes for 

analog signals 
Easy operation —storage at the touch 
of a button 

High precision 

Up to 20 MHz real-time digitizing rate 
per channel in two-channel mode 

4096 word memory 

Optional digital records via internal 
disk recorder 

Up to 100% pre-trigger information 

XY or YT operation 

Resolution to 0.025% both horizontal 
and vertical 

Display expansion to 64X, both axes 

Superimposed stored & live, stored & 
stored or live & live waveforms 

Optional parallel 12 bit, RS-232C and 
IEEE-488-GPIB interfaces 

NICOLET 
INSTRUMENT 
CORPORATION 

OSCILLOSCOPE DIVISION 
5225 Verona Road, Madison, Wisconsin 53711 
Telephone: 608/271-3333 
TWX: 910-286-2737 

EXPLORERS OUTPERFORM: 
• Low frequency analog scopes 
11 Low frequency storage scopes 
• Transient recorders 
• XY recorders 
• Strip chart recorders 
• Light beam recorders 
• Other digital oscilloscopes 

NICOLET IS A LEADER. 
Nicolet is a leading manufacturer of digital 

electronic measurement instruments (signal 
averagers and I-1-- I spectrum analyzers), 
analytical instruments (FT-IR and FT-NMR 
spectrometers), biomedical computers and 
digital graphic plotters. Nicolet's expertise in 
high technology digital instrumentation led to 
the first Explorer scope in 1973. 
To learn how the EXPLORERS can help 

you, request our new brochure. To discuss 
your application or to arrange a 
demonstration call 608 / 271-3333. 

COMPLETE EXPLORERS START 
AT $3990 
(U.S. domestic list price) 

Circle 179 on reader service card 



TOSHIBA 
ANNOUNCES 
"MADE 

USA? 
IN 

Now we have a complete manufacturing facility in Sunnyvale, California — the heart of Silicon Valley. 
The 4K Static RAMs and 16K Dynamic RAMs coming off the line feature the same high quality and 
reliability you've learned to expect. And they're available for immediate delivery. Soon we'll have our 

latest fabrication line up and operating to provide ultra-fast, high 
density static memories and microprocessors. But don't call us. Call 
lbshiba America, Inc. at (714) 955-1155. They handle all our products. 

Now you can buy lbshiba and still buy American. Isn't that neat? 

TOSHIBA SEMICONDUCTOR (USA) INC. 
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He's one reason the electronics 
industry is taking off in Northern Ireland. 

Sam Harper puts his skills to work for AVX, the 
world's largest manufacturer of multilayer capacitors. 
Other highly trained technicians staff a growing number 
of firms in Northern Ireland's electronics industry. 

Companies headquartered in the U.S., Europe, and 
Great Britain have all opened plants here. Manufacturing 
is solidly supported by 
research and development 
services, including a spe-
cially dedicated unit at 
Queen's University. And 
generous grants are avail-
able to turn R&D into prof-
itable products. 

From Northern Ireland 
it is easy to do business in 
the Common Market or 
anywhere else in the world. 

Transportation and 
communication links are 
first-class. Investment in-
centives have been judged 

the best overall in the EEC and include provisions for 
joint ventures, buy-back equity, and licensing. 

But the best reason for locating here is the work 
force. Experienced, productive, and loyal, with a 
good labor relations record. 

Put our people to work for you. Talk to Reg 
Browne or Marcus Robinson at the Northern 
Ireland Industrial Development Office. They 
can quickly put together a package of incen-
tives to fit your plans. Call (212) 593-2258. Or 
write: NIIDO, British Consulate-General, 
150 E. 58th St., New York, NY 10022. 

Sam Harper works. A service 
engineer at AVX, he restores and flies 
small airplanes in his spare time. 

Northern 
Ireland 
works. 
Circle 181 on reader service card 



The hot new 
the good old 

# 
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PM3500 100MHz 16 Channel Logic Analyzer 

PM3243 50MHz Multiplier/Storage Scope 

PM3218 35M Hz Delayed Time Base Scope PM 3540 10MHz Logic State Analyzer PM3214 25MHz Delayed Time Base Scope 

" 1 • 4'r e 

e 

PM3212 25M Hz Dual Trace Scope PM3226 15MHz Dual Trace Scope 
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PM3263 100MHz 
Microprocessor-Equipped Scope 

You can't buy a faster 100MHz logic analyzer than 
our PM3500. You can't buy a more tested and proven 
25MHz delayed time base scope than ours. And be-
tween those two there's a full line of superlative scopes 
from Philips. 

We've been around long enough to know how to 
build better scopes. Our first one came off the line in 
1936. And with its introduction began our concept of 
human-engineering—utilizing logical design and control 
placement to speed both learning and using. 

Over the years we've made a lot of scopes—and more 
electronic gear in more fields than you could imagine. 
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PM3266 100MHz Storage Scope 

•fr 41- • 

When there's there's a better, more innovative way to 
design new scopes or update older scopes, we'll do it. 
And we'll do it and stand behind it right here in the U.S.A. 
Philips intends to double sales by 1981. Much of this 
growth will come from our new U.S. manufacturing facili-
ties. Now, more than ever, Philips wants to make your 
next scope. 

For more information call 800-631-7172, except in Hawaii, 
Alaska, and New Jersey. In New Jersey call collect (201) 
529-3800, or contact Philips Test & Measuring Instruments, 
Inc., 85 McKee Drive, Mahwah, New Jersey, 07430. 



PM3225 15MHz 
Single Trace Scope 

PM3262 100M Hz Dual Trace 
Universal Scope 

PM3207 15MHz/5mV. Dual Trace Scope PM3216 35MHz Single Time Base Scope 

Test & Measuring 
Instruments 

PM3244 50M Hz 4-Trace Scope PM3265 150MHz Scope with 100MHz 
Analog Multiplier 

PM 3234 10MHz Dual Beam Storage Scope PM 3233 10MHz Dual Beam Scope 

PHILIPS 
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Hi-Vacuum 
Feedthrus 

with Standard 
Connectors 

COAX I 
TRIAX 
BSHV - 
MHV 
BNC 
SMA 
MS 
N 

• Bakeable to 450°C* 

• Provide quick disconnect 
of shielded leads 

• Hi-alumina ceramic-metal 
construction 

• Single or multiple units 
supplied in weldable 
adapters or standard 
vacuum flanges 

'With lead disconnected 

Request 
Cat. 7601 CC 
with details, 
drawings, 
ordering 
info. 

Ceramaseal, inc. 
A SUBSIDIARY OF 14TERPACF 

NEW LEBANON CENTER. NEW YORK 12126 

(518) 794-7800 • TELEX 145442 
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New products 

Instruments 

Data system packs 
performance in 

New DVM technique and 

FET switching overcomes 

speed, leakage problems 

Where data acquisition is concerned, 
the bywords have always been more 
and smaller—collect more data from 
more sources, collect more accurate 
data with more repeatability, and do 
it faster with smaller systems using 
smaller modules and providing less 
unneeded capacity. Now, one of the 
latest data-acquisition and -control 
systems to enter the field— Hewlett-
Packard's model 3497A—seems in-
tent not only on continuing that tra-
dition, but on doing it with new tech-
nology. 

Usable in conjunction with an HP 
computer, the model 3497A provides 
a clock/timer, front-panel keyboard, 
and display in a user-oriented layout. 
For example, the operator can moni-
tor a particular analog channel or 
digital slot without disturbing a con-
tinuously running measurement pro-
gram. Also, keyboard control lets the 
operator evaluate likely 3497A con-
figurations before writing a pro-
gram. So that it can be used as part 
of larger systems, an HP-IB interface 
is included or, optionally, an RS-
232-C interface to permit thesystem 
to operate with other computers, or 
to transmit data via telephone lines. 

Voltage measurements may be 

provided by an optional internal dig-
ital voltmeter having unusual preci-
sion and sensitivity, due to a new 
measurement technique, and a burst 
mode of 300 readings/s. On its low-
est range (0.1 volt) with 51/2 -digit 
resolution, sensitivity is 1 ,Av in the 
last digit; its best accuracy is 30 
ppm, achieved on the upper three 
ranges (1, 10, and 100 v). 

Further, this is a fully guarded 
DVM with selectable integration 
times from 1 to 0.01 line cycle. 
Speed and resolution vary with inte-
gration time from 5'/2 digits at 50 
readings per second and 1 line cycle 
of integration, to 31/2 digits at 300 
readings and 0.01 integration cycles. 
In addition, a built-in programmable 
current source with ranges from 10 
µA to 1 mA permits precise resist-
ance measurements. 

Behind the Dvm's performance is 
an unusual integration technique 
that basically combines dual-slope 
integration and successive approxi-
mation in a new method called Mul-
ti-slope II. The company says the 
technique will be incorporated into 
other HP developments to be released 
soon. 

Multi-slope II uses four run-down 
slopes. A steep slope derived from 
the precision reference power supply 
is applied first. At zero crossing, 
there is a finite amount of overshoot 
leaving a residual charge on the inte-
grator's capacitor. For the next three 
steps, additional slopes, each exactly 
one tenth as steep as the previous 
one, are applied to the remaining 
voltage until the zero crossing. The 
final crossing is therefore done with 
a slope 10-3 as steep as the first. 

Additional new technology will be 



Here's an inexpensive way to give your existing 
products a face lift. 

Our new snap-in pushbuttons fit stan-
dard rocker switch mounting holes. And 
they're available now, so you can use 
them to enhance your panel design 
without costly restamping or re-cutting 
of the face panel. 

These new pushbuttons are available 
with all the circuits, terminations and 

ratings found in our standard rocker switch line. 
Actuators can be hot-stamped, illuminated or 

color-coded to meet every need. 

For more information, contact your 
Cutler-Hammer salesman or switch dis-
tributor. Or write for our new catalog of 
commercial switches. Eaton Corpora-
tion, Commercial Controls Division, 
4201 N. 27th St., Milwaukee, WI 53216. 

Snap our new Cutler-Hammer 
pushbutton into your plans. 

The switch is easy. 
N 
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WHY CUT? 
WHY STRIP? 
WHYNOT 

WI RE 
WRAPPD1G 
TOOL 

• AWG 30 Wire 
• .025" Square Posts 
• Daisy Chain or Point To Point 
• No Stripping or Slitting Required 
JUST WRAP ...... 
• Built In Cut Off 
• Easy Loading of Wire 
• Available Wire Colors: 
• Blue, White, Red 4Y Yellow 
PATENTED U.S.A. 
FOREIGN PATENTS PENDING 

JUST WRAP TOOL WITH ONE 50 FT ROLL OF WIRE 

MI 5 
JW 1 W 
PN I Y 
PN 1R 

U.S. LIST PRICE 
$14.95 
14.95 
14.95 
14.95 

REPLACEMENT ROLL OF WIRE 50 FT. 
R JW 
R JW W 
R JW Y 
jYY R  

198 
2.98 
2.98 
/98 

• Minimum billings $25 00. add shipping cha.rge 
$2 00/New York State residents add applicable tax 

OK Machine & Tool 
Corporation 

3455 Conner St, Bronx,N Y 10475 U S A 

Tel ( 212) 994-6600 Telex 125091 

New products 

evident in an optional 20-channel 
multiplexer that uses field-effect 
transistors to provide high isolation. 
It is able to scan and digitize more 
than 5,000 channels a second. 
Unlike customary FET designs, the 
HP approach resists off-voltages to 
85 v with leakage current limited to 
1 µA, maximum. The company 
describes the process as a tree-
switching technique that minimizes 
stray capacitance in order to mini-
mize noise. The plug-in option is 
scheduled for a fall introduction 
along with a plug-in board that 
includes thermocouple compensation 
capability, says the company. 

Other options to be available by 
the end of the year include counters, 
alternative multiplexers, d-a convert-
ers, and input arrangements. Price 
for the 3497A data-acquisition and 
control unit ranges from $2,150 to 
$25,000, depending on the options 
selected. Deliveries are slated for 
this month. 
Hewlett-Packard Co., 1507 Page Mill Rd., 

Palo Alto, Calif. 94304 [351] 

0.1-990-MHz signal generator 

is GPIB-programmable 

A synthesized-signal generator from 
Hewlett-Packard Co. has full gener-
al-purpose interface bus (HP's own 
HP-IB) programmability over a 0.1-
to-990-MHz frequency range with 
absolute level accuracy of ± 1.5 dB. 
Frequency in the model 8656A 
switches in less than 2 seconds (with-
in 100 Hz). The microprocessor-con-
trolled unit handles frequency (a-m 
or fm) and output level, as well as 
decibels referenced to a microvolt. 
The 8656A's store and recall func-

tion aids repetitive testing by re-
membering 10 complete front-panel 
signal setups. Resolution for the unit 
is 100 HZ or 250 Hz; stability comes 
from an internal 2-ppm/year crystal 
time base. Since the unit is intended 
primarily for in-channel receiver 
testing, the single-sideband phase 
noise is less than — 122 dBc/Hz at a 
20-kHz offset at 225 MHz. The out-
put level is calibrated from + 13 to 
— 127 dBm with an accuracy of 
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Test drive our high performance 
compact. 
Over 20 million Aromat NF relays in use... 
built for high performance, with a low profile 

that's perfectly suited for the busy traffic patterns 

of today's high density PC boards. 

Responsive handling is the key to the NFEB's 

reliability, with shock absorbing construction to 

assure smooth long lasting performance. 

Aromat was the pioneer in plastic sealed 

relays over 10 years ago, and is now producing 
the NFEB in the U.S. Extensive test data, 
gathered here and abroad, prove the 

dependability of these relays. 

SPECIFICATIONS 
Contacts 
Arrangement 2 4C 
Rating resistive load 
Max switching power  60W 100VA 
Max voltage  220V AC/DC 

Max current 2A 
UL rating 0  5A 125V AC, 2A 30V DC 
VDE rating   1A 65V AC, 2A 30V DC 

Expected life, min operations 
Mechanical  NF2J3 x 10°, NF4'10° 

Electrical (2A 30V DC Resistive)   106 
(1A 30V DC Resistive) 5 x 10, 

Initial contact pressure  approx 85g (03 oz) 
Contact bounce approx 1 5 msec 

Contact material 
Movable contact Gold-clad silver 
Stationary contact  Gold-clad silver 

For telephone circuit applications 
gold-clad silver-palladium type is available 
rated 0 1A 50V DC 10 x 10° operations 

initiai contact resistance 
Maximum 50 mu 
Typical  25 mu 

Coll 
Min operating power (at 25°C) aPPnox. NF2/150mW, 

NF4/240mW 

Nominal operating power (at 25'C) . approx. 

NF4/480mW 

Max operating power approx. 
for continuous duty  1W at 40°C 104°F 
Characteristics (at 25°C, 50% R li sea level) 
Max operating speed 50 cps 
operate time  approx. 10 msec 
Release time approx. 5 msec 

Electro static capacitance 
ContacVContact  approx 4 pF 
Contact/Coil  approx. 7 pF 
Contact/Ground approx. 6 pF 

Breakdown voltage 
Between open contacts  750Vrms 
Between contact sets 750Vrms 
Between live parts and ground 1  000Vrms 
Between contacts and coil 1  000Vrms 

Initial insulation resistance . 1,000Mu at 500VDC 
Ambient temperature  -40 to + 65°C -40 to +149°F 

filF2/300mW, 

Shock/Vibration resistance 
Deenergized condition 8018G 55 cps 
Energized condition  20G/20G 55 cps 

unit weight  approx. NF2i14g (05 oz ) 
NF4/169 (0.6 oz ) 

Specifications for MBB contact types 
Expected life, min operations 

Electrical OA 30V IX Resistive)  10° 

Breakdown voltage 
Between open contacts  200Vrms 

All other characteristics are the same as those of 

standard types 
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NFEB Amber Relay 
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Free Samples. Write to Aromat or your regional 
distributor today, and get a free sample and test 

data on the NFEB relay. Once you've driven this 

engineering marvel, you'll never turn back ' 

ii 
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romat 
Membtr 

at Corporation: 
250 Sheffield Street 
Mountainside. NJ 07092 
(201) 232-4260 

M id-Western Orrice: 
'311 Lively Blvd 
Suite 1 
Elk Grove Village. IL 60007 

(312) 593-8535 

Western Office: 
10400 North Tantau Avenue 

Cupertino. CA 95014 
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Turn schematics into 
PC boards in one-third the time. 

Nicolet's revolutionary new 
System 80 is the compact, complete 
electronic drafting table that fits 
into your design department and 
speeds work through faster than you 
can imagine. In only five days, you 
can become an expert on the System 
80, because it is incredibly easy 
to operate. 

System 80 instantly displays 
pads, lines, DIPs, component out-
lines, characters —and in up to 20 
colors so you can work on all layers 
simultaneously. You have tremen-
dous mobility in the design because 
you can pan around very large draw-
ings, or zoom in on specific details. 

You can "key in" elements 
to be repeated, and the system 
duplicates them as many times as 
you want at the touch of a button. 
Time spent on tedious detail work 
can now be used for creative 
designing. As you work, an auxiliary 
screen gives you a high resolution 
overview, helps you make changes 
fast. All your designs are stored 
on diskettes — more compact, less 
expensive and safer than storing 
tape-ups. 

Make changes and 
additions quickly 
You can make revisions 

and see results right on the screen, 
as you work. System 80 lets you 
transfer parts of designs from stored 

drawings, which you can 

Nicolet introduces System 80: 
instantly rotate or reposition. You 
can move, erase or add whole groups 
of pads and traces for fast revisions. 

Artwork is 
always accurate 
Your prototypes will be 

ready faster, and because the system 
always positions the pads and lines 
exactly on the grid you specify, you 
can be sure that your final art will 
be exactly what you had in mind. 
System 80 includes a Nicolet Zeta 
3653SX pen plotter which produces 
clean, precise, camera-ready 
artwork that is far more accurate 

. than tape-up. as se 

System 80 can 
pay for itself 
in a year 
System 80, 

at $73,200, is priced 
lower than any com-
parable CAD unit, yet 
it provides the features 

and the capabilities of systems 
costing three or four times as much. 
It saves money and time by elimina-
ting bottlenecks at the design stage. 
No other CAD system can increase 
your productivity so dramatically, 
or give you more accurate results 
while being so simple to operate. 
On a cost/performance basis, your 
average board cost over two years 
can drop by 50%. Check out System 
80 today. 

I • r 

NICOLET 2530 San Pablo Avenue 
CAD Berkeley, CA 94702 
CORPORATION 415/848-6600. Ask for Mike Smith. 
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New products 

± 1.5 dB and a resolution of ±0.1 
dB. The synthesized-signal generator 
sells for $6,250. 
Hewlett-Packard Co., Inquiries Manager, 

1507 Page Mill Rd., Palo Alto, Calif. 94304 

[352] 

Multibus-compatible frequency 

synthesizer sells for $1,300 

The PRO80 single-card, Multibus-
compatible frequency synthesizer 
can make frequency or phase 
changes in less than 300 ns after 
receiving an execution command. It 
operates over a 10-H z-to-2-mHz 
range and offers 0.0023-Hz resolu-
tion. It can achieve 1-MHz resolution 
under microprocessor control. The 
output waveform is sine or square. 
The unit is designed for measure-

ment and control, communications 
and tracking, system simulation, and 
automatic test. It is programmed 
using a binary number base. The 
frequency stability is 100 ppm on its 
internal reference—a crystal oscilla-
tor—but the oscillator can be locked 
to an external frequency standard. 
The PRO80 is priced at $1,300 

each, with large quantity discounts 
available for original-equipment 
manufacturers. 
Proteon Associates Inc., 24 Crescent St., 

Waltham, Mass. 02154. Phone Howard C. 

Salwen at (617) 894-1980 [355] 

$50 digital panel meter 

has 31/2-digit resolution 

Even though the DM-3100N digital 
panel meter costs only $50, it has 
31/2 -digit resolution, 0.1% accuracy, 
and 1,000-me balanced differential 
inputs. The low-profile DPM displays 
voltages from —1.999 to +1.999 v 
dc on a 0.5-in.-high red light-emit-
ting-diode readout. 
The DM-310ON's differential in-

puts require a 5-pA bias current typi-
cally and provide a common-mode 
rejection of 80 dB. Overvoltages to 
± 250 y de are safely tolerated. 
The unit, which sells for $34 in 

quantities of 100 or more, is avail-

Yes! There is 
o Stator Yoke 
for 110° CRT's! 

/
The Syntronic Data 110 
Stator Core Yoke will 
produce clean, clear 
dot/matrix or stroke-written 
characters anywhere on a 
110 ° CRT . . . over 6000 of 
them on a 15" diag screen. 

This is achieved using a 
precision-tooled ferrite stator 
core, built-in geometry 
correction, complementary 
coil turns distribution, and 
interlocking components for 
repeatability in volume 
production. 

If a saddle yoke doesn't do 
the job . . . evaluate the 
Data 110 Yoke. 
Ask for Bulletin # 033. 

Data 110 Stator Yoke 

ognitonuc 
Syntronic Instruments, Inc. 

100 Industrial Road 
Addison, IL 60101 

Phone: (312) 543-6444 
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Our trimmer 
capacitor line keeps 
growing bigger 

Sprague-Goodmon's trimmer capacitor 
line is growing. With sub-miniature cer-
amic and sapphire dielectric Pistoncop' 
trimmer capacitors. The ceramics ore 
os small as 3mm diameter and the 
sapphires have very high Q at UHF 
and GHz frequencies. 

They're available off-the-shelf along 

SPRPGUE 
GOODINfl 

by getting 
smaller. 

with our glass Pistoncops,* Filmtrims* 
ceramic single turn, and Mico compres-
sion lines. 

So the next time you need stondord 
or custom trimmer capacitors, call us or 
your distributor and ask for Sprague-
Goodmon. The first and last nome for 
trimmer capacitors. 

Sprague-Goodman Electronics, Inc. 
(An Affiliate of the Sprague Electric Company) 
134 FULTON AVE.. GARDEN CITY PARK. NY 11040 • 516-746-1385 • TLX: 14-4533 
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CUSTOMIZED CABINETRY AT PRODUCTION LINE PRICES 
TEN-TEC's OEM cabinet line gives you affordable customizing freedom. 51 different sizes. 
Two construction styles: all-aluminum or aluminum and molded Cycolac. Two color styles: 
beige with walnut-grain end panels or gray with black pebble-grain (or choose your own). 
Custom chassis punching. Custom silk-screening. Your cabinets arrive ready for your 
product. For less than you think. Ask for a quotation. 

Write or call: Tér ;i,:i2ly-TEC' I C. 
411 E., Sevierville, TN 37862 

(615) 453-7172 

New products 

able in two to four weeks from the 
receipt of an order. 
Datel Intersil, 11 Cabot Blvd., Mansfield, 

Mass. 02048. Phone (617) 339-9341 [356] 

Spectrum analyzer has built-in 

tape storage, IEEE-488 link 

A portable fast-Fourier-transform 
spectrum analyzer has a built-in tape 
storage, an IEEE-488 interface, and 
a sinewave output at the cursor. The 
Mini-Ubiquitous model 446B-1311 
measures, stores, compares, and 
evaluates vibration signatures, reso-

nances, or noise on a remote loca-
tion. 
The analyzer has all the capabili-

ties of the widely used model 446A 
real-time spectrum analyzer, plus 
three new features: it can store time 
or frequency digitally; it has strobo-
scope control through the sinewave 
output; and it can transfer and con-
trol by means of digital peripherals 
operating through the interface. 
The analyzer will be ready for 

delivery in the third quarter of 1980 
and will sell for $15,750. 
Nicolet Scientific Corp., 245 Livingston St., 

Northvale, N. J. 07647. Phone (201) 767-

7100 [359] 

Period multiplier operates 

in TM-500 power modules 

The model PI-110 dual-channel 
clock-period multiplier operates in 
Tektronix Inc.'s TM-500 series pow-
er modules. The unit can generate 
synchronous signals, variable time 
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Rental Electronics is renting 

Desktop computer systems and graphics terminals 
from H-P.. . plus data terminals and printers 

from just about everyone else... 
off-the-shelf, right now. 

Rental Electronics, Inc. 

(800) 227-8409 
In California (213) 993-7368 or (415) 968-8845 or (714) 879-0561 

GSA Contracte GS-04S-21963 Neg. Rental Electronics, Inc. 1980 
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DON'T TAKE 
HORACE GREELEY 
TOO SERIOUSLY! 

_ 
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Today, the newest frontier doesn't touch the Pacific. 
It lies in a state which is unspoiled and ready with — 
— the nation's best balance of energy resources, 
— willing workers who realize the importance of profit, 
— stable government which began reducing taxes before 

tax reduction became fashionable, 
— and surpluses exceeding a billion dollars. 

If these qualities can be found in a state which offers a 
superb lifestyle as well as reasonable property values, 
maybe your business should take a look at us. 

NEW MEXICO 
Commitment to quality 

Al Dietz, Director, Economic Development Division, Com-
merce 1St Industry Department, Bataan Memorial Bldg., 
Santa Fe, New Mexico 87503, 505-827-5571 

New products 

marks, programmable clocks, 
counted bursts, or three-frequency 
pulses. It can also be used as a period 
multiplier. 
The ratio of the multiplied clock 

period to the clock source, which can 
be set at any integer between 2 to 
999, can be increased to 998,001 
maximum in the cascaded mode by 
using the three-digit front-panel 
switch or by programming remotely. 
The clock source can be generated 
internally from a variable period 
oscillator, a crystal reference, or the 
ac line. 
The price of the device is $675. 

Pulse Instruments Co., 1536 West 25th St., 

San Pedro, Calif. 90732. Phone (213) 548-

1327 [357] 

Clamp-on ammeter allows 

50-Hz calibration 

The model 10-E ac ammeter clamp-
on adapter from Tripplett Corp. 
allows the model 310, 630, 630 PLK, 
and 60 testers made by the same 
company to clamp onto 50-Hz lines 
for current readings. Line loads from 
0 to 300 A may be measured without 
interrupting the circuit. A thumb-
slide switch allows the user to select 
ammeter ranges of 0 to 6, 12, 30, 60, 
120, or 300A at ±3% accuracy. The 
adapter may also be used with the 
company's own model 101 line sepa-
rator to divide two-conductor cords 
or cables. The price is $33. 
Tripplett Corp., One Tripplett Dr., Bluffton, 

Ohio 45817. Phone (419) 358-5015 [358] 
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Test Engineering Institutém 
• 

Improve your skills 
in automatic testing. 

Audio Cassettes 

4 

9É. 

Introducing... Course Number One 
Digital Board Testing 

Each Test Engineering Institute course imparts a specific ATE skill-level 
to the student. These individual skills are acquired through extensive listening to 
audio tapes, in-depth workbook exercises, and four examinations. In recognition of this 
very personal effort in course completion, the student receives a Test Engineering Institute 
Certificate with his or her name, along with the course title, and the ATE skill-level attained. 

Other courses include Analog Board Testing, Microprocessor Board Programming and Design 
for Testability. Call or write for brochure with course outline and price. 

illustrated 
Workbook 

enckels 
aas & 

rown Inc. 

4re• 
e&etzi,,,r Tzfr 

116 Route 17 North 
Upper Saddle River, NJ 07458 
Telephone (201) 327-8014 

Visit us in Boston at the 
ATE Seminar/Exhibit in June 
Circle 193 on reader service card 
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INDUSTRY'S 
RAISED 'EM. 

INTRODUCING ECLIPSE MV/8000, the fast new processor that 
gives you high throughput, high performance, and unmatched 
reliability, and the most compatible 32-bit computer system in the 
industry. 

You need a 32-bit system that thinks fast. MV/8000's 36.4 MB/sec. 

memory bandwidth is two-to four-times faster than its nearest 

competitor. And it features a unique three-level I/O system using 

independent processors that drive high-speed busses and as many 
as 128 terminals. 

Need hot architecture? MV/8000 gives you one of the industry's 
most advanced virtual memory management techniques, plus 4 gigabytes of logical address 
space, 6.6 gigabytes of on-line storage, and user programs as large as 512 megabytes—that's 
16 times larger than the competition's. 

Your MV/8000 also has unmatched reliability and maintainability. It comes with its own inde-

pendent microNovA--based System Control Processor that continuously monitors a diag-
nostic bus, and identifies hardware faults right down to the field-replaceable unit. Plus, you 

get enhanced maintainability with a totally alterable control store—the first ever on a 32-bit 
mini-mainframe. 

How about system security? MV/8000 gives you an 8-ring security system that divides the 

address space into eight imbedded protection areas, each with a unique privilege level. That 

secures system resources and user's privileged routines. 
You need a 32-bit computer that speaks your language. MV/8000 speaks just about all 

of them, based on its new, ultra-sophisticated AOS/VS operating system that's compatible 
with our time-tested AOS (Advanced Operating System). AOSNS has optimized micro-code 

for high-level languages like ANSI FORTRAN 77, ANSI BASIC, and ANSI PL/I. What's more, AOSNS 
can run COBOL, DG/L, DG/DBMS, TPMS, INFOS II, AZ-TEXT'TM word processing, RCX70 (3270) and 
RJE (2780/3780). e 

Compatibility? Forget about emulation, mode bits or rewrites. Along with its new 32-bit 

applications, MV/8000 executes all existing Aos-based ECLIPSE programs. You don't have to 

change programs, peripherals, interfacing, documentation, or people. / 
MV/8000, new from Data General. From now on we hold all the cards in 32-bit /0 //  

systems. Bet on it. And win. 

Data General Corporation, Westboro, 
MA 01580, (617) 366-8911. ECLIPSE 
is a registered trademark and microNOVA 
& AZ-TEXT are trademarks of 
Data General.© Data General 
Corporation, 1980. 
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Digital Equipment Corporation has 
sold more 16-bit microcomputers than 
any other company in the business. 

Over 100,000 of them. 
And the reason is simple. We give 

you more to work with. More hardware, 
more software, and more true systems 
capability. 

So you can develop your products 
faster, and offer your customers the right 
balance of cost and performance every 
time. 

What's more, Digital's micros are 
software-compatible. Nót just with 
each other, but with our entire PDP-11 
minicomputer family as well. 

So you'll never run out of ways to 
expand your business. 

Just look at what we offer: 
Digital's microcomputer family. 

You can choose from eight different 
configurations of our LSI-11/2 and -11/23 
micros, in both boards and boxes. With 
high-performance features like general-
purpose registers. Double-precision 
floating point processor. Up to 256Kb 
memory addressing. And the full instruc-
tion set of the PDP-11 family. 

You also get the best form factor in 
the industry, because our micro boards 
measure just 5.2" x 8.9". 
More options on the industry-
standard bus. 

Once you have the micro you 
want, your possibilities are wide open. 

You can choose from dozens of 
micro products: 9 different memory 
boards, 11 I/0 modules, 9 communi-
cations options, even kits for designing 
your own custom interfacing. 

There are also 8 different periph-
erals, including the TU 58 micro tape 
cartridge subsystem. 

And the whole family runs on 
Digital's industry-standard LSI-11 Bus, 
the most widely copied bus structure 
in micros. 
The only high-performance 
hardware with software to match. 

Digital's micro software is literally 
years ahead of the competition. 

There's RSX-11M, the multitasking 
real-time operating system that sets 
performance standards for superminis. 
RSX-11S, a streamlined run-time version 
of -11M. And RT-11 for smaller single-
task applications. 

You also get development tools like 
an optimized FORTRAN IV-PLUS corn-

piler and BASIC-PLUS-2. Even a ROM-
mable FORTRAN for RT-11. 

And Digital's development systems 
let you break your complex applications 
into manageable pieces, so several pro-
grammers can work on the same applica-
tion at once. 

That can save you plenty of develop-
ment time. 
The total approach to micros.  

Behind all Digital's micro products is 
a support commitment that's unmatched 
in the industry. 

We have 13,000 support people 
worldwide. Technical consultation and 
training. And a wide range of support 
agreements — from do-it-yourself service 
using our special kits, to full support 
including coverage for your customers. 

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

For more information, contact 
Digital Equipment Corporation, MR2-2/ 
M65, One Iron Way, Marlboro, MA 01752. 
Or call toll-free 800-225-9220. (In MA, 
HI, AK, and Canada, call 617-481-7400, 
ext. 5144.) Or contact your local Hamilton/ 
Avnet distributor. In Europe: 12 ay. des 
Morgines, 1213 Petit-Lamy/Geneva. In 
Canada: Digital Equipment of Canada, Ltd. 

It took the minicomputer company 
to make micros this easy 

d o CH 
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The first functional 
PCB tester good enough 
to be called Fairchild; 

It's the company behind 
Series 70 that puts it a 
generation ahead. 

In the 
world of 
ATE, no 
name has 
so consis-
tently been 
synonymous 
with innovative 
technology, dependable quality, 
and total systems support as the 
name Fairchild. 

With the introduction of Series 
70, Fairchild brings that long tradi-
tion of excellence to the functional 
board tester. 

Series 70 offers true state-of-
the-art hardware and software, 
developed for efficient and accu-
rate board test and program simu-
lation. It is modular in design for 
off-the-shelf economy and cost-
effective expansion. It has a 
computer specifically designed for 
functional testing. It has a high-
speed memory bus and a separate 
high-speed I/O bus. It can diag-
nose faults down to the component 
level with logic clip and probe capa-
bility. And it can test all of today's 
most advanced LSI devices 
—high-speed digital, analog 
and hybrid. 

Without a doubt, Series 70 is 
the most complete, comprehensive 
and capable functional tester avail-
able today. And with the increasing 
complexity of today's PC boards, 
you can't afford a system that 
offers less. 

And Series 70 is faster, 
smarter and easier. 

While other testers operate at a lei-
surely 1.8 MHz, Series 70 gives you 
data rates to 5 MHz across all digi-
tal pins in parallel and collects 
probe data at full test speed. It 
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offers faster, more accurate fault 
isolation, and it lets you program 
timing increments with 20 ns reso-
lution. You can even track bus-
related faults at full speed with 
Series 70. 

Thanks to MEDIATOR, Series 
70 gives you a high-level conversa-
tional test program language 
instead of low-level code. And 
MEDIATOR is an English-like, 
multi-level language so you can 
write your own hybrid board pro-
grams easily and economically. 

More accurate, 
more flexible, 
and more adaptable. 

Compared to today's best 
known functional tester, Series 
70 offers specifications that 
are truly impressive: 
SPEED 

PROGRAMMABLE 
PULLUP RESISTORS 

COMPUTER 

SIMULATOR 

MASS STORAGE 

SOFTWARE 

EDITOR 

SYSTEM 
INITIALIZATION 

DIAGNOSTIC 
CAPABILITY 

ADVANCED LSI 
TECHNIQUES 

HIGH-SPEED 
CLOCKS 

HYBRID 
CAPABILI , 

Series 70 An older tester 
5 MHz 1 8 MHz 

Yes No 

Specially PDP-8 
designed 
dual bus 
architecture 
16 bits 12 bits 
64 K words 32 K words 
memory memory 
(128 K bytes) (48 K bytes) 

High Longer debug 
accuracy time 
Can be run Have to add 
on tester memory 

12 or 24 24 MBor 4 8 
MB disk MB disk 

Virtual Overlay & 
memory linking 

Continuous Call-up mode 
on-line 
operation 

Totally Boot from TTY 
automatic 

Fault tracing to No equivalent 
the component 
level with 
FLO-TRACER 

Live data No equivalent 
compression 

8 phase with OR No equivalent 
capability 

6 bus dual-pole Limited 
throughout scanner 

The world's first 
true hybrid tester. 

Unlike other functional testers, 
Series 70 covers all types of 
boards—bus oriented micropro-
cessors, dense dynamic memo-

ries, fast static memories, complex 
linear circuits and discrete devices. 
And it can handle boards from 
MOS and CMOS to TTL and 
advanced bipolar. 

With Series 70, you also get a 
wide choice of fixturing systems— 
universal, edge connector, or 
optional Thinline R bed-of-nails 
interface. 

And it's from 
the first family of ATE. 

Like all Fairchild test systems, the 
Series 70 is backed by the largest 
support network in the industry. 
Training, applications software, 
special hardware configurations 
and maintenance are all part of the 
Fairchild support package. To-
gether they provide a comprehen-
sive, proven and state-of-the-art 
solution to your functional PCB 
testing needs today and tomorrow. 

For more information on the 
new Series 70 Functional Board 
Tester from Fairchild, call or write 
for our new brochure: 

Fairchild Test Systems Group 
Fairchild Technical Center 
Billerica, MA 01821 
(617) 663-6562 

"Come See the Series 70 
ATE Boston, June 16-18" 

FAIRCHILD 

A Schlumberger Company 

The 
First Family 
of ATE. 



simulator 

12 or 24 MB disk Dual I EE bus 

bits. 61-xqlf.!,,,j pirt. PNETIMIlefilMI 
4 K words memory rniltrIx the component level 

Live data 
compression f, MHz (tit,' rate Virtual memory 
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New products 

Industrial 

Thermometer 
is accurate, 
and rugged 
Instead of sacrificing accuracy for 
ruggedness, or vice versa, Analogic 
Corp. has produced a digital ther-
mometer and calibrator that is both 
accurate and rugged and is also por-
table. The model AN6520 is a 
microprocessor-based thermometer 
made to calibrate thermocouple in-
struments or to measure tempera-
tures directly and read them out in 
degrees Fahrenheit or Celsius on a 
light-emitting-diode display. 
The instrument also doubles as a 

millivoltmeter with microvolt resolu-
tion. Furthermore, the manufacturer 
considers it "the only available, por-
table microprocessor-based ther-
mometer and calibrator to have 
0.1 °C of conformity and resolution." 

Its performance makes it especial-
ly useful for portable thermocouple 
instrument calibration for the pro-
cess and service industries. 
The AN6520 is available as a 

four-range unit for measuring milli-
volts and ANSI types J, K, and T 
thermocouples and as an eight-range 
unit to include types E, R, s, and C. 
The unit offers measurement resolu-
tions of ±0.1°C for base-metal ther-
mocouples (such as types J, K, T, and 
E); ± 1.0°C for other thermocouple 

types (R, S, and c); ± 1.0 ftiv for 
inputs up to ± 20 mv; and ±l0tv 
for plus or minus measurements 
between 20 and 101.1 mv. 
The instrument is packaged in a 

waterproof, epoxy-painted metal 
case and operates from a recharge-
able battery pack. The connections 
for field calibrations consist of dual 
sets of input/output five-way bind-
ing posts. Optional thermocouple 
adaptor plugs are also available. The 
internal complementary-mos micro-
processor circuit also lets the user 
know via instant readouts whether 
there is an open thermocouple, 
whether input limits are going high 
or low, or whether the battery is 
running low. 
A separate 220-v ac version fea-

turing eight ranges is available for 
use in Europe. This version covers .1-, 
K-, T-, and S-DIN thermocouples. It 
also measures millivolts and Degussa 
curve types E, R, and B. 
The U. S. versions are available 

within 90 days and their prices start 
at $1,295 (in the U. S. only) for a 
four-range unit. Discount pricing is 
available when more than 10 units 
are ordered. 
Analogic Corp., Audubon Rd., Wakefield, 

Mass. 01880. Phone (617) 246-0300 [350] 

TI 990 gets 

software-compatible board 

The model CPU-200 microcomputer 
board from Erni & Co. is based on 
Texas Instruments' 16-bit TMS 
9900 microprocessor. It provides the 
central processing functions for 
Erni's recently announced 990E 
industrial microcomputer system 
while offering software compatibility 
with Ti's 990 minicomputers and 
microcomputers. 
The CPU-200 features a 56-line 

proprietary bus that allows memory 
addressing of up to 64 kilobytes and 
input/output capabilities by using 
the TMS 9900 bit-serial communi-
cations register unit. Up to 4,096 
inputs and outputs may be addressed 
individually. An RS-232 or current-
loop serial port is provided. 
The unit also features 16 vectored 

interrupts, an eight-line bit program-
mable port, and an internal timer. It 
operates at 3 MHz. The external con-
trol functions of the TMS 9900 are 
available to the user. 
The board sells for $560. 

Erni & Co., 3316 Commercial Ave., North-

brook, III. 60062. Phone (312) 480-9240 

[341] 

Line conditioners reject 40 dB 

per decade above 6 kHz 

Designed for systems such as com-
puters that are sensitive to critical 
changes in voltage, the LC-2 line 
conditioners use a switching regula-
tor circuit that operates at 99% effi-
ciency and generates no noise or dis-
tortion, says the manufacturer, Pow-
er-Matic Inc. The response time for 
complete correction of a worst case 
is a half cycle. The conditioners are 
insensitive to frequency, load, and 
power-factor changes. The basic reg-
ulator circuit, combined with heavy-
duty capacitors, forms a filter net-
work that achieves a normal-mode 
noise rejection of 40 dB per decade 
from 6 kHz up. This is a useful 
parameter, since most spikes and 
noise occur in the frequency spec-
trum above 30 kHz. The unit also 
includes a spike suppressor. 
The line conditioners come in 

eight models for 110- and 220-v 
operation. All units are rated for 
continuous duty at a 2-kw load. The 
price is $760 for the 110-v model. 
Power-Matic Inc., 7667 Vickers St., San Die-

go, Calif. 92111. Phone (714) 292-4422 

[342] 
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AMAZINGLY SIMPLE R&D EFFORT 
YIELDS UP TO 20 PERCENT 

MOLDED DIP PRODUCTION. EXTRA 

21 

20 

10 

10 

S 

1 

}incremental éllysol Molded DIP 
Productivity 

}Typical Molded DIP Productivity 

The amazingly simple 
research works like this. 

You pick up the 
telephone. 

You call Hysol and ask 
for facts on our state-of-the-
art semiconductor transfer 
molding compounds. 

These advanced epoxy 
compounds are formulated 
for optimum production 
characteristics as well as 
superior device performance. 

For example, Hysol 
epoxies develop a higher 
hot hardness than 
conventional epoxy 
compounds. So instead of 
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an average three minute 
mold cycle, the same mold 
press can produce a finished 
shot in two. 

Hysol epoxies can also 
significantly reduce the need 
for deflashing. Or eliminate 
it completely. 

They can help reduce 
post-cure time by a hefty 
60 to 70 percent. 

And because they leave 
your molds clean more than 
twice as long, they can reduce 
cleaning maintenance from 
once per shift to just once 
every two shifts or three. 

Result? 
You get five, ten—up to 

20 percent extra molded DIP 
production per shift. With no 
extra investment. 

Along with better 
productivity, of course, you 
get the extra assurance of 
Hysol quality. 

Plus all the advantages 
of Hysol performance. 
Like improved moisture 
resistance, better thermal 
cycling characteristics and 
increased thermal stability— 
for better reliability. 

Hysol is the leader 
in semiconductor epoxy 
technology. And to prove it, 
we'll supply the Hysol epoxy 
and qualified field support 
for a full productivity and 
performance comparison 
on your test line. 

So if you're looking for 

a major breakthrough in 
molded DIP production, just 
call Hysol. 

The best discoveries are 
always simple. 

HYSOL DIVISION 
  THE DEXTER CORPORATION 

15051 East Don Julian Road, 
Industry, CA 91749. 
Telephone (213) 968-6511. 

MI» 





THE FUTURE IN LLSI BELONGS 
TO THE POWERFUL. 

I 

And to those who can success-
fully test the limits of their linear 
LSI and beyond. 

Now a new generation of LTX 
LLSI Testers removes those limit-
ations to concentrate tremendous 
computer power where it counts 
...at the test socket And does it 
without sacrificing compatibility 
with your existing job plans. 
The new LTX features: 

Four times as much memory 
Virtually unlimited job plan 
space. 
More than four times the disk 
capacity. 
Double the computer power. 
Complete forward and back-
ward compatibility. 
RS232 port for computer 
communication 
What it all adds up to is this... 

better quality, ¡eater yield, faster 
payback, and the ability to use 
all of this new computer power 
for testing. More importantly, the 
new, more powerful LTX lets your 
linear LSI testing capability keep 
pace with the leading edge of 
technology as new, more sophisti-
cated devices are developed. 

LTX testing power. Find out 
how to get it and how to use it 

Contact LTX Corporation. 
Telephone: (617) 244-7800. 
TEST LTX POWER AT SEMICON WEST, 
BOOTH 1418-1420, San Mateo (May 20-
22) or ATE EXHIBIT/SEMINAR, BOOTH 
120-124, Boston (June 16-19). 

7 

Corporation, 160 EA( Bob Baszner, LTX 

Charlemont Street, RESPONDS 

Newton Highlands, MA 02161. 

Bob: I'm power hungry. Show me how 
to put LTX to the test 

Name 

Title 

Company Phone 

Address 

City 

State Zip 

Circle 203 on reader service card 



The Cook-able Computer 

By SESCO... 
it works! 

Configure Your Severe Environment System With Our 
SECS 80/10A Microcomputer And Support Modules 

Buy a few cards or a complete system 
Take our ruggedized SECS 80/10A Microcomputer, 

a functional counterpart of Intel's standard iSBC* single 
board computer, surround it with our equally ruggedized 
support modules, and you have the building blocks you need 
to design a system which will operate under the most 
severe environments. 

This versatile SECS 80 System likes it cold — or hot. 
Meets Mil-E-5400, 4158, 16400- and more, making it perfect 
for space, missile and other military systems and tough 
industrial applications. 

A multitude of modules 
With these versatile modules, you'll save valuable time 

and development costs. 

• SECS 80/10A Microcomputer 
• RAM, ROM & EPROM Memories 
• Digital Tape Recorder & Controller 
• 1553 Serial I/O Board 
• Digital Input/Output Board 
• Analog To Digital Converter 
• High Speed Arithmetic Unit 
• Power Supplies 

E MM SESCO 
A Subsidiary of Electronic Memories & Magnetics Corporation 

20630 Plummer Street • P.O. Box 668 • Chatsworth, California 91311 
Telephone: (213) 998-9090 • Telex: 69-1404 

System packaging 
All system modules are mounted on 9" by 6" shock and 

vibration resistant boards. A 7.62" by 4.88" 12.62" chassis 
(1/2 ATR) holds up to 6 boards. 

Other EM1vI-SESCO products 
We've got core and semiconductor memories for military 

and commercial use, a Digital Data Acquisition System for 
the 1553 bus, and a compact Digital Tape System with 23 
megabit capacity. 

When you're faced with 
a tough environment - 
'Buy SESCO... it works!' 

'Trademark of Intel Corporation 

Circle 204 on reader service card 



New products 

Power supplies 

Five supplies 
each provide 
100 W of power 
The SF series of high-frequency 
switching power supplies each pro-
vide 100 w of regulated dc output 
power. Having a 75% efficiency, the 
five programmable units are rated 
for 5 v at 20 A, 12 v at 8.4 A, 15 v at 
6.7 A, 24 V at 4.2 A, and 28 y at 
3.6 A. The devices operate from 90 
to 130 v ac or 180 to 260 V ac at 47 
to 63 Hz. The voltage range is select-
ed at the input barrier strip; no 
jumpers are required. Output ripple 
and noise is 50 my peak to peak, 
while line regulation is ± 0.05% for a 
full line change of 90 to 130 V ac or 
180 to 260 y ac, and load regulation 
is ± 0.05% for a 100% load change. 
The units also offer brown-out 

protection, remote sensing capabili-
ty, remote shutdown, output over-
load protection, overvoltage protec-
tion, reverse voltage protection, and 
input protection. During a brown-
out, regulation is maintained down 
to either 90 or 180 v ac at full load. 
If the ac input voltage is lost, the 
units provide a minimum hold-up 
time of 20 ms. The units offer good 
stability with less than 0.1% output 
voltage changes over a 24-hour peri-
od. Overload protection limits output 
to 105% to 125% of full rated cur-
rent. Overvoltage protection is pres-
ent at 120% to 130% of nominal 
output voltage set point. The power 
supplies have remote sensing capa-
bilities to compensate for load lead 
losses of up to 0.5 V total. An exter-
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nal resistance may be used to pro-
gram output voltage. 

Other specifications for the units 
include a recovery response time of 
150 le typical and 300 gs maximum. 
The maximum voltage deviation is 
5% from nominal voltage set point. 
The units have a temperature coeffi-
cient of ±0.01% maximum over the 
temperature range from 0° to 
+ 70°C. The units meet MIL STD 
810C, method 514, procedure X for 
vibration and MIL STD 810C, 
method 516, procedure V for shock. 
The units come in a 2-by-4.87-

by-10-in. package and weigh 3 lb 
each. They sell for $170 each and 
delivery is from stock. 
Power-One Inc., Power One Dr., Camarillo, 
Calif. 93010. Phone (805) 484-2806 [413] 

Two power systems use 

one battery bank 

Two solid-state 415-Hz frequency 
converter/uninterruptible power sys-
tems use the same battery bank nor-
mally provided for one large 60-Hz 
system. Designated High-Links, the 
475H and 4125H are rated at 75 
and 125 kvA respectively and have a 
dc terminal voltage of 395 to 425 v. 
They convert a 50- or 60-Hz line 
frequency into the regulated 415-Hz 
power required by processors like the 
IBM 303X and /370 model 168, the 
Amdahl 470V5-6-7-8, and many 
other mainframes. The High-Links 
have a 91% efficiency at full load 
and a mean time between failures of 
15,000 hours, or 10,000 hours in 
redundant operation. The price is 
about $40,000 for the 475H and 
$48,000 for the 4125H. Delivery 
takes 90 to 120 days. 
Franklin Electric, Programmed Power Divi-
sion, 995 Benicia Ave., Sunnyvale, Calif. 
94086. Phone (408) 245-8900 [414] 

Monitor indicates 

input/output levels 

The PM-1 monitors power failure of 
the S series switching power supplies 
and in applications like a memory 

e  

4117 
Check 

1'Transistors 

*Capacitors 

'Diodes 

' 'IC's 
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à "-
CONTROLLED HEATING 

.. where it counts 
THERMO-PROBE 

Heat any integrated circuit or electronic 
component to its rated temperature 
with a heat probe. Accuracy ±3C or 
better. Or check the component's tem-
perature with a thermo-couple probe. 
Model 810 Thermo-Probe does both. 
Reads out directly in "C and "F on a 
large 41/2-inch meter. 

MTI MICRO-TECHNICAL INDUSTRIES 

P.O. Box 287 South Laguna, CA 92677 

  TELEPHONE (714) 545-3734 I  
TWX 910 508-1325 MICNOTECH LSEH  

C'rcle 205 on reader service card 

The NEIllf EBG 
is now available! 

P ierre 

4.6411111 , 

Yes, please send me  copies of 
1980 EBG. 
O I've enclosed $30 per copy delivered in 
USA or Canada. Address: EBG, 1221 Avenue 
of the Americas, New York, N.Y. 10020. 

CI I've enclosed $52 for air delivery 
elsewhere. Address: EBG, Shoppenhangers 
Road, Maidenhead, Berkshire S16, 
201 England. 

Name  

Company 

Street 

City 

State Zip Country 
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New products 

dump where precise signaling is 
desired. The power-fail monitor con-
sists of two detectors, one of which 
senses the ac input voltage while the 
second senses the power supply out-
put voltage. The monitor provides a 
TTL signal—a logic 0—if the supply 
output voltage drops below a thresh-
old voltage that is adjustable from 

90% to 110% of nominal output volt-
age. A logic 0 signal is also gener-
ated if the ac input voltage falls 
below the minimum ac input rated 
value. The logic signal provides a 
5-ms warning of an output drop 
resulting from an input voltage drop 
under full load conditions. At turn-
on, a TTL signal is generated after 

STOP' Qf wpm v ee. re 

Misleading specs, excessive failures, false 
promises, poor service . . . 

Gu WITLi nLi Ti211R1 

Truthful specs, low field failures, honest 
promises, outstanding service. 

"We take pride in high ethics 
and professional performance." 
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PAPS-1 $W 

SINGLES DUALS TRIPLES 

• 165 Models 
• 5V-28V, to 27A 

SWITCHER 
• 12 Models 
• 5V-28V, to 60A 

" LINEAR 
• 32 Models 
• 5V-24V, to 12A 

SWITCHER 
• 12 Models 
• 5V-28V, to 60A 

-91111111UR 
• 31 Models 
• 5V-24V, to 15A 

LINEAR 
• 14 Models 
• 5V-24V, to 30A 

SWITCHER SWITCHER 
• 42 Models • 63 Models 
• 5V-28V, to 60A • 5V-28V, to 20A 

• 311 MODELS • STOCK ON MOST UNITS • 3 YR. WARRANTY, 
UL and CSA • INDUSTRY STANDARDS • UNITS FOR MICROS. 

DISK DRIVES, PRINTERS • CUSTOMS AVAILABLE /1C.,r 

/ P.O. BOX 1369 73e/tri:ur inc. WISSAHICKON AVENUE a NORTH WALES PA 1945.1 
PHONE: 215/699-9261 TWX. 510/661-ebi 

the input voltage comes to within 
rated limits and the main output is 
above its threshold value. In sample 
quantities, the PM-1 is $25. 
Deltron Inc., Wissahickson Ave., North 

Wales, Pa. 19454. Phone (215) 699-9261 

[418] 

95-W switcher has 

four outputs 

A line of 95-w switched-mode power 
supplies comes in either open- or 
enclosed-frame versions. The EPS95 
has outputs of 5v at 12 A, ±12 v at 
1.5 A, ± 15 v at 1.2 A, and a floating 
5 v at 0.5-A output. With an effi-
ciency of better than 70%, the unit 
operates from a dual input range of 

90 to 125 v or 180 to 250 v ac. It 
includes current limiting with auto-
matic recovery. In lots of 250, the 
open-frame model sells for $164.57 
and the enclosed for $178.02. 
Elpac Power Systems, 3131 South Standard 

Ave., Santa Ana, Calif. 92705 [416] 

Hermetic dc-dc converter 

is 1 by 2 by 0.3 in. 

The M series of dc-dc converters is 
housed in a hermetically sealed 
package that measures only 1 by 2 
by 0.3 in. They provide an output of 
up to 4 W over the temperature 
range from — 55° to +85°C., De-
signed for airborne and military-type 
applications, the units accept inputs 
of ± 12, 24, 28, or 48 y dc. They are 
housed in a 38-pin metal package. In 
lots of 100, the converters sell for 
$130. Delivery time is from stock to 
six weeks. 
Integrated Circuits Inc., 13256 Northrup 

Way, Bellevue, Wash. 98005. Phone (206) 

747-8556 [417] 
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CROSOF 
YOU'LL MICE 

OMETHING DIFFERENT. 
MIDAS Operating System 

Usually, an operating system is most 
noticeable when its not doing the job. If 
you've looked at a microcomputer OS 
lately. you've probably noticed a lot of 
things: slow response time, inefficient 
I/O. no security for disk files, interfacing 
headaches. And upgrading to a multi-user 
system often means even more problems. 

With Microsoft, you'll notice something 
different. 

Microsoft introduces MIDAS, an inter-
rupt-driven asynchronous system that is 
designed specifically for the multi-user 
environment and has most of the 
capabilities of a minicomputer OS. 

Asynchronous I/O 
In a multi-user system. CPU time must 

be divided among all the users, but over-
lapping I/O can help compensate for this 
loss. With MIDAS. I/O wait time is used for 
program runtime. so that most tasks can 
run faster on a MIDAS multi-user system 
than on a synchronous single-user system. 

CPU 
Time 

CPU 
Time 

Synchronous System 
Program always waits 
for I/O 

CPU Time 

CPU 
Time L. 

CPU 
Time 

Asynchronous System 
Program continues to run 
while I/O is being done 

And MIDAS smart interrupt routines 
and I/O request queues for each device 
keep all peripherals running at the max-
imum rate. MIDAS is the only micro-
computer system whose asynchronous 
I/O does not fall apart as the demand for 
I/O increases. 

Device Independence 
Programs run smoothly under MIDAS 

regardless of what's hooked up to the 
computer. Device interface routines are 
short and simple and MIDAS does the 
rest. Any combination of floppy disk drives. 

Comparison of MIDAS and Cache-type 
Asynchronous System 

Avg. 
I/0 
Wait 

cache system 

synchrono:s 

cl ey sc. ge 

system 

MIDAS 

I/O Request Rate (CPU time) 

MIDAS displays I 0 efficiency even under 
heavy I/0 loads A synchronous system de-
grades as more I/0 requests are added. A cache 
system reaches saturation when the number of 
cache buffers equals the number of I/0 requests 
Rapid degradation results because competition 
for the cache renders it ineffective. MIDAS de-
grades much more slowly because there is no 
competition between tasks for cache buffers. In-
stead. each task has its own cache, or buffer ring. 
The number of butters in this ring is user-settable 
on a per-file basis 

hard disks, printers, terminals or custom 
devices is possible. Disk I/O needn't be 
dependent on a particular drive: MIDAS 
can use disk names to find disks via con-
tent, or drive names to find disks via physi-
cal location. 

MIDAS is available to OEMs in single-user and multi-
user versions that run on 8080/Z80 hardware. 

BASIC Compiler 
The Microsoft BASIC Compiler is the 

ideal programming tool for developing 
BASIC applications or microprocessor 
system software. The machine code for 
any application program may be placed on 
diskette or ROM. but the BASIC source 
program need not be distributed. Thus the 
original application program is protected 
from unauthorized alteration. 

Optimized Machine Code 
Compiled BASIC programs are notice-

ably faster than interpreted BASIC pro-
grams. Their speed and compactness 
are due to extensive optimizations per-
formed during compilation: 
1. Expressions are reordered to minimize 
temporary storage and eliminate common 
subexpressions 2. Constants are folded 

10800 NE Eighth, Suite 819 
Bellevue, WA 98004 
206-455-8080 Telex 328945 

wherever possible 3. Peephole opti-
mizations are performed 4. The code 
generator is template-driven, allowing op-
timal sequences to be generated for the 
most commonly used operations 5. String 
operations and garbage collection are ex-
tremely fast. 

BASIC Language Features 
The BASIC Compiler supports all 

the language features of the Microsoft 
BASIC-80 interpreter, including: 

II WHILE/WEND conditional for struc-
tured programming 

la CALL statement for assembly lan-
guage subroutines 

II PRINT USING for formatted output 
• Long variable names, up to 40 

characters 

Plus the BASIC Compiler supports 
double precision transcendental functions 
(SIN, COS, TAN, ATN, LOG, EXP, SOR). 

Off the shelf, the BASIC Compiler is $395 for 
CP/M. ISIS-II, or TRSDOS Model II. OEMs. contact 
Microsoft. 

Make the most of your microcomputer 
hardware. Introduce it to Microsoft system 
software. You just can't help but notice 
how good it is. 

For more information on all of Micro-
soft's system software including BASIC, 
COBOL, and FORTRAN, contact: 

MICRO oF-r 
fft 

Vector Microsoft 
Research Park 
B3030 Leuven 
Belgium 
(016)20-24-96 Telex 26202 VECTOR 

ASCII Microsoft 
102 Plasada 
3-16-14 Minami Aoyama 
Minato-ku, Tokyo 107. Japan 
03-403-2120 Telex 2426875 ASCII J 

We Set the Standard. 
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THE 
SMART 

LASER TRIM SYSTEM. 
It trims your operating costs, too. 

am' II laser trim systems can trim 
components, but the CLS-33 from 
Chicago Laser Systems does much 
more. In addition to being designed to be 
the smartest, highest throughput laser 
trim system available, it reduces both 
immediate and long term trimmed 
network and hybrid costs. 

Chicago Laser engineers have brought 
together a blend of micro-computer, 
laser optic and electro-mechanical 
technologies to form a well balanced 
state-of-the-art system. Its most striking 
aspect is its overall simplicity. With fewer 
major components than competitive sys-
tems, the engineering sophistication of 
the CLS-33 has overcome traditional 
size and complexity barriers ... an 
accomplishment recognized by the 

Circle 208 on reader service card 

The Chicago Laser Systems CLS-33 
is the smart way to solve your network 
or hybrid trimming problems. For the 
complete story and a frank appraisal 
of how the CLS-33 can fill your needs, 
contact Chicago Laser Systems Inc. 

many major network manufacturers who 
have installed it. 

The system microcomputer is backed up 
by the laser trimming industry's most 
intelligent software operating system. 
It was developed specifically for high-
speed laser trimming. The software 
directs the measurement/laser 
interaction, using a Chicago Laser 
exclusive high-level programming 
language. As a result, no comparable 
laser trim system is easier or faster to 
program than the CLS-33. On-line 
compiling and editing are featured for 
user convenience and easy program 
debugging in user language. 

Just as the powerful software reduces 
programming time and personnel costs, 

the maintenance ease of the CLS-33 
ensures low long-term costs. This sys-
tem can be easily maintained by your 
maintenance staff. Training is quick 
and free to CLS customer personnel. 

A variety of complementary parts han-
dling mechanisms are available for the 
CLS-33. Fed by the recently introduced 
air-bearing Step-and Repeat Handler, 
the CLS-33 trims an incredible 100,000 
resistors per hour. At the same time, the 
simple sophistication that has estab-
lished Chicago Laser as a leader in the 
laser trim industry has been maintained. 
The handler is also available with stack 
load and unload to minimize operator 
support. 

Chicago Laser Systems Inc. 
4034 North Nashville Ave. Chicago, IL 60634 • Phone 312-282-2710 



You're looking at the first IC handler to solve the 
reliability problems of cold-handling. The model 2608C 
from MCT. The cold handler that operates reliably, even 
at testing temperatures down to —55°C. 

The key to the reliability of the 2608C is its simple 
"dedicated" design. In competitive hot/cold handlers, 
mechanism failures, freeze 
ups, jamming and poor 
temperature control have 
been commonplace. 
Recognizing this problem, 
MCI' chose to build 
handlers "dedicated" to a 
single temperature mode. 
First the 2608E for elevated 
temperature 
handling. And n 

the 2608C cold handler...built with parts made 
specifically to withstand cold temperatures. 

But "dedicated" design isn't the whole story. The 
2608C also features 5,000 DPH speed, an economical 
liquid nitrogen cooling system and heated input and 
transition gates that prevent frost. 

Best of all the 
2608C is backed by 
MCT's industry-
leading capabilities in 
sales and service. 
Write or call MCT 
today for a brochure 
on the 2608C. And 
find out why it beats 
all other handlers 

cold. 

Micro Component Technology Inc. 
PO. Box 43013, St. Paul, MN 55164, (612) 482-5170 
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VAX 
Distributed Processing. 

Ask any user. 
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mainframe site. But they didn't want another 
mainframe. 

Says Hart, "A supermini like VAX was the 
natural choice. And because of its power and 
networking capacity, VAX was the only one we 
considered." 

Now VAX works with both Ames' PDP-11s 
and mainframes with the help of DECnet. "For 
example," explains Hart, "scientists studying 
fluid dynamics send the huge amounts of data 
collected by their PDP-11s to a central iliac IV 
super computer. After it's finished the heavy 
number-crunching, the iliac leaves data post-
processing to VAX. Final results are then trans-
ferred, via DECnet, back to the PDP-11s in the labs 
for either graphic plotting or interactive work." 

Hart concludes, "VAX's computing and dis-
tributed data processing capabilities have helped 
us get the maximum use out of all our computers." 

"With a distributed processing 
system built around VAX, we're 
getting information to our users 

in near real-time." 
Roger Vossler, Section Manager and 
Systems Engineer, 
TRW Defense and Space Systems Group, 
Redondo Beach, California 

"VAX was the only supermini 
to offer the address space and 

networking 
capability we 
needed." 
Jim Hart 
Chief of Systems 
Development, NASA 
Ames Research Center, 
Moffetfield, California 

Scientists at the 
NASA Aines Research 
Center are working in 
the fields of aeronau-
tics, space science, life 

science, and spacecraft technology. They use 
more than a dozen specialized facilities, located 
in the field and throughout Ames' headquarters. 
An extensive DECnet system allowed Ames' 
large central mainframes to interact easily with 
Digital's PDP-11s located in each lab. 

But according to Jim Hart, Chief of 
NASA's Systems Development, "Our 
PDP-11 users were constantly generating 
new requirements for greater capacity." 

That's why Ames needed more 
number-crunching capability at their 
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Sensor data processing and distributed 
processing systems in support of real-time 
embedded applications are among the specialties 
of TRW's Defense and Space Systems Group. 

TRW uses four PDP-11 computers from 
Digital supporting a wide range of peripherals, 
all controlled by a VAX-11/7811 

Roger Vossler, Section Manager and Sys-
tems Engineer, explains: "VAX's I/O bandwidth 
capabilities are extremely important for effec-
tively moving large quantities of real-time data at 
very high rates. We're able to reduce floods of 
data to useful information in near real-time." 

In addition to their own processing work, 
TRW is using the VAX-based network for general 
research into distributed systems. According to 
Vossler, "VAX provides a flexible testbed for 
hands-on, real-time experiments with distrib-
uted processing concepts. We're also designing 
and verifying higher order languages such as 
concurrent and distributed PASCAL." 

Vossler sums up VAX this way: "It's one of 
the best implementations we've seen of a success-
ful integrated hardware and software system." 

"Data transfer can take hours. 
With VAX and DECnet, it 
takes seconds." 

Carl Service 
Sr. Research Analyst 
Lunday Thagard Oil Company 
Irvine, California  

Thagard Research Corporation, a subsidiary 
of Lunday Thagard Oil Company, recently began 
using Digital's VAX-11/780 in a computer net-
work to help with development of a new high-
temperature reactor. Here's how the system works: 

Data is first gathered at remote sites by sev-
eral of Digital's PDP-11/03 computers. Then it's 
transferred through DECnet to a VAX at Thagard 
headquarters for data reduction, and print and 
graphics analysis. 

Carl Service, Senior Research Analyst 
responsible for Thagard's data processing, 
admits, "When we first started out we were liter-
ally doing things by hand. Data from remote 
sites was recorded onto a cartridge which was 
hand-carried to our computers here at Irvine. It 
took 21/2 hours just to get the data from the car-
tridge into the computer." 

VAX's distributed data processing capabili-
ties have saved Thagard a lot of time. Says Ser-
vice, "With DECnet, data from other sites is 
transferred to VAX almost instantaneously." 

Both Service and his users have been able 
to increase their productivity with their new 
distributed system. "It gives us immediate turn-
around," he explains. "Now we can return com-
pletely reduced data to our customers while the 
expenment's still fresh in their minds." 

Service is also impressed with the compati-
bility of Digital's computers: "The command lan-
guages of all Digital's operating systems are very 
similar. So someone who has worked with one of 
Digital's computers is already familiar with the 
others. That brings our training curve down and 
our production up." 

Digital's VAX-11/780 sets new standards for 
power and flexibility in distributed data systems. 
With its true 32-bit address space, VAX can 
process data at speeds approaching those of 
mainframes costing far more. And with its com-
munications capabilities, it can be easily inte-
grated into your present computer network. 

But don't take our word for it. Send for our 
brochure. 

And listen to our customers. 

0 Please send me the new "VAX — Ask Any User" 
brochure and detailed Technical Summary. 

D Please contact me. 

Name Title  

Company  

Address  

City State Zip  

Phone  
My application is D Education D Medical 0 Laboratory 
0 Engineering 0 Government D Resale D Other 

Send to: Digital Equipment Corporation, MR1-1/M55, 
200 Forest St., Marlboro, MA 01752. Tel. 617-481-9511, 
Ext. 6885. 

L_ _J 
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Dynamic 
RAMS 

emory Timing 
Giving You a 
Headache? 

--1 

Cure it with our 
BUFFERED 

DELAY LINES 
Data Delay Devices Inc. offers 
the widest variety of Digital De-
lay Units. 14 pins DIP and 16 
pins DIP. 1 to 10 outputs and 
digitally programmable delay 
time. These units eliminate the 
interfacing in TTL circuits and 
save PC board real estate. 

With the following advantages: 
• TTL input and outputs 

• Fast rise — 
Time on all taps 

• Each tap iso-
lated with TTL 
Fan-out capa-
bilities 

• Exact delay at 
each tap 

• 2,000 NS total 
delay 

• Up to 10 taps 
• Totally 

Programmable 
- Request complete catalog 

data 
v7310 385  delay Lakeview Avenue 

Clufton. New Jersey 07011 

devices, I.. 
(201) 772-1106 • TWX 710-989-7008 

New products 

Data acquisition 

Converters are 
stable to 10 MHz 

Hybrid voltage-to-frequency 

units trimmed to 2.5 MHz 

have monotonic output 

Two new hybrid voltage-to-frequen-
cy converters from Teledyne Phil-
brick, models 4743-80 and 4739-80 
can maintain good linearity and sta-
bility within an operating tempera-
ture range of — 55° to + 125° C, 
when trimmed with a potentiometer. 

With trimming, nonlinearity for 
the 4743-80 is 0.05% of full scale 
and 0.05% of input or output signals 
over a full dynamic range of 100 HZ 
to 10.5 MHz. By adjusting the poten-
tiometer on the 4743-80, the user is 
able to trim the converter's full-scale 
output from 10 MHz down to 2.5 
MHz. 
The trimmed 4739-80 holds non-

linearity to 0.05% for full scale and 
0.001% of signal over a dynamic 
range of 50 Hz to 5.25 MHz. Its 
output is limited to from 5 MHz to 
2.5 MHz, permitting trimming to 
tighter linearity and stability. The 

user may also elect to offset value to 
zero on both models. 
Over its full temperature range, 

the 4743-80 drifts ± 100 to ± 200 
ppm/°C; the 4739-80 drifts only 
±75 to ± 125 ppm/°C. For each 
percent change in power supply volt-
age, the 4743-80 drifts ± 125 ppm, 
and the 4739-80, ±75 ppm. Both 
units operate over a voltage input 
range of ± 14 to ± 18 V. Settling 
time to 0.01% of full scale is one to 
two cycles of the new frequency, plus 
14 its, for both converters; overload 
recovery takes 10 cycles of the new 
frequency. 

Although response times of the 
voltage-to-frequency devices may be 
slower than those of some analog-
to-digital converters, other advan-
tages inherent in the units make 
them competitive in many applica-
tions, asserts Mitchell A. Bloom, 
product marketing manager. For one 
thing, V-f converters are always 
monotonic, whereas a-d devices may 
not be. Also, the pulsed output of the 
4743-80 and 4739-80 gives digital 
expression to analog signals without 
the conversion circuitry usually re-
quired for a-d devices, he says, and 
their outputs make them easier to 
interface with microcomputers than 
some other converters. Then, unlike 
a-d and d-a arrangements, V-f sys-
tems need not synchronize signals at 
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EARO 

Applications for General 
Instrument's popular and 
proven non-volatile EAROM 
memory chips are soaring. 
In fact, they're on today's 
most advanced aircraft. 

Our Hi-Rel EAROMs meet full 
military temperature requirements 
(-55°C to +125°C) and are 
processed and screened per 
Mil-M-38510/Mil-STD-883B. 
Quality assurance and reliability 
are guaranteed by manufacturing 
controls which are certified to 
Mil-Q-9858A and Mil-I-45208A. 

The design maturity and perform-
ance reliability of General 
Instrument's EAROMs are proven 
facts. Over 6-million devices 
have been shipped. Enough to 
position our EAROMs at the 
forefront of available technology, 

Now, 
is airborne. 
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replacing memory 
devices listed 
on the table 
here. With bit 
densities from 512 to 8192, 
EAROMs offer significant size, 
weight, reliability and power 
advantages over rotating memo-
ries and core, as well as 
clearcut advantages over RAMs 
and UV PROMs. The electrical 
alterability of EAROMs also facili-
tates in-system re-programmability. 

GENERAL 
INSTRUMENT 

General Instrument's Hi-Rel 
EAROMs are currently used in 
flight recorders, navigation and 
guidance systems, industrial 
instrumentation and measure-
ment... wherever data recording 
and retention are needed. 
Unpowered data retention is 
guaranteed for one year over the 
Hi-Rel temperature range. 

For more information on our 
Hi-Rel and Industrial EAROMs, 
write to: Microelectronics Divi-
sion, General Instrument Corpo-
ration, Dept. LD, 600 West John 
Street, Hicksville, New York 
11802, or call 516-733-3358 for 
applications assistance. 

We help you 
compete. 



********************************** 

A PROFIT 
MARGIN 
1111 

'REPORT BY 
ROBERT R NATHAIV ASSOCIRrEs. INC 

That's what electronics makers can 
average in the U.S. Virgin Islands 

Here are a few reasons why: 
•You can qualify for a tax subsidy equal to 90% of your federal income 

taxes as well as on customs duties and excises on raw materials. 
• You can also obtain relief from all other local taxes for a period of 10 to 

15 years. 
•Plus this unique bonus: Up to 50% of your Virgin Islands high 

technology product can consist of foreign components and still enter 
the huge U.S. market duty free. No other Caribbean area offers this 
incentive for those who qualify.., and all under the American flag. 

ALL THIS ONLY IN THE 

ILS VIISIN ISMArS 
**************************** * 4—hr* 

E-2 
David Puritz, Industrial Representative 
Virgin Islands Industrial Development Commission 
10 Rockefeller Plaza, New York, N.Y. 10020 212-581-3400 

In confidence and without obligation tell me how I might maee 39-63% profit in the U.S. 
Virgin Islands. 

Name: Title:  
Company:   
Address:  

Major product or service.  

********************************** 

214 Circle 214 on reader service card 

New products 

either end of a data link. 
A major market for the 4743-80 

and 4739-80 converter, Bloom be-
lieves, will be among makers of pro-
cess-control systems, who are look-
ing more at the advantages of fiber-
optic data links such as high electri-
cal isolation, noise immunity, and 
the elimination of sparking [Elec-
tronics, Feb. 28, p. 171]. Teledyne 
Philbrick, he says, has several exper-
imental in-house fiber-optic trans-
mission systems using V-f convert-
ers. 
The 4743-80 and 4739-80 hybrids 

reside in 24-pin dual in-line pack-
ages measuring 1.4 by 0.8 by 0.2 in., 
giving them a size advantage over 
comparable nonhybrid converters, 
Bloom says. In lots of 100, the 4743-
80 costs $155, and the 4739-80, 
$145. Delivery takes six weeks. 
Teledyne Philbrick, Allied Drive at Route 128, 

Dedham, Mass. 02026. Phone (617) 329-

1600 [382] 

Evaluation unit does 

6-bit conversion in 33 ns 

Designed as an evaluation board but 
also suitable for small-volume pro-
duction, the TDC1014PCB contains 
the components needed to perform 
6-bit analog-to-digital conversion in 
33 ns. It is a redesign of an earlier 
model intended for evaluation of the 
8-bit TDC1007J converter chip. 
The 41/2 -by-5 1/2-in. board accepts 

and digitizes a 1-v peak-to-peak sig-
nal from a 75s2 source at sample 
rates from dc to 30 megasamples per 
second. It does not require an exter-
nal sample-and-hold circuit. A 2-bit 
input code permits output coding in 
true or inverted binary or 2's corn-
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16x16-bit multiplication 
and 35-bit accumulation in 115 nsec 

(From a single chip.) 

The easiest way to boost the number 
crunching ability of a microprocessor... 
or to build a high speed, low cost 
digital signal processor...is to use one 
of our MACs. 

These bipolar, monolithic multiplier/ 
accumulators give you dramatic savings 
in hardware and dollars. And their 
power demands are much lower than 
alternative devices. 

The MACs are ideal building blocks 
for digital signal processing, particularly 
complex multipliers, filters, and 
FFT's. If you'd like to extend the capability 
of your micro/minicomputer, or if 
you're designing small yet potent signal 
processors for voice processing, 

video processing, communications, or 
data analysis, look what we have for you: 

• On -chip input and output registers with 
3-state outputs. 

• Subtract, as well as add, in the 
accumulator. 

• Double precision arithmetic. 

• Two's complement or unsigned 
magnitude. 

• TTL compatible. 

• Ability to operate as conventional 
n-by-n bit multipliers. 

• Single power supply, + 5V. 

These super-fast multiplier/accumulators 
are in stock at Hamilton/Avnet. 

Multiplied 
Accumulator 

TDC1010J* 

TDC1009J* 

TDC1008J* 

Word Size 
(Bits) 

16x16 

12x12 

8x8 

Sum 
(Bits) 

35 

27 

19 

Speed 
(nsec) 

115 

95 

70 

Power 
(Watts) 

3.5 

2.5 

1.2 

Unit Price 
(100$)• • 

$205  

$120 

$ 70 

'Guaranteed operation over Tc = — 55°C to +125*C available for military applications. 

• U.S. Prices 

TRW keeps you ahead in digital signal processing 

For immediate information, call us 
at (213) 535-1831 or send us the 
coupon or just attach your business 
card to this page and mail it back to us. 

TRW LS1 Products 
P.O. Box 1125 
Redondo Beach, CA 90278 

Please send data sheets on the family of 
multipliers/accumulators. (MAC'.). 

Name 

Company 

Div/Dept Mad Code 

Address 

City 

Stati, 2,p 

E6 

TRWLSI PRODUCTS 
An Electronic Components Division of TRW Inc. 
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Catch the fastest Ca. meter under 200 
...the autoranging 830 

It's happened again. B&K-PRECISION 
was the first company to offer a lab-
quality C-meter for under $150, now 
we're first with autoranging for under 
$200. The new Model 830 autoranging 
capacitance meter is fast, accurate and 
built with famous B&K-PRECISION 
dependability. 
The 830 offers features that are tough 

to match at any price, such as 0.1 pF 
resolution, large 31/2 digit LCD display 
and fuse protection against charged 
capacitors. Basic accuracy is 0.2%, 
much greater than the tolerance 
of most capacitors. 

Ease of operation is another strong 
suit for the 830. On the production line, 
even untrained workers can be quickly 
instructed on proper operation, making 
the 830 ideal for component sorting 
and selection. If capacitors to be mea-
sured are limited to a narrow value 
range, the "range hold" capability of the 
830 can freeze it onto one range—an 

added time saver. This feature, along 
with the fast reading time of the instru-
ment, makes the 830 especially valuable 
for incoming inspection applications. 
On the engineering bench, the 830 is an 
excellent means of pre-testing critical 
capacitors. 

For applications suited to manual 
ranging, B&K-PRECISION offers the 
820 at an even lower cost. In fact, for 
the cost of some autoranging units, you 

could almost purchase both the 820 and 
830! The 820 also provides 0.1 pF 
resolution. With full 4-digit LED 
display, readings extend to 1 Farad. 

With either B&K-PRECISION 
C-meter,you can measure unmarked 
capacitors ... verify capacitor tolerance 
... measure cable capacitance ... select 
and match capacitors for critical circuit 
applications... sample components for 
quality assurance ... measure complex 
series-parallel capacitor networks... 
accurately set trimmer capacitors... 
check capacitance in switches and other 
components. Both instruments have 
front-panel lead insertion jacks for 
fast in-out testing. 

Optional accessories for the 830 and 
820 include a rechargeable battery pack, 
AC charger and carrying case. For more 
information, see your local distributor 
and see why B&K-PRECISION is 
now the leading supplier of digital 
capacitance meters. 

Circle #57 for Free Demonstration 
Circle #216 for Additional Information 

DYNASCAN 
CORPORATION 

6460 W. Cortland Street • Chicago, IL 60635 • 312/889-9087 
International Sales, 6460 W. Cortland Street, Chicago, IL 60635 USA: TELEX: 25-3475 

Canadian Sales. Atlas Electronics, Ontario 

Mode1820 $140 
Mode1830 $199 



New products 

plement formats. The TDC1014J 
a-d converter chip contains 63 paral-
lel differential comparators that look 
at the analog inputs simultaneously 
and compare them with a reference 
voltage. The comparator outputs are 
then translated into a binary code by 
means of a 63:6 encoder. 
The 6-bit board together with the 

converter chip, in quantities of 100, 
sells for $168; the chip alone sells for 
$93 in the same quantities. 
TRW LSI Products, 2525 E. El Segundo 
Blvd., El Segundo, Calif. 90245. Phone (213) 
535-1831 [383] 

12-bit d-a converter is 

microprocessor-compatible 

Housed in a I 6-pin dual in-line 
package, the AD7542 digital-to-ana-
log converter offers true 12-bit lin-
earity over two specified tempera-
ture ranges. Consuming only 40 mw, 
the microprocessor-compatible de-
vice has an on-board four-quadrant 
multiplier that allows digital control 
of ac signal amplitudes or dc voltage 
levels in process control, instrumen-
tation, and industrial control appli-
cations. 
Two versions of the device are 

available: the KN operates from 0° to 
70°C; the BD operates from — 25° to 
+ 85°C. The device has a maximum 
nonlinearity of 1/2 least significant bit 
and a guaranteed monotonicity over 
either temperature range. Other 
specifications include a gain drift of 
± 5 ppm/°C, a maximum current 
output settling time of 2 µs, and 
operation from a single 5-v power 
supply. In quantities of 249, the KN 
device sells for $15.75 each and the 
BD sells for $18.75 each. 
Analog Devices, Route 1, Industrial Park, 
P. O. Box 280, Norwood, Mass. Phone Eric 
Janson at (617) 329-4700 [384] 

Module interfaces directly 

with microprocessors 

A 12-bit hybrid analog input system, 
the MP32, connects directly with 
8080A, 8048, Z80, and SC/MP 

Say It In Sign Language 
There's No Better Way 

Ferranti-Packard alphanumeric display modules 
are ideal for visual communications. They're 

easv-to-read modules you can count 
on for fast accurate information. 

And, there are good reasons for using 
Ferranti-Packard. These versatile electro-
magnetic modules are economical to 
apply and operate. Power consumption is 
neglible. Remanent magnetism provides 
inherent memory so power is only required 
to change the display - not retain it. 
The rotating fluorescent discs are 

the only moving parts-and are rated for 
over 10-0 million operations. Viewing 
is by reflecting light-so the visibility 
increases with the ambient light level. 
This makes them ideal in brightly lit 
conditions, indoors or out. 

Modules are available in a range of 
colors and character sizes, from 3 inches 
(70 mm) to 18 inches (450 mm). They are 
ideal for industrial displays. digital 
readouts, advertising displays. 
score boards, bulletin boards. 
paging systems and traffic 
control signs. 
When clear displays count. 

specify Ferranti-Packard. 

Ferranti-Packard Electronics Ltd. 
6030 Ambler Drive, Mississauga 
Ontario, Canada L4W 2P1 
Telephone: (416) 624-3020 
Telex: 06-961437 

Circle 217 on reader service card 

AdiliSTA I. OSCILLATOR ELEMENTS 
International's OE 
Series of Crystal 
Oscillator Elements 
provide a complete 
crystal controlled 
signal source. The 
OE units cover the 
range 2000 KHz to 
160 MHz. The standard OE unit is de-
signed to mount direct on a printed 
circuit board. Also available is printed 
circuit board plug-in type. 
The various OE units are divided into 
groups by frequency and by tempera-
ture stability. Models 0E-20 and 0E-30 
are temperature compensated units. 
The listed "Overall Accuracy" includes 
room temperature or 25°C tolerance 
and may be considered a maximum 
value rather than nominal. 

All OE units are de-
signed for 9.5 to 15 
volts dc operation. 
The 0E-20 and 
0E-30 require a 
regulated source to 
maintain the listed 
tolerance with 

input supply less than 12 vdc. 

Prices listed include oscillator and 
crystal. For the plug- in type add the 
suffix "P" after the OE number; cg 
0E-1P 

0E-1, 5 and 10 can be supplied to oper-
ate at 5 vdc with reduced rf output. 
Specify 5 vdc. when ordering. 

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

Cetelee 
0011102. 
Berne« 

121, 

200 Ole 
le 

0 Me 

07 MY 
le 

130 Mt 

IC AIM 
le 

110 Mt 
Overall 
Aeceracy 

25.2 
lelereece 

035213 
035214 
035215 

OE•1 
0E-1 
0E-1 

815.66 
$17.99 

822.63 
+ .01% 

-30° to +60°C 
• .005% 

035216 
035217 
035218 

0E-5 
OE •5 
0E-5 

819.44 
122.91 

MO 17 

+.002% 
-10° to +60°C 

• 0005°•ii 
2 66MHz 
• 001% 

67 to 139 MHz 
• .0025% 

140 to 160 MHz 

Cetele, 
Ilrelee 

ClecIllaler 
Dome 
lem 

NM KM IS 21001 KM Orefell 
Aecency 

2PC 
Moreno 

035219 0E-10 $22.91 • .0005% 
-10° to 060°C 

Zero 
trimmer 

035220 0E-20 833.65 + .0005% 
-30° to +60°C 

Zero 
trimmer 

035221 0E-30 $6063 - .0002% 
-30° to +60°C 

Zero 
trimmer 

OELud  
INTERNATIONAL 
CRYSTAL 
MFG. CO., INC. 
10 North Lee 
Oklahoma City, OK 73102 

405/236-3741 
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Today's 
Smallest 
Impact 
Printer 
Leads a 
Double 
Life... 

F.X..4.Eftdri>=<, .3876..5 
...eremite4W:4=; 

IHOFF.Dteger»:',..e 

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

Whichever life the DMPT-3 leads, it keeps your costs down by 
printing by impact on ordinary adding machine rolls. Saves time by 
eliminating ribbons. Saves problems, with our unique print-head in 
5 x 7 dot matrix design.See for yourself; call or write for details today. 

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

Circle 218 on reader service card 

LARGEST RADAR 
SYSTEMS & 
SPARES 

AN/ALT-6-7-8 
AN-APG-33 
AN /APG-51 
AN/AP N-69 
AN/AP N-102 
AN/APN-169 
AN/APO-50 
AN/AP0-55 
AN/APS-20 
AN/APS-31A 
AN/APS-42-45 
AN/APS-64 
AN/ASB-4/9 
AN/CPS-6B 
AN/CPS-9 
AN/DPN-32 
AN/FPS-6-8 
AN/FPS-14-18 
AN 
AN/FRC-39 
AN/FRT-15 
AN/GPA-30 
AN/GPA-126 
AN/MPCI-4A-10 
AN/MPO-29 
AN 
ANNIOPX-7 
AN/MS0-1A 
AN 
AN/SPA-8 
AN/SPN-5 
AN/SPS-5B 
AN/SPS-6C 
AN/SRW-4C 
AN/TPN-12/17 
AN/TPS-1D,E 
AN/TPS-10D 
AN/TPS-28 
AN/TPS-34B 
AN /T PS-37 
AN /TPX-21 
AN/UPA-25-35 
AN/UPX-4-6 
AN/UPX-14 
HIPAR 
MK-25 
Nike Ajax 
Nike Hercules 
SCR-584 

INVENTORY IN THE WORLD 
AUTOTRACK ANTENNA SCR-584 

RADAR SYSTEM 

360 deg AZ 210 deg EL. 1 mil. accu-
racy. Missile val. accel. and slew rates. 
Amplidyne control. Handle up to 20 It. 
dish. Comp'. control chassis. ALSO in 
stock 10 cm. van mounted rad. system. 
Conical scan. PPI. 6 It. dish. 300 pg. 
instr. bk. on radar. $50. 

  RF SOURCES   
17-27 KHz 200 W CW 
125-450 KHz 4 KW CW 
2-30 MHz 3 KW CW 
4-21 MHz 40 KW CW 
24-350 MHz 100 W CW 
80-240 MHz 500 W 2-5 uS 
175-225 MHz 300 KW 1, 20 uS 
200-2000 MHz 40 W CW 
210-225 MHz 1 MW 5 uS 
385-575 MHz 1.5 KW CW 
400-700 MHz 1 KW .03 DC 
950-1500 MHz 1 KW .06 DC 
900-1040 MHz 5-10 KW .006 DC 
1.2-1.35 GHz 500 KW 2 uS 
1.5-9.0 GHz 150 W CW 
3.2-3.3 GHz 10 KW .002 OC 
2.7-2.9 GHz 1 MW 1 uS 
3.1-3.5 GHz 1 MW 1.3 uS 
2.7-2.9 GHz 5 MW 2-3 uS 
4.4-5.0 GHz 1 KW CW 
5.4-5.9 GHz 5 MW .001 DC 
6 GHz 1 MW 1 uS 
6.2-6.6 GHz 200 KW .37 uS 
8.5-11 GHz 200 W CW 
9.375 GHz 40 KW .5-1-2 uS 
8.5-9.6 GHz 250 KW .0013 DC 
15.5-17.5 GHz 135 KW .33-1-3 uS 
24 GHz 40 KW .15 uS 
35 GHz 50 KW .1 uS 

 MODULATORS 
25 KW 5.5 KV 4.5 A; .0025 DC 
144 KW 12 KV 12 A; .001 DC 
250 KW 16 KV 16 A; .002 DC 
405 KW 20 KV 20 A; .1 DC 
500 KW 22 KV 28 A; .001 DC 
1 MW 25 KV 40 A; .002 DC 
3 MW 50 KV 60 A; 30 uS 
10 MW 76 KV 135 A; .001 DC 
66 MW 160 KV 400 A; .00 

TRACKING SYSTEMS 
K BAND MONOPULSE 40 KW E-34 
X BAND NIKE AJAX/HERCULES 
X BAND HI-RES MONOPULSE MOD IV 
X BAND GCA PAR II 
X BAND FIRE CONTROL 250 KW M-33 
X BAND MOBILE 40 KW AN MPO-29 
X BAND BEACON 100 W AN/DPN-62 
S BAND 10' DISH 500 KW AN/MPO-18 
S BAND 250 KW AN/MPO-10A 
S BAND 250 KW AN/MPS-9 
X BAND HAWK MPO-34 
X BAND HAWK MPO-33 
C BAND 1.5 MW MPS-19(C) 
S BAND 14 DISH PRELORT 

SEARCH SYSTEMS 
KU BAND AIRBORNE 135 KW B-58 
X BAND WEATHER 250 KW AN/CPS-9 
X BAND WEATHER 40 KW AN/SPN-5 
X BAND 7 KW AN/TPS-21 
X BAND CW DOPPLER AN/PPS-9/12 
C BAND HOT FDR 1 MW TPS-37 
C BAND 285 KW AN/SPS-58/D 
S BAND HGT FINDER 5 MW AN/FPS-6 
S BAND COHERENT 1 MW AN/FPS-18 
S BAND 1 MW NIKE AJAX/HERC 
L BAND 40' ANT 500 KW AN/FPS-75 
L BAND 500 KW AN/TPS-1D/GSS-1 
UHF 1 MW HELIHUT TPS-28 

C BAND TRACKER 
Pwr: 1.5 MW Range: 250 miles 
Rem paramp Display 5" "A" scopes. 
10' dish w/linear or circ. polarization. 

NIKE HERCULES 
SPARES /MAINTENANCE 

Over 10,000 major components in stock 
w/repairs and overhaul facilities incr: 
SHOP 1 8 2 MAINTENANCE VANS. 

SEND FOR FREE 24 PAGE CATALOG 

Radio 
Research 
Instrument 
Co., Inc. 

2 Lake Avenue Ext., Danbury, CT 06810 
(203) 792-6666 • Telex 962444 

New products 

microprocessors without the need for 
additional external components; it 
connects to other microprocessors 
and minicomputers with minimal 
external logic. Contained in an 80-
pin quad in-line ceramic package, 
the system occupies only 3.75 in.' of 
board space. 
The MP32 consists of a I 2-bit 

complementary-MOs analog-to-digi-
tal converter, an instrumentation 
amplifier, an input multiplexer that 
accepts up to 16 single-ended or 8 
differential signals, an address de-
coder, and control logic. The low-
drift instrumentation amplifier fea-
tures high speeds at gains above uni-
ty. Gain can be selected from unity 
to 54 dB and is programmed by an 
external resistor, permitting input 
ranges as low as ± 5 mv. The a-d 
converter offers 35-as conversion 
time and three-state outputs. By 
using 12 address lines, the MP32 can 
communicate with up to 4,096 mem-
ory locations, each with its own 
address. It has a nonlinearity of 
±0.0125%. The unit sells for $267 
in lots of 100 and delivery is from 
stock. 
Burr-Brown, P. 0. Box 11400, Tucson, Ari7 
85734. Phone (602) 746-1111 [385] 

Naked Minis work 

with industrial controllers 

A pair of low-cost 64-bit TT L 
input/output interfacing modules 
connect Naked Mini 4 computers to 
industrial controllers. The interfaces 
are also compatible with Naked 
Mini LSI-2 series computers. Both 
modules feature 40-pin locking type 
connectors. 
They allow a variety of 1/0 data 

formats to be monitored by the com-
puter, including four 16-bit words or 
up to 64 discrete stimuli such as 
switch closures. Byte or word data 
formats are supported with each 
module. On-board terminating resis-
tors are provided. Both input and 
output modules are priced at $400 
each. 
Computer Automation Inc., 2181 Dupont 

Dr., Irvine, Calif. 92713. Phone (714) 833-
8830 [387] 
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The 
broadest 

150 
different 
Ifs, Es 
and is. 

3•404 

92 different U cores. 
44 different E cores. 
23 different I bars. 

That's the broadest line of stan-
dard ferrite cores in the industry. 
Stackpole Ceramag soft ferrite 
cores. 

More standard configurations 
make it easier for you to closely 
match your power-supply design 
requirements. 

What's more, because of flexi-
bility in our tool design. some 
modifications of standard di-
mensions are possible. We may 
be able to provide you with your 
customized part without costly 
custom tooling. 

More power in less space. 

Ceramag cores can provide opti-
mum power in the smallest space 
with some of the most effective 
combinations of window and 
core areas (W,Ae). These combi-
nations are backed by Ceramag 
24B ferrite material that has a 
reputation for the most consis-
tent quality and predictable per-
formance. 

So. for the right core to fit your 
design with consistent, reliable 
performance. talk to the people 
with the broad line. Call or write: 
John Arnold—Ceramag Products, 
The Stackpole Corporation. 
Electronic Components Division. 
St. Marys, Pa 15857. 
Telephone: (814) 781-8478. 

STACKPOILE 
Get to know us We can help 
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EASY, CLEAN AND EFFICIENT TIMING CHART 

- 
for élistributorship are we/coin 

1.• 
e. PAT. PEND. 

.116  

How often have you had a basket full of crumpled paper or your table covered with eraser 
shreds because you had to rewrite your timing charts many times before it was just right? No 
more of such mess now because Xebec Trading Corporation has brought out the Logic Scale, 
which is just a simple A4-size plastic board with 320 sliders arranged in eight horizontal rows. 
These sliders can be .moved vertically between two click-stop positions representing the two logic 
levels. All you need do for preparing your timing charts is to move the sliders in each row to 
represent the waveforms in your circuit and after you have fully checked your design just go to 
your office copying machine and take a copy for your files. A quick glance at the photograph 
will tell you more than all the description we cliuld write here. 

Material: ABS Plastic Dimensions: 2 9 7W x 2 1011 x 71 mm 

XEBEC TRADING CORP. 
N. 21-12. 1 Clunnu. Kasuya. Sutagaya,ku. 
Tokyo. 157 Japan. 
CABLE: XEBEC JAPAN 
TELEX: 2324788 XEBEC J. 
TELEPHONE: 103)307.5641 
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MAXIMUM 
VOLUMETRIC 
EFFICIENCY 
ON HIGH 
VOLTAGE 
APPLICATIONS 
—TO 75 KV 

Compact, long-life l< 
Series capacitors 
made from mica pape 
dielectric impregnated 
with epoxy form-
ulation. 
Potential volume and 
weight reductions of 
30 to 50% from stand-
ard polyester-impreg- -55 45 .is 

mated design. DEGREES CENTIGRADE 

Write for FREE K Series TechniTip. Also available, 
C Series Mica for energy storage, and T Series Film 
for high temperature applications. 

small is Beautiful 
with ©s*om 

K Series Mica 
— Capacitors 

TYPE PERFORMANCE DATA 

% CAPACITANCE CHANGE 
-L 

6 

0 

- - -1 • 

00,000 

10,000 

1.000 
INSULATION RESISTANCE 

1 
IN MEGONM.MFD 

.0 

0 — - 

n 

DISSIPATION rACTOn .N 
- --t —, 1— t 

.55 .85 

C --->STOM CUSTOM ELECTRONICS, INC,  e 12 Browne St.. Oneonta. NY 13820 
PH: 807-432-3880 TWX: 510-241-8292 

.105 • 12. 
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Spectral FILTERS. Multielement 

CRYOSTAT and all PREAMPLIFIER 

Two-color SENSOFI 
ASSEMBLY containing OPTICS. 

DETECTOR aray. JouleThomscn 

FILTERS-OPTICS-DETECTORS-COMBINATIONS 

IR 
INDUSTRIES, INC. 

The Spectrum of 
Electro- Optical Components 

HIGH VOLUME PRODUCTION 
SPECTRAL FILTERS • DETECTORS • MINIATURE OPTICS 

SEPARATELY or TOGETHER, these components are problem solvers for 
future designs as well as current products. 

PREAMPLIFIERS are available 

An experienced staff • To assist you with applications, design, 
production and quality assurance • To provide you with a 

product that meets your requirements 

ULTRA VIOLET • VISIBLE • 
INFRARED 
Spectral FILTERS 
Miniature OPTICS 
DETECTORS 

Components supplied on 
FLEXCABLE plug in 

assemblies 

Rugged compact assemblies tor extreme environments 

Circle 221 on reader service card 

INFRARED INDUSTRIES, INC. 
EASTERN DIVISION 
62 Fourth Ave.. Waltham, Ma. 02154 Tel: (6171 890-5400 • Tlx: 923470 

INDUSTRIES, INC. 
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THE 
SOURCE. 

Nobody offers you more 
in mass termination-more connectors, 

more concepts, more cable, more tooling, 
more proven reliability-than 3M. 

What's in your head right now? 
Point-to-point interconnects? 
Designing for circuit density? 
Reducing interconnection costs? 
Improving reliability? Today there 
are so many interconnect options 
available to the engineer that 
selection is often as complicated 
as the design process itself. 
3M is The Source for solutions: 

Scotchflex Brand mass 
termination systems. 3M pioneered 
the development of the insulation 
displacement concept. We were 
the first to make it available to 
electronic designers for industry-
wide application. 

Scotchflex cable and connectors 
represent the industry standard for 
insulation displacement systems. 
Quality is one reason: 3M's wide 
range of precision spaced cables 
and computer-designed 
connectors give you optimum long 
term electrical and mechanical 
characteristics. (Another reason: 

the industry has put more 
Scotchflex mass termination 
products to work than any other 
brand.) 

You get benefits from the 
technological leader that you can't 
get anywhere else. For example, 
technical back-up from 3M sales 
and laboratory experts. They can 
help solve difficult interconnect 
problems with existing products, or 
help create special products to fit 
your needs. 

With today's critical production 
parameters, availability counts. A 
nationwide network of Scotchflex 
distributors, backed up by 
additional inventory in regional 
locations makes product available 
to you when you need it. Most of 
our distributors can also supply you 
with custom jumper assemblies in 
prototype or full production 
quantities. 

Nobody offers you more in mass 
termination than 3M-THE SOURCE. 

A hefty promise. But we can prove 
it, every time you put your mind to 
work on making reliable 
interconnections. 

THE SOURCEDOOK- FREE. 
All the product data you'll need 

for mass termination is in our 65-
page Scotchflex catalog—a 
valuable design resource. It's yours 
free. Ask your 3M Scotchflex 
distributor, or write Electronic 
Products 
Division/3M, 
Building 
223-4SE, 
3M Center, 
St. Paul, MN 
55101. 

"Scotchflex" is a registered trademark of 3M Co. 

SPECIFY THE 
SOURCE 

3M 
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New products 

Microcomputers & systems 

Board accepts 
8- or 16-bit CPU 

Multibus-compatible 

single-board computer 

runs CP/M or ISIS ll software 

If either an 8- or a 16-bit micropro-
cessor could function equally well on 
a single-board computer, original-
equipment manufacturers would not 
have to stock two different cards. 
Also, designers would have the 
option of choosing either of two 
chips, based upon the demands of 
the applications. Such flexibility is 
designed into a Multibus-compatible 
microcomputer board made by Zen-
dex Corp. 
Through a staggered-pin socket, 

the model ZX-85/88 board accom-
modates either an 8-bit 8085A 
microprocessor or a 16-bit 8088 for 
execution of 8086 code on the 8-bit 

HARDWARE 
ZX-85/88 

SUPPORT FOR 
PROCESSOR BOARD 

Model Description Price per 
single unit 

ZX-4DD Intelligent diskette 
controller S 950 

204 Universal diskette 
controller $ 525 

905 Prototyping card S 85 

906 Bus display S 300 

907 Video bus trace S 950 

908 Programmer for 
2716, 2732 
programmable 
read-only memory S 450 

909 Programmer for 
8755 PROM S 450 

635 Quad power supply S 410 

640 Heavy-duty quad 
power supply S 475 

660 Chassis, eight-slot S 725 

710/720 Diskette hardware 
system $2,900 

740 8-in. Winchester-
disk system with 
floppy backup S7,000 

028 128-kilobyte 
random-access 
memory S4,655 

bus. Both versions of the board have 
a bipolar PROM that can map the 
memory or the input/output. The 
boards also support Digital Re-
search's CP/M and Intel Corp.'s 
ISIS-II disk operating systems and 
allow the use of high-level languages 
such as Pascal or Cobol. 
A single 32-K, 250-ns 2732A eras-

able programmable read-only mem-
ory provides system bootstrapping, 
diagnostic, and monitoring func-
tions. Also, 64 kilobytes of dynamic 
random-access memory provide a 
250-ns medium for the CP/M and 
ISIS-II software. 
Two 8251A universal synchron-

ous/asynchronous receiver/trans-
mitters (Usarts) provide serial Po 
ports for cathode-ray tubes, teletype-
writers, and other terminals. Each 
serial port has RS-232 interfaces at 
the edge connectors. Interrupts are 
processed by two 8259A interrupt 
controllers. A Multibus arbiter and 
parallel-priority resolution circuit 
control the masters on the bus. 
The ZX-85 provides the inte-

grated-processor-board (IPR) envi-
ronment of Intel's Intellec Series II 
MDS-220 and -230. In fact, it 
matches the pinouts so closely that a 
ZX-85 may be plugged in to take the 
place of the original IPB and the 
32-K RAM board to achieve what 
Zendex calls "an overall speed 
improvement." 
To emphasize the ease of use of 

the new boards, the company calls 
"any software that the MDS-230 
will execute" compatible with the 
ZX-85. Since the 230 and the 85 
boards are hardware-compatible, 
standard peripherals for micropro-
cessor development systems—such 
as floppy-disk controllers, PROM pro-
grammers, and in-circuit emula-
tors—can be used. Standard devel-
opment software is available from 
Forth Inc. as polyForth and from 
Digital Research as CP/M V2.2, 
specified for MDS-220 or -230. 

Support hardware from Zendex is 
listed on the table at left. The deliv-
ery time for the boards is four to six 
weeks, and each sells for $1,799. 
Zendex Corp., 6398 Dougherty Rd. MS32, 

Dublin, Calif. 94566. Phone (415) 829-1284 

[371] 

12-MHz microcomputer series 

has features of 8048 and more 

All of the features that made Intel 
Corp.'s 8048 8-bit single-chip micro-
computer an industry standard are 
included in the new 12-MHz 8051 
series. Each of the three chips also 
has additional features that some 
users of the 8048 requested, such as 
extra memory address space, a serial 
communications port, advanced on-
chip peripherals, and expanded 
hardware instructions. 
The 8051 can directly address up 

to 64 kilobytes of program memory 
and 64 kilobytes of data memory. 
Although it is classified as an 8-bit 
machine, the microcomputer can 
operate on 16-bit words, 4-bit nib-
bles, and single-bit data via an on-
chip Boolean processor. 

On-chip features include nested 
interrupts, 32 input/output lines, 
and a serial communications port 
that can operate synchronously or 
asynchronously. The arithmetic in-
struction set has been expanded from 
that of the 8048 to allow 8-bit-by-
8-bit multiplications or divisions 
within 4 /as. 

In quantities of 250, the 8051 will 
sell for $29.50. This does not include 
a $3,000 one-time-only masking 
charge. The model 8751, which has 
4 kilobytes of ultraviolet-light—eras-
able PROM, will sell for $255, and 
the 8031, which has no on-chip pro-
gram memory, will go for $39. 
Deliveries will start in late 1980, and 
an in-circuit emulator will follow. 
Intel Corp., 3065 Bowers Ave., Santa Clara, 

Calif. 95051. Phone Jim Jarrett at (408) 987-

5090 [372] 

Development system offers 

modular software 

Designed initially to support the 
Motorola MC68000 16-bit micro-
processor chip, the Software Synthe-
sizer development system requires 
writing only those parts of a pro-
gram that implement new functions. 
Using Scientific Enterprises' own 
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New from Texas Instruments ... 

Complete microprocessor interface at minimum cost. 
First single-chip GPIBA. 

Meets IEEE Standard 488-1978. 100%. 
TMS9914. The first General Purpose In-
terface Bus Adapter to offer talker, lis-
tener and controller capabilities all on 
one chip. 
The first 100% implementation of the 

industry standard parallel communica-
tions interface . . . IEEE 488. 
And the first to let you talk to all of 

today's popular microprocessors. 
Used with the recently introduced 

GPIB linear drivers, SN75160 and 
SN75161, TMS9914 provides a complete 
microprocessor interface. 

It also meets the requirements 
devised by instrumentation manufac-
turers to define all electrical, timing and 
mechanical specifications. 
Moreover, it ensures compatibility 

and accurate data transfer between in-
truments and computers. 
TMS9914 is ideal for instrumentation 

@ 1979 Texas Instruments Incorporated 

applications. But that's not all. It's also 
perfect for use in microprocessor-based 
systems wherever data must be trans-
ferred between processors. 
Thirteen memory-mapped registers 

control communications between the 
TMS9914 and the microprocessor. And, 
because of its interrupt capability, the 
bus doesn't have to be continuously 
polled. So it can respond to changes in 
the interface configuration. Fast. 

Operating at speeds up to 250K bytes 
per second, TMS9914 is fully two to five 
times faster than competitive interface 
bus adapters. 

TMS9914 features 
• System controller capability 
• Pass control capability 

TEXAS INSTRUM ENTS 
INCORPORATED 

• Single or dual address capability 
• Secondary address capability 
• Serial poll 
• RFD holdoff on data transfer 
• Service request 
• Remote/local 
• Local lockout 

Compatible with most microprocessors, 
most DMA controllers, the TMS9900 
Family and TMS9911 DMAC, the new 
TMS9914 costs only $25.60 in 100 pc. 
quantities. 

It's available through your nearest 
authorized TI distributor. 
For more information, 

call your local TI sales 
office, or write lbxas In-
struments Incorporated, 
P.O. Box 1443, M/S 6404, 
Houston, lbxas 77001. 

85583A 
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CAMBION 
11-101C 
SOCKETS 

Now available in 2 different styles and in 8- to 64-pin 
positions, are Cambion's new, * Very-Low- Profile 
(.093") Series 703-43XX IC Sockets: 
• ROUND-PIN, SOLDER TAB VERSION 
for mounting flush to PC boards. Use also 
as PROM carriers. Adhesive fit. 
• SQUARE-EDGE, WIRE-WRAPPABLE 
VERSION orients each leaf of the 4-leaf 
Beryllium Copper spring contact to engage the 
sides and edges of IC leads for increased 
reliability! Press mount. 

Machined body provides rigidity for pin 
alignment and for IC insertion/extraction. 
Ask for evaluation samples and the new IC 
Socket Catalog! Cambridge Thermionic Corp., 
445 Concord Avenue, Cambridge, MA 02238, 

caumm. Tel: (617) 491-5400, Telex: 92-1480, 
• TWX: (710) 320-6399. 

Climate:me 
The Right Connection. 
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If you'd like your career to experience 
a Rocky Mountain high, don't miss the special 
Colorado Career Opportunities Section 
in ELECTRONICS' upcoming June 19th issue. 

New products 

Software Synthesis Language (ssL), 
a user combines core software pro-
grams with his own additions to pro-
duce complete programs for specific 
applications. 
The system is capable of support-

ing any byte-addressable mini- or 
micro-computer with appropriate 
SSL compiler code generators now 
under development. It also offers 
transporting of programs between 
microcomputers such as the 68000, 
Z8000, Z80, and 6809 or such mini-
computer or mainframes as the Per-
kin-Elmer series 16, DEC PDP-11, 
and IBM 360/370. 
The essential features of the sys-

tem are the SSL, a 16-bit minicom-
puter with a quarter megabyte of 
error-checking and -correcting mem-
ory, 38 usable megabytes of Win-
chester disk memory, four video ter-
minals, and a 13-megabyte cartridge 
tape for disk backup and archiving. 
The total cost is $83,000. 
Scientific Enterprises Inc., 6900 S. W. Haines 
Rd., Tigard, Ore. 97223. Phone Steve Vollum 
at (503) 620-3500 [373] 

Software guides probe 

through microcomputer 

A software package called Fastprobe 
promises to ease the task of trouble-
shooting by guiding an operator, 
measurement probe in hand, through 
a microcomputer system. The high-
level language package runs on a 
host computer linked to Millennium 
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TO-220 crimped 
to 146 Series 
Connector. 

BUNKER 

RAMO 

No soldering with Amphenol® 146 Series 
Mounting Connectors. So, no overheating 
problems. Just crimp-connect for fast, 
easy mounting. 
Soldering TO-220 leads to PC boards can damage the package. And it takes 
valuable time. 

But our 146 Series Mounting Connector solves that problem. It simply crimps 
to TO-220 leads. With its standard VI" termination lugs, the 146-plus-T0-220 

package can thén be separately mounted away from the PC board. 
The result is easier access plus economy. The TO-220 is easy to get to, 
because it can be mounted on the outside of a chassis. Or on a remote 
metal surface, thus eliminating a costly heat sink. Testing, trouble-
shooting, and replacement are simpler—no de-soldering, just remove 
three screws. 
Our termination tool cuts and forms the leads, then crimps all three 

at once. 
The optional mating connector (shown above) accepts three terminals 

and is keyed to avoid mismating. 
Turn a hot problem into no problem with no-solder Amphenol 146 Series 

Mounting Connectors. They're just one of our many problem-solving connectors. 
For more information, technical data, dimensions and prices, contact the 

sales office nearest you. 

AMPHENOL NORTH AMERICA 
A Division of Bunker Ramo Corporation 

Amphenol North America Division Headquarters: Oak Brook. Illinois 60521 

Sales Offices: Atlanta 1404) 394-6298 • Boston 1617) 475-7055 • Chicago (312) 986-2330 • Dalias 12141 235-8318 • Dayton 1513) 294-0461 
Denver (303) 752-4114 • Greensboro (919) 292-9273 • Houston (713) 444-4096 • Indianapolis13171842-3245 • Kansas City (816) 737-3937 
Knoxville (615) 690-6765 • Los Angeles (213) 649-5015 • Minneapolis1612) 835-4595 • New York (516)364-2270 • Orlando (3051647-5504 
Philadelphia (215) 732-1427 • Phoenix (602) 265-3227 • Si Louis (314) 569-2277 • San Diego (714) 272-5451 • San Francisco (408) 732-8990 
Seattle (206) 455-2525 • Syracuse (315) 455-5786 • Washington. DC17031524-8700 
Canada: Montreal (514) 482-5520 • Toronto 14161291-4401 • Vancouver (604) 278-7636 • International: Oak Brook. Illinois TELEX 206-054 
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Seitz, c est sûr! 

Dimensions (mm) 0 de l'aiguille de 0,25 à 0,35 0 de la tête 1.80 ou 2.50 

Seitz SA, CH-2416 Les Brenets, Tél. 039/321112, Télex CH 35505 SEITZ 

Seitz technology 

Seitz experience in the machining 
of hard materials has contributed 
to the realization of wires enabling 
to print characters of a perfect 
quality. 
The materials used for these wires 
are extremely hard. They make it 
possible to obtain a highly polished 
surface and a great precision. They 
are resistant to wear (less than 
0.1 mm per 30,000,000 charac-
ters), to chemical agents and heat. 
Seitz research and developping 
departments co-operate closely 
with the manufacturers of printing 
heads. 
The booklet «Wires for printers 
and their guides» will give you 
detailed information. 

O 

Pierres Holding. Faubourg du Lac 6. CH - 2501 Sienne 
Téléphone 032 / 22 65 11. Telex 34 566 
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New products 

Systems Inc.'s MicroSystem Analyz-
er via an RS-232 connection. To 
troubleshoot, the combination uses 
in-circuit emulation, signature anal-
ysis, and time-domain analysis. Once 
the system's circuit topology is 
entered, Fastprobe takes over to ver-
ify the interconnections. It then 
directs the user to probe various 
points via a proprietary algorithm. 
The guided probe can operate in 

seven modes, ranging from skipping 
points to save time to checking even 
the continuity of solder runs. 
As a package, the analyzer and 

Fastprobe will support the 8080, 
8085, Z80, 6800, and 6802 micro-
processors and the 8048 family. It 
consists of Digital Equipment 
Corp.'s PDP-11 or LSI-11 central 
processing unit with a terminal and 
dual floppy-disk storage. One host 
computer can support several test 
stations located in the plant or in the 
field. 
The MicroSystem Analyzer costs 

from $4,600 to $5,400. 
Millennium Systems Inc., 190 Pruneridge 

Ave., Cupertino, Calif. 95014. Phone (408) 

996-9109 [374] 

Bubble memory board fits 

TI 990 minicomputers 

The model 990-040 bubble memory 
board is compatible with the 990 
series of mini- and micro-computers 
manufactured by Texas Instruments 
Inc. It provides 69 kilobytes of non-
volatile, nonmechanical mass storage 
on a half-slot communications-regis-
ter-unit (ow) board. Six TIB0203 

bubble storage devices provide 92 
kilobits of storage apiece for a total 
of 69,228 bytes of data storage. 
No external hardware is required 

to plug the board directly into the 

Protect Your 
b. Investment With 

Expando ' Sleeving 

Wire harnesses of any 
shape or size are safe 
with Expando from 
Bentley-Harris. Made 
from braided polyester 
this expandable sleev-
ing resists abrasion and 
degradation in even the 
toughest environments. 
Expando's open-weave 
construction means 
added flexibility and 
freedom of movement 
for the products it pro-
tects. And it's UL 
recognized, too. Perfecta 
for your reliability-
conscious industry. 

For a longer life for all 
your products, try 
Expando, the sleeving 
with a spring. 

Bentley-Harris Mfg. Co. 
241 Welsh Pool Road 
Lionville, PA 19353 
(215) 363-2600 
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Brochure describes Electronics 
editorial reprints, services, books... 
• More than 70 article reprints in 15 subject 
categories 

• Handy wall charts 

• Custom-made reprint services 

• Books especially for Electronics' readers 

• Convenient postage-paid order cords 
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'Our Capacity' çe-‘ 
for Excellence 
We're honored to 

announce that for the 
'fourth consecutive year 
Acushnet Capacitor 
Company h 3s received 
the Sustained Vendor 
Excellence Award from 
Raytheon's Andover 
Missile Systems 
Division. 
That means four 

years of continuing service, 
reliability and quality in supplying Raytheon with hermetically 

sealed capacitors for their Hawk Missile. 
We can't help but boast a little, because we're 

proud of that Sustained Vendor Excellence Award. 
And we know we deserved it. 

ACUSHNET CAPACITOR CO.. INC. ACUSHBET 
#0/ 720 BELLEVILLE AVE. NEW BEDFORD, MA. 02741 / (617) 999-3291 

Al Acushnet. We re Accustomed to Solving Capacitor Problems 

Circle 230- on reader service card 

IMajor Routes to 
Reliability, Provided 

by the RAC 
• System Reliability and Maintainability Consult-
ing Services 
• Customized Data Searches 
• Semiconductor Device Reliability Databooks 

—Digital Data 
—Linear/Interface Data 
—Memory/LSI Data 
—Hybrid Circuit Data 
—Transistor/Diode Data 

• Reliable Equipment Design Guidelines 
—Design Reliability Handbook 
—Microcircuit Reliability Bibliography 

• Tutorial Reliability Courses 
• Annual Electrostatic Discharge Symposium 
• Periodic Reliability Seminars 

Reliability Analysis Center 
It A DC/R BRAC, Griffiss AFB, NY 13441 

Phone 315-330-4151, Autovon 587-1151 

Mt(' ix n non Information .Inaltisig Center 
Operated h!I Ii'!' Research Institute 

New products 

computer chassis, and multiple 
boards can be used to increase stor-
age in one computer. The memory 
has less than a 7.5-ms access time 
for the first byte. 

Production quantities are avail-
able immediately, with the units 
priced at $1,950 each. 
Digital Interface Systems Inc., P. O. Box 

1446, Benton Harbor, Mich., 49022. Phone 

(616) 926-2148 [375] 

All—C-MOS microcomputer 

fits the Multibus card cage 

The PPS-1201 is an all-comple-
mentary-MOS single-board micro-
computer that can plug directly into 
Intel's Multibus card cage. The sys-
tem employs a c-mos 6100 micro-
processor and 4 kilowords of memo-
ry that can be configured as any 
combination of c-mos random-
access memory and c-moS erasable 
programmable read-only memory. 
Also included are a programmable 
real-time clock, memory-expansion 
controller, three 12-bit-wide parallel 
ports, and a single serial port that is 
compatible with RS-232 or 20-mA 
current loop through board opto-
couplers. The 1201 sells for $995. 
Pacific Cyber/Metrix Inc., 6800 Sierra Court, 

Dublin, Calif. 94566. Phone Ted Netotf at 

(415) 829-8700 [376] 

Mass storage unit contains 

hard and floppy disks 

A mass-storage unit that contains 
both hard and floppy disks has been 
designed by GenRad/Futuredata to 
be used with its 2300 and 2301 uni-
versal microprocessor development 
systems and network stations. The 
2303 system incorporates a 35-
megabyte Winchester-type hard disk 
and a 1-megabyte, single-sided, dou-
ble-density floppy. The company's 
disk-operating software has been 
refined to take advantage of the new 
mass-storage system. The 2303 sells 
for $11,500. 
GenRad/Futuredata, 5730 Buckingham 

Pkway., Culver City, Calif. 90230 [377] 
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HERE AT LAST! 
A Standard"Custom"Data 

Collection Device 
The Memodyne M80 
Cassette Computer 

The M80 is a general pur pose Z80' based 
computer combined with a rugged, high-speed digital 
cassette drive in a compact, panel mounting module. 
Modem and terminal RS232C and TTY current-loop 
serial ports are provided for easy interfacing. A 2K 
PROM is programmed to implement completely inter-
rupt driven control of the recorder and communica-
tions functions. A 1K RAM provides data buffering 
which allows the M80 to handle continuous streams 
of data up to 9600 BAUD. 
T M Z80 is a trademark of ZILOG Corp 

FEATURES: 
• Standard program in CPU Card Prom implements 
30 recorder and communication commands plus 
numerous mode selections. 
• A Microprocessor based computer that is small and 
compact, a rugged module that can operate in hos-
tile environments with its own removeable medium 
memory, immune to hazards that disable disks, 
printers, and other peripherals. 

• High speed: Can read or write continuous data 
streams at up to 9600 Baud with block size of 100 
bytes or more. 

• 500,000 Byte formatted capacity. 

• ANSI/ECMA-34 compatible tapes, both tracks 
accessed. 

• Programmable block size up to 256 Bytes. 

• Recorder control and communications are interrupt 
driven and transparent to user programs. 

• Small cards make for sensible modularity with 
modern high density ICs and are easily inserted 
and extracted. 

• Small module fits behind standard 5 inch panel. 

IF YOU NEED: 
1. A Process Control Computer. 

2. A Computing Data Logger. 

3. A Custom Cassette Recorder. 

4. An Airborne Recording Computer. 

5. The Highest Speed RS232C Cassette Recorder. 

6. A Medical Data Acquisition System. 

7. A Numerical Controller. 

B. An Intelligent Cassette Terminal. 

9. An Analytical Instrumentation Recorder. 

10. An Automatic Tester. 

. An application we haven't thought of... 

THEN ALL YOU HAVE TO DO 
IS PROGRAM OUR PROM 
(AND IF YOU DON'T WANT TO 
WE WILL). 

WRITE FOR COMPLETE DETAILS INCLUDING 
COLOR BROCHURE TO: 

MemocJyne 
CORPORATION 
220 RESERVOIR STREET 
NEEDHAM HEIGHTS, MA 02194 U.S.A. 
TELEPHONE (617) 444-7000 
TELEX 922537 
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The new AO STEREOSTAR3/4 
Zoom "T" microscope features 
the "T" zoom body with coaxial 
illumination and photo capabilities. 
It may be just what you need 
to boost output in your 
production, assembly or 
inspection department. 

The Zoom "T" gives you a con-
stant 4" of working room. It has a 
lx - 6x magnification range, and 
with auxiliary lenses and eyepieces 
it offers a total range of 5x - 300x. 
Magnification can be conveniently 
changed with controls on both 
sides of the body. No matter what 
magnification you're working with, 
you get crisp, sharp image definition. 

Modular in construction, the Zoom "T" 
can be ordered with or without the coaxial 
illuminator. In fact, any accessory can be 
simply added at any time. However, if you're 
working with highly reflective opaque 
surfaces, coaxial illumination is invaluable 
because it gives contrast without hot 
spots, glare, reflections or shadows. 

We invite you to compare the new AO 
STEREOSTAR Zoom "T" microscope, 
feature by feature, with any other 
competitive microscope. 

We're confident you'll immediately 
see that it offers the outstanding 
value in its field. See your AO dealer 
or representative for a demonstration. 
Or write for a 
detailed brochure. 
American Optical, 
Scientific Instrument 
Division, Buffalo, 
NY 14215. AID 

American 
Optical 

There's no body 
like our newily 

liebaiÂe 
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OK MACHINE & TOOL CORPORATION 
3455 CONNER STREET, BRONX, NEW YORK 10475, U.S.A. 

TELEX NO. 125091, PHONE (212) 994-6600, TELEX NO. 232395 
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The NEW 
Electronics 

Buyers, Guide 
is now available! 

Completely new listings of catalogs, new 
phone numbers, new addresses, new man-
ufacturers, sales reps, and distributors! 
The total market in a book—four directories 
in one! 

= == 

The only book of its 
kind in the field. 

If you haven't got it, 
you're not in the market. 

To insure prompt delivery 
enclose your check with 
the coupon now. 

Yes. please send me  copies of 
1980 EBG. 

D I've enclosed $30 per copy delivered in 
USA or Canada. Address: EBG, 1221 Avenue 
of the Americas, New York, N.Y. 10020. 

D I've enclosed $52 for air delivery 
elsewhere. Address: EBG. Shoppenhangers 
Road, Maidenhead, Berkshire S16, 
201 England, 

Name 

Company 

Street 

City 

State Zip Country 

New products 

Computers & peripherals 

Business machine, 
a stand-alone unit, 
is fully integrated 
Billed as the company's lowest-cost 
business computer in the Astra ser-
ies, the model 205 is a fully inte-
grated stand-alone unit and soft-
ware-compatible with larger, multi-
terminal Astra systems. 

It uses a 16-bit microprocessor 
with 114 business instructions ori-
ented to data processing and 
offers multiple programming lan-
guages, communications protocols, 
text-processing capability, and an 
integrated set of business applica-
tions systems. 

Offered with it is the Astra Write 
system for text processing. The com-
bination includes 128 kilobytes of 
main memory (expandable to 256 
kilobytes; two 1.2-megabyte dual-
sided, dual-density diskette drives, 
themselves expandable to a total of 
four drives; and a 120-character-per-
second matrix printer. Communica-
tions protocols allow the system to 
work as a stand-alone small-business 

system, as an element of an Astra 
network, or as part of IBM networks 
under the 3780 and 3740 batch or 
asynchronous modes. 
The 205 supports Cobol, Basic, and 

a micro-assembler language. Entry-
level price is under $14,000. 
NEC Information Systems Inc., 5 Militia Dr., 

Lexington, Mass, 02173. Phone (617) 862-

3120 [363] 

Computer terminals are for 

modular and host systems 

Designed for smaller modular com-
puter systems, the Executive 80 ser-
ies encompasses two models. Model 
20 is a buffered video display termi-
nal, and model 30 a high-perform-
ance editing terminal. 

Standard features of the series 
include video highlighting, line 
drawing, status line, programmable 
function keys, and a horizontal split-
screen display. Also available is an 
enhanced video option that selec-
tively displays characters at normal 
font size, twice normal height and 
width, or in a 132-column format on 
a 15-in. monitor. 
The list price for the model 20 is 

$1,295. The model 30—with ex-
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ANNOUNCING 
THE FIRST OPTO SENSOR 
WITH BRAIN WAVES. 

It's a logical breakthrough 
from Spectronics. We've de-
signed the first opto detector IC 
offering compatability with TTL, 
CMOS and other standard logic 

2V 

1,,t...1.0,1,1 000 4e11,41 011 

St.Inclard (); 

The SDP SDP 8600 integrates a 
Schmitt trigger, voltage regulator, 
differential amplifier and photo-
diode onto the same substrate— 
replacing a complete PC board. 
This neat integration hasn't cost 
any performance. It has a 
propagation delay time of only 5 
gs and a 50 ns rise and fall time. 

Designed for use with an 
infrared LED, it's ideal for sensing 
applications such as computer 
peripherals, toys and automatic 
cruise control systems. With 
significant benefits like improved 

11 
noise immunity, higher reliability 
and better performance. 

The 8600 is just one exam-
ple of a long line of optoelec-
tronic firsts from Spectronics. 

So, if you're looking for 
better design solutions, call 
Spectronics. We do smart things 
with light. 

For more information, 
contact a Spectronics distributor. 
Or call us at 214/234-4271. 
Address: Spectronics, 830 East 
Arapaho Road, Richardson, Texas 
75081. 

SOMPORkee 
Adivisionof Honeywell 

Light years ahead. 
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Command the rf power 
you really need. 

You may need it to drive an ultrasonic 
transducer. Or deliver cw or swept fre-
quency signalsatausablefield strength 
for rfi susceptibility testing. Or for NMR 
research involving both broadband and 
high-power capabilities. 

In any event, you needn't look be-
yond Amplifier Research for the right 
answers. Bandwidths? Choose from 
sub-octave to five-decade models with 
top frequencies up to 1 GHz. Output 
power? How's one watt up to 10 kW? 

AR amplifiers are unconditionally 
stable, immune even toworst-case load 
mismatch such as infinite VSWR or 
shorted or open output terminals with-

7334 C .1r 

out damage to themselves or shutdown 
of the system. And their full bandwidth 
is instantly available—no tuning or sys-
tem adjustments needed for continuous 
or automatic sweeping. 

When you command your rf power 
from AR, the chances are very good that 
we'll have whatever combination you 
seek—clean bandwidth, reliableoutput 
power, linearity as needed, 
pulse capability, adjust-
able gain—often in an 
amplifier about half the 
size of its nearest 
"competitor." 

SEND FOR FREE BOOKLET 

AMPLIFIER 
RESEARCH 

160 School House Road, Souderton, PA 18964 
215-723-8181•TWX 510-661-6094 

The Broadband 
High-Power 
People 

New products 

panded function key capability, ad-
ditional transmission modes, and 
paging and data validation—is 
priced at $1,695. 
Hazeltine Corp., Commack, N. Y. 11725. 

Phone (516) 462-5100 [364] 

Q-bus interface system 

runs with IBM mainframes 

A hardware and software system 
that allows any nonstandard equip-
ment to operate with the IBM 
360/370, 3300, and 4300 main-
frames via their input/output chan-
nels is intended for original equip-
ment manufacturers. 
The model 8900 IBM-QBUS inter-

face is a set of three quad-sized 
printed-circuit boards that connect 
standard byte or block multiplexers 
or selector channels to an LSI-11 
QBus. It can appear as up to 256 
subchannel addresses and has a data 
throughput of up to 1 megabyte/ 
second. 
The model 8911 Programmable 

Channel Interface, a complete LSI-
11—based system that includes 8900 
card sets, allows direct coupling of 
two or more IBM mainframes. Also 
part of the 8911 are two serial ports, 
an LSI-11/2 central processing unit, 
32 kilobytes of random-access mem-
ory, channel driver-receiver modules, 
a TU-58 minicartridge tape drive, a 
QBUS card cage, and a power supply. 
The 8911s cost $12,995 each; in 

OEM quantities the 8900 is priced at 
$2,995 each. Deliveries will start 
next month. 
Austron Data Systems, 2007 Kramer Lane, 

Austin, Texas 78758. Phone Dave Huss at 

(512) 836-3523 [367] 
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"As an engineer, I used to get pretty frazzled 
whenever I had to use twisted pairs. 
Heaven knows, I needed the performance, but 

the labor costs drove me wild! 
Then one day Dave from Spectra-Strip 

stopped by and solved all my problems—he 
showed me their new Twist 'N' Flat!' 
How fantastic—twisted pairs in a flat cable 

with flat, parallel sections that I can mass 
terminate wherever I need them on the cable. 
(Standard spacing is 18" of twist with 2" of flat, 
but if I order as little as a thousand feet 
at one time, they'll put in any spacing I want!) 

Well, let me tell you—this has reduced 
termination time by 97% and cut our costs by 
36%. I liked their thinking so much, I checked 
them out and found that they were a terrific 

Spectra-Slrip Inc. 1979 

source for all my flat cable 
needs—cable, connectors, 
and even complete 
terminated jumpers and 
custom assemblies, fully 
tested and ready to go. 

If you're as concerned about your intercon-
nect performance and costs as I am, you really 
ought to write Spectra-Strip, 7100 Lampson 
Avenue, Garden Grove, CA 92642, telephone 
(714) 892-3361. In the East, call (203) 281-3200. 
But don't ask for Dave—he's at home taking 

care of the baby.'' 

When you're down to the wire. 
Circle 237 on reader service card 



The biographies of 5,240 
of your colleagues... 
Profiles the Top Management 
of Major Electronics Firms 
throughout the World 
—and more 
This is the only reference devoted solely to biographies of the 
most influential people in electronics: corporate executives... 
technical managers ...designers and developers of important 
products and processes ...government and military officials... 
academics ... editors and publishers ... securities analysts... 
directors of trade and professional groups ...and consultants. 

McGraw-Hill's 

Leaders in 
Electronics 
Prepared by the Staff 
of Electronics 
651 pages 

As easy to read as any professional 
publication in electronics 

With LEADERS IN ELECTRONICS on your bookshelf, you no 
longer have to search through many different sources for bio-
graphical data on your colleagues. What's more, you don't have 
to strain your eyes reading minuscule type, nor do you have to 
waste valuable time trying to decipher seemingly endless para-
graphs of abbreviations. Boldface type spotlights the various 
information categories so that you can scan entries rapidly to 
pinpoint what you need. 

Unique convenience feature... 
Index of biographees by affiliation 

A special 80-page index lists individual organizations alphabeti-
cally, complete with the names and titles of top employees. By 
looking up the names in the general biography listing, you can 
get a complete profile of the organization's top management in 
a matter of minutes. Plus an easy-access listing of independent 
consultants in every electronics specialty. 

Electronics Magazine Books 
P.O. Box 669, Hightstown, NJ 08520 

Send me _ _ copies of Leaders in 
Electronics @ $39.50 plus applicable sales tax. 
McGraw-Hill pays regular shipping and han-
dling charges on pre-paid orders. 

I must be fully satisfied or you will refund full 
payment if the book is returned after ten-day 
trial examination. 

O Payment enclosed E Bill firm E Bill me 
Charge to my credit card: 0 American Express 
0 Diners Club E Visa O Master Charge 

L.   _1 

Acct. No. Date Exp. 

On Master Charge only, 
first numbers above name 

Name 

Company 

Street 

City State Zip 

Signature 

New products/materials 

Dual-shrink tubing of Teflon TFE 

and FEP seals out moisture, dirt, and 
chemicals and exhibits good electri-
cal properties. It is designed to pro-
vide a tight bond over such items as 
wires, cables, connectors, splices, 
and terminals that are subjected to 
heat, corrosion, shock, and other 
harsh conditions. 
The TFE (exterior layer) shrinks 

tightly over the inserted parts when 
the covered section is heated, while 
the FEP (inner layer) melts and 
forms a solid or near-solid encapsu-
lation. The tubing has a dielectric 
strength of approximately 1,200 
v/mil and a tensile strength of 
approximately 4,000 psi. It has a 
continuous-use temperature of up to 
450°F. The price of the tubing 

ranges from 48 cents/ft to $11.82/ft. 
Delivery time is from stock to six 
weeks. 
Zeus Industrial Products Inc., Foot of Thomp-

son Street, Raritan, N. J. 08869 [476) 

A chemical test kit, containing the 
24 most commonly used soldering 
fluxes and chemicals, aids engineers 
in determining the proper flux for 23 
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MDB makes DEC, DG, HP, P-E and Series/1 Compatible 
Controllers for every major Line Printer in the world. 

Imagine 
what else 
we can do! 

MDB does it! Lets you pick and choose the exact line printer with 
the exact speed and performance you need for your system. Because 
MDB interfaces PDP*-11/03 through 11/70, LSI*-11 & 11/23, VAX* 
11/780, PDP-8, Nova,* Eclipse,* P-E, IBM Series/1 and HP 2100, 
21MX and 1000 to (ready?) Centronics, Dataproducts, Data 100, 
Data Printer, Documation, Printronix, GE TermiNee," Houston 
Instrument, Innovative Electronics, Okidata, LA180, Florida Data, 
CDC and many other line printers. That makes over 100 possible 
computer/printer combinations including the one you need. Long 
line options for all combinations are available which allow full 
speed parallel data transmission at distances up to 3,000 feet. 

And with MDB you not only get what you want but you pay 
less for it because an MDB controller with your choice of line 
printer may cost up to 50% less than the host manufacturer's 
printer system(s). 
MDB line printer/controllers are single printed circuit boards 

that require only one host chassis slot. And each controller is 
completely transparent to the host operating systems and diagnos-
tics. Operation and programming are exactly as described by the 
computer manufacturer. 

What else can MDB do for you? Look at our data communi-
cations interfaces, multiplexors, foundation ¡nodules and inter-
processor links. Our products range from plain vanilla to plain 
incredible —like the new memory modules that let you program 
PROM right on the board. All MDB boards are made by hand, 
warranteed for one full year and delivered in 30 days or less. 
Imagine. And they're available under GSA contract #GS-00C-01960. 

Now it's your turn. Call or write today. 

•TM Dtgita Equipment Corp "TM Data General Corporation, a computer manufacturer not related to MDB. 

1995 N. Batavia Street 

II DE 714-998-6900 
Orange, California 92665 

SYSTEMS INC. TWX: 910-593-1339 

Circle 262 for LSI, 263 for PDP 
264for DG, 265 for P-E, 

267 for IBM 266 for H-P 
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and Switch Company 
87 Newtown Road 

SWITC Danbury, CT 06810 
H 203/744-3300 
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Peel off 
... press 
it's on to 
stay! 

MOLDED 
NYLON 
PRESS 
CLIPS 
Adhesive-backed press clips 
now in tough, durable nylon. Fast-
est way yet to install clips. Comes in easy-
to-use strips. . merely peel clip off of backing 
strip and press into place — it's on to stay. 
Four sizes for bundles or cables from 1/8" 
to 1/2" diameter 

Company Inc. 
4444 West Irving Park Road • Chicago, Illinois 60641 

New products/materials 

metals. The kit consists of 10 differ-
ent rosin fluxes, as well as inorganic 
fluxes, water-soluble organic fluxes, 
residue removers, and metal surface 
activators. The kit costs $30. 
Kester Solder Division, 4201 Wrightwood 

Ave., Chicago, III. 60630 [477] 

A manganese-zinc ferrite material is 
designed for recording-head applica-
tions in computer tape, disk, video 
tape, and related systems. This rela-
tively void-free MND5100 material 
has a density of 5.09 g/cm3, yielding 
99.7% of X-ray density. The fine 
grain (the mean grain size is 10 gm) 
and low porosity of the material 
inhibit gap erosion and ensure good 

wearability. The initial permeability 
of the composition is 5,000; the max-
imum flux density is 5,000 gauss. It 
has an operating temperature of 
180°C and a resistivity of 10 
ohm/cm dc. The material in proto-
type quantities sells for $300/in.3 
Production pricing is available. 
Ceramic Magnetics Inc., 87 Fairfield Rd., 

Fairfield, N. J. 07006 [478] 

A thermoset plastic compound that 
can be permanently magnetized and 
withstands temperatures as high as 
500°F is specially designed to inten-
sify the flux of components that 
must be magnetic. The compound 
also has potential applications for 
many other electronic parts. The K-
49 material, made from diallyl 
phthalate resins, has a molding tem-
perature from 290° to 350°F. It has a 
specific gravity of 4.0, a tensile 
strength of 3,000 psi, a bulk factor of 
1.8 to 2, and a Barcol hardness of 55 
to 60. The material sells for $6/1b 
and delivery is 10 days to two weeks. 
Cosmic Plastics Inc., 12314 Gladstone Ave., 

San Fernando, Calif. 91342 [479] 
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Managing to cover 
all bases. 

Expansion. Diversification. Acquisition. Growth. As a business becomes 
more complex, its information management needs expand exponentially. The more 
locations involved, for example, the greater the need for centralized control of intercity 
communications. 

Many corporations seeking ways to increase productivity, while controlling 
communications costs at all locations, are converting to Bell's Dimension® PBX. 

With Electronic Tandem Switching, it provides an integrated system with 
over 150 customized management and control capabilities. Its stored programs bring 
cost-saving features to the network, add time-saving functions to existing telephones. 
Long distance calls automatically take the least expensive routes. Calls that encounter 
busy signals are redialed electronically. Detailed calling records facilitate the allocation of 
charges. And each company as well as each of its locations can modify its own system 
without calling in Bell installers. 

We have applied such advances for some of America's leading businesses, 
integrating many divisions, plants, warehouses and service centers into one total system. 

That's our business—applying a knowledge of networks and advanced 
communications to the specialized information management needs of your business. 

It's a process that starts with a call to your Bell System Account Executive. 

The knowledge business 
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A STAR 
IS BORN. 

The Series 20 cabinet rack, 
newest addition to Bud's 
Designer Group of enclosures, 
outshines anything in its class 
because it offers more value 
at less cost. 

Easy to assemble and with 
all necessary hardware 
furnished, the Series 20 has 
the same distinctive styling 
and built-in quality of other 
members of Bud's family of 
enclosures. 

The Series 20 comes in 
four sizes, all with a depth 
of 30 inches. And, a wide 
range of standard features 
and accessories provide 
added flexibility. 

Bud offers the industry's 
largest, most diversified line 
of enclosures, accessories 
and hardware. For more 
information on the Series 20 
cabinet rack, write or call: 
Bud Industries, Inc., 4605 East 
355th Street, Willoughby, OH 
44094. Phone (216) 946-3200. 
Bud West, Inc. 3838 North 
36th Ave., Phoenix, AZ 85019. 
Phone (602) 269-3151. 

Circle 242 on reader service card 

Leaders in Electronics 
The only reference devoted solely 
to biographies of the most 
influential people in electronics 
• corporate executives • technical 
managers • designers and develop-
ers • government and military offi-
cials • academics • editors/pub-
lishers • securities analysts • 
trade! professional group directors • 
consultants ... plus an 80-page index 
of biographees by affiliation. 

Prepared by the staff of Electronics 
magazine. 5,240 biographies. 651 
pages, clothbound. $39.50 

Electronics Magazine Books 
P.O. Box 669, Hightstown, NJ 08520 
(609) 448-1700, ext. 5494 

Send me   copies of Leaders in 
Electronics @ $39.50 plus applicable sales tax. 
McGraw-Hill pays regular shipping and han-
dling charges on pre-paid orders. 

0 Payment enclosed 0 Bill firm D Bill me 

Name 

Company 

Street 

City 

Signature 

State Zip 

For more 
information 

call these Bud 
Representatives 

AL Huntsville, Cartwright Ez Bean Co. 205-533-3509 
AZ Scottsdale, Summit Sales Co. 602-994-4587 
AR Memphis, TN, Cartwright Et 

Bean Co. 901-276-4442 
CA Ingelwood, 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 Technical 

Sales, Inc. 617-444-4780 
DE Cherry Hill, N.J. Trinkle Sales. Inc. 609-795-42W 
DC Cherry Hill, N.J. Trinkle Sales, Inc. 609-795-42W 
FL Ft. Lauderdale, Cartwright & 

Bean Co. X6-735-4900 
FL Orlando, Cartwright Er Bean Co. 305-422-4531 
GA Atlanta, Canwright 8 Bean Co. 404-233-2939 
ID Denver, Co. Lindberg Co. 303-758-9033 
IL Chicago, Industrial 

Representatives, 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 -OCO4 
KS Wichita, PMA Corp. 316-684-4141 
KY Louisville, Rich Electronic 

Marketing, Inc. 502-239-2747 
LA Metarie, Cartwright Er Bean Co. 504-835-6220 
ME Needham, MA, Mullin Technical 

Sales, Inc. 617-444-4780 
MD Cherry Hill, N.J. Trinkle Sales, Inc. 609-795-42W 
MA Needham, Mullin Technical 

Sales. Inc. 617-444-4780 
MI E. Detroit, Jack M. Thorpe Co. 313-779-6363 
MN Minnetonka, Gibb Electronic Sales 612-935-46W 
MS Jackson, Cartwright Er Bean Co. 601-981-1170 
MO Maryland Heights, 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 Scottsdale, AZ, Summit Sales Co. 602-994-4587 
NH Needham. MA. Mullin Technical 

Sales, Inc. 617-444-4780 
NJ Cherry Hill, Trinkle Sales, Inc. 609-795-4200 
NJ E. Rockaway, N.Y. Willgold 

Sales Corp. 516-764-4022 
NM Albuquerque. Lindberg Co. 505-881 -1006 
NY E. Rockaway, Willgold  

Sales Corp. 516-764-4022 
NY Rochester, Marchese, Marsey a 

Barden 716-544-4303 
NC Charlotte,. Cartwright & Bean Co. 704-377-5673 
NC Raleigh. Cartwright Er Bean Co. 919-781-6560 
ND Minnetonka, MN, Gibb 

612-935-4600 Electronic Sales 
OH Cleveland, Marlow Assoc., Inc. 216-991-6500 
OH Columbus. Marlow Assoc., Inc. 614-885-7643 
OH Dayton, Marlow Assoc., Inc. 

251143r3-26065673 OK Dallas, TX, Lund Er Co. 
OR Portland, Earl Er Brown, Inc. 503-245-2283 
PA Cherry Hill, N.J. Trinkle Sales, Inc. 215-922-2080 
PA Pittsburgh. Marlow Assoc., Inc. 412-831-6113 
RI Needham, MA, Mullin Technical 

Sales, Inc. 817-444-4780 
SC Charlotte. N.C. Cartwright Et 

Bean Co. 704-377-5673 
SD Minnetonka, MN, Gibb 

Electronic Sales 612-935-4600 
TN Knoxville, Cartwright Et Bean Co. 615-693-7450 
TN Memphis, Cartwright Et Bean Co. 901-276-4442 
TX Dallas, Lund Ee Co., Inc. 214-243-2606 

UT Salt Lake City, Lindberg Co. 801-534-1500 VT Needham, MA, Mullin Technical 

80 Sales, Inc. 617-444-47 
VA Cherry Hill, N.J. Trinkle Sales, Inc. 609-795-4200 
WA Seattle, Earl Et Brown, Inc. 206-284-1121 
WV Cleveland. OH, Marlow Assoc.. Inc. 216-991-6503 
WI Milwaukee, Industrial 

Representatives, Inc. 414-259-0965 
WY Denver, Co. Lindberg Co. 303-758-9033 

BUD INDUSTRIES, INC. 
4605 East 355th Street 
Willoughby, Ohio 44094 
12161 946-3200 

BUD WEST, INC. 
3938 North 36th Avenue 
Phoenix, Arizona 85019 
16021 269-3151 
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Products newsletter  

Lltronix Introduces The company that introduced the first intelligent displays some three years 
ago, Litronix Inc. of Cupertino, Calif., is unveiling another new concept— 

new display concept the building-block approach to interactive display assemblies [Electronics, 
March 13, p. 129]. The first such offering from the affiliate of West 
Germany's Siemens AG will be a module containing four four-digit 
light-emitting-diode displays that are stacked together to create a 16-
character intelligent display. In fact, as many as four intelligent display 
assemblies, or IDAS, each with its own address, can be connected to a 
microprocessor for applications, like airline reservation systems, where 
many display terminals are linked to a single computer. 

TM990 gets faster 

and more powerful 

Texas Instruments Inc. is applying its bipolar bit-slice technology at the 
board level to provide enhanced speed and number-crunching capabilities 
for users of the TM990 microcomputer module series. The TM990/1481 
is a two-board set that uses the company's SN74S481 Schottky rn, 4-bit 
slices to provide a 16-bit central processing unit that emulates the mos 
TMS9900 CPU. It includes instructions that enhance integer and floating-
point arithmetic. Although the 1481's bipolar circuitry uses up much more 
power than does the mos circuitry of the TM990/100M and 101M, it is 
three to six times faster, the Dallas company says. The 1481 is priced at 
$5,000 per unit and will be delivered in 16 weeks. 

Tek presents GPIB Last week at the International Microwave Symposium in Washington, 
D. C., Tektronix Inc. showed the 492P, a fully programmable version of 

version of 492 the 492 spectrum analyzer that was announced late last year [Electronics, 
spectrum analyzer . . . Nov. 22, p. 160]. Like the 492, the 492P covers 50 kHz to 21 GHz and, 

with external mixers, can go up to 220 GHz. Besides adding an IEEE-488 
general-purpose interface bus, the Beaverton, Ore., firm has given the 
492P internal routines that allow it, for example, to locate maximum and 
minimum values of a displayed spectrum and to track drifting signals. It 
uses a high-level English-like command language that recognizes standard 
abbreviations for measurement units. A model with all the options sells for 
$31,850 and takes 36 weeks to receive. 

. . . as well as Tektronix will have available by August another onB-compatible instru-
ment, a digitizing oscilloscope with plug-in time-base and 10-bit vertical 

GPIB-compatible resolution. Priced at $4,995, the 5223 combines features of the 7854 
digitizing scope (oPiB) and the 468 (sampling rate of up to 1 megasample/second) scopes 

to digitize, store, and display 10-MHz to 100-kHz signals. 

Amdahl hikes 

computer prices 

Amdahl Corp. has hiked lease and maintenance prices on its 470 V/7 and 
V/8 series computer systems. Lease prices on all V/7 and V/8 systems 
are increased 7%, and those on upgrades to higher-performance systems 
are 21% to 26% higher. Maintenance price increases range from 5% on the 
V/7B model to 7% on the higher-performance V/7 and V/8 systems. The 
Sunnyvale, Calif.-based manufacturer also plans to boost by $100,000 — 
approximately 5% —the purchase price of the V7/A, as of July 1. 
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magnetic memory 

minelco'swide selection of latching indicators 
Ultimate dependability in fault 
detection' Minelco's unique, pat-
ented magnetic latching indicators 
retain highly-visible fault indication, 
even if power fails or restores Not 
subject to light or LED failures 
Widest selection of ball, flag or 
annunicator models .. self-restor-

ing or manual reset . for indus-
trial, computer, communication, 
aircraft, test equipment, etc. For 
prototypes call Mine'co, A Talley 
Industries Company, 135 So. Main 
Street, Thomaston, CT 06787. 
Phone (203) 283-8261. 

minelco 
a TALLEY INDUSTRIES Company 

Circle 244 on reader service card 

"When are you going to get yours?" 

When are you going to get your very 
own, personal subscription to Electronics9 

It could be very important to you 
And we're not Just referring to your status in the 
office hierarchy 

You (and we) are in a quick-moving 
business News breaks frequently Change is the 
naine of the gaine Awareness is the way to win. 

You've got to follow whatb going on 
beyond your specialty Your career may have to 
last longer than your specialty 

If change is the game, obsolescence is 
the penalty for losing Obsolescence of products, 
of technology and, unfortunately of people. We 
cant change this fact But we can help you cope 
with it 

Give us one hour of reacting time every 
two weeks and we will keep you aware of what's 
going on around you and around the changing 
world of electronics technology 

Move up. Fill out one of the subscrip-
tion  postcards in this issue. 

Electronics Magazine. 
The one worth paying for. 

New literature 

Cables and connectors. A catalog 
contains information on cables and 
connectors for a wide range of com-
puter applications. Described in its 
36 pages are cables and connectors 
manufactured by Hewlett-Packard, 
Data General, IBM, Texas Instru-
ments, and Digital Equipment Corp. 
The catalog also covers bulk cable, 
Underwriter Laboratories—listed 

e«smaile isp.„ 
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* z • 

shielded and unshielded multicon-
ductor cables, coaxial cable, AMP 
connectors, and connector compo-
nents. It gives complete ordering 
information for single cables or bulk 
quantities in any configuration re-
quested. Craig Data Cable Co., 154 
Post Rd. E., Box 5192, Westport, 
Conn. 06880. Circle reader service 
number 421. 

Adapters. A 20-page catalog pro-
vides schematics for adapters used 
for high-efficiency transitions be-
tween various types of radio-fre-
quency coaxial connectors. Adapters 

Between Series Adaptors 
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e 
that's as bright as incandescent, 

but doesn't burn out like one. 

I 

Our AML pushbuttons, indicators, paddles and rockers have a new light source. 
A unique, dual chip LED. 
Like other LED's, this one will last a long time (its half-life is 100,000 hours or 

more). It resists shock and vibration. It uses only half the current of an incandescent. It will 
save you money on repairs. And comes in red, yellow and green. 

But unlike all other LED's, this one is very bright.The kind of 
brightness you'd expect from an incandescent. 

And a special adapter makes it as easy to install as a 
standard T13/4 wedge base. 

In addition to this one very 'bright' idea, we've 
made some other additions to the .Advanced Manual 
Line. Like a keylock switch, a protective panel seal, 
and a switch guard. 

Not to mention a new solid state LED 
annunciator, with more room for legends. 

For details about these and other bright ideas 
for control panels, and the locations of our sales offices 
and distributors around the world, write MICRO 
SWITCH, Freeport, Illinois 61032. Or call 815-235-6600. MICR SWITCH 

a Honeywell Division 
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Published by Electronics magazine... 

Books of special interest 
to our readers 

Applying Microprocessors 

Reprinted from Electronics, completes the EE's 
transition from the old methods of electronic 
design to microprocessor engineering. Pub. 1977, 
191 pp. Order #R-701, $9.95 

Basics of Data Communications 

This compilation of essential articles from Data 
Communications magazine includes chapters on 
terminals, acoustic couplers and modems, com-
munications processors, networking, channel per-
formance, data link controls, network diagnostics. 
interfaces, and regulations and policy. Pub. 1976, 
303 pp. 
Order #R-603. $12.95 

Circuits for Electronics Engineers 

Almost 350 circuits arranged by 51 of the most 
useful functions for designers. Taken from the 
popular "Designer's Casebook" of Electronics, 
these circuits have been designed by engineers 
for the achievement of specific engineering objec-
tives. Pub. 1977. 396 pp. 
Order #R-711. $15.95 

Design Techniques for 

Electronics Engineers 

Expert guidance at every point in the development 
of an engineering project—making meas-
urements, interpreting data, makin9 calculations. 
choosing materials, controlling environment, lay-
ing out and purchasing components. and inter-
connecting them swiftly and accurately. Nearly 
300 articles from Electronics' "Engineer's 
Notebook." Pub. 1977.370 pp. 
Order #R-726, $15.95 

Microelectronics Interconnection 

and Packaging 

Up-to-date articles from Electronics include sec-
tions on lithography and processing for integrated 
circuits, thick- and thin-film hybrids, printed-
circuit-board technology, automatic wiring tech-
nology, IC packages and connectors, environ-
mental factors affecting interconnections and 
packages, computer-aided design, and automatic 
testing. Pub. 1980, 320 pp. 
Order #R-927. $12.95 

Large Scale Integration 

As published in Electronics, covers the entire 
range of design applications in sections on bipolar 
LSI, MOS LSI. new devices, system design, 
computer-aided design, testing, and applications. 
Pub. 1976,208 pp. 
Order #R-602, $9.95 

Memory Design: 

Microcomputers to Mainframes 

The technology, devices, and applications that link 
memory components and system design. How to 
apply the new technology to meet specific design 
goals. Edited from the pages of Electronics. Pub. 
1978. 180 pp. 
Order #R-732, $12. 95 

Microprocessors 

The basic book on microprocessor technology for 
the design engineer. Published in 1975. articles 
are drawn from Electronics. 150 pp. 
Order #R-520, $8.95 

Personal Computing: 

Hardware and Software Basics 

More than 50 articles from leading publications 
give you up-to-date information on personal 
computing hardware, software, theory, and appli-
cations. Pub. 1979. 266 pp. 
Order #R-903. $11.95 

Practical Applications of 

Data Communications: 

A User's Guide 

Articles from Data Communications magazine 
cover architecture and protocols, data-link per-
formance, distributed data processing. software. 
data security, testing and diagnostics, commu-
nications processors, and digitized-voice and 
data-plus-voice. Pub. 1980. 424 pp. 
Order #R-005, $13.95 

FREE  

Brochure describes Electronics editorial reprints, 
services. books. For free copy. check the coupon 
in this ad or circle #275 on the reader service card. 

rOrder today using this coupon! 

Electronics Magazine Books 111À IÀ "e 
_   PO. Box 669 Ç. 

Hightstown. NJ 08520 11:r1 I Name 
Tel. (609) 448-1700, ext. 5494 

Order # Qty. Price 
Title 

Company 

Street/P.O. address 

City/ state/ zip 

Payment enclosed (payment must accompany 
orders under $25) 

O Bill my company (or attach company Purchase Order) 

Cl Bill me L] Send a free copy of the Electronics 
Editorial Reprints brochure. 

Ten-day money-back guarantee applies on all books. 

New literature 

are available for TNC, N, BNC, 
GR-900 (General Radio Co.) APC-
7 (Amphenol RF), SMA, SMB, 
SMC, NanoheX, and Kwick-Kon-
nect connectors. Sealectro Corp., 
Mamaroneck, N. Y. 10543 [422] 

Lasers. Technical information on a 
variety of lasers, including continu-
ous-wave, pulsed, frequency-doub-
led, mode-locked, cavity-dumped 
and Q-switched neodymium—yttri-
um-aluminum-garnet lasers, as well 
as laser transmitters and oscillator 
amplifier systems, is given in a 48-
page catalog. It is offered by Gener-
al Photonics Corp., 2255F Martin 
Ave., Santa Clara, Calif. 95050 
[423] 

Thyristor-diode modules. A 60-page 
catalog contains detailed informa-
tion on thyristor-diode modules. It 
includes key electrical, mechanical, 
and thermal specifications and data. 
There are circuit diagrams, defini-
tions of data, information on heat 
sinks, and 37 pages of performance 
curves. Semikron International Inc., 
11 Executive Dr., Box 66, Hudson, 
N. H. 03051 [424] 

Rfi-shielded cases. An eight-page 
catalog describes cases that shield 
against radio-frequency interference, 
as well as rf transfer switches and 
accessories. The accessories include 
printed-circuit boards, feedthroughs, 
rf connectors, test cables, adapters, 
coaxial terminations, and attenua-
tors. Drawings and diagrams are 
provided for the products. The cata-
log can be obtained from Compac, 
Marketing Department, 279 Skid-
more Rd., Deer Park, N. Y. 11729 
[425] 

Telemetering products. A 32-page 
catalog gives information on a line of 
telemetering products such as volt-
age-controlled and other oscillators, 
fm discriminators, analog signal iso-
lators, pressure transducers, and 
power supplies. Solid State Electron-
ics Corp., 15321 Rayen St., Sepulve-
da, Calif. 91343 [426] 

Switches. Described in a 20-page 
catalog are miniature and standard-
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The PPG Touch. 
It's PPG NesaAand Nesatron' 

electronic glass. Incredibly versa-
tile products with applications 
ranging from touch control 
panels to visual display devices. 
A PPG Nesa glass touch 

control panel can replace 
virtually any electro-mechanical 
device. It's activated by the 
touch of a finger. And because 
there are no moving parts and 
nothing to break off, it simply 
does not wear out. 
Then there's PPG Nesatron. 

Use it in a visual display device. 
It'll enhance any design with its ..1 41111.1 
sleek combination of function, 

durability and elegance. 
Consider the infinite 

present and future 
applications of both 
PPG electronic glasses: 

telephones, vending machines, 
microwave ovens, sewing 
machines, calculators, watches 
and instrumentation panels. The 
list goes on and on. 

Learn more. Return the 
coupon today and start applying 
the PPG touch to your designs. 

11%•••••••tet• 

OFF 

Prototype model 

PPG: a Concern for the Future 

• 1 p 

INDUSTRIES 

L.. 

Industrial Glass Products 
PPG Industries, Inc. 
One Gateway Center 
Pittsburgh, Pa. 15222 

Please send your technical and sales 
brochures about PPG Nesa" and 
Nesatron" electronic glass. 

E-360 

Name  

Company  

Title  

Street__ 

City  

State Zip 

Telephone  
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SUPER HIGH  ut 
PXciton's Super High Output IR Emitters and Materials, constructed \ \j /,/• 

from Gallium Aluminum Arsenide, emit at 880 nm and provide the following \\ \ 
FEATURES 

\\\\\ III/ IM2x higher signal levels for your customers who need the higher output, or 1/2 
the current drain for battery powered applications BEmits infrared power at 
peak wavelength of 880 nm ZHeterostructure GaAlAs material grown by liquid 
phase epitaxy IIIIDevices available sorted by total power output or by on-axis 
peak radiant intensity ZOff shelf delivery ZCompetitively priced. 

ADVANTAGES 
III1Standard packages--cost effective plastic devices and hermetic TO-46 
IIISignificantly improved coupling efficiency with Si phototransistors aFits right into 
existing designs that use solution-grown 940 nm GaAs MA rugged. reliable product 
with a long, useful operating life span. 

BENEFITS 
32x power output of premium, high output GaAs IR Emitters for applications such 
as — data transmission, smoke detectors, remote controls, photoelectric sensors, 
optical switches, and optical links laldeal for new product and application designs 
that need more signal almproved performance in present products. 

 Xcitonl 
Xciton Corporation 
Shaker Park, 5 Hemlock Street 
Latham, New York 12110 
(518) 783-7726, TWX: 710-444-4962 

IR 
Emitters 

Circle 248 on reader service card 

Upward 
When are you going to get your very 

own, personal subscription to Electronics? 
It could be very important to you. 

And we're not just referring to your status in the 
office hierarchy 

You (and we) are in a quick-moving 
business. News breaks frequently Change is the 
name of the game. Awareness is the way to win. 

You've got to follow whatb going on 
beyond your specialty Your career may have to 
last longer than your specialty 

znobility 
If change is the game, obsolescence is 

the penalty for losing. Obsolescence of products, 
of technology and, unfortunately of people. We 
can't change this fact But we can help you cope 
with it 

Give us one hour of reading time every 
two weeks and we will keep you aware of what's 
going on around you and around the changing 
world of electronics technology. 

Move up. Fill out one of the subscrip-
tion postcards in this issue. 

Electronics Magazine. 
The one worth paying for. 
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New literature 

sized oil-tight push buttons, se-
lectors, keylocks, and illuminated 
controls and pilot lights. Ask for cat-
alog No. IC-380. Alco Electronic 
Products Inc., 1551 Osgood St., 
North Andover, Mass. 01845 [427] 

Microwave devices. Microwave mea-
surement systems, instruments, and 
components are covered in Wiltron's 
1980 catalog. Products described 
are: sweep generators, scalar net-
work analyzers, standing-wave—ratio 
autotesters and bridges, radio-fre-
quency analyzers, precision termina-

tions, adapters, rf detectors, limiters, 
and digital phase meters. The cata-
log also serves as a microwave mea-
surements handbook. The applica-
tion notes cover recommended test 
procedures. Wiltron Co., 825 East 
Middlefield Rd., Mountain View, 
Calif. 94043 [428] 

24 HOUR VOICE LOGGING RECORDER 
AN EXTRAORDINARY DESIGN BY -VRC 

The- (érix,4 .7eiceel -system records six voice channels plus digital 
time indexing on standard quarter inch audio tape It operates on 

all types of AC or DC power, has an impressive array of special 

features, and meets mil-specs for mobile operation Write or call 

for catalogs 

VIDEO RESEARCH CORPORATION 
INTERSTATE INDUSTRIAL PARK — RIVIERA BEACH. FLORIDA 33404 (305) 842-2867 
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AID up to 1MHz 
for PDP-11 Minis 
64 etpamer 

ww" 

FEATURES of our MIP "SMART" AID 

• 4K to 64K dual port buffer 

• 2901A bit sliced micro 
processor controlled 

• 1 Board — plugs directly 
into any PDP-11* 

• Low Cost 

The MIP-3 family offers contin-
uous data acquisition with 
automatic double buffering Our 
unique dual-port memory frees 
up your UNIBUS* isolating A/D 
conversion functions 

•POP and UNIBUS are trademarks of 
D9lat Egurpmen1Corporatron 

FROM THE INDUSTRY LEADER IN HIGH SPEED AIDa, 
ARRAY AND DISPLAY PROCESSORS 

COMPUTER DESIGN Ss APPUCATIONS, INC. 
377 Elliot Street / Newton, MA 02164 (617) 964-4320 

Electronics/June 5, 1980 
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Meet the challenge 
medical electronics presents! 
Let your expertise save lives.. . 

At E for M/Honeywell the creation of new products to meet the ever-evolving needs of the 
medical profession is a challenge we meet everyday. 

For more than 30 years we have lead the way in the health care field, our comprehensive 
product line and commitment to R&D assures our leadership position in the medical 
electronics field. If devoting your technical know-how to helping people appeals to you, 
consider these opportunities that are now available at our facility located in Pleasantville, 
New York. 

SENIOR ANALOG CIRCUIT 
DESIGN ENGINEER 
Design of low level, low frequency analog circuits and signal processing for physiological 
transducer interface. 

HIGH SPEED ANALOG 
CIRCUIT DESIGN ENGINEER 
Design of high speed circuits for CRT displays including deflection and video amplifiers 
and switching power supplies. 

APPLICATION SOFTWARE 
PROGRAMMER 
Realtime data acquisition and digital signal processing to be used with microprocessor 
based systems. 

SYSTEMS SOFTWARE 
ENGINEERS 
To develop software for multi-microcomputer based data acquisition systems. 

While enjoying our pleasant campus-like setting at our headquarters in Westchester 
county, you'll also have available to you a wide range of educational, cultural and recrea-
tional facilities in this suburban community just north of New York City. 

We offer excellent salary and benefits program. For consideration, please send your 
resume with full particulars to Mr. Cary Baskin, ELECTRONICS FOR MEDICINE, 
HONEYWELL, INC., One Campus Drive, Pleasantville, New York 10570. We are an equal 
opportunity employer m/f. 

/Honeywell 

«MC 1111 «K tiMIK MIMIC «IIW 

Classified section FOR ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES 

J. MMM IM. MM1 MM1 MMIM Mffl MIM MM1 lb II»31) 
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MASS STORAGE ENGINEERS 

EVERYTHING IS STATE OF THE ART 
AT DIGITAL/COLORADO SPRINGS. 

THE PRODUCTS. 
We're supporting Digital's world lead-
ership in minicomputers and DDP by 
producing some of the most advanced 
mass storage systems in the computer 
industry. 
Specific products include disk drives, 
media, servo and read/write systems, 
and thin film magnetic recording 
heads. 
Our facility is modern, well equipped, 
and expanding. Our commitment to 
developing state-of-the-art hardware 
and software means you'll always work 
on the leading edge of mass storage 
technology 

THE JOBS. 
Every opening we have available will 
involve developing highly advanced 
new products. And every professional 
who joins us will have the freedom to 
determine his or her own priorities. 
Develop new ideas. And work one to 
une with people who can provide 
invaluable support and guidance. 
You'll also have the opportunity to 
investigate the career paths we offer... 
a.nd then choose from more responsible 
roles in either technical or business 
management. 
How fast and how far you grow with 
Digital/Colorado Springs is all up to you. 

THE LIVING. 
Colorado Springs is a cosmopolitan city 
located at the foot of Pikes Peak. 
And there may not be a better place in 
the U.S. for either single or family 
living. 
Surrounded by the scenic beauty of the 
Rockies, the area offers recreational and 
cultural activities diverse enough to sat-
isfy almost anyone's interests. 
The air is clean and the cost of living is 
reasonable. 
Best of all, our excellent relocation 
package will help make your move here 
easy and affordable. 

MEDIA ENGINEERS 
Will perform advanced development of 
high-performance recording media. 
Must be experienced in magnetic thin 
film techniques. Close interaction with 
all related Engineering & Manufactur-
ing Groups. Requires departmental 
"hands-on" involvement in process and 
the required documentation. 

MECHANICAL ENGINEERS 
Will design computer disk drives for 
high-volume manufacturability. Candi-
dates must be capable of creating, ana-
lyzing, and conducting laboratory 
experiments and finding practical solu-
tions through interpretation of analyti-
cal and experimental results. Requires 
B.S.M.E. or equivalent, along with sev-
eral years of experience in mechanical 
design of commercial products for 
high-volume manufacturing involving 
dynamic precision mechanisms with 
emphasis on low-product cost. 

SR. SOFTWARE ENGINEERS 
(Diagnostic) 

Will develop, maintain, and support 
test and diagnostic software for mass 

storage devices. Will work closely with 
design engineers, production techni-
cians, and Field Service Personnel. 
Requires B.S.E.E. or equivalent. Must 
have diagnostic experience plus hard-
ware knowledge of disks and tapes. 

SR. ENGINEERS 
(Mass Storage Subsystems Manager) 

Will be involved in a multidisciplinary 
computer systems development pro-
gram aimed at creating new mass 
storage subsystems for the commercial 
marketplace. Will implement product 
goals by helping to establish them, vali-
dating plans to meet these goals, and 
providing top-level coordination and 
control for the total development effort 
in a dynamic commercial-oriented 
environment. Requires B.S.E.E. degree, 
M.S. preferred, and at least 5 years' 
hardware/software systems engineer-
ing experience with computer products. 
Must also have experience as a pro-
gram manager on one large, successful, 
multidisciplinary product development 
project. 

IF YOU HAVE A 
BACKGROUND IN ONE 
OF THE AREAS LISTED 
HERE, WRITE TO US. 

— • --
IF YOU DON'T, 

WRITE TO US ANYWAY. 
Because in addition to the openings 
listed here, we have a variety of oppor-
tunities for engineers with a degree in 
E.E., Computer Science, or equivalent, 
and several years of experience design-
ing similar products in closely related 
industries. 
Send your resume and salary history 
to: Judy Fox, Digital Equipment Cor-
poration, 301 Rockrimmon Blvd. South, 
Colorado Springs, Colorado 60919. 
VVe are an equal opportunity employer, 
m/f. 

d 11 °Dail 
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THE INTERNATIONAL CIVIL AVIATION ORGANIZATION an agency of the United Nations, needs 
competent and professional 

ELECTRONICS ENGINEERS/TECHNICIANS 
for short and medium term assignments in Africa, Latin America, Far East/Asia and the Middle East. 

THE ASSIGNMENTS 
involve one or a combination of responsibilities including systems planning, design, installation and 
commissioning, maintenance, formal classroom or on-the-job training duties on any or a combina-
tion of the following: 

—Aeronautical Telecommunications 
—Air Navigational Aids Systems 
—Ground and Air Radars 
—Flight and Air Traffic Control Radar Simulators 
—Computer Technology related to Air Traffic Control and Switching Equipment 
—Flight Calibration of Air Navigational Aids Systems 
—Avionics 

THE TERMS 
Excellent Remunerativn and Compensation package 
(Basic salary ranging from US $29,940 to 40,460) 

—Tax free allocation allowance, cost of living allowance, dependency allowances 
—Education grant for recognized dependents 
—Six weeks annual leave and paid sick leave 

LANGUAGE 
Applicants need to be fluent in English, French or Spanish, depending on countries of assignment 

Written application with detailed resume should be mailed in confidence to 

Project No: TAB -Cl 
Technical Assistance Recruitment 
International Civil Aviation Organization 
P.O. Box 400 
Place de l'Aviation Internationale 
1000 Sherbrooke Street West 
Montreal. Quebec, Canada H3A 2R2 

e 
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If you currently 
earn between 
$22,000 and $48,000 
we've got a better 
job for you...NOW! 
Every day you spend in the wrong job is a waste of time. 
money and talent. ..YOURS! Your talents and experience are 
in great demand and you can choose among many 
rewarding opportunities available in your field. But how? 

Talk to the experts at Wallach. We've been successfully 
recruiting professionals like yourself for over 15 years. 

Nationwide opportunities include technical/management 
consulting, project management, R&D, test and systems 
evaluation in the fields of Communications. Satellites, 
Weapons, Intelligence, Computer. Energy, and Aerospace 
systems. Specific skill areas include: 

• Minicomputers 

• Microprocessors 
• Software development 

• Signal processing 
• Digital systems 
• Command & Control 

Don't waste another day in 
the wrong job! Call Robert 
Beach collect at (301) 
762-1100 or send your 
resume in confidence. We 
can find you a better job. Let 
us prove it to you. NOW' 

WALLACH...Your career 
connection 

Equal OPportunIty Employer Agcy 

• Radar Systems 
• Communication Systems 

• EW/SIGINT/ELINT 
• Microwave Systems 
• Electromagnetics 
• Fire Control Systems 

1010 Rockville Pike 
Box 6016 
Rockville, Maryland 20852 
(301) 762-1100 

Engineering 

electronic design 
engineer 

Mini/Microcompu ter Systems 

At Measurex, the leading supplier of minicomputer 
based control systems for large scale industrial pro-
cesses, we have a key opportunity for a SENIOR/ 
STAFF ENGINEER who possess a solid background 
in the design of microprocessor and minicomputer 
based systems. 

This position offers broad exposure to a variety of 
technological and applications areas and provides full 
project responsibility. A BS degree or equivalent is 
required. MS degree is preferred with a minimum of 5 
years of experience in one or more of the following 
areas: process instrumentation and control, local 
communication network, microprocessor applications, 
minicomputer interfacing, logic design, or analog 
circuits. Familiarity with assembly language software 
highly desirable. 

Measurex offers excellent compensation and a compre-
hensive fringe benefits package. Advancement oppor-
tunities are available in both technical and managerial 
areas. 

If you have the above qualifications and an interest in 
your future career, please send your resume to Barbara 
Cofer, Measures Corporation, One Results Way, 
Cupertino, CA 95014; or call, (408) 255-1500, ext. 
3354 for further information. We are an equal op-
portunity employer m/f/h. 

JnigeAet. 
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COMMUNICATIONS TECHNICIANS 

Aramco seeks seasoned communications 
specialists who have the kind of 
experience that comes with hard work, 
not titles or degrees. 
We are the largest oil-producing company in the 
world, and the firm most responsible for develop-
ing Saudi Arabia's energy resources. Aramco's 
projects are among the largest and most complex 
anywhere. 
An enormous communications system interlinks 

our vast network of operations. You are needed 
now to support this growing activity. So think 
about expanding your communications career 
with Aramco in Saudi Arabia. And also think 
about the security of a job in the energy industry. 
We have immediate openings in the following 

areas: 

Specialist Telephone Equipment 
Technicians 

We seek experienced people with versatile skills. 
We'll expect you to perform in these areas: instal-
lation, modification, testing, maintenance and 
repair; and you must be skilled on all types of 
electronic and electromechanical automatic tele-
phone exchanges, plus all related equipment and 
circuitry. 
You should be a good record keeper, and you 

should have a high school diploma, or equivalent 
training that includes electronic and electrical the-
ory. We also seek 8 years' or more experience in 
maintenance and repair of all types of telephone 
and teletype exchanges. Valid driver's license is 
required. 

Electronics Technicians MW/MUX, 
VHF/UHF, HF-SSB 

There are immediate openings in several major 
areas of Aramco's communications operations. 
We expect you to have at least 2 years' formal 
electronics training, plus 5 years' related work 
experience. Valid driver's license needed. 

Senior Specialist Electronic 
Technicians 

You should have a solid background in data cir-
cuitry and transmission via telecommunications 

facilities. You'll be involved in installation, main-
tenance, testing and repair of data services carried 
on microwave, multiplex and common switched 
facilities. 
The vast Aramco communications network 

includes VHF/UHF, radio telephone and radio 
alarm/control links, music/TV broadcasting, and 
electronic maintenance shops. 

We'll expect you to make recommendations on 
operations improvetnents, testing techniques, test 
equipment, administrative control and training. 
Providing work direction will also be an impor-
tant part of your job. 
You should have a high school diploma—plus 3 

years' electronics tech school training and at least 
10 years' related experience. 

Senior Trouble Dispatchers 
You'll be a troubleshooter, yourself. You'll be 
providing work direction to technicians in the 
areas of telephone trouble reporting, dispatching, 
test desk and frame operations. 
You should have a high school diploma or equiva-

lent—plus 2 years' tech training in testboard opera-
tions, including electrical and electronic theory 
courses. We also seek 8 or more years' experience in 
a commercial telephone system. 

Unsurpassed compensation 
and benefits 

The Aramco salary is competitive and a cost-of-
living differential increases it even further. In addi-
tion, Aramco people in Saudi Arabia receive a 
tax-protected premium for overseas employment 
which can amount to as much as 40 percent of 
the base salary. 
Money aside, Aramco offers an outstanding 

combination of benefits including comfortable 
housing, abundant recreation, an excellent Ameri-
can school system for the children, and 40 days' 
paid vacation every 121/2 months, time enough to 
travel in Europe, Africa and Asia. 
Interested? Send your résume in confidence to: 
Aramco Services Company, Department ELT-
041080N N BA, 1100 Milam Building, Houston, 
Texas 77002. 

CHALLENGE BY CHOICE 

ARAMCO 
SERVICES COMPANY 
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UNITED NATIONS 
DESIGN ENGINEERS 

Invites Applications for the 
Following Positions at 
New York Headquarters 

1. CHIEF. TECHNICAL SERVICES SECTION (P-5) 
Supervises and specifies arrangements for the installation 
operation and maintenance of equipment associated with the 
United Nations conference servicing and radio and television 
programming operations. This includes a wide range of 
broadcast standard audio and vidéo equipment. simultaneous 
interpretation installations and electronic voting equipment. 

Responsibilities include directing the work of some 100 
personnel. design of and supervision of construction of equip-
ment, advising other divisions on technical matters and 
preparation of budgets. 
Should have advanced university degree in relevant 

engineering discipline, good electronic knowledge. computer 
experience and management skills particularly in the fields of 
budgeting projection and cost control. with 13 years 
professional experience. 

Level P-5 carries net base salary per annum from US$24.298 
(single) and US$26.298 (with dependents) plus post adjust-
ment from US$11.627 (single) and US$12.584 (with de-
pendents) per annum. 

VA. 80-D-DAM-109-NY 

2. CHIEF, TELEVISION AND FILM UNIT (P-4) 
Controls the technical aspects of the United Nations television 
and film unit which works to full professional broadcast stan-
dards. 

Is responsible for systems development and specifying 
operational and maintenance techniques and for assessing 
needs and making recommendations for purchase of equip-
ment. 
Supervises the operations in the technical areas and main-

tains contact with outside TV networks and operators. 
Should have advanced university degree in electrical 

engineering with eight years professional experience in the 
operation and maintenance of television and film equipment. 

Level P-4 carries net base salary per annum from US$20.209 
(single) and US$21.755 (with dependents) plus post adjust-
ment from US$9,779 (single) and USS10.527 (with dependents) 
per annum. 

VA. 80-D-DAM-108-NY 

3. ENGINEER (TELECOMMUNICATIONS) (P-4) 
Supervises the technical aspects of conference servicing 

operations with particular regard to simultaneous interpreta-
ion, audio distribution systems and electronic voting equip-
ment. 
Responsible for systems development and design and for 

the installation of these facilities both at Headquarters and for 
conferences away from headquarters. 
Should have advanced university degree in an engineering 

discipline, with eight years' professional experience. 

VA 79-D-DAM-357-NY 

APPLICATIONS: Please complete two copies of United Na-
tions Personal History Form (P.11) or send detailed cur-
riculum vitae to: Professional Recruitment Service, United 
Nations, New York, N.Y. 10017, USA. Mention the date of birth 
and nationality, and quote the Vacancy Announcement 
number. 

ANALYTICAL INSTRUMENT 
SPECIALIST, CHEMISTRY-

Professional position for a well 
trained and experienced technician-
specialist who can maintain, repair. 
and operate NMR and MASS SPEC-
TROMETERS, and who is capable in 
low level digital electronics. A career 
opportunity with a first-rate private 
university located in upstate New 
York. Send resume in confidence to 
Virginia E. Leport. Personnel Dept.. 
University of Rochester, 260 Crit-
tenden Blvd., Rochester, N.Y. 14624. 
An equal opportunity employer (M/F ) 

ENGINEERS 
• Design • Communication 
• Avionics • Digital 
• Systems • Analog_ 
• Test • Micro Processing 

Our specialty is placing engineers with 
electronic and agricultural machinery com-
panies. Engineering positions available 
anywhere in the United States. Companies 
pay for interview, relocation and fees. 

Send resume to either 

ALPS PERSONNEL INC. 
505 1st Natl Bank Bldg 

Peoria. III 61602 Ph. 3091676-4042 
or 

ALPS PERSONNEL INC. 
235 S Maitland Ave.. Suite 113 

Maitland, Fla. 32751 Ph (3051628-2577 

YOU'VE EARNED THE RIGHT 
TO HAVE A CHOICE! 

AND THE RIGHT CHOICE IS 
FLORIDA! 

Our prestigious client companies have several outstanding 
positions immediately available. These are career positions 
within professional working environment and offer dynamic 
personal and professional growth. Your experience should be 
in the following: 

• BS/MSEE with 2+ years experience in logic (TTL. MOS) 
design using microprocessors for Data Communications/ 
Telecommunications. $25K 

• BS/MSEE. with successful experience in hardware/ 
software design and test for m;crowave/radar systems, 
signal processing avionics or related. $28K 

• BSCS/BSEE, with 3+ years realtime, software develop-
ment, on various minis & micros. PDP-11, VAX, DG-
NOVA, UNIVAC, 8080, 6800. Assembliers and 
FORTRAN! $30K 

e BS/MSEE, 2+ years experience required in ATE design. 
Digital/Analog and software programming for sophisti-
cated test equipment. $24K 

Additional opportunities involving a broad scope of Engineer-
ing disciplines are also available. Compensation is excellent 
with relocation assistance included. 

For immediate and confidential consideration, please forward 
your resume, or call: 

18131872-1853 

eà frank leonard I 
INg.bYll personnel 

1211 N. Westshore Blvd. Suite 100-E, Tampa, Florida 33607 
Our Client is an A ffirmative A awn 1 Equal Opportunity Emplikier IF. 

Client Confining Pars .411 Fees. 

ATTENTION 
ELECTRONIC ENGINEERS!!! 

Electronic Design Engineers 
Design Engineers (Digital) 
Analog Design Engineers 
Systems Design Engineers 
Electrical Design Engineers 
Instrumentation Design Engineers 
Test/Design Engineers 

24-36K 
25-35K 
-25-35K 
-28-35K 
-24-40K 
-25-40K 
-24-35K 

Our clients are aerospace and electronic firms who pgy, 
our fees for locating engineers. For more information, 
send note or resume to Al Madsen, C.E.C. 

CORPORATE PERSONNEL CONSULTANTS, INC. 
5950 Fairview Road 

Two Fairview Plaza, Suite 608 
Charlotte, North Carolina 28210 

(704)554-1800 
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Electronics Engineers 
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Engineering Development 
And Applied 

Energy Research 

Technically Challenging Work 
in Multi-Disciplinary Teams 

JOIN CIS AT 
LAWRENCE LIVERMORE LABORATORY 

Operated by the University of California 
For the U.S. Department of Energy 

• Engineering Development in Fusion Energy 
• Power Conditioning and Pulse Power Systems Development 

•Computer Control and Data Acquisition Development 
•Instrumentation for Energy R&D 

•Quality Assurance and Components Engineering 

WITH 

... Extensive equipment, technical personnel and facilities support 
... On-site advanced degree and non-degree programs 

... Three weeks' vacation 
... Quick access to San Francisco Bay Area, ocean, mountains 

DISCUSS YOUR INTERESTS WITH AN ENGINEERING MANAGER 

Resumes may be sent in strict confidence to George Kumparak, Professional Employment Division, 
LAWRENCE LIVERMORE LABORATORY, P.O. Box 808, Dept. KET-050, Livermore, CA 94550. Or 
call Ed Lafranchi, Department Head, collect at (415) 422-8373, for more information. U.S. 
Citizenship is required. We are an equal opportunity employer M/F. 

LAWRENCE 
LIVERMORE 
LABORATORY 

An 

Equal 

Opportunity 
Employer M F 

Circle Eon the Resume Forwarding Page 

Electronics/June 5, 1980 255 



POSITIONS VACANT 

Manager, Hardware Enlineerini 
Some of the most exciting work 
going on at NCR, is being done 

in NCR/WICHITA... 
including VLSI circuit design 

There are excellent reasons for this. Wichita is a major NCR Engineering and 
Manufacturing Center for interactive mini and micro computers and peripherals, 
all of which have contributed greatly to the advanced technologies and products 
that have made NCR one of the largest and most respected computer companies 
in the world. 

As Manager of Hardware Engineering Services, you will direct a highly skilled 
staff in VLSI circuit design, mask design/layout, and printed wire board design/ 
layout services. You will also manage the use of interactive graphics systems in 
support of these functions. Your background should include a BSEE or related 
degree, and several years of relevant technical and managerial experience. 

Equal to the advantages of joining NCR, are the advantages of living in Wichita: a 
clean, low-key, moderate-sized city where good neighborliness is a way of life. 

For prompt consideration, send your resume and salary history to: Don 
Quakenbush, Professional Placement, Personnel Resources, Dept. F 78, NCR 
Corporation, 3718 N. Rock Road, Wichita, Kansas 67226. 

N 
Complete Computer Systems 
An equal opportunity employer 

TELECOMMUNICATION 
SYSTEM ENGINEERS 

Tri-State. a rapidly expanding supplier of power for 25 
rural electric systems, is seeking qualified individuals 
as Telecommunication System Engineers. Will be 
responsible for performing detailed engineering of 
complex telecommunications facilities to ensure total 
integration for our Energy Management System. Re-
quires BSEE or Electronics Engineering Technology 
Degree and 5 years experience in design of microwave 
radio and 2-way radio systems. 

Tri-State offers a competitive salary and an outstand-
ing combination of benefits including fully paid 
medical. dental, and life insurance. Please submit 
resume and salary history as soon as possible to: 
PERSONNEL DEPT. BB. TRI-STATE GENERATION & 
TRANSMISSION ASSN., INC., P.O. BOX 33695. 
DENVER, CO 80233. 

An Equal OpportunIty/AffIrmallve Action Employer 

TRI-STATE 
GANI.J.L4IIi1A. 4. I H.-1.4.+47/..s.,./r 
AS..i0C I A FION IY,H.4 TAP 

ON ICS 
$60,000. Choice entry level to 
management positions imme-
diately available in Pennsyl-
vania & national locations. 
Reply in strict confidence to 
J. G. Weir, President, WEIR 
PERSONNEL SERVICES, 535 
Court St., Reading, PA 19603 
(215/376-8486). 
ELECTRONICS ENGINEERS, 
$18,000440,000. Nationwide 
positions in digital, analog, 
microprocessor, microwave & 
instrumentation technology. 
For immediate confidential 
response, send resume w/ 
salary history to Glenn Eng-
lish, President, GLENN ENG-
LISH AGENCY, 7840 Mission 
Center Ct., San Diego, CA 
92108 (714/291-9220). 
ELECTRONICS ENGINEERS, 
$18,000440,000. Suburban 
New Jersey & nationwide. 
Numerous choice positions in 
co's utilizing the latest State-
of-Art methods & equipment. 
Reply in confidence to James 
E. Mann, VP/Eng., ARTHUR 
PERSONNEL, Suite J6, 8 
Forest Avenue, Caldwell, NJ 
07006 (201/226-4555). 
DESIGN ENGINEERS to $38K. 
Central Penna. & nationwide. 
Design connectors/terminals, 
microprocessors & controls. 
Reply in confidence to Z. A. 
Gonglewski, MECK ASSOC. 
PERSONNEL, 1517 Cedar Cliff, 
Camp Hill, PA 17011 (717/ 
761-4777). 

all positions tee-Paid 

npo NATIONAL PERSONNEL II 
owsuiriiNis 

Electronics Engineer—with ruidly 
growing R&D firm. $29K.$45 S. 
plus several years experience and a 
background preferably in digital 
signal processing and/or micro-
processor electronics. Will be 
responsible for the development of 
new digital signal processing to use 
with electro-optical sensors. Will in-
volve the development of signal 
processing electronics for use with 
IR focal plane arrays to provide both 
readout and responsivity nonuni-
formity correction. Also will be in-
volved in the development of signal 
processing for clutter rejection and 
automatic target identification for 
both IR search and track sensors and 
electro-optic missile seekers. Some 
microprocessor software experience 
is desired. This person will interface 
with exploratory development 
hardware efforts in his/her area of 
expertise. Contact: Dr. Mahaffey or 
Mr. Biosca at 301-927-4980 or send 
resume to: Sachs/Freeman Associ-
ates, 5809 Annapolis Rd., Suite 512, 
Bladenburg, MD 20710. 

Electrical Engineer/Instructor. Quali-
fications: Electrical Engineer, 
Bachelor's Degree, Master's Degree. 
preferred. Three years of applied 
experience in the design or applica-
tion of engineering principles on 
electronic equipment or equal. Solid 
state and computer background as 
they relate to the communications 
field is desirable. Salary Range: de-
pending opon training and 
experience. To apply send resume, 
transcripts and salary requirerqpnts 
in confidence to: Edware‘ R. 
Maclosky. Director of Personnel, 
Springfield Technical Community 
College, One Armory Square. Spring-
field, MA 01105. An Equal Op-
portunity Employer. 

Computer Software Designers 
needed immediately. Salaries to 
$40,000. Computers and micro-
processors. Fee paid. CAPA, 808 
Downtowner Blvd., Suite G. Mobile. 
AL 33609. 

EMPLOYMENT SERVICES 
Electronic engineering growth posi-
tions with clients located nationally. 
Our service is enhanced by the fact 
that I am an E with 20 years in in-
dustry and over 10 years in placing 
professionals on an employer fee 
paid basis. Send your resume to Joe 
Torcassi, Director, J. Anthony & 
Associates. PO Drawer AD, 
Lynchburg, OH 45142. 513/364-
2305. 
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Engineers... 
Grow With Us in Phoenix 
Sperry Flight Systems is a recognized industry leader in the design 
and development of advanced flight control systems and high tech-
nology electronic systems for aircraft and space flight applications. 
Sperry has always been a pioneer — we're constantly advancing the 
state-of-the-art in aviation. As a result, we have experienced 
substantial growth in our share of the general aviation market. There 
are more jet airliners flying with Sperry automatic flight controls 
than with those developed by any other manufacturer. We're the 
largest supplier in the world of digital air data computers for fighter/ 
attack aircraft. We developed the flight management computer 
system for Boeing's 757/767 Series. And that's only the beginning! 

We're expanding ... this consistent and substantial growth means 
opportunity for you! Here in Phoenix, you'll work in one of the 
nation's fastest growing high-technology centers. You'll live in a 
climate which allows year-round outdoor recreation. You'll enjoy 
all that Phoenix has to offer — the benefits of living near a cosmo-
politan city plus a relaxed Southwestern lifestyle. 

Control Systems Engineers 
Help us design and develop advanced digital and analog flight 
control systems for aircraft or space vehicles. Responsibilities 
commence with the systems design, system definition, control 
systems analysis and simulation phases, progress through testing, 
and move into the system integration phase. 

Software Development Engineers 
You'll be heavily involved with system design, development and 
testing. You'll develop real-time flight software for aircraft or space 
vehicles, using a higher order language. 

Electronic Design Engineers 
Become part of our professional team involved with digital and/or 
analog circuit design, microprocessor applications and interface, 
state-of-the-art power supply design, and advanced electronic 
technologies. 

For all of the above assignments, a BS or MS degree in Engineering 
is required, with several years of experience in related areas. 

Sperry offers excellent salary and a complete benefits program. 
Talk to us about our high-technology projects and professional 
atmosphere. Send your resume and salary history, in confidence, to 
Charles Melker. 

-4 E 
"Is FLIGHT SYSTEMS 

P. O. Box 21111 
Phoenix, Arizona 85036 

We're an Equal Opportunity Employer. 
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urr JOIN THE SUPERGROUP 
The microwaveteam with 400 million miles of experience. 
Imagine the growth potential when you join the world's #1 provider of GaAs FET power 
devices and the highly reliable silicon bipolar devices that gave man his first close-uplook 
at Jupiter via Voyager 1. Especially when we're DOUBLING our microwave development 
facilities. Get the full story of our advancements in 

TELECOMMUNICATIONS, RADAR, AVIONICS and ECM 

PRODUCTION 
SUPERVISORS 

Dynamic and self-motivated Production 
Supervisors who can "lead:' Responsibili-
ties include: developing and implementing 
production schedules; directing daily pro-
duction operations; generating monthly 
production reports and supervising group 
leaders. College degree and at least five 
years experience preferred. 

MECHANICAL ENGINEER 
OR METALLURGIST 

Provide engineering support for micro-
wave device assembly activities. Specific 
areas of involvement are packaging, die 
mounting, wire bonding and sealing as 
they relate to device performance and 
yield as well as manufacturing efficiency. 
B.S.M.E. or B.S. in Met. Eng. 

PRODUCTION ENGINEER 
GaAs FET ASSEMBLY 

Requires thorough knowledge of semi-
conductor manufacturing techniques, par-
ticularly in Gallium Arsenide Field Effect 
Transistor assembly. Specific emphasis 
will be on improving yields and assembly 
line trouble-shooting. College degree 
preferred. 

QUALITY ASSURANCE/ 
CONTROL ENGINEERS 

QA ENGINEER 
Capability of reviewing customer docu-
mentation (including MIL SPECS) and pre-
paring QA documentation from same. Will 
be involved in Qualification Test Report 
preparation, as well as heavy customer 
and internal disciplinary interfacing. 

QC ENGINEER 
Requires a minimum of two yearsof QA/QC 
experience or in the manufacture and test-
ing of semiconductors. Working directly 
with manufacturing and engineering per-
sonnel, will assist in determining problem 
areas and instituting and verifying correc-
tive action. Will prepare internal specs for 
QC Inspector use and training of same. 

B.S. degree in E.E., M.E. or a Science. 

Write to our Personnel Manager, W. Boyle 
detailing your background and salary 
history, or mail your resume to him at: 

MICROWAVE SEMICONDUCTOR CORP. 
An Affiliate of Siemens 

Dept. 2, 100 School House Road, Somerset, NJ 08873 
An Equal Opportunity Employer M/FIH 

dieitedesion 
wbngineers 

Frank Leonard Personnel, a highly respected force in the 
Professional recruiting industry, has been retained by 
members of its exclusive client/family to seek out the best 
Engineering talent available to fill several key positions. 

Applicants will possess Bachelors and/or Masters Degrees 
in Electrical Engineering with 2-10 years experience in TTL. 
MOS, Logic Design. A working knowledge of Micro-
processors including software required. Specific areas of 
concentration include the Data Communications, Medical 
Electronics and Digital Signal Processing fields. 

These are career positions with major companies enjoying 
dynamic growth patterns. The environments are 
professional with advancement opportunity, competitive 
salaries and comprehensive benefits. Please submit your 
resume, including salary, in confidence or call: 

(813) 872-1853 

1211 N. Westshore Blvd. Suite 100-E 
Tampa, Florida 33607 
Our Cheat is an Affirmattyr Acoonl Equal Opine:unity Employer M/F 
Client Company Pays All Fees. 

frank leonani 
personnel 

riP iz/in Opportunity 
(e:D‘ to Be the 
efr /Key Manager 

eeSseelbee 

in Starting a 
Custom LSI Design Capability at 
HAZELTINE CORPORATION 

Candidate Should Have at Least 10 Years Experience 
Emphasizing: 

•PMOS, NMOS, and CMOS Circuit Design 
SIC Design in Above Technologies 
•Related Managerial Experience 

Custom LSI Engineering, CAD, and Test will report to 
this manager. Please send resume indicating 
background, experience and salary requirements to: 

Employment Manager 
HAZELTINE CORPORATION 
Greenlawn, (Huntington) NY 11740 

An Equal Opportunity Employer Committed to Affirmative Action. 
A Hazeltine Corporate Policy! 
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Software Engineering 
Professionals 
A New Erma. 
...has begun at Advanced Micro Computers. Our engineers and programmers 
are involved in projects that will make an impact on the future 
of the entire industry. 

Our atmosphere, our energy, Ipur outlook reflect our youth. Our stability, our 
maturity, and our resourcefulness reflect the support of Advanced Micro Devices. 

Join us at the onset of a new age in microcomputer design and development. 
We have the following opportunities for software engineers: 

Operating Systems 
Sr. Software Engineer 
Software Engineer 
These positions include responsibility for the design and implementation of 
operating systems components. Both require a BSCS or BSEE along with 
appropriate program design and development experience in operating 
systems. Your background must include multi-user/multi-tasking systems, related 
peripheral equipment handling, file management and task scheduling, 
preferably in a mini computer environment. Exposure to systems implementation 
language would be beneficial. 

Language Development 
Sr. Software Engineer 
Software Engineer 
As members of the implementation team, your responsibilities will entail 
implementation of systems program languages. A BSCS or BSEE is required 
(MS preferred), along with at least 3 years' experience in compiler design 
(particularly code generation) for block structured languages 
such as Pascal or C 

Quality Assurance/Reliability 
Software CIA Engineers 
All Levels 
Positions exist at various levels for individuals to assist in developing QA methods 
and test procedures for our existing software projects. In addition, you will be 
involved with the development team for future software products. Requires a 
BSCS, BSEE or equivalent. Programming experience with mini or micro 
computers, 8080, Z8000, CP/M, Pascal or C is desired. 

To learn more about how you can become a part of the new stage of 
development at Advanced Micro Computers, call Shirley Boyer COLLECT at 
(408) 988-7777, or send your resume to her at 3340 Scott Blvd., Santa Clara, 
California 95051. An equal opportunity employer m f h 

¡re!! ADVANCED MICRO 
COMPUTERS 
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MOSTEK 
IS PUTTING VLSI 

INTO AWE. 
It's not as confusing as it reads. We just want to tell you that Mostek Corporation, 

the acknowledged industry leader in MOS technology, is opening a new VLSI opera-
tion. And we've put it into a VBE — a Very Beautiful Environment. Colorado Springs, 
Colorado, in the shadow of Pike's Peak. 

Mostek offers a challenging environment to work in, and Colorado Springs offers 
a great environment to play in. With Mostek, you can have the job you've always 
wanted in the perfect location. 

We're proud of our new operation. We've invested over $25 million in our tab 
lines, all our equipment is state-of-the-art, and our design and support environment is 
one of the best in the industry. 

And our benefit package is impressive, too. We offer competitive salaries, full 
insurance (including dental), and a profit sharing/retirement program. 

We have positions open in all fields, including design, product, and process 
engineering. Right now, we're hiring from our Carrollton offices, but our Mostek peo-
ple will be working in Colorado Springs by the latter part of 1980, hiring the people 
we need to allow us to go into full production by the first part of 1981. 

If you'd like the challenges and advancement opportunities of a ground-floor 
operation, send your resume and salary history to: 

Bob Massie 
Personnel Director Colorado Springs 

1215 West Crosby Road, Carrollton, Texas 75006 
Or call collect: 1/214/323-6516 

MOSTEK. 
We are an equal opportunity employer rnifrhry 

1980 Mostek Corporation 

STILL 
FOR YOUR 

LOOKING 
DREAM JOB? kn. 

Then be sure to check out the employment opportunities contained in 

ELECTRONICS' Classified Section. 

Or, why not consider placing a Position Wanted ad? The cost is low 

(only $1.80 per line) and the results are often rewarding. For more in-

formation call or write: 

ELECTRONICS Post Office Box 900 
New York, N.Y. 10020 • Phone: 212/997-2556 

• Design 
• Development 
• Project 
• Software 

S20,000-S50,000 
Riddick Associates Engineering 

Division specializes in placement of 
electrical and electronics engineers 
with top companies in the Southeast 
and throughout the U S We provide 
advice on careers resumes and inter-
views for a position tailored to you 
skills client companies pay all fees 
For details call or send resume in 
strict confidence to Phil Riddick 
President 

Riddick 
Associates, Ltd. 
9 Koger Executive Center 

Norfolk VA 23502 
Area 804-461-3994 

TECHNICALLY 
ORIENTED... 
Sales/Marketing 
Professionals... 
$20,000-$60,000 

If you have a science or 
engineering degree... we imite 
ru to discuss your career.s... 

uith placement consultants 
:elm understand tour particular 

qualifications & goals. 
R S. II' hi calling or by 
sending .four resume. in 

confidence, to: 

r. m. ferren 
associates, inc. 
(212) 986-5510 

505 Fifth %se., NYC 10017 
(men:milt I WI IRILS IELCOMED 

Fit P411) igewey 

SOUTH di SOUTHWEST POSITIONS 
Engineering and Management posi 
tions throughout the South. 
Southwest and U.S. Employers pay 
all fees. Send resume in confidence 
to' Bob Hogue. person...1 ro.sulfor 7. 

SouteteUl 7Educical 
P.O. Box 33070, 

San Antonio, Texas 78233  

ENGINEERS 
SEND YOUR CREDENTIALS TODAY! 

TRANSITION to your new CAREER OBJEC 
TIVES using TSC's nationwide employment 
search resources. 

TRANSITION SEARCH CONSULTANTS 
2697 International Parkway, Suite 203, 

Virginia Beach, Virginia 23452 
804-427-3700 

SOUTHWEST & SUNBELT — 
• Digital • Hardware • R&D 
• Analog • Software • Design 

$20,000 to $50.000 
J. Robert Thompson Co., Inc. 

2200 W. Loop South, S800, Houston, 
TX 77027 17131627-1940 

Specialist tor EE's - Co. Pays Fee 
Since 1967 will provide resume 
service - or send resume, salary 
h,story, geographic preference. 
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VLSI Research 
At General Electric 

Research and Development 
Center 

As part of a major Company thrust in electronics, General Electric's Research 
and Development Center is mounting a new program in advanced VLSI R&D. 
This program will establish a leadership position in VLSI device research 
and support the explosive growth of IC applications in the General Electric 
Company. 

We are looking for both junior and senior level scientists and engineers to 
perform research in the following areas: 

• Device Physics 

• Silicon Process Development 

• n Channel 

• Bulk CMOS 

• CMOS/SOS 

• VLSI Design 

• VLSI Architecture 

• Analog Design 

• CCD Design 

The R&D Center is one of the largest and most diversified industrial labora-
tories in the world. It is located in scenic upstate New York, approximately 
150 miles from both New York City and Boston. 

Investigate excellent salaries, benefits, and growth prospects by sending 
your confidential resume to: Mr. Neff T. Dietrich, University Relations and Re-
cruiting, General Electric Research and Development Center, Ref. 78D, P.O. 
Box 8, Schenectady, NY 12301. Or call COLLECT (518) 385-8322. 

GENERAL ELECTRIC 
An equal opportunity employer, m/f/h 
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ENGINEERING SERVICES DIVISION 

ELECTRONICS & MECHANICAL ENGINEERS 
GS-7 $18,101 per annum 
GS-9 $21,001 per annum 

ELECTRONICS ENGINEER (2 vacancies): 
Provides design, testing, evaluation, and documentation of electronic circuits, 

microcomputer systems, and electronic instrumentation used in the conduct of scientific 
investigations. Participates in planning experimental phases of research projects and in 
preparing project plans, proposals, specifications, cost estimates, and schedules for 
design manufacture, and qualification and test procedures. Provides basic development 
of instrumentation circuitry to further the state-of-the art, electronic engineering con-
sultative services, and technical direction of, and participation in electronic prototype 
model development. Knowledge of digital electronic theory, physics, and mathematics 
and experience with software and hardware performance of microcomputers is desirable. 

Announcement #23-045 

GS-11 $22,672 to $28,855 per annum 
GS-12 $24,703 to $32,110 per annum 

MECHANICAL ENGINEER 
Provides mechanical engineering and engineering design for the development of 

mechanical devices and systems required in the conduct of research by NRL scientists 
and engineers. Participates in planning the experimental phases of research projects and 
in preparing project plans, proposals, specifications, cost estimates and schedules or 
engineering design, qualification, and test procedures. Performs feasibility analysis and 
design analysis of structural and thermal systems utilizing specialized computer pro-
grams by providing performance predictions under static, dynamic and transient condi-
tions. Experience with NASTRAN and/or CINDA is desirable. Announcement #23-032 

Grade and salary to be offered dependent on qualifications. All positions are in the Federal 
career service. Send a detailed resume and salary requirements or a Personal Qualifica-
tions Statement, SF-171, by June 18, 1980 to: 

Naval Research Laboratory 
Civilian Personnel Office 
4555 Overlook Avenue, S.W. 
Attn: Code 1815 E (appropriate # from above) 
Washington, D.C. 20375 

An Equal Opportunity Employer 

VLSI DESIGN 
SPECIALIST 

Researchers recognize Sperry Univac, a division of 
Sperry Corporation as a pioneer and leader in the 
computer field, whose innovative approaches have 
kept it on the forefront of computer development. 
Currently, exciting new developments are taking 
shape in our laboratories using state-of-the-art 
techniques. Join an experienced team developing 
VLSI digital integrated circuits using sub-
nanosecond technology of GaAs FET's. 

You should possess an advanced degree, MS or PhD 
in a related field with a minimum of 2 years MOS cir-
cuit design experience. Experience with device 
physics, device modeling and computer aided 
laboratory measurements is a plus. 

If you feel you would like to work in an inter-
disciplinary environment that gives you exposure to 
advance technologies, send a detailed resume to: 

Mr. R.A. Pagano 
Research Staffing-Dept. 0522 

SP E U N I VAC 
P.O. Box 500 

Blue Bell, PA 19424 

Equal Opportunity Employer, M/F/HIV 

4Imitummotmommitmimitumis/ 

SIGNALS 
AND 

COMMUNICATIONS 
ELECTRONIC 
ENGINEER 

Engineering Department of major rail trans-
portation firm has an opening for an 
Engineer with BSEE degree and at least 2 
years experience in computer program-
ming. Applicant shall be familiar with both 
hardware and software, with particular em-
phasis on computer graphics system, utiliz-
ng Fortran language. 
Responsibilities will include supervising. 

technical assistance and preparation of all 
engineering documents utilizing a com-
puter graphics system in connection with 
the development, construction, installation 
and modifications of railway signals and 
communications systems. 
We offer salary commensurate with 

experience plus many liberal company 
benefits. Position located in Huntington, 
West Virginia. Please send resume to: 

Mr. G.W. Kearney 
Director 

Signal and Communication 

Chessie System 
Railroads 

801 Madison Avenue 
Huntington, West Virginia 25718 

E.»..Jci 

FEDERAL COMMUNICATIONS COMMISSION 
($47,889—$50,112) 

The FCC is seeking an experienced executive to serve as 
Deputy Chief Scientist (technology), one of two principal 
assistants to the chief scientist responsible for directing 
the full range of programs, activities, and policies of the 
office. The accepted applicant will manage the develop-
ment and completion of projects and programs involving 
research and analysis activities of a scientific, technical 
and related nature in the fields of engineering, 
mathematics and physical science covering the broad area 
of telecommunications. 

Candidates must demonstrate managerial ability or 
potential to perform at a major management level, and 
have experience in telecommunications in broad areas of 
frequency spectrum usage, radio propagation, radio 
electronic equipment techniques and systems engineer-
ing. 

This is a career position in the Federal Senior Executive 
Service with incentive and bonus opportunities and is 
located in Washington, D.C. If you meet the requirements, 
submit your resume or an SF-171 (Personal Qualifica-
tion Statement) by June 11, 1980 to: 

Chief, Executive Personnel and Development Staff 

FEDERAL COMMUNICATIONS COMMISSION 
1919 M Street, NW, Room i08 

Washington, D.C. 20554 (202) 632-7120 
Kenneth A. Gordon 
Contracting Officer 
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ENGINEERS 

• Analog Engineers 
• LSI Engineers 
• Power Supply Engineers 
• Systems Mechanical Engineers 
• Components Engineers 
• Digital Design Engineers 
• Systems Test Engineers 
• Hybrid Engineers 
• RF Design Engineers 
• Sr. Communication System Analysts 

ENGINEERS AND 
ELECTRONIC 
TECHNICIANS 
Today Magnavox Advanced Products and Systems 
Company is playing a key role in the most 
revolutionary advance in the history of navigation 
and position determination — the Naystar Global 
Positioning System. Naystar is an anti-jam, 
real-time determination of position, time and 
velocity, even under severe dynamic conditions. 

Meeting the great challenges of the future depends 
entirely on the people employed at Magnavox .. 
people like you — who are provided the 
opportunity to grow with Magnavox and pursue 
areas of technology among the most advanced in 
the electronics field. 

"NO OTHER COMPANY IN THE 
Magnavox has outstanding 
resources for engineering, research, 
design, and manufacturing and we WORLD COMES CLOSE TO pride ourselves on having the people who can 

create and develop these 
MAGNAVOX EXPERIENCE IN THE resources into superior 
TECHNOLOGIES THAT ARE 
MERGED IN NAVSTAR." 
This represents an enormous advance for both 
military and commercial positioning. It is made 
possible by Naystar's successful marriage of 
satellite navigation and spread-spectrum 
technologies: fields in which Magnavox exercises 
undisputed leadership. 

products. 

If you are seeking a future where there is a 
diversity of technological challenges, complete 
involvement with projects, a strong management 
team and a stimulating work environment 
conducive to your professional growth, this is your 
opportunity to join a very successful electronics 
team . . . MAGNAVOX! 

Current Career Opportunities: 
ELECTRONIC TECHNICIANS 

• System Test Technicians 
• Power Supply Technicians 
• RF/IF/L Band Technicians 
• Components Technicians 
• Calibration Technicians 
• Analog Technicians 
• Digital Technicians 
• Electronics - Failure Analysis 

Join the Leader . . . 
Challenging Careers Now and for the Future! 

We are an equal opportunity employer. Women, minorities 
and handicapped individuals are encouraged to apply. 

Professional Placement, Dept. ELEC-522 
2829 Maricopa Street 
Torrance, CA 90503 

Ma gnavox 
Advanced Products and Systems Company 
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Manufacturing 
Test Development 
Manager 
Take the lead in a key function in 
telecommunications technology 

With an international reputation in telecommunications, this well 
established research center in Shelton, Connecticut is pushing the 
state-of-the art in telephone technology for new generations of 
service worldwide. Work now underway in advance systems and 
equipment provides new opportunity for a technical leader with 
pronounced talents in manufacturing test development. 

You'll be heading a group responsible for product testability and for 
developing new test techniques for these new systems including new 
versions of ITT's highly innovative System 12 digital switching 
facility, and for liaison functions with U.S. and overseas manufac-
turing plants. To qualify, you should have good working knowledge 
in the following areas: 

• Digital LSI Board testing, ATE and 
Programming 

• Line and trunk circuit testing 
• Microprocessor and memory testing 
• Functional unit testing of digital switching 
equipment 

• Systems testing of digital switches 
Our Shelton location in famed Fairfield County, Connecticut offers 
bountiful opportunities for the good life. Flexible housing to suit all 
tastes in areas free from urban pressures and pollution. Water sports 
on Long Island Sound. Facilities for year-round recreation. The 
cultural attractions of readily accessible metropolitan cities. No 
State tax on earned income. And to put it all within your reach, full 
ranging ITT benefits include a home purchasing program and 
mortgage assistance. 

For further details, send resume with salary requirements to 
Mr. Eugene Edwards, ITT Telecommunications Technology Center, 
One Research Drive, Shelton, Conn. 06484. 

ITT Telecommunications Technology Center 
An Equal Opportunity Employer, M/F 

ELECTRONICS 
ENGINEERS 

If you are an engineer looking for 
upward career mobility, call us. 
We specialize in electronics/ 
aerospace nationwide. All fees 
assumed by our clients. Submit 
resume in professional confidence 
to: Jim Crumpley/Gayle Smart 

) Dorsey Love 
Associates, Inc. 

e...-  
•••• P.O. Box 4387 G.S. 

Springfield, Mo 65804 

GREATER TEXAS POSITIONS 

Engineering and related management open-
ings throughout the Southwest. Top clients 
paying all fees and relocation expenses. 
Send resume in confidence to: Alan Myler, 

KEY SEARCH 
P.O. Box 38271 
Dallas, TX 75238  

Would 
you hire 
an engineer 
who 
couldn't 
understand 
this 
magazine? 
Of course not. ELECTRONICS is 

the technical publication for 
technical people. If they can't 

understand it, they can't receive 

it. That's why, when you're look-

ing for qualified engineers, you 
should consider our Classified 
Section. 

For only $71.00 per inch your 

recruitment advertising will 

reach 90,000 pre-screened 

electronics engineers—as 

they're reading to combat job 

obsolescence, while they're 

thinking about their future and 

bettering themselves. 
There's no charge for type-

setting and free layotit service is 
provided. 

ELECTRONICS 
Post Office Box 900 
New York, N.Y. 10020 
Phone: 212/997-2556 
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Communications Engineers. 

WE'LL SHOW YOU 
THE WAY HOME. 

The NAVSTAR Global Positioning 
System. A unique navigation project con-
sisting of 24 satellites, ground control 
stations and user systems. Designed to allow 
ships, ground troops and aircraft to deter-
mine their positions to an accuracy of within 
10 meters anywhere on the globe. 

It will make it easier to reach destina-
tions—and get home again. 

And Harris Government Communi-
cations Systems Division is helping make it 
happen. 

Through our hands-on, state-of-the-art 
approach leading a constantly changing 
communications technology Through a con-
stant interchange of knowledge among 
all 10 Harris divisions. And an on-going 
program of growth and expansion that has 
made Harris the billion dollar leader. 

A family-oriented lifestyle. A wide-
open housing market where a good buy is 
still a reality. Parks, golf courses, tennis 
courts, and miles of white sand beaches. 

It's a place to call home. 
And Harris can make it happen for you. 

And your family. In Brevard County, Florida. 
The Government Communications 

Systems Division currently has openings 
for state-of-the-art Engineers in a range 
of technologies relating to custom com-
munications and information processing 
systems. Some of the many professional 
opportunities include • Program Man-
agers • Microwave • Mechanical • Antenna 
• Phased Array. 

We'd like to show you our success. We'd 
like to show you our lifestyle. We'd like to 
show you the Harris way home. 

Send your resume and salary history to: 
Steve Gilmore, Professional Staffing, 
Harris Corporation, Government Com-
munications Systems Division, P.O. Box 37, 
Dept. E65, Melbourne, Florida 32901 or 
call collect (305) 727-4144. 

HA.F/Fas (did) 
COMMUNICATION AND 

INFORMATION PROCESSING 

Electronics/June 5, 1980 
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Have questions about 
Allen - Bradley's 
opportunity for 
Engineers? 

We have answers ... 
Just call toll free 

1-800-321-6980 
(In Ohio Call 1-800-362-6120) 

Talk to Tom O'Brien about your skills and 
background. Our continuing growth creates openings 
for many engineering disciplines including... 

Software Engineers Capitalize on your Comp. 
Sci. or related degree and apply your software ex-
perience -assembly languages, PASCAL, FOR-
TRAN. Utilize our VAX11/780, DEC11/34 or 
TEKTRONIX Development Systems to support 
your designs. 

Hardware/Firmware Design Engi-
neers Design NC and PC systems employing 
advanced digital techniques. Degree and 2 + 
years experience desired. Your involvement 
would include design verification using 
VAX11/780, DEC11/34 or TEKTRONIX 
Development Systems. 

Application Engineers 
Define customer control system 
requirements, prepare propo-
sals and assist new product 
planning. 

Product/Marketing 
Engineers Research and identify product 
opportunities based on industry requirements utilizing 
your degree and 2 + years of electronics or industrial 
experience. 

We are a dynamic part of an international corporation 
employing over 17,000 people. Our products apply "leading 
edge" computer and microprocessor technology that in-
creases productivity for all types of industry. 

Our careers are challenging and rewarding... 
Let's Talk About It -Call Today! 

or if you prefer, send your resume to: 

ALLEN-BRADLEY 
747 Alpha Drive, Highland Heights, Ohio 44143 

An Equal Opporturuty Employer M/F 
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Wembley Conference Centre 
22-24 July 1980 
London England 

Last year's Show broke all records and made 
headline news in many newspapers. The 1980 
Show with its exhibition, international 
conference and one day seminars, adds up to 
the most significant microcomputer event ever 
held in Europe. 

Microelectronic Applications 22-23 July 1980 

This twin stream international conference will 
examine the present development of 
microelectronics both in manufacturing and in 
the rather controversial area of data processing. 
Distinguished speakers from Europe and the 
USA will discuss relevant aspects of micro 
development. The conference will be an ideal 
opportunity for the exchange of views between 
scientists, researchers and data processing 
personnel. Delegates may attend presentations 
in either stream. 

Online Conferences Limited, Argyle House, Northwood Hills, 
Middlesex HA6 1TS 
Telephone Northwood (09274) 28211 Telex 923498 

Agents for the USA and Canada 
Technology Marketing & Analysis Corp., 
680, Beach Street, San Francisco, California 94109 
Wats line 800 227 34777 
Telephone (415) 473 300. Telex (RCA) 278725 

II Please send me details of Microelectronic Conference a 

IAddress 

ITelephone 

EN 
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Tough Problems 
Find 

Easy Solutions at 
Interface 

A Problem For Scale Manufacturers 
To provide business with some control over the high costs of postage 
and mail handling, scale manufacturers must design weighing sys-
tems that can weight a piece of mail, determine the correct rate 
classification, compute the postage by Zip zone, and charge the cost 
to the proper department 

The Solution 
Smart scale manufac-
turers have found the 
easy answer at INTER-
FACE - design these 
complex weighing sys-
tems around Minibeam 
Load Cells. These primary com-
ponents provided accurate meas-
urements with high repeatabil-
ity, compact size, easy instal-
lation, low cost, and no moving 
parts to wear. The ideal heart for 
postal and parts counting scales. 
INTERFACE Mini and Low Pro-

file, strain gage load 
cells are the modern 
answers to force meas-
surement and weighing 
problems. Pioneering re-
search, proprietary 

material technology, exacting 
standards, competitive prices, 
and fast product delivery have 
made INTERFACE the industry 
leader. Good reasons to contact 
INTERFACE with your tough 
problems in weighing and force 
measurement. 

Irrcerface 
ADVANCED FORCE MEASUREMENT 

7401 E. Buthenut, Scottsdale, Arizona 85260 uA (602) 948-5555 
Telex 668-394 
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Published by Electronics magazine... 

Books of special interest 
to our readers 

Applying Microprocessors 
Reprinted from Electronics, completes the EE's 
transition from the old methods of electronic 
design to microprocessor engineering. Pub. 1977, 
191 pp. Order #R-701, 39.95 

Basics of Data Communications 
This compilation of essential articles from Data 
Communications magazine includes chapters on 
terminals, acoustic couplers and modems, com-
munications processors, networking, channel per-
formance, data link controls, network diagnostics. 
interfaces, and regulations and policy. Pub. 1976. 
303 pp. 
Order #R-603. $12. 95 

Circuits for Electronics Engineers 
Almost 350 circuits arranged by 51 of the most 
useful functions for designers. Taken from the 
popular "Designer's Casebook" of Electronics. 
these circuits have been designed by engineers 
for the achievement of specific engineering objec-
tives. Pub. 1977 396 pp. 
Order #R-711, $15.95 

Design Techniques for 
Electronics Engineers 
Expert guidance at every point in the development 
of an engineering project—making meas-
urements. interpreting data, making calculations. 
choosing materials, controlling environment, lay-
ing out and purchasing components, and inter-
connecting them swiftly and accurately. Nearly 
300 articles from Electronics' "Engineer's 
Notebook." Pub. 1977. 370 pp. 
Order #R-726. 315.95 

Microelectronics Interconnection 
and Packaging 
Up-to-date articles from Electronics include sec-
tions on lithography and processing for integrated 
circuits, thick- and thin-film hybrids, printed-
circuit-board technology, automatic wiring tech-
nology. IC packages and connectors, environ-
mental factors affecting interconnections and 
packages, computer-aided design, and automatic 
testing. Pub. 1980. 320 pp. 
Order #R-927. 312.95 

Microelectronic, 
Intsroomeolon 

end 
Pacilogin9 

POAL11CAL APPLICA11015 
Of ORA alleALIMILIMONI 

Large Scale Integration 
As published in Electronics, covers the entire 
range of design applications in sections on bipolar 
LSI. MOS LSI. new devices. system design, 
computer-aided design. testing. and applications. 
Pub. 1976.208 pp. 
Order #R-602. 39.95 

Memory Design: 
Microcomputers to Mainframes 
The technology, devices, and applications that link 
memory components and system design. How to 
apply the new technology to meet specific design 
goals. Edited from the pages of Electronics. Pub. 
1978. 180 pp. 
Order #R-732. $12.95 

Microprocessors 
The basic book on microprocessor technology for 
the design engineer. Published in 1975. articles 
are drawn from Electronics. 150 pp. 
Order #R-520. 38.95 

Personal Computing: 
Hardware and Software Basics 
More than 50 articles from leading publications 
give you up-to-date information on personal 
computing hardware, software, theory, and appli-
cations. Pub. 1979. 266 pp. 
Order #R-903. $11.95 

Practical Applications of 
Data Communications: 
A User's Guide 
Articles from Data Communications magazine 
cover architecture and protocols, data-link per-
formance. distributed data processing. software. 
data security, testing and diagnostics, commu-
nications processors. and digitized-voice and 
data-plus-voice. Pub. 1980. 424 pp. 
Order #R-005. 313.95 

— FREE  

Brochure describes Electronics editorial reprints. 
services. books. For free copy, check the coupon 
in this ad or circle #275 on the reader service card. 

rOrder today using this coupon! 

Electronics Magazine Books 
P.O. Box 669 
Hightstown, NJ 08520 
Tel. (609) 448-1700, ext. 5494 

Order # Oty. Price 

R-

R- City/state/zip 

El Payment enclosed (payment must accompany 
R- orders under $25) 

Bill my company (or attach company Purchase Order) 

R- D Bill me D Send a free copy of the Electronics 
Editorial Reprints brochure. 

Total Ten-day money-back guarantee applies on all books. 
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Advertising Sales Staff 

Advertising sales manager: Norman Rosen 
3200 Wilshire Blvd.. South Tower 
Los Angeles Calif. 90010 [213] 487-1160 

Product market managers: 
Components: William Boyle. Rochester, N.Y. 
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23 Chausses de Wavre 
Brussels 1040, Belgium 
Tel: 513-73-95 
Frankfurt/Main: Fritz Krusebecker 
Liebigstrasse 27e. Germany 
Phone 72 01 81 
Tokyo: Akio Saijo. McGraw-Hill 
Publications Overseas Corporation, 
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Kasumigaseki, Chiyoda-Ku, Tokyo. Japan 
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Thomas M. Egan 
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Carol Gallagher 
Production Manager 
[212) 997-2045 
Betty Preis 
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[212) 997-2908 
Thomas Kazich 
Production Manager Related Products 
(212) 997-2044 
Karen Walpole 
Production Assistant 
1212] 997-2843 
Frances Valle» 
Reader Service Manager 
[212] 997-6057 

Electronics Buyers' Guide 
H.T. aowland, General Manager 
[2121 997-6642 
Regina Hera, Directory Manager 
[212] 997-2544 

Classified and Employment Advertising 
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if magnetics is your field, look into 
the world s most complete line of magnetic instru-
mentation. Gaussmeters, magnetizers, mag-
net sorters, magnetic fixtures and technical GAUSSMETERS 

GAUSSMETERS 

GAUSSMETERS assistance to solve your particular problem or to 
GAUSSIYIETERS help indpatraodounctthdeesvueelocriceitnetm. Ws ryioteufooereio  comprltehtee 

full Bell line of magnetic equipment. 

GAUSSMETERS 
G SSMETE S .0„ u•.• ”e.c. MODEL 6.0 
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Robert Bosch announces 
a new Mini-Giant built 
to help resist moisture, dust 
and galloping inflation 

Here's a new 30-amp, 12 VDC plug-in relay 
engineered to do the job better than ever. Yet it's 
available at or below our 1979 price. The secret is in 
the housing of rigid polyamide plastic. 

Robert Bosch engineers chose this tough, impact-resistant 
plastic to replace traditional galvanized steel as the housing 
material. That helps explain the savings— in production costs 
for us, purchase price for you. 

The relay is protected by a seamless housing. Neither 
moisture nor dust can easily penetrate. 
The bottom of the unit is vented with a 
single hole to avoid heat buildup. But 
for extra heavy-duty, outdoor appli-
cations, even this vent can be closed with 
a Teflon plug that filters out foreign matter 
while allowing air to circulate. PCB Relay 

0.56 cu. in. 

JO, 1,10.1 2,1110 
COMM 

WPM,' 

• 10,0, 

ELL INC 
Subsid,dry, 

11.4agnetecs d Pertforwcs 

6120 Hanging Moss Rd., Orlando, FL 32807 
Phone 305 678-6900 

Plug-in Relay 
1.2 cu. in. 

For free specifications on 
the full line of Mini-Giant 
relays, both plug-in and 
PCB, write: 
Robert Bosch Corporation 
Dept. 0/PGE 4 
2800 So. 25th Avenue 

L Broadview, IL 60153 
or phone Dave Robson. 
(312) 865-5459 

ROBERT BOSCH 
Robert Bosch Corporation 
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IT'S NEW! Insurance 
THE 3 PX1 58 That's Our Policy 

i. 
A dual drive, double 
-sided flexible disk 
certifier 
Yes, Three Phoenix Company now offers 
the ultimate in FLEXIBLE DISK CERTI-
FICATION equipment...the 3PX158. And 
it's ideally suited for MANUFACTURERS, 
OEM SUPPLIERS AND END USERS alike. 

The 3PX158 is really two testers in one. It's an 
internally programmed, 8085-microprocessor 
controlled system, providing totally indepen-
dent, but concurrent testing of 8-inch flexible 
disks and consecutive testing of 5-1/4-inch 
disks.. single or dual-sided. 

Operation is simple. You can select any one of 
three operating modes...Automatic Reject, Stop 
on Error, or Continue on Error...or you can 
manually perform selected tests on any desired 
track. In all, the 3PX158 performs a series of 
comprehensive tests to provide Engineering with 
an evaluation tool, Quality Control with in-
coming inspection, and End Users with GO-NO 
GO testing capabilities... including the 
separation of 100 percent disks from marginal 
disks for specific applications. 

Performed tests Include: 
• Amplitude • Missing Pulse 

• Modulation • Peak Jitter 

• Resolution • Overwrite 

• Extra Pulse 
And check these features: 

• Interactive CRT 

• Hard Copy Printer 

• Manual slewing to any track 

• Comprehensive front panel control/display 
functions 

Remember, at Three Phoenix 
we specialize in automatic 
test and certification equipment. 

For further information, contact: 

THREE PHOENIX COMPANY 
21639 North 14th Avenue/Phoenix,Arizona 85027 
(602) 242-6300 
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New Electronic Test Set. 
Lets you be absolutely sure of every connec-
tion! Checks direct wired connections and 
resistive paths on P.C. boards, transistors, 
diodes, ICs, etc. Two modes: low at 10 ohm, 
2 V.; high at 1.5K ohm, 1.7 V. Over 65 dBA 
at 1-ft., 4 KHz frequency. Piezo ceramic 
transducer. Rugged plastic case. Portable 
and economical. For details, write: 
Projects Unlimited, Inc., 3680 Wyse Road, 
Dayton, Ohio 45414. 
Phone: (513) 890-1918. 
TWX: 810-450-2523. 

Circle 273 on reader service card 
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Solar cells, panels, 
arrays, systems, fl 
throughout the 
world. 

Ffe 

SOLAREX CORPORATION 
Industrial Prod. Div. - Dept. 100 EG 
1335 Plccard Ddve, RockvIlle, Maryland 20850 

11 301-948-0202 TWX: 710-828-9709 Cable: Solares 

V/111111///11 MI 111111 WU 1ft 
ranffallINIM Mil MIR Nt1V.ene 
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ADDRESSABLE 
I/O SYSTEMS 
FROM opro 22 

Huntington Beach, California . . . Opto 22, originators of 
the industry standard I/O system, announces the second 
generation in I/O Systems in both serial and parallel 
configurations. 

SERIAL ADDRESSABLE RACK (PB 16S1) 
Communication with multiple input/output stations. 
32 station address capability per serial loop. 
Up to 16 power I/O modules per station. 
Switch selectable baud rate. 
Opto 22 provided firmware includes message protocol, 
event counter, self test, watch dog timer and more. 
Plug in modules provide choice of: 
1. 20 Ma Current Loop. 

2. RS 422 Balanced Differential Drivers and Receivers. 
3. Optically Coupled Drivers and Receivers. 
4. RS 232 

PARALLEL ADDRESSABLE RACK (PB 16P1) 
Bidirectional Communication with input or 
output modules. 
64 station address capability. 
Up to 16 Power Input/Output modules per station. 
50 Conductor Daisy-Chain cable connects all racks 
to host controller. 
On-board station address select switch. 

15272 Relay Circle, Huntington Beach, CA 92649 
(714) 892-3313 

_ 

Another Opto 22 product available for immediate shipment. 
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CUSTOM OPTICAL SWITCHES 
from Clairex 

fast switchingwall solid state...no electrical noise 

Most app ¡cations for optical 
switches require one or more 
variations from a standard unit. 
That makes it a custom design 
...a detector with specific 
characteristics, a special emitter, 

a precisely designed gap, a glass 
or plastic lens to align the light 
beam, or hermetic sealing to 
resist hostile environments. 

If you have an optical 
switching problem, come to 
Clairex, the specialist in solving 

"light" problems. Whether you 
need a custom design or a 
standard unit, call (914) 664-
6602, or write Clairex, 560 South 
Third Avenue, Mount Vernon, 
New York 10550. 

CLAIREX ELECTRONICS 
A 1)ivision 1 (:Iztil-ux CorpOrati011 
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