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Dialight 
sees a need: 

(Need: Single source supply for all indicator lights.) 

See Dialight. 

INCANDESCENT OR NEON MINIATURE AND LARGE INDICATORS 
Designed to accommodate either incandescent (2-250V) or neon (105- finishes and terminations. Many lenses may be hot stamped, engraved or 
250V) lamps for panel mounting in 11/16" or 1" clearance holes. Units offered with film legend discs. Oil-tight units with unique "0" ring 
meet or exceed MIL-L-3661 requirements; all are listed in Underwriter's construction make them oil, water and dust tight on the face of the 
Recognized Components Index. Wide selection of lens shapes, colors, panel. Available off the shelf for prompt delivery. 

ON 

/3/ALIGHT 
Dialight, A North American Philips Company 

203 Harrison Place, Brooklyn, N. Y. 11237 (212) 497-7600 

SEND ME FREE INDICATOR LIGHT PRODUCT SELECTOR GUIDE. 

LED, INCANDESCENT OR NEON ULTRA-MINIATURE DATALITES 
Meet or exceed MIL-L-3661, Replaceable plug-in cartridges for 1.35-125V 
operation. Indicators mount as close as 1/2" centers; available with red, 
green, amber, blue, white translucent, light yellow or colorless lenses in 
wide range of lens shapes, legends and finishes. Off-the-shelf. 

let 

411Lie 
Serei 

t t 
INCANDESCENT OR NEON SUB-MINIATURE INDICATORS 

Meet or exceed MIL-L-3661. Mounts in 15/32", 1/2" or 17/32" clearance 
holes. Incandescent for 1.35-28V; neon has patented built-in current 
limiting resistor. Choice of cylindrical, faceted, convex, flat, square and 
round lens shapes, colors, finishes, legends. Off-the-shelf. 
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Shouldn't a CRT display 
reflect your system's 
true performance? 

HP displays will. Our family of 
large-screen displays has the top 
performance you need for your 
OEM systems. The high writing 
speed and fast settling time of our 
14- through 2I-inch displays means 
simplified output programming and 
greater information density in com-
puter graphics. analytical research. 
radar and other display applica-
tions. Yokeless electrostatic deflec-
tion simplifies operation. eliminates 
geometric correction circutry and 
unnecessary delay lines, and re-
duces required power by a factor of 
5 or more. Bright, easy-to-read dis-
plays result from the 28.5 kV ac-
celerating potential. And dynamic 

focusing assures a sharp trace at any 
screen location, over a wide range 
of intensities. 
You also get versatility in HP 

displays. A variety of standard op-
tions allow you to tailor a display 
to your system's needs. Our rugged 
new 13 I 7A and 1321A models give 
you options of TTL blanking input. 
differential inputs and gamma cor-
rection to match your system design 
and simplify interface problems. 
You have a choice of CRT sizes 
and shapes for stand-alone or rack-
mounted applications. And you can 
get various phosphors that range 
from slow P-7 and P-39 to fast P31. 

In addition to top performance 

and versatility, you get the quality, 
reliability, and product safety you 
expect from a leader in CRT tech-
nology. Units are UL listed... plug-
in board construction simplifies 
servicing...and' HP's worldwide 
support means rapid parts replace-
ment and service—an important 
consideration when you're design-
ing a display into your system. So, 
for a display that reflects your sys-
tem's true performance, look into 
HP's large-screen display family. 
For more information, contact your 
local HP field engineer. Or, write 
Hewlett-Packard. 

HEWLETT hiliî PACKARD 

bales and service from 172 offices in 65 countries 
sor ,,age N1.11 Road Palo Alto Ca.o,n.s 9.306 
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Reliable low. energy switching 
is not new at MICRO SWITCH. 

We developed our first high fidelity gold contact switch 
in 1953. This was only the beginning. Advances include 
bifurcated and cross-point contacts. Today we offer an entire 
low-energy basic switch line. From subminiature types less 
than 1/2" wide to versatile thumb-size basics. 

With important features: A spring design that 
contributes to millions of operations. Choice of integral or 
auxiliary actuators. Terminal types such as solder screw, 
quick-connect and PC mount. 

If your switching energy needs are in the milliamp 
range, MICRO SWITCH has a complete line of Hall-effect, 
magnetically operated, solid-state switches. They directly 
interface with logic circuits. Output options include sinking 
or sourcing, digital or analog. 

We also offer precision switches for power functions to 
25 amps. Again, choice of actuators and terminals. 

Low energy, solid-state, power —for a comprehensive 
catalog of available switches for all energy levels, contact 
MICRO SWITCH. 

For the address and telephone number of your nearest 
MICRO SWITCH Branch Office or Authorized Distributor, 
call toll-free 800/645-9200 (in N.Y, 516/294-0990, collect). 

MICRO SWITCH 
naH 

FREEPORT ILLINOIS 61032 

MICRO SWITCH products are available worldwide through Honeywell International A DIVISION OF HONEYWELL 
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Highlights 

The cover: Passive components live! 89 

Although relatively few discrete passive 
components are found in each IC-based 
product, over-all demand is booming be-
cause the products themselves are selling in 
unprecedented numbers—witness the cal-
culator. Credit must go, too, to the passive-
component manufacturers for keeping pace 
with changing technological needs. Cover 
is by Art Director Fred Sklenar. 

There's no stopping at red for LEDs, 66 

Growing technological knowhow about 
orange-, yellow-, and green-light-emitting 
diodes is eliminating the earlier fabrication 
difficulties and encouraging manufacturers 
to predict high-volume sales for next year. 

Minicomputers prove fit to print the news, 111 

Part 8 of the series, "Minicomputers in ac-
tion," describes how "hot-metal" Linotype 
machines, which have been used to set 
newspapers for nearly 80 years, are being 
replaced by photocomposition machines 
under minicomputer control. 

Precision frequency-source is easy to read, 129 
Intended to upstage the $600-$1,000 test 
oscillator, a new frequency synthesizer 
offers a compact LED display, 5-digit reso-
lution, and a long-term frequency drift spec-
ification of 1 in 105 per year—all for the not 
much higher price of $1,595. 

And in the next issue . . . 

A low-cost laser for high-volume appli-
cations . . . overcoming the errors in fast 
Fourier transforms . . . semiconductor 
memory technology updated. 
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We often use this column to give 
you the story behind the story. 

This time, we thought you would be 
interested in the picture behind the 
cover picture. 

In early discussions of the idea 
that became the special report on 
components (see p. 89), we used the 
working title "Passive Components 
Live." And, because that label was 
reminiscent of phrases scrawled on 
walls of many a major city, it was 
also natural to seek out a wall and 
do our thing. 
Our art director, Fred Sklenar 

(left), and associate editor, Jerry 

Publisher's letter 
Walker (right), 
who helps coordi-
nate special re-
ports, went to New 
York's Central 
Park to create the 
cover on the wall 
surrounding the 
extension of the 
Metropolitan Mu-
seum of Art—one 
of the few walls 
around on which 
the creative art of 
graffiti is encour-
aged. 
And, as you read 

the components report, you'll dis-
cover how much time and talent 
went into its creation, too. With in-
puts from our far-flung field bu-
reaus, both in the United States and 
abroad, and his own extensive re-
porting, components editor Joel Du-
Bow put together the report. 

eec, 
We're looking for an editor 

The expansion of our coverage of the electronics industries has created an 
opening on our editorial staff. Our editors travel extensively, write and edit 
technical articles, and cover stimulating new developments in electronic 
technology. 

Specifically, the ideal candidate will have an engineering degree and ex-
tensive experience in the packaging and production of electronic products. 
Of course, writing ability is an obvious requirement. 
We're part of McGraw-Hill, one of the world's best-known publishing 

companies, and we offer excellent working conditions and fringe benefits. 
What's more, the salary level is as good as or better than the industry rates 
for engineers. 

If you qualify, send your résumé with salary requirements to: The Execu-
tive Editor, ELECTRONICS Magazine, 1221 Avenue of the Americas, New 
York, N. Y. 10020. 
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Precision waveforms 
at everyone's fingertips with 
ffl pushbutton oscillators. 

ICL417-141 I 
14:7141-1 

The Model 4100A is as simple to use as a pushbutton telephone—yet it's as precise, stable and 
distortion-free as instruments costing much more— more to purchase and more to operate. The 
4100A is only $595.00 and you don't need technically skilled people to operate it. Its simplified 

operation and outstanding speed and accuracy make it ideal for production line testing. The 4100A 
provides sine and square waves simultaneously from 0.01Hz to 1MHz. Frequency accuracy is within 

0.5% and distortion is less than 0.02%. For fast action call (617) 491-3211, 
TWX 710-320-6583, or contact your local representative listed below. 

1x1-1 0 cp 
580 Massachusetts Avenue, Cambridge, Mass. 02139 

SALES OFFICES: ALA, Huntsville (205) 534-9771; ARIZ., Scottsdale (602) 947-7841; CAL., San Jose (408) 292-3220, Inglewood (213) 674-6850; COLO., Denver (303) 934-5505; 
CONN., Glastonbury (203) 633-0777; FLA., Orlando (305) 894-4401; HAWAII. Honolulu (808) 941-1574; ILL., Des Plaines (312) 298-3600; IND., Indianapolis (317) 244-2456; MASS., 
Lexington (617) 861-8620; MICH., Detroit (313) 526-8800; MINN., Minneapolis (612) 884-4336; MO., St. Louis (314) 423-1234; N.C., Burlington (919) 227-3639; N.J., Haddonfield (609) 
795-1700; N.M., Albuquerque (505) 299-7658; N.Y.. E. Syracuse (315) 437-6666, Rochester (716) 328-2230, Vestal (607) 785-9947, Elmont (516) 488-2100; OHIO, Cleveland (216) 
261-5440, Dayton (513) 426-5551; PA., Pittsburgh (412) 371-9449; TEX., Houston (713) 688-9971. Richardson (214) 231-2573; VA., Alexandria (703) 354-1222; WASH., Seattle (206) 
624-9020; CANADA. Montreal, Quebec (514) 636-0525, Toronto, Ontario (416) 444-9111, Stittsvi Ile. Ontario (613) 836-4411. Vancouver, British Columbia 1604) 688-2619. 
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Readers comment 

Tho3ook... 
From 

Hyoric Systems, 
\cturclly 

This 176-page handbook is offered as a guide to design 
engineers and others who specify and/or buy electronics... 
and who are tired of groping their way through the muddle and 
mystique of data conversion. 

It's readable ... because it was written by practitioners 
rather than theoreticians, not to amaze but to inform. It defines 
the qualities, specifications and techniques that combine to 
give D/A and A/D converters their special character. It relates 
those considerations to specific areas of application. 

Chapters include: DIGITAL-TO-ANALOG CONVERTERS 
• ANALOG-TO-DIGITAL CONVERTERS • SAMPLE/HOLDS 
• ANALOG MULTIPLEXERS • CODES. 

Mail $1.50 (for postage and handling) to: 

97 qnr'nr1 A\ 1,, rt tr, RI irl in'"Orl, Massachusetts 01803 

Hybrid SystemsCORPOHAIIO N 

Laying on the logic 

To the Editor: Compliments on 
your article, "Logic's leap ahead 
creates new design tools for old and 
new applications," [Electronics, Feb. 
21, p. 81]. It collects in one place 
many useful facts that have been 
scattered all over until now. How-
ever, I'd like to spotlight a couple of 
weak points. 

There is a distressingly vague 
statement about the output-drive 
capability of Schottky rn. and the 
convenience of intermixing various 
kinds of TTL. The fan-out of 
Schottky ra, when not driving 
other Schottky TTL is the customary 
10—not 12. The 12 figure may be 
reasonable when driving standard 
rn, but 11 might be more prudent 
if full noise immunity is to be main-
tained. And, of course, when stan-
dard rn. drives Schottky rri, the 
fan-out is about 8. 
A remark about the character-

istics of the input circuits for low-
power Schottky TTL may be poten-
tially misleading. Since for all 74LS 
gates and most 74LS flip-flops the 
input circuitry is actually DTL, 

rather than TTL, it is somewhat of a 
misrepresentation to say that ". . . 
the Schottky-diode clamped inputs 
are the same ones that have simpli-
fied many designs." 

Lawrence W. Johnson 
Hewlett-Packard Laboratories 

Palo Alto, Calif. 

Blaming the auto makers 

To the Editor: The auto makers 
have no one but themselves to 
blame for their electronics problems 
["Is electronics heading the wrong 
way?" Electronics, March 7, p. 75]. 
In the first place, it's up to them to 
prepare meaningful specifications. 
In the second place, they're getting 
a dose of their own medicine. 
I stopped buying from Detroit 

years ago because of poor cost-ef-
fectiveness and poor reliability—not 
to mention poor workmanship. De-
troit has a long way to go in the suc-
cessful application of electronics. 
How many managers making the 
real decisions are electronics men? 

Edward W. Rummel 
Scott Graphics Inc. 

Holyoke, Mass. 
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The Bright Guy's jumbo 
Diffused LED Digits 
are Lighter on the Eyes, 

Easier on the 
Wallet and 
Bolder 
than the 

other guys. 
Help out yourself and 

your customers by putting 
Litronix DL-747 0.6" diffused LED 
digits into that new control, instru-
ment, clock or point of sales display. 
You'll save money and get bolder 
brighter displays. 

Everybody benefits because we pro-
duce these jumbos with our Encapsulated Light 
Diffusion process, which makes them look bet-
ter while reducing their cost. The ELD process 
captures the LEDs' light in special light pipes 
molded in a high contract background plastic. 

Brightness is high — 5.0 mcd at 20mA. 
But the light is soft and the digits are perfectly 
shaped — you can see how the segments are 
mitered. 

The DL-747 jumbos are our second 

family of low-cost, diffused LED digits. 
DL-746 ±1 overflow common 

anode 
DL-747 seven segment common 

anode 
DL-749 ±1 overflow common 

cathode 
DL-750 seven segment common 

cathode 
We also use the ELD process to produce equally 
neat DL-707 0.3" digits. 

You can't get more economical, reliable 
displays. Prices in 1K quantities are only $3.60 for 
the 0.6" digit series. And the savings really rise 
when you figure in the savings on support 
components. 

See our diffused LED digits for yourself. 
Call or write today. 

litronix 
Litronis. Inc. 19000 Homestead Road, Cupertino, California 95014 
(4081 257-7910 TWX: 910-338-0022 

EuropeanHitnHHerteldoillujIrS'Gt5e 1TWix.EInncglaBlvnTaenl,H2°617e6.TBelenn f2t5C-°u49n7 
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FILTERS THAT WORK. 
FILTERS THAT FIT 
FILTERS YOU CAN AFFORD. 

Sprague JX5100 Series EMI Powerline Filters 
give you the right blend of efficiency/size/cost. 

The lower cost of these general-purpose filters makes them 
especially suitable for higher-volume production-assembled 
equipment such as computer peripherals, cash registers, credit 
card verifiers, electronic service instruments, etc. 

Series JX5100 Filters are designed to protect equipment from 
line noise as well as to protect the line from equipment noise, 
particularly equipment with high impedance loads. Smaller in 
size than many filters with comparable performance, they con-
trol line-to-ground interference with a high degree of efficiency. 
Filtering both sides of the line, the need for two filters is 
eliminated. 

Available in a wide variety of current ratings (1 to 30 amps) 
and several different terminal configurations, Series JX5100 
Filters withstand a test voltage of 2100 VDC, assuring protection 
against high-voltage transients. Line-to-ground capacitance is 
only .01p,F, and maximum leakage current (each line to ground, 
@115V, 60Hz) is 0.5mA. 

Sprague maintains complete testing facilities for all commer-
cial, industrial, and government interference specifications. 

For complete technical data, write 
for Engineering Bulletin 8210.11 to: 
Technical Literature Service, Sprague 
Electric Company, 35 Marshall Street, 
North Adams, Mass. 01247. 

THE BROAD-UNE PRODUCER OF ELECTRONIC PARTS 

• 4109 

SPRAGUE' 
THE MARK OF RELIABILITY 

40 years ago 
From the pages of Electronics. May, 1934 

Recorders 

Two types of semi-professional 
recorders have been placed on the 
market by the Universal Micro-
phone Company, Inglewood, Calif., 
to be used by broadcast stations, 
agencies and sponsors, for air 
checks, making permanent records 
of radio programs, personal record-
ings, and other purposes. 
The recorder models come 

equipped with a volume indicator, 
volume control, off-and-on switch 
and a Universal combination pick-
up and recording head. There are 
two speeds, 33 1/2 and 78 rpm. One 
type records on blank aluminum 
discs up to 12 inches; the other up to 
16 inches. 

Universal test instruments 

The Sound Engineering Corpora-
tion, 416 North Leavitt Street, Chi-
cago, Ill., has combined three sepa-
rate test instruments to form the 
latest thing in analytical test sets. 
The components are: 

1. The No. 90 multi-range univer-
sal ac.-d.c. voltmeter, milli-ammeter 
and ohm-meter, providing seven 
voltage ranges, five current ranges 
and three resistance ranges, as well 
as means for measuring inductance, 
capacitance and impedance. 

2. The No. 91 point-to-point 
analyzer, for rapidly testing sets, cir-
cuits and tubes. 

3. The No. 92 modulated elec-
tron-coupled oscillator, covering the 
entire band of frequencies from 90 
to 1,600 kilocycles without using 
harmonics; when required, harmon-
ics can be used to cover the higher 
frequencies. 

Television transmitter 

Television Laboratories, Ltd., of 
San Francisco and Philadelphia, 
have licensed Heintz & Kaufman, 
radio manufacturers at San Fran-
cisco, to construct television trans-
mitting equipment under the Philo 
T. Farnsworth patents for television 
by aid of cathode-ray tubes. 

Heintz & Kaufman are the manu-
facturers of all the code-communi-
cation equipment used by Globe 
Wireless, Ltd. 
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The first name 
in sweep generators has met 
its match. Telonic Sweepers and Display Oscilloscopes. Totally compatible 

and definitely synergistic. 

There are four sweepers in the 1200 Series (with frequency ranges to 1.5 GHz), 
any of which may be coupled to a Model 121 single trace scope or a Model 122 

dual-trace scope. Any combination gives you a complete facility for lab or 
production line testing and alignment operations over the entire RF 

and near-microwave frequencies. 

All Telonic Sweep Generators have built-in frequency markers, attenuators, 
variable sweep rates and over 20 years of design experience. 

SWEEP GENERATORS DISPLAY OSCILLOSCOPES 

Model 
1201 

.2-30 1-120 1-500 1-1500 

.5-30 1-120 .2-500 .2-600 

• 19 -- 13 :-10 -7 

-± .10 '=.25 .50 

1 2 1 1 

Single and Harmonic 

Solid State/Modular 

1895 1 995 1 10951 1395  

Model 
1202 

Model 
1204 

Model 
1205 

Frequency (MHz) 

-Sweep Width (MHz) 

Output (dBm) 

-Flatness (dB) 

Linearity (%) 

Markers 

Circuits 

-Price 

Model 
121 

Model 
122 

Modes 

CRT 

V Bandwidth (kHz) 

H Bandwidth (kHz) 

V Sensitivity/ div. 

H Sensitivtty/div. 

Input 'rued. 

Price 

Single Trace Dual Trace 

11" Diagonal 

15 

1 

1, 10, 100 mv, 1v 

100 my 

10 K ohms 

475 1 695 

Telonic Display Oscilloscopes incorporate 11" CRTs (P4 or P7 phosphor), have 
15 kHz bandwidths, and are ideal for X-Y presentation of swept frequency response. 

Discuss a trial marriage with your Telonic representative; he will be glad 
to make the arrangements. OR WRITE FOR OUR DATA PACKAGE 

COVERING SWEEPERS, SCOPES, AND ACCESSORIES. 

TelonicAltar 
21282 Laguna Canyon Road. Box 277. Laguna Beach. California 92652 

Tel: 714 494-9401 • TWX: 910 596-1320 

Circle 9 on reader service card 



9102 

Circle 258 on reader service card 



Remember the name. 
It's the best 2102 you can buy. 
Specification The Am9102 Anybody's 2102 including ours 

*Stand-by Voltage 

*Stand-by Power 

Fan-Out 

Access Time 

Worst Case Noise 
Immunity 

Logic Levels 

Full Military 

Temperature Range 

Power Dissipation 

MIL-STD-883 

Guaranteed 1.6V DC 
Typical 1.0V DC 

Guaranteed 64 mW 
Typical 16 mW 

Guaranteed 2.0 TTL loads 

Guaranteed .65µsec (9102) 
Guaranteed .50µsec (9102A) 
Guaranteed .40µsec (9102B) 

400 mV 

TTL Compatible 
TTL Identical 

Yes 

263 mW maximum 

Of Course 

*Retains data above guaranteed voltage. 

No Guarantee 
Typical 2.5V 

No Guarantee 
Typical 75 mW 

Guaranteed 2.0 TTL loads 

Guaranteed 1.0µsec (2102) 
Guaranteed .65µsec (2102-2) 
Guaranteed .50µsec (2102-1) 

200 mV 

TTL Compatible 
Not TTL Identical 

No 

316 mW maximum 

?? 

We didn't invent the 2102. We weren't 
even the first alternate source. (And the way 
the device has taken off, we're obviously 
not going to be the last source.) We're 
just the best. 
Advanced Micro Devices has something 

better than the 2102: The Am9102. 
If you want the traditional models, we've got 
them. But if you want more performance for 
no more money, if you want the most 2102 
you can get, get the Am9102. Talk to 
Advanced Micro Devices, the next giant. 

eétAdvanced Micrody„ le 
Corporate offices are at 901 Thompson Place, Sunnyvale, California 94086. Telephone (408) 

732-2400/Southern California office: Beverly Hills (213) 278-9700/Mid-America: Des 
Plaines, Illinois (312) 297-4115/Edina, Minnesota (612) 835-4445/Eastern United States: 
Roslyn Heights, New York (516) 484-4990/Baltimore, Maryland (301) 744-8233/Lexington, 

Massachusetts (617) 861-0606/Britain: Advanced Micro Devices, Telephone Maidstone 52004/ 
West Germany: Advanced Micro Devices, Munich, Telephone (089) 53 95 88. 

Southern Europe: Advanced Micro Devices, S.A., Neuilly, France, Telephone: 747-4194. 
Distributed nationally by Hamilton/Avnet and Cramer Electronics. 



The 2102 
to get as it is to 

The Intel 2102 n-channel RAM is the 
most popular 1024 bit static memory avail-
able today. It is the general purpose RAM with 
more second sources than any other semi-
conductor memory component. 

The 2102 is extremely 
simple to use because it 
requires no peripheral 
supporting circuits, no 
special supplies, nor 
does it require the 
extra design effort 
needed by most 

RAMs to interface 
INTEL IN-26 MEMORY SYSTEM with TTL. 

By using the 2102, you can achieve 
greater system economy because it does not 
require level shifters, MOS drivers, interface 
circuits, clocks, refresh and decode circuits, 
nor even pull-up resistors. 

Every pin is TTL compatible, including 
the + 5 volt Vcc supply and the three-state, 
OR-tie data output that simplifies memory 
expansion. To connect the 2102 to TTL, just 
add solder dots. In fact, the 2102 RAM 
performs exactly as if it were a TTL circuit. 

The 2102 speed specs are effi-
cient also. Guaranteed maximum 
access time is 1 microsecond, 
typical access time is 500 nano-
seconds. Minimum read and write cycle time is also 1 microsecond. 

The 2102 costs less per bit in quantity than penny candy. And when you 
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EVERY PIN IS TTL COMPATIBLE 

RAM is as easy 
use. 

P- 1 

  subtract what you 
don't spend on design 
time, other parts, special 
supplies, boards and 

labor, the 2102 is easily 
the most economical static RAM 

for a wide range of applications. 
What's more, the Intel 2102 is easy to 

get. We have been producing it in volume since 
early 1972 with the industry's most mature n-channel 

silicon gate technology. Today, we ship more 2102's than 
the combined outputs of the dozen or so 
announced second sources. 

The Tektronix 31 Programmable Calculator 
uses the 2102 and millions of our 2102's are 
now being used in peripheral equipment, 
instrumentation and microcomputer 

systems. It's a 
favorite with de-
signers who want to 

TEKTRONIX 
simulate buffer, PROGRAMMABLE 

CALCULATOR 

refresh and variable 
length registers with something more 
venient and less costly than custom MOS registers. 

The 2102 is only one of Intel's popular MOS 
RAMs available in volume and from distributor stock. Send for a full catalog 

of our products including RAMs, ROMs, PROMs, interface circuits and 
Microcomputers. 

Write to: Intel Corporation, 3065 Bowers Avenue, Santa Clara, 
California 95051. (408) 246-7501. • 

Inter delivers. 
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Tubes? 
Forget them. 

HERE'S 100 
WATTS OF 
SOLID-STATE 
RF POWER! 

A state-of-the-art amplifier. 
ENI's new Model 3100L all-solid-
state power amplifier provides 
more than 100 watts of linear 
power and up to 180 watts of 
pulse power from 250 kHz to 
105 MHz. This state-of-the-art 
class A unit supplies over 50 watts 
at frequencies up to 120 MHz and 
down to 120 kHz. All this capa-
bility is packaged in a case as 
small as an oscilloscope, and it's 
just as portable. 

Extraordinary performance. 
Featuring a ffat 50 dB gain, the 
Model 3100L is driven to full 
power by any signal generator, 
synthesizer or sweeper. AM, 
FM, SSB, TV and pulse modulations 
are faithfully reproduced by the 
highly linear output circuitry. 
Immune to damage due to load 
mismatch or overdrive, the 
31001_ delivers constant forward 
power to loads ranging from an 
open to a short circuit. 

Solid-state reliability is here. 

The price? $5,690. 

Write for complete information: ENI, 3000 
Winton Road South, Rochester, N. Y. 14623 
Call (716)-473-6900 or TELEX 97-8283 
Dept. E 524 

ELECTRONIC 
NAVIGATION 
INDUSTRIES 

ENI ... The world's leader 
in solid-state power amplifiers. 
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Aigrain moves from 

MIT into industry 

Pierre Raoul Aigrain, former gen-
eral delegate to the prime minister 
of France for research and tech-
nology and now the first holder of 
the Henry R. Luce professorship at 
the Massachusetts Institute of Tech-
nology, will embark on a new career 
in September. 

I'll his first venture into private in-
dustry, he is replacing Henri Angles 
d'Auriac as the general technical di-
rector for France's Thomson-
Brandt, a group that includes 
Thomson-csF, the country's largest 
non-consumer electronics company. 

Aigrain will head the Direction 
Technique Générale, the group of 

To Industry. Pierre Aigrain, now at MIT, will 

become general technical director for 

France's Thomson-Brandt. 

senior executives involved in the de-
cision-making process for the com-
pany's technology management and 
product planning. He will report di-
rectly to group president, Paul Rich-
ard. Thomson-Brandt, which em-
ploys nearly 100,000 people, has an 
annual R&D budget of about $160 
million. 
"The job does carry a lot of ad-

ministrative responsibility, and it is 
conceivable that it can be held by 
someone without scientific inge-
nuity, but I don't think that would 
be advisable," says Aigrain. For Ai-
grain, 50, the position is "the start of 

a new career. I've been in academic 
science and government adminis-
tration, but never in industry." 
Now, a sabbatical. During the 

past year, the scientist has held the 
Luce professorship in environment 
and public policy, covering prob-
lems of scientific and technological 
policy with emphasis on solid-state 
technology and non-equilibrium 
thermodynamics. He is well known 
to MIT, having been a visiting pro-
fessor there in 1957, 1959, 1961, and 
1962. Aigrain calls his year's profes-
sorship "a sabbatical" after six years 
as the chief scientist for the French 
government. The general delegate 
for research and technology had to 
deal with the whole range of techni-
cal, environmental and educational 
problems as they related to public 
policy and French industrial devel-
opment. 

Aigrain's early scientific activities 
were in circuit theory, as well as 
communications theory and tech-
nology. His later work has been 
mostly in solid-state physics, espe-
cially semiconductors and energy-
conversion. 

Beckman's Chapin helps 

broaden product line 

Beckman Instruments is still making 
some of the Helipot potentiometers 
that got the firm into the electronic-
component business 20 years ago, 
soon after Leslie W. Chapin joined 
the company. But ever-increasing 
aggressiveness by this blue-chip but 
conservative supplier has resulted in 
a greatly broadened product line to-
day. And much of this is due to 

Goals. Les Chapin at Beckman plans to 

automate and broaden product line. 



Great American Logic. 
From Jefferson, 
Franklin, Madison, 
and 
HiNI 

Give your industrial 
control system a great con-
stitution with HiNIL, the high 
noise immunity logic from 
Teledyne. It works reliably in 
adversity—like the great 
cal logic our Founding Fathers 
used in the Constitutional system. 

HiNIL doesn't operate illogi-
cally when it sees electrical noise 
and high voltage transients. With a 
3.5 volt guaranteed noise margin (versus 1.0 V for CMOS and 400 mV for TTL), it runs without shielding. 

HiNIL also runs true when the power supply doesn't. It doesn't need expensive regulated supplies, 
filters and spot regulators because HiNIL's power supply tolerance is a comfortable -±-1 V. 

And HiNIL is slow—that's right, slow not fast. Its 100 nanosecond propagation delay is fast enough 
for most control systems. But it won't be switched falsely by noise spikes when a fork lift rolls by (can 
you say the same for the hair-trigger logic you've been using?). 

Like the Constitution, HiNIL is adaptable. It interfaces easily with TTL, DTL. RTL, MOS and CMOS 
directly, through open-collector outputs or through interface circuits. And it comes in about 40 types: 
from diode-expandable gates to quad schmitt triggers, shift registers, display decoder/drivers and a dozen 
other complex MSI functions. All conveniently packaged in ceramic or molded silicone DIPs. 

Finally, HiNIL is cheap. It's priced right in there with TTL so you can save a small fortune on 
supply regulation, noise suppression and other "extras" you'll no longer need. 

So if you want to read about great logic, trade in your history books for Teledyne's free literature on 
HiNIL. Better yet, experience HiNIL in your own designs. Get it from Teledyne, reps or distributors. 
Write or call now. 

leTELEDYNE 
SEMICONDUCTOR 
1300 Terra Bella Avenue Mountain View, California 94043 

(415)968-9241 TWX: 910-379-6494 Telex: 34-8416 
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BEST 
Model 5100 

U.S. Pat. No. 3,735,269 

FREQUENCY SYNTHESIZER 
$2795 
• 0.001 Hz to 2 MHz Range 
0.001 Hz Resolution 
• Full Programmability giRNni 
• No Switching Transients 
• Direct Digital Techniques 
NO MIXING OR PHASE LOCKING 

• High Spectral Purity 5 7SPURIOUS 50 dd bb HARMONIC        

• High Stability ±-2 
± 2 xX 1100 81°C S OT PA TN I DO AN RA Di_ 

• Precision Attenuator 
0 TO 85db IN ldb STEPS PLUS CONTINUOUS CONTROL 

(PROGRAMMABLE ATTENUATION OPTIONAL) 

High Output Voltage 
10 VOLTS P-P, 50-OHM SOURCE IMPEDANCE 

For immediate information on how Rockland can meet your specific application 
and delivery requirements— call our local rep or Dave Kohn directly at: 

R C ICI-111%1D 
Rockland Systems Corporation 230 W. Nyack Road, West Nyack, N.Y. 10994 

(914) 623-6666 TWX 710-575-2631 

People 

Chapin, who has recently been pro-
moted to manage the Helipot divi-
sion. Chapin, recognized as one of 
the hybrid industry's experts, re-
ceived an award from the Inter-
national Society for Hybrid Micro-
electronics last year. 

Helipot is moving up, too—ex-
panding to fill 100,000 square feet 
vacated in Fullerton, Calif., when 
Beckman's scientific and medical in-
struments division moved to Irvine. 
The name of Helipot is a bit mis-

leading. The division also makes 
trimmer potentiometers, hybrid mi-
crocircuits, passive networks, and al-
phanumeric displays. 
Along with additions to its prod-

uct base, Beckman has become very 
aggressive in distribution. Chapin 
sees an increasing role for strong in-
dustrial distributors and feels that 
changes have had considerable ef-
fect on his group's sales. 

Automate. In all operations, Beck-
man has gone the route of automa-
tion rather than offshore assembly. 
"We've tried to eliminate the rou-
tine and drudgery by mechaniza-
tion, and get better quality, too." 
The company has had a large— 

over $1 million invested—in-house 
liquid-crystal effort and is now a 
major supplier to Gruen for its dig-
ital watches. 

But Chapin admits that liquid-
crystal displays are very difficult to 
manufacture, and the production ef-
fort is still in the early stages. Beck-
man has also bought Sperry-Rand's 
Scottsdale, Ariz., planar gas-dis-
charge group, and has been getting 
deeply involved in operations since 
it took over command in December. 
Chapin admits to production 

problems there, but feels that the 
people he has installed in manufac-
turing and quality control have 
turned the corner. "Sperry is a $2.5 
billion company and didn't devote a 
lot of attention to the information 
displays group," he says. 
The gas displays, which are being 

pushed for consumer and industrial 
uses, seem to have caught on well. 
At the Society for Information Dis-
plays Conference in San Diego, 
Calif., May 21, the gas-discharge 
display group introduced a 512-
character panel. 
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World Leader in Ceramic Capacitor: 

NAME 3 PRODUCERS OF 
HIGH VOLTAGE CERAMIC CAPACITORS 

If you name ERIE first, you're right on target. For we produce a full line of quality High Voltage 
Ceramic Capacitors ... 3kV to more than 30kV ... in the capacitance value and temperature 
characteristic to suit your circuit needs. We have all sizes and shapes with the terminal 

arrangement you want. In fact, you name the application ... chances are ERIE has a standard 
unit available. If not, let's talk about it. 

You'll find ERIE HV Capacitors in electric utility transformers. Miniature power supplies. 

CRT displays. Lasers. Lightning arrestors. TV power supplies. Image intensifiers for night vision 
apparatus. Just about any application where high voltage is involved. 

So look to ERIE first. When it comes to High Voltage Ceramic Capacitors, ERIE continues 

to lead the way. Your letterhead request will get you our new catalog HV/SC-200 ... or call 
Customer Engineering at our State College, Pa. plant — 814/237-1431. 

ERIE TECHNOLOGICAL PRODUCTS, INC. 
Erie, Pennsylvanla 16512 
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GET 
CRYSTAL STABILITY 
AT RC/LC PRICES 

WITH 
STATEK CRYSTALS 
Typical Applications 

• Tone Telemetry 
• Ultrasonic Alarms 
• Industrial Timers 
• FM Tuners 
• Motor Drives 
• Communications Equipment 
• Telephone Carrier Equipment 

Specifications 
FREQUENCY RANGE - 10 kHz to 250 

kHz in 20 Stock Frequencies 
STABILITY - 0°C to 50°C 0  045% 

—40°C to +85°C 0  07% 
( Better specifications available.) 

RUGGEDNESS - Withstands up to 1000G 
Shock, 50G Random Vibration, 
10 to 2000 Hz 

COST - From $2.15 Ea. for 250; $1.70 
Ea. for 1000, $1.20 Ea. for 10,000 

KITS 
Try SX-1 crystals in an oscillator 

kit (Model CK-1) you can assemble 
in minutes. $27 Each. 

ASSEMBLED CK-IV KIT 

ErTATEK coRPoRA-noN 
"nlIlqpIPP"-- 1233 Alvarez Avenue 

Orange, California 92668 
Phone: (714) 639-7810 
Telex 65-5430 

Update 

When the Schlage Lock Co. of San Francisco introduced its 
electronic, remote-sensing lock [June 21, 1973, p. 38], it was in-
tended for one-door systems. Now Schlage has systems designed 
for two- to 10-door installations in banks, computer rooms, and 
condominiums. An elevator system is in use at the Chicago Play-
boy Club's bunny quarters. And the Schlage affiliate that makes its 
electronic locks, Proximity Devices, plans to introduce this fall a 
computerized system called the 473, which will feature a readout 
showing all entries to a room by time and door, and it will include 
a time lock. 

Two more airlines have purchased the voice-encod-
ing system developed by Threshold Technology Inc. of Cinnamin-
son, N.J., for automatic baggage-handling. It was first installed for 
United Air Lines at Chicago's O'Hare Airport [Nov. 20, 1972, p. 
42]. Now it is also being used by TWA at New York's Kennedy In-
ternational Airport and is about to be installed by another carrier. 
Threshold Technology's executive vice president, Marvin 
Herscher, says that the company is also talking to officials at 
O'Hare about expanding the system there. 

A line of gold-free LSI 
ceramic packages using palladium-silver metalization [May 10, 
1973, p. 121] has been dropped by du Pont. "It was just not eco-
nomically feasible," says a spokesman. That was the fate, too, of 
the Multilox product line of which it was a part. Also, the packages 
were found to be too big to market. 

The so-called pinhead laser 
developed at Bell Laboratories [June 7, 1973, p. 35] continues to 
indicate that it may overcome one of the major obstacles to laser 
communications via fiber-optic light pipes—durability. Previous 
semiconductor lasers have had lifetimes of about 30 hours. Bell 
Labs engineers at Murray Hill, N.J., had hoped their tiny helero-
junction device would operate for 10,000 hours, and it's begin-
ning to look as if it will. A spokesman at the lab reports that the la-
ser—it's actually about a third the size of a grain of salt—has been 
operating for more than 10,000 hours at room temperature. Out-
put has been constant for 7,000 of those hours after some 
changes during the first 3,000 hours. 

A yellow flashing light, acti-
vated by a monolithic IC to warn following drivers that you're slow-
ing down, could be the next safety product to be added to your 
car. Called Cyberlites, they were installed on 250 San Francisco 
taxis in a test last year [June 21, 1973, p. 27] and helped reduce 
rear-end collisions by 60%. The California Highway Patrol granted 
approval, on condition that brightness be reduced by a factor of 
three. That accomplished, developer John Voevodsky says he's 
now after the U.S. Department of Transportation to adopt the Cali-
fornia standard. 

Last year, a light-controlled voltage divider for va-
ractor TV tuners was introduced by Chicago's Standard Compo-
nents [June 6, 1973, p. 36]. Since then, it has been designed into 
a Magnavox 36-channel cable-television converter called the Opti-
con 36. Standard Components, which will build the converter for 
Magnavox, is still angling for an OEM application and will show 
the Opticon at next month's IEEE Broadcast and TV Conference. 
The voltage divider offers longer life and better reliability than its 
predecessors. —Howard Wolff 

Intended to bring Electronics readers up to date on news stories of the past months. 
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Put us to the test. 

TRACER-fle' hermetic seal 
leak testing to 5000 devices/hr. 
Low cost $10,950 half gallon gross and fine leak testing 
system. Performs quantitive testing as well as Go-No-Go. 
Meets or exceeds MIL-STD-883, -750, -202, NAS 728, 
MIL-R-5757E and -6106 requirements. Lowest per part cost 
available today. 

Economy 
gross leak 
bubble tester. 
Bench top. Complete-

ly self-contained. Plugs 
into 120V outlet. Solid state 

temperature controlled immer-
sion heater, submerged lighting, built-in timer. 
Meets MIL-STD-883, Method 1014, MIL-STD-750A, 
Method 1071. and MIL-M-38510 requirements. 
Low price: $325. 

Automatic DIP bulk-to-stick 
loading at 4000 devices/hr. 
Automatically orients and loads bipolar 14- and 16-
lead TTL, DTL and CTL devices into stick carriers. 

Just place devices in the 
vibratory feeder bowl; the 
rest is automatic. Elimi-
nates the hand loading 
bottleneck. 

Our family of TRACER-flo® and CENTRISAFE® solid 
state device testing equipment enables you to verify 
the hermetic seal and mechanical integrity of 
semiconductors and microelectronic devices at a 
fraction of a cent per test. Whatever the commercial or 
military specification, there's a model to satisfy 
your needs. 

The small cost per device spent before shipment can 
dramatically reduce field failures and costly returns. 

To eliminate the time consuming practice of loading 
devices into sticks by hand, our new automatic 
Bulk-to-Stick Loader orients and loads 4000 DIPs an 
hour into sticks. 

Put us to the test. Call us for a demonstration or a 
complete technical literature package on our family of 
equipment. 

Automatic 
hermetic seal 

gross leak 
testing station. 

The "Step Two" Pressure 
System meets MIL-STD-
883, Method 1014, Con-
dition C, Step 2 require-
ments. Fully automatic 
processing. Available with 2, 
3, or 4 each 1-gallon activation 
stations and up to 5-gallon storage 
chamber. 

TRIO-TECH, INC. 
OF CALIFORNIA 

Testing services are available on above 
equipment at the addresses listed below. 

Burbank, California 91504 
2435 N. Naomi St. (213) 846-9200 

Mountain View, California 94040 
1954-M Old Middlefield Way (415) 969-9600 

Framingham, Massachusetts 01701 
100 Fountain St. (617) 879-8520 

CENTRISAFE" 
centrifuging 
to verify 
device 
mechanical 
integrity. 

Five different models are 
available from an economy 

variable-speed to a high horse-
y power, all with a complete 

line of fixturing. 
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417  
AMERICAN MADE 

Tolerance 

SCHAUER 
1-watt 

ZENERS j 
Immediate Shipment 

Low Prices 
ANY voltage from 2.0 to 16 0 

Quantity Price each 
1-99 
100-499 
500-999 
1000-4999 
5000 up 

eb*.. 
Gold 

plated 

leads 

S1.07 
.97 
.91 
.86 
.82 

All welded and 
gib'. brazed assembly 

Write for complete 
rating data and other 
tolerance prices. 

No fragile 
nail heads 

Buy the kit-

teÁ. Save a lot 

yee-e 

Kit contains a 51-piece assortment 
of SCHAUER 1% tolerance 1-watt 
zeners covering the voltage range 
of 2.7 to 16.0. Three diodes of each 
voltage packaged in reusable poly 
bags. Stored in a handy file box. 
Contact your distributor or order 
di rect. 

A $54.57 value for 

ONLY  
Semiconductor Division 

SCHAUER 
Manufacturing Corp. 

4514 Alpine Ave. Cincinnati, Ohio 45242 

Telephone: 513/791-3030 
\1/4.  

Meetings 

Consumer Electronics Show, EIA, 

McCormick Place, Chicago, Ill., 
June 9-12. 

Chicago Spring Conference on 
Broadcast and Television Receivers, 
IEEE, Marriott Motor Hotel, Chi-
cago, June 10-11. 

Power Electronics Specialists Con-
ference, IEEE, Bell Laboratories, 
Murray Hill, N. J., June 10-12. 

Quantum Electronics International 
Conference, IEEE, Hyatt Regency, 
San Francisco, June 10-13. 

Symposium on Human Resources 
and Medical Programs of the De-
partment of Defense, EIA, Pick-Con-
gress Hotel, Chicago, June 11-12. 

Automotive Electronics Conference 
and Exposition, Electronics Repre-
sentatives Association, Cobo Hall, 
Detroit, June 11-13. 

International Microwave Sym-
posium, IEEE, Atlanta, Ga., June 
12-14. 

Utilities Telecommunications Coun-
cil Annual Meeting, UTC, Chalfonte-
Haddon Hall Hotel, Atlantic City, 
N. J., June 16-20. 

Design Automation Workshop, IEEE, 
Holiday Inn, Denver, June 17-19. 

International Conference on Com-
munications, IEEE, Leamington Ho-
tel, Minneapolis, June 16-19. 

1974 Government Microcircuit Ap-
plications Conference, DOD, NASA. 
AEC, U. of Colo., Boulder, (clear-
ance required), June 25-27. 

Precision Electromagnetic Measure-
ments Conference, Royal Society, 
IEE, London, July 1-5. 

Electromagnetic Compatibility Sym-
posium, IEEE, Hilton Hotel, San 
Francisco, July 16-18. 

The Second Jerusalem Conference 
on Information Technology, The Je-
rusalem Economic Conference and 
its Computer Committee, Jerusa-
lem, Israel, July 29-Aug. 1. 

Your closest SIGNETICS distributor is... 
ARIZONA 
Phoenix Hamilton/ Avnet Electronics (6021 275.7851 
Phoenix Kierull1 Electronics (602) 273-7331 
CALIFORNIA 
Culver City Hamilton Electro Sales (2131870-7171 
El Segundo Liberty Electronics (213) 322 ,8100 
Los Angeles KieruIll Electronics 1213) 685-5511 
Mountain View Hamillon/Avnet Electronics (415) 961-7000 
Palo Alto )(renal( Electronics (415) 968-6292 
San Diego Cranter Electronics (714) 565-1881 
San Diego Hamilton/Avnet Electronics 17141 279-2421 
San Diego Kierult1 Electronics (7141278-2112 
Sunnyvale Cramer Electronics (408) 739.3011 
CANADA 
Downsview Cosco Electronics (416) 661-0220 
Downsview Cramer Electronics (416) 661-9222 
Montreal Cosco Electronics (514) 735.5511 
Montreal Hamilton/Avnet Electronics (514) 735.6393 
Ottawa - Cesco ElectroniCs (6131 729-5118 
Ottawa Hamilton/Avnet Electronics (6 13) 725.3071 
Quebec City Cesco Electronics (4181 524-3518 
Vancouver Bowtek Electric Co Ltd (604) 736.7677 
COLORADO 
Denver Cramer Electronics (3031 758.2100 
Denver Hamillon/Avnet Electronics (303) 534-1212 
CONNECTICUT 
Hamden Arrow Electronics (2031248.3801 
Georgetown Hamilton/Avnet Electronics (2031 762-0361 
North Haven Cranter Electronics (203) 239-5641 
FLORIDA 
Hollywood Hamilton/Avnet Electronics 1305) 925-5401 
Hollywood Schweber Electronics (305) 927-0511 
Orlando Hamrnond Electronics (305)241-6601 
GEORGIA 
Atlanta Schweber Electronics (4041 449- 9170 
Norcross Hamilton /Avnet Electronics (404) 448-0800 
ILLINOIS 
Elk Grove Schweber Electronics (3121593.2740 
Elmhurst Semiconductor Specialists (3121279.1000 
Schiller Park Hamrlton/Avnet Electronics (3121678-6310 
INDIANA 
Indianapolis Semiconductor Specialists (317) 243-8271 
KANSAS 
Lenexa . Harnaton/Avnet Electronics (913) 888-8900 
Lenexa Hall Mark Electronics 19131888-4747 

MARYLAND 
Hanover Hamilton/Avnet Electronics (301)796-5000 
Rockville Pioneer Washington Electronics (301) 424-3300 
Rockville Schweber Electronics (3011881-2970 
MASSACHUSETTS 
Burlington Hamilton/Avnet Electronics (617) 273-2120 
Newton Cramer Electronics (6171 969-7700 
Waltham- Schweber Electronics (6)7) 890-8181 
MICHIGAN 
Detroit Semiconductor Specialists. Inc (313) 255-0300 
Livonia Hamilton /Avnet Electronics (3131 522-4700 
Troy Schweber Electronics (313) 583-9242 
MINNESOTA 
Edina Hamilton /Avnet Electronics 16121 941- 3801 
Minneapolis Semiconductor Specialists (612) 854-8841 
MISSOURI 
Hazelwood liamilton/Avnet Electronics (3141 731-1144 
St Louis Hall-Mark Electronics (3141 521-3800 

NEW MEXICO 
Albuquerque Cramer Electronics (505) 265-5767 
Albuquerque Hamilton/Avnet Electronics (505) 765-1500 

NEW YORK 
Bunalo Summit Distributors (716) 884-3450 
Farmingdale. L I Arrow Electronics (516) 694-6800 
Rochester Schweber Electronics (7161 328-4180 
Syracuse Hamillon/Avnet EleclroniCS (315) 437-2642 
Westbury Hamilton/Avnet Electronics (5161 333-5800 
Westbury Schweber Electronics (516) 334-7474 
NORTHERN NEW JERSEY 
Cedar Grove Hamilton/Avnet Electronics (2011 239-0800 
Saddlebrook - Arrow Electronics (201) 797-5800 
SOUTHERN NEW JERSEY AND PENNSYLVANIA 
Cherry Hill, NJ Milgray-Delaware Valley 16091 424-1300 
Moorestown- Arrow/Angus Electronics (609) 235-1900 
Mt Laurel. NJ Harmllon/Avnet Electronics (609) 234-2133 
CENTRAL NEW JERSEY ANO PENNSYLVANIA 
Somerset. N J Schweber Electronics (2011 469-6008 
NORTH CAROLINA 
Greensboro Hammond Electronics (919) 275-6391 
OHIO 
Beechwood Schweber Electronics (216) 464-2970 
Dayton Hamilton/Avnet Electronics (513) 433-0610 
Cleveland Arrow Electronics (216) 464-2000 
Cleveland Pioneer Standard Electronics (216) 587-3600 
Kettering Arrow Electronics (513) 253-9176 
TEXAS 
Dallas Cramer Electronics (211) 350-1355 
Dallas Hamilton/Avnet Electronics (214) 661 -8661 
Houston Component Specialties 17131 771.7237 
Houston. Hamilton/Avnet Electronics 1713) 526-4661 

Salt Lake City Alta Electronics 1801) .,T486-7227 UTAH Salt City 
Hamillon/Avnet Electronics (801) 262-8451 

WASHINGTON  
Bellevue Hamillon/Avnet Electronics (206) 746-8750 
Seattle Cramer Electronics (2061 762,5722 
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Super speed in plastic: 
Finally, Ea 10k you can afford. 

35 economy devices 
to double or triple 
your system performance. 
For super-speed logic you can't 
beat ECL 10k. But until now, cost 
has been the problem. Just the kind 
of problem we like to sink our 
teeth into. 

Plastic's the ticket. It makes ECL 10k 
a standard in your budget. Because we've put 
so many low-cost plastic devices into low-cost 
volume production, our super-speed prices are 
competitive with other high-speed alternatives 
at last. 

Now, in designing high performance 
systems for today's and tomorrow's market, 
you've got a choice. Before you might have 
designed with standard high-speed TTL logic 
costing 50/gate (100-up). Now you're suddenly 
able to design with super-speed ECL 10k logic 
in plastic costing 55Vgate. 

Variety? You bet. Early on we recognized 
the diversity you'd need—to cover design 
requirements of terminals, minicomputers, 
add-on memories...you name it. Signetics offers 
you a complete standard logic family of ECL 10k 
in plastic. And there's more to come, including 
the higher power MSI counters, shift registers 
and adders. 

Here's the clincher: availability. Everything 
listed is in production. Everything in production— 
on our distributors shelves. NOW. Should a local 
run clean a device out of stock, it's only temporary. 

We can expand availability on short 
notice—meaning days or a few 

weeks, not months. 
Enough said—it's your move. The 

parts list is here; your distributor's number 
is on the facing page. Take it from there. 

GATES 10111 10116 10135 
10101 10112 10124 
10102 10113 10125 ENCODERS & 
10103 10117 10190 DECODERS 
10104 10118 10216 10132 
10105 10119 10134 
10106 10121 LATCHES & 10158 
10107 FLIP FLOPS 10159 
10108 INTERFACE 10130 10171 
10109 10114 10131 10172 
10110 10115 10133 10173 

CLIP AND ATTACH TO YOUR LETTERHEAD FOR FAST ACTION 

Signetics—Plastic ECL 10k 
RO. Box 3004-30 
Menlo Park, California 94025 

Rush me your line card, and application information on Signetics 
economical ECL 10k in plastic. 

Name  

Title  

SIgnetics Corporation. a subsidiwy of CornIno Glass Works. 811 East Argues Avenue. 
Sunnyvale. Califorrsa 94088 (408) 739-7700 

signuties 
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Growing with the 
Amphenol connectors help 
assure correct weight 
in new automatic 
weighing system. 

Meat merchandising has taken a big step 
forward with advanced solid state circuitry. 
The system includes a scale, mini-computer, 
and a printer in an integrated modular pack-
age that can weigh and price meat in seconds. 
Amphenol 221 Series micro-miniature con-

nectors share the responsibility for transmit-
ting weight and price data to the mini-comput-
er. Their low cost, sturdy design, and high-
reliability contact configuration make them 
ideal for this application. 
The 221 Series does the same kind of reliable 

work in a variety of equipment in the elec-
tronic data processing, telecommunications 
and home entertainment industries. 



new electronics 
Amphenol connectors 
help transmit computer 
data in new high 
speed printer. 

A unique 
modular ma-
trix printer 
was recently 
developed to 
interface with 
mini-comput-
ers, medium-
speed batch 
terminals, and other installations requiring 
high speed data output. Data is received at up 
to 75,000 characters per second. The data is 
then carried through PC cards to a printing 
head with an output of up to 165 characters 
per second. 

Precise signal input and data output depend 
on consistent and accurate information flow. 
That's why this peripheral systems manufac-
turer specifies Amphenol 225 Series PC con-
nectors and 6034 Series trimmers. They also 
rely on Amphenol connectors as an important 
link to the power supply portion of the printer. 
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Amphenol assembly 
services help produce 
new credit card 
verifier. 

A major 
computer cor-
poration re-
cently devel-
oped a new 
computerized 
credit system. 
To eliminate a 
costly invest-

ment in production equipment and inventories, 
they turned to the Amphenol Cadre Division. 

All assembly and material supply is now 
handled by Amphenol people including compo-
nent preparation, stuffing and wave soldering 
of printed circuit boards, hand wiring, and 
mechanical assembly. In addition, unique 
quality control tests are carried out. 
Over 500 units have already been produced 

with excellent turnaround time and high prod-
uct quality. They are now in use by a nation-
wide resort and restaurant chain for added 
customer convenience and man-hour savings. 

AMPHENOL 
For more information, contact these manufacturing/sales facilities. United States: Amphenol Components Group, 
1830 S. 54th Av., Cicero, IL 60650 Canada: Amphenol Canada Ltd., 44 Metropolitan Rd., Scarborough, Ont. Great Britain: 
Amphenol Ltd., Thanet Way, Tankerton. Whitaable, Kent, England West Germany: Amphenol-Tuchel Electronics Gmbh, 
8024 Deisenhofen boj Munchen, West Germany France: Usine Metallurgique Doloise, 92a98 Avenue de Gray, 39100—Dole, 
France Australia: Amphenol Tyree Pty. Ltd.. 10-16 Charles St., Redfern, N.S.W. 2016, Australia India: Amphetronix Ltd.. 
105 Bhosari Industrial Area, Box 1, Poona 26, India Japan: Daiichi Denshi Kogyo K.K., 20, 3-Chome, Yoyogi, Shibuya-ku, 
Tokyo, Japan 151 
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Introducing the new standard of quality 
in cermet film fixed resistors. 

Now Allen-Bradley quality is available in cermet film fixed 
resistors. We coupled 40 years of know-how in reliable 
fixed resistor mass production with 15 years of experience 
in metal film resistive elements. 

The result will change your thinking about film 
resistor suppliers. 

Features? Capless design that does away with 
problems associated with end cap construction. And an 
alumina core with superior thermal characteristics and 
physical strength to resist fractures. Solderable/weldable 
leads. Even dual markings that are easy to read. 

Actual Size 

EC68 

Now available in preferred number values from 
10 ohms to 1 meg; 1% tolerance; 4' watt at 70°C, 1/8 watt 
at 125°C; Size 0.250 L. by 0.090 D. Approved to MIL-R-
10509 for style RN55, characteristic D. With tape reel 
packaging if you prefer. 

For complete technical information on the Type 
CC cermet film fixed resistor, write Allen-Bradley 
Electronics Division, 1201 South Second St., Milwaukee, 
Wisconsin 53204. 

There's more to resistors than resistance. 
Circle 24 on reader service card 
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Electronics newsletter 

Signetics, Asahi Watch for a joint venture in Japan between Signetics and its Japanese 
ne gotiating 'oint sales agent, Asahi Glass Co. Talks between the firms are under way in 

anticipation of relaxation later this year of Japan's import and capital-
venture in Japan investment restrictions on the semiconductor industry. Such a joint 

venture would help boost Signetics' sales in Japan, which now run 
around $7 million annually. Asked to comment on the negotiations, a 
Signetics spokesman would only confirm that such talks are starting. 

Consumer products Makers of consumer electronic products have lost their battle with the 
o show Bureau of Radiological Health in the Food and Drug Administration. 
rdered to  After Jan. 1, 1975, every product subject to radiation-performance 

date of manufacture safety standards will have to be labeled by its maker with its month and 
year of manufacture. Previously, manufacturers were allowed merely 
to code this information on products, provided they gave the bureau 
the key to the code. The bureau, which proposed the standard last Sep-
tember in response to consumer requests, will continue to permit com-
panies to use code for the place of manufacture. 

However, while this will save manufacturers of popular U.S. brand-
name products like TV receivers from disclosing that their products are 
made in such places as Taiwan and Japan, companies still fear that 
consumers will reject buying a product made earlier in favor of another 
with a more recent date. But one company official opposed to the label-
ing program protests, "Electronics doesn't go sour like a bottle of milk 
or a pound of butter because it has been on the shelf for a while, but 
we are afraid a lot of consumers may act as though it does." 

Semiconductors "They're shoving them down our throats." That's how David H. Meth-
suddenl flood vin, president of Computer Automation Inc., describes the semicon-y  ductor-supply situation in what he says is a sudden change from condi-

mini maker tions a short while ago. "We and other firms are up to our eyeballs in 
ICs," he says. 

Methvin cites one case in which his Irvine, Calif., firm called a sup-
plier to try to stop a $40,000 order, only to be told that the parts had 
just been put on a truck. After the order arrived, paper work showed 
that the trucking company had received the semiconductors two days af-
ter the phone call. 

Signetics reported Integrated injection logic, the bipolar LSI introduced in Europe by 
also develo in Philips and IBM [Electronics, Feb. 21, p. 92], may be gaining another 

disciple. Reported doing serious investigative work into the process is 
new injection logic Signetics Corp. of Sunnyvale, Calif. Texas Instruments and Intel Corp. 

previously announced work. 
The attractions of 12L—characterized by some observers as the bipolar 

LSI of the future—are its density, speed-power product, versatility, and low 
cost. The technology is capable of squeezing 1,000 to 3,000 gates, or 
more than 10,000 bits of memory, on a single chip; has a speed-power 
product as low as 1 picojoule, compared to 100 pi with TTL; can handle 
digital and analog functions on a single chip; and is made with a five-
mask process without the need for current-source and load resistors. 
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Motorola offers Outwardly unruffled by attempts to block the proposed sale of its tele-
new TVs despite vision-set business to Matsushita Electric Co. (Panasonic), Motorola's 

Consumer Electronics division is busily introducing its new line of Qua-
sale negotiations sar receivers this week. The move is apparently intended to hold on to 

Motorola's network of dealers. 
Meanwhile, Zenith Radio Co., which surprised the industry earlier 

this month by offering to buy two of Motorola's plants, says it is consid-
ering legal action to block the Motorola-Matsushita deal. Zenith's 
offer, an attempt to outflank Matsushita, was rejected by Motorola. 

First Naked Computer Automation Inc., the Irvine, Calif., minicomputer maker 
best known for its Naked Mini machines, is still having difficu lties w ith 

Mini LSI the custom semiconductor chip set [Electronics, Feb. 21, p. 144] used in 
Having chip woes its first LS! computer—the Naked Mini LS! Type I machine. President 

David H. Methvin has five of his engineers working full time to solve 
the problem: the chip set's voltage margins are too limited. Computer 
Automation designed the chips, which are reportedly being made by 
National Semiconductor. Methvin estimates that it may be six months 
before the machine, announced in May 1973, is in production. 
Meanwhile, the company hasn't lost any customers because of the 

slippage, Methvin maintains. In fact, the Naked Mini LS! Type II, de-
veloped in parallel with the Type I but announced several months 
later, is being produced at the rate of 1,000 per quarter, and more than 
1,000 of the newer machines have been shipped. Nor is CA hurting 
noticeably in sales without the Type I though Methvin admits they 
would be higher. The company's third quarter, ended March 31, was 
the 1 lth consecutive quarter of record sales and profits. Sales for that 
quarter hit $5.6 million, with profits at $1.06 million. 

Pressure change A researcher in Leonia, N.J., has developed a rubbery plastic material 

varies resistance with electrical resistance that varies with pressure. And it does so line-
arly over a sizeable portion of its operating range. The manufacturer 

of new substance claims that the new material, Dynacon, can have a high—more than 10 
megoluns—resistance in a relaxed form, but resistance drops to less than 
1 ohm when enough pressure is applied. 
Harold Charles, president of Dynacon Industries Inc., says the mate-

rial's operation depends upon conducting metal particles suspended in 
a binder sheet of rubber or plastic binder. The substance resembles the 
conductive elastomers used in such things as electromagnetic shielding 
that are now finding their way into connectors for watches [Electronics, 
Jan. 24, p. 32]. 

But his material's conduction of electricity depends on a different 
phenomenon, Charles says. Since less metal is needed, weight is lower, 
and the material can be cycled indefinitely. Right now, Charles is look-
ing for applications. Some possible uses: weight sensors for bathroom 
scales and pressure sensors for such devices as robot "hands," intrusion 
detectors, switches, and motor controls. 
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Perfect for 
power sttpp 
design. .40 

'711r-

Unitrode's new ESP Power Switch provides the power transistor and lit 
catch diode functions required in switching regulator applications. 
One convenient package delivers the extra Efficiency, Speed, and 
Power needed to improve response time over regulating components 
commonly used in power supplies...and at no extra cost. 

Unitrode selects and matches its exclusive ESP high speed recti-
fiers and power transistors to produce a single, plug-in TO-66 
package.. saving hours of design time. 

This new ESP power switch operates with more than 80% effi-
ciency. That's at least 15% better than most switching regulator 
circuits. Switching rates can be increased from the normal 10-20 
KHz to 50 and even 100 KHz. And the ESP power switch can be 
driven by any IC regulator with no external biasing required. 

Since no diode recovery spike is generated, there's less noise and 
RFI. Circuit designers can use a smaller LC filter, further reducing 
total power supply size, weight and cost. 

For detailed specifications and performance characteristics on 
both 5A and 15A units, send for our ESP Power Circuit literature. 
Or, for faster action call Ernie Crocker at (617) 926-0404. 

Type 

Max Max. 
Output Input Typical Typical 
Current Voltage Efficiency Rise Time 
l 1 V4-2 n. tn.; 

lar37icnlil F e 

POSITIVE OUTPUT 

PIC600 5A 60V 85%2A 30nSec 50nSec 
PIC601 80V  

PIC625 15A 60V 82% @ 10A 45nSec 70nSec 
PIC626 80V  

NEGATIVE OUTPUT 

PIC610 -5A -60V 85%@ 40nSec 50nSec 
PIC611 -80V  

PIC635 -15A -60V 82%@ - 10A 50nSec 65nSec 
PIC636 -80V 

'Measured with Vin = 25V. Vow = 5V, f = 20 KHz. Input pulse width = 10µSec 

See Electronics Buyers Guide Semiconductors Section for more complete product listing. 
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Thyristors, Rectifiers 
and Capacitors 
for Inverters 

6 new high speed Thyristors 
C609 SWITCHES 1400A ph @ 5KHz 
C509 SWITCHES 1000A pk @ 5KHz 
New involute interdigilated pellet configura-
tion allows more than double the I requency-
current capability of comparable competitive 
types. 

C364,275A RMS, up to 600V, 10 i/sec tq 
C365,275A RMS, up to 600V, 20 ilsec tq 

For high speed, low-loss power switching in ' 
1-10 KHz range. 

Ç ii C149,63A RMS, up to 600V, 10 and 20 lisec tq . , 
C148,55A RMS, up to 1200V, 30 and 40 //sec tq i î 

15° C cooler operation than competitive types ----fir 
at same case temperature; '4"-28 stud mount 
package. 

New fast recovery Rectifiers 
A396,400A Ave, 1200V, up to 10KHz 
A596,750A Ave, 1400V, up to 5KHz 

Companions to GE inverter SCR types C398. 
C509, C609. Better ratings and characteriza-
tion than comparable competitive types. 

Commutating and Snubber 

1 Capacitors 
Metal-encased paper, metalized paper and 
poly-carbonate film dielectric capacitors are 
available in a variety of case styles and several 
lead terminations. Ratings from 0.1 to 150 uf 
and up to 2.000V DC. 

For more information contact 

General Electric Semiconductor, Electronics Park 7-49 

Syracuse, N.Y. 13201 

GENERAL ELECTRIC 
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Electronics review 
SIgnIficant developments In technology and bustness 

X-ray lithography 
highlights move to 
tiny IC patterns 
While not yet out of the 

laboratory, X-ray exposure 

of sensitized wafers may 

soon become practical 

In the quest for smaller and smaller 
geometries on integrated-circuit 
masks, two techniques have been 
pursued: the use of electron beams 
and X rays instead of light for ex-
posing sensitized wafers. Both over-
come resolution problems by oper-
ating at much shorter wavelengths 
than the ultraviolet light presently 
used. 
And now X-rays appear to have 

features that may give them the 
edge over electron beams, as well as 

over conventional approaches. 
These features include: 
• Resolution of 0.1 micrometer. 
• Depth of field of 10 ttm, which 
permits noncontact printing for 
longer mask life. 
•Insensitivity to dust particles and 
other contaminants—critical factors 
with conventional systems. 
• Constant depth of exposure. 
• Capability to be used with posi-
tive or negative resists. 

Bell Laboratories, IBM Corp., Lin-
coln Laboratories, and others have 
been working with X-ray lithog-
raphy for several years, and now the 
technique appears about to emerge 
from the laboratory. Paul A. Sulli-
van, head of the micropattern rep-
lication group of the Ion Physics de-
partment at Hughes Research Labo-

ratories, Malibu, Calif., and J.H. 
McCoy, also a member of that 
group, described recent advances at 
this month's Sixth International 
Conference on Electron and Ion 
Beam Science and Technology in 
San Francisco. 
Uses in logic, bubbles. Hughes re-

searchers have been working to pro-
duce surface-wave acoustic devices, 
which typically require lines as nar-
row as 0.6 /Am, as well as microwave 
field-effect transistors. The process 
also appears suitable for ultra-high-
speed logic circuits and magnetic-
bubble memories. 

Basically, the technique is to use 
electron beams to make the masks 
but to expose the wafers to X-rays, 
which, Sullivan says, will permit 0.2-
µin resolution, compared to the 0.6-

5pm 

360 pmT 

--

0.5 pm 

1.0pm 

GROW BOROSILICATE GLASS. 
DIFFUSE BORON. 

ETCH GLASS. 
ETCH SILICON ONE SIDE. 

DEPOSIT PYROLYTIC OXIDE. 

s.s.s.s.s.s,.,s'ss,,s,.s,ssssssvvsssss,,,ss.sssssssss,s.,sv:sssstvs,,,,sss, 

DEPOSIT 0.05 pm OXIDE. 
APPLY PHOTO RESIST. 

MN SILICON O BORON-DOPED Si 

Au 0.5pm 
-f-

EXPOSE AND DEVELOP PHOTO RESIST. 
EVAPORATE CHROME-GOLD. 

LIFT OFF GOLD. 
APPLY PHOTO RESIST MASK FOR WINDOWS. 

— — — — — — —  

ETCH OXIDE ONE SIDE. 
REMOVE RESIST. 

MM. OEM 11/  

111 
SELECTIVE ETCH SILICON. 

œa GLASS MI SILICON OXIDE = PHOTORESIST GOLD (Au) 

X-ray mask fabrication. Gold-on-silicon masks for X-ray exposure are made much like conventional silicon wafers. The mask is written with 

electron-beam techniques, however, and must be etched to a thickness of a few micrometers. 
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ten limit of present electron-beam 
photolithographic technology. 
The X rays used are soft (8 kilo-

volts) and present no health hazard, 
being unable even to penetrate hu-
man skin, says Sullivan. They are 
generated by high-energy electrons 
hitting a target (Hughes has used a 
3-kw Balzers electron-beam eva-
porator with an aluminum target). 
Their wavelength is 8 angstroms, 
compared to the 4,000 À of the ul-
traviolet. A thin (8-µm) aluminum-
foil heat shield is required between 
the target and mask, which are 
about 8 centimeters apart. 
The gold-on-silicon mask has a 

thermal coefficient that matches the 
thermal properties of the silicon wa-
fers used for the device. The mask 
substrate is 2 to 5 ttm thick. 

Alignment. A scanning electron 
microscope is used to write the pat-
tern on the mask. The relative slow-
ness of this process is not a serious 
limitation, says Sullivan. He feels 

that the previously difficult problem 
of mask-alignment has been solved 
by his approach's accuracy, kept 
within 0.1 p.m. 

His system uses a complex opto-
electronic technique to align regis-
tration marks on the mask and wa-
fer. Exposure requires less than 2 
minutes over a 2.5-cm wafer for fast 
resists and the relatively high power 
of 9 kilowatts. 
The X-ray technique appears to 

overcome some fundamental prob-
lems with electron-beam exposure 
of wafers, notably distortion caused 
by imperfect fields, backscattering 
of electrons from a substrate, and 
the necessity to keep the substrate in 
a vacuum. For these reasons, Sulli-
van thinks that X rays will ulti-
mately prove superior for making 
devices with submicrometer dimen-
sions. 
He also feels that the simplicity 

and relatively low cost may well 
lead to far wider utilization of the 

ultrahigh resolution capabilities of 
masks made by scanning-electron-
beam lithography. 

Commercial electronics 

Oil-locator accepts 

1,024 input channels 

There was a time when electronic 
oil-exploration systems brought site 
information to a computer, but now 
at least two companies are taking 
the computer to the site. Heretofore, 
the average number of information 
channels that funneled into this type 
of computer was 48; however, Geo-
physical Systems Corp., Pasadena, 
Calif., has developed Geocor II, a 
system that accepts 1,024 input 
channels for what is claimed to be 
the highest resolution available for 
mapping geological structures. 

IEEE president John Guarrera insists: 

"I can do the job" despite business problems 
Responding to criticism that outside 
business pressures make him 
unable to devote full energy to IEEE, 
the institute's president John Guar-
rera has stated that he can handle 
his presidential duties. The situ-
ation, unusual for the staid IEEE, in-
volves a series of problems plaguing 
SaCom, the microwave-equipment 

and communications-terminal firm 
Guarrera heads. The critic calling 
for Guarrera's resignation has been 
Irwin Feerst, whose self-financed 
newsletter regularly needles IEEE 

management. 
Subpoena. Guarrera's business 

problems consist of an investigation 
of SaCom's underwriters by the 
Securities and Exchange Commis-
sion that included a subpoena of fi-
nancial records, plus a complicated 
change of auditors that has intensi-
fied his financial woes, plus a fiscal 
year of heavy losses. However, he 
denies that the SEC private order for 
investigation either reflects 
wrongdoing by SaCom or impinges 
on his ability to head the IEEE. 

"It's correct that I could easily de-
vote more time to IEEE because this 
job is endless and would not be 
possible to do without the support of 
the executive committee and the 
headquarters staff. But I've done a 
reasonably good job, though I'm 
concerned with the company," 

Guarrera states. "I really don't think 
l'‘,e neglected either my IEEE respon-
sibility or my companies financial 
interests." 
Because the SEC will not release 

information on an investigation in 
progress, the only details on record 
indicate the commission is looking 
into the circumstances of public 
offerings of SaCom's common stock 
on Oct. 31,1972. 

For his part, Guarrera says that 
he's in the dark about the exact na-
ture of the SEC probe, but he does 
expect the situation to reach some 
conclusion in about two months. 

Meanwhile, the executive board 
and staff of IEEE have not echoed 
Feerst's charge that Guarrera is too 
preoccupied to be effective as pres-
ident. Comments Donald Fink, IEEE 

general manager, "We're not con-
vinced that the president has ne-
glected his duties; John Guarrera 
has enough energy to make himself 
felt here. We're not running scared 
at IEEE.'' El 
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Portable oil locator. Developed by Geophysical Systems Corp., the Geocor Il can be used 

to locate geophysical faults as well as oil deposits. 

Texas Instruments, which started 
in oil exploration and then 
branched to computers and semi-
conductors, introduced its on-site 
processing system, called Timap, 
last October at the Society of Ex-
ploration Geophysicists meeting in 
Mexico City. Timap has a 256-chan-
nel capability, and normally oper-
ates with full 32-bit final correlation. 
It also has such peripherals as disks, 
tape drives, printer, and electrostatic 
plotter. Geophysical Systems, how-
ever, claims that its 1,024 input 
channels give higher resolution. 
"We gather single-bit information 
but cross-correlate it against a full 
16-bit envelope," says Robert Fort, 
Geophysical Systems vice president. 
And the company points to the 

advantage that, rather than depend-
ing on a central computer for batch-
processing, Geocor II is a real-time 
acquisition system in a self-con-
tained exploration van. Right in the 
field, it produces a two- or three-
dimensional plot on a Varian Data 
Machines Statos electrostatic 
printer. 

Ears to the ground. The Geocor II 
system uses a Varian V-73 com-
puter, plus a Geosystems array ter-
minal and special high-speed fast-
Fourier-transform processor. Fort 
says the fast-Fourier transform is vi-
tal to provide the necessary high-
speed compression of the large 
number of inputs. 

To use the system, large numbers 
of Geophones are arranged around 
a vibrator that "chirps" the earth's 
surface for 24 seconds at a fre-
quency of 10 to 60 hertz. The system 
includes feedback so that the com-
puter adjusts the chirp frequency for 
best definition. 

Transmitted shock. The Geo-
phones also collect shock waves 
transmitted from the van. As these 
waves bounce off strata in the 
ground, the system processes them. 
This information can then be dis-
played on line or stored for later 
printout. The display will be a new 
22-inch wide Varian Statos printer; 
the model 15 is now used. Cathode-
ray-tube terminal, line printer, and 
magnetic tape are also provided. 
The system is now undergoing 

field tests in California's San Joa-
quin Valley and is claimed to have 
located both known and new re-
serves in a previously well-explored 
area. 

CRTs for data add 

cheap color display 

Although color CRT data displays 
have been available almost as long 
as color TV, relatively few customers 
have been willing to pay the pre-
mium asked for them and their ac-

companying convergence circuitry. 
But engineers at two Midwest firms 
have developed a shortcut to low-
cost color data displays that will, for 
some applications, yield the color 
feature for less than double the cost 
of monochrome. And since the color 
is implemented in a standard 
monochrome tube, color displays 
with 80-character line resolution 
will for the first time be available in 
screens as small as 8 to 12 in. 
The concept is simple: use stripes, 

bands, or blocks of different phos-
phors on selected screen areas of a 
standard monochrome CRT. Called 
Programmable Color by its develop-
ers, the technique is useful only for 
applications where data is presented 
in fixed formats. The technique is 
being implemented for the Miratel 
division of Ball Brothers Research 
Corp., St. Paul, Mo., by tube-maker 
Clinton Electronics Corp., Rock-
ford, Ill. 

Miratel pegs the price of a 
monochrome 12-inch data display 
between $100 and $150, "depending 
on quantities and options," says 
George H. Wagner, director of mar-
keting "and 10 times that for a 
Shadow-mask display with ade-
quate convergence to yield the reso-
lution required for 80-character 
lines. Programable color displays 
will sell in the neighborhood of $200 
each in lots of 500, roughly a two-
thirds increase over monochrome. 

Clinton is putting down phos-
phors of a particular color in a par-
ticular area. The user can't change 
the color of an area at will as he can 
in a Shadow-mask tube. "But you 
can't get anywhere near the degree 
of resolution in a Shadow mask," 
says Alan D. Bedford, ,Miratel's 
chief engineer. "You're limited by 
the size and spacing of phosphor 
dots, and the typical spacing be-
tween like-color dots is 22 to 29 mils 
in the popular color tubes." Since 
monochrome has no dot-triad struc-
ture, beam size is the only limiting 
factor, and dot size for monochrome 
CRT displays is 12 to 15 mils. 
The two firms have seen the most 

interest for colors laid down in col-
umn formats for terminals used for 
stock market, inventory control, and 
banking applications, and for the fa-
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miliar airline display of flight num-
ber, destination, and status. "Hori-
zontal, or row, formats are also 
possible," says Carl G. Phillipps, 
sales manager at Clinton. "Medical 
instruments, for example, might use 
a two-stripe horizontal display 
where the trace is normally green. 
Shifting the trace to the red band 
would be used to indicate an alarm 
condition." Long- and short-decay 
phosphors could be provided in the 
same tube for other medical appli-
cations, he adds. And because phos-
phors can be put down in any con-
figuration, circles and checkered 
formats are available for manufac-
turers of electronic games. 

Since the technique essentially 
relies on relatively simple standard 
monochrome drive circuitry, col-
umn format displays can be retro-
fitted into unmodified monochrome 
chassis already in the field. "Modi-
fications, if any, would be made in 
the software," he points out, but 
"for row-format programable color, 
we'd have to do some stabilization 
of the vertical-deflection and high-
voltage circuitry to make sure the 
characters fall within the stripes of 
color." 

Trade 

Japan's share down 

as U.S. imports drop 

First-quarter U. S. imports of home-
entertainment electronics dropped 
to $371 million, a 7.4% decline from 
the $401 million reported from Jan-
uary to March, 1973, according to 
the U. S. Department of Commerce. 
Foreign suppliers' shares of the 
U. S. audio-video equipment mar-
ket also underwent some drastic 
changes, as shipments from Japan, 
the leading foreign supplier, 
dropped an unprecedented 26% or 
$66 million to a $190 million total 
for the quarter. At the same time, 
large dollar gains were posted by 
Taiwan and Korea, the agency re-
ported, confirming an earlier fore-
cast [Electronics, March 21, p. 36]. 

Taiwan, second-largest U. S. for-

U.S. IMPORTS OF CONSUMER AUDIO 

U.S. Imports of Consumer Audio and Video Products by Country of Origin 
(thousands of dollars) 

Jan.-March Percent 
1972 of total 

Japan 5257,791 70.3 $255987 

Taiwan 46,711 12.7 60,179 

Hong Kong 21,658 5.9 22,606 

Korea 2,589 0.7 6,533 

United Kingdom 18,945 5.2 19,530 

Canada 5,980 1.6 8,529 

Singapore 2,479 0.7 5,064 

West Germany 3,743 1.0 4,858 

Brazil - 0.0 2,773 

Mexico 4,328 1.2 7,507 

Others 2,494 0.7 7,383 

Jan.-March 
1973 

Percent Jan.-March Percent 
of total 1974 of total 

63.9 $190,223 51.2 

15.0 86,940 23.4 

5.6 24,502 6.6 

1.6 19,142 5.2 

4.9 17,565 4.7 

2.1 9,130 2.5 

1.3 8,048 2.2 

1.2 5,980 1.6 

0.7 5,294 1.4 

1.9 3,141 0.8 

1.8 1,306 0.4 

Total 5366,718 100 0 5400,949 100 0 S371,271 100 0 

- Snore.e erwm.. nl 

eign supplier, posted a 44% gain in 
shipments with an $87 million total. 
Imports from Korea, almost exclu-
sively by rapidly expanding Ko-
rean-Japanese joint operations, reg-
istered the largest gain of any 
country, rising 193% to $19 million. 
The increase pushed Korea up from 
sixth to fourth place, displacing the 
United Kingdom and ranking it 
right after Hong Kong (see table). 

Prices up, imports down. The de-
cline in value of imports came de-
spite significant increases in unit 
prices of imports. The Government 
says that a representative sampling 
of unit import prices shows that 
auto radios from Hong Kong cost 
$13.72, compared to $8.40 each in 
the first 1973 quarter. Similarly, 
tape players for automobiles from 
Taiwan rose to $17.22 from $14.55; 
Japanese color-Tv receivers with 
screens of 10 inches and smaller 
climbed to $170.33 from $160.16, 
while Korean-made monochrome 
TVS of the same screen size rose to 
$52.25 from $50.75. 

Imports of color Tvs, the product 
in which the U. S. remains most 
competitive, declined almost 14% to 
250,000 units. Unit decreases were 
also registered in radio/phonograph 
combinations (down 55.3%), home 

radios (down 21.9%) tape record-
ers/players (down 19.6%), phono-
graph/record player/turntables 
(down 19.6%). Minimal import 
gains during the first quarter were 
made in auto radios and mono-
chrome TVs. 

Components 

DIPs go to thin film 

at thick-film prices 

Thin-film resistor networks deliver 
higher precision than their thick-
film counterparts, but users have al-
ways had to pay for that precision. 
Both types have been available in 
dual in-line packages recently. Now 
TRW/IRC Fixed Resistors is taking 
aim at both thick-film and discrete 
carbon-composition resistors with a 
soon-to-be-introduced line of thin-
film networks housed in DIPS. 

TRW/IRC's line of resistor net-
works, made of tantalum thin film, 
is intended to be price-competitive 
with thick-film networks. The tanta-
lum process, an offshoot of one used 
currently by !RC for custom IC net-
works, could also be used for re-
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THE 577 CURVE TRACER.... 

ANEW WAY TO MEASURE 
COMPONENT CHARACTERISTICS. 

For a demonstration circle 165 on reader service card 

Circle 33 on reader service card 

For years the Tektronix Curve Tracers 

have been meeting the exacting measure-
ment needs of the semiconductor indus-
try. The same measurement techniques 

can be applied with equal success to 
electronic components such as: switches, 
relays, connectors, incandescent lamps, 

fuses, gas discharge devices, small 
motors, capacitors, inductors, resistors 
and transformers. 

One unique advantage of the curve 
tracer is its ability to reveal non-linear 
resistance. When you think of it, all 
resistances are non-linear if viewed over a 
large range of current or voltage. Often 
this nonlinearity is of critical importance. 
While an ohmmeter yields only a single, 
fixed point on the resistance curve, the 
577/177 plot current versus voltage at any 
desired level. Or, it plots the resistance 

over a wide range of input levels. 
The 577/177 measures dynamic resis-

tance from less than 0.001 St to over 

1,000,000 mn. This means that you can 
measure the low resistance of circuit 
board runs, connectors and closed con-

tacts; or the high resistance between cir-

cuit board runs, adjacent connectors and 
open contacts. 

The movement of a relay armature in 
the magnetic field generates a forward 
voltage on closing, and a back voltage on 
dropout. Relay coil resistances, pull-in 
voltage, pull-in current, dropout voltage 
and dropout current can all be viewed on a 
single display using the 577/177 with CRT 

storage. 
577/177 with storage module D1 .. ;2495 

Let us help you make your measure-
ments. To see this curve tracer, call your 
local Tektronix field engineer; he'll be glad 
to demo one for you. If you prefer, for 
additional information write Tektronix, 
Inc., P.O. Box 500, Beaverton, Oregon 
97005. In Europe, write Tektronix Ltd., 

P.O. Box 36, St. Peter Port, Guernsey, Cl., 
U.K. 

TEKTRONIX 
comrnrilo, ro 
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sistor-capacitor networks, as well as 
resistor networks. 

IRC has adapted its thin-film tech-
nique for rough-and-tumble appli-
cations that precision thin film is sel-
dom used for: pull-ups, pull-downs, 
line terminators, ladder networks, 
attenuators, and current-limiters. 
What's more, at 40 to 45 cents each 
for 14- and 16-pin DIPS in quantities 
of 10,000, prices will be competitive 
with those of thick film. 
The thin-film technology offers 

advantages over thick film in noise, 
tracking, and temperature coeffi-
cient, "but this doesn't seem to be a 
key advantage in penetrating the 
commercial market," says Sylvester 
Mattie, network-development man-
ager of TRW/IRC Network Oper-
ations, Philadelphia, Pa. "There 
does seem to be an advantage in sta-
bility over the long term," and IRC is 
generating 10,000-hour data for the 
parts' July introduction. With 8,000 
hours logged on prototype networks, 
drift over load life at maximum 
rated power (0.125 watt/resistor) is 
running 0.25% typically and 1.0% 
maximum, he says. 
The firm is using a modification 

of the tantalum-nitride process de-
veloped by Western Electric and 
currently used by several manufac-
turers, including IRC, for precision 
resistor networks and custom-IC net-
works. 
The process. A tantalum-nitride 

resistor film is sputtered onto a 
99.5% alumina-ceramic substrate. 
For the commercial parts, IRC evap-
orates nichrome onto the tantalum, 
copper onto the nichrome, and 
flashes the copper with palladium 
for protection. Terminal pads and 
then resistor areas are photolitho-
graphed onto the substrate and 
etched out. 
The key to the competitive cost is 

the number of networks processed 
on a single ceramic blank. IRC ob-
tains 48 networks from a 21/2 -by-31/2-
inch substrate and is planning to 
double that output by moving to 4-
by-4-inch blanks and a larger 
sputterer later this year. "The thick-
film producer can't generally screen 
over that large an area with the ac-
curacy and yields that we get," Mat-
tie says. "He'd have to.adjust more 

and cut in longer to get up to the fi-
nal ranges he needs." 
Trimming for resistor adjustment 

is done before the plate is laser-
scribed and broken into networks, 
and the plate is screened with a sol-
der paste for fitting into lead frames. 
After firing to connect pads to ter-
minals, the individual networks are 
packaged in molded TO-116 DiPs. 
First parts will be seven- and eight-
resistor networks, rated from 51 
ohms to 100 kilohms, and 13- and 
15-resistor nets ranging from 51 
ohms to 51 kilohms with a common 
terminal. 

Computers 

Micro CPU smartens 

dumb remotes 

A remote data-acquisition and 
monitoring system developed for 
utilities illustrates how the new 
breed of microprocessors-on-a-chip 
will be increasing the intelligence of 
dumb terminals. And in the process, 
it shows how to ease the work load 
on both computer and personnel at 
complex central master stations. 
With initial units to be shipped in 

July, Quindar Electronics Corp., 
Springfield, N.J., now has developed 
its smart remote terminal to handle 

basic data reduction, thereby taking 
the load off the central monitoring 
computer to which it is tied. More-
over, the terminal can also perform 
programed control functions that, 
until now, had to be relayed in 
proper sequence from the central 
master station. Thus, the remote ter-
minal can on its own be involved in 
such things as the sequential start-
ing and stopping of power gener-
ators. 

"It's a big change for us," declares 
Stanley Green, Quindar's manager 
of research and development. A 
long-time supplier of remote data-
monitoring gear for utilities and 
pipelines, Quindar had relied on 
multiplexed digital signals contain-
ing the monitored data to be sent 
back over telephone lines to a mas-
ter station. Years earlier, Quindar 
had switched to the digital control 
from discrete tone generators. 

Bogged. "We originally went to 
the digital system because, as sys-
tems became more complex, the 
number of tone channels got very 
large," explains Green. "But even 
with a fairly large computer, the sys-
tem could become data-logged be-
cause the dumb remotes had to send 
everything back to the master sta-
tion." The result was that even the 
master station became bogged down 
when responding to the needs of 
many remote stations. 
With a micro-processor—National 

Wanted: telecommunications-equipment data 

The government of Iran has embarked on an ambitious tele-
communications effort for which it is seeking information from U.S. com-
panies. The Program Management Office in the Iranian Government Min-
istry of Posts, Telegrams, and Telephones is helping set up that ministry's 
microwave telecommunications system. 

For that system, plus a communications-satellite system, the PM0 is ask-
ing for two copies of sales literature, technical brochures and other engi-'• 

neering information that will help in specifying telecommunications equip-
ment and materials. 

Our interests lie in every aspect of telecommunications," a PM0 official 
says, including: power supplies; prime movers and generators; multiplexing 
equipment; rectifiers; ac-control panels; antenna systems and towers; vhf, 
uhf, and microwave radio-relay equipment; and trans-horizon radio-relay 
equipment. The PMO also needs information about audio-visual equipment 
required for a technician-training program. 

Interested companies should write to E. C. McCollogh, executive direc-
tor, Program Management Organization, Ministry of Posts, Telegraph, & 
Telephones, Imperial Government of Iran, Tehran. 
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yes, 
yes, 
no, 
yes, 
no. 

Four SERIES 20 models are available from 
$575. 

All components are fully accessible 

"Reliability and maintainability count, too. 
I want a generator that works! But in case 
it needs service I'd like to specify plug-in 
sockets for dual in-line IC's, and a parts list 
minus factory widgets. If I put my money 
on your model, will my QC man hate me?" 
(NO) 

Upper trace. Constant Duty Cycle pulses over a 
10:1 frequency range. 
Lower trace: Normal pulses over same range. 

"Standard pulses with predetermined width 
are fine for most requirements, but when 
I'm changing repetition rates I have to fid-
dle with the width control to make sure that 
I don't lose the pulse. Does your Constant 
Duty Cycle' mode let me set width as a per-
cent of pulse period so I can change rep 
rates without tweaking the other controls?" 
(YES) 

Upper trace: distorted, noisy input. 

Lower trace: pulse generator output (Pulse 
Amplifier Mode). 

"My application calls for pure pulses with a 
bare minimum of overshoot and squiggles. 
And I need to clean up distorted signals — 
you know, send in a crummy pulse train 
and get out a nice squared-up pulse with 
the offset, amplitude, and rise/fall times 
I've set up on the generator. Can do?" 
(YES) 

PULSE 
AMPLIFIER • 

SLOPE 

INPUT + Via — 

A single control selects all 7 modes 

That Duty Cycle mode could come in 
handy, but I also want the regular pulses 
that I'm used to, and double pulses, and 
50% squarewaves to 50 MHz. How about 
trigger, gate, triggered double pulse, and 
pulse shaping? (And all of these modes 
better be easy to set!)" (YES) 

"Your $1095 P25 Pulse Generator has it 
all, including simultaneous positive and 
negative outputs, each with adjustable d-c 
offset and variable rise/fall times from 5 
nanoseconds. But if I only need a single 
output or faster, fixed rise times, am I out 
of luck?" (NO) 

ask a 50-MHz pulse generator these 5 questions 
if the answers are yes, yes, no, yes, no, 
it's INTERSTATE 

the Interstate man with all the answers is John Norburg —call collect (714) 772-2811 

at\ 
'111 

[CC 
INTERSTATE ELECTRONICS CORPORATION 

Subsidiary of A-T-0 Inc 

U.S. HEADQUARTERS: Dept. 7000, Box 3117, Anaheim, CA. 92803: OVERSEAS SALES OFFICES: AUSTRALIA, Parameters Pty., Ltd.: BELGIUM•LUXEMBOURG, Regulation-Mesure S.P.R.L.:FINLAND, 
Havulinna 0y, FRANCE, Tekelec Airtronic, S.A.: ITALY, Tekelec Alrtronlc, ISRAEL, Radat International Company Ltd.: JAPAN, Asahi 8 Co., Ltd.: NETHERLANDS, Tekelec Airtronic, N.V.: NEW 
ZEALAND, David J. Reid, Ltd.: REPUBLIC or CHINA, Bons International Co., Ltd.: SPAIN, Telco S.L.: SWEDEN, M. Stenhardt AB.: SWITZERLAND, Traco Trading Co., Ltd.: UNITED KINGDOM, 
Euro Electronic Instruments, Ltd.: WEST GERMANY, Tekelec Alrtronic GMBH: CANADA, Radionics, Limited. TWX U.S.A. 910.591-1197 TELEX U.S.A. 655443 & 655419 
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Microprocessors drive to Detroit 

With automakers accepting the role of minicomputers in their manufac-
turing and assembly operations, it is certain they will soon be seriously ap-
plying microprocessors as well. The Process Interface division of Process 
Computer Systems Inc., Flint, Mich., for example, has proposed a micro-
processor "renovation" of an existing carburetor-test facility at a Ford Mo-
tor Co. plant. 
A microprocessor at each test stand would acquire data and perform a 

limited amount of preprocessing, then send the information back for the 
more detailed numerical analysis and decision-making to a central General 
Electric 4060 that Ford already has on hand. Now, the GE machine is host to 
some 55 test stands and is close to the limits of its capabilities. Micro-
processors, could readily accommodate some 90 stands, and the system 
could probably be expanded even more. 
By contrast, a system recently installed by General Motors' Rochester 

Products division, Rochester, N.Y., uses a SPC-16 minicomputer from Gen-
eral Automation Inc. at each of more than 100 test stands. The minis handle 
data reduction and analysis, but because, among other things, each has 
more memory than a microprocessor has, it probably costs more per sta-
tion. 

If the GE computer were not available, a Process Computer Systems 
spokesman says the job could be handled by a pair of minicomputers—one 
for communications, and the other for the actual data manipulation and 
analysis. 

Semiconductor's IMP-16 central-
processing unit—designed into the 
remote stations, plus "special buf-
fering for the power utility environ-
ment," the remote station only 
sends back the data it has to. This 
could include such things as the 
monitored points that fall out of 
present limits or indicate changes in 
the system's status. 
Green points out that buffering 

for the microprocessor is extremely 
important and that it would be pro-
hibitively expensive to buffer an off-
the-shelf minicomputer to withstand 
the sharp transients found on power 
lines. All essential programing of 
limits is done in a 4,096-bit read-
only memory. Transitory informa-
tion for calculations, such as read-
ings from analog transducers, are 
stored in 1,024-bit random-access-
memory chips. 

Over-all view. The system itself 
consists of plug-in printed-circuit 
boards, containing such items as the 
four-chip central processor plus the 
buffering ROMs and RAMS, analog-
to-digital conversion, multiplexer, 
and a transceiver/modem card, 
which transmits the digital signals 
over voice-grade telephone lines. 
Coding of the signals is done in 

software, rather than in hardware, 

Green says. Quindar uses a 16-bit 
word in its system to "tag" events 
with time from an absolute time 
source. This couldn't be done by the 
older, hard-wired remote stations, 
he says. Now, if a disturbance oc-
curs in a power grid, for example, 
the events can be tagged with a time 
base so that a history of the event 
can be reconstructed to millisecond 
accuracy. 

Typical instruction times must be 
executed within 8 to 10 micro-
seconds, says Green, which can be 
easily done by the National part. As 
for programing the microprocessor, 
Green reports this has been remark-
ably simple so far. 

Military electronics 

MARS gears up 

for new fighters 

To cut the costs of ultra-sophis-
ticated military aircraft, the Penta-
gon is looking at a new class of 
lightweight fighters. And a key ele-
ment in such aircraft would be a 
lightweight radar, such as the mod-
ular attack radar system (MARS) de-

signed by Rockwell International's 
Missile Systems division. 
The R209A, a multimode radar 

weighing less than 350 pounds, 
could be Rockwell's ticket to as 
many as 1,000 orders—if military 
programs being proposed take off 
and if Rockwell can beat the West-
inghouse and Hughes designs. 

Part of the Pentagon's interest in 
new air-combat fighters stems from 
the excellent performance of light-
weight but fast and maneuverable 
Mirage fighters against sophis-
ticated MIG-21s in the Yom Kippur 
War. Cost is also a factor. 
The Navy and Air Force are wor-

ried that they won't be able to buy 
enough of the sophisticated but ex-
pensive F-14 and F-15 multimission 
fighters to equip their forces. The 
lightweight contenders are North-
rop's P530 Cobra international 
fighter, and the experimental North-
rop YF-17 and General Dynamics 
YF-16. Although limited in appli-
cation mostly to air combat, these 
planes can cost only half as much as 
the $20 million of the F-14 and 
F-15. 

Capability. The radar is a vital fac-
tor in the aircraft, which may only 
be armed with cannon and Side-
winder-type missiles. George J. 
Widly, assistant chief engineer for 
Rockwell's Missile Systems division, 
Anaheim, Calif., says the radar 
could range from none at all—highly 
unlikely—to the ultimate Sparrow 
capability. He suspects the optimum 
will be just below the ultimate, and 
that's where MARS could fit. 
The first demonstration of the 

YF-17, rolled out last month by 
Northrop, contained a simple range-
only radar built by Rockwell from 
scratch in eight months for only 
$165,000 for two units. Widly thinks 
a more capable radar will be built 
for production aircraft, however. 
The company-funded MARS is ba-

sically aimed at air superiority, with 
options for ground-support oper-
ations. For air use, it includes rejec-
tion of both fixed and moving 
ground targets, something that 
Widly says is not available on pro-
duction radar. Its display is also un-
usual, a daylight TV-type screen 
with no windshield-wiper effect. Its 
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SIEMENS 

Cost Effective Solutions to 
Semiconductor Test Problems 

GENERAL PURPOSE IC TESTER 
COMPUTEST 716A 
Low-cost parametric and 
functional tester for digital 
and linear circuits 

DIGITAL CIRCUIT TESTERS 
COMPUTEST 720 SERIES 
Provides complete DC parametric 
and functional verification of digital IC's 

LINEAR CIRCUIT TESTER 
COMPUTEST 735 
Tests operational amplifiers. 
regulators. comparators. sense 
amplifiers and custom linear circuits 

BENCH-TOP MEMORY TESTERS 
COMPUTEST 901 SERIES 
. Provides real-time verification of 
semiconductor memory performance 
from the device to the 
complete memory systems level 

FOR APPLICATIONS ASSISTANCE. 
CALL US! 

FREE' 
Send for the Computest cat-
alog of Semiconductor Test 
Equipment and our Semi-
conductor Program Library 

NAME  

COMPANY  

ADDRESS_ 

CITY 

STATE 

e • 

ZIP 

Siemens Corporation 
Electronic Systems Division 
Computest Products 
3 Computer Drive. Cherry Hill. N.J. 08002 16091 424-2400 
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500,000 bits of read-only memory 
provide storage and refresh the im-
age at a 60-hertz rate. The same dis-
play can be used for such other sen-
sors as infrared. 

For ground support, which may 

not be required, MARS uses doppler 
processing to detect moving targets. 
Mapping, tracking, and ground-
ranging are also offered. 

Digital mostly. Digital circuitry is 
used, except where analog tech-

News briefs 
Six-foot solar-cell ribbons promise low cost 

Gaining momentum in its effort to develop methods for fabricating low-cost 
solar cells. [Electronics, April 4, p. 99), Tyco Laboratories, Waltham, Mass., 
with the aid of theoreticians at Harvard University in nearby Cambridge, has 
fabricated single-crystal silicon solar cells in inch-wide ribbons up to six 
feet long. Earlier ribbons were only about 18 inches long. Pulled from a sili-
con melt through a precision die in an "edge-defined film-fed growth" pro-
cess, the ribbon is approximately 10 mils thick. Both this thickness and the 
10% conversion efficiency means the cells are quite similar to solar cells 
made with conventional crystal pulling, sawing, polishing, and diffusing 
techniques. Both the National Science Foundation and NASA, through its 
Jet Propulsion Laboratory, are sponsoring the research, which is in the sec-
ond year of a two-year effort. 

Magnavox vice president nominated for IEEE president 
The IEEE has made Arthur P. etern, vice president and general manager of 

the Advanced Products division of Magnavox Co., Torrance, Calif., its pres-
idential nominee for 1975. Joseph K. Dillard, manager for advanced-sys-
tems technology, Westinghouse Electric Corp., East Pittsburgh, Pa., has 
been nominated for vice president of the institute. 

Hotel/motel management gets RCA mini 
The minicomputer that RCA Corp. rescued from the demise of its computer 
operations is being applied by the company to a hotel-motel property-man-
agement system. The first such system has been installed at a motel in 
Memphis, Tenn. Called Dataway, it automates such routine operations as 
assigning rooms, keeping track of which rooms have been cleaned, con-
trolling the use of guests' telephones, and keeping records. The basic sys-
tem, built by the Palm Beach division, Palm Beach Gardens, Fla., the old 
home of RCA's computer plant, includes a 400-series minicomputer, dis-
play consoles, journal printers, and an interface for a private automatic 
branch exchange. 

Aegis system scores two hits 

In some ways, RCA's Aegis advanced fleet air-defense system may be too 
successful. Out in the Pacific Ocean off the coast of southern California, 
the system had its first sea-to-air successes during tests aboard the U.S.S. 

Norton Sound. The system's phased-array radar twice launched Standard 
missiles that intercepted a jet target drone simulating a missile attack. The 
second shot, to the consternation of Naval officers, actually knocked the 
expensive drone out of the sky when only a near miss within prescribed lim-
its would qualify as a kill. 

Diesel engine-analyzer earmarked for refrigerator cars 
PRD Electronics division of Harris Corp., which developed the Versatile 
Avionic Shop Test (VAST) system for testing Navy avionics, continues to 
branch out in automatic testing. The company says it has an order from the 
Railroad Owned Refrigerator Car Committee, Chicago, for three automatic 
diesel-engine diagnostic analyzers for testing diesel generator sets aboard 

refrigerator cars. Several on-board monitors for spotting operating malfunc-
tions will also be supplied. PRD, in Syosset, N.Y., has also been developing 
for more than the past year a diesel engine diagnostic system for diesel-en-
gine-and-truck manufacturer Mack Trucks Inc. 
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Frankly, you asked for it. 
New loveload 7800 Series 
Voltage Regulators in 70-92. 

About MX 

You always wanted a 
low-cost voltage regulator e 
to handle loads up to 
100mA. Now you've got it. 

Why pay for power 
capacity you don't need? 

The 78L Series is the newest 
member of our growing family of 
7800 positive 3-terminal voltage 
regulators. 

And because it has lower power 
capacity, it has a lower price. About 
5oe in 100-up quantities. 

Low price, plus lower installation 
cost, elimination of outboard resistors 
and transistors, and reduced board 
space, component count and system 
design time—all make the 78L extra 
economical. 

Superior performance. With 
self-protection, too. 

With the 78L, you also get 
output voltages of 2.6, 5.0, 6.2, 12 
and 15. And two grades of product 
with output voltage tolerance of 5% 
and 10% over the full temperature 
range, including effects of line and 

II load regulation. 
What's more, internal 

• current limiting and thermal 
AKshut-down protects the device 
• and the load circuit from 
current and power fluctuations. 
Because it's complete and 

self-contained, it's extra simple to 
use, too. No calculations or design 
time required. Just add normal line 
de-coupling capacitor. 

And you can use the versatile 
78L where you want. Power source 
Remote chassis. PC cards. Almost 
anywhere. 

The versatile 78L Series—both 
in TO-92 and TO-39—is now in stock 
at your friendly Fairchild Distributor. 
Contact him or your Fairchild Sales 
Office for complete data. 

MADE IN 

FAIRLII a» 

Semiconductor Components Group, Fairchild Camera & Instrument Corp., 
464 Ellis St., Mountain View, CA 94040. Telephone (415) 962-5011. TWX: 910-379-6435. 
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12 BIT A/D CONVERTERS • • • 

Just 2 years 
ahead 
in... 
SIZE 
COST and 
PERFORMANCE« 
Micro Networks has continually led in the pro-
duction availability of dip packaged and MIL-
range DIA and A/ D's. 

Model MN5200 successive approximation con-
verter is the industry's first 12 bit A/ D in a dip, 
complete with internal reference and guaranteed 

LSB linearity. 

MN5200 Series converters are: 

• Totally adjustment free.., and factory trimmed. 

• Hermetically sealed 24 pin dip package. 

• Low Power... 700Mw. 

• High Speed ... 50p.sec conversion time. 

• ±1/2  LSB linearity for 0 to 700. 

• Available to full MIL operation —55 to +125C 
("H" Models only) 

Prices: 

MN5200 (1 to 24) ... $225. 

MN5200H (1 to 24) ... $375. 

Available from 
stock. Full tech-
nical data avail-
able. Write or 
call... today. 

Micro Networks Corporation 
5 Barbara Lane • Worcester, Mass. 01604 / Tel: (617) 753-4756 

Electronics review 

MARS Is sophisticated. The tiny S band mi-

crowave microstrip IC replaces a large 

waveguide used in earlier radars. 

nology is faster or simpler. The 
memory now uses Advanced 
Memory Systems' 4,096-bit ran-
dom-access Inemories, which have 
61,440 bits on each of eight boards. 
The drive to the traveling-wave-
tube output is from a microstrip mi-
crowave integrated circuit. The TWT 
itself is unusual; it operates at only 
15 kilovolts, instead of the 60kv of a 
typical klystron, greatly dropping 
transmitter stresses. Its output is 120 
watts average and 4 kw peak. This 
is relatively low, but Widly says, 
"we put the brawn in the processor 
instead of the transmitter." In line 
with that, Rockwell-made surface-
wave acoustic devices are used for 
pulse-compression, and a time-do-
main filter performs rapid fast-Fou-
rier analysis of received signals. 
The range for small targets is 20 

nautical miles. The system operates 
in the X band and has a mean time 
before failure of more than 150 
hours, while its modularity reduces 
the mean time to repair to under 12 
minutes. The mechanically scanned 
antenna covers 2.8° azimuth and 
3.3° elevation and has a gain of 33 
decibels. 

Solid state 

Motorola to slash 

MECL prices 

After reducing MECL 10,000 prices 
at a steady rate of 15% per year 
since 1971, Motorola is about to 
slash them almost 45% in one fell 
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swoop. The reduction, MECL mar-
keting manager Jack Burns says, 
drops prices of ceramic gates from 
$1.67 to 99 cents each in quantities 
of 100. 
The price drop is made possible, 

at least in part, by an anticipated 
greater efficiency and yield resulting 
from Motorola's imminent conver-
sion to 3-inch wafers in MECL. 
About 90% of the price cuts are 

for ceramics, but prices are also 
being dropped from $1.42 to 79 
cents each for plastic packages. 
Burns says the move should pay off 
in higher sales volume, particularly 
for smaller systems. 
MECL has not been moving as 

fast as desired, and European and 
Japanese sales have been better 
than in the U. S. In fact, ECL sales 
have hovered around the $35 mil-
lion mark for two years, and many 
semiconductor authorities are look-
ing for little more than $40 million 
in world-wide sales this year (Elec-
tronics, Jan. 10, p. 99). 

But Burns is more bullish for this 
year because of the advent of com-
puters using MECL. The new Con-
trol Data Corp. Cyber 170 series 
uses MECL 10K (the earlier 70 used 
emitter-coupled-logic circuitry 
made with tiny, but discrete, transis-
tors). 
The new Univac series, which will 

also use 10K, has been delayed so as 
not to affect the company's present 
line, but the computers will be intro-
duced later this year. Burns esti-
mates that worldwide ECL sales in 
1974 will be $70 million, and the 
U.S. will account for $45 million— 
considerably increasing its share 
from the 50% of the market it had in 
1972. The total sales should hit $200 
million in about four of five years, 
he says. 
Butts has also given a few more 

details on the upcoming MECL 
20,000 subnanosecond-logic family 
that will start to appear in early 
1975. The line will have both volt-
age and temperature compensation, 
something 10K lacks, and will be in 
a new high-density package that will 
be both smaller and higher in pin 
count to reduce the interconnect de-
lays brought about by the DIP con-
figuration. 

When you talk about 
high reliability hybrids, 

Quote a Highly 
Reliable Source 

Raytheon I Quincy. 

Did you know that we're 
a leading source of high relia-
bility beam-lead and chip-and-
wire hybrid microcircuits? 

Do you know why? Be-
cause 98% of Raytheon! Quincy 
hybrids are purchased for 
military and medical elec-
tronics applications—the ones 
that demand high reliability. 
And you can quote us on that. 

For complete data on 
Raytheon hybrids, contact 
Raytheon Company, Industrial 
Components Operation, 465 
Centre Street, Quincy, Mass. 
02169. (617)479-5300. 

RAYTHEON 
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blush 
new 

2048-bit P/ROM. 
Avalanche 
Induced 
Migration in action. 
A 9-µS constant current pulse is 

applied to a semi-conductor 
diode iunction, transforming the 
diode, with resistance of greater 
than 10'° ohms, into a conductor 

of less than 10 ohms. This 
diagram shows a cross-section of 

an avalanched diode. Bits 
created by AIM are permanent. 

never returning to their 
unprogramed state. 

• What 
makes it 
more 
reliableP 

PULSE TRAIN 
APPLIED TO 
ALUMINUM 

• ALUMINUM MIGRATION CAUSED 
BY PROGRAMING PULSE 

. PERMANENTLY SHORTS EB 
JUNCTION 



AIM 
technology 

makes the difference. 
Introducing the IM5604, 

Intersil's new 2048 bit bipolar 
P ROM . . . the reliable one. 
Avalanche-Induced Migration 
— AIM — technology is what 

gives it a leg up on fusible-
link P ROMs.This patented* 
programing method is field 
proven in over 3 years use, 

and has created over 1 billion 
memory bits. There has 
never been a failure of a 

programed AIM bit. 
And AIM technology helps at 

the programing stage, too. 
With it, you can fully program 
a 2048-bit memory in less 

than one second, and 
consistently get the highest 
known programing yield of 

any method. 

*U.S. Patent No. 3,742,592 

Intersil 
• 

Check 
the specs ami see. 

The IM5604 is easy to use, 
with the same pinout as other 
2048 P'ROMs. Its fully de-
coded and organized 512 
words by 4 bits. Typical ac-
cess is 50nS, it requires less 
than 275 [I.W per bit, and will 
drive an output load of 16mA 
at 0.45 Volts. It has DTL and 
TTL-compatible inputs and 
outputs. And it comes with 
resistor pullup (IM5604) or 
active pullup (IM5624) output 
options. 

That's right. 
Delivery NOW. 

Today. They're in stock at In-
tersil distributors, waiting for 
you to come get them. Here 
are price and package de-
tails. 

Temperature 
Range 

Package Price 
(16 pin) (100-999) 

0 to 75 C 
55 to 125 C 

Dual-In-Line 
Dual-In-Line 

$ 45.00 

$ 80.00 

Get 'em here. 
Intersil stocking 
distributors. 
Elmar/Liberty Electronics. 
Schweber Electronics. 
Semiconductor Specialists. 
Weatherford. 

Intersil area sales offices. 
Boston (617) 861-7380. 
Chicago (312) 371-1440. 
Los Angeles (213) 532-3544. 
Minneapolis (612) 925-1844. 
New York (201) 567-5585. 
San Diego (714) 278-6053. 
San Francisco Bay Area 
(home office) (408) 
257-5450. 
Upstate New York 
(315) 463-3368. 

Representatives in all major 
cities. 

Engineering opportunities. 
Write or call John 

Waller, Intersil, Inc., 10900 
North Tantau Ave., Cuper-
tino, CA 95014. Phone (408) 
257-5450. 

Intersil 
 means 
memory 
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Not just a second source. But a 

Introducing Harris' 
Here they are-22 device types offering true alternate-

source availability for 540/740 CMOS. Combined with our 
existing 4000 series and custom LSI capability, addition of 
these new units makes Harris one of the few suppliers with 
total CMOS capability So, choose from our 54C/74C 
series-44 devices with more on the way. 
Our 54C/74C series, designed to reduce system costs, is 

pin-for-pin and function-for-function equivalent to T2L 7400 
devices. Among their cost-saving features are low power 
supply requirements, less power supply regulation, fewer 
bypass capacitors, simpler design, and simplified power 

distribution. The units also offer high noise immunity-
typically 45% of supply voltage, and they have a guaranteed 
1V noise margin. This means that 1V of noise at the input 
will not cause the output to rise beyond T2L levels. As a 
result, logic errors are less likely 
Applications are easy, too, with industry standardized 

input and output characteristics. Experience acquired with 
the 7400 series can also be applied directly to use of the 
54C/74C's. For details, see your Harris distributor or 
representative. 

100-999 UNITS 
-55°C to + 125°C 0°C to + 70°C 

HD-54C00/74C00 Quad 2 NAND Gate   2.98 .69 

HD-54CO2/74CO2 Quad 2 NOR Gate  2.98 .69 

HD-54C04/74C04 Hex Inverter   3.30 1.04 

HD-54C10/74C10 Triple 3 NAND Gate   2.98 .69 

HD-54C20/74C20 Dual 4 NAND Gate   2.98 .69 

HD-54C42/74C42 BCD to Decimal Decoder   7.15 3.30 

HD-54C73/74C73 Dual J-K Flip Flop with Clear   4.75 2.26 

HD-54C74/74C74 Dual D Flip Flop  4.20 1.45 

HD-54C76/74C76 Dual J-K Flip Flop with Clear and Preset   4.75 2.26 

HD-54C107/74C107 Dual J-K Flip Flop with Clear   4.75 2.26 

HD-54C151/74C151 8 Channel Digital Multiplexer  6.40 3.95 

HD-54C154/74C154 4-Line to 16-Line Decoder/Demultiplexer  16.20 5.40 

HD-54C157/74C157 Quad 2 Multiplexer   5.10 2.88 

HD-54C160/74C160 Decade Counter with Asynchronous Clear   10.40 5.70 

HD-54C161/74C161 Binary Counter with Asynchronous Clear   10.40 5.70 

HD-54C162/74C162 Decadè Counter with Synchronous Clear  10.40 5.70 

HD-54C163/74C163 Binary Counter with Synchronous Clear  10.40 5.70 

HD-54C164/74C164 8-Bit Parallel Out Serial Shift Register   11.00 4.35 

HD-54C173/74C173 Three State Quad/D Flip Flop  9.15 3.80 

HD-54C192/74C192 Synchronous 4-Bit Up/Down Decade Counter _ 10.30 5.65 

HD-54C193/74C193 Synchronous 4-Bit Up/Down Binary Counter  10.30 5.65 

HD-54C195/74C195 4-Bit Register  5.70 3.75 

WHERE TO BUY THEM: ARIZONA: Phoenix-Hamilton. Liberty. Weathedord. Scottsdale-MAR (602) 946-3556 CALIFORNIA: Anaheim-Weatherford, El Segundo-Libeny. Glendale -Weatherlord. Long Beach - 
HAR (213)4264687. Mountain View -Elrnar. Palo Alto-Weatherford. HAR (415) 964-6443, Pomona-Weatherford San Diego-Liberty. Weatherford COLORADO: Commerce City- Elrna,. Denver-Hamilton. 
Englewood-Weatherford CONNECTICUT: Danbury -Schweber. Norwalk-Harvey FLORIDA: Hollywood-Hamilton. Schweber. Melbourne-MAR (305) 727-5430 GEORGIA: Atlanta -Schweber. Norcross -Harnillon 
ILLINOIS: Elk Grove Village -Schweber. Schaumburg -HAR (312) 894-8824. Schiller Park -Hamilton INDIANA: InclianaloaliS -Pioneer KANSAS: Lenexa -Hamilton MARYLAND: Baltimare-Hamillon. Rockville-
Schweber MASSACHUSETTS: Burlongton- Hamiltom,. Lexington-Harvey. Wellesley-HAR (617) 237-5430 MICHIGAN, Livonia-Hamilton, Troy -Schweber MINNESOTA: Edina-Hamilton. Schwabe, Minneapolis-
HAR 1612) 432-6111 MISSOURI: Hazelwood -Hamilton NEW JERSEY: Cedar Grove-Hanulton Mt Laurel -Hamilton. Somerset -Schweber NEW MEXICO, Albuquerque-Hamilton. Weatherford NEW YORK: 
East Syracuse -Hamilton. Melville-MAR (516) 249-4500. Syracuse - HAR (315) 463-3373. Rochester - Schweber Westbury- Schweber. Woodbury- Harvey NORTH CAROLINA: Raleigh -Schweber OHIO: 
Beachwood -Schweber. Cleveland-Pioneer. Dayton-Pioneer. HAR (513) 226-0636 PENNSYLVANIA: Wayne-MAR (215) 687-6680 TEXAS: Dallas -Hamilton. Weatherford. HAR (214) 231-9031. Houston - 
MarmIton. Weatherford UTAH: Salt Lake City -Hamilton WASHINGTON: Seattle-liberty. Weatherford WASHINGTON, D.C.: HAR (202) 337-3170 CANADA: Mississauga. Onlano-Hartralton, Montreal. Ouebec - Hamilton. Ottawa. Ontario-Hamilton 

LEGEND FOR HARRIS SALES OFFICES & DISTRIBUTORS: Elmo, Electronics (Elmar). Hamilton Acne? Electronics (Hamilton), Harris Semiconductor (MAR). Harvey Electronics (Harvey). Liberty Electronics 
(Liberty). Pioneer Standard Electronics (Pioneer). Schweber Electronics (Schweber). R V Weatherford Co 1Weatherfordl 
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source with total CMOS capability. 

New 54C1740 series 
Our 4000 (S) series offers you the fastest, low-power logic 

devices available today. With 10-volt power supplies, speeds 
are typically twice that of comparable IC's. Power supply 
range is 3 to 15VDC, while noise immunity is typically 45% 
of supply voltage. Other advantages are low power 
dissipation and elimination of SCR latch-up problems. All 
units are pin-for-pin compatible with the CD-4000A series. 
And you have a choice of high-speed or direct CD-4000A 
replacement characteristics. To order a high-speed unit just 
add the suffix "S" to the HD-4000 part number (HD-4000S). 
For a direct CD-4000A replacement add an "A" to the 
number (HD-4000A). 

In addition to the HD-4000 series, we offer the HD-4800 
group of Harris proprietary devices. Among these devices 
are six units which together comprise the first family of 
three-state CMOS interface circuits available. By providing 
the ability to regulate the state of hard wired outputs, these 
interface circuits permit an extremely high level of flexibility 
in buss oriented systems design. These units also have 
buffered outputs for driving high capacitive lines and T21._ 
directly. When four circuits are utilized, they permit the user 
to perform logic translation (i.e. MOS to T2L ) directly at the 
buss line. For complete details on our 4000 and 4800 series, 
see your Harris distributor or representative. 

HD-4000 Dual 3 NOR Gate plus Inverter, 

HD-4001 Quad 2 NOR Gate, 14 pin DIP  

HD-4002 Dual 4 NOR Gate, 14 pin DIP  

HD-4007 Dual Complementary Pair plus Inverter, 

HD-4009 Hex Inverter/Buffer, 16 pin DIP  

HD-4010 Hex Buffer, 16 pin DIP 

HD-4011 Quad 2 NAND Gate, 14 pin DIP 

HD-4012 Dual 4 NAND Gate, 14 pin DIP 

HD-4013 Dual D Flip Flop, 14 pin DIP 

HD-4019 Quad AND/OR Select Gate, 14 pin DIP 

HD-4023 Triple 3 NAND Gate, 14 pin DIP 

HD-4025 Triple 3 NOR Gate, 14 pin DIP 

HD-4030 Quad Exclusive OR Gate, 14 pin DIP  

HD-4804 Three State Hex Buffer with Level Translator, 

14 pin DIP 

100-999 UNITS 
-40°C to +85°C 55°C to 125° 

14 pin DIP 

A S A 

  78 1.86 1.17 3.10 

78 1.98 1.17 3.30 

78 2.04 1.17 3.40 

.78 1.59 1.17 2.6 

1 69 3.15 2.54 5.25 

 1 69 3.15 2.54 5.25 

.78 1.98 1.17 3.30 

78 2.07 1.17 3.45 

 1 62 2.85 2.43 4.7 

 1 91 3.03 2.87 5.0 

  78 2.06 1.17 3.44 

  78 2.06 1.17 3.44 

1.63 2.27 2.45 3.79 

6.15 7.67 

6.15 7.67 

16 pin DIP 

HD-4805 Three State Hex Buffer Inverter with Level Translator, 16 pin DIP 

HD-4808 Three State Triple True/Complement Buffer with Disable, 
Independent Level Translator, 16 pin DIP  

HD-4807 Hex Buffer with Disable, 16 pin DIP 

HD-4808 Three State Hex Buffer with Disable, 16 pin DIP  

HO-4809 Triple True/Complement Buffer, 16 pin DIP  

HD-4810 Three State Triple True/Complement Buffer with Disable, 
Common Level Translator, 14 pin DIP  

HD-4811 Quad Exclusive NOR Gate, 16 pin DIP  

HD-4814 Hex Inverter, 16 pin DIP 
raw•milh 

6.15 7.67 

6.15 7.67 

6.15 7.67 

1 69 3.15 2.54 5.2 

6.15 7.67 

1 63 2.27 2.45 3.79 

97 2.27 1.45 3.80 

liar LII 
HARRIS 
SEMICONDUCTOR 
A 0/.510.1 Of NAMAIS 1147E111,W COAKMAPON 

PO Box 883. Melbourne Florida 32901 
(305)727-5430 
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ANNOUNCING AN 
EXCITING NEW OEM 
SYSTEM COMPONENT. 

It's the M P12 ... Fabri-Tek's new microprocessor that 
performs like a minicomputer. The MP12 helps you get 
your application system up and running faster, easier 
and with more capability than ever before. No MOS 
microprocessor can match its performance in data ac-
quisition, automated assembly, point-of-sale and other 
dedicated digital control applications. 

Completely Operational—The MP12 CPU is a com-
pletely self-contained operational unit. All the digital 
electronics you need are built in along with 4K of 
reliable core memory, an operating console, power fail-
auto restart and more. Everything comes in a compact 
2.0" x 9.5" x 15.0" package. 

Supporting Software—You also get all the software 
you need to develop and check out your own applica-
tion programs. MP12 supplied programs are completely 
documented and include assembler, debug, loaders, 

SALES 

OFFICES IN: 

Il 

360/370 cross-assembler, source edit utility, processor 
diagnostic and utility sub-routines. Instruction set is 
PDP -8 compatible. 

Easy Interfacing—You never had a processor so easy 
to interface. In fact, it's plug-in easy. The MP12 comes 
with all the timing and control necessary to interface 
with almost any peripheral. And it has enough power 
to drive up to 64 peripherals ... printers, teletypes, 
CRT's, card equipment, on and off-line storage devices. 

Quick Delivery, Low Price—There's a lot more you'll 
like about Fabri-Tek's MP12. Delivery and price, for 
instance. It's available for off-the-shelf delivery for as 
little as $990 in quantities of 100. It can actually help 
you cut your overall manufacturing costs. 

The MP12 could be the most useful component 
you've ever seen. For complete specifications and op-
tion information just write to MP12 at the address below. 

IF /4 13 In II IK INC. 
COMPUTER SYSTEMS 

5901 South County Road 18 • Minneapolis, MN 55436 (612) 935-8811 

Boston Dallas Detroit New Jersey 
(617) 969-5077 (214) 661-3155 (313) 487-5940 (201) 964-4770 

Chicago Denver Long Beach Orlando 
(312) 437-4116 (303) 753-0631 (213) 420-2493 (305) 857-1050 

Phoenix 
(602) 266-4448 

Sunnyvale 
(408) 739-4780 

Hong Kong 
K-331383 

Munich United Kingdom 
089-755-8298 Maidenhead 37321-4 

Tokyo 
(03) 432-6901 
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Washington newsletter 

Concern over Advocates of a larger, consolidated, Federally funded program of re-

radiation damage search on the biological consequences of long-term exposure to low-
level electromagnetic radiation are beginning to build congressional 

mounts. . . support, following a report by the White House Office of Tele-
communications Policy that 1973 programs showed "a few tentative 
and preliminary indications" that radiation effects occur "at lower lev-
els than anticipated in the past." While cautioning that low-level radi-
ation effects on "the nervous system and behavior, normal develop-
mental and growth processes, and possibly in some metabolic and 
biochemical parameters" are as yet "not scientifically validated," the 
report noted that they were significant enough to warrant intensive and 
extended research. Manufacturers' representatives in Washington with-
held public comment, but one said privately, that if the report proved 
right, "it would open a whole host of new problems for us just as the pol-
lution problem did for oil." 

. . . and OTP The various Federal agencies' research studies into the long-term ef-
fects of low-level radiation, which the Office of Telecommunications 

pushes for more 
Policy coordinated for the first time last year, were funded altogether at 

research funding $6 million in fiscal 1973, $7 million in fiscal 1974. But the fiscal 1974 
funds were less than the $10.6 million recommended, and OTP's electro-
magnetic radiation management advisory council calls the funding 
level "too low" and "not responsive to the level of public, professional 
or governmental concern." A fiscal 1975 level of $15.2 million is being 
sought, although this seems unlikely to be appropriated now. 

Agencies seek 

to make radiation 

standards compatible 

Industrial electronics manufacturers subject to Federal radiation con-
trol standards will have two Government agencies, not one, monitoring 
their performance, now that the Food and Drug Administration and the 
Occupational Safety and Health Administration have agreed to cooper-
ate in establishing uniform Federal standards for the manufacture and 
use of radiation-producing electronics products and in enforcing indus-
try's compliance with those standards. Goal of the agreement is to pre-
vent possible conflicts of interest between the two agencies and to elimi-
nate duplication of effort, and its main provision is that the two will 
consult with each other before making any standards public to insure 
that one agency's standards are compatible with the other's. 

Larger Federal Thanks to a new ruling by the Department of Health, Education, and 
Welfare, computer makers can look for a rapid expansion of the market subsidies will boost 
for systems used by the states in Medicaid information retrieval and 

Medicaid EDP claims processing. HEW'S Social and Rehabilitation Service has ruled 
that the Federal Government is to pay 90% instead of just 50% of a 
state's costs in modernizing systems used in the multi-billion dollar 
medical assistance program. Moreover, the Government will also pick 
up 75% of a state's operating costs for an approved Medicaid computer 
system, provided it is in continuous operation. Computerized Medicaid 
systems now operate only in Ohio and New Hampshire, but are under 
consideration in 23 other states, according to Howard N. Newman, sits 
commissioner of medical services administration. 
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Washington commentary   

'Liberalizing' Japan's computer market 

Japan's announced policy of "liberalizing" im-
port regulations so that its home computer 
market can be opened to foreign competition 
will not be as liberal as advertised. This is the 
suspicion of Government trade specialists in 
Washington—a suspicion fed by reports from 
the U. S. embassy in Tokyo. 
The most recent report, an April 17 news-

paper story published in Nikkan Kogyo, indi-
cated that the Ministry of International Trade 
and Industry plans to invoke various domestic 
statutes and international agreements to pro-
tect the Japanese computer industry's market 
share after liberalization. The story prompted 
an immediate inquiry by the embassy at the 
request of the U. S. Department of State. Was 
it true? No, said MITI, according to an embassy 
cable to Washington, although the all-powerful 
ministry indicated that it would like to see do-
mestic and foreign manufacturers develop "a 
cooperative relationship to maintain orderly 
marketing." 
One man's cooperative relationship is some-

times another's coercion. But MITI'S Kunio Ko-
matsu, director of the electronics policy division 
in the Machinery and Information Industries 
Bureau, failed to define the nature and extent 
of the cooperation expected from foreign pro-
ducers. Komatsu did, however, volunteer his 
personal feeling on what would constitute an 
orderly and "ideal" division of the Japanese 
computer market: 50% for the Japanese, and 
50% for everybody else. 

The uncertain future 

Japan does not yet have a firm, long-range 
policy for its computer industry, although a 
clearer picture of what outsiders can expect 
during the 1980s should emerge in August. 
That is when the information industry subcom-
mittee of the Industrial Structure Deliberation 
Council—a mat-sponsored advisory group of 
technical experts, academicians, computer 
makers, and end-users—is scheduled to submit 
an interim report on its computer policy plans. 
In Washington, meanwhile, the Departments of 
State and Commerce are anxiously awaiting its 
publication. 
According to Komatsu, it was a minority of 

one or two members of the subcommittee who 
urged safeguards be invoked in the post-liber-
alization period to protect Japan's domestic 
computer makers. But, he added, this view— 
apparently the source of the Nikkan Kogyo 
story—was not shared by other committee 
members. Some U.S. officials are not so sure. 
Four safeguards for computer makers report-

edly were being explored by MITI. These in-
cluded: 
• Invocation of article 19 of the General 
Agreement on Tariffs and Trade, an emergency 
measure by which a GATT member country can 
limit trade in products that pose a threat to a 
domestic industry. 
• Application of the Specified Electronic In-
dustry and Specified Machinery Industry Pro-
motion Temporary Measures Law, popularly 
known as Law 17 and passed in 1971. 
• Application of anti-monopoly laws. 
• Advocacy of a new international treaty to 
regulate international market control by a 
small number of enterprises and also of an in-
ternational organization to watch and control 
monopolistic actions. 

"That last one," observes our State Depart-
ment source, "really drives IBM up the wall." 

MITI's contradictions 

One of the more fascinating aspects of Ko-
matsu's statement to the U.S. embassy is its 
contradiction of an earlier statement made last 
year by Kazuo Fujimoto, head of mrn's Electri-
cal and Electronic Machinery division [Elec-
tronics, Dec. 20, 1973, p. 68]. Komatsu's April 
denial of the report that MITI has no plan to 
protect its domestic omputer industry con-
tained the observation that MITI doesn't con-
sider the Japanese computer industry to be as 
weak as the article implied. Therefore, he did 
not foresee "the necessity of even contemplat-
ing such action." In December, Fujimoto put 
down a judgement by the U.S. National Re-
search Council that Japan is making big plans 
to compete in the world's computer markets by 
noting that the Americans overrated his na-
tion's computer capabilities. Fujimoto pro-
fessed the belief that Japan's computer tech-
nology would not catch up with that of the U.S. 
for a decade or more." 
What, then, can U.S. and other computer 

makers expect to encounter in Japan's period of 
post-liberalization? In every case, the answer of 
Washington's Asian trade specialists comes out, 
"Frankly, I don't know yet." But they quickly 
add that their ignorance stems only from the 
fact that Japan itself has not yet disclosed its 
plans. 
What can be safely concluded, however, is 

that the U.S. computer industry must face up to 
the reality that those who succeed in Japan will 
likely be those who invest in joint ventures, 
rather than those who try to expand their Japa-
nese market shares through exports only. 

—Ray Connolly 
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Proven Performance. 
Computer: General Automation SPC-12/ 20. Step 

and repeat, mirror image, automatic 
rewind. Handles variety of formats. 

Spindle feed rate: 20-250 ipm. Accuracy to within 2% of 
setting. Stroke limit adjustable,-
0.001-in. increments. 

Table travel speed: 400 ipm each axis. Computer-driven, 
high-torque, high-speed, low-inertia 
servo motor gives instant acceleration. 

Drill hit rate: 200/min. Quality holes on 1/4 -in. 
movement with 3-high stacks and 
0.002 chip load. 

Spindle motor 
speed: 

15,000-45,000 rpm electric motors; 
15,000-60,000 rpm liquid-cooled, 
frequency-controlled motors; 
30,000-80,000 rpm air-bearing 
frequency-controlled motors. 

The Excellon Mark 
Nobody's equalled it yet. 

The Excellon Mark Ill is the most advanced 
p.c. drilling system in the industry today. 
We've had more than our share of 

advances over the years. The fact is, 
when we added up the knowledge 
we've gained from our successes 
(and failures), we had all the makings 
of a major breakthrough. 
The magnificent Mark Ill, for instance. 
World-wide, the Excellon Mark Ill 

is giving unequalled performance with 
highest production rates possible ... at 
the lowest hole costs possible, with high 
accuracy and clean, smear-free holes. 

It has no competition because 
nobody's equalled it yet. Call or write 
Excellon International, Arkwright 18, 
Astmoor Industrial Estate, Runcorn, 
Cheshire. Phone: Runcorn 66545. 
Telex: (851)627496. 

Excellon Automation 
A Dehsion of Excellon Industnes 

23915 Gamier Street 
Torrance, California 90509 

Phone: (213) 325-8000 
Telex: 67.45.62 Cable: Excellon Torrance 

E 
Excellon Sales and Service in ENGLAND • FRANCE 
SCANDINAVIA • W GERMANY • HOLLAND • AUS-
TRALIA • HONG KONG • TAIWAN • JAPAN 
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Electronics international  
Significant developments in technology and business 

Thomson-Brandt readies a 

color video disk recorder 

Latest to join the video-record race 
is France's Thomson-Brandt, which 
is planning an imminent demonstra-
tion deput of its optical video disk 
recorder. Thomson-Brandt thus 
finds itself lined up in the optical 
ranks with Philips Gloeilampenfa-
brieken, which unveiled its VDR 
some 20 months ago [Electronics, 
Sept. 11, 1972, p. 29]. 
Although both Thomson-Brandt 

and Philips agree that light is right, 
there are significant differences be-
tween their hardware. Philips works 
with a rigid reflective disk, while 
Thomson-Brandt's is flexible and 
transmissive. Both spin 30-centime-
ter disks at the same 1,500-rpm 
speed, and both have lasers as the 
readout beam source, but Thomson-
Brandt has a somewhat simpler 
groove-tracking system. As a result, 
the company says, the French VDR 
can be priced below the Dutch one, 
which Philips says will cost about 
the same as a color-Tv set. Produc-
tion costs for the disks themselves 
are essentially the same—between 
40 and 60 cents. 

Despite the differences, Thom-
son-Brandt has high hopes that 
some kind of agreement on a stan-
dard format for the disks can be set-
tled on within a year or so. Georges 
Broussaud, the prime mover behind 
the French VDR, sees no reason why 
a semi-transparent reflective disk 
good for both machines wouldn't be 
possible if "groove" characteristics 
were the same. As it is now, Philips 
has a 2-micrometer pitch, which 
gives 30 minutes of play for a 30-
centimeter record and Thomson-
Brandt a 2.5 micrometer pitch for 20 
minutes play. 
"We can get down to 2 microns if 

we want to," Broussaud insists, "we 
chose 20 minutes because that 
seemed the best time segment for 
television disk programs."Both disks 
can store tens of thousands of still 
images. 
A standard record playable on 

both machines, obviously, would be 
a step over a big market barrier. But 
Thomson-Brandt is not rushing to 
get VDRS onto the market. "Late 
1976 would be early enough for the 
French market," Broussaud says. 
The machine Thomson-Brandt 

has in mind was developed at the 
Corbeville central research labora-
tory of Thomson-csF, the profes-
sional-electronics company of the 
group. Broussaud is director of re-
search at Corbeville, some 50 miles 
southwest of Paris, and has been 
mulling over the idea of video 
records for a long time. He first pro-
posed the idea of looking into VDRS 
to Thomson-Brandt brass five years 
ago. Since then, Broussaud has 
spearheaded the development; but 
he says much credit in the hardware 
development goes to groups headed 
by Erich Spitz, Claude Tinet, and 
François Le Carvennec. 

In the French concept, the com-
posite video signal and two audio 
channels are frequency modulated 
and recorded on a transparent flex-
ible disk as pits 1.7 micrometer wide 
and 0.3 micrometer deep. The 

length and spacing of the pits along 
the spiral track represent the signal, 
and each revolution of the track 
stores the signals for a complete 
television frame, each of its two 
fields put down successively. 
As the disk whirls under the read-

out head, the pits diffract the laser 
spot focussed on them and thus vary 
its landing position on a photo-sen-
sor array underneath the disk. The 
array output is amplified and pro-
cessed to obtain the composite video 
signal. 

It sounds simple, but it isn't. At 
the light-spot sizes involved-0.7 mi-
crometer—depth of field of the mi-
croscope that focusses the laser 
beam on the diffracting pits is a se-
vere limit. The distance between the 
microscope objective and the upper 
surface of the disk must be held 
constant with a precision of 2 mi-
crometers or better, and vibration 
amplitudes alone can run 1.5 mil-
limeters. To keep on the right track, 
the light spot's midpoint must be 
positioned with an accuracy of 0.3 
micrometer. 

Philips uses a servo system to 

Angles. Thomson-Brandt developers use dihedral plates to stabilize transparent video disk 

as it spins past read-out array at 1,500 rpm. 
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keep its light spot focussed. "But 
you need so much gain," says 
Broussaud, "that we felt that a servo 
system wasn't compatible with the 
consumer-grade components we 
plan to use." So the Corbeville crew 
invented an air stabilization system. 
The readout head mounts in a stir-
rup that stabilizes the disk aerody-
namically as it whirls between the 
stirrup jaws. The angle of flex as-
sumed by the disk as it passes 
through is about 20°. And to help 
the disk take that angle, dihedral 
plates flank the stirrup. The stabi-
lizer holds the upper surface of the 
disk—where the pits are—in place, 
and so the thickness of the disk can 
vary as much as 50 micrometers 
without affecting the readout. 
As does Philips, Thomson-CSF 

uses a servo-driven mirror to keep 
the light spot centered on the tracks. 
But here, too, the French designers 
managed a simplification. The read-
out spot itself, rather than a pair of 
auxiliary beams, serves as a source 
for the error signal. 
To achieve this, the Corbeville 

machine's readout array is split into 
four elements, two of which lie par-
allel to the track tangent and the 
other two across it. Whenever the 
spot strays from the center of the 
track, one of the parallel elements 
has a higher signal output, and that 
produces a differential-amplifier 
output that serves as the servo error 
signal needed to correct the mirror 
position. Mirror movements also 
shift the beam from track to track at 
the end of each revolution. The mir-
ror signals also control a motor that 
drives the disk carrier to its rough 
position under the readout head. p 

West Germany 

Data recorder 

uses novel tape 

Using a novel metal-coated paper 
tape as the storage medium, design-
ers at a Black Forest EDP-equipment 
firm have put together a highly por-
table and secure data-collection sys-
tem. 

Around the world 
Sony fields a magnetic-card video recorder 
The long-established magnetic approach to video recording has been given 
a new twist by Sony Corp. engineers. At the Toronto International Magnet-
ics Conference, company researchers took the wraps off a magnetic-card 
system that they claim offers all the advantages of disks, but avoids the 
close tolerances required in disk-based systems. The result: a system that 
packs 10 minutes of color programing into a card coated with chromium 
dioxide and measuring 6% by 81/2 . 
The "Mavicard" is encased in a protective jacket, and the card and cover 

are inserted in the machine. There, the magnetic card is withdrawn and fed 
out along the guides of a cylindrical frame surrounding a rotating head. 
When the card is completely threaded around the frame, the head starts ro-
tating as the card advances along the axis of the cylinder. When the record 
or playback operation is completed, the card is pulled back into the enve-
lope, and the envelope and card ejected. 
During playback, the card motion can be controlled manually to provide 

single frames or slow motion. Sony says that in slow motion a very clear 
picture, free from guardband noise, is obtained. 
The cards can be easily reproduced by contact printing, Sony men say, 

and a large commercial printer will be available, as will a smaller model for 
school and library use. The large model will be able to print about 40 cards 
a second. Sony will not estimate the market cost of a blank card, but says 
the raw material cost is about 10-15 cents. Going into market, however, 
says a Sony man, "is a matter of software. The hardware can be ready 
within two years." 
The system employs a phase-modulation method in which the central 

phase of the carrier in one track coincides with that of the carrier on the ad-
jacent track. Thus, signals that are overlapped in playback are merely a 
combination of the signals in the two tracks without the generation of a 
beat. A skip-field technique is also employed, so that the recording density 
is increased and slight shifts in tracking cause almost no deterioration of 
playback image quality. 

In order to obtain an acceptable signal-to-noise ratio, a wavelength of 2 
micrometers normally requires a track width of 20 micrometers. However, 
with Sony's pulse-modulation method, no guard band is necessary, and 
playback can be achieved with an overlap of two or three frames. Sony 
says that this means the track pitch can be reduced from 20 micrometers to 
as low as 8 micrometers witl a fairly good picture. 

A product of Kienzle Apparate 
GmbH in Villingen, the 8-channel 
primary data-collection system is 
designed around a small recorder in 
which data is registered by burning 
it into a thin aluminum layer cov-
ering a paper tape. The color con-
trast between the marks and the me-
tallic layer allows fast and reliable 
opto:electronic readout. 
The metalized tape offers equip-

ment users a number of advantages, 
a Kienzle official says. For one 
thing, the markings allow easy vis-
ual inspection of the recorded data. 
For another, since the markings 
cannot be erased, a high degree of 
data security is guaranteed. Further-
more, the tape is insensitive to tem-
perature, moisture, and air pressure 
variations, as well as magnetic, 

electromagnetic, or electrostatic in-
fluences. 
The system's input equipment 

collects the information and 
changes it into a five-channel 
binary-coded-decimal signal. The 
data then goes to the recorder, 
which accepts it in parallel-by-bit, 
serial-by-character form and burns 
it onto the tape as small coded lines. 
Burn-in voltages range from 8 volts 
to 32 V. 
The recorder's metalized tape is 

contained on two reels that are 
housed in a transparent plastic cas-
sette. About 120 feet long, the tape 
can carry 60,000 bytes of informa-
tion. The recorder works either off 
battery or line power, and its oper-
ation can be triggered remotely or 
by a button on the unit. 
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REI has one question 
for people who buy 

electronic test 
equipment. 

Why? 
When you need it fast . . . rent it. Purchasing equipment usually involves long delivery lead times. 

When you rent your electronic equipment from REI it's a safe bet that you can get what you need within 36 
hours of the time you call in your order, sometimes sooner. This fast service is possible because we maintain 9 
Instant Inventory Centers throughout the U.S. and Canada, stocking millions of dollars worth of equipment. 

When you need it for only a short time . . . rent it. Need equipment for a short-term project? 
Rent it from REI. When you don't need it any more, return it to us. It's the easy, low-cost way to use the 
equipment you need for just the time that you need it. 

When you care about what it costs . . . rent it. Renting from REI can be less expensive than 
purchasing. There's no capital investment to adversely affect your company's cash flow. This means you'll get 
more mileage from your equipment budget. And, since you can treat your monthly payments as an expense in 
most situations, you'll also achieve tax advantages from renting. 

All REI rental equipment is guaranteed to meet manufacturers' specifications and is operationally 
checked out prior to shipment. Routine maintenance is provided free of charge. Certification and calibration 
are available upon request. Our flexible arrangements include rental, rental-purchase and leasing packages to 
give you the use of equipment from one week to three years or more. 

Get your free copy of our 1974 catalog that lists virtually every item in our rental inventory. Use reader 
service card, or write Rental Electronics, Inc., 99 Hartwell Ave., Lexington, MA 02173. For immediate infor-
mation, call your local REI Instant Inventory Center listed below. Once you rent from REI, you may never buy 
electronic test equipment again. 

Rental Electronics, Inc. 
A pEFISIM LEASING COMPANY 

Burlington, MA (617) 273-2770 • Gaithersburg, MD (301) 948-0620 • Oakland, NJ (201) 337-3757 • Ft. Lauderdale, FL (305) 771-3500 
Des Plaines, IL (312) 827-6670 • Dallas, TX (214)661-8082 • Mountain View, CA (415) 968-8845 • Anaheim, CA (714) 879-0561 

Rexdale, Ontario ( PLC Leasing Ltd.) (416) 677-7513 

Think about renting. 
It's the smart way to go. 
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International newsletter   

Telefunken mulls 

withdrawal from 

computer market 

French producers 

enjoy growth in 

telecommunications 

Trade restrictions 

frustrate Italian 

components makers 

Europe's computer industry is buzzing with reports that West Ger-
many's Telefunken Computer GmbH (Tc) is about to throw in the towel 
and wind up as part of the international Unidata combine. TC is the joint 
large-mainframe manufacturer launched by AEG-Telefunken and Nix-
dorf Computer AG two and a half years ago [Electronics, International 
Newsletter, Dec. 20, 1971]. Leading to TC's demise is the company's dis-
mal financial performance since its foundation Jan. 1, 1972. Although 
sales rose from $56 million dollars in 1972 to $60 million last year, 
losses jumped from $7 million to $29 million during that period. These 
losses, which, according to the joint-venture contract, AEG-Telefunken 
has to pick up, "could not be compensated by price hikes nor by 
streamlining operations," a company spokesman says. 

Right now, AEG-Telefunken officials are holding talks with the Bonn 
government, aimed at finding out how TC's research-and-development 
potential can be saved so that the three Unidata partners—Siemens AG 
of West Germany, Philips of the Netherlands, and Compagnie Inter-
nationale pour l'Informatique of France—will find its absorption into 
the combine more attractive. In on these talks is Siemens, which is rep-
resenting Unidata's interests. It's unlikely that AEG-Telefunken will be-
come a fourth partner in that combine. 

French producers of telephone and telegraph equipment expect no letup 
in the strong growth they've achieved during the past five years. They've 
marked up annual sales gains of better than 25% since 1969, and last 
year, these manufacturers turned in a 26.2% increase to reach roughly 
$1 billion. Order backlogs indicate that the same kind of performance 
will continue for the next few years. 
The bulk of the business is coming from the home market, where the 

government has a massive spending program under way to improve the 
telephone network. But makers of telephone and telegraph equipment 
in France have also scored in export markets. Last year's sales abroad 
topped $100 million, triple the figure for 1968. 

Italian components manufacturers report chaos in the wake of their 
government's recent moves to right the drastic trade-balance deficit. 
The industry's trade association, ANIE, has presented its problems to the 
industry, foreign-trade, and budget and planning ministries in an effort 
to bring some order into the emergency measures. 

Italy's February trade deficit of $1.15 billion was higher than that for 
all of 1972, and it was an all-time record. In an attempt to block the out-
flow of foreign exchange, the government has slapped import restric-
tions on a wide-ranging selection of some 600 product groups. Impor-
ter's of these items, which include a range of electronics materials, are 
now obliged to deposit 50% of the import value of the goods with the 
Bank of Italy for six months at no interest. With interest rates running 
at about 16%—where restricted credit can be found—the measure effec-
tively adds 4% to the cost of imports. 
A components manufacturer says that inconsistencies in the new 

measures are creating additional havoc. For example, "importers are 
free to bring in made-up semiconductors, and yet we are unable to im-
port materials that are necessary for our mOS-production lines. 
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International newsletter 

A similar situation exists for discretes. General Instrument's Euro-
pean vice chairman, Sergio Minoretti, reports that his company is now 
unable to import capacitors that it manufactures at plants in Malta, 
Taiwan, and elsewhere. He also adds that some of the suppliers of raw 
materials and parts have reduced their terms of payment to compen-
sate for the higher credit charges the new restrictions have ushered in. 
Another related effect, the company and others report, is that orders 
are being reduced until clients work off their inventories because money 
is now more costly and increasingly hard to find. 

Berlin's Bogen to Against heavy competition by Japanese, Italian, and other German 
firms, West Berlin's Wolfgang Bogen GmbH has landed a contract to 

build factory for put up a facility in the Soviet Union to build magnetic heads for cas-
Soviet audio heads sette recorders. Valued at $10 million, the contract is the largest one the 

Soviet Union has ever placed with a West Berlin company. It was nego-
tiated between the consulting firm Berlin-Consult GmbH and Moscow-
based foreign-trade organization Promashimport. 
The contract provides for Bogen to lay out and completely equip a 

factory capable of producing 1.5 million magnetic heads a year. The fa-
cility, to be built at the Ukrainian capital of Kiev, is to start production 
by late 1976. Bogen, Europe's largest independent producer of mag-
netic heads for consumer and industrial applications, will also supply 
the manufacturing know-how to the Kiev facility. 

Spain's Piher 

broadens base 

Computer sales 

in Japan 

stay healthy 

Piher, Spain's leading native components producer, is broadening its 
business base at home and abroad. This month, Juan Luis Heredero, 
who founded the firm, acquired a 40% interest in Telesincro, Spain's 
only computer producer. Next month, Piher plans to open a sales sub-
sidiary in Stockholm and line up a site for a British carbon-film-resistor 
plant. The company expects to get the UK plant on line fast—hopefully 
by September—largely because the machinery for it was built at the 
same time Piher tooled up for its Boston resistor plant last year. 

While most of Japan's electronics industry is tightening its belt because 
of severe profit declines, outlook for domestic computer sales is better 
than ever. Japan Electronic Computer Co., a jointly owned computer 
rental firm established to promote computer usage in Japan, has an-
nounced record sales for fiscal 1973—and is predicting that rentals this 
year will grow another 20% to $400 million. JECC, in an agreement with 
Japan's six computer makers, purchases computers for lease following 
conclusion of rental contracts negotiated by the makers themselves. 

Addenda Continuing its forays into the Middle East market, Pye IVT Ltd. has re-
ceived a $19 million pact from the Sultanate of Oman to provide a com-
plete national color-Tv network, including towers and transmitters. Pye 
has sold equipment to Abu Dhabi, Dubai, and Iraq. . . . Beating out 
companies from Canada, France, and the U.S., Plessey has won a $2 
million contract from the People's Republic of China for nine instru-
ment landing systems. 
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When you deal with Piher you know you are dealing 
with one of Europe's foremost component manufac-
turers — and that's important to you, the customer. 
Because we only manufacture for you. No question of 
giving you long delivery dates because we divert com-
ponents for our own product lines. We haven't any. 
Our component manufacture is for you — totally. 

We have a wide range of high quality components — at 
really competitive prices. Demand for our carbon film 
resistors, for instance, is so high that our current 
production is committed months ahead. Our new manu-
facturing plant in the U.S.A.—operational early in 1974 — 
will help speed resistor deliveries. But we have other. 

shorter-term delivery components available. Trimmer, 
spindle and rotary potentiometers, semi-conductors, 
ferrites, capacitors — all high quality items. 

Send for our data sheets if you want to be kept in touch 
with the Piher range. Find out more about us, it pays. 

PIHER 
Head Office—Spain - Riera Cariadó, s/n. Apartado de Correos 53, 
Badalona (Barcelona) Spain. Tel: 389 03 00. Telex: 59521 

UK — PIHER International LTD, Romar House, The Causeway, Staines, Middlesex, England. Tel: Staines 56157. Telex 934167. 
USA — PIHER International Corp, 1239 Rand Road, Des Plaines, Illinois 60016, U.S.A. Tel: 312 297 1560. Telex 282154. 

Germany — PIHER International GmbH, 85 Nurnberg, Tuchergartenstrasse 4, W. Germany. Tel: 0911 533 051. Telex 623354. 
France — PIHER International SARL, 83, Rue Etienne Dolet, 94230, Cachan, France. Tel: 656 26 07. Telex 27107. 

Italy — PIHER International SPA, Via Cenisio 34, 20154 Milan, Italy. Tel: 314532/316213. 
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Pass your next 
design test with 
flying colors 

II Engineer Motorola LEDs and op amps into industrial controls. 

III Innovate Motorola LEDs and A/D converters into test instruments. 
• Design Motorola LEDs and zener diodes into PC board service aids 

• Use Motorola LEDs and tuning diodes in home entertainment. 
• Introduce Motorola LEDs and MOSFets into RF communications. 
III Plug Motorola LEDs and MECL into computers. 
II Apply Motorola LEDs and McMOS in automotive control panels. 

al Install Motorola LEDs and thyristors in home appliances. 
• Utilize Motorola LEDs and regulators in fault indicators. 

• Originate Motorola LEDs and plastic transistors in cameras. 
• Employ Motorola LEDs and counters in telephone instruments. 

• Initiate Motorola LEDs and rectifiers into backlighting. 

III Go to Motorola LEDs and memories in computers. 

• Admit Motorola LEDs and opto couplers into airborne instruments. 

Bring Motorola LEDs and DTL into small appliances. 
Insert Motorola LEDs and DVMs into hand-held instruments. 

MOTOROLA LEDs HAVE MORE THAN 
20,000 SEMICONDUCTOR DESIGN ADVANTAGES. 
SEE A GREAT SELECTION: BOX 20912, PHOENIX. irET IT ALL TOGETHER NOW... 

From Motorola, thei\LED producer. 
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INTRODUCING 
LITTELITES 

FROM LITTELFUSE 

40S 

fa 

SUBMINIATURE 
LAMPHOLDERS 
Eight series of holders 
for front or rear 
mounting into X", 15/e, 
or 11À;' clearance 
holes For use with 
replaceable neon or 
incandescent midget 
flanged base lamps. 

SNAP-MOUNT 
PLASTIC LITES 

For rectangular. 544'. and 
diameter mounting holes. 
Flex arms insure positive 
retention and protection 
against shock and vibration. 

tHr:. 

I I 

I I 

MINIATURE 
LAMPHOLDERS 

For front mounting into n/d, 
clearance holes Designed to 

accept replaceable bayonet based 
neon and incandescent lamps 

CARTRIDGE LAMPS 
AND LAMPHOLDERS 
Available with solid state, 
incandescent, and neon 
lamps, Mating holders mount 
into X" clearance holes. 

The most unique indicator light 
and service program ever offered 

to manufacturers 



We're out to win you over 
to Littlelifts with top quality, 
fast service, and hard facts. 

Judge for yourself: 

FACT 1. Littelfuse is the only manu-
facturer that offers all four types of 
indicator lights, saving you time, 
paperwork, and money. 

FACT 2. Littelfuse 
has all new tooling and 
total in-house production 
capabilities for 
top quality, 
better control, 
and faster 
processing. 

• 

FACT 3. 
Littelfuse has 
a computer-
ized service 
center that 
can cross 
reference, 
price, and 

provide 
availability information 
... all within seconds. 

FACT 4. Littelfuse means fast, 
prompt delivery. 

FACT 5. 
Littelfuse has 
a Littelites ../ 
team of R & D 
and sales 
engineers 
to assist you. 

MIRFACT 6. Littelfuse 
offers the widest 

• selection of 
packaging 
available. 

FACT 7. 
Littelfuse 

offers one-
stop shopping for 

your additional circuit 
protection and control device needs. 

FOR MORE INFORMATION 
Contact Littelfuse or your local Littelf use 
representative and 
ask for 
our 
Littelites 
Product 
Guide or 
individual 
product 
catalogs: 

Cartridge Lamps and 
Lampholders 

Subminiature 
Lampholders 

Miniature Lampholders 
Snap-Mount 

Plastic Lites 

Cat. No. LL-0574 

Cat. No. LL-S574 
Cat. No. LL-M574 

Cat. No. LL-P574 

Your indication of quality and service 
800 E Northwest Highway 
Des Plaines, Illinois 60016 

(312) 824-1188 

Subsidiary of Tracor 
Circle 6 ' -in reader ,••• 
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Beckman Electronic Component Distributors 
EASTERN REGION 

Arrow/Angus 
PO Box 126 
Moorestown NJ 
(609) 235-1900 
1215) 928-1800 

Arrow Electronics, Inc. 
5207 East Or 
Baltimore Md 
(202) 737-1700 
(301) 247-5200 

Arrow Electronics. Inc. 
900 Route 110 
Farmingdale NY 
1516) 694-6800 

Arrow Electronics. Inc. 
295 Treadwell St 
Hamden Conn 
(203) 248-3801 

Arrow Electronics, Inc. 
No 15 A Street 
Burlington. Mass 
(617) 273-0100 

Arrow Electronics. Inc. 
285 Midland Ave 
Saddle Brook. N J 
(201) 797-5800 

Harvey R á D Electronics 
44 Hartwell Ave 
Lexington Mas, 
(617) 861-9200 

Kieruill Electronics. Inc. 
5 Industrial Dr 
Rutherford NJ 
(2011 935-2120 

Lynch-Gentry Associates. Inc. 
1932 Drew Street 
Clearwater Fla 
(813) 443-2697 

Lynch-Gentry Associates. Inc. 
3470 Bowman Or 
Winter Park Fla 
(3051 671.7649 

Marshall Industries 
G. S. Marshall Products Group 
88 Needham St 
Newton Highlands Mass 
(6171 965.5115 

Marshall Industries 
G. S. Marshall Products Group 
230 Sherwood Ave 
Farmingdale I_ I. New York 
11735 (5161 293-4141 

M & C Sales 
1106 Burke St 
Winston-Salem NC 
(919) 723-1001 

M & C Sales 
304 Bob Wallace Ave 
Huntsville Ala 
12051 539-8476 

Klerulll Electronics, Inc. 
49 Bestpage RU 
Hicksville NY 
(5161 433-5530 

Ossmann Component Sales Corp. 
395 Cleveland Di 
Buffalo NY 
(7161 832-4271 

Norvell Electronics 
6440 Hillcroft Ave 
Houston Tex 
(713) 774-2568 

WESTERN REGION 

Almac/Stroum Electronics 
8888 SW Canyon Rd 
Portland Ore 
(503) 292-3534 

Marshall Industries 
G. S. Marshall Products Group 
788 Palomar Ave 
Sunnyvale. Ca 
(408) 732-1100 

Ossmann Component Sales Corp. 
411 Washington Ave 
Kingston. N Y 
(914) 338-5505 

Ossmann Component Sales Corp. 
280 Metro Park 
Rochester N Y 
(716) 442-3290 

Ossmann Component Sales Corp. 
132 Pickard Building 
Syracuse. NY 
(3151 454-4477 

Ossmann Component Sales Corp. 
1911 Vestal Parkway East 
Vestal NY 
(607) 785-9949 

CENTRAL REGION 
Magnuson Electronics 
2420 Oakton St 
PO Box 130 
Mount Prospect Ill 
(3121 956-0700 

Magnuson Electronics 
1246 West 7th St 
St Paul Minn 
(6121 227.8495 

Norvell Electronics 
10210 Monroe Or 
Dallas Tex 
(214) 350-6771 

Norvell Electronics 
3340 S Memorial Dr 
Tulsa. Okla 
(9181 663-1247 

Sheridan Sales Co. 
Box 37826 
Cincinnati Ohio 
(513) 761-5432 

Sheridan Sales Co. 
Box 4457 
Cleveland Ohio 
(216) 524-8120 

Sheridan Sales Co. 
Box 423 
Dayton. Ohio 
(513) 277-8911 

Sherldan Sales Co. 
33708 Grand River Ave 
Farmington. Mich 
(313) 477-3800 

Sheridan Sales Co. 
PO Box 677 
Florissant Mo 
(314) 837-5200 

Sheridan Sales Co. 
Suite 5009 
1717 Penn Ave 
Wilkinsburg Penn 
(412) 244-1640 

UNIVL RSAL 
ACTIVE FILTERS 

TELEPHONE 
TONE FILTERS 

PFIEC IS ION 
LADDER NETWORKS 

DAC 'ADC 
PRODUC 

E F1 
A MPLIFIERS 

VOLTAGE 
REGULATORS 

INDUSTRIAL 

CONTROL 
CIRCUIT, 
CUSTOM 
DISPLAY 

SUBSTRATES 

HYBRID MEDICAL 

FUNCTIONS 

MODEM FILTERS 

MIL-PERFORMANCE 

MICROCIRCUITS 

Almac/Stroum Electronics 
5811 Sixth Ave South 
Seattle. Wash 
(206) 763-2300 

Marshall Industries 
G. S. Marshall Products Group 
5633 Kendall Court 
Arvada Coto 80002 
(303) 423-9670 

Marshall Industries 
G. S. Marshall Products Group 
835 W 22nd Street 
Tempe Ariz 85282 
(6021 968-6181 

Marshall Industries 
G. S. Marshall Products Group 
9674 Telstar Ave 
El Monte Ca 
(213) 686-0141 

Marshall Industries 
G. S. Marshall Products Group 
17975 Sky Park Blvd 
Irvine Ca 92707 
(714) 556-6400 

Marshall Industries 
G. S. Marshall Products Group 
8057 Raytheon Rd 
San Diego Ca 
(714) 278-6350 

Wyle Distribution Group: 

Elmer Electronics 
6777 East 50th Avenue 
Commerce City Colo 
(3031 287-9611 

Elmar Electronics 
2288 Charleston Road 
Mt View Ca 
(415) 961-3611 

Liberty Electronics 
124 Maryland Street 
El Segundo Ca 
(2131 322-8100 

Liberty Electronics 
3130 North 27th Avenue 
Phoenix Ariz 
16021 257-1272 

Liberty Electronics 
8248 Mercury Court 
San Diego Ca 
(714) 565-9171 

Liberty Electronics 
5305 Second Avenue South 
Seattle Wash 
(2061 763-8200 
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For breadth 
of line in microcircuits 

or in information, 
hit the right books. 

Reliable, at-hand sources are some of the good things in 
life. Like the encyclopedia, for compact information. And, 
to more and more electronic designers, Beckman for our 
broad line of high-quality hybrid microcircuits at 

competitive prices. 

Our distributors are a main reason. All around the country, 
they're stockpiled with the full line of standard hybrids, as 
well as with our industry-leading DIP resistor networks, 
trimmers, dials and pots. So they can offer delivery as 
fast as any in the industry, and usually faster. 

Typical Beckman standards include universal active fil-
ters, for example. And telephone tone frequency filters. 
Precision ladder networks. Four-quadrant multiply-
ing DACs. Successive approximation ADCs. High-power, 

high-slew FET input Op Amps. High-reliability MIL voltage 
regulators. And dual -tracking voltage regulators. 

Our custom hybrid service is also something to turn to. 
Because we produce custom alterations or new products 

in infinite variety. To time schedules few others can meet. 
We either build to customer design and specs or supply 
the design help when needed. 

Typical custom units are modem and tone frequency fil-
ters. Entertainment system hybrid DACs and equalization 
filters. Custom display substrates (calculators, watches). 
Medical diagnostic timing and control functions. MIL-per-
formance log amps, regulators, DACs, ADCs, and many 
others. 

The point is, as a hybrid source, the Beckman line and 
distributor system are front-runners. For high quality and 
fast delivery. For competitive price and thorough service 
—including even a toll-free telephone express system to 
get literature to customers in just days. (Call toll-free 800-
437-4677.) It's no wonder thousands of designers 

think of the Beckman catalog as 
a "most-valued reference work." Beckman 

HELI POT DIVISION 
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MOSTEK's 16-pin 
4K RAM 
makes memory 
design easy. 
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MOSTEK's MK 4096P enables you to reduce memory board size by 50%. 



With MOSTEK's 
MK4096P you can 
reduce memory board 
size by 50% and 
power dissipation by 
45% over 22-pin RAMs 
with no increase 
in package count. 
Add up the advantages 
for yourself. 
The MK4096 incorporates TTL-
compatible clocks, eliminating the 
need for special high-voltage clock 
drivers required by 22-pin competitive 
devices. Low clock line capacitance 
with the MK4096 means fewer drivers 
and less delay. 

TYPICAL 22-PIN RAM MK4096 
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Fewer signal lines and signal drivers 
required. Compared with 22-pin 
packages, the MK4096 requires six 
less address lines to be driven 
throughout the memory matrix. In 
addition to making PC layout easier, 
this means fewer address drivers are 
required. 

TYPICAL 22-PIN 41( RAM MK4098 
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Only standard TTL required for chip 
select decode I og ic. Using MOSTEK s 
MK4096. two-level decode logic for 

a 16K by 8 memory matrix can be 
implemented with standard or "L'. 
series TTL. whereas "H" or "S'. series 
is required by competitive 22-pin 4K 
RAMs. This is because the MK4096 
requires decoded chip select infor-
mation to be valid at the Column 
Address Strobe (CAS) leading edge 
which is 150 nsecs into the cycle. 
The 22-pin alternates require valid 
chip select information no later than 
70 nsecs after the cycle begins. 

CHIP SELECT DECODE LOGIC 
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TYPICAL 22-PIN 41( RAM MK4096 
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No additional packages required for 
second strobe or clock signal. 
Timing specifications for the MK4096 
allow use of the existing WRITE signal 
timing logic as the Column Address 
Strobe generator so no additional 
timing channel needs to be added to 
the memory controller. Thus there is 
no requirement for additional 
packages. 

eig SIGNAL GENERATION 
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Address multiplexing is accomplish-
ed easily. Multiplexing of addresses 
is common to all memory systems 
using dynamic RAMs due to the 
refreshing requirement. 22-pin 4K 
RAMs require a 6-bit refresh address 
as does the MK4096. The only 
additional requirement with the 
MK4096 is that the address be multi-
plexed in two 6-bit bytes, accom-
plished with a multiplexer that is 
3-wide instead of 2-wide and a multi-
plexer control that is 2-bits wide 
instead of 1-bit wide. 

MULTIPLEXER CONTROL FOR MK40fM 
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Result? The MK4096 scores highest 
in density, lowest in power dissi-
pation and requires no additional 
packages in the memory controller. 

TYPICAL 22 PIN 
4K RAM 

MK4096 

Total Packages 

Tl Typical 
Power Dissipation 
Total Power 
Dissipation Including 
Rams 

7.25 

1770 mW 

23.53 W 

7.25 

1561 mW 

14.36 W 

Add up the advantages of MOSTEK's 
4K RAM and you'll understand why 
its already becoming the industry 
leader in design ease, performance 
and volume availability. Call your 
nearest MOSTEK distributor or 
representative for more details or 
contact MOSTEK, 1215 West Crosby 
Road, Carrollton, Texas 75006, 
(214) 242-0444. 
Now... alternate sourcing of the  
MK4096 by Fairchild' 

MOSTEK 
e 
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Probing the news 
Analysts of technology and blItiltleSS developments 

Color LEDs 
come on stronger 

• 

• 

itto 
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Researchers' efforts 

to improve brightness and 

extend lifetimes of 

green, yellow, and orange 

diodes while cutting prices 

are beginning to pay off 

by Bernard C. Cole, 

San Francisco bureau manager 

The "other" colors are coming. 
Makers of light-emitting diodes, 
buoyed by recent improvements in 
manufacturing technology and en-
couraged by increasing customer in-
terest, are working to improve effi-
ciency and reliability as almost 
everyone in the industry inches past 
red to orange and green, then pro-
ceeds with caution to yellow. 

But even with all that, and with 
the optimism fairly oozing from 
promotional statements, it will still 
be a while before the other colors 
become as pervasive as red. The 
major reason is that still more im-
provement is needed in methods of 
handling gallium arsenide phos-
phide and gallium phosphide so 
that the prices of color LEDs—now 
two to four times those of red—come 
down. And, even though red is hard 
on the eyes, difficult to see in bright 
light, and psychologically associated 
with danger, there still is some 
resistance to other colors. 

"Right now the volume business 
is in red," says Thomas Recine, Na-
tional Semiconductor's marketing 
manager for discrete products in 
Santa Clara, Calif., "We don't think 
there will be a volume demand for 
greens and yellows until late next 
year—and we'll be ready with pro-
duction quantities by then." Re-
cine's view is typical as manufac-
turers large and small prepare for or 
accelerate volume production. 
Rough trip. The major reason for 

the somewhat rough trip of color 
LEDs to the market has been the 
high cost of the raw GaP substrates, 
the basic material for colors other 
than red, and the low-volume man-
ufacturing techniques used to grow 
the epitaxial layers. The result is 
that red GaAsP wafers cost less than 
$15 per square in. in volume com-
pared to $60 for GaP. 

Also, there is still some debate 
about which of the closely related 
fabrication techniques is best. The 
choice is from among GaP on GaP, 
GaAsP on GaP, GaAsP on GaAs, 
and GaP on GaAs. And there is a 
choice of epitaxial approaches: va-
por-liquid or liquid-liquid. Another 
decision for the manufacturer is 
which color to go after first: orange 
because it's closest to red, yellow be-
cause it's easier than green, or green 
because it's hardest and can teach 
the most about the process. Finally, 

there is the option of large digits 
with light pipes for amplification or 
small monolithic displays. What it 
generally boils down to is marketing 
strategy and its efficiency-cost 
tradeoffs. 

In contrast, red devices, with their 
GaAsP substrates, are produced 
with vapor-phase epitaxial depo-
sition in very large batches. The 
technique and equipment are simi-
lar to those used in making silicon 
ics. GaP wafers, on the other hand, 
are usually handled a few at a time. 

But decisions are being made. 
One competitor, HPA division of 
Hewlett-Packard Co., Palo Alto, 
Calif., has developed a way to com-
bine GaAsP's easier-to-make pn 
junction with a GaP substrate [Elec-
tronics, May 2, p. 34]. The division 
plans to introduce yellow and green 
discrete diodes and a high-efficiency 
red version next month. 
GaP power. Fairchild's Optoelec-

tronics division in Palo Alto, Calif., 
is sticking to GaP on GaP and liq-
uid-phase epitaxy because its engi-
neers are well along the learning 
curve and feel they can produce a 
high-efficiency green at a reasonable 
cost. And since GaP substrates are 
transparent to light, causing poor 
character definition, the company 
will stick to larger digits and light 
pipes. At Texas Instruments, GaP 
on GaP is also preferred. 

Litronix, of Cupertino, Calif., on 
the other hand, with its monolithic 
green digit, has chosen to go the 
GaP-on-GaAs route precisely be-
cause of the transparency problem. 
Because GaAs is opaque, says An-
thony Domenico, manager of mate-
rials research and development, it 
eliminates crosstalk between the 
segments. 
The relatively small and new Xci-

ton Corp. in Latham, N.Y., is stick-
ing with its proprietary liquid-epi-
taxial process for GaP which, says 
president Allen M. Barnett, results 
in diodes from three to five times 
more efficient than other GaP de-
vices. The company announced 
green LED lamps in November 1973, 
followed with a yellow lamp in Jan-
uary and a distinct orange-emitting 
diode in March. Xciton also fabri-
cates 0.3-in yellow and green digits 
magnified by light pipes. 
"The price differential is kept 

small because all the colors are 
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Probing the news 

made with the same technology," he 
says. "This means we have been 
able to drive manufacturing costs 
down for all four colors at the same 
time." 

But Bowmar Canada uses GaAsP 
on GaP for yellow and orange LEDs 
and straight GaP for greens because 
"that is the only way to get it," says 
marketing manager Eric Heiman. 

TI announced in February and is 
now in volume production with 
three discrete green LEDs: a 200-
mil-diameter point source designed 
for backlighting and 115- and 200-
mil LEDs in diffused packages for 
panel mounting. As for digits, Ti 
plans to use reflector-optics pack-
ages both for GaAsP and GaP. The 
first digit will be a 0.3-inch green 
followed by a 0.3-in. yellow. Half-
inch versions will be announced 
later this year. 
Monsanto in Palo Alto, Calif., is 

turning out production quantities of 
0.3-in, reflector digits in green and 
yellow, says Wayne Stewart, prod-
uct marketing manager of the Elec-
tronic Special Products division. 
Monsanto will come out with 0.4-in. 
digits in yellow and green in the 
third quarter and 0.7-in, yellow, 
green, and red digits in the fourth 
quarter. 
At Fairchild, Optoelectronics di-

vision, general manager E.C. Frye 
reports that the company will have 
sample quantities of color digits 

available by the end of the year, de-
sign quantities by the first quarter of 
next year, and production by mid-
1975 with 0.25-, 0.357-, and 0.50-in. 
green and yellow digits using the 
light-pipe approach. 

Pricing is another key factor in 
acceptance of other-than-red LEDs. 
While estimates now place them at 
four times red at the materials level 
and double at the package level, 
several industry sources estimate 
that the package differential will be 
down to 20% by 1975 or 1976. 
John Hall, marketing manager for 

solid-state lamps at General Elec-
tric's Solid State Lamp department 
in Cleveland, is a bit more optimis-
tic. "Our best price for red lamps is 
25 cents in 10,000 quantities," he 
says. "Green is 35 cents in the same 
quantities. Within six to 12 months 
green should be fairly close to red 
GaP prices." 

Barnett of Xciton claims that his 
lamps—yellow and green, as well as 
orange—are already only 20% more 
expensive than red for comparable 
power outputs. Prices range from 49 
cents to 79 cents for color LEDs in 
1,000 quantities compared to 42 
cents to 49 cents for red. 
And according to David Laws, 

product marketing manager at Li-
tronix, his firm will be offering its 
green monolithic digits in produc-
tion quantities at about the same 
price as red—$1.06 to $1.10 per 
digit. 

It will have sample lots available 
in June and production quantities 

Aglow. Lighted diodes on p. 66 are from TI, while numeric display below is a Litronix device 

using GaP on GaAs. This, says Litronix, eliminates crosstalk between segments that's com-

monly found in displays using GaP substrates. Digit shown is 0.045 inch high. 

much later in the year. Green GaP 
digits—using light-pipe magnifica-
tion—in the 0.3-in. and 0.63-in, sizes 
will be available in limited quan-
tities in July. And yellow lamps and 
digits will follow late in the year— 
possibly the fourth quarter—accord-
ing to George Smith, vice president 
of corporate research and develop-
ment. Green lamps and larger digits 
will be about 20% to 30% higher 
then their red counterparts, which 
range from 17 to 49 cents. 

It is agreed, though, that the price 
of yellow digits especially will be 
somewhat steep initially, since it is 
difficult to make one for much less 
than $1. On this basis, it is estimated 
that yellow digits would have to be 
sold at $2 to $2.50 each in volume. 
No matter how long it takes 

prices to equalize, it appears likely 
to some that red LEDs always will 
dominate the market. As GE's Hall 
puts it: "Red is the standard color in 
instrumentation and test appli-
cations." He expects to see an even-
tual market mix of 60% red, 30% 
green, and 10% yellow—although 
there may be new applications in 
which those numbers won't hold up, 
especially in digits. And Ralph 
Miller, marketing manager at Fair-
child's Optoelectronics division, lists 
the major markets this way: 
• Autos. The potential market is 36 
million lamps a year of all colors. 
• Clock radios. Several hundred 
million digits a year by 1977, as 
more people discover that green is 
more pleasant to wake up to. 
• Television. A sleeper market in 
1979 or 1980 if the industry goes to 
electronic channel selection with 
digital readouts. 
• Hand-held calculators. In three or 
four years, this market will reach its 
saturation point of 30 million to 40 
million units a year, meaning 300 
million to 400 million digits. 
• Appliances. A potential for 30 mil-
lion digits a year by 1978 if digital 
readout and status indicators be-
come important and if color LEDs 
that don't wash out in bright kitchen 
light can be developed. 

"There's one big if in all of this," 
says Miller. "If the industry can't get 
beyond the 20% to 30% price differ-
ential between reds and other colors, 
to within at least 2% to 3%, forget all 
these markets, except possibly 
autos." 
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Anyone can find fault with 
the Teradyne L100. 

PROBE E6P11* PROBE E6PS* 
PLEASE MAKE BETTER CONTACT 
RECHECK E6P8* PROBE E5P2* 
PLEASE MAKE BETTER CONTACT 
RECHECK E5P2* 

FAULT DIAGNOSED 
CHECK ADJACENT POINT OF 
E6P8 

If you're testing a fair number 
of digital circuit boards without 
benefit of automatic fault isolation, 
you're probably spending much 
more money on troubleshooting 
than you have to. Consider: 

Board testing usually ends 
and board troubleshooting begins 
once you know that an output pin 
is in the wrong logic state. Auto-
matic fault isolation, available with 
Teradyne's L100, picks up the 
trail at that point, automatically 
telling the operator where to 
probe, step by step, until the 
source of trouble is reached. 
Instructions are in plain English, in 
terms of specific pins of specific 
ICs. The whole procedure might 
take less than a minute, even with 

a complex board. Best of all, it 
requires no special technical skills. 

Maybe you think all this 
diagnostic power adds up to one 
big programming headache. Not 
at all. The same probe you 
troubleshoot with, you program 
with —simply by letting the system 
learn the logic on a known 
good board. 

To learn how you can find 
fault with the L100 Automatic 
Digital Circuit Test System, write: 
Teradyne, 183 Essex Street, 
Boston, Massachusetts 02111. 
In Europe: Teradyne Europe S.A., 
11 bis, rue Roquépine, 75 Paris 8 e . 

CHICAGO (312) 298-8610 DALLAS (214) 231-5384 / NEW ENGLAND (617) 458-1256 / NEW YORK (516) 364-9797 / SUNNYVALE (408) 732-8770 
LONDON (093-28) 61111 PARIS 265 72 62 ROME 59 47 62 MUNICH (0811) 33 50 61 TOKYO (03) 406-4021 
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Probing the news 

Consumer electronics 

Supermarket sales 
begin to pile up 
Over 20 manufacturers are vying for a billion-dollar 

bonanza in checkout counter equipment 

by Gerald M. Walker, Associate Editor 

Electronic cash registers, electronic 
scales, and front-end processing sys-
tems are about to invade America's 
supermarkets in a really big way. 
The annual market for such systems 
is heading toward $1 billion plus by 
1980, $2 billion thereafter—figures 
based on the $105,000 to $110,000 it 
typically costs to equip an eight-lane 
supermarket with a fully automated 
scanner checkout system, including 
communications equipment and 
minicomputer controller. 

For the 20 or more hardware 
manufacturers now lining up for the 
checkout counter business, this rich 
territory opened up properly only a 
year ago, when the supermarket in-
dustry at last agreed on a standard 
code for identifying all products and 
their manufacturers on machine-
readable tags. Called the Universal 
Product Code, it produces a 10-digit 
optical bar symbol that's now ap-
pearing on more and more items on 
the supermarket shelves. 

Printers. Use of the code has also 
created a demand for in-store label 
printers, to tag the produce and 
meats packaged by the individual 
store. In the most elaborate of these 
machines, an electronic scale is pro-
gramed to weigh different types of 
meat and direct a printer to bang 
out a coded tag and an alphanu-
meric label—the first for the scanner, 
the second for the buyer. 

Because the supermarket business 
has still not taken off, competition is 
intense. As yet there is no clearcut 
leader. Few hardware manufac-
turers can claim more than a dozen 
customers, and most of the rest are 
still mainly involved in experi-
mental installations. But all of this 

Super systems. Sweda's register, top, is used with checkstand that includes scanner. Na-

tional Semiconductor's entry in the competition is shown, bottom, with an X scanner. 
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will begin to change rapidly, start-
ing this fall, when new systems de-
signed around Universal Product 
Code (UPC) scanners will be ready. 
The competition centers on five 

types of equipment: minicomputer-
controlled store systems; stand-
alone electronic cash registers with 
key entry; fixed-head slot scanning 
with either X scanners or raster 
scanners; hand-held scanners, and 
store-level UPC symbol-printing 
equipment. The scanners are gener-
ally sold as part of a register-and-
checkstand package, which may in-
clude a place for an electronic scale 
tied directly to the register. 
While the conversion from elec-

tromechanical to electronic check-
out has been enthusiastically sup-

ported by industry's powerful 
Supermarket Institute, and while 
early trials have shown improve-
ments in customer throughput and 
employee productivity, users are 
being cautious about the timing of 
installations. One reason is that the 
ultimate system—register, scanner, 
and computer controllers—is by far 
the most expensive to install and 
maintain, so that its cost savings will 
have to be the most attractive. This 
problem is compounded by uncer-
tainty as to what percent of a store's 
total inventory will need to be coded 
before the high cost of the ultimate 
system is justified. 
Another problem confronting the 

supermarketers is the cost of train-
ing and the systems preparation re-
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quired to get an efficient electronic 
checkstand program underway. 
Also, the store itself has to be care-
fully planned around the system. 

Last, but certainly not least, is the 
anticipated reaction of shoppers to 
the product code and the high-speed 
checkstands. Individual price tags 
will probably disappear from the 
items on the shelves, once a com-
plete store system is up and run-
ning, and items will have code la-
bels only. Prices will be maintained 
in the store-level computer and will 
be looked up when the item is 
scanned at the checkstand and the 
transaction recorded. Consequently, 
once the customer has taken an item 
from the shelf, he will not know its 
price until checkout time, and this 
creates two tasks for the super-
market. First, shelf prices will have 
to be prepared and mounted more 
carefully than in the past. Second, 
consumers will have to be informed 
via promotion programs. 

Benefits. David Carlson, vice 
president of information systems for 
Chatham Super Markets, Warren, 
Mich., put it succinctly at the recent 
Supermarket Institute convention in 
Dallas. He observed there are prob-
ably 23 areas where the checkstand 
could benefit from electronics, the 
top two being increased productivity 
and accuracy, but there are 11 
where costs could increase. His fear 
was that if a system is misapplied or 
mismanaged, the costs could easily 
run away from the benefits and 
"never before could we lose so much 
money so fast at the front end." Yet 
despite his warnings, he added, "If 
placed properly, we could also make 
all the benefits." 
The benefits promised from the 

Universal Product Code are now 
part of the standard pitch of the 
hardware manufacturers. And as a 
consequence it's getting harder to 
tell their systems apart without the 
software. 
New products announced recently 

have emphasized scanners. Sweda 
International, Bunker Ramo, NCR, 
National Semiconductor, NISI Data 
Corp., Singer, and Data Terminal 
Systems all unveiled entries. IBM 
and Sperry Univac had previously 
demonstrated uPc-scanning sys-
tems. Both Spectra-Physics and 
Schiller Industries Inc. have devel-
oped laser scanners supplied to 

some of the companies making 
front-end systems. 
Add lasers. However, a number of 

the stand-alone registers can be up-
graded to laser scanners, thus mak-
ing it possible for a supermarket to 
enter sales data by register key-
board until enough goods on the 
shelf carry the UPC tags. On this 
score, another user speaking at the 
supermarket convention—Garry 
Potter, industrial engineer for Do-

minion Stores Ltd.—reported that it 
took his stores 14 man-months to set 
up two pilot systems without scan-
ners. He estimated a 2.2-year pay-
back on the investment, the number 
of customers checked out per hour 
jumping from 16.2 to 18.9. 

"Scanning systems promise a 45% 
improvement throughput," he 
stated, "but why wait? The savings 
are real enough to stop us buying 
electromechanical registers now." D 

8 CASES FOR SWITCHING 

TO NATIONAL SCRs 

16-1600 Amperes rms 
25-1700 Volts 
Power and Inverter SCRs 
Patented Regenerative Gate 

Call or write for full details 

NATIONAL ELECTRONICS 
a vanan division 

geneva, illinois (312) 232-4300 
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Probing the news 

Companies 

Module makers go vertical 
Analog Devices, like its competitors, feels breath of monolithic 

IC houses; result is upward climb into headier product areas 

by Gail Farrell, Boston bureau manager 

The handwriting has been on the 
wall for some time for manufac-
turers of modular functional circuits 
such as operational amplifiers, dig-
ital-to-analog and analog-to-digital 
converters, and multipliers: the mo-
nolithic lc boys are nipping at their 
heels, beginning to chip away at the 
lower end of the performance spec-
trum for such func-
tions. 
Some of the 

makers of func-
tional circuits have 
been reading the 
handwriting well 
and moving up-
ward into more so-
phisticated product 
sectors. Take Burr-
Brown Research 
Corp. of Tucson, 
Ariz. Jim Burns, 
vice president and 
general manager, 
talks about more 
complex subsys-
tems, modular in-
struments, and a 
family of products 
aimed at the data-
acquisition market. Moving up. Ray Sta 
The company also "intermediate" prod 
has an in-house   
thin-film hybrid capability—the ac-
quired Sloan Microelectronics; 
while its own ic designs are now 
being fabricated outside, the plan is 
to move such manufacturing into 
Burr-Brown itself. 
Another module house, Datel 

Systems Inc. of Canton, Mass., has 
been in subsystems for the past two 
years. John Gallagher, marketing 
vice president, says the reason is not 
so much to stay ahead of ic houses 
but to expand into new markets. 

"With d-a and a-d converters 
amounting to only a $40 million-a-
year market, we just had to grow 
elsewhere," he explains. Now Datel 
is expanding into modular instru-
ments, with a complete line to be 
announced this fall. 
While the threat from semicon-

ductor makers is not quite as imme-

tication line is Teledyne Philbrick. 
The company has advanced from 
operational amplifiers to a-d and 
d-a converters, and has plans for a 
line of converters combining dielec-
tric isolation and thin-film. 
On the West Coast, Mike Preletz, 

president of Zeltex Inc. of Concord, 
Calif., agrees that, while his com-

pany's first goal is 
to capture an in-
creased share of 
the converter mar-
ket, its next objec-
tive would be to in-
tegrate upward. 

But among mod-
ular circuit makers, 
perhaps the most 
ardent disciple of 
the gospel of such 
vertical integration 
is Ray Stata, presi-
dent of Analog De-
vices, the Nor-
wood, Mass., 
company that may 
be reading the 
handwriting best of 
all—in fact, Burr-
Brown's Burns con-
cedes that Analog 
is "probably fur-
ther ahead than 

MODULAR SUBSYSTEMS 

(INSTRUMENTS, MODEMS) 

FUNCTIONAL CIRCUITS 

(CONVERTERS, OP AMPS, MICROPROCESSORS) 

ta, president of Analog Devices, sees his company as a supplier o 

ucts, moving up through the complexity levels of this hierarchy. 

diate for Analogic Corp. as it is for 
other module makers—because its 
line consists primarily of digitizing 
equipment—the Wakefield, Mass., 
company is well aware of the poten-
tial danger. So Analogic's answer is 
the vertical-integration route: pro-
ducing instruments and subsystems 
that use both semiconductor compo-
nents and Analogic's own modules 
as building blocks. 
Another Massachusetts firm fol-

lowing the route up the sophis-

anyone else;" Preletz of Zeltex 
agrees. Stata has been preaching to 
customers and investors alike the 
benefits of what he calls the inter-
mediate-products business—a niche 
falling somewhere between the clas-
sical division of electronics com-
panies into end-equipment manu-
facturers and component makers. 
The result is that the module 

maker has graduated to modular in-
struments and plans to further inte-
grate vertically into small systems. 
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At the same time, the firm has con-
verted its investment in the former 
Nova Devices, a monolithic ic 
maker, into full ownership: it's now 
Analog Devices Semiconductor, a 
wholly owned subsidiary. 
To date, most of Analog's sales 

are still in functional circuits, with 
modular instruments, such as digital 
panel meters, just reaching produc-
tion maturity. But a few years out, 
modular instruments and system-
like products will account for a 
larger chunk of the business than 
they do now. And the semicon-
ductor operation is the fastest-grow-
ing part of the company, a fact that 
can't be lost on Analog's traditional 
competitors in the functional cir-
cuits business—such as Burr-Brown 
and Teledyne Philbrick. 

But vertical integration won't be 
without problems. For one thing, as 
a company moves up the hierarchy 
into more complex products, it ex-
poses itself to a whole different class 
of competitors. In the traditional 
module business are Analog De-
vices, Analogic, Datel, and Zeltex 
Inc. as well as Burr-Brown and Tele-
dyne Philbrick. In ICs, there are 
Motorola in monolithic d-a conver-
ters, National Semiconductor in 
linear ics, and Precision Mono-
lithics in converters. Still, Analog in-
tends to stay with its direct sales pol-
icy. "We have no distributor sales," 
says Stata. "We feel that the instru-
ment maker deserves the services of 
a direct selling effort; you can't rele-
gate that to a distributor." 
At the modular instrument level 

of the hierarchy, Analog, says Stata, 
"feels pressure to supply products 
that are more committed, more 
complex than in the past. It is a nat-
ural evolution to move in that direc-
tion. We have a modular manufac-
turing capability and as our ics 
obsolete our discretes, we don't 
want to abandon our processes." 

Analog's policy of pursuing the 
intermediate market seems to be 
paying off—sales grew by 41% in 
1973 to nearly $22 million, and in 
1974 may reach $30 million. Over 
the long term, Stata looks for 25% 
annual growth as a reasonable goal; 
"we serve a market that has a hun-
ger," he says. And he believes it is a 
market that is growing faster than 
the end-user market, since it in-
volves a shift in buyers and seller. E 

CABLE-BILITY 
WOVEN'S FLAT GOT IT! 

Ribbon Cable 
IC Interconnects 
Custom Harnesses 

A total source for flat intercon-
nect systems, Woven Electronics 
offers unlimited design capabilities 
combining signal/power transmission 
with specialized functions Indepen-
dently insulated conductors give 
tighter transmission control, more 
protection, allow easy lead exposure. 

Specify sizes, color coding, 
insulations, custom break-outs without 
restrictions of other cable forms 

Cable and ability. Get the best of 
both from one source. 

umuEn ELECTR0111[5 
P.O.Box 189 Mauldin. South Carolina 29622 
803/963-5131 
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Announcing 
the 21 most 

logical additions 
to the 

first family in 
CMOS. 

From the industry's 
most logical 

source. 
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With a 30% increase in the 
industry's broadest line, the 
RCA CD4000 family now provides 
greater design flexibility 
for a wider range of applications. 

21 NEW TYPES AVAILABLE NOW. 

Gates/Inverters MSI LSI 

C04066 CD4060 CD4059 
Quad Bilateral Switch 14-Stage 4-Decade 

CD4069 Counter/Oscillator Divide-By-N Counter 
Simple Hex Inverter (Multiple Output) CD4061 

CD4071 CD4518 256-Bit Static RAM 
Quad 2-Input OR Gate Dual BCD Up Counter CD4062 

CD4072 CD4520 200-Bit Shift Register 
Dual 4-Input OR Gate Dual Binary Up 

CD4075 Counter 
Triple 3-Input OR Gate CD4063 

CD4081 4-Bit Magnitude 
Quad 2-Input AND Comparator 
Gate CD4514 

CD4082 4-to-16 Line Decoder 
Dual 4-Input AND (Outputs High) 
Gate CD4515 

CD4073 4-to-16 Line Decoder 
Triple 3-Input AND (Output Low) 
Gate CD4085 

CD4068 Dual 2-Wide 2-Input 
8-Input NAND Gate And-Or-Invert Gate 

CD4078 CD4086 
8-Input NOR Gate Expandable 4-Wide 

2-Input And-Or-Invert 
Gate 

10 NEW TYPES AVAILABLE SOON. 

CD4070 CD4093 CD4510 
Quad Exclusive OR Gate Quad NAND BCD Up/Down Counter 

CD4076 Schmitt Trigger CD4516 
Quad D-Type Flip/Flop CD4527 Binary Up/Down Counter 

CD4077 BCD Rate Multiplier CD4528 
Quad Exclusive NOR Gate CD4502 Dual Retriggerable/ 

CD4089 Strobed Hex Inverter Resettable Monostable 
Binary Rate Multiplier Multivibrator 

We're adding 21 new types to the 
standard CMOS family that first 
brought you high noise immunity and 
low power consumption over a wide 
operating voltage range. 

21 new types in the front-running 
CD4000 series the rest of the indus-
try has chosen to second source. 

21 new types you told us would give 
you wider vistas, and make possible 
more cost-effective designs. 

21 new types from the people who 
developed more production capabil-
ity and delivered more CMOS than 
anyone in the industry. 

There's a 256 bit static RAM that 
requires no precharge or refreshing. 
What may be even more important to 
you is that it requires only micro-
watts of standby power. Which 
makes it ideal when memory protec-
tion is important. 

Typical access time is 250 nano-
seconds. Operating range is from 
3 to 15 volts. 

Our four decade divide-by-N counter 
lets you divide by 3 to 15,999 in a 
single package. 

Our CD4069 gives you a Hex inverter 
at gate prices. So you can save some 
money if you don't need high output 
drive current. 

Spend what you save on our new 
CD4066 quad bilateral switch which 
offers a lot lower 'on' resistance 
than our popular CD4016. 

And now you have a series of AND 
and OR gates to complement our 
NAND and NOR gates. 

There's more coming too. Ten of 
them, real soon. 

All of which goes to prove two impor-
tant points relative to RCA. 

The continuing progress of the 
people who invented CMOS. 

And a continuing commitment to the 
solid state technology that's come on 
strong and is here to stay. 

With all this behind you, you can 
start plugging our new COS/MOS 
circuits into your plans. (COS/MOS 
is the RCA name for CMOS.) To or-
der samples, contact your nearest 
RCA Solid State distributor, call your 
RCA field office, or write RCA Solid 
State, Section 70E30, Box 3200, 
Somerville, N.J. 08876. For informa-
tion phone Pat Lindblad (201) 
722-3200, Ext. 2355. 

The first house in CMOS 

Solid 
State 

Internabonal RCA. Sunbury-on-Themes UK or Fuir Brmdulb 7-4 Kasumugaselu. 3-Chome Chlyoda-Ku. Tokyo. Japan in Canada RCA Urruted Ste Anne de Bellevue 8 10. Canada 
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A great place 
to start 

expanding 
your company 
is right here. 

44111411118. 
o tr 

c,& 
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Our 16 page book talks 
about the labor force, about 
deep water ports, about 
utilities, temperatures, taxes.] 
There's everything here 
from financing to flying 
times, from industries to 
schools—all the things that 
make Northwest Florida 
one of the most profitable, 
most livable business 
climates in the country. 
And it's free. 

- - 
Gulf Power Company 
Manager, Area Development 
Department D-8 
P.O. Box 1151 
Pensacola, Florida 32520 

Please send me your book. 

Name 

Title 

Company 

Address 

City 

State Zip 

Probing the news 

Memories 

Bubble memories 
reach crossroads 
Rockwell to produce commercial products in 1976; 

Intermag Conference reports spur optimism 

by Howard Wolff, Associate Editor 

The word has gone out. For bubble 
memories, as Paul V. Michaelis of 
Bell Laboratories puts it, "it's the 
put-up-or-shut-up period." And the 
feeling is that the people working 
with magnetic bubbles—tiny magne-
tized areas in thin films of magnetic 
materials that can store and process 
vast quantities of data—are going to 
put up. 
For Michaelis and his counter-

parts just back from this month's In-
termag (International Magnetics) 
Conference in Toronto, the beat is 
definitely up in terms of attitudes 
and papers presented. "People are 
getting down to doing things," says 
the Bell Labs engineering physicist, 
"and they're talking about real pro-
lems involving such things as detec-
tion noise in the bubble memories, 
operating sequences, and ways to 
test the devices. There were lots of 

honest-to-goodness facts, instead of 
speculation and talk about 'break-
throughs.'" 

Michaelis' feelings are backed by 
some of the work described at To-
ronto, including that which his 
group—subsystems—is doing at the 
Murray Hill, N.J., lab. There, re-
searchers headed by Peter L. Bon-
yhard have come up with the first 
working, fully populated magnetic-
bubble memory [Electronics, May 
16, p. 29]. The prototype has a ca-
pacity of 500,000 bits, and that 
could be scaled up to a million. And 
the device could replace fixed-head 
rotating-drum and disk memories 
within two years. 

Optimism. The optimism extends 
to the West Coast, too. In Anaheim, 
Calif., William C. Mavity, manager 
of memory development at Rock-
well International's Microelectronic 

Bubbling. In IBM's amorphous-film approach, bubbles can be moved from one circuit ele-

ment to another by alternating polarity of each element by rotating external magnetic field. 
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Here's Ramtek's new color 
graphic display system, the 
FS 2000, for the manager who 
has nothing-
but gauges, strip charts, 
plot boards and so forth. 

Who needs it? 

Anyone responsible for 
process supervision, 
power utility control or financial 
management information 
processing. 

Ramtek introduces the FS 2000 System for the manager who is 
involved in monitoring the flow of raw materials through his 
industrial process to a profitable conclusion. 
We've utilized the design experience of our highly successful 
GX 100 Series System and applied it to the development of the 
FS 2000 System. Here's what the new system offers: 
D The ability to address a character to any location on a 

256 x 256 grid. 
D Four character sizes, the smallest of which allows 85 

characters per line. 
D Graphic line generation of any thickness or length with four 

bytes—only one byte required to modify either. 
D Automatic overwrite of a character on a graphic entity—no 

erase step necessary. 
D Ability to overlay or completely overwrite characters non-

destructively allowing convenient combinations. 
D Two byte relocation of any display block—allowing 

convenient "visual subroutines." 
D Dual intensity available on each of seven colors. 
D Ability to blink any entity from full brightness to half 

brightness or off. 
Need more information? Contact: 
Ramtek Corporation, 292 Commercial Street, Sunnyvale, 
California 94086. Telephone (408) 735-8400 

12 , 27 , 73 RRMTEK 

RA/VITEK CORPORATION 
ThE GRAPHIC DISPLAY COMPANY 
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We can delive rld's smallest 
180° air variable capacitors. 

On time. 
And since we're nice people, we don't even charge much 

for them. So if you have an application that calls for a 
sub-miniature capacitor that you can "tweak" to a specific 
frequency, these Johnson trimmers are ideal. 

You can choose from either PC or stripline mount, either 
vertical or horizontal tuning. These Type "T" capacitors are 
about one-third the size of the familiar type "U" capacitors, 
so you can save space, cut costs and insure improved 
performance in the most compact electronic equipment. 

Rotors and stators are precision-machined from solid brass 
extrusions, resulting in exceptional stability and uniformity. 
High 0—typically 2000 at 150 MHz. Temperature coefficient 
is a low plus 30 -±- 15 ppm/°C. High torque (1 1/2 to 8 oz./ 
inches) holds rotor securely under vibration. They're designed 
to meet or exceed EIA-RS 204 and MIL Standard 202C 
Methods 204A and 201A. 

In short, these capacitors may be just what you've been 
looking for. It'll only cost you a stamp to get more information. 
And if you give us your phone number, we'll call you and 
send free samples after we have clarified your application. 

immmmmalimummiumiummumm1111111MMIMMMMMMMII 

E. F. JOHNSON COMPANY 
3005 Tenth Ave. S.W. / Waseca, MN. 56093 

D Please send me technical information on the type T. 
D Also, include information on your entire line of variable 

capacitors. 

D I want test samples. Please call me at  
NAME  
TITLE  
FIRM  

ADDRESS  
CITY STATE ZIP  

E. F. JOHNSON COMPANY 

Probing the news 

device division, says his division 
will deliver demonstration commer-
cial bubble products this year. Pro-
duction, says Mavity, will begin in 
1976. Meanwhile, an Intermag pa-
per from Rockwell's Electronic Re-
search division described a 61,440-
bit bubble memory for use in space. 
That memory is considered a build-
ing block in the fabrication of 
memories with a capacity of 100 
million bits [Electronics, May 16, p. 
30]. And a researcher from the same 
division described a flight recorder. 

Scientists from IBM's Watson Re-
search Center in Yorktown Heights, 
N.Y., described a text-editing sys-
tem, as well as the use of amorphous 
films to obtain bubbles as small as 1 
micrometer in diameter, compared 
with the usual 4 or 5 gm, and using 
electron-beam lithography to make 
the bubbles in thin amorphous 
films, rather than in the garnet ma-
terials usually used. And to com-
plete the Intermag lineup of com-
panies doing bubble work, Hewlett-
Packard Co. discussed its design 
work, including a new symmetical 
layout of the magnetic poles atop a 
babble material that promises more 
efficient propagation and movement 
of the bubbles. Outside observers 
believe H-P is aiming its bubble 
work at a new desk calculator. 

Customers. But all this activity, of 
course, presupposes a market—or, as 
Rockwell's Mavity puts it, "the cus-
tomers must come on stream, too." 
And with bubble systems now 
thought of as replacements for small 
to medium-size disks, it's easy to see 
that the interest of IBM is for its 
computers and Bell for electronic 
switching. 
Computer makers across the 

country are experimenting with the 
new memory systems, but most re-
fuse to admit more than that and 
adding that they find bubbles inter-
esting. However, the implication is 
clear: they're watching and waiting. 
Fred S. Lee, manager of the bubble 
program at Honeywell Informations 
Systems' Advanced Systems and 
Technology group in Oklahoma 
City, puts his finger on a major im-
provement that must be made to 
satisfy computer makers: bubbles 
must be made smaller. 
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New —Copper Alloy 725 

Old —Phosphor Bronze 

Honeywell had a perfectly good main frame connector. 
What in the world made them change it? 

A copper alloy called CA 725. Now they use it 
for new main frame connector springs. 

Honeywell's experience with CA 725 has 
been outstanding. Since bare CA 725 solders 
readily, resists corrosion and tarnishing, it was 
possible to eliminate costly gold plating over 
most of the contact spring. 

This allowed Honeywell to get more gold 
where it is needed—at the contact point. More 
gold at the contact point increased connector 
life ten times; made possible by CA 725. 

Honeywell's connector manufacturer, 
Winchester Electronics, knows that CA 725 has 
a lot to offer in the way of good mechanical 
properties and excellent fabricability. CA 725 
is a standard material available from many 
copper and brass sources. 

Why don't you consider a change for the 
better? For more detailed facts about CA 725, 
write The International Nickel Company, Inc., 
Dept. 3373, One New York Plaza, New York, 
New York 10004. 

Honeywell's new main frame connectors are manufactured by Winchester Electronics. 

THE INTERNATIONAL NICKEL COMPANY, INC. 
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THAT MAGNIFICENT NEW 

BELL & HOWELL MACHINE 

State-of-the-Art Recorder/Reproducer. 
STA R R". 

This is a laboratory grade magnetic tape 
instrumentation recorder whose credentials 
are as impressive as the name Bell & Howell. 
It offers high performance. Reliability. 
Elegance. Human engineering. 

Plus: state-of-the-art engineering epito-
mized by ferrite record/reproduce heads for 
ultra-long life. Phase-lock servos for flutter 
suppression and TTL (transistor-transis-
tor logic) to allow direct computer control 
and interface. Improved transport and 
signal system performance. Unparalleled 
precision in tape tension control. 

More Pluses 

Adaptability and flexibility made possible by 
three types of plug-in electronics. Wideband 
phase-lock servo and linear tape tension 
control. Improved time base error, dynamic 
skew and cumulative flutter. Upgraded flut-
ter floor and flutter sideband performance. 
Flutter suppression using a phase-lock servo 
with a correction range of 300 Hz. 
And that's not all. 
STARR offers Direct, FM and Pulse Code 

Modulation. STARR can record up to 
33,000 bits of data per inch per track of tape 
with an error rate of 1 in 10 million bits. And 
that no one in the industry can match. 

It's Human-Engineered 

That's right. Human-engineered, for ease of 
operation, maintenance and astonishing 
good looks. Back-lighted controls, easy to 
read, are at waist height for immediate 
access. Double-swing doors reduce floor 
space requirements. 
STARR can be had with the broadest line 

of accessories anywhere to provide total sys-
tem capability. These include bin loop adap-
ters, monitor scopes and meters, front panel 
attenuators, voice logging, shuttle control, 
tape footage counters, automatic degaussers, 
FM calibrators, analog test sets, digital 
PCM data simulators and bit error rate 
checkers. 

This is STARR—the state-of-the-art re-
corder/reproducer that provides solutions. 

For more information, please mail the 
coupon. You'll like what you see. 

r 
Bell & Howell 
360 Sierra Madre Villa, Pasadena, California 91109 

L... 

Yes, I agree that STARR sounds like the answer to my 
data acquisition problems. Please send me more informa-
tion immediately. 

Name Title 

Company 

Address 

City State Zip 

Phone number 

, 

Copyright 1974 Bell & Howell 



lorg BELL E HOWELL 

BELL E. HOWELL 
JELL E HOWELL 
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We've lined up 
some great ways 

for you to 

You've got a direct line to the best possible RF and 
microwave power amplifiers. At competitive prices. 
Because TRW makes the best—and broadest— line 
of competitively priced RF transistors. 

That means performance, ruggedness and reliability. 
It means gold metallization, ballasted emitters and 
the best thermal dissipation characteristics. 

Reliability is designed right in. Along with top per-
formance. 

From the highest powers with the lowest IMD's at HF 
—to microwave with highest powers and lowest 8j-c. 

So no matter what you're making, new design or 
current production item, you'll make it better...with 
the best. 

If you make RF and microwave amplifiers, use these TRW transistors to make them better 

OSCILLATORS 1.5-3.0 GHz 

EIP 

PT5784 2N5482 PT5798 
1.5-2.0 GHz 1.8-2.3 GHz 2.3-3.0 GHz 

For complete set of data sheets, circle Reader Service Card number 201 

Features: 
300mW —1W output. 
Low noise figure. 
Gold metallized for 
reliability. 

SINGLE SIDEBAND RADIO-12V. Marine, mobile, amateur 1.5-30 MHz 

10MW e 

using two 

PT5701 2N6458 2N6460 

120 WATTS MIN. 
—32 Db IMD 
1.5-30 MHz 

For data sheets and 100W application note CT-129, circle Reader Service Card number 202 

Features: 
Up to 75W per 
device—PEP or CW. 
Infinite VSWR. Better 
than —32Db IMD. 
High gain, broadband 
design. 

SINGLE SIDEBAND RADIO-28V. High power base stations, marine radio 1.5-30 MHz 

25mVV 

using two 

PT6665A PT8551 2N5707 

180 WATTS MIN. 
—32 Db IMD 
1.5-30 MHz 

For data sheets, 320W and 1KW application note CT-129, circle Reader Service Card number 203 

Features: 
Full 1KW broadband 
amplifier easily made 
from combination of 
four 320W modules. 
Up to 100W per 
device—PEP or CW. 
Infinite VSWR. Better 
than —32Db IMD. 
High gain, broadband 
design. 

82 Electronics/May 30, 1974 



VHF! UHF AMPLIFIERS—VHF/UHF communications, tactical radio, instrumentation. 

VHF, 30-200 MHz: 

200mVV 

UHF, 200-600 MHz: 

1 00 m W 

-->.. 

PT9732 

--- > 1.é' 
using two 

PT9733 J01001 

PT9700 PT9703 

 > 125 WATTS MIN. 
AT 175 MHz 

using two 

PT9704A 

For complete data sheets, circle Reader Service Card number 204 

55 WATTS MIN. 
AT 400 MHz 

Features: 

High gain. High 
power. Ballasted for 
ruggedness. Get 
required output with 
fewer devices. 

UHF TACTICAL RADIO-225-400 MHz broadband operation 

e 11,, 275 WATTS MIN. ier  225-400 MHz 

11. 

using four 

CA870 PT9701 J02005 J02015 J02015 

For data sheets and broadband 120W/60W amplifier application note 01130, 
circle Reader Service Card number 205 

Features: 

Designed for high 
power broadband 
operation. Drivers 
and finals input 
matched.* TRW gold 
system for reliability. 

MOBILE BASE STATION—RADIO RELAY—ECM-600-1000 MHz (28V) 

1W 

using two 

2N5482 2N5595 2N5596 
For complete set of data sheets, circle Reader Service Card number 206 

 > 36 WATTS MIN. 
AT 1000 MHz 

Features: 
High gain. Ballasted 
for ruggedness. 
Gold metallized for 
long life. True 
hermetic package. 

ECM—TELEMETRY—RADIO RELAY—INSTRUMENTATION-400-1000 MHz 

4,;*;; 
1 00MW 

300mW 

PT9700 

>%Í 
PT9703 J02401 

Z ara L ima 

 35 WATTS 

MRA0610-3 MRA0610-18 

For complete set of data sheets, circle Reader Service Card number 207 

400-600 MHz 

18 WATTS 
600-1000 MHz 

Features: 

Broadband high 
power. Gold metal-
lized. Ballasted 
for ruggedness. 
Internally matched 
final devices.* 

RADIO RELAY—TELEMETRY—ECM—INSTRUMENTATION-1-2.3 GHz 

oomw ertz. — ->- ettir.• >- -->- 20 WATTS 
using two AT 2.3 GHz 

TRW2001E TRW2003 TRW2010 TRW2010 

For complete set of data sheets, circle Reader Service Card number 208 

Features: 

Will withstand infinite 
VSWR. Highest gain. 
Gold metallized 
for long life. 

Your TRW Distributor has data sheets and application notes on 
he full line of TRW RF power transistors. For additional infor-
mation, write TRW Semiconductors, an Electronic Components 
Division of TRW, Inc., 14520 Aviation Blvd., Lawndale, California 
90260. Or call Don Comm at (213) 679-4561. 

*TRW Patent 3,317,006 

TRW SEMICONDUCTORS 

These products are available through the following authorized distributors: 

Almo Electronics 

Bell Industries 
Cramer Electronics Inc. 

Electronics Marketing Corp. 

Elmar Electronics Inc. 

Hall-Mark Electronics Corp. 

Pyttronic Industries Inc. 

Rochester Radio 
Semiconductor Concepts Inc. 

R. V. Weatherford Co. 

Westates Electronics Corp. 

Wilshire Electronics 
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Counters: 
Another 
new way 
to think of 
Tektronix 

• Frequency range: 225 MHz 
(both channels) 

• Time interval: single-shot 
resolution to 10 ns 

• Time interval averaging: 
resolution to 100 ps 

• Repetitive pulse width 
measurements to 2.5 ns 

You get more quality, functions, 
and counting-time capability per 
dollar with the Tektronix DC 505 
Universal Counter. This compact, 
dual channel counter performs 
virtually any counting-timing 
function up to 225 MHz. 

Various functions include conven-
tional frequency operation on 
channel A, ratio of channel A 
frequency to channel B frequency, 
period of signal B time interval 
from channel A start to channel B 
stop, width of signal in channel B, 
number of events in channel A 
during channel B gate, and total-
ize. The DC 505 also features in-

dependent selectable averaging 
factors and clock rates to 10 ns. 
By use of maximum averaging on 
width or interval measurements of 
repetitive waveforms, resolution 
to better than 100 picoseconds is 
possible. With all these features, 
the DC 505 is priced at only $1,295 

Other Tektronix counters in our 
expanding line include: 

DC 501 Seven digit, 110 MHz 
counter and totalizer  $ 625 

DC 502 Similar to DC 501 with 
divide by 10 pre-scaler for 
counting to 550 MHz  $ 975 

Counter 
Price, $1,295 
Actual Size 

I I — I i-i 
. I 0 o 

GATE 

e • 

FUNCTION 

FREOUENCY 

RATIO A 

e 
r,u, X20 '1 A-8 
xiATTEN 8 

nulor EVENTS A DURING 
TOTALIZE A 

"o• 
DG COliPt 

KR: 
GATE TINE 

Os :re 1% Ols 

LEVEL BOB 

001' 

CH B 

`.,• + 

• — SLOPE 
0111 SOMME PlIttl 

alwaoL 

Il 
' 

a' 

INPUT 

AC 

lir;F °C court. 

TEKTRONIX 

[1/611 OVER 
FUNCTION 
A ] 

PICKLES OF RESET 

8 OR A-.43 - 

CLOCK 
RATE 

Ims 

Ims 

10u s 

lus 

lus 

lOns 

UNIVERS 
DC 505 COUNTER,TIFAFFI 

IN 
START 
OUT 
STOP I 
mummy 

Simulated Display 
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DC 503 Seven digit, 100 MHz 
universal counter with dual 
channels  $ 725 

DC 505 Seven digit, universal 
counter, 225 MHz on both 
channels   $1,295 

Tektronix offers many other test 
and measurement instruments in 
the TM 500 Series in addition to 
counters. These include: multi-
meters, power supplies, signal 
sources, signal processors, and 
CRT monitors. Presently, 24 gen-
eral purpose modular test instru-
ments are available with many 
more to come. 
These instruments are inter-

Digital Multimeter 
Price, $395 to $505 

t OR 
SOET,ce. 
11.9111 

DM 501 MULTI METER 

RANGF ,FUNCTION 

71- 0 1I0,11 WW1 
\ 

11 

OSC /11 

TEMP OUT 
10.v • 

IRL 

INPUT 

Pee 1'9 

F MP 
PROM 

INPUT 

changable. They plug into one 
compartment ($115) or three 
compartment ($150) power units. 
Instruments in the three compart-
ment unit can be interconnected 
via a common interface board. 
This results in increased measure-
ment capabilities and can actually 
produce synergistic effects. The 
TM 500 Series is based on the 
latest technology and proven prin-
ciples developed in oscilloscopes. 
In addition, the TM 500 Series 
gives you more performance per 
dollar than competing instru-
ments. 
Send for a free brochure and 
spec sheets on counters, and our 

Pulse Generator 
Price, $1,150 

,ARIettitF 

P111100 

Sal Sal 

OUTPUT (VOLTRI 

LEVEE le ,4t 

TVRTRON.• • PG 507 rt ,I,  

other TM 500 test and measure-
ment instruments. They're all new 
ways to think of Tektronix. 

Write: Tektronix, Inc. 
P.O. Box 500 
Beaverton, Oregon 97005 

In Europe wirte: 
Tektronix Ltd. 
P.O. Box 36 
St. Peter Port, Guernsey, C.I., U.K. 

U.S. Gales Prices FOB Beaverton, Oregon 

.4411 

TEKTRONIX 
7orrunitted to 

technical excellence 
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It's hard to love the hardware 
when the software is keeping you 
up all night. 



There's a lot of great hardware around. But not much great 
systems software. 

Which explains why a lot of programmers don't get 
much sleep. And why software development usually ends up 
costing more than the hardware. 

When we make a computer, we put as much work into 
the software as the hardware. 

So there's less work for you to do. And the work you have 
to do goes a lot faster. 

Our Real-Time Disc Operating System ( RDOS ) lets you 
work the way you want. Interactively. Or Batch. It has a file 
management system that doesn't need any work at all. ( It'll fit 
any application as is. ) RDOS supports higher level languages. 
And utilities like MACRO Assembler, Text Editor and 
Symbolic Debugger make it easy to pull everything together. 

And once you've finished your applications software, 
your job is done. Because RDOS helps run your programs as 
much as it helps write them. 

It even lets you do two things at the same time. Like 
write new programs while you're running old ones. 
Or run Timesharing and Batch. Or Remote Job Entry and 
Timesharing. 

Buy a Nova 840 from us and we'll give you RDOS. Free. 
Then maybe you and your programmers can go home 

and get a good night's sleep. 

DataGeneral 
The computer company you can understand. 

Ir Data General Corporation, Southboro, Massachusetts 01772, (617) 485-9100. 
Datagen of Canada Ltd., Hull, Quebec (819) 770-2030/Data General Europe, Paris, France 504-23-44. 
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Remember the time 
you wanted something 
special in 31/2 digits? 

Your time has come. 
When we at Analog Devices intro-
duced the 5-volt digital panel 
meter, we said there'd be more — 
a lot more. Look what we can offer 
you in 31/2 digits alone. 

Why so many? To give you a 
choice. So you won't have to order 
or build specials anymore. 
Because now we've made what 
you need a standard. 

Let's say you need 31/2 digit resolu-
tion. You can get it displayed in 
Numitron, LED, or even Sperry. 

In Numitron, we can even give 
you a choice of green or red. 

Now you have to power it. Most 
of our meters are 
5 volts DC 

because so much of what you're 
working on is in HL logic. But if 
you need one that can run on 115 
*volts AC, you've got it. The AD2006 
with Sperrys— in AC or DC. It's our 
latest DPM. But not our last. 

You may even be designing some-
thing that will end up in another 
country. We can help you there too. 
With meters that will operate on 
voltages in Europe, the U.K., Japan, 
and just about anywhere else. 

DIGITA1 vsZI`'Inet's ttnot 
r ME-Tuas 

If you look closely, you'll see that 
one meter isn't a meter at all. It's a 
remote display. Sometimes you 
need that kind of thing. 

But then giving you what you need 

is what it is all about. Like relia-
bility And extra features like card 
edge connectors. Ratiometric 
inputs. .05% accuracy And low 
prices. Ours start at $49 in hundreds 
for the remote display. 

Now, would you like to see what we 
can do for you in 41/2 digits— or 21/2 
digits? Give us a call. We'll see that 
you get a copy of the "Designer's 
Guide to Digital Panel Meters." 
And any other help you may need. 

Analog Devices, Inc., Norwood, 
Mass. 02062. On the East Coast, 
call (617) 329-4700. In the Midwest, 
(312) 297-8710. And on the West 
Coast, (213) 595-1783. 

ANALOG 
DEVICES 

Then it was special. Now its a standard. 
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Technical articles 

Passive component 

makers—once seemingly 

threatened by integrated 

circuits—are, instead, 

adapting to demands of IC 

technology through 

miniaturization, new 

materials, and better 

packaging 

by Joel DuBow, 
Components Editor 
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SPECIAL REPORT 

III These are boom times for passive components. There 
is now a ferment of demand and technological innova-
tion fully as exciting, but less visible, than for their more 
glamorous cousins, the integrated circuits. 
As ics have increased their penetration into previous 

existing applications and have spawned entirely new 
applications, passives have developed concurrently to 
complement them. And, even though integration has 
decreased the need for passives in some pieces of equip-
ment, demand for many more products has increased 
the demand for passives. 
For example, each hand-held calculator chip requires 

four outboard capacitors. Each automobile seat-belt in-
terlock needs 12 different passive components. A mul-
timeter typically requires five ICs and 10 passives. Every 
power supply in every computer system requires resist-
ors and electrolytic capacitors. And many transistor-
transistor logic circuits require pull-up resistors. 

Manufacturers of passive components have met these 
challenges with new components, new materials, and 
advances in older products to meet the power and speed 
demands of lc systems. These advances span the fre-
quency range from dc to 5 gigahertz and a voltage 
range from 5 volts to 50 kilovolts. To complement the 
operation of ICs—a major application for passives—size, 
power, and voltage ratings have been reduced along 
with decreases in cost. 
A significant trend in the passive-component industry 

has been the gradual shift from the military/aerospace 
market, where high performance was paramount, to 
consumer and industrial markets, where cost per unit 
performance is the critical parameter. This is partic-
ularly true in automotive, television, audio, and other 
consumer applications. 
Another major trend is miniaturization. Engineers 

TABLE 1. CAPACITORS 

Dielectric 
constant 

1-MHz 
dissipation 
factor to 

FOR IC 

Capacitance 
per cm2 

CHIPS 

Voltage 
rating 

Capacitance 
per 100 mil2 

Silicon monoxide 

Silicon dioxide 

Silicon nitride 

Aluminum oxide 

6.0 

3.8 

9.4 

9.0 

0.5 

0.03 

1.0 

0.05 

6,000 pF 

3,800 pF 

9,400 pF 

9,000 pF 

375 pF 

240 pF 

600 pF 

560 pF 

40 V 

60 V 

100 V 

100 V 

have demanded, and manufacturers have produced, re-
sistors having smaller power specifications and sizes. 
Capacitor voltage ratings, far in excess of IC operating 
voltages, have been reduced, and smaller, faster relays 
for solid-state applications have been developed. 
The greatest technical advances have been made in 

three main areas: 
• Development of new materials and better control and 
understanding of standard materials. 
• Computerizing control of production lines for such 
tasks as laser-trimming, wire-winding, and assembly. 
• Improving types of packages and automation of 
packaging techniques. 

Technology advances 

The recent materials shortage has led to advances in 
technology. Thinner films are being investigated for 
plastic-film capacitors, and intensive efforts are being 
made to develop inks for thick-film networks and for ca-
pacitors that do not contain any of the increasingly ex-
pensive rare earths, such as silver, palladium, or plati-
num. 

What's more, during the past five years, there have 

ALUMINUM ELECTROLYTIC CAPACITORS 

CARBON FILM RESISTORS 

PLASTIC-FILM CAPACITORS 

METAL-FILM RESISTORS 

DISCRETE FILM RESISTORS (CERMET, ETC.) 

THICK-FILM RESISTIVE NETWORKS 

METALIZED PLASTIC CAPACITORS 

THICK-FILM RC NETWORKS 

DISCRETE PRECISION RESISTORS   

MULTILAYER-CHIP CERAMIC CAPACITOR 

THIN-FILM RESISTIVE NETWORKS 

THIN-FILM RC NETWORKS 

THIN-FILM CAPACITORS 

SOLID-STATE RELAYS   

MICROTRIMMER CAPACITORS 

GLASS CAPACITORS   

CHIP TANTALUM CAPACITORS-

HIGH-k CERAMIC CAPACITORS 

TANTALUM CAPACITORS 

PRESET TRIMMER RESISTORS 

CERMET POTENTIOMETERS AND TRIMMERS 

MICA CAPACITORS 

TELEPHONE-TYPE RELAYS 

WIRE-WOUND RESISTORS 

VARIABLE CAPACITORS 

CERAMIC DISC CAPACITORS 

ELECTROMECHANICAL NETWORKS 

WET-SLUG TANTALUM CAPACITORS 

WIRE-WOUND POTENTIOMETERS 

CARBON COMPOSITION RESISTORS 

CARBON POTENTIOMETERS 

PAPER CAPACITORS 

1. LIfe-cycle curve. The relative position in life cycles of various passive components are charted on a bell curve. Generally, the newer tech-

nologies occupy the ascending portion of the curve, and the superseded technologies are on the declining portion. 
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been changes in product mix, development of new com-
ponents, and technical advances in some older products. 
New technologies in semiconductors and instrumenta-
tion have led to demands for different passive compo-
nents and for different forms of existing passives. 

For instance, the stacked-foil aluminum electrolytic 
capacitor, which extended the operating frequency into 
the range of tens of kilohertz, was developed for high-
frequency switching and ferroresonant-type power sup-
plies. Not in existence a few years ago, the stacked-foil 
capacitor is now one of the fastest-growing passives. 
• Multilayer ceramic-chip capacitors have been a boon 
to digital-circuit designers by providing high-frequency 
bypass with short lead runs and have helped improve 
microwave-circuit designs. Five years ago, these chips 
were hardly available. 
• Tolerances, costs, and stability of discrete resistors 
have been improved through the use of laser trimming. 
• Solid-state relays offer speed, electrical isolation, and 
reliability in an ic-compatible form and switch high 
currents that would be difficult and too expensive if 
done any other way. 
• Networks in dual in-line and molded single in-line 
packages, compatible with automatic-insertion equip-
ment, provide compactness, savings, and closer toler-
ances than their discrete-assembly counterparts. 

In addition, the performance of many passives has 
been upgraded. New designs dissipate less power and 
can utilize the space savings and cost advantages of 
lower-power designs. A discrete resistor now can handle 
lower power and offer closer tolerances. The discrete re-
sistor standard five years ago was V2 watt, 10% toler-
ance; today it is 1/4 w, 5% tolerance. In a few years, it 
will probably be 1/5 or 1/10 w. 

Life goes on 

An examination of the estimated points in the life 
cycles of various components (Fig. 1) helps in under-
standing the technical trends in the passive-components 
industry during the past few years. Most of the technical 
effort will be directed at the more rapidly growing 
areas, which are shown on the left-hand, rising, portion 
of the curve. These are applications that are simply not 
amenable to integration. 

Indeed, many properties of passive components are 
difficult, if not impossible, to realize on lc chips. For ex-
ample, one resistor rated at 10%, 2 x 10" ohms, oper-
ates over a temperature range of -270°C to + 200°C 
and has 0.1 picofarad shunt capacitance. Using resistors 
1 micrometer thick and 100 ohms per square on silicon 
would require, with lines 0.5-mil wide, a path 10 inches 
long and require about three times the area of a typical 
LSI chip, to say nothing of tolerance, temperature range, 
repeatability, noise, and parasitic capacitance. 

Just how difficult it is to integrate capacitors is shown 
in Table 1, where the allowable values for the three 
types of capacitor-chip dielectrics are listed. The chart 
indicates that a 0.1 -pf silicon-nitride bypass capacitor 
would occupy 10 cm2, or about 60 times the area of the 
200-mil2 chip it is to bypass. In addition, a 0.1-µF ce-
ramic disk might cost 5 cents, while the silicon-nitride 
capacitor, which could occupy one third of a three-inch 
wafer, would be considerably more expensive. 

Capacitors lead charge 

of passive components 

Capacitors have grown faster than other passive com-
ponents, and their long-term growth rate is expected to 
continue strong at 12% a year. 
The biggest demand has come in automotive equip-

ment, digital circuits, power supplies, and, more 
recently, microtrimmer capacitors for digital watches. 
Each of these applications has its own particular capaci-
tance requirements. For the design engineer, new devel-
opments in capacitor technology have created new op-
tions and improved performance for such circuit 
functions as bypassing and filtering. 
A combination of new dielectrics and improvements 

in old dielectrics allows a designer to choose an opti-
mum dielectric for the capacitors he needs. For ex-
ample, Table 2 lists key parameters for the most popu-
lar dielectrics. Special values, such as solid-tantalum 
capacitors with closer than ±-5% tolerance, are available, 
but, like most custom components, the cost of such units 
is higher. 

In addition, a knowledge of such parameters as tem-
perature coefficients and dissipation factors enables the 
knowledgeable designer to characterize the device he 
actually has in the circuit and not some idealized ele-
ment. This can be crucial at high frequencies, where a 
capacitor can begin to act like an inductor or a resistor 
and thereby invalidate calculations that assume a 
purely capacitive impedance. 

In general, the parameters of interest in selecting a 
capacitor are: 
• Value: capacitance, measured in microfarads and pi-
cofarads, to ensure calculation of proper reactance char-
acteristics. 
• Capacitance tolerance: the maximum deviation, ex-
pressed in per cent, from nominal capacitance value at 
a standard temperature, frequency, and voltage. 
• Temperature coefficient: the change in capacitance 
per degree Celsius, expressed in parts per million. 
• Temperature-coefficient tolerance: the maximum 
percentage of uncertainty in temperature coefficient. 
• Dissipation factor: the ratio of reactance to equiva-
lent series resistance of the capacitor (Fig. 2). This is the 
inverse of the Q, or quality factor. 
• Insulation resistance: ratio of dc voltage across a ca-
pacitor to the de current through it. This is measured af-
ter steady state is reached. 
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• Stability and aging: change in capacitance as a frac-
tion of time when operated near the rated voltage. 
• Dielectric absorption: the charge remaining after a 
fully charged capacitor is momentarily discharged, ex-
pressed as a percentage of the original charge. 
• Voltage coefficient of capacitance: the change in ca-
pacitance from an applied dc or ac voltage, caused 
mainly by dielectric deformation and polarization 
change. 
• Frequency variation of capacitance: differs from the 
ordinary decrease in reactance with frequency, and ac-
tually results in a smaller reactance than is expected. It 
arises when the capacitor begins to act like a trans-
mission line. This generally occurs when the wavelength 
of the frequency to be passed approaches the physical 
size of the capacitor, including the leads. The property 
is most pronounced in porous-anode tantalum capaci-
tors. 
• Maximum dc and ac voltage: may be different, espe-
cially for electrolytic capacitors. Exceeding these values 
often degrades a capacitor or ruins it. 
• Equivalent series resistance and inductance: parasitic 
elements, which are a function of such factors as dielec-
tric losses and lead lengths. They can dominate the im-
pedance at high frequencies. 
The combination of various electrical parameters, 

physical configuration of the dielectric, and ease of 
manufacture leads to a natural division of capacitance 
values for each dielectric. Figure 3 shows the available 
capacitance ranges for the most common dielectrics. 

Selecting an electrolytic 

Before one can appreciate the improvements in elec-
trolytic capacitors—whether ceramic, tantalum, or 
aluminum—it is necessary to understand the terms that 
define their performance limitations. To begin with, an 
electrolytic capacitor is actually a series-resistance-ca-
pacitance-inductance circuit (Fig. 2). 
At low frequencies, impedance is dominated by ca-

2. Actual capacitance. The capacitor is limited by its series resist-

ance and series inductance. Reducing these parasitic quantities 

makes the capacitor's behavior approach the ideal over a wider fre-

quency band. Capacitance also varies with temperature and voltage. 

pacitance, which decreases as the inverse of the fre-
quency. At some minimum impedance value, the 
equivalent series resistance (EsR), which may be in mil-
liohms, dominates impedance. But at higher fre-
quencies, the equivalent series inductance (EsL), which 
includes lead inductance, dominates the impedance. 
For example, a 105-microfarad aluminum electrolytic 
capacitor with 1 milliohm ESR and 1 nanohenry ESL will 
have an f1 of 1.16 kHz and an f2 of 40 kHz. 

Therefore, above 40 kHz, the filter capacitor suddenly 
begins to act like an inductor. Similarly, values may be 
calculated for ceramic and tantalum capacitors, and the 
frequency, f1, may be calculated for the point at which 
they cease to be good bypass capacitors. Figure 4 shows 
the useful operating-frequency range for various types 
of capacitors. Values indicated by dotted lines indicate 
potential performance in special configurations. 
The requirements for a good bypass and filtering ca-

pacitors are similar. Both components require low ESR 
and low ESL. For bypass and filtering applications, this 
will reduce resistive losses, which vary as the product of 
ESR, capacitance, and frequency, allowing higher fre-
quency of operation. 

Regulating power supplies 

For regulated power supplies of the switching or 
series-regulated type, which operate far above the 60-Hz 
line frequency, typically in the range of 20 to 30 kHz, 
the capacitors act both as filters and energy-storage ele-
ments. For energy storage, a high value of capacitance 
is needed. For filtering, however, the ripple current at 
the power-supply operating frequency is dissipated in 
the capacitor ESR and ESL combination. This leads to 

ALUMINUM ELECTROLYTIC 

WET TANTALUM 

SOLID TANTALUM 

MULTILAYER CERAMIC 

CERAMIC DISC AND 
GENERAL PURPOSE 

PLASTIC FILMS 

SEMICONDUCTING CERAMIC 

PORCELAIN 

GLASS 

MICA 

THIN FILM 

10 11 
10 9 10 6 10 3 

CAPACITANCE (FARADS) 

3. Charting the size. The combination of achievable dielectric con-

stant, usable dielectric thickness, and producibility limit the capaci-

tance value associated with a given material. Ranges from 1 farad to 

fractions of picofarads are available. 
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heating, and, if the ripple-current rating of the capacitor 
is exceeded, to device degradation and failure. 
As integrated-circuit logic speeds were increased, the 

need arose for improved electrolytic bypass and cou-
pling capacitors. Basically, when the inductive and ca-
pacitive reactance cancel, the resulting impedance be-
comes purely resistive at that point, and the capacitor 
ceases to bypass. This again calls for low ESR and ESL. A 
useful figure of merit, which is called the low-Z factor, is 
defined as the ratio of the capacitance (in microfarads), 
to the product of ESR (in milliohms) and ESL (in nano-
henries). 

Nevertheless, other factors such as cost, the size, and 
the available voltage ratings, are also important in se-
lecting capacitors. If units with low ESR and ESL are 
large and costly, then it would be desirable to buy two 
less-costly units and put them in parallel, especially if a 
design isn't cramped for space. 
The term CV product, or volumetric efficiency, is use-

ful for evaluating capacitors. Volumetric efficiency is 
defined as capacitance (in microfarads) times voltage 
rating (per cubic inch). Since size and cost are impor-
tant considerations in design, a useful over-all figure of 
merit for electrolytic capacitors is the cost/perform-
ance/size factor (cps). The higher the CPS, the better 
the unit. This is expressed as: 

capacitance X voltage rating  
CPS = cost X size X ESL X ESR 

where capacitance is in microfarads, voltage rating in 
volts, cost in dollars, size in square inches, ESL in nano-
henries, and ESR in tnilliohms. 

Aluminum stacks up well 

Each technology has its own peculiar advantages, 
and, in different applications, different advantages may 
be dominant. For high-capacitance filtering, aluminum 
electrolytic capacitors have the advantage, but for low-
capacitance bypass, ceramic chips are superior. There-
fore a couple of parameters such as capacitance, voltage 
rating, and perhaps size must be chosen, and then the 
CPS or the dielectrics should be compared. A given di-

ALUMINUM ELECTROLYTIC 
«Hi 

TANTALUM 
•31.2.1111 

HIGH-k CERAMICS 
Ban BRIM« 

PLASTIC FILM 
u. 

MICA, GLASS, NPO CERAMIC 
BUBB BUBB 

10 102 10 104 105 106 10' 100 109 10 10 
FREQUENCY (Hz) 

4. Frequency of use. Adjusting the dimensions and configuration of 

a dielectric varies the parasitic resistance and inductance. The indi-

vidual dielectric properties and intrinsic losses determine its ultimate 

upper frequency of operation. 

electric may have a good CPS factor, but it may not look 
as good for the size and voltage rating needed. 
Of course, there are also special applications where 

price is the only consideration. In others, such as rf and 
microwave-amplifier design, cost could be secondary to 
low Z factor. The various figures of merit are useful to 
the engineer who knows what his requirements are. 
The big news in aluminum electrolytic capacitors is 

the stacked-foil construction. Compared to convention-
ally wound constructions, the stacked-foil configuration 
reduces both the ESR and ESL by more than an order of 
magnitude. This raises the useful frequency of oper-
ation from 5 kHz to 50 kHz. Moreover, since power-sup-
ply ripple current is dissipated in ESR, the ripple-current 
tolerance of these devices is also higher. Although the 
cost is 50% higher, volumetric efficiency is 50% lower 
because the stacked foil, which comes in cylindrical 
cans, has about one half the capacitance per unit vol-
ume of older units. In addition, for units with a voltage 
rating greater than 50 V, the EsRs of stacked-foil and 
conventional units begin approaching each other, al-
though stacked-foil units retain their advantage in ESL. 
This suits the stacked-foil electrolytics ideally for sup-
plying low-voltage de to tcs. 
However, stacked-foil construction, pioneered by 

Sprague Electric Inc., North Adams, Mass., in this 
country and Siemens in Europe, is merely the most vis-
ible advance in new capacitor design. The guts of the 
elecrolytic capacitor are in the oxide system. Ronald 
McManus, applications manager for aluminum and 
tantalum capacitors at Sprague, points out that im-
proved aluminum-foil etching and forming, abetted by 
improved purity of the base metals, has led to alumi-
num oxides that are resistant to both dc and ac. Previ-
ously, capacitors were designed to operate with either 
dc or ac, and it was fortuitous if they functioned well 
with both kinds of current. 

During the next couple of years, manufacturers of 
aluminum electrolytic capacitors will strive to reduce 
ESL and ESR further in an effort to extend the useful op-
erating frequency (Fig. 3) from the current tens of 
kilohertz into the megahertz region. Another technical 
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5. Tantalum In progress. Reduction in particle size and control of 

tantalum powder have decreased the potential loss of capacitance at 

higher frequencies, increased the capacitance per unit volume, and 

increased the upper frequency. 
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L 

6. A grain of truth. The multilayer ceramic capacitor, magnified 

above, is growing in popularity. Reducing layer thickness would 

make these ceramics even more attractive by providing for higher 

frequencies of operation and higher capacitance per unit volume. 

effort will concern producing smaller capacitors for such 
applications as switching-regulator power supplies. 
Now, while these supplies have eliminated bulky trans-
formers, they are left with bulky capacitors, necessitated 
by the requirement for low ESR. 

Tantalum takes a powder 

Progress in tantalum capacitors has followed another 
route. These capacitors have a high volumetric effi-
ciency and provide high capacitance in small chip sizes. 
Their physical shape is flexible because they are made 
differently from the essentially parallel-plate style of 
other capacitance types. 
A high-purity tantalum powder is pressed into a slug 

or pellet, and then a tantalum wire, which will form the 
anode, is pressed into the pellet. This slug is then sin-
tered in a vacuum at high temperatures, which yields a 
porous structure, and then is anodized in an acid bath. 
This results in a thin (typically 3.5-µm) tantalum-pent-
oxide dielectric in the pores and on the surface. Finally, 
the electrolyte and cathode electrode are formed by ei-
ther dipping in manganese nitrite and converting that 
pyrolitically to manganese dioxide or by introduction of 
a gelled sulfuric acid. 
By the first method, a solid-tantalum capacitor is 

formed; by the second, a wet-slug tantalum capacitor 
results. The solid-tantalum capacitor offers more stabil-
ity with time and temperature. The wet-slug tantalum 
offers low leakage current and high volumetric effi-
ciency. 
The strength of another type, the tantalum-foil ca-

pacitor, is in high-voltage, nonpolar designs, but the 
trend today is to lower voltage ratings, and tantalum 
foil is declining in usage relative to the lighter and 
cheaper aluminum electrolytics. Because the dielectric 
in tantalum is so thin, transient voltages must not ex-
ceed maximum ratings. In addition, high-level ac appli-
cations can cause excessive heating, which can also 
damage the dielectric. 

Porosity provides efficiency 

The porous construction of tantalum capacitors 
makes possible high efficiency at low cost. There has 
been an upsurge in their use as bypass capacitors in dig-
ital circuits because of their economy and capabilities of 
power-handling at low frequencies. 
Although the series resistance of the tantalum capaci-

tor can arise from either the sintered electrolyte mate-
rial itself or the contacts and leads, experimental studies 
have shown that electrolyte resistance is normally the 
greater of the two. Therefore, over the past few years, 
the tantalum pellet has been extensively studied for 
ways to reduce losses and increase volumetric efficiency. 
By altering the geometry of porous-tantalum-slug ca-

pacitors, a development pioneered by P.R. Mallory & 
Co., Indianapolis, and used in its THF series, ESR has 
been reduced by a factor of three, and operating range 
has been extended to 1 MHz. In addition, the decrease 
of capacitance at higher frequencies that is character-
istic of tantalum has been eliminated, thereby making 
the impedance-vs-frequency curve more nearly ap-
proximate the stated capacitance. Figure 5 shows the in-
crease of tantalum's volumetric efficiency and the at-
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TABLE 2. CAPACITOR APPLICATIONS 

Characteristic 
of 

DIELECTRIC 

capacitor Electrolytic 
aluminum 

Tantalum 
wet anode 

Tantalum 
dry anode 

aper P fl 
Multilayer 
ceramics 

Mica 
receiving 

Metalized 
polycarbonate 

Te on 

Capacitance 

Capacitance 
range (pF) 

0.5-1,000,000 1.7-5000 0.047 —330 0.001-200 0.000005 to 
2.5 µF 

0.000001— 
0.1 

0.01-5.0 
mfd. 

0.001-4 

Tolerance 
standard % 

+50, +100, 
+150, —10 

p/m 20% 
—15, +30, 
50, 75 

±20 ±20 ±5 
50 GMV 

±5 ±10% ±10 

Tolerance 
minimum % 

±20 ±5% ±5 ±2 ±5 ±1 ±1% ±2 

volts 

Dc operating 2.5-700 4-125 6-35 50-200,000 20-200 50-2500 50-600 50-1000 

Ac 60 Hz 
operating 

<50 
continuous 
4330 
intermittent 

Limited Limited 50-75,000 Seldom used Seldom used 330 Max. Seldom used 

Dissipation 
factor 

Dissipation factor 
% at 60 Hz 

120 Hz 6 and 
up, depending 
on C/V rating 

120 Hz varies 
from < 1 to 
100, depending 

on C and V 

At 120 Hz 
10% max. 

0.2-0.5 Seldom used Seldom used 0.75 <0.1 

— 
% at 1,000 Hz — — — 0.2-0.5 0.01-2.5 <0.1 1.0 0.02-0.05 

% at 1 MHz 
low-capacitance values 

— — — Higher; varies 
with type 

0.1% for 
NPO 

<0.1 0.5-1.0 0.04-0.07 

Insulation 
resistance 

Insulation resistance 
megohm at 25°C 

Leakage current 
0.1 ;IA and up 
depending on 
C/V rating 

Leakage 
0.00040- 
0.0060 µA 
µF/volt 

Leakage 
.at 25°C 
0.02 pA/ 
uF/volt 

3000— 
20,000 

100,000 20,000— 
100,000 
megohms/ 

unit 

>50,000 >100,000 

Insulation resistance 
at 85°C. compared 
to 25°C 

Leakage 
current 
4 x 25°C 
value 

Leakage 
2-10 times 
25°C value 

Leakage 
10 x 25°C 
value 

1/100 1/20-1/60 1/7 1/20 1/10 

Temperature 

Operating range °C —80 +150 —80 +125 —55 +125 —55 +125 —55 +150 —55 +125 —55 +250 

Coefficient TC 
in % or pp, 

See 
selector 
chart 

Cap. drops 
from 
12-50% at 
—55°C 

Cap. drops 
12% max. at 
—55°C 

— 0 to +70 
normal ppm 
controllable 

Max. cap. 
change 
—2.5 to 2.0% 
from —55°C 
to +125°C 

±1% 

Stability 
Capacitance change 
with temp. aging 

Small to 
large 

10% Medium 
±10 

Medium Small Very small; 
excellent 

Small Medium 

Dielectric 
absorption 

% dielectric 
absorption at 250C 

— — — 0.6-3. 
depending 
on impreg. 

— 0.3 max. 0.05 0.02-0.05 

Size 

Varies as CV approx. CV approx. CV approx. CV2 CV2 and K CV2 CV2 CV2 

For equivalent 
CV rating 

Very small Very small Very small Medium 
small 

Small Large Small Large 

Cost 
Relative cost for 
equivalent CV rating 

Very low Moderate Moderate Low Low High Moderately 
high 

Very high 

Mil. 
specs. 

MIL-C- 39081 3965 26655 25 11015 5 55514 19978 

Milt- 3871 11693 

MI L-C- 12889 

Notes: Filtering: Low frequency — Aluminum, Tantalum Starting motors and lamps: Plastic Film 
High frequency — Ceramic, Teflon, Porcelain Temperature compensating: Mica, NPO Ceramic 

Bypass: Mica, Ceramic 
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tendant reduction of available capacitance. All fine-
grained, high-efficiency powders lose available capaci-
tance because of distributed impedance effects in the 
porous anode, but the increased efficiency of modern 
powders more than compensates for this. 
The porous tantalum slugs give high capacitance den-

sity, and powders have smaller particle size and in-
creased volumetric efficiency at the expense of ESR and 
temperature stability. Reducing impurity levels in these 
powders has substantially improved stability and re-
duced series resistance. In fact, Wayne Etter, vice presi-
dent for capacitors for P.R. Mallory, predicts that elec-
trolyte powder and geometry improvements will extend 
tantalum's frequency range to 100 MHz, as well as in-
crease volumetric efficiency and power-handling capa-
bilities. 

This view is supported by Duane Blough, general 
manager of General Instrument Corp.'s capacitor divi-
sion, Chicopee, Mass. He declares that the volumetric 
efficiency of new powders will enable tantalum to in-
vade applications where aluminum now dominates, 
such as in certain Tv circuits. In these applications, 
which track the general trend toward miniaturization, 
size will be a critical parameter. However, small, high-
value aluminum electrolytics are also in the works, and 
the designer should keep track of what is available to 
see which type maximizes the figure of merit for par-
ticular applications (see Table 2). 

Ceramic fires up for growth 

Ceramic-capacitor technology, spurred by the up-
surge in chip-capacitor demand, is attracting a great 
deal of attention from manufacturers. Capacitor chips 

1.0 

0.01 

TYPE CERAMIC 
0.1 MICROFARAD 
50 VOLTS 

AXIAL 

RADIAL 

ESL ESR 

AXIAL 
RADIAL 
CHIP 

27 nH 
9 nH 
6 nH 

700 mn 
500 mn 
60 mn 

CHIP 

0.1 1.0 10 

LOG FREQUENCY (MEGAHERTZ) 
100 

7. Impedance of ceramics. At a characteristic frequency higher 

than 1 megahertz, the ratio of inductance to capacitance for axial, 

radial, and chip capacitors begins to increase. This higher ratio de-

grades the utility of these components. 

can save space and achieve values that are unattainable 
by either thick-film or thin-film capacitors. Typical lim-
its of thin-film capacitors are in the range of 1 to 2,000 
pF. Thick-film technology can reach as high as 10,000 
pF. However, 100,000 pF is readily achievable with ce-
ramic multilayer chips that typically measure 180 by 
100 mils. The capacitor chip is extensively used both in 
hybrid 'Cs and as bypass and coupling for digital 'Cs. 
Ceramic capacitors exist in three forms—each with its 

own strengths and weaknesses (see Fig. 7). These are 
multilayers, NFos, and disks. Having high-k, medium-k 
and low-k dielectrics, they operate over wide ranges of 
voltage and temperature, and they come in a wide 
range of sizes. What's more, their characteristics can be 
tailored by varying the mix of the component powders. 
However, two factors have motivated the technical 

push in ceramics. One is the low price. A disk ceramic 
rated at 0.1 µF costs less than a nickel. The other is the 
development of the multilayer monolithic chip capaci-
tor (Fig. 6), which combines small size, high capaci-
tance, and better high-frequency performance than 
equivalent tantalum devices (Fig. 5). In hybrid circuits 
and off-board IC applications, ceramic reigns for capaci-
tances in the range from 0.01 to 2 µF because their small 
size, cost, and good high-frequency bypass character-
istics are superior to those of film and tantalum capaci-
tors with corresponding specifications. 
For example, a comparison of tantalum with ceram-

ics in Table 2 shows that ceramic has a dissipation fac-
tor one or two orders of magnitude lower than that of 
tantalum, which makes it superior at high frequencies. 
However, tantalum has a volumetric-efficiency advan-
tage, which suits it better for use where high values of 
capacitance are needed in small volumes. 

In addition, the more layers a multilayer capacitor 
has, the less reliable and more expensive it is. About 
100 layers seems to be nearly the current industry limit 
for volume production. This sets an upper limit of oper-
ation at about 2 to 3 µF. 

In off-chip bypass applications, multilayer chips are 
used because they have higher volumetric efficiency 
than ceramic disks and because they can be obtained in 
dual in-line and single in-line packages and can be 
mounted near the ics by automatic insertion equip-
ment. 

Multilayer ceramic chips 

Since most ics operate at 5 v to 15 v, capacitance 
rated higher than 25 v is essentially wasted. Therefore, 
thinner dielectrics would improve volumetric efficiency, 
probably improve frequency responses, and allow 
higher capacitance to be attained for the same number 
of layers. 

Manufacturers of ceramic capacitors are aiming for 
these higher capacitance values. Currently, ceramic 
chips are limited to about 2 µF. On the other hand, tan-
talum-chip capacitors start becoming economically fea-
sible at capacitances higher than 10 µF. In the near fu-
ture, the battle should be joined between ceramics and 
tantalums for the region from 1.0 µF to 10 µF. It is likely 
that ceramics will hold sway to 3 or 4 /IF, and tantalums 
will dominate above that level. 
There should be three key developments in the next 
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8. Reduced capacitor. A substrate capacitor is formed by an oxidation-reduction cycle on a ferroelectric substrate The oxide acts as trie 

dielectric, and the reduced layer as a semiconductor. Metallic contacts to both ends complete the device. 

few years. Any of these developments could change the 
cost/performance tradeoffs for chips in the range of 0.1 
pf to 10 le. These are the use of thinner layers of film, 
introduction of high-k dielectrics, and new base-metal 
inks, which will reduce prices because they are much 
cheaper than the precious-metal inks now in use. 
One company that is working on thin-film dielectrics 

is Gudemann Capacitor Corp., Chicago, which has de-
veloped a capacitor chip rated at 3 I.LF and 25 y that is 
two thirds the size of conventional chip ceramics. It uses 
a ceramic 1 mil thick, compared to the usual thickness 
of 1.5 mils. 
A barium-titanate dielectric with a k of 50,000 has 

been discovered by Siemens in Germany, and it is un-
der development by Erie Technological Products, Erie, 
Pa. This substance attains six times the effectiveness of 
current high-k units, and it therefore promises higher 
volumetric efficiency with a smaller number of layers, 
which will reduce the need for precious-metal inks ac-
cordingly. Since the cost of precious-metal inks accounts 
for the bulk of materials costs, this development prom-
ises a considerable reduction in cost per microfarad. 
Siemens developed the barium-titanate material a 
couple of years ago, but the company has not yet intro-
duced a product. 
Another promising trend is the development of cheap 

base-metal inks from such materials as lead solder and 
nickel. These would replace platinum, which costs $200 
an ounce and palladium, which is priced at $200 a 
pound. Hopefully, the capacitors manufactured with 
base-metal inks will be as reliable as their precious-
metal-ink counterparts. 

Nello Cotta, vice president for engineering at Erie 
Technology, predicts that base metal inks will be devel-
oped in the next couple of years. How fast they will go 

into products is another matter. "If no new process steps 
are required, it could occur in a few months. If a couple 
of new steps are required, it might take a couple of 
years. It also requires a year or two to establish a relia-
bility data base and educate customers." 

Specialized ceramics 

The advances in rf and microwave circuits and de-
vices have been matched by a corresponding develop-
ment of outboard capacitors capable of handling these 
frequency advances. Loss mechanisms, scattering pa-
rameters, and the best geometries to optimize capacitors 
for particular rf frequencies have been developed. 
Chip porcelain ceramic capacitors offer high-fre-

quency performance unattainable in thin- or thick-film 
form. For example, American Technical Ceramics of 
Huntington, N.Y., manufactures two sizes of its porce-
lain capacitor— a 5.1-pF chip usable to 3.6 GHz and a 
100-pF chip usable to 900 MHz. Each is optimized to 
minimize the L/C ratio at a particular frequency range. 
The electronic-watch industry is giving rise to a whole 

new set of ceramic microminiature variable-trimmer ca-
pacitors. A representative capacitor in this line is Erie's 
low-profile (0.08 inch long by 0.196-in, diameter) trim-
mers, which can provide tuning from 0.5 pF to 40 pF. 
Sprague and Johanson Manufacturing Corp., Boon-
ton, N.J., have also announced products in this area. Jo-
hanson is offering five different ceramic dielectrics and 
temperature coefficients. 
Another ceramic-capacitor development is the so-

called semiconducting capacitor. Shown in Fig. 8, this 
device consists of an oxide dielectric, sandwiched be-
tween silver metalization and a reduced and then reoxi-
dized ferroelectric layer, which is semiconducting and 
also acts as the bottom contact. TDK of Tokyo, Japan, 

Electronics/May 30, 1974 97 



SPECIAL REPORT 

has recently introduced a line of semiconductor capaci-
tors using a ceramic based on titanium-strontium oxide. 
A thin barrier layer between the reduced oxide and 
metalization acts as the dielectric. 

This type of capacitor offers the designer higher vol-
umetric efficiency and better temperature stability than 
other types of ceramic capacitors because of the inher-
ently higher stability and thinner ferroelectric. For 
TDK'S unit, capacitance stays within -±5% from -30°C to 
+85°C, compared to + 20% to -30% for conventional 
ceramic capacitors. 

Plastic films win support 

The furor over the chemical used to impregnate pa-
per capacitors, polychlorinated biphenyl (KB), has pro-
vided an impetus for manufacturers to reexamine plas-
tic-film capacitors as a possible replacement. PCB is a 
persistent atmospheric pollutant. But, although it is still 
allowed for capacitor use, it now appears that film ca-
pacitors will gradually replace paper ones. 
The main technical thrust of the past few years has 

been to supply large quantities of pinhole-free films. 
Many companies, including a number of European 
firms, have attempted to reduce film thickness from 3 to 
1.5 mils to compensate for the relatively low dielectric 
constant of films (see Table 2). These thinner films have 
not yet proven feasible on a production basis, but could 
well come on stream in the next few years. 
One perhaps surprising aspect of film-capacitor tech-

nology is its adaptation for storage of electricity. Engi-
neers are used to seeing huge oil-filled paper capacitors 
for this purpose. But Maxwell Laboratories of San 
Diego, Calif., claims that polyester films can attain 
energy density of 100 joules per pound and vertical 
voltage gradients of 60 kv per inch; this is 15 times 
greater than oil-filled paper and twice as good as the 
MIL-type M 12-kv cylindrical capacitors. Their main 
area of application should be in multijoule, high-volt-
age systems. 

pr... • 
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Resistor technology booms 

with new types and sizes 

Resistor technology has had a long, honorable history, 
but it is still dynamically adapting to modern electron-
ics requirements. New techniques of materials analysis 
and automated production have led to improved char-
acteristics and higher reliability. For example, five years 
ago, the specification range for metal-glaze resistor was 
essentially from 10 ohms to 500 kilohms, maximum op-
erating voltage was 500 v, and temperature coefficient 
was 250 parts per million. Today, these resistors, 
through new formulations and production processes, 
have capabilities from 1 ohm to 100 megohms, max-
imum operating voltage of 35 kv, and temperature coef-
ficients of 50 to 100 ppm. In evaluating these advances, 
certain major trends become clear: 
• Miniaturization. Standard power ratings for resistors 
have gone from 1/2 to 1/2 watt and will probably be even 
further reduced in the future. 
• Materials development. The performance of standard 
resistors has increased at only a small premium in price. 
Noise and the temperature coefficient of resistance have 
both been lowered. Stability and reliability have been 
improved. Manufacturers now use state-of-the-art 
equipment to characterize their resistor materials. 
• Packaging sophistication. Dual in-line and single in-

9. Discrete cermet 

film. Cermet materials 
have been used for 

networks for many 

years. They recently 
have been introduced 

as discrete film resis-
tors. This Allen-Brad-

ley resistor utilizes 
many recent industry 

advances, such as 
capless construction. 
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TABLE 3. FIXED RESISTORS — VARIOUS TYPES AVAILABLE 

Category Type Key property Power 
Temperature 
coefficient, °C Resistance range 

General purpose Carbon composition Cost 1/8 — 2 W > 500 1 ohm 3 100 Megohm 
> 5% tolerance Molded wire-wound Tempco 1/2 — 2 W 3 200 0.1 ohm — 2.4 kilohm 
3 200 ppm Ceramic wire-wound Low voltage W 2 — 50 W 3 200 0.1 ohm — 30 kilohm 

Metal glaze Flexibility 1/8 — 5 W 200 4.3 ohm — 1.5 Milohm 
Tin oxide Reliability 1/8 — 20 W 200 4.3 ohm — 2.5 Milohm 
Carbon film (import) Cost 1/4-- 2 W > 200 10 ohm 3 1 Megohm 
Cermet film Stability 1/4 — 3 W 150 10 ohm — 10 Megohm 

Semiprecision Metal glaze Flexibility 1/8 — 2 W <- 200 1 ohm — 1.5 Megohm 
> 1 < 5% < 200 ppm Tin oxide Stability 1/8 — 2 W < 200 4.3 ohm — 1.5 Megohm 

Power Ceramic wire-wound Cost 2 — 50 W 3 200 0.1 ohm — 30 kilohm 
> 2 W Axial lead coated WW Auto insertion 1/2 — 15 W < 50 0.1 ohm — 175 kilohm 

Tubular and flat WW 4 — 250 W < 100 0.1 ohm > 1 Megohm 

Precision Metal film Tolerance 1/10 — 1 W 20 0.1 ohm — 1 Megohm 
4 1% Metal glaze Environmental 1/10 — 1 W < 100 1 ohm — 1 Megohm 
< 100 ppm Tin oxide Power 1/10 — 1/2 W 4. 100 10 ohm — 1 Megohm 

Thin film Size, networks 1/20 — 5 W < 100 10 ohm — 100 Megohm 
Encaps. wire-wound Power, Tempco 1/20 — 1 W < 20 0.1 ohm > 1 Megohm 

Ultraprecision Thin film Flexibility 1/20 — 1/2 W 4 25 20 ohm — 1 Megohm 
< 0.5% Encaps. wire-wound Noise 1/20 — 1 W < 20 0.1 ohm > 1 Megohm 
< 25 ppm 

Variable devices Wire-wound Tempco 5 at 70°C ± 20 10 ohm — 100 kilohm 
(pots, trimmers) Conductive plastic Rotational life 2 at 70°C ± 250 — 500 1 kilohm — 100 kilohm 

Cermet Environmental 12 at 70°C ± 250 — 500 500 ohm — 2 Megohm 
Carbon Cost 5 at 70°C ± 300 — 2000 100 ohm — 2 Megohm 

Networks Thick film Cost 4.2 W/pkg. < 200 10 ohm — 10 Megohm 
Thin film Performance 4-. 2 W/pkg. < 100 10 ohm — 1 Megohm 

line-packaged discrete-resistor sets and networks have 
been extensively developed. Figure 12 shows identical 
resistor networks packaged as siPs and DIPS. Molded 
SIPS offer improved high-frequency performance, heat 
flow, and packing density. However, most automatic in-
sertion equipment is set up for DIPS, and many types of 
active, as well as passive components, are available in 
DIPS. Many different molded configurations have come 
into use. 
• New types. Although a large variety of resistors has 
been available during the past five years, there has been 
an upsurge in demand for the cost/performance advan-
tages offered by resistors of types other than carbon-
composition. These are summarized in Table 3. A key 
factor in this shift has been the volume-price cycle. As 
larger quantities of these resistors have been used, 
prices have come down. This has led to use of larger 
numbers, which has allowed further reductions. 
To produce the best designs, an engineer should be 

aware of the tradeoffs offered by the various resistor 
technologies. In order to do this and to properly specify 
resistors, he should understand the terms used to de-
scribe them. In selecting a resistor, he must choose de-
sired values of such key parameters as: 
• Tolerance (accuracy): the maximum deviation from 

the nominal value, measured at room temperature and 
at low voltage. 
• Temperature coefficient of resistivity: the change in 
resistance per unit change in temperature, usually ex-
pressed in ± parts per million per degree Celsius. Note 
that the temperature is that of the resistor, not that of 
the ambient. If the resistor is dissipating enough power 
to cause its temperature to rise well above ambient, a 
term called self-heating coefficient of resistivity is used. 
This is expressed in ppm per watt of dissipation. 
• Voltage coefficient of resistance: change in resistance 
at fixed temperature, caused by molecular distortion of 
the material and expressed in ppm per volt. 
• Time stability (drift): change in resistance under 
stated conditions of use per 1,000 hours, expressed as 
• per cent or ± ppm per 1,000 hours. Drift is more se-
vere with high-value resistors. Short-term drift is usu-
ally greater than the long-term variety. 
• Noise index or thermal-noise level: the noise level is 
the equivalent rms noise voltage generated by the re-
sistor over a given bandwidth and for given operating 
conditions, expressed as volts per square-root hertz. The 
noise index is the ratio of rms noise voltage to the ap-
plied dc voltage, expressed in decibels. 
• Useful frequency range: the highest frequency at 
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which the impedance differs from the resistance by 
more than the stated tolerance. A resistor is actually 
shunted by a capacitor and has an inductance (caused 
by such additions as leads) in series with it. These have 
to be considered in determining the useful frequency 
range. The parameter that characterizes this is the ac/dc 
impedance ratio—the ratio of the complex impedance, 
typically the shunt capacitance, to the dc resistance. 
• Maximum ratings: maximum power capability, max-
imum operating voltage, and maximum operating tem-
perature should never be exceeded. This is especially 
crucial in pulse or digital operation on film-type resist-
ors, where average values may be well within limits, but 
instantaneous values are too high for the component to 
handle. This is discussed in the section on film resistors. 

Table 3 summarizes tradeoffs in certain parameters 
for the materials currently available. Of course, special 
parameter values are available upon special request. 

Technical advances have also been registered in ma-
terials, production, and packaging of both discrete re-
sistors and networks. The dominant changes vary from 
product to product, and they are discussed in the section 
relating to each component. 
Many passive-component manufacturers have labo-

ratories that would be the envy of a researcher in a 
semiconductor lab. It can be argued that studying fun-
damental resistive and dielectric properties of materials 
requires as much research as investigating problems 
with silicon devices and integrated circuits. As an ex-
ample, in Allen-Bradley's test facilities, researchers 
studying resistors are utilitzing, among other tech-
niques, thermogravimetric analysis, differential thermal 
analysis, X-ray and electron-diffraction apparatus, 
scanning and transmission-electron microscopy, elec-
tron-microprobe and backscatter apparatus, gas chro-
matography, polarography, and infrared optical and 
atomic-absorption spectroscopy. 
New production technologies, together with demands 

by the integrated-circuit and semiconductor industries 

10. Spreading with age. Stress applied to a resistor material can al-

ter its value. This results in widening the distribution of resistance val-

ues. As shown, a 5% resistor should be chosen for a job requiring a 

10% resistor that must undergo normal storage, soldering. 

for higher accuracy, stability, and power have altered 
the product mix of many resistor companies. Lower-
power resistors are now readily available. High-speed 
computer-controlled laser trimmers can perform 10 
trims per second, and each trim is more accurate than 
the slower abrasive or chemical trimming can achieve. 

Discrete progress 

During the past few years, new techniques and spe-
cial materials for use with laser-trimming have been de-
veloped to provide uniformly high precision. The results 
have been cheaper precision and semiprecious metal 
and thick-film resistors that now compete with carbon-
composition resistors on a cost/performance basis. In 
addition, these resistors exhibit significantly lower tem-
perature coefficients. For example, carbon composition 
exhibits 500 ppm/°C temperature coefficient, while 
metal film attains only 50 ppm/°C. 
The new technology of ultra-precision bulk-metal 

films, which exploits the difference between the expan-
sion coefficients of metal films and their underlying 
glass substrates. Heating creates compression in the 
metal alloy, and this compression creates a negative 
temperature coefficient in the alloy, which tends to can-
cel the normally positive temperature coefficient of the 
alloy. This technology makes possible temperature coef-
ficients of 1 ppm/ °C from 0 to 60°C. 

Thick films are also attracting more attention. Bill 
Means, marketing manager for the Film Resistor divi-
sion of Dale Electronics, Norfolk, Nebr., says that thick-
film resistors, by virtue of their lower price, are replac-
ing carbon-composition resistors in many applications. 
In three to five years, thick-film precision resistors may 
well be doing the job now handled by precision thin-
film and wire-wound resistors. An example of this is Al-
len-Bradleys cermet-film resistor shown in Fig. 9. 

Progress in achieving uniformity in wire thickness, 
thermal flow between the core and the wire, and better 
production control have improved wire-wound resistors. 
What's more, through making power-dissipation distri-
bution more uniform, increased power ratings are now 
available in smaller packages. Previously, any nonun-
iformity in thickness would cause nonuniformity of cur-
rent density and cause hot spots. 

In addition, nonuniformity caused by such mechani-
cal forces as pressure from winding, lead-forming, han-
dling, and packaging could induce resistance changes in 
parts of these resistors. Alleviation of these difficulties 
gives the designer increased overload and emergency-
power-handling capabilities for wire-wounds. For ex-
ample, Dale Electronics' standard 5-w wire-wound can 
withstand 24 w pulses for 1 millisecond, equivalent to 
24 kv, and far in excess of capabilities five years ago. 

Manufacturers say they have solved two problems of 
concern five years ago—noise and unreliability. Noise 
has been decreased by improving contacts to resistor 
elements and by better materials uniformity. And relia-
bility has been improved by reduction of failure mecha-
nisms, along with tighter production control. 

Trimming the pots 

There are three kinds of variable resistors—the single-
turn potentiometer, the multi-turn pot, and the trimmer 
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(which is a set-and-forget device). Three materials have 
come to dominate the field—wire-wound, cermet, and 
conductive plastic. Finally, there are three electrical pa-
rameters that are unique to variable resistors—resolu-
tion (how finely a pot can be set, expressed as a percent-
age of full value), linearity (the variation with resistance 
as the shaft on the potentiometer is rotated), and stabil-
ity (the repeatability of the resistance setting). 
The carbon potentiometer, which once dominated the 

entire market, is now only a major factor in the trimmer 
area. Wire-wound, which is probably the dominant 
technology now, has lowest temperature coefficient of 
the three materials. Cermet potentiometers offer infinite 
resolution range, have the highest available power dissi-
pation, are the most rugged environmentally, and have 
the best linearity. 
The newest material, conductive plastic, offers the 

longest rotational life and the best linearity, but it cur-
rently is susceptible to humidity. Characteristically, it 
comes in three forms—bulk conductive plastic, co-
molded films, and deposited (such as severed or 
sprayed) film. 
. One way to increase reliability and decrease noise is 

to use multi-fingered contact brushes for potentiome-
ters. Instead of a single large brush, between 2 and 30 
small brushes are utilized. Another major development 
has been in packaging and miniaturization. Again, low-
power ics and high-density packaging on printed-circuit 
boards have spurred this development, which is exem-
plified by Allen-Bradley's Mod Pot rectangular-profile 
potentiometers. 

In product mix, Erving Liban, marketing manager for 
pots and trimmers at Allen-Bradley, predicts that the 
biggest growth potential is in inexpensive trimmers—the 
kind of device that gets reset only a few times. This 
component is used for TV and other applications that re-
quire only occasional adjustment. Integrated circuits 
have reduced the need for continual fine tuning, but oc-
casional alignment problems will still exist. 

Thick and thin films vie 

for network applications 

Passive networks are made of both thick and thin 
films. As shown in Fig. 11, one of these networks can re-
place several discrete passive components. Thick-film 
networks are made by screening inks and bonding chip 
components on ceramic substrates. Thin-film networks 
are plated, evaporated, sputtered, or deposited by py-
rolysis onto a substrate, and the pattern is formed by 
photolithography. 

Thick films are generally less expensive and have 
larger tolerances and lower temperature coefficients 
than thin films. Thin-film networks generally provide 
better stability, higher accuracy, and more precision, 
but the price is higher. However, as technology devel-
ops, the capabilities and chief characteristics of the two 
types of films are drawing closer together. 
Walt Woroby, RC networks manager at Bell Labora-

tories in Allentown, Pa., declares that when base-metal 
inks are developed, the materials cost of thick films will 
make them more expensive. Moreover, thin-film net-
works will tend to become less expensive as volume in-
creases and production equipment can be improved so 

11. In the nets. This collection of discrete com-

ponents (left) can all be incorporated in the net-

wcirk shown at the right. It is often cheaper to use 

networks for volume applications. Also, device-to-

device tracking and tolerances are often tighter. 
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that it can process large substrate areas. 
Bell uses tantalum for its thin-film resistive and re-

sistor-capacitor networks because of its high bulk spe-
cific resistivity, high melting and recrystalization tem-
perature (which provides stability against grain growth 
and defect motion), the ease in which high permittivity 
oxides are formed anodically or thermally, and the ca-
pability to use a single materials technology for both re-
sistors and capacitors. 

Supporting Woroby's prediction on reduction of costs 
for thin-film networks is a recent announcement by 
Analog Devices Inc., Norwood, Mass., to enter the re-
sistor-network market with high-volume thin-film ni-
chrome technology. By cgmbining rf sputtered and 
evaporated nichrome, resistance ranges over six orders 
of magnitude can be accommodated. In addition, 
Thomas J. Parello, resistor-marketing manager for 
Analog Devices, declares that these thin-film networks 
will cost only 50% to 75% more than equivalent thick-
film networks but will have a significant number of 
technical advantages and a better cost/performance ra-
tio. 

For example, tolerances will be tighter than for thick-
film networks; absolute stability of 0.1% per year is 
specified. What's more, the voltage coefficient of resis-
tivity is practically zero, and the temperature coefficient 
of resistance is 25 to 75 ppm vs 100 to 150 for thick-film 
networks. The initial applications for these networks is 
expected to be for analog-to-digital and digital-to-
analog conversion systems. For the designer, this devel-
opment means that the gap is being bridged between 
ultrahigh performance, ultrahigh-cost, thin-film net-
works and inexpensive, moderate-performance, thick-
film networks. 

In the thick of it 

More moderate in performance than thin-film com-
ponents until now, thick-film resistor networks that can 
vie with the more expensive thin-film components are 
being developed. For example, cermet films with 50 
ppm temperature coefficients are on the horizon. This 
will make them competitive in performance with thin 
films. Indeed, the gap between the technologies will be 
bridged by higher-quality thick films at slightly higher 
costs and thin films of slightly reduced quality at lower 
costs. In addition, production techniques and materials 
technology are improving the performance of even low-
cost thick-film networks. 
An example of the impact computer-controlled auto-

mation and materials are having on thick films is Cen-
tralab's carbon-resistor system. The use of new ink sys-
tems, computer-controlled laser trimming, automatic 
screening, and automated assembly operations has led 
to a tolerance improvement from ±-10% to ±15%, a tem-
perature-coefficient improvement from -1,700 ppm/ °C 
to -375 ppm/ °C, and a three-fold decrease in percent-
age of resistance change that can be caused by moisture 
and temperature cycling. To the designer, this means 
that the same network, made from the same material 
that he used a couple of years ago, has significantly im-

proved specifications, which relaxes design tolerances. 
Three major technical issues of the next few years will 

be standardization, the development of resistor inks 
without precious metals, and laser-trimming installed at 
the user's plant. 
Of common concern to users of resistors—whether 

thick- or thin-film—is developing standard products (see 
"The case for standardization"). The lack of standard 
packages and standard networks can make resistor net-
works less competitive with discrete-component alterna-
tives. To compare costs of networks with those of dis-
cretes, the evaluation must be made for total system 
cost, covering engineering and layout, including fig-
uring actual cost of the parts plus costs of inventory, 
storage, and testing. 
Most thick-film inks contain precious metals such as 

platinum, palladium, silver, and ruthenium. Prices are 
rising so rapidly for these metals that some companies, 
instead of quoting a fixed price, charge a customer the 
price effective on the date of shipment. 
The manufacturer who develops an ink from a base 

metal, such as copper, nickel, or aluminum, will provide 
a significant cost advantage to the engineer and the 
packaging industry. Activity in this field is intense, and 
most manufacturers of networks and capacitors, as well 
as chemical companies, are studying the problem. 
Wayne Barden, vice president of engineering and devel-
opment at CTS Inc. of Elkhart, Ind., feels that air-fired 
base-metal inks are a distinct possibility within the next 
five years. Inks now in use have to be fired in an inert or 
reduced atmosphere to alleviate the possible reactions, 
such as oxidation, that can occur during air-firing. 
A third development is trimming installed at the 

user's plant to provide low-cost systems optimization. 
Today, a component manufacturer trims a resistor net-
work at his plant, then the customer inserts it in his sys-
tem and hopes for the best. During the next couple of 
years, more companies that can afford the $25,000 or so 
for a computer-controlled laser-trimming system will be 

12. SIPs and DIP, for nets. Identical resistor networks are shown in 

DIP and SIP configurations. The SIP uses less board area but the 

DIP is more compatible with automatic insertion equipment. 
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able, with help from the manufacturer, to trim the re-
sistor network after the outboard passive components 
and integrated circuits are in place. This will bring 
about such benefits as accurate balancing of bridge net-
works and elimination of zero offset voltages in linear 
circuits. 

Using networks 

There is often more than meets the eye to properly 
using resistors and resistor networks. Frequency re-
sponse, long-term drift, and power-handling capability 
also require consideration. Bob Gornich, systems engi-
neer at CTS Corp., states that temperature coefficient 
alone is overemphasized as a measure of quality. 
Another factor to be considered is the long-term 

resistance spread or tolerance of the resistor and the ef-
fect of environmental stresses on the resistance and 
temperature coefficient. For example, a resistor with a 
5% initial tolerance may end up with a 9% tolerance 
spread when finally in place in a circuit. 

Figure 10 shows the effect of various operations on 
resistance tolerance. The magnitude of the change de-
pends upon type of resistor and magnitude of the stress. 
Design tolerance = ± purchase tolerance -±3SR, where 
SR is the change in resistance resulting from shelf stor-
age, soldering, use at near rated power, and other 
stresses to the material. 

Like a capacitor, a resistor is actually an RLC circuit. 
The effect of shunt capacitance or long lead lengths is to 
decrease the resistance of the resistor. This is usually ex-
pressed in terms of the ac/dc impedance ratio, and, for 
a noninductive type of resistor, may be expressed as 

Z/R = 111 + (277fRC)1/2] 

A useful measure of frequency response is the charac-
teristic frequency (fe), which is 1/2 RC. For example, for 
a 10-kilohm resistor with 1-pF parasitic capacitance, the 
fe is 17 wiz. 
A third factor that digital-system users should con-

sider is the pulse-power-handling characteristics of a 
thick- or thin-film resistor, which is usually quite differ-
ent than the dc-power rating. For a pulse input, the film 
resistor is thermally decoupled from the substrate. The 
input energy is dissipated in the mass of the resistor and 
then is transmitted to the substrate. 

This can lead to destruction of a resistor at power lev-
els well below the rated dc-power dissipation. For ex-
ample, a 100-v, Ills pulse into a 10-ohm resistor dissi-
pates 1 kw on a transient basis, but the energy into the 
resistor equals the power times the time, or 

E = V2R X tp 

Therefore the energy, put into the small mass of the 
resistor, generates heat. The maximum energy-handling 
capacity in a resistor is a function of resistance, and it is 
usually not specified. However, even for fast, low-duty-
cycle pulses, a resistor that can handle the average 
power may not survive higher-power pulses. 

In general, it is best to consult with a manufacturer 
concerning resistor requirements. Most of them are will-
ing to discuss applications, will not divulge proprietary 
details, and can head off the non-obvious problems be-
fore they are designed into a circuit. 

The case for standardization 

The issue of device characterization and standard-
ization is a sore point for users and manufacturers of 
components alike. Users complain that they can't find 
the information they need, and manufacturers com-
plain that each engineer wants a proprietary design 
and won't accept a standard package that would cost 
less. Standardization, both claim, will reduce costs by 
increasing quantity, reducing design time, and allow-
ing more complete characterization of parameters. 
Today, even standardized and military-specified 

components of identical value, voltage rating, and tol-
erance, purchased from two different manufacturers, 
may look like different devices. This means that neces-
sary design information is often lacking. Dr. Victor 
Roberts, new-lamp-development engineer at General 
Electric's Large Lamp division, Cleveland, Ohio, com-
plains that while investigating capacitors for ballasts in 
new higher-frequency flourescent lamps, he couldn't 
find information concerning the complex impedance 
of the capacitors he was using at the frequencies of 
interest. 

Privately, most manufacturers admit the problem. 
Mil specs, it is said, are written to eliminate sole-
sourcing. Most large passive-component manufac-
turers in the U.S. claim that their devices exceed pub-
lished mil specs. They are loath to publish complete 
specifications, since they can vary the geometry and 
starting material to optimize certain characteristics for 
components with the same terminal value and toler-
ance. This works quite well for OEMs, but the engineer 
on the bench trying to cope with a new design may not 
be aware of these options. 

Manufacturers have their own bone to pick when it 
comes to standardization. Many marketing managers 
declare that they would welcome the establishment of 
standard test procedures and ratings. For example, Ed 
Geistler of Sprague Electric Co., North Adams, Mass., 
notés that pulse and sine-wave characteristics of a ca-
pacitor often vary and that many users often have to 
test their capacitors by finding out if they work in the 
desired circuits. 

Corning Glass Works, Corning, N.Y., has attempted 
to provide some form of standard network configura-
tion with its Cordip RC networks, but it recently had to 
abandon that effort. Robert Gress, marketing manager 
for tantalum capacitors at Corning, says that Cordip 
was a generalized approach with a wide variety of op-
tions that offered resistors, capacitors, and diodes in 
dual in-line packages. But Cordip couldn't compete 
head-on with networks specifically designed for a par-
ticular application. It was too general an approach, 
and the sales volume didn't get high enough to force 
costs down. Until this happens, Gress declares, the 
standard-network market won't take off. 

However, a middle ground may be reached during 
the next few years. Passive-component manufacturers 
are finding it profitable to work with users and publish 
more complete specifications as time goes by. Users 
are getting more sophisticated about cost/per-
formance tradeoffs and are becoming more amenable 
to accepting standard passive components that will do 
the job and save them design time. Even the military is 
under pressure to define its needs better and find out 
if it can get by with less-expensive off-the-shelf com-
ponents. 
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Relays switch direction 

to increase performance 

Like the capacitor and resistor, the electromechanical 
relay has retained its role as an integral component in 
today's equipment designs by virtue of manufacturers' 
ability to incorporate technical innovations in new 
products. Miniaturization and packaging in IC-type 
configurations for automatic insertion have been com-
bined with improved relay characteristics to enable 
electromechanical relays to be integrated with lc assem-
blies. Equally significant, the development of solid-state 
relays has provided a new tool for the designer by add-
ing speed, reliability, sensitivity, and contactless switch-
ing to the isolation and high-current capabilities of con-
ventional relays. 

Miniature electromechanical relays now available in 
dual in-line packages can switch at lower signal levels 
than the older relays because they are more sensitive. 
For example, reed relays that previously required 2.0-to 
5.0-v switching levels can now be switched by voltages 
as low as 50 mv, making them compatible with stan-
dard bipolar logic. These reeds are in miniature DIPS 
and in axial-lead configurations (0.09 inch in diameter 
and h-in. long), giving them greater utility in today's IC 
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eliminate ground loops and crosstalk between the components that 

have to be switched. 

assemblies. And they are fast and versatile. Reed relays 
in DIPS switch as fast as 0.25 millisecond, with switching 
currents from 10 milliamperes to 5 A. 

What's more, electromechanical time-delay relays 
have been teamed with solid-state timers to combine 
the high isolation and power-switching characteristics of 
electromechanical devices with the precision timing 
characteristics of solid-state devices. 

But, although solid-state relays are potentially ca-
pable of replacing electromechanical ones, certain prop-
erties ensure a place for the electromechanical types. 
Electromechanical relays are true four-terminal devices, 
which ensures complete input-to-output isolation. 
Single semiconductor devices, inherently three-terminal 
devices, suffer from ground loops and input/output 
cross talk (see Fig. 13). Besides, multiple-pole switching 
is more convenient with electromechanical relays than 
with solid-state devices because adding more poles has 
only a small effect on price. 

Solid-state relays 

Nevertheless, because of the inherent reliability of 
contactless switching, the most significant development 
of the past few years has been the solid-state relay, used 
both for switching and time-delay applications. Until 
now, the bulk of these relays have been reed types that 
trigger triacs or other solid-state output devices. The 
trend, however, is to all-solid-state units, which have 
opto-isolator inputs and semiconductor-switch outputs. 
Also in the works are one-chip solid-state relays. 
Compared to their electromechanical counterparts, 

solid-state relays are faster and more reliable because 
there are no moving parts. They are also smaller, re-
quire less power, and generate less noise. On the other 
hand, they are four to five times more expensive than 
electromechanical devices. 
When the price of solid-state relays will come down is 

still a matter of conjecture. Jack Rowell, marketing 
manager for Guardian Relay Inc., Chicago, Ill., states 
the classic dilemma for solid-state relays: "the price 
can't come down until volume goes up, but volume 
won't go up until price comes down." 

Nevertheless, Don Stalker, marketing manager at 
Teledyne Relay, Sepulveda, Calif., states that solid-state 
relays, which weren't in existence five years ago, make 
up 30% of the market today and should eventually seize 
and hold 60% of the market. 
A significant industry question is whether semicon-

ductor companies, like Monsanto and Hewlett-Packard 
Associates will ever take over a large share of the solid-
state-relay market, since they are the ones supplying the 
internal components for the relays. However, Phil Gar-
diner, marketing manager of Magnecraft Electric Co., 
Chicago, Ill., a company that builds electromechanical 
relays, points out that the high level of experience by re-
lay manufacturers in marketing, distribution, and appli-
cations, enables them to select the best isolator-SCR de-
vice for the given application and provide these devices 
in optimized packages to OEMs at lower cost than the 
OEMs can manufacture them. 
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For PBX, computer memory 
and instrument power 
supply applications 

turn to CTS 
for cermet resistor networks 

Save Space. Money. Tme It's easy with 
CTS Series 760 DIP Cermet Resistor 
Networks. Four popular packages... 
8, -4, -16 and -18 lead styles ... provide 
an infinite number of circuit combinations. 

Compact, low profile design puts the 
squeeze on PCB space. Cost cutters, too. 
All designs eliminate lead forming and 
lead trimming for low cost automatic 
insertion along with IC's and other 
DIP components. Time saving? One 
18-lead CTS 760 Series package can 
replace up to 32 separate components. 

Available without organic cover coat, 
so you can trim for circuit balance. 
Precision .100" leads; rated up to 2 watts 
on 18 lead style; 5-lbs. pull strength 
on all leads. 

Immediate delivery on standards. 
Custom designs to specifications. 
Be a saver. Turn to CTS of Berne, Inc., 
406 Parr Road, Berne, Indiana 46711. 
Phone: (219) 589-3111. 
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CTS CORPORATION 
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A world leader in cermet and variable resistor technology. 



Designer's casebook   

Voltage regulator protects 
logic pull-up transistors 
by Stephen F. Moore 
Resdel Engineering Corp.. Arcadia. Calif. 

A monolithic three-terminal voltage regulator and a 
Norton-type operational amplifier can provide excellent 
short-circuit protection—particularly for the transistor 
that's providing active pull-up at the output of a logic 
circuit. 

All too often, transistors operated in this way are de-
stroyed when the logic output is inadvertently shorted 
to ground. Sometimes, too, protecting these transistors 
is further complicated because the logic must be run at 
28 volts. An easy solution would appear to be a current 
regulator. But most current limiters have one of two 
drawbacks—either they introduce an unacceptably large 
voltage drop, or they create excessive heat in biasing re-
sistors. 
A monolithic three-terminal voltage regulator, how-

ever, has neither defect. When the regulator is not over-
loaded, the voltage drop across the device is only about 
1.5 v. When it is overloaded, the heat it creates remains 
within an acceptable range. Usually, the highest output 
voltage that one of these regulators can supply is 24 V. 

But, if the device's ground terminal is biased at 2 v (de-
pending on the manufacturer's recommendations), the 
output of a 24-v regulator can be increased to 26.5 V. 
When connected as shown, the regulator provides 

current limiting in two ways. Through its internal cir-
cuitry, it acts as a surge-current limiter of about 2 am-
peres. It also operates as a thermal-current limiter that 
reduces that output voltage when the current demand 
becomes excessive. This keeps the power dissipated in 
the regulator from exceeding the maximum allowable 
limit. Here, the thermal-current limiting will start at 
around 400 milliamperes. 

Limiting the current available for the active-pull-up 
transistor will prevent the transistor from being de-
stroyed as long as it is kept in saturation or in cutoff. A 
Norton amplifier allows both these conditions to be 
met—its current-sinking capability is greater than 30 
nt, and it has an active pull-up in its output circuit. Be-
cause of the voltage drop across the regulator, this ac-
tive pull-up creates a reverse bias on the transistor 
being protected, eliminating the need for the transistor's 
pull-up resistor. Also, a Norton amplifier will work re-
liably with a single-ended power supply at, as well as 
above, a supply voltage of 28 v. 
The diode at the output of the circuit protects the 

transistor from overvoltages. For example, this diode 
will guard against an overvoltage caused by an induc-
tive kickback that could forward-bias the base-collector 
junction of the transistor. 

Guarding against short circuits. An IC voltage regulator and a Norton amplifier keep this active-pull-up transistor from being permanently 

damaged if the input logic signal is mistakenly shorted to ground. The regulator provides both surge-current limiting and thermal-current limit-

ing. The Norton amplifier keeps the transistor either fully saturated or fully cut off, and the output diode protects against overvoltages. 
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Generating tone bursts 
with only two IC timers 
by L. W. Herring 
LINH Associates, Dallas, Texas 

With very few external components, two IC timers can 
be made to function as a tone-burst generator that is 
useful for radio and telephone applications. In the cir-
cuit shown here, one timer controls the tone burst, and 
the other generates its frequency. 
Normally, a tone-burst generator is built with three 

timers, two being required for the control function. Al-
though a single timer in its delay mode could provide 
the initial time period, the second timer is required to 
generate the burst length and reset the first timer. Al-
ternatively, in the astable mode, a single timer's output 
duty cycle could be adjusted for the quiet and burst pe-
riods, except for one thing—the time to the first burst 
would be almost twice as long as the time to subsequent 
bursts because the initial charging period of the timing 
capacitor is longer than later periods. 

Nevertheless, a single timer can in a sense be fooled 
into providing the control function on its own if an RC 
network (resistor R2 and capacitor C2 in the figure) is 
added to the timer's (TimER1) threshold and trigger in-
puts. Of course, the larger primary timing network (re-
sistor R1 and capacitor CI in the figure) remains con-
nected to the timer's discharge circuit. 
TIMERI is set up as an astable oscillator. But its thres-

hold inputs are kept high by the additional RC network 
(R2 and C2) for longer than it takes the timer's dis-
charge circuit to completely discharge the main RC net-
work (R1 and C1). This assures that the output period of 

Saving a timer. This tone-burst generator requires two, instead of 

three, IC timers—TIMER, controls the tone-burst signal, while 

TIMER2 determines the burst frequency. An extra timing network (re-

sistor R2 and capacitor C2), rather than an extra timer, is used to 

keep TIMER 1's output period constant so that the first burst has the 

same length as other bursts. Here, the burst interval is 1 minute. 

TIMERi remains almost constant, no matter if the burst 
is the first one or the last one. 
The period that TIMERI'S output remains high can be 

approximated by the standard equation for delay-mode 
operation: 

T., = 1. I Ri(Ci + C2) 

The burst output time (when the output is low) can be 
adjusted to the desired value by the R2C2 network. This 
period is approximated by the equation for astable-
mode operation: 

Toff = 0.693R2C2 

When the added time period (burst length) approaches 
or exceeds the main time period, the two timing net-
works interact. 

For this circuit, the output of TIMERi remains high for 
1 minute and goes low for a half second. The best way 
to activate the circuit is to switch the Vcc supply lead 
for the entire circuit. Diode DI assures that capacitor CI 
will be discharged after any partial periods. 
The control timer (TimERI) can provide the output for 

a lamp, bell, buzzer, or other signaling device. (This 
timer's output must be used to sink the signaling device, 
which must also be wired to the supply line.) TIMER2 op-
erates as the tone oscillator, determining the frequency 
of the tone burst. The manner in which TIMER2 is keyed 
eliminates the need for an intermediate device to invert 
the output of TIMERI to operate the reset lead of 
TIMER2. 

This simple tone-burst generator can be used as an 
audible timing reminder for long-distance telephone 
calls or for radio repeaters that have 3-minute shutdown 
timers. The same arrangement can be used to generate 
sampling pulses for a sample-and-hold circuit or for a 
serial-to-parallel data converter for Ascii-character de-
tectors. 0 
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Simplifying sum-correction logic 
for adding two BCD numbers 
by Robert D. Guyton 
Mississippi State University, Mississippi State, Miss. 

To add two numbers in binary-coded decimal form, 
much less logic hardware is needed if one of the num-
bers is converted to the excess-6 binary code before the 
addition is done. The other number remains un-
changed. 
The block diagram of (a) outlines the approach. One 

BCD input is converted to the excess-6 code by a second-
level logic circuit, which is drawn in (b). This translated 
number and the unchanged BCD number are then 
added by a 4-bit binary adder. The resulting output 

carry is correct, but the sum must still be corrected—and 
can be corrected by a simple second-level logic circuit, 
rather than a multilevel type of logic circuit based on 
half and full adders. 
The BCD-to-excess-6 translator circuit needs four 

NAND gates and three inverter gates. The rest of the 
over-all addition circuit is shown in (c): the four-bit 
binary adder requires four full adders, while the sum-
correction circuitry requires 10 NAND gates and three 
inverter gates. 
The complete excess-6 addition circuit, therefore, 

consists of 14 NAND gates, six inverter gates, and four 
full adders. As against an addition circuit based on ex-
cess-3 code conversion, that's a savings of six NAND 
gates, three inverter gates, one full adder, and two half 
adders. 

Designer's casebook is a regular feature in Electronics. We invite readers to submit original 
and unpublished circuit ideas and solutions to design problems. Explain briefly but thor-
oughly the circuit's operating principle and purpose. We'll pay $50 for each item published. 

Conserving logic hardware. The circuit for adding two binary-coded-decimal numbers can be implemented with fewer devices by changing 

one of the BCD numbers to the excess-6 code format. When this conversion is done, simple logic gates can be used to perform the neces-

sary sum correction. The figure shows the circuit's block diagram (a), the excess-6 code translator (b), and the complete circuit (c). 
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A New Standard For Accuracy! 

3V2 Digit 
A/D Converter 

The LD110/LD 1 1 1 A/D converter sets the 
pace for accuracy with a specification of 
0.05% of reading, -±1 digit. The set consists 
of two ICs, and with the addition of a 
reference voltage and clock becomes 
a full 31/2 -digit analog-to-digital 
conversion system. LD110/LD111 
features and specifications make the 
converter set an ideal choice for digital 
display processors in 

• DPMs • Thermometers 
• DVMs • Scales 
• Controllers • Tachometers 
• Instrumentation 

Specifications 
• Accuracy of 0.05% of reading, -±1 count 
• ZIN > 1000 MI-1 
• 4 pA typical input bias current (25°C) 
• 100 µV resolution (200.0 mV range) 
• 40 dB NMRR 60 Hz 

DIGIT STROBE 
OUTPUTS 0, 

SIGN , 
OUTPUT ' 

CIOCK 
INPUT 

Features 
• Auto-zero minimizes effect of offset, drift 

and temperature 
• Auto-polarity 
• Sampling rates from 1/2 to 12 samples/second 
• Two voltage ranges: 2.000V and 200.0 mV 
• TTL-compatible outputs 
• $28.60 per set (100-set price) 

I?V 

o O 

BCD DATA 
OUTPUT 

ANALOG 
YOU 
INPUT 

The unique conversion technique uses a single 
reference and a single full-scale adjustment to 
achieve a highly-accurate strobed 31/2 -digit output 
of up to 3100 counts plus sign. LD111 analog 
processor employs monolithic PMOS/bipolar 
construction and interfaces directly with the 
LD110 digital processor, which has a monolithic 
PMOS structure. For further information 

write for data 
IC Applications: (408) 246-8000, Ext. 120 

Eiliconix incorporated 
2201 Laurelwood Road, Santa Clara, California 95054 
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DigTec introduces 
another product in the 
CHTSERIES eilthcZurogi-;) 
41/2  digit, precision Dígiral Multimeter._ 
DigiTec's new Model 2210, Digital Multimeter is a full 41/2  
digit, bi-polar instrument, combining pushbutton con-
venience with laboratory accuracy and performance. 
Consistant with the design standards of the HT Series, 
the Model 2210 delivers the highest level of reliability 
and serviceability. DigiTec's new, revolutionary "HT 
Converter," A to D conversion technique, coupled with 
the use of proprietary LS?, has significantly reduced 

Model 2210 $52 
Digital Multimeter s. 

component count providing the basis for high reliability. 
All circuitry and components are state-of-the-art, with 
plug-in ICs, LEDs and circuit board for easy mainte-
nance. As with all DigiTec HT Series instruments, the 
Model 2210 is housed and protected by a contemporary, 
designer-styled, aluminum enclosure that provides an 
outward appearance as advanced as the technological 
innovations it contains. 

Features: Revolutionary "HT Converter" / DC ranges to 1000 volts with autopolarity, sensitivity 100 ,V 
/ AC ranges to 1000 volts, sensitivity 100 ,V / Basic accuracy .02% / Resistance ranges to 20 megohms, 

sensitivity 0. -t! / 41/2 digit, large easy-to-read Monsanto LED display / 13 measuring ranges, pushbutton 
selected / Rack mountable, diecast and extruded aluminum enclosure / Compact half-rack size / Optional, 
optically isolated parallel BCD output / Available from stock / Generous OEM quantity discounts on request. 

UNITED SYSTEMS CORPORATION 
918 Woodley Road, Dayton, Ohio 45403 
Ph p513) 254-6251 Twx (810) 459-1728 
a subsidiary of 

Monsanto 
apigTec. 

"information only" circle 110 on reader service card. "demonstration only" circle Ill on reader service card. 



Part VIII of a series 

Computerized 
text-editing 

and typesetting 
make headlines 

Hot-metal techniques for setting type 
are being replaced by computers, 

which are taking over control of 
photocomposition machines; 

on-line editing eliminates costly 

proof-reading and error correction 

by Laurence S. Liebson and Albert L. Bushkoff, 
Xylogic Systems Inc., Natick, Mass. 

El The high performance and low costs of mini-
computers are bringing about a technological revolu-
tion in the printing, publishing, and newspaper indus-
tries. In only three years, many newspapers have 
replaced their techniques for hot-metal production, es-
tablished in the 1890s, with comprehensive mini-
computer-based text-editing and typesetting systems. 
These computer-controlled systems are capable of ex-

ecuting the entire type-composition process. They ac-
cept on-line input of text from optical character readers 
(OCRs), on-line keyboards, and remote transmission de-
vices; store text on high-speed disk memories; provide 
editing and formatting of text through video display ter-
minals; and automatically hyphenate and justify text 
for high-speed photocomposers, which produce final 
copy ready for page makeup. 

Developing such a system is a combined hard-
ware/software effort, illustrating many of the problems 
encountered in applying minicomputers. Once the basic 
operational parameters are determined, several ap-
proaches must be analyzed to determine which hard-
ware and software configuration will be most cost-effec-
tive, versatile, and reliable. Obviously many tradeoffs 
must be considered and value judgments made. 
Comprehensive production systems, such as the 

Star/Xylogic copy-processing system, have already 
been installed by several newspapers in several cities 
around the U.S. and Canada. These systems have given 
editorial departments the control they want, while pro-
viding production people with the speed and accuracy 
they need. 
The conventional composition process is a time-con-
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suming, labor-intensive process that provides many op-
portunities for human errors. Rising wages and pressure 
for more up-to-date news create great interest in par-
tially or fully automating the production processes. 

In conventional composition, the principal descrip-
tive phrases are "hot-type," or "hot-metal," derived 
from the molten lead alloy that forms lines of type. The 
key to the "hot-type" method is the Linotype machine 
(Fig. 1, on left) and its variations, which execute almost 
completely mechanical processes. A typical Linotype 
operator can set three to five lines of type per minute, 
and is likely to make an error once in every 10 to 20 
lines of type. 

In recent years, the introduction of paper-tape-driven 
typesetting machines has improved the speed of the 
hot-type process. An operator punches copy and hy-
phenations into tape with a typewriter-like machine; 
the tape is then fed into a reader that drives the 
Linotype. Subsequently, paper-tape-oriented mini-
computer systems were programed to produce the tape 
for the Linotype, which could then produce 10 to 15 
lines per minute. The operator still has to punch the 
tape, but the minicomputer takes over the hyphenation 
and justification of lines of type. 
But the Linotype and other hot-metal processes, even 

when automated by direct paper-tape drives, are inher-
ently slow and inflexible. In their place, the photocom-
position or phototypesetting machine (Fig. 1, on right) 
has revolutionized the basic method of getting words 
into print. 

Photocomposition 

Essentially, a photocomposition machine translates 
the input by optical, electronic, and chemical means 
into a columnar readout in the form that it will finally 
have in the newspaper, at speeds from 25 to 1,000 lines 
per minute. Phototypesetting output is a positive image 
on either film or paper, which is pasted onto a news-
paper-size dummy page, and photographed onto a film 
negative (Figs. 2 and 3). From this negative, a plate for 
the printing press is made by any of various methods. 
A typical photocomposition machine, the Star 

Graphic Systems CompStar 191 (Fig. 4), accepts input 
from paper tape, magnetic tape, or directly from a com-
puter system. The CompStar has a revolving film-font 
master, with a maximum of eight different fonts and 
eight lenses that project type sizes from 51/2 to 48 points 
over a film plane up to 45 picas wide. (A font is a par-
ticular type style—Spartan Bold, Bodoni, Gothic, and so 
forth. Font sizes are expressed in points, with 72 points 
to the inch, while line lengths are given in picas, 6 
picas to the inch. Electronics is set in 10-point Times 
Roman, with headlines and captions in Vega Light; col-
umns are 20 picas wide in articles like this and 13 picas 
wide in the news sections.) A high-intensity xenon flash 
lamp projects the character image from the film via one 
of the lenses and a rotating mirror, onto the output pa-
per or film (Fig. 5). The degree of enlargement of the 
basic font establishes the point size; the rotating mirror 
scans each line to set the characters side by side across 

the page. The machine can produce up to 150 news-
paper lines per minute. 

In a newer class of photocomposer, characters are 
generated from computer storage directly on a cathode-
ray-tube display, from which they are projected onto 
the photographic material. These machines set copy at 
150 to more than 1,000 lines per minute. 

Watch for pitfalls 

A fully integrated system is essential when making 
the transition from hot metal to photocomposition. The 
main disadvantage of the "cold-type" operation is that 
error correction can be much more time-consuming. 
With hot type, any operator could compose a line of 
type and conveniently replace the bad line. However, 
with the new process, an operator must punch a paper 
tape, process it through a stand-alone hyphenation and 
justification controller, set the line of type from the new 
justified tape, develop the filin, then cut and paste the 
new correct line on top of the original film. 
Another major problem area for newspaper is regene-

rating the classified-ad section. With hot-type produc-
tion techniques, metal slugs could be hand-sorted in 
trays for each day's classified section. But arranging and 
manipulating small pieces of photographic paper is next 
to impossible. One solution is to paste each individual 
ad on a Styrofoam block, but the result is not easily 
readable. 
To overcome these difficulties, a comprehensive text-

editing and typesetting system based on a mini-
computer has been developed by Xylogic Systems, an 
engineering, manufacturing, and consulting firm. The 
system simultaneously coordinates the input, editing, 
hyphenation, and justification; produces clean copy di-
rectly to the phototypesetter; and virtually eliminates 
the need for paper tape. Its first installation was made 
in September 1971 at the Daytona Beach, Fla., News-
Journal. Since then, Xylogics has entered into a world-
wide agreement with Star Graphic Systems, a wholly 
owned subsidiary of Dymo Industries, to market and 
service the system. 
The Star/Xylogic Copy Processing System, in its 

standard configuration (Fig. 6), simultaneously accepts 
on-line inputs from optical character readers, press 
wires, keyboards, and video display terminals (VDTs), 
storing the copy on high-speed, fixed-head disk memo-
ries. All text, whether news or advertising, is corrected 
and edited on the VDTS. 

Inputs far and near 

Basically, the system has two types of inputs, local 
and remote. Local inputs include news, classified adver-
tising, and display advertising; remote inputs are the 
Associated Press and United Press International wire 
services. The most commonly used local-input devices 
are on-line typewriters and optical character readers, 
but VDTs and high-speed paper-tape readers are also 
available. Although the VDT is a flexible input device, 
its cost is high and it lacks a hard-copy facility, so that 
most users reserve it for the most sensitive editing and 
markup functions. If a user prefers VDTS for input, line 
printers can produce hard copy. 
The specific equipment configurations in a particular 
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1. Before and after. Linotype machines (left), which are the classic 

semiautomatic typesetters, cast a single slug from molten type metal 

for each line of printed copy. Their noisy and dirty environment con-

trasts sharply with the surroundings of photocomposition machines 

(right), which are typically quiet and clean—so clean that the floors 

under them may even have wall-to-wall carpeting. 
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2. Photocomposition output. In-

stead of hot slugs with raised let-

ters along one edge, the newer 

process produces a positive im-

age from a print of which a 

dummy page is pasted up for the 

camera. 

3. Ready for piatemaking. The 

camera's output is a film negative, 

and from this negative a printing 

plate for an offset press is made. 

4. Photocomposition machine. Paper, magnetic tape, or a computer memory can provide input for this unit, which produces up to eight 

different fonts in sizes from 51/2 to 48 points, 45 picas wide. (There are 12 points to a pica, which is 1/6 inch wide.) 



installation are usually determined by local labor-union 
rules and the number of news and advertising personnel 
who will use the system—as well as by personal prefer-
ence. For example, the Farmington, N.M., Daily Times 
has 12 on-line input typewriters on news and ad-takers' 
desks; the Daytona Beach News-Journal has five 
on-line typewriters, used by union punch operators, and 
one OCR; the Waterloo, Iowa, Daily Courier has only 
two on-line OCRs. At the Bloomington Ill., Daily Panta-
graph, which also uses OCRs, 43 IBM Selectric type-
writers in the news, classified, and display departments 
are equipped with a typing element that prints OCR-
readable characters. 

In each of these cases, UPI and AP wires go directly 
into the system, while producing hard copy simulta-
neously on a teleprinter. The news-copy control desk re-
fers to these printouts to keep track of stories. 

After either local or remote copy has been entered 
into the system, the hard copy is returned to its respec-
tive copy-control desk. The editor at the control desk, 
using a VDT (Fig. 7), can edit any stored material before 
it is set in type, and add various commands to the copy 
to change such variables as column width, type size, 
headlines, and bylines. From the VDT, the editor can 
also obtain the length of the text, necessary for laying 
out a story, and review the justified copy, complete with 
indentations, runarounds, bold-face indicators, hyphen-
ation points, and other copy-fitting requirements. When 
he is finally satisfied with the story, the final version can 
be sent on line to a phototypesetter. 

Since the copy was proofread before being sent to the 
typesetter, proofreading the output galley is not neces-
sary, and the need for manual corrections is nearly 
eliminated. Instead of being held for correction, the gal-
leys produced by the typesetter can be passed directly to 
the page-makeup facilities. This saves significant 
amounts of cost and time. 

Similarly, the advertising-copy desks use the VDTs to 
process classified and display-advertising material. Soft-
ware has capabilities to simplify marking the formats 
and tabulation of complex ads, as well as to sort and 
merge new ads each day into the master file. After the 
sorting and merging, the system produces the entire 
classified-ad file in photocomposed columns ready for 
page paste-up, and records each day's classified master 
file on magnetic-tape cassettes, for protection in case the 
disk-storage subsystem fails. 

A tool for printers 

Because some resistance to the system by the personnel 
who use it was anticipated, the system was designed as a 
production tool, rather than an advanced computer sys-
tem. Considerable effort was devoted to achieving ease 
and logic of operation and to fail-safe conditions when 
inevitable operational mistakes were made. For ex-
ample, simple mnemonics are used for important func-
tions, such as "M" for line-measure change, "S" for 
type-size change, "C" for "copy-fitting," and so forth. In 
addition, whenever a story is edited, the original version 
is reserved, so that it can be recalled if a VDT operator 
accidentally removes or destroys some valuable text. 
Furthermore, as stories are transmitted on line to the 
typesetter, a teleprinter produces a log, and the system's 

memory retains the text, so that lost galleys—a not un-
common occurrence in the high-pressure newspaper-
production environment—can readily be regenerated. 
Challenging design considerations were also encoun-

tered in attempting to satisfy the newspaper's produc-
tion requirements. Like many other production and 
process-control environments with real production 
deadlines, comprehensive systems in newspaper offices 
must operate 24 hours a day, seven days a week, and 52 
weeks a year. 
The Xylogics system has built-in redundancy so that 

it performs the required functions if a component fails, 
but doesn't need a costly second system for backup. 
This built-in redundancy distributes all processing and 
text storage on at least two devices—that is, instead of 
one large minicomputer and one large disk, the system 
is divided between two smaller minicomputers and at 
least two disks. 

In addition, all peripheral devices are on dedicated 
lines, so that a single component failure cannot render 
all devices of a particular kind inoperative at once. For 
example, all VDTs could be multiplexed into the com-
puter, but if the multiplexer were to fail, all VDTs would 
be inoperative. The alternative provides a separate in-
terface for each terminal. 

From either to any 

A specially designed multi-computer disk controller 
coordinates the activities of both processors and all 
disks so that either computer can address any disk. If ei-
ther computer or any disk fails, the system will function 
with backup software programs in a scaled-down ver-
sion, with only slight degradation of service. A spare 
disk controller protects against controller failure. 
The most important criterion in the choice of equip-

ment was cost-effectiveness and maintainability by 
newspaper personnel with little or no electronic train-
ing—to the extent that they will be able to locate the 
faulty device and bypass it by means of a standard 
backup procedure. 
The central control unit (CCU) coordinates all the 

text-processing and text-storing requirements of the 
copy-processing system. It simultaneously coordinates 
64 on-line devices, including press wires, OCRs, VDTs, 
on-line typewriters, phototypesetters, and other equip-
ment. A typical ccu configuration contains two 16-bit 
minicomputers, one dual-computer mass-memory con-
troller, two status-alarm and system-monitor panels, six 
half-million-character fixed-head disks, and one mag-
netic-tape cassette subsystem. 

Its two minicomputers are Gm-99 models manufac-
tured by GRI Computer Corp. Their architecture is 
based on the universal-bus concept and an unlimited 
priority-interrupt structure. These capabilities make the 
minicomputers very efficient input-output controllers. 
The instruction cycle time is 440 nanoseconds, core 
memory cycle time is 1.76 microseconds, and the ho 
transfer rate is 568,000 16-bit words per second. Max-
imum memory size is 32,768 words or 65,536 bytes. 
Both internal and external system elements communi-
cate directly with one another on common data paths 
along the universal data bus. This direct communi-
cation eliminates many computer cycles that data ma-
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nipulation normally requires, and it greatly simplifies 
service and system maintenance. 

Choosing the equipment 

The choice of video-display terminals depends on 
character readability, editing facilities, and cost. Once 
this choice is made, any changes on the text are actually 
performed by the terminal. Thus, the system's main re-
sponsibility in text editing is to maintain filing, access, 
anecommunications for these terminals. 
The communications aspect of the system is height-

ened by the need simultaneously to take inputs from a 
number of sources. These may be press wires operating 
at 6 to 10 characters per second, on-line manually oper-

5. Direct exposure. A flash lamp projects a character from a rotat-

ing filmstrip through lens-and-mirror system. This system defines the 

character's size as well as its position in a line. 

ated typewriters operating at a maximum of 10 charac-
ters per second with a minimum of about 50 millisec-
onds between characters, and such faster devices as 
paper-tape readers and optical character readers, which 
could operate asynchronously as fast as 300 characters 
per second. 
The system's main responsibility is to move data be-

tween various peripheral devices and the mass memory. 
For versatility, these communications should go 
through the computer under program control, to permit 
varying code conversions, story-boundary recognitions, 
and formats. These are important considerations in 
typesetting because different wire services, typesetters, 
and newspapers all have their own divergent conven-
tions, which they frequently change. 
To minimize the use of computer time, all input inter-

faces present data in parallel to the computer, one full 
character at a time. Some inputs are normally in this 
format, but the press wires, which transmit in bit-serial 
format, require serial-to-parallel converters. 
A program-interrupt facility is another important 

computer time-saver, especially when many input de-
vices are in use. It enables the external device to inter-
rupt the program whenever the device has data avail-
able. 

Essentially, the interrupt hardware causes the com-
puter to stop after executing the current instruction, 
store the location of the next instruction in the main 
program so that operation can resume after servicing 
the interrupt, and then execute an interrupt routine, an-
other set of instructions that actually brings in the data. 
When this processing is complete, the computer resets 
the interrupt hardware, and returns to the main pro-
gram. 
Although most computers provide some sort of inter-

6. Copy-processing system. Standard configuration works with the wire services, on-line and off-line keyboards, and optical character 

readers, stores the data on magnetic disks, hyphenates and justifies the copy, and drives photocomposition machines for output. 
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rupt facility, they differ widely on the ease of program-
ing the interrupt and the amount of overhead time that 
interrupt-processing requires. Since the copy-processing 
system uses interrupts extensively, the chosen computer 
must provide a powerful interrupt facility, as well as 
convenient input and output instructions to use with it 
This was one of the reasons for choosing the GRI com-
puter. 
Other important considerations in choosing the com-

puter were efficiency of data-handling in the coding for-
mat to be used, sufficiently fast calculations and manip-
ulations, easy modification of system configuration, 
simple maintenance, and low price. For handling data 
in 8-bit Ascü, a machine with a 16-bit word length can 
fit two characters into each word. With a 12-bit word 
length, 4 bits in every word would be unused, and the 
mass memory would be used inefficiently. But with two 
characters per word, the computer should still be able to 
individually manipulate each character. A low-cost op-
tion in the oR1-99, this is part of the standard configura-
tion in the CPS. 

Universal bus 

Easy system configuration and maintainability are 
enhanced by the universal-bus system, which is the cen-
tral organizing concept of the computer. This concept is 
used today in many computers, but when CPS was de-
signed, it was unique to GRI. Under this concept, all de-
vices, including internal registers, arithmetic operators, 
and input/output interfaces, are attached to a single bus 
and are addressed in the same way. All instructions 
specify a device from which to take data, another to re-
ceive it, and modifications to be made "on the fly." 
Since all devices are accessed in the same manner, data 
from the paper-tape reader, for example, can be used 
just like data from an internal general-purpose register. 
Furthermore, switches on the console can send data to 
any device on the bus or read out data from the device. 
These switches, which are extremely valuable for de-
bugging interfaces and peripherals, can easily be used 
by on-site maintenance personnel. 

Memory-performance factors 

The choice of mass memory involves consideration of 
the system's activities. In processing the inputs, the sys-
tem takes in characters, converts the codes to Ascü if 
necessary, and stores the characters in a buffer in the 
main memory until a prescribed number of characters 
has been received. Then the entire block is transferred 
to the mass memory device. 
To edit the text, a block of characters is read from the 

mass memory into main memory, and then transferred 
to a VDT, or vice versa. Likewise, text to be justified and 
hyphenated, or sent to a typesetter, would be buffered 
via the main memory. The mass memory also contains a 
dictionary of words with hyphenation rules, a directory 
of the stories on file, and special programs and blocks of 
data that are swapped to and from the main memory 
when they are needed. 
These various functions are performed randomly and 

unpredictably, which eliminates any magnetic-tape 
mass-memory system because it would have to be se-
rially accessed. Semiconductor and large core memories 

7. On-line editing. Any stored copy can be brought out to a display 

terminal and altered to fit layout restrictions or have new material in-

corporated. In addition, proofreading is done at this stage. 

were too expensive at the time the system was designed. 
Thus, the clear choice is disk memory. A moving-head 
disk would provide a large storage capacity at low cost, 
whereas a fixed-head disk provides considerably shorter 
access time, but much lower capacity for a given cost. 
An analysis of storage requirements shows that the 
prime criterion is access time. 
The required access time depends on the number of 

disk accesses that are made in a given time period, the 
way the computer handles the data, what it does while 
waiting for the data transfers from the disk, and how 
the access time would affect the response time as seen 
by the people who would be using the system. 
For one thing, the computer can do little other than 

process interrupts while waiting for completion of a disk 
access. When a VDT user orders a story to the screen for 
editing, the system makes at least one access to the 
story-directory disk, followed by another access to get 
the first block of text. As later blocks of text are trans-
mitted to the terminal, the computer makes repeated 
accesses to the disk. Meanwhile, other accesses are re-
quired for dictionary lookup and hyphenation, type-
font information, and formats. 

Furthermore, each VDT operator should be indepen-
dent of other system users. In a system with 12 VDTs, 
five simultaneous accesses could be expected during a 
peak editing period. Each terminal transmission rate is 
approximately 640 characters per second, and each 
block of text contains 256 characters. Thus 12.5 disk 
transfers would be required each second, corresponding 
to an average rate of 80 milliseconds per transfer—not 
counting the disk accesses required for directory-
filing, dictionary lookup, text input from OCRs, text out-
put to the photocomposer, and the frequent disk-data 
transfers required by the justification program. 

Too slow 

But the maximum access time of moving-head disks 
that were available when the system was designed, tak-
ing into account both the time to position the head and 
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MINIS IN ACTION 

the rotational time, is about 100 to 120 milliseconds, 
and the average access time is about 50 to 60 ms. Fur-
thermore, to ensure accurate head positioning in the 
disk unit used with the earliest CPS models, the track 
address is written permanently at the beginning of ev-
ery data block on the disk. When data is read, this ad-
dress is simply checked, but a write operation on the 
disk is preceded by reading and checking the track ad-
dress, and then writing on the next revolution. The 
change from read mode to write mode takes too long to 
be done on the fly between the address and the data-
block area. This, of course, adds the time of one extra 
revolution to every write operation, which thus has an 
average access time of 150 to 180 ms and a maximum of 
200 to 240 ms. 

Obviously, an average transfer rate of 80 ms per 
block can't be maintained under these conditions. But 
fixed-head-disk access times are about 25 ms maximum 
and 12.5 ms average, making them a clear choice. Fur-
thermore, the lost time is not necessary in write oper-
ations to check head-positioning, nor is the track ad-
dress required in each block, permitting fixed-head 
disks less data-bit overhead in each data block. 

However, many improvements have been made 
recently in moving-head disks. Head-positioning time 
has been drastically lowered and higher bit densities 
have permitted an extra switching gap to be added to 
each data block, obviating an additional revolution of 
the disk for write operations. These and other advances 

have made a moving-head disk feasible in some later 
models of the copy-processing system and, con-
sequently, for supplementary storage to fixed-head 
disks in large configurations. 

Future trends 

A recently completed add-on module to the system is 
the Xygraph (Fig. 8). The device can show complex dis-
play ads in greater detail than can a conventional VDT, 
which has one type face and displays only one character 
size. The Xygraph, in conjunction with the system, in-
teractively simulates a phototypesetter. It plots a wide 
variety of fonts in any size, positioning each character in 
the correct location. And a facility called zooming and 
windowing enables the user to view areas larger than 
the display screen or to magnify selected portions of the 
display image to show additional detail. 
The display is based on a Digivue plasma panel man-

ufactured by Owens-Illinois Inc. and includes special-
purpose hardware and software developed by Xylogics. 
The panel is essentially an array of individually ad-
dressable neon light bulbs packed 60 per inch horizon-
tally and vertically. Each addressable dot may be indi-
vidually turned on or off, so that the panel serves as 
both the display and the storage element. 
A more ambitious project would be to develop an 

elaborate software package that would eliminate page 
makeup entirely. The software would enable the editor 
to lay out the copy for a page, digitizing and storing 
photographs with the aid of a graphic scanner, and 
transmit fully made-up pages, text, and half-tones to a 
high-resolution phototypesetter 100 picas wide. 
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8. Xygraph. New display device, which is based on a plasma panel, helps newspaper staff to visualize layout before it is committed to cam-

era. Graphic cathode-ray tube could do as well, but would be bulkier and much more expensive. 
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certain immunity to common-mode noise. This state is 
defined by the absence of any voltage difference at the 
transmitter outputs. It is primarily useful for sending 
ternary-coded data over long distances. In case bit 
speeds are of no great importance, binary data could 
still be transmitted in the conventional way. The third 
state would then be used for status information or for 
system synchronization. 
There are several ways of implementing a ternary 

data transmission system. Over distances of a mile or 
more, special-purpose balanced line drivers providing a 
choice of differential or single-ended operation must be 
used. In these cases, a tristate line driver like National 
Semiconductor's DM8831 unit is a good choice. The 
single-ended state may be detected with biased voltage 
comparators. 

If two comparators are used, biased, for example, to 
different polarities, the third state can be decoded with 
a mere exclusive-OR logic operation, as shown in (a). 
This is a simple scheme for low bit rates. It is partic-
ularly useful if status or control information is trans-
mitted on the same twisted pair as the data but must 
nevertheless be distinguished. 
For very long lines or for transmission rates of greater 

than 1 megabit per second, it is best to use two tristate 
line drivers, establishing a grounded symmetrical trans-
mission system. The three states are easily generated 

Engineer's notebook  

Data transmission is faster 
with ternary coding 
by T. Bruins 
Cern European Organization for Nuclear Research. Geneva. Switzerland 

Although data is usually transmitted in binary form, 
much faster bit rates can be realized, even over long dis-
tances, if the data is converted to ternary form. With op-
timized filters and sensitive receivers, for instance, a ter-
nary data transmission system can achieve an effective 
rate of up to 6 megabits per second over a 1-mile line of 
ordinary twisted-pair cable. 

Although twisted-pair drivers have been around for 
quite some time, they have only been used to carry 
binary information. Here, logic Is and logic Os are de-
fined by the two opposite polarities on the two trans-
mitter outputs. Decoding these voltage differences into 
ordinary TTL levels is normally done with voltage com-
parators. The common-mode noise immunity that this 
system offers has made it one of the most popular trans-
mission techniques in recent years. 

Strangely enough, however, nobody has considered 
the usefulness of a third state, which would still retain a 

FOR EXAMPLE: 
(A, B) OR (C, CO) 
(0,0) REPRESENTS A ZERO 
(1,0) REPRESENTS A ONE 
(0,1) OR (1,1) REPRESENTS A TWO 

Getting more out of a twisted pair. Ternary-coded data can be transmitted at megabit rates through ordinary twisted pairs over long dis-

tances. A single integrated tristate line driver can be used to send the data at low bit rates, as in (a); or two drivers can be employed, as in (b), 
for higher bit rates. If desired, the third state can be used for synchronization purposes or to transmit status or control information. 
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with two line drivers, as in (b). One driver operates dif-
ferentially (at -21/2 and + 21/2 volts, instead of the usual 
0 and 5 V), while the other driver operates in its single-
ended mode at normal voltage in a complementary 
fashion. 
To change binary-coded data into ternary-coded data 

does not require an excessively complicated conversion 
circuit. Consider, for example, that a fully decoded 16-
bit binary word reduces to 10 ternary bits—(1 111 Ill 
111 111 111) ,base2 = (1 022 220 020) ,base3. In this case, 
full code conversion provides a bit reduction of 10/16. 
This means that a ternary-coded transmission system 
that is able to carry 4 megabits per second of binary-
coded data now can effectively carry 16/10 times more 
information, or 6.4 megabits per second. 
Code conversion can be simplified greatly if the 

binary bits are coded in subgroups. If two binary bits 
are taken as a subgroup, two ternary bits are required to 
convert each subgroup. But if subgroups of three binary 

bits are used, again only two ternary bits are needed 
(since 111base2 = 21base3) and, therefore, 16 binary bits 
can be coded into 11 ternary bits. 
One application for a ternary transmission system is 

the use of ternary parity bits. Since there are three states 
(instead of two), two flip-flops (instead of one) are re-
quired. The parity check, then, can just be the modulo-3 
addition of the information bits. In this way, a large 
number of even errors will be detected, but not all odd 
errors. 
With k free binary bits as information carriers and 

n - k dependent ternary error detection bits, there are 
2k information words out of 2k x 3.-k possible bit com-
binations. Therefore, the ratio of nondetectable errors 
to all possible errors will be: (2k - 1)/(2(3n-k _ 1), which 
approximately equals 1/3n-k. If one single ternary parity 
check is used, then two thirds of all possible errors will 
be detected, instead of only half the errors, as in the 
case of the modulo-2 parity. 

In-circuit IC tester 
checks TTL and C-MOS 
by Ronald G. Ferrie 
Communications & Controls Co., Pittsburgh, Pa. 

An in-circuit ic logic tester, which can be built easily 
and inexpensively, can check ics operating from supply 
voltages of 5 to 15 V. This means that the tester can be 
used for c-mos devices, as well as Tn. devices. The IC, 
however, must be powered from a single-polarity sup-

ply. 
Although the test circuit draws its operating power 

from the lc being checked, it does not load the IC's logic 
points. Total operating current is usually less than 60 
milliamperes for a typical 16-pin IC package. 

Figure 1 shows what the test circuit looks like for 
checking three logic points. Light-emitting diodes are 
used to indicate whether the input signal is logic 0 or 
logic 1. As the truth table indicates, a logic 1 at an input 
causes the LED associated with that input to light. A pair 
of junction diodes and an inverting C-MOs buffer are 

used to gate each logic signal for driving the LED. 
This simple arrangement can be easily extended to 

handle any number of logic inputs by simply adding 
more stages—an additional buffer, diode pair, LED, and 
current-limiting resistor for each new logic input to be 
checked. 
To conserve power, the indicator LEDs are operated 

at 2 mA. Because of this, the LEDs will have a low lu-
minous output, making it necessary to mount them so 
that they do not compete with ambient light. Recessing 
the lamps slightly and providing a dark background 
color is usually adequate. For this tester, the LEDs and 
their associated electronics were mounted in a small 
plastic box and connected to the lc under test by means 
of a cable terminated in a dual in-line test clip. 

Figure 2 shows a complete test circuit for a 16-pin 
DIP. Resistor R2 is included here at each input to pre-
vent ambiguity when an lc with uncommitted terminals 
is being measured. The power supply formed by the ze-
ner diode and the transistor is poorly regulated—its 
main purpose is to limit the voltage driving the LEDs 
and thereby conserve current consumption. 

Engineer's Notebook S a regular feature in Electronics. We invite readers to submit original 
design shortcuts, calculation aids. measurement and test techniques, and other ideas for 
saving engineering time or cost. We'll pay $50 for each item published. 
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. Simple go/no-go check. The basic circuit employed by the in-circuit IC testce is illustrated here for three logic inputs. Light-emitting 

diodes indicate the presence of a logic 1 at the input. A C-MOS buffer and a pair of junction diodes gate each logic signal. 
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Engineer's newsletter 

Who'll be best at Manufacturers wanting new equipment designed around the new mi-
croprocessors may be having trouble deciding which type of engineer to 

designing with hire for the job. Should it be one with hardware experience who can be 
microprocessors? taught software, or a programer who must then be taught hardware 

analysis? A better type may be a computer service engineer—specialists 
that computer companies send out to troubleshoot their customers' 
problems in both hardware and software. According to John Scott, di-
rector of engineering for computer products at International Commu-
nications Corp., Miami, Fla., these engineers "could be naturals for the 
job." 

Paper mask for Gauges for measuring high pressures in military and industrial sys-
tems—shock-wave and wind-tunnel analysis, jet-engine measurements, 

pc board keeps and the like—have usually depended on quartz-crystal transducers. But 
solder in its place the quartz devices must be very large, since a piezoelectric crystal's out-

put is proportional to its size. 
A better approach is to replace the quartz transducer with one made 

of lithium niobate (LiNb03), which is much more pressure-sensitive and 
produces high voltages even in configurations with only 1-inch diame-
ters. LiNb03 gauges fabricated by scientists at Sandia Laboratories, Al-
burquerque, N.M., have measured pressures of 250,000 psi created by 
shock waves lasting only a few nanoseconds. 

Pressure transducers Need a quick, rough way to mask off the not-to-be soldered regions 
of lithium niobate on printed-circuit boards headed for a wave-soldering machine? Use 

solder wave masks. Cut from 7-mil paper tape, these adhesive-backed 
are very small masks survive 5 to 8 seconds in a 510°F solder bath. Then they're sim-

ply stripped from the boards, leaving no residue. Various sizes are 
available from stock, at about $2.15 a thousand, from Webtek Corp., 
4326 W. Pico Blvd., Los Angeles, Calif. 90019. 

How to eliminate big When radar video information is transmitted, the RC-coupled trans-
base-line shifts from mission lines often introduce a base-line shift in the signal. If the shift is 

large enough, the unwanted voltage can be mistaken for a signal volt-
radar video signals age—and sadly, conventional diode clamping techniques employed in 

compensating for small base-line shifts cannot eliminate large ones. 
There is a simple solution, says James R. Kaneses, Pacific Missile 

Range, Point Mugu, Calif.—use a pulse amplifier as a video clamp. Be-
sides producing a stable zero-volt baseline, it drives any load from 75 
ohms to 1 megohm with low loss. 
The circuit consists of a single transistor and two resistors. The input 

signal is applied directly to the transistor's emitter, and the output is 
taken directly from the collector. One resistor (from emitter to ground) 
provides a ground return for any output coupling capacitance in the 
circuitry preceding the clamp. The other resistor (from base to ground) 
prevents the base-emitter junction from loading down the source. 

In this way, the input video signal pulse provides the emitter drive 
voltage, as well as power to the collector. If the transistor is a type 
2N393 or 2N1143, the input resistor 75 ohms, and the base resistor 240 
ohms, the circuit will develop a 2-v output from a 3-v input. 
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Get a Stewart-Warner quote before you buy! 

For your 
convenience, 
our Sales Department 
starts work at 
7:30 A.M. Pacific Time. 
Dial toll free. 

Although we have a great new custom 
C/MOS capability—don't forget our 7400 
TTL's and 930 DTL's.They're still our bread-

and-butter, and wouldn't you rather do 
business with somebody who takes 

bipolar seriously? There aren't too many 
of us left, but we've been at it for too long 

to run out on you now. So if you're looking 
for 7400's or 930's, get our quote before 

you buy. Call us directly or contact our 

nearest representative or distributor. 
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Only TRIN/IRC 
offers you complete 

resistor choice. 



You get exactly the resistor you need 
for your application. 

No compromises. No "favorites." Just quality. 

Carbon comp. 

Billions used in consumer, industrial, military 
applications. TRW/IRC carbon comp. 
capability ranges from standard commercial 
types through established reliability RCR's, 
to ultra-high range (10" ohms). Where 
you're using carbon comp.'s in automated 
assembly, TRW/IRC packaging options can 
help cut the cost of interfacing with your 
machines. Card packs, lead tape reels, cut 
and formed leads... well be glad to explore 
the potential economies with you. 

Metal Film 

TRW/IRC has brought the state of the art in 
thin-film to a performance level equaling 
high-stability wirewounds. Capabilities 
include resistors with tolerances to -± 0.01% 
and IL.- 3 PPM T.C....high-rel units... 
precision subminiatures...and, of course 

the popular RN's. You can also look 
at alloy films offering high-temperature and 
high-voltage capability at low cost. 

Resistive Networks 

Advanced resistor technology here. These 
IC compatible, precision tantalum-film 
circuits provide inherent low noise, excellent 
stability, and hermetic performance without 
hermetic cost. Tolerances from 5% to 0.05% 
available in custom designs. 
TRW/IRC also offers the industry's most 
complete line of discrete fixed resistors. 

Wirewound 

The line starts with molded wirewound 
resistors—''space-savers'' that bridge the 
cost-performance gap between composition 
resistors and precision wirewounds. 
It proceeds to standard, non-insulated types 

for appliance/automotive use...to precision 
subminiatures offering high power density... 
to low cost fusible, flameproof units for 
consumer and industrial applications... 
to tubular and flat power wirewounds 
with ratings to 250 W. 

Metal Glaze"' 

This is TRW/IRC's thick-film technology—for 
all types of low power resistor applications. 
Metal Glaze is widely accepted for its built-
in power handling reliability, resistance 
range, and cost effectiveness. Numerous 
standard and special designs—precision, 
semi-precision, flameproof, high-rel, high. 
voltage. 

All types.. all technologies... 
one source 

To wrap it up, TRW/IRC offers you the 
most complete line of fixed resistors in the 
business, with many of the popular types 
available from one source—your local 
TRW/IRC distributor. Having a direct 
pipeline to each of our plants, he can give 
you fast delivery. 

Contact your local TRW sales office for 
application assistance, custom designs, and 
special engineering help when you need it. 
TRW/IRC Resistors, an Electronic 
Components Division of TRW, Inc. Plants at 
Boone, N.C., Burlington, Iowa, and 
Philadelphia, Pa. Write TRW/IRC Resistors, 
401 N. Broad St., Philadelphia, Pa. 19108. 
Or call (215) 923-8230. 

MWIRC RESISTORS 
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The OEM Factory 
announces 

a 30°A) reduction 
in price. 

Here they come. Full-scale 
PDP-11/05's. From the largest, 
most efficient OEM minicom-
puter factory in the world. 
Complete 16K minicom-

puters with real-time clock, 
serial line interface and power 
fail/restart built right in. 

Just $7,495 in quantities 
of one. 

But single unit quantities 
aren't what The OEM Factory 
is all about. So when you pur-

Electronics/May 30, 1974 

Alto, Calif. 94340 [338] 
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chase in lots of 50, the price 
drops to $4,947. 
You already know about 

the product and service rea-

sons for buying from Digital. 
There's another reason. 
Price. Made possible by The 
OEM Factory. 

Write or call Digital Equip-
ment Corporation, Maynard, 
Mass. 01754. (617) 897-5111, 
Ext. 2038. European head-
quarters: 81 route de l'Aire, 
1211 Geneva 26. Tel: 42 79 50. 
Digital Equipment of Canada 
Ltd., P.O. Box 11500, Ottawa, 
Ontario K2H 8K8. 

d 
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New products  

il 
you 

think all card 
readers 

are alike... 

take a look 
at 

CONRAC 
Take a good, long look before you 
specify.., check and compare all the 
features offered by the CONRAC 
A-31 Series Magnetic Card Reader. 
Here are only a few: • Read or write 
on Standard Magnetic Cards • In-
dustry Compatible Credit Cards— 
IATA, ABA, THRIFT, NTT • Card re-
mains stationary and visible at all 
times—minimizing chances of card 
loss, damage or jamming • Card-in-
place switch—insures proper inser-
tion of card before operation • USA 
designed and made for OEM appli-
cations requiring rugged, long life 
• All this plus more and it's one of 
the lowest priced. 500 

Write For Descriptive Literature. 

CONRAC 
CORPORATION 

CRAMER OIVRIRON 

Mill Rock Road, Old Saybrook, Conn. 06475 
(203) 388-3574 

New products 

Packaging & production 

Patterns created 
without masks 

Electron-beam system 

exposes wafers directly 

and reduces design time 

A computer-controlled electron-
beam micropattern generator is said 
to require significantly less design 
and prototype time than conven-
tional mask-dependent methods of 
fabricating semiconductors and 
other devices, including bubble 
memories, surface-wave acoustic 
units, and some Josephson devices. 
The system, developed by Radiant 
Energy Systems and called the 
EBMG-600, exposes sensitized wa-
fers directly, without the use of 
masks. It can also be used as a 
scanning-electron microscope with a 
television-like display and a resolu-
tion of better than 90 angstroms. 
The EBMG-600, priced below 

$200,000, consists of a computer-
aided-design system, a pattern-data 
generator, a scanning-electron mi-
croscope, a computer-controlled de-
flection system, an automatic X-Y 
table, and a laminar-flow load lock. 
Complete operator training is also 
provided. The operator, using the 
system's interactive graphic display, 
can design a device and then write 
the required patterns immediately 
on a silicon wafer or other substrate 
by means of the electron-beam gen-
erator. 
The conventional method of de-

velopment and fabrication typically 
depends on a computer-aided sys-
tem for design, but then requires 
rubylith cutting and photo gener-
ation or optical pattern-generation 
and photo-reduction. Both systems 
produce masks that are used to ex-
pose wafers and fabricate devices. 
An important function of the 

EBMG-600 is its scanning-electron 
microscope, which enables problems 
with devices to be found quickly. An 
ultra-low-voltage operating mode 
permits inspection of substrates 

without exposure of the resist-
coated pattern, and insulators can 
be examined in the field-emission 
microscope without metal coating. 
Accelerating voltage for the micro-
scope is variable from 0.5 to 20 kilo-
volts. 
As a pattern-generator, the sys-

tem can create designs by combin-
ing any of three basic operating 
modes: rectangular geometries, vec-
tors, and point-by-point plots. The 
system has a 14-bit (16-bit optional) 
high-speed digital-to-analog con-
verter, an effective writing field of 
1.6 by 1.6 millimeters, and resolu-
tion and deflection accuracies within 
0.1 micrometer. Larger fields can be 
scanned with less resolution. Depth 
of field is approximately 100 gm at 
1-gm resolution. Pattern-edge 
sharpness is 0.05 p.m. 

Stepping motors can position the 
X-Y table in 3-gm steps over 1 by 1 
inch at the rate of 1 millimeter per 
second. Optional are tables measur-
ing 2 by 2 and 3 by 3 inches, X-Y 
tables controlled by laser inter-
ferometers, and automatic align-
ment. 
Radiant Energy Systems Inc., 1500 Law-

rence Dr., Newbury Park, Calif. 91320 [391] 

Bonders process 

devices fast 

A series of bonders for handling 
semiconductors or hybrid circuits at 
high speeds includes both a wire 
bonder and a die bonder. The die 
bonder, the model HDB-980, offers 
a choice of two die pickup and 
placement targeting modules. Cycle 
rate is 3,600 dice per hour. The wire 
bonder, the model TCB-440, a 
steady-heat version, or the HPB-440 
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pulsed version, offers a cycle rate of 
6,000 bonds per hour. These bond-
ers are equipped with a target and 
spot bond locator to eliminate 
search requirements. 
Hughes Metal Bonding Products, 2020 

Oceanside Blvd., Oceanside, Calif. 92054 

[394] 

Ultraminiature connectors 

permit dense packaging 

A line of ultraminiature coaxial con-
nectors and multicontact connectors 
with four, seven, and 12 pins satis-
fies needs for high-density pack-
aging in space, aircraft, instrument, 

41368" 11 I 

and medical applications. Assembly 
is also simplified since parts are 
partly pre-assembled at the factory. 
For example, a coaxial-cable assem-
bly is fabricated simply by thread-
ing the cable into the plug. Price is 
as low as 95 cents in quantities over 
1,000. 
Microtech Inc., 777 Henderson Blvd., Fol-

croft, Penn. 19032 [393] 

Laser scriber handles 

up to 100 wafers an hour 

A laser wafer-scriber for semicon-
ductor and integrated-circuit pro-
duction has a maximum of 100 wa-
fers per hour. The model 1400AX 
has only one moving part, an 
electromagnetic "forcer" unit that 
moves over a ferromagnetic platen 
on an air bearing, thus avoiding the 
wear and recalibration problems of 
mechanical techniques. The forcer 
unit carries a vacuum wafer chuck. 

Accuracy is within 0.0005 inch over 
the total area of travel, and the 
scribing speed is variable from 0.5 
to 10 inches per second. Price of a 
basic model 1400AX is about 
$63,500. 
Electroglas, 2901 Coronado Dr., Santa 

Clara, Calif. [395] 

High-power dissipators 

designed for DIP pairs 

Heat dissipators, called the UP-348-
CB and HP1-348-CB and config-
ured for two 14- or 16-pin DIPS, are 
suitable for devices such as Darling-
ton amplifiers, resistor networks, 
solid-state relays and voltage regu-
lators. The HP1, for example, can 
dissipate almost 8 watts in a closed 
cabinet with natural convection. 
The units are designed to be used in 
conjunction with the IERC standard 
retainer, which provides a thermal 
interface between the DIP and the 
dissipator. 
International Electronic Research Corp., 135 

W. Magnolia Blvd., Burbank, Calif. [396] 

Termination mates with 

edge-mount connectors 

Easy access to circuitry is provided 
by a termination that mates with 
standard edge-mount printed-circuit 
connectors. With a simple pull-
slide-push action, the modular 11-
position Slide 'n Switch circuit-se-
lector switches from one circuit to 
another without contact with inter-
mediates. A special bus that is con-
tacted during the switch-out posi-
tion serves as a warning or make-
ready circuit. 
Sealectro Corp., 225 Hoyt Street, Mamaro-

neck, N.Y. 10543 [397] 

We've made 
a 

great tape 
transport 
a lot better. 

vw,re 

take a look 
at 

CONRAC 

Now, there's no reason for you to 
"trade-off" when specifying an audio 
cassette tape transport... not if you 
specify the Conrac CAS-4. Here are 
only a few reasons why: • USA de-
signed and manufactured • 3 motor 
design • No mechanical clutches or 
brake bands required • Designed for 
remote control • OEM priced. soi 

Write for descriptive brochure 

PCORPORATION 
CRAMER CIVIMON 

Mill Rock Road. Old Saybrook, Conn. 06475 
(203) 388-3574 
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Bern Go'beck's nifty idea 
gave a crisp new feel 
to rotary switches. 

A few years back, Oak's Director of Engineering, Bern Golbeck, had a hunch. 
Use two ball bearings instead of one, and let them index a simple starwheel. 
This would give crisp detenting while greatly reducing the wear on any single moving part. 

It worked. The two ball bearings, controlled by flat springs, travel independently 
over notches in the starwheel. Detenting is smooth, even and sure. 

Positioning is precise. And it gives a crisp, uniform feel that you're 
sure to recognize. 

We call this fancy detent system Unidex, and it's just one of many 
improvements Oak engineers like Bern have pioneered. 
Since Unidex, we've added molded rotors and molded sections 
to our rotaries—innovations that are now benchmarks of the 
industry. And today we're busy incorporating PC board mountings 
into almost all our switch designs for the quickest and simplest 
installation possible. 

We think you and the people who use your products 
will notice the difference great ideas like Unidex make.Just try, 
for example, the storage select switch on an IBM System/ 370 Model 145 
operator's console. Or the sweep selector on a new Hewlett-Packard 1220A 
oscilloscope. You'll feel it. 

While you're at it, write Dave Clifton at Oak. 
He'll send you free literature detailing the broadest line of 

quality rotaries in the industry. And he'll pass along some of Bern's 
helpful ideas on how to choose the right rotary switch for your job. 

hithistrits hit'. 
SWITCH DIVISION/ CRYSTAL LAKE ILLINOIS 60014 

TELEPHONE: 815 • 459 • 5000 • TWX: 910 • 634 • 3353 • TELEX. 72 • 2447 

"Nice going Bern 
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New products 

Components 

SIP capacitors 
are molded 

Sprague line of eight-lead 

packages contains seven 

ceramic capacitor sections 

For many years, dual in-line pack-
ages have seemed about to eclipse 
all other types of passive-network 
and multicomponent packages. But 
now Sprague Electric Co. is coming 
out with a line of molded single in-

SPRPGUE 

e,  e, e, e, e,  

line packages containing seven ca-
pacitor sections. The eight-lead 
components are the first molded SIP 
versions of a capacitor network to 
be offered by the company. 

DIPS are compatible with auto-
matic insertion equipment used for 
Ics and provide a low profile for 
small board-to-board spacing, 
whereas the competing slPs have 
been epoxy-dipped rather than 
molded, giving them much wider di-
mensional tolerances and making 
automatic insertion all but impos-
sible. A molded si P package, on the 
other hand, has the tight dimen-
sional tolerances that would allow 
use with automatic insertion equip-
ment. 
What's more, the SIP has its own 

set of advantages. For one thing, 
cooling is possible from both sides 
of the package. For another, two 
SIB can be mounted in the same 
board space as one standard DIP. 

Then, too, lead length is shorter for 
single in-line packages, and the re-
sulting lower level of lead induc-
tance means improved high-fre-
quency performance. 

Sprague's new SIP line is available 
in values from 18 picofarads to 0.01 
microfarad at a rating of 100 volts 
dc. Standard tolerances are -±20% or 
±-10%, although ±5% units are avail-
able. Designated the Type 460C 
Multi-Comp single in-line Monoly-
thic ceramic capacitor networks, 
they are intended for use in signal-
and data-processing equipment 
where repetitive capacitor values 
and patterns are often required. 
Sprague Electric Co., North Adams, Mass. 

01247 [341] 

Mercury displacement relay 

has 35-ampere capacity 

Hermetically welded and enclosed 
in stainless steel, a mercury dis-
placement relay rated at a capacity 
of 35 amperes has a life expectancy 
of several million operations. Its op-
erating time is 50 milliseconds typi-

34 

cal, and its release time is 80 milli-
seconds typical. Contact resistance 
is less than 0.002 ohm, terminal to 
terminal. Operating temperature is 
from -35° to +75°C ambient under 
continuous load. 
Magnecraft Electric Co., 5575 N. Lynch 

Ave., Chicago, III. 60630 [345] 

Solenoid valves mount 

directly on pc boards 

For applications where valves must 
be small and their power consump-

tion low, notably in medical instru-
mentation, computer interfaces with 
hydraulic or pneumatic machinery, 
and gas-sampling for pollution con-
trol, the series 11, two-way, three-
way, and directional control min-
iature solenoid valves will be useful. 
Spade lugs, which may be rotated, 
let each model mount directly onto 
a printed-circuit board. Because air 
controls can be brought directly to 

the electronic circuitry, this is a 
space-saving feature that is espe-
cially important in portable equip-
ment. Other features include a life 
expectancy of greater than 100 mil-
lion cycles, a current rating of 150 
MA at 12 v dc, and operating pres-
sure of vacuum to 50 psi. Price is 
$15 in quantities of one to nine. 
Linear Dynamics, 204 Andover St., Andover, 

Mass. 01801 [343] 

Precision potentiometers 

include 3-, 5-turn devices 

The Pixiepot line of miniature preci-
sion wire-wound potentiometers 
now includes three- and five-turn 
devices. These pots are 3/4 inch long 
and 7/8 in. in diameter and have a 
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6 times 
brighter red. 

HP brings you three new LED's that 
are many times brighter than our standard 
T-1 red lamps. All offer a 180° viewing 
angle, plus high axial luminous intensity 
and a good on-off contrast ratio. Ideal 
for front panel applications. 

Our new green lamp (5082-4984) uses 
high efficiency gallium phosphide to 
generate a typical luminous intensity of 
2 mcd at 20 mA. 

Our new yellow LED's are really yellow. 
The 5082-4584 lamp offers 2.5 mcd 
typical at 10 mA. 

And red has been dramatically brightened 
six times in output using non-saturating 
gallium arsenide phosphide.With a 
luminous intensity of 2.5 mcd at 10 mA 
our 5082-4684 high-efficiency red is 
unbeatable. 

Just $0.80'in 100 quantities. 

Contact Hall-Mark, Schweber or the 
Wyle Distribution Group for immediate 
delivery. Or, write us for more details. 
They're the brightest way to improve 
your product. 
'Domestic USA price only. 01404 

HEWLETTà& PACKARD 

Sales and service from 172 offices in 65 countries. 
1501 Page 14.11 Road Palo Alto, Caldorma 44304 
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mechanical life of 500,000 shaft rev-
olutions. The shafts are made of 
stainless steel and are available in 
metric versions, along with metric 
bushings. 
Duncan Electronics, 2865 Fairview Rd., 

Costa Mesa, Calif. 92626 [346] 

Relay built for rf or 

thermocouple circuitry 

A printed-circuit board is an inte-
gral part of a relay that is to be used 
in rf or thermocouple circuitry. The 
board allows intricate conductor 
patterns to be designed that both 
serve as the fixed contact and pro-
vide any characteristics needed in 
specialized switching applications. 
The width, spacing and configura-
tion of the patterns, as well as the 

application of grounding planes, 
can be adjusted to (1) match the 
characteristic impedance of incom-
ing transmission lines in the range 
of 50-75 ohms, (2) achieve cross-
talk isolation of 70-50 dB. over the 
frequency range of 50-250 MHz, and 
(3) yield an acceptable VSWR. For 
thermocouple switching, the copper-
conductor pattern on the printed-
circuit board is first plated with a 
nickel barrier, then with hard gold. 
Printact Relay Division, 29-10 Thomson Ave-

nue, Long Island City, N. Y., 11101 [347] 

Reference junction 

replaces ice baths, ovens 

The model LXCJ thermocouple ref-
erence junction is a self-powered re-
placement for ice baths and ovens. 

A battery life indicator, which tells 
the user when the life of the 5,000-
hour mercury power cell is over, 
eliminates the need to reference the 
thermocouple to the ice point of wa-
ter and is said to maintain reference 
accuracy to within 0.25°C when the 
ambient varies by 10°C. Fifteen dif-

lef_W 

ferent calibrations are available for 
the unit, the price of which starts at 
$85. 
Omega Engineering Inc., Box 4047, Stam-

ford, Conn. 06907 [344] 

Curve-matched thermistors 

are rated to 300 ohms 

Now available as part of the Uni-
Curve line of interchangeable, 
curve-matched thermistors are: 100-
and 300-ohm units at 25°C with an 
accuracy within -±0.2°C over -20°C 
to 50°C, plus 500- and 1,000-ohm 
units at 25°C with an accuracy 
within -±0.2°C from 0°C to 70°C. 
The thermistors are designed specif-
ically for high-volume, low-cost ap-
plications where maximum tem-
perature does not exceed 150°C. 
Applications include temperature 
measurement, indication and con-
trol, and compensation for ambient-
temperature effects on copper coils, 
transistors, and integrated circuits. 
Fenwal Electronics, 63 Fountain St., Fram-

ingham, Mass. 01701 [349] 

8-ampere solid-state relay 

has true zero-crossing 

The type Ell relay, which is rated at 
8 A and can handle transients as 
high as 100 A, will be useful in 
switching motors, solenoids, or with 
incandescent lamps. Moreover 
being compatible with both TTL and 
c-mos devices, the type Ell can be 
interfaced directly with computers 

ALLIED CONTROL 

El 1-1202N 

INPUT 7-15 VDC 

OUTPUT 260 VAC 
8 AMPS 

50-60 Hz 

and heavy-duty industrial equip-
ment. True zero-crossing eliminates 
electrical noise from the relay, 
which also features input/output 
isolation and is epoxy-encapsulated 
against hostile environments. Dc 
models are reverse-polarity-pro-
tected. 
Allied Control Co. Inc., 100 Relay Rd., 

Plainfield, Conn. [348] 

Overvoltage protectors 

handle up to 16.5 V dc 

Smallest in the series 10 dc over-
voltage protectors for semicon-
ductor circuits is a 5-ampere hybrid 
dc device. Its thick-film hybrid cir-
cuit contains a sense amplifier, con-
trol circuit, and SCR crowbar. A 
voltage transient or overvoltage at 
or above the selected trip point 
causes the SCR to fire, shunting the 
line to ground within 500 nanosec-

onds, before any damage can be 
done. The short is sensed by an ex-
ternal device, such as a circuit 
breaker, which removes the load 
from the line about 10 milliseconds 
later. For operating currents higher 
than 5 A, protectors are made of dis-
crete components and offer the 
same protection, economy, and ease 
of assembly onto circuit boards. The 
series 10 dc can handle up to 10 A; 
the series 30 dc, 30 A. For all mod-
els, standard trip voltages are 6.5 
and 16.5 v dc, with 5.5 and 32 NI dc 
available on special order. 
Heinemann Electric Co., Trenton, N.J. 

08602 [350] 
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Plug-in transformers 
specifically designed for 
telephone interconnect! 

Low-profile line meets or exceeds 
all modem and voice transmission 
impedance-matching requirements. 

If you're designing modem or voice interconnect equipment 
you now have a complete line of TRW/UTC plug-in trans-
formers to work with. 

They are specifically designed for the telephone inter-
connect market, meeting or exceeding all specifications for 
low distortion, longitudinal balance, insertion loss and return 
loss balances. 

What's more, our low-profile Ouncers, Subouncer and 

Sub-subouncer units are designed for wave soldering and 
quick insertion on card mounts. 

TRW/UTC is the leader in transformer miniaturization. 
We have the capacity and expertise to deliver the exact 
impedance-matching transformers you need. 

For complete information, call or write TRW/UTC Trans-
formers, an Electronics Components Division of TRW, Inc., 
150 Varick Street, New York, N.Y. 10013. Tel: (212) 255-3500. 

TRW UTC TRANSFORMERS 
Circle 139 on reader service card 
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New products 

Data handling 

Mini consists of 
two small boards 

SOS technology, novel 

packaging of 32k memory 

used in 16-bit machine 

Less than six months after introduc-
ing the industry's first silicon-on-
sapphire microcomputer [Electron-
ics, Dec. 6, p. 39], General Automa-
tion has developed a full 16-bit sos 
minicomputer [Electronics, May 16 
p. 38]. 
The microprocessor-based com-

puter system consists of two circuit 
boards, each measuring only 73/4 by 
11 inches. The first, a two-chip mi-
croprogramed processor, designated 
the LSI-16, has the full capability of 
GA'S earlier SPC-16 minicomputer. 
With 1,024 words of memory, it is 
priced under $1,000 in lots of 200. 

The second board is a 32,768-
word-by-18-bit (16 bits plus parity) 
memory system. also on a single 73/4-
by-11-inch board. This high density 
is achieved by mounting 1103-type 
mos memory chips in groups of 
eight on ceramic substrates that 
plug vertically into the mother 
board (see photo below). GA buys 
unpackaged 1103-type chips and 
houses them in hybrid packages of 
its own design, an unusual proce-
dure for a minicomputer house. 

Each substrate provides a 
1-kilobyte building block, and the 
memory can be expanded in the 
field in 4-kiloword-by-16-bit blocks. 
Cycle time is under 500 nanosec-
onds, and access under 300 ns. The 
mother board is a six-layer circuit 
board made by a GA subsidiary. The 

memory can be expanded to 128 
kilowords by replacing the 1103 
chips with 4,096-bit RAMs. 
The minicomputer and its 

memory, according to Lawrence 
Goshorn, GA chairman and chief 
executive officer, permit the com-
pany to "offer in two small printed-
circuit boards all the power and per-
formance previously found in six 
large circuit boards in the original 
SPC-16 minicomputer." 
The two SOS chips on a board that 

make up the processor, are an arith-
metic logic unit and a control read-
only memory. The ALU packs the 
equivalent of 8,000 transistors in a 
chip 200 mils square. The control 
ROM contains the control functions 
for the ALU chip. Both are made by 
Rockwell Microelectronics. 

Standard features include power 
fail/automatic restart, real-time 
clock, operation-monitor alarm, and 
a cold-start capability right on the 
single CPU board. A second board 
provides such optional features as a 
teletypewriter controller, initial pro 
gram load, direct memory address, 
and a piggyback read-only memory. 
A 32-kiloword minicomputer sys-

tem, including the chassis, is priced 
at $9,450 in the minimum quantity 
of five units, and is less than $5,700 
in quantities of 200. 
The LSI-16 and the 32-kiloword 

memory board will be available for 
deliveries late in 1974. 
General Automation Inc., 1055 South East 

St., Anaheim, Calif. 92805 [361] 

Firmware provides 48 bits 

of floating-point routines 

Improvements in execution time 
by factors of 7 to 15 can be achieved 
on the Hewlett-Packard 3000 Series 
minicomputers with long floating-
point firmware. Designated the 
30011A extended instruction set, the 
firmware consists of a single plug-in 
circuit board that contains a set of 
48-bit-long floating-point routines 
stored in a bipolar read-only 
memory. Executing these routines 
with a fast microcode boosts 
throughput efficiency of the pro-
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grams. The six arithmetic instruc-
tions this firmware provides are long 
floating-point addition, subtraction, 
multiplication, division, negation, 
and comparison. Each instruction is 
associated with its own machine 
code. The compiler generates a 
subroutine call to the program li-
brary where the subroutine is 
changed to a machine code. Execu-
tion of the code calls a firmware 
routine so the microprocessor can 
execute the instructions at high 
speed. The extended instruction set 
sells for $2,250. 
Inquiries Manager, Hewlett-Packard Com-

pany, 1501 Page Mill Road, Palo Alto, Calif. 

94394 [363] 

Process-control display 

replaces tote boards, meters 

A process-control display, offering 
both alphanumeric characters and 
graphics, is designed to replace tote 
boards and meters conventionally 
used in process-control systems. Ap-
plications for the model FS2000 in-
clude: power-utility control, to 
monitor power distribution by mea-
suring which switches and trans-
formers are on; financial-manage-
ment information, where infor-
mation such as sales data stored in 
the CPU can be instantaneously 
plotted in bar-chart form and dis-
played; and fluid control, in a petro-
leum or chemical plant, for ex-
ample. Equipped with 128 
characters in four sizes (single and 
double height, and single and 
double width), the display can plot 
histograms and trend lines in rec-
tangular form with the use of rectili-
near graphics. The FS2000 also al-
lows the user full screen address, 
where any entity can be placed in 
any of 256 by 256 locations. 
Graphic lines requiring only four 
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bytes can be generated in any thick-
ness or length. The use of rectilinear 
graphics gives the capability of 
plotting graphs by means of a single 
code instruction, rather than by the 
one-by-one matching of graph dots 
to each unit on the chart, as in order 
systems. A one-channel display 
costs $8,000, and the price is about 
$4,000 for each additional channel. 
Ramtek Corp., 292 Commercial St., Sunny-

vale, Calif. 94086 [364] 

Disk system can store 

up to 200 million words 

A large-capacity disk system that 
will give minicomputer users access 
to up to 200 million words of on-line 
memory is designated the DS330. 
The package consists of a controller 
and from one to four disk drives, 
each capable of storing up to 50 mil-
lion 16-bit words. Designed to inter-
face to the direct-memory-access 
channel of the TI 960 and 980 series 
minicomputers, the DS330 offers 
features generally found only in 
larger IBM and Univac systems, 
Texas Instruments says. 
The controller, for example, pro-

vides data chaining, for transfer of 
data between disk and noncon-
tinuous memory locations, as well as 
data-error detection and correction 
logic. It also transfers data in blocks 
of from one to 119,000 words per 
block and operates at a rate of more 
than 403,000 words per second. 
Eight data-transfer commands are 
standard, including unformatted 
read and write, read with or without 
error correction, write header and 
data, write data with or without pro-

NEWS 
FROM 

AIRPAX 

about 

Magnetic 
and Digital 
PICK-UPS 
Airpax manufactures "passive" analog and "active" 
digital transducers (pick-ups) to provide the most 
effective and accurate means of converting 
mechanical motion into usable voltage control 
signals ...without mechanical linkage. These 
magnetic pick-ups operate by accurately detecting 
moving ferrous discontinuities. Want to know more 
about pickups?... How is the selection made? 
How does the gear or discontinuity affect 
the pick-up output? 

These questions are answered 
in the new 20 page AIRPAX Text #8510 

"MAGNETIC PICK-UPS 
AT WORK." 

Send for it today! 

AIR PAX 
Controls Division 
P.O. Box 8488 
Fort Lauderdale, Florida 33310 

Phone 305 587-1100 
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New products 

tect override, and compare data. 
Other controller features include a 
variable-length record format, ac-
cepting one to more than 6,000 
words, and built-in testing of the 
computer-to-controller interface. 
The controller will sell for $15,960; 
disk drives are tagged at $17,650. 
Texas Instruments Incorporated, Digital Sys-

tems Division, Box 2909, Austin, Texas 

78767 [365] 

Paper-tape reader operates 

to 450 characters/second 

The Fly Reader model 45, a photo-
electric punched-paper-tape reader, 
performs bidirectional or ran-
domiaperiodic character readings 
at speeds up to 450 characters per 
second. The unit can read 1-inch 

OUR ANGLE 
More Synchro Conversion 
For Less Cost 

with our 
S/D and 

DIS modules 

How does a choice of 14-bit resolution (greater for 2-speed S/D), 60 
or 400 Hz data frequency, high accuracy, 11.8V to 90V line-line voltages 
and all kinds of self-protection circuitry — look from your angle? Not to 
mention that as few as 5 modules make up a complete S/D or DIS 
converter, or that all modules are replaceable one-for-one without trim-
ming! And, economically too! 

New 2-speed S/D sets are now available with accuracies typically 
better than 20 seconds from all error sources including resolution. D/S 
specifications include 4 minute accuracy, 1.25 VA output with optional 

20 VA output for torque receiver applications. 
Key performance specifications for both converters include 14-bit 

(0.022°) resolution over 360°, 4000°/sec analog data rates and 0-70°C 
operation. Some units available for operation. trom —55°C to +105°C. 

All units are DTL and TTL compatible. 
Prices start at $650.00 for a set of modules. Delivery from stock. 

Call toll-free (800) 645-9200 for the name and address of your local 

sales engineering representative. 

NOR., I-1 ATLANTIC industries, inc. 

200 Terminal Drive, Plainview, New York 11803 • Phone (516) 681-8600 
California District Office: 13418 Wyandotte Street, N. Hollywood, CA 91605 • Phone (213) 982-0442 

tape having having transmissivity of less 
than 60%, including oiled paper, 
Mylar and metalized Mylar. An op-
tion also allows it to read advanced-
feed-hole typesetting tapes. The 
light source is a spring-loaded line 
filament lamp, rated at 5 volts, with 
15,000 hours of life. The nine pho-
totransistors in the detector array 
are pre-matched with a worst-case 
output of 3 V. Output is fed to a 
high-input-impedance Schmitt trig-
ger that supplies 2 v of noise im-
munity. The tape drive uses a step-
per motor that dissipates 4 watts. 
The model 45 costs $625 in lots of 
1-10. 
Teleterminal Corp., 12 Cambridge St., Bur-

lington, Mass. 01803 [366] 

Microprocessor emulates 

larger computer systems 

The Micro-One microprocessor, 
which is suited for dedicated vol-
ume applications, can be micro-
programed to emulate other gen-
eral- or special-purpose computers. 
Interface hardware is available to 
provide plug-to-plug compatibility 
with other Microdata computers 
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When performance counts! 

and peripherals. The Micro-One is a 
microprocessor version of the Mi-
crodata 800/1600 series computer. 
With 1,024 words of Rom and 1,024 
bytes of mos memory, it occupies 
one 81/2 -by-11-inch board. The small 
size is achieved by utilizing Roms 
for the control logic of the central 
processing unit. Features and oper-
ating characteristics of the Micro-
One include: bipolar circuitry; CPU 
and command ROM on one board; 
memory addressing to 65,000 bytes; 
compatibility with mos or core-
memory modules; 1.2-microsecond 
full cycle memory, and an 8-bit 
arithmetic/logic unit. Price is less 
than $1,000. 
Microdata Corp., 17481 Red Hill Ave., Irvine, 

Calif. 92705 [367] 

Floppy disk offers 

48 tracks per inch 

A random-access diskette or floppy-
disk memory system for the Prime 
line of small computers is priced at 
$4,700. The system includes dual-
diskette drives, controller board, 
power supply, mounting hardware 
and cables. The diskette has 77 
tracks (48 tracks to the inch), with a 
recording density of 3,200 bits per 
inch. It spins in the drive at 360 rev-
olutions per minute. The drive is a 
moving-head, contact-recording, 
small-cartridge drive, while the 
floppy-disk system features a trans-
fer rate of 250,000 bits per second, a 
10-millisecond track-to-track access 
time and a 10-millisecond head-
settling time. Other features include 
an 83-millisecond average latency, a 
50-millisecond head-loading time, 
and a frequency-modulation record-

Electronics/May 30, 1974 

For a long time, 
Eastern Air De ices 
has meant , 
the jbest 
fans and blowers 
you can get. 
That's still tr 
today. 

Eastern Air Devices, Inc. 
Dover. N H 03820 • (603) 742-3330 • TVVX 510 297-4454 

Syn & Ind Motors • Gearmotors • Fans • Blowers 
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ASSEMBLED COUNTERS 
FROM HEATH: 

«VE PUT TOGETHER THE HIGH 
PERFORMANCE AND LOW COST 

YOU'VE COME TO EXPECT 
FROM US OVER ruiw YEARS 

the $225, 30 MI lz, 
autonmging counter 

SM-118A 

the $325,110 MHz, 7-digii 
autoranging counter 

SM-128A 

the $395, HO Ml lz, 
high stability, autoranging counter 

SM-128B 

the $495,200 Ml Iz. 7-digit 
counter 

SM-110A 

the $625,200 MHz, 7-digit. 
high stabilit> programmable counter 

SM-110B 

the $795, 600 MHz, 7-digit, 
high stability. programmable counter 

sm_iloc 

Schlumberger 

HEATH COMPANY 

we haven't forgotten 
what you want 
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ing mode. The read error rate is 1 x 
109 bits read (soft error) and 1 x 
10 12 bits read (hard error). The 
seek-error rate is one in 106 seeks. 
Prime Computer Inc., 17 Strathmore Rd., 
Natick, Mass. 01760 [368] 

Data recorder provides 

line-printing capability 

A range of simple but time-consum-
ing computer operations may be 
eliminated by a data recorder with 
line-printing and reporting capabili-
ties. Called the Data Reporter, the 
on-line printer is designed for the 
family of Decision Data 96- and 80-
column data recorders and prints 
information from a buffer storage 
located within the controlling data 
recorder. Speed of the Data Re-
porter is 100 characters per second 
for multi-part as well as single-copy 
paper. The number of distinct char-
acters that may be printed is 64. 
Decision Data Computer Corp., 100 Witmer 
Rd., Horsham, Pa. 19044 [369] 

Buffered formatter stores 

up to 4,096 characters 

A buffered formatter features auto-
matic rewrite and reread, external 
parity, and data storage capacities 
of up to 4,096 characters. The unit 
provides asynchronous data transfer 
to and from the Pertec line of syn-
chronous magnetic-tape transports. 
Designed to increase capacity and 
throughput, the formatter can make 
single-block transfers into and out 
of the buffer at asynchronous rates 
from zero through 1 MHz, and con-
tinuous data transfers with no data 
loss, at rates up to 80 kHz (phase-en-
coded) or 50 kHz (NRzi), are pos-
sible. Applications for the buffered 
formatter include asynchronous 
data acquisition, minicomputers, 
off-line tape-oriented systems, data-
entry systems, plotters, printers and 
computer-output-microfilm systems. 
Pertec Corp., Peripheral Equipment Division, 

9600 lrondale Ave., Chatsworth, Calif. 
91311 [370] 

EMI FILTERS 

J[Pl'll'AD 
SL Jnon 

Pi Filters 
Bushing sizes from .156 
hex. to .500 hex. 
Rated 50 Vdc to 2500 Vdc 

L Section Filters 
Available in these outside 
diameters .250, .312, 
.375 & .690 
Rated from 10 to 25 
amps and from 50 Vdc 
to 240 Vac 

L, Pi, T Section Styles 
.375, .410, .690 max. o.d. 
Ratings range from 50 
Vdc to 150 Vdc 125 Vac 
to 240 Vac 10 amps to 25 
amps 

Multi-section Filters 
6 section, 12 section 
and many custom 
styles. U. L. types 
also available. 

L Filter 
Solder Mount 
Rated 500 Vdc 

Pi Filters 
Solder Mount 
Rated 250 Vdc to 500 Vdc 

cÇ)7 

—EMC CONSULTING— 
APPROVED TESTING 
FACILITIES TO MEET: 

MIL-STD-461 HEW 90-602 

MIL-I-6181 FCC PARTS 15 & 18 

SPECTRUM CONTROL, INC. has purchased 

the ALLEN BRADLEY COMPANY'S entire 

line of filters and capacitors, as well as their 

technology and patent rights. This acquisi-

tion now gives SPECTRUM CONTROL the 

broadest line of EMI/RFI filters and feed-

thru capacitors in the electronics industry. 

We also hold more OPL listings to MIL-F-

15733 than any other filter manufacturer. 

So whenever you need total capability, look 

to SPECTRUM CONTROL. 

FEED-THRU 
CAPACITORS 

The most complete ranges 
of sizes, cap. values, and 
ratings, for your selection. 
MIL-C-11015 types. 

CERAMIC 
TRIMMERS 
A full line of variable 
capacitors available 
in .218, .375 & .500 
dia. MIL-C-81 types. 

MULTI-LAYER FEED-THRU 
CAPACITORS 

These unique components 
are available in a wide 
range of capacitance 
values to 1 MFD. 

Multi-layer feed-
thru capacitors and 
miniature feed-thru 
filters designed for 
filtered connector 
pins. 

CERAMIC CHIP 
CAPACITORS 

Available in sizes from 
.080 x .050 x .050 to 
.375 x .285 x .090 and 
the following dielectric 
characteristicse0G, 
X7R, X7S and X7U. 

SPECTRUM CONTROL INC. 
152 EAST MAIN ST.• FAIRVIEW, PENNSYLVANIA 16415 

IA specialists in electromagnetic compatibility 
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All those little 
wires have been 
pushed around 
long enough. 
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Until now, all those wires have been at the mercy of 
packaging materials that expand when things get hot. 

So we developed new Dow Corning®480 semiconductor 
molding compound. 

Dow Corning 480 has a low coefficient of thermal 
expansion. 

So it virtually eliminates the hot intermittent open. And 
moisture penetration. 

Which means that an integrated circuit stays integrated. 
Through all sorts of temperature and atmospheric extremes. 

But that's not all that's different about 480 molding 
compound. 

Its resistance to salt spray is excellent. 
And it reduces your packaging costs because it saves 

time. Molding times are short—less than one minute for 
some components. Post curing is unnecessary. 

Of course, Dow Corning 480 molding compound also 
has the advantages of our other silicones. Consistency. Long 
shelf life. Less cleaning downtime because there's no buildup. 
Non-flammability. And, because it doesn't irritate skin, 
there's no need for special handling. 

Dow Corning 480 semiconductor molding compound 
is the kind of improved product you can expect to keep 
getting from Dow Corning. Our Technical Service and 
Development Department has more manpower and greater 
technical facilities than any other in the industry. 

If you want to know more about 480, call us at 517 
636-8000, or write Dow Corning Corporation, Dept. B-4334, 
Midland, Michigan 48640. DOW CORNING 

11,11V 
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New products 

Subassemblies 

Keyboard is 
watch size 

17-key unit for tiny 

calculator uses layer 

of conductive rubber 

The trend toward miniaturization in 
electronics is being pushed even fur-
ther by the watch industry, which is 
showing interest in wristwatch-size 
calculators. Chomerics Inc. of Wo-
burn, Mass., is responding to this in-
terest by introducing a keyboard 
measuring only 3/4 by 1 inch with 17 
keys on 5/32-inch centers. 
The key array includes a moving 

decimal point, constant, clear, mul-
tiply, divide, add-equal, and sub-
tract-equal keys that are as easy to 
read as a watch face. The full calcu-
lator would probably have either a 
four-digit liquid-crystal display or a 
six-digit light-emitting-diode read-
out. 

This keyboard makes use of Cho-
merics' materials technology in con-
ductive elastomers, paints, and inks, 
and its capability in full-size key-
boards. The miniature keyboard 
uses the same materials as the large 
subassemblies, but they are put to-
gether differently. The keyboard 
consists of a phenolic printed-circuit 
board, screened with a silver paint 
that provides a permanently con-
ductive contact surface. 

Over this is laid a 0.005-inch-
thick Mylar spacer with holes di-
rectly under the keys, a layer of con-
ductive rubber, and a Mylar legend 

sheet that has the keys on it. When 
the Mylar is deflected, an electrical 
impulse that is set up in the conduc-
tive rubber travels through the holes 
in the Mylar spacer to the printed-
circuit board. 

Typical contact rating of the min-
iature keyboard is 30 to 40 milliam-
peres at 12 volts, lower than for a 
full-scale keyboard, since the lines 
plated on the pc board are shorter. 
Contact resistance is typically 0.1 
ohm, plus the circuit board resist-
ance. Contact bounce, the time it 
takes to close a contact, is a max-
imum of 5 milliseconds. Life is 50 
million operations, and operating 
force is 3 to 5 ounces. Operating 
temperature ranges from -40°F to 
+ 180°F. Encoding capacity is up to 
three contacts per key. 
Chomerics says the keyboard was 

developed as a result of inquiries 
from watch companies, and samples 
have been supplied to at least 10 of 
them. In volume, the manufacturer 
says, the keyboards could sell for 
less than $2 each. 
Chomerics Inc., 77 Dragon Court, Woburn, 

Mass. 01801 [381] 

Voltage sources are 

digitally programed 

Modular, digitally programed volt-
age sources, designated the models 
4800 and 4801, may be used in com-
puter-controlled test equipment and 
process-control systems and can be 
interfaced with any minicomputer. 
Each model combines a digital-to-
analog converter with a high-pow-
ered output stage, digitally pro-
gramable current limit, digitally 
programable output ranges, storage 
registers for all digital inputs, cur-
rent sense output, and digital output 
flags to indicate current limiting and 
voltage settling. The units have two 
digitally selectable output voltage 
ranges; ±-10 vdc and -±60 vdc, both 
at 200 mA. Output settles to -±0.01% 
in 100 ius to facilitate high-speed 
testing. The 4800 and 4801 will 
safely drive capacitive loads to 1 pf. 
The load regulation is ±-0.0015% full 
load to no load. Output accuracy is 
within ±-0.012%. Price for one to 

nine units is listed as $650 each. 
Burr-Brown Research Corp., International 

Airport Industrial Park, Tucson, Ariz. 85706 

[384] 

Dividers offer accuracy 

without external trimming 

The model 540 family of dedicated 
dividers uses an improved version of 
the variable transconductance tech-
nique to achieve accuracies within 
-±0.5% (model 540J), ±-0.25% (model 
540K) and ±-0.1% (model 540L) over 
a 100-w-1 divisor range without re-
quiring external trimming. The di-
viders' error-nulling technique also 
ensures that the accuracy will be 
stable over the full temperature 
range. The model 540 family gener-

FUNCTION 
MODULES, INC 

ID 540K 
DIVIDER 

FUNCTION 
MODULES. INC. 

rifî .5401 
DIVIDER 

ates a two-quadrant division func-
tion directly where the accuracy can 
be optimized for dividing. The out-
put bandwidth is nearly indepen-
dent of divisor magnitude. Price of 
the 540J is $69; the K version, $89; 
and the L version, $139. Quantity 
discounts are available. 
Function Modules Inc., 2441 Campus Dr., Ir-

vine, Calif. 92664 [386] 

Dc power supplies provide 

constant-current capability 

Offering control of current to within 
0.1% for special inductive-load re-
quirements, a series of constant-cur-
rent dc power supplies comes in a 
variety of types with compliance 
voltages from 8 v dc to 30 v dc and 
adjustable current ratings from 0.1 
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to 12 amperes. The supplies are suit-
able for resistive measurements, and 
for circuits incorporating lamps or 
light-emitting diodes. The units are 
available in OEM quantities at a 
price of $55 to $125. Quantity dis-
counts are also offered. 
Standard Power Inc., 1400 S. Village Way, 

Santa Ana, Calif. 92705 [389] 

Spike-rejecting filter 

offers rapid recovery 

The model 1PVC-1 and 1P1 are 
voltage-controlled low-pass non-
linear spike-rejecting filters with re-
covery rapid ,enough to introduce no 
phase lag into signals passing 
through them. The slope limit of the 
filters is set by two capacitors nomi-

NON 
LINEAR 

FILMS 
• 

tOe4 
N F 

nally equal in value. The slope limit 
of the 1PVC-1 can also be con-
trolled by an external voltage over a 
dynamic range of 330 to 1—a fea-
ture that enables the 1PVC-1 to fil-
ter noise spikes in high-quality 
audio and communications systems 
without reducing the bandwidth. 
Non Linear Filters, Box 338, Trumbull, 

Conn. 06611 [390] 

There's a world 
of difference between 
Dow Corning and the other 
semiconductor 
packaging-materials suppliers. 
The difference is that only Dow Corning 
has available worldwide a complete 
line of silicone molding compounds, an 
accomplished technical service and 
development team, the advantage of a 
completely compatible product line, 
and the convenience of worldwide 
delivery and service. If you want to give 
your packaging operation a competitive 
advantage, just call or write. One of 
our representatives is nearby. 

NORTH & SOUTH AMERICA 

Resins and Chemicals Marketing 
DOW CORNING CORPORATION 
Midland, MI 48640 
Telephone: 517 636-8682 

EUROPE 
R. Hediger 
DOW CORNING INTERNATIONAL LTD. 
Chaussée de La HuIre 177 
1170 Brussels. Belgium 
Telephone: 73.80.60 

B. Sneddon 
DOW CORNING LTD. 
Reading Bridge House 
Reading RG1 8PW 
Berkshire, England 
Telephone: Reading 57251 

R. Jones 
DOW CORNING GmbH 
1150 Vienna 
Mariahilferstrasse 180/4 
Austria 
Telephone: 83.85.38 

S. Haberer 
DOW CORNING GmbH 
8000 Munchen 50 
Pelkovenstrasse 152 
West Germany 
Telephone: 14.861 

J. Guillot 
DOW CORNING S.A.R.L. 
140, Avenue Paul Doumer 
92500 Rueil Malmaison 
France 
Telephone: 977.00.40 

M. Tedone 
DOW CORNING SPA 
Viale Restelli 3/7 
20124 Milan, Italy 
Telephone: 688.2458 

ASIA 
H. Takahashi 
DOW CORNING ASIA LTD. 
P&O Building. 9th Floor 
21 Des Voeux Road, C. 
Hong Kong 
Telephone: 5-258035 

H. Hotta 
DOW CORNING ASIA LTD. 
Room 803, Cathay Building 
Mount Sophia 
Singapore - 9 
Republic of Singapore 
Telephone 32121 

AUSTRALASIA 

H. Tuynman 
DOM' CORNING AUSTRALIA PTY LTD 
36 O'Dea Avenue 
Waterloo. N.S.W. 2017 
Sydney 
Telephone: 699 8055 

P Winter 
DOW CORNING AUSTRALIA PTY 
103 High Street 
Prahran, Vic. 3181 
Telephone: 51 5450 

Dow Corning semiconductor molding 
compounds...quality and dependability 
worldwide. 14 n) 

DOW CORNING 
DOW CORNING 
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Our new logic le tester. 
Here's how you get your money back. Take one of 

the durable plastic Quai Cards* that is specifically coded 
to program your new Fairchild Qualifier 901 for incoming 
inspection of C-MOS, DTL and TTL logic IC's. Slide 
the Quai Card into the reader. Notice how flexible and 
unbreakable it is. Observe that there are no operators to 
be trained or dials to be set. Everything is in the Card. 
It absolutely dictates 
what is to be meas-
ured, to what levels 
and to what accuracy. 
In 60 to 200 milli-
seconds your 16- or 
24-pin IC has been 
tested. Functionally 
and parametrically. 
Everytime the photo-optically programmed Quai 
Card enters your Qualifier, money you spent on the 
machine is coming back. In lower costs for device 
programs. In convenience of program availability and 
storage. And in error-free, failure-analyzed IC testing. 
That's why our Quai Cards are your money back guarantee. 

The Qualifier is sophisticated and flexible. 
Without being big and expensive. Besides the 

savings you'll get with the Quai Cards, the 901 is cost 
competitive on purchase price. And it's a high 
performance logic tester for incoming inspection that is 
architecturally innovative. Cross-bar switching has been 
eliminated. You can shift from one family of IC's to 
another. Instantly. The essence of the Qualifier 901 is 
speed. You can test common TTL parts in 60 milli-
seconds. A 2% failure rate of IC's at the top of the line 
can mean a 50% failure rate at the end of the line. The 
Qualifier 901 is the surest, least expensive way to avoid 
faulty IC's in your finished product. 

For under $8,000 you start with the Qualifier 901, 
a 16-pin basic test unit. For another $2,400 you can 
expand that capability to a 24-pin field. That's one 
machine to test the two common usage IC packages. 
Or two machines for the price of one and a quarter. 

Before the Qualifier tests your IC's, it tests itself. 
When the system is turned on, a comprehensive 

self-test analysis is performed. Everytime a program is 
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Our money back guarantee card. 
loaded, the microprocessor checks all data paths, 
registers, memories and the Qual Card reader. After 
everything checks out, the 'ready light' goes on. The 
Qualifier also comes with a packet of diagnostic program 
cards which can verify the accuracy of the drive and 
measurement circuits. If the machine checks out and the 
program's right, there's only one thing that might be 
faulty: the IC you're testing. And that's exactly the 
condition you're looking for. 

The proof is in the programming. 
The Quai Card is the first virtually indestructible 

program medium. It leaves nothing to chance. Your Quai 
Card is written for you and 

verified by us. When it comes 
back by return mail, all you 
do is put it in the machine. 

Your operator can't miss. 
There's only two 

things to remember. 
Insert the Quai Card and IC—and read the results. 
There's no time lost training technicians to read time 

consuming data sheets. The flexible Qual Card eliminates 
messy paper tapes, and takes up less room than the hard 
wired program boards. As for cost, the Quai Card comes 
in at from $20 to $60 each. That's more than just in the 
ball park price-wise when you consider the expendability 
of a hard wired program card that can cost up to $300. 

The Qualifier has much more than just a card-up 
on other IC logic testers. It's the first in a series of 
architecturally sophisticated testers that will be dedicated 
to a major family of devices. If you'd like more informa-
tion on the Qualifier 901, we'll send you a brochure, a 
list of representatives and a growing library inventory of 
200 Quai Cards now available. Call collect or write today. 
Start getting your money back tomorrow. 

Fairchild Systems, 3500 Deer Creek Road, Palo 
Alto, California 94302 (415) 493-5011 TWX: 910-373-1204 

SYSTEMS TECHNOLOGY 
• bar ..tr medium ad A Mee. W rAdteALD CAM« HIC naiNeeeT COMORATee 
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Maybe the 

grass will look 

greener in 

Connecticut 

Take the time to look at a whole 

new way of life...and work. You 

and your family will enjoy a full 

range of recreational activities 
in the Connecticut countryside 

...and at the shore. And you'll 

respond to the interesting and 
rewarding assignments in this 

expanding company. Right now 
we are seeking: 

CIRCUIT DESIGNERS 

TEST EQUIPMENT 

INSTRUMENTATION 

SYSTEMS DESIGNERS 

PRELIMINARY DESIGN 

SCIENTIFIC 

PROGRAMMERS 

TO INTERVIEW, please forward 

your resume, stating present 

salary, to Mr. E. M. Bilanchone, 
Professional Placement, Hamil-

ton Standard, Windsor Locks, 
Conn. 06096 

POSITIONS VACANT 

Positions Available-Electrical & Elec-
tronic Eng's. Over 1000 US client co's 
pay our fees for selected technical refer-
rals. Est. 1959. Send resume with pres. 
sal. Atomic Personnel, Inc., Box L, I 518 
Walnut St., Phila., Pa. 19102. 
University of Utah-Electronics Engineer 
MS or Ph.D. Physicist or Engineer with 
strong background in electronics is needed 
to head small electronics support group 
in University Chemistry Department. 
Should have a broad background in in-
strumentation generally and possess a 
high level of professional competence in 
electronics design. Must have ability to 
work with people who have technical 
training in chemistry but widely varying 
knowledge of physics and electronics. 
Experience with digital circuitry, pulse 
techniques, and wide range of instrumen-
tation essential. Salary range $16,000-
19,000 depending upon qualifications. 
Respond with brief resume including 
names of two previous employers who 
may be contacted for reference and send 
to: Lon Addams, Business Manager. De-
partment of Chemistry. University of 
Utah, Salt Lake City, Utah 84112. Equal 
Opportunity Employer. 

Community College-Electronics Technol-
ogy Instructor needed in old established 
institute type of program in electronics 
leading to a certificate of completion. 
Must be able to meet state certification 
requirements. Have a good background 
of work experience in DC-AC principle 
uses. BSEE degree desired. Contact: 
Daytona Beach Community College, Per-
sonnel Department, P.O. Box 11 1 1. Day-
tona Beach, Florida 32015. 
Communications-Electronics Sales Engi-
neer, Paris based, salaried, preferably 
ex-U.S. officer, familiar with latest ad-
vances in data handling, military com-
mand and control for marketing liaison 
with Governmental authorities throughout 
Europe. P-5420. Electronics. 

EMPLOYMENT SERVICES 

Growth Positions, $14-30,000. Fees Paid. 
Nationwide. Longberry of Pittsburgh. 
Suite 962-G, Two Gateway Center, Pitts-
burgh Pa. 15222 

( SAME DAY SHIPMENT '«*\ 
Minis & Peripherals 

PDP SPECIALISTS 
8, 81, 8L & 11 

NEW 300 LPM PRINTERS 
PDI CARD READERS  
BRPE PUNCHES  

$750 Minis 

TELETYPE 35 & 37 
DEC & HONEYWELL Modules 

617/261-1100 
Send for f ere Report aintenanre of Computers" 

AMERICAN USED COMPUTER CORP. 
P O. Box 68. Kenmore Sta.. Boston. MA 02215 
member COMPUTER DEALERS ASSOCIATION 
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ATTENTION! 
200 000 pcs 2N 1305 
100 000 pcs 2N 404 

Ratheon -originally packed at 
100 pcs. Samples upon request 
-will quote on inquiries. 

UNITRONIC Gmbh 
4000 Dusseldorf, Postfach 33 0429 

Tel.: 0211/634214/624439: TX.: 0 8586434 

CIRCLE 953 ON READER SERVICE CARD 
RADAR SYSTEMS GROUND AND AIRBORNE AUTOMATIC 

TRACKING ANTENNA SYSTEMS NIKE AJAX NIKE HER. 

CULES M-33 MS0/111 MPS•19 MPS-9 SCR 584 TPS-ID 

TP5.28 FAA•ASR•2 AIRBORNE SYSTEMS APN•84 APP4•102 

ARS/20 APS-27 APS-45 DPN.I9 DIGITAL COMPUTERS 

IBM 650 IBM 704 e LARGEST INVENTORY OF MADAR AND 
MICROWAVE EQUIPMENT IN THE WORLD 

, RADIO RESEARCH INSTRUMENT CO. 
3 OU.CV ST NOI.A11( CON. 06150 ,21)3 8, 7600 

CIRCLE 954 ON READER SERVICE CARD 

free catalog 
POTTING APPLICATORS 
MANUAL OR AIR OPERATED 

21/2 cc 6cc 12cc 30cc 
FOR POTTING, ENCAPSULATING ETC 

PHILIP FISHMAN CO., INC. 
7 CAMERON ST WELLESLEY MASS 02181 

CIRCLE 956 ON READER SERVICE CARD 

FREE ALARM CATALOG 
Full line of professional burglar and 
fire alarm systems and supplies 96 
pages, 450 iferns, Off the shelf delivery, 
quantity prices 

z),M mountain west alarm 
W 4215 n. 16th st., phoenix, az. 85016 

Wade 

CIRCLE 957 ON READER SERVICE CARD 



Now you can get a 
foreground/background 

system for less than $25,000. 
And that's before discounts. 

Now there's a foreground/back-
ground disk-based system avail-
able for thousands of dollars less 
than any other hardware/software 
combination. And it offers more 
performance than has ever been 
available before. 

It's based on RI-11, Digital's 
new F/B operating system, and 
the PDP-11E10. (RT-11 is also 
available on other PDP-11 sys-
tems.) And you can run the single 
job version with just 8K words of 
memory and a dual DECtape 
drive for less than $18,500. 

RT-11 is designed for the 
on-line user who is involved in 
program development and/or 

real-time applications. It's a fast, 
low-overhead (less than 3K resi-
dent) system. And you don't have 
to be a computer scientist to use 
it... or even to modify it. 

New, high performance, 
extended versions of Dartmouth-
compatible BASIC and ANSI-
Standard FORTRAN Ware 
available. Both offer high level 
language support of sequential 
and direct access files, chaining, 
overlays, A/D's, D/A's, clocks, 
digital I/O, graphics, plotting, 
signal processing ... And there's 
more coming. And the minimum 
FORTRAN and BASIC are sup-
ported on just 8K of memory. 

These are just some of the 
features that make RT-11 the 
highest performing on-line sys-
tem with the lowest price in 
the market. 

For additional details on 
RI-11 performance, write Digital 
Equipment Corporation, May-
nard, Mass. 01754 (617) 897-5111, 
Ext. 2083. European headquarters: 
81, route de l'Aire, 1211 Geneva 26. 
Tel: 42 79 50. Digital Equipment 
of Canada Ltd., P.O. Box 11500, 
Ottawa, Ontario K2H 8K8. 
(613) 592-5111. 

d 11 Nan 
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New literature 

Atlanta • Seattle • Dallas • Denver • Newark 
Los Angeles • Philadelphia • Portland 
Salt Lake City • San Francisco • Chicago 

Which plant site offers 

the greatest profit potential 

for an electronics computer 

manufacturer? 

UTAH, A Profitable Location 
for the Electronics 
Industries 

An Executive Summary 

Where are labor costs lowest? 

How do taxes compare? What 
about utility costs? 

A new research study examines 

these and other critical profit 
factors for a hypothetical 
electronics computer firm 
employing 1000. 

The plant is hypothetical, but 
the cost/benefit figures are real. 
And the wide variance in profit 
from one plant site to another 

is real too. 

We've prepared a 24-page 
Executive Summary of the 

findings, and it's yours for the 
asking. Just drop your business 
card in an envelope and mail to: 

John Rencher, Director 
Utah Industrial Promotion 

Division 
No. 2 Arrow Press Square, 

Dept. E-530-4 
Salt Lake City, Utah 84101 

Knitted wire. Metex Corp., 970 Dur-
ham Rd., Edison, N.J. A 20-page 
booklet describes the physical prop-
erties of knitted wire mesh. Many 
products are illustrated, including 
heat-transfer materials and elec-
tronics-shielding materials. Circle 
421 on reader service card. 

Packaging products. Bivar Inc., 1617 
E. Edinger Ave., Santa Ana, Calif. 
92705, has published a 24-page 
catalog providing information on a 
line of printed-circuit-card guides, 
card ejectors, and component-
mounting spacers. [422] 

Microwave networks. Karkar Elec-
tronics Inc., 245 Eleventh St., San 
Francisco, Calif. 94103. Microwave 
multiplex combining and splitting 
networks that provide two-, three-, 
four-, five- and six-way functions at 
a microwave junction, with zero loss 
between all inputs and outputs, are 
discussed in a four-page brochure. 
[423] 

Computer products. Tektronix Inc., 
Box 500, Beaverton, Ore., has issued 
the 1974 edition of its computer 
products catalog. The 48-page book-
let discusses computer display ter-
minals, interfaces, software, and 
other accessories. [424] 

Power conversion. A 12-page cata-
log describing a line of miniature 
modular power converters and 
power supplies is available from Ar-
nold Magnetics Corp., 11520 W. 
Jefferson Blvd., Culver City, Calif. 
90230. Specifications and ordering 
information are provided. [425] 

Accelerometers. Kulite Semicon-
ductor Products Inc., 1039 Hoyt 
Ave., Ridgefield, N.J. 07657. A four-
page bulletin describes the range of 
solid-state integrated-sensor accele-
rometers, giving electrical and phys-
ical specifications. [427] 

Power transistors. Energy Electronic 
Products Corp., 6060 Manchester 
Ave., Los Angeles, Calif. 90045, has 
issued a data sheet describing 3- and 
6-ampere power transistors for 
1,300-, 1,500- and 1,700-volt appli-
cations. [428] 
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The world's fastest IC wins the Queen's Award 
Plessey Process Ill has gained 

the Queen's Award for Outstanding 
Technological Innovation. 

In the Plessey SP600 range, the SP616 
+4 1GHz IC, currently in volume production-
it's the world's fastest-is just one of 
the outstanding devices from the award 
winning Process III. The SP600 series is 
the most advanced range of synthesiser and 
instrumentation IC's in the world. 

Another series of highly successful IC's 
from Plessey is the SL600, fast becoming 
one of the world's most successful IC 
ranges for communications. 

This award to the Allen Clark Research 
Centre, of which we are justly proud, 
demonstrates Plessey leadership in technical 
innovation and products in the IC field. 

M PLESSEY 
NUIP' Semiconductors 
Cheney Manor, Swindon, Wiltshire SN2 2QW. 
Tel: Swindon (0793) 6251 Telex: 449637. 
USA: Plessey Semiconductors-170 Finn Court, Farmingdale, Long Island, New York 11735 

Tel: 516 594 7377 Telex 961457; 1674 McGaw Avenue, Santa Ana, California 92705, 
Tel: 714 540 9979 Telex 685 544. 
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Years ago we made a decision 
to let the other guys knock out all 
of the simple printed circuit boards 
they could make. We wanted the 
tough jobs. 

Multilayer and two-sided PCs. 
Complex drilling, printing and 
plating. 

And we wanted to do them 
better than anybody in the business. 

Since then, we've been doing 

Lockheed Electionics-Hrst In Complex PCs 

tr, 

more of the hard work than anyone. 
And delivering it on time. With 
precision and economy. 

We built a reputation on hard 
work. We're not about to take things 
easy now. 

If you've got a tough job, call us 
at (213) 722-6810 collect. Or write 
Data Products Division, 6201 East 
Randolph Street, Los Angeles, 
California 90040. 

We built a reputation on hard work. 
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15 YEARS OF LEADERSHIP IN ELECTRONICS. 1959-1974. 
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The 
Quick 
Way 
New Electronics 
Buyers' Guide 
Easy-to-use, single 
volume source for: 
• Information on 4,000 products 
• Over 6,000 company listings and phone numbers 
• EBG EXCLUSIVE: quick access to over 800 catalogs 
through a Direct Inquiry Service 

Here is the international world of electronics at your fingertips. Find 
suppliers ... fast ... accurately .... and locally! If you don't have your 
own copy, send $15.00 (USA and Canada only; elsewhere send $25.00) 
to address shown below. 

Electronics Buyers' Guide 
A McGraw-Hill Publication • 1221 Ave. of the Americas • New York, N.Y. 10020 

Advertising Sales Staff 
Pierre J. Braudé New York [212] 997-3468 
London 01-493-1451 

Director of Marketing 

Atlanta, Ga. 30309: Joseph Lane 
100 Colony Square. 1175 Peachtree St., N.E. 
[404] 892-2868 

Boston, Mass. 02116: James R. Pierce 
607 Boylston St [617] 262-1160 

Chicago, Ill. 60611: 
645 North Michigan Avenue 
Robert W. Bartlett (312) 751-3739 
Paul W. Reiss (312) 751-3738 

Cleveland, Ohio 44113: William J. Boyle 
[716] 586-5040 

Dallas, Texas 75201: Charles G. Hubbard 
2001 Bryant Tower. Suite 1070 
[214] 742-1747 

Denver, Colo. 80202: Harry B. Doyle, Jr. 
Tower Bldg.. 1700 Broadway 
[303] 266-3863 

Detroit, Michigan 48202: Robert W. Bartlett 
1400 Fisher Bldg. 
[313] 873-7410 

Houston, Texas 77002: Charles G. Hubbard 
2270 Humble Bldg [713] CA 4-8381 

Los Angeles, CaNt. 90010: Robert J. Rielly 
Bradley K. Jones. 3200 Wilshire Blvd.. South Tower 
[213] 487-1160 

New York, N.Y. 10020 
1221 Avenue of the Americas 
Warren H. Gardner [212)997-3617 
Michael J. Stoller [212) 997-3616 

Philadelphia, Pa. 19102: Warren H. Gardner 
Three Parkway. 
[212] 997-3617 

Pittsburgh, Pa. 15222: Warren H. Gardner 
4 Gateway Center. [212)997-3617 

Rochester, N.Y. 14534: William J. Boyle 
9 Greylock Ridge, Pittsford, N.Y. 
[716] 586-5040 

San Francisco, Calif. 94111: Don Farns 
Robert J. Rielly. 425 Battery Street. 
[415] 362-4600 

Pails: Alain Offergeld 
17 Rue-Georges Bizet. 75 Paris 16, France 
Tel 720-73-01 

Geneva: Alain Offergeld 
1 rue du Temple. Geneva, Switzerland 
Tel 32-35-63 

United Kingdom & Scandinavia: Keith Mantle 
Tel 01-493-1451, 34 Dover Street, London W1 

Milan: Robert Sax:lei 
1 via Baracchint, Italy Phone 87-90-656 

Brussels: Alain Offergeld 
23 Chaussee de Wavre 
Brussels 1040, Belgium 
Tel. 13-73-95 

FrankfurtrMain: Fritz Krusebecker 
Liebigstrasse 27c. Germany 
Phone 72 01 81 

Tokyo: Tatsumi Katagiri, McGraw-Hill 
Publications Overseas Corporation. 
Kasurnigasekt Building 2-5, 3-chome, 
Kasumigaseki, Chiyoda-Ku, Tokyo, Japan 
[581] 9811 

Osaka: Ryji Kobayashi, McGraw-Hill 
Publications Overseas Corporation, Kondo 
Bldg.. 163, LImegae-cho Kita-ku. Japan [362) 8771 

Australasia: Warren E. Ball, IPO Box 5106. 
Tokyo. Japan 

Business Department 
Stephen R. Weiss, Manager 
[212] 997-2044 

Thomas M. Egan, 
Production Manager [212] 997-3140 

Carol Gallagher 
Assistant Production Manager [2121997-2045 

Dorothy Carter, Contracts and Billings 
[212] 997-2908 

Frances Vallone, Reader Service Manager 
[212] 997-6057 

Electronics Buyers' Guide 
George F. Werner, Associate Publisher 
[212) 997-3139 

Regina Hera, Directory Manager 
[212] 997-2544 
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DIACON'S 
AUTOMATIC ENVIRONMENTAL 
STORAGE HANDLER: 
• 200 DEVICES IN 029 CARRIERS 
• RELIABLE • SIMPLE 
• EASY TO MAINTAIN 

Fewer moving parts inside 
the environment (two bushings 
only) provide long, 
maintenance-free operation. 
Thc :lawn storage handler is 
quiet and mechanically 
uncomplicated. Which helps 
eliminate down-time. Operates 
on 120 or 240 V. 

For complete information 
and specs, write: 

MACON, Inc. 
4812 Kearny Mesa Rd. 
San Diego, Calif. U.S.A. 
(714) 279-6992 

Circle 183 on reader service card 

GAUSSMETERS 

model 811 

high accuracy 
excellent repeatability 
rugged 

Bell gaussmeters measure magnetic field strength 
from .0001 gauss to 100,000 gauss. There are six 
gaussmeter models and 110 probe models for each 
gaussmeter. The resulting combinations meet the 
challenging requirements of all magnetic field mea-
surement applications. 

F. W. Bell has the experience and know-how 
to offer you the best instruments that are available. 
Your local representative is equipped to give you 
a demonstration. Use the inquiry card to find out 
how these instruments can benefit you. 

4949 Freeway Drive East 
Columbus, Ohio 43229 
Phone: 614/888-7501 
TWX: 810-337-2851 

,7--tELL 

a subsidiary of Arnold Engineering 
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take your 
pick... RF power 
from Zenith 

rix 
-.1111146-41P 1111, 

E. 

tool. 4414• - 44 

Here's a new solid state, wide band RF power 
amplifier that operates over a frequency range of 
10 to 110 MHz and delivers 4 watts of CW power 
across an external 50 OHM load. And Zenith gives 
you a choice of the Model 4W power amplifier 
only or the Model WPA-40 that includes the am-
plifier, regulated power supply, line filter, power 
output meter, and cabinet. 

As to performance, Zenith's Class A unit main-
tains a flat response to within L+11.5 DB over the 
entire frequency range. Extends power output 
levels of signal and sweep generators, frequency 
synthesizers and other signal sources. Accepts 
CW, AM, FM, pulse, SSB and all forms of com-
plex modulation. 

Originally designed for use in driving Zenith 
Acousto-Optic modulators and deflectors, the 
unconditionally stable amplifier can also be used 
in transmitter and communications systems, com-
ponent and material testing, ultrasonics, and 
antenna testing as well as a general laboratory 
power source. Whatever your power needs, 
Zenith is the one to pick. Contact our Optical 
Systems Group for the specifications on the 
Model WPA-40 and Model 4W Amplifiers. 

OPTICAL SYSTEMS GROUP 

ZENITH RADIO CORPORATION 

• 

2001 N. JANICE AVENUE • MELROSE PARK, ILL. 60160 • 312 379-4600 
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It's a unique display of TRW Electronic 
Components' newest products, circuit appli-
cations and ideas— coming right to you. 

Picture a typical electronics chassis, grown 
to mammoth proportions. In fact, to the size 
of a 40-foot tractor-trailer; far and away the 
world's biggest "little black box:' Inside, you'll 
find components which look like nothing 
you've ever seen before— because the scale 
is giant. Five feet high for some. 

Our technical experts will be on hand to an-
swer your questions on more than 1000 different 
products from the 14 separate divisions that form 
TRW Electronic Components. 

And the show is on the road right now. We're 
zig -zagging our way across country, stopping 
at 155 plants in 27 states. Watch for announce-
ments when we'll be in your area.TRW's little 
black box is where electronics is, and we're 
bringing it where you are. Because we are TRW. 

TRW ELECTRONIC COMPONENTS 
Connectors • Resistors • Semiconductors • Capacitors • Motors • PC Boards • Potentiometers • Transformers • Coils and Inductors •Wire and Cable 
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Ogilvy & Mather, Inc. 

Inter», Inc. 
Tycer-Fultz 

• Interstate Electronics Corp. 
Chris Art Studio. Inc 

• Invest Export-Import 
Interwerbung 

• Johnson Company, E.F. 
Martin Williams Advertising 

Krohn-Hite Corp. 
Impact Advertising, Inc 

$ Uttlefu», Inc. 
LF Advertising, Inc 

Utronlx, Inc. 
Regis McKenna, Inc 

Lockheed Electronics Co. 
McCann-Erickson, Inc. 

• i.rr 

Micro Networks Corporation 
Briant Advertising 

• Micro Switch Division of Honeywell 
N.W. Ayer & Son, Inc 

Moetek Corporation 
David W Evans Inc Texas 

Motorola Semiconductor Products, Inc. 
E B Lane & Associates. Inc 

• Motorola Semiconductor 
Graham & Gilles Limited 

National Electronics 
Lea Advertising 

North Atlantic Industries, Inc. 
NOAT Advertising Company 

• Oak Switch 
Marsteller. Inc 

• Philips Eicoma 
Intermarco nederland 

Piher international Ltd. 
Scott MacTaggart Advertising 

Plessey Semiconductor 
Rumrill-Hoyt, Inc 

Ramtek, Corp. 
McDonough Communications 

a$ Raytheon Company, Industrial 
Components Operation 
Provandie Eastwood & Lombardi, Inc. 

• RCA Electronic Components 
Al Paul Lefton Company. Inc. 

RCA-Solid State Division 
Marsteller, Inc. 

$ Rental Electronics, Inc. 
Humphrey Browning MacDougall. Inc 

• Rhone Progil 

• Rita 
MK Marknadskommunikation AB 

• Rockland Systems 
Rolf Johnsen, Inc 

• Rohde 8 Schwarz 

Schauer Manufacturing Corp. 
Nolan, Keelor & Stites 

• Seacosem 
Bazaine Publicite 

Ffeath/Schlumberger Scientific instruments 44 
Advance Advertising Services 

135-137 

1 

6 

10E 

12-13 

79 

42-43 

35 

51 

78 

5 

60-61 

7 

156 

17E 

40 

2 

64-65 

58-59 

52 

71 

142 

132-133 

54 

57 

155 

77 

41 

16E 

74-75 

54 

13E 

61 

16 

lE 

20 

2E 

• TEAC Corp. 
Dentsu Advertising Ltd 

• Tekelec Airtronic 
SPFD 

• Tektronix, Inc. 
McCann-Erickson, Inc 

Teledyne Semiconductor 
Regis McKenna, Inc 

Teionic Altair 
Jansen Associates, Inc., 
Marketing Services 

Teradyne, Inc. 
Quinn & Johnson. Inc. 

Trio-Tech Inc. of California 
Robert A White Advertising, Inc 

• TRW, Electronic Components Division 
The Bowes Company 

• SOS-ATES 
McGann-Erickson 

Siemens Corp.-Electronic 
Systems Division 
JL Associates 

Signetks Corp., Sub. of 
Corning Glass Works 
Hall Butler Blatherwick, Inc 

Siliconix 
Robertson West, Inc 

• Spectrum Control, Inc. 
Egon Jackson Advertising 

Sprague Electric Company 
Harry P Bridge Company 

• Statek Corporation 
Ron Jenner & Company 

7E-8E 

37 

20-21 

109 

145 

8 

18 

Stewart-Warner Microcircuits 123 
JMR Advertising 

60 

5E. 45 

33. 84-85 

15 

9 

69 

19 

158 

• TRW/IRC Resistors 124-125 
Gray & Rogers. Inc 

• TRW Electronics, 
Semiconductor Division 
The Bowes Company 

• TA W-UTC Transformers 
The Bowes Company 

United Systems Corp., 
A Sub. of Monsanto Co. 
Advertising & Merchandising, Inc. 

• Unitrocie Corporation 
Culver Advertising, Inc. 

Utah industrial Promotion Division 
Harris y. Love Inc 'Advertising 

• Woven Electronics 
Prentiss Court Advertising 

ZeNex 
Zeltex Advertising Agency 

Zenith Radio Corporation-
Optical Systems Group 
Mills, Fife & MacDonald, Inc 

• La ZincoceLere S.p.A. 
Studio Dr Giuliano Biel 

82-83 

139 

110 

27 

154 

73 

38 

157 

62 

Classified & Employment Advertising 
F. J. Eberle, Manager 212-997-2557 

EQUIPMENT (Used or Surplus New) For Sale 
American USED Computer Corp. .152 
Philip Fishman Co., Inc. 152 
Hamilton Standard div. of United Alracratt Corp. 152 
Poly Paks Inc. 152 
Radio Research instrument Corp.... . . ...... ..  152 
UnItronlc GMBH  152 

• For more information on complete product line see adver-
tisement in the latest Electronics Buyer's Guide 

• Advertisers in Electronics International 
Advertisers in Electronics domestic edition 
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SCR POINIIIN $4jfyy, 

POWER 
Electronic Measurements 
has designed and built many 
power supplies to solve a 

SU ppLI Es wcaidtieo nr as n gDee of g an p pr el i -- 
liability has been 

field proven since 1968. We have a ealt if ap•lication 
ex•erie - • er 

QUESTION: (EARN $1.00 FOR YOUR ANSWER) 
ASSUMING YOU'VE SEEN THIS ADVERTISEMENT 
BEFORE; AND MAYBE EVEN SENT FOR THE SALES 
LITERATURE, "HOW CAN YOU STILL JUSTIFY SPECIFYING 
SORENSEN, H-P OR LAMBDA." 

MAIL ME YOUR ANSWER AND I'LL SEND YOU A 
NEW ONE DOLLAR BILL FOR YOUR THOUGHTS. 

ea 

BOB HILL 
rom 

o - orm alog, use the 
C o, or contact Electronic Measurements. 

Price 
Rating EM SCR 

6V-600A $1,900 $2,200 
7.5V-300A 1,200 1,400 
10V-250A 1,200 1,400 
10V-500A 1,900 2,200 
20V-125A 1,100 1,300 
20V-250A 1,500 1,800 
20V-500A 2,300 2,700 
30V-100A 1,100 1,300 
30V-200A 1,500 1,800 
40V-60A 1,100 1,300 

Price 

Rating EM SCR 

40V-125A $1,400 $1,700 

40V-250A 2,100 2,500 

50V-200A 2,300 2,700 

80V-30A 1,100 1,300 

80V-60A 1,400 1,700 

100V-100A 2,300 2,700 

120V-20A 1,100 1,300 

120V-40A 1,400 1,700 

Price 

Rating EM SCR 

160V-15A $1,100 $1,300 

160V-30A 1,400 1,700 

160V-60A 2,100 2,500 

250V-10A 1,100 1,300 

250V-20A 1,500 1,800 

250V-40A 2,300 2,700 

500V-5A 1,400 1,600 

500V-10A 1,900 2,200 

19" Rack, 20 ' depth. Voltage and current adjustable over wide range. 

See EEM Vol. 1, Pages 673, 674, 675 for additional product information. c„,..) ELECTRONIC MEASUREMENTS INC. 
405 Essex Road, Neptune, N. J. 07753 

'NI Phone: (New Jersey) 201 - 922-9300 • (Toll-Free) 800 - 631 -4298 
Specialists in Power Conversion Equipment 
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FREEII 70 page Handbook 

ENGINEERING PRODUCT IIAND13001( 
LW Lf_Vi_i AID and 1D/A. Converters 

SYSTEM 
CONTRoz 

d i:714711r 

c=se 

MCIAIMEIL 
Ho, /irgirMeINC: 

LOW PASS 
ACT/GE 
FILTER 

Fir «ZED 

Dce SYsrtms, evc 

Íz/AC  • AN ALOG MULTIPLEXERS 
• SAMPLE AND HOLDS 
• DC AMPLIFIERS 

A NL C; INPIi  

• MOITUL AR D AT A 
ACQUISITION SYSTEMS 

• V rE 8LF /V CONVERTERS 
• ACTIVE FILTERS 

• POWE'R S METERS 
'UPPLIES 

• DIGIT AL P ANEL  

HIGH LEVEL 
ANALOG INPUTS 

ipla4ML 

MULTIPLEXER 

dEzzip 

SYSTEM PROGRAMMER 

I 
i9sactree, -ems,,Ar 

89WER Suppty 

8Pm-sER,Es 

»SYS WEL rEms, INC 

SAMPI E AND HOW 

SHm-41172. 

Dcetrei.. sysTEms,,,„, 
A/D CONVERTER 

ADC. 

DIGITAL OUTPUTS LL 

SYSTEMS, INC 

FOREIGN SUBSIDIARIES 
WEST GERMANY/ DATELEK SYSTEMS GmbH-8 MUNCHEN 71 • TEL 089/ 78 40 45 • TELEX 5212855 
FRANCE/ DATEL SYSTEMS SARL, 750 16 PARIS. FRANCE • TELE 603-06-74/ 603-05-31 
UNITED KINGDOM - BASINGSTOKE. HAMPSHIRE. RG-24 9NT • TELE BASINGSTOKE (0256)66721 

1020 TURNPIKE STREET, CANTON, MASS. 0202 
• TEL (617) 828-8000 

• TELEX 924461 • TWX 710-348-0135 
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How to 
cut the cost of 
special resistors 
(even if you don't know what you want) 

Project costs don't have to escalate when 
you find you can't use a standard resistor. 
There are positive ways you can save money and 
time—and even come out ahead in the bargain. 

You can start cutting project costs by reducing what 
we call "visualization loss". This is the expensive 
extra time required to figure out an exact set of elec-
trical, physical, environmental and dimensional para-
meters for the special part you need. Don't go too far. 
Especially don't wait until you're com-
pletely bogged down before you ask 
Dale for help. In electrical terms, we've 
long since figured out practical ways to 
deliver resistance as low as .001 ohm... 
tolerance as low as .01%...TC as low as 
-±5 ppm and power just as high and as 
stable as you want it to be. And we can 
put your non-standard electrical param-
eters in unique packages that are one 
part sophistication and one part mid-

western ingenuity. Every day 
we're showing companies 

how they can bend, squeeze, 

Space-saving 
P.C. board module 

containing 3 
non-inductive 

resistors. (Far left) 

-4 Network with 16 quick 
couple connections 

containing 12 resistors 

from .025 ohm 50 watts to 
.1 ohm 10 watts. 

High Pulse Wattage 
railway safety 

resistor. Special 
housing for 

underground use. 

(1) 

Circle 902 on reader service card 

Voltage 
Sensing 
Shunt... 
.05 ohm-24.5K 
ohms...20 PPM/ C. 

mill, tap, bury and inter-
connect resistors for special 
purposes. We even put in plumbing, when required. 

Your non-standard resistor may only need a different 
kind of lead or it may look like a Rube Goldberg night-
mare. Either way, you'll find Dale is unique among 
resistor suppliers in the ability to help you quickly 
visualize what you need...and to deliver a prototype 
with a minimum of design lag. We've already de-
signed and built nearly 5,000 special resistors—so 
it's quite possible we've already blueprinted the de-
sign you need. 

Call us. You'll be glad to find someone is working to 
make the basics better. 

N./ 5,000 

Watts... 
Water cooled 

.1 ohm-500K ohms, 
0.5%-5% toi. 

Send for our free 
Functional Guide to Non-Standard Resistors. 

DALE ELECTRONICS, INC. 
1300 28th Avenue, Columbus, Nebraska 68601 
A subsidiary of The Lionel Corporation 
In Canada: Dale Electronics Canada Ltd. 
In Europe: Dale Electronics GMBH, 

8 Munchen 60, Falkweg 51, West Germany 

1 A Funeami Guide SO 
Mon-Sure. Reeeelen 




