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The big buy in 
big-screen lab scopes 
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You don't have to give up perfor­
mance capabilities to save money on 
a big-screen scope ; HP's 182A gives 
you both. 

For $2200 , you can get a main ­
frame, a 50-MHz dual-channel am­
plifier, and a delayed-sweep time 
base. This combination gives you the 
biggest display area of any high­
frequency scope (8-div x 10-div, 1.3 

, C!lJ/div) , 5 mV/div sensitivity, and 10 
ns/div sweep time. 

And that 's only the beginning . The 
182A system isn't limited to 50 MHz 
in the plug-ins it can accept. Thanks 
to HP's pioneering advances in CRT 
technology, the 182A will take the 
entire family of 180 System plug-ins. 

.. ' + 

For $2550 you can get a 100 MHz 
system (mainframe, dual-channel 
vertical amplifier, and non-delayed 
sweep ; delayed sweep $450 extra) . 
Alsq available at $2550 is HP's new 
1 GHz sampling system (mainframe 
and plug-in) that's as easy to use as 
a real-time scope! And the 182A is 
the only large-screen lab scope that 
has these capabilities. 

So , if you ' re in the market for a 
high-frequency scope-get the 182A 
in the 50-MHz configuration , and pro­
tect yourself against having to buy a 
whole new system for 100-MHz capa­
bilities in the future. It's like getting 
free "bandwidth insurance" with 
your mainframe! 

Circle Reader Service #1 

For further information on the 182A, 
contact your local HP field engineer, 
or write Hewlett-Packard, Palo Alto , 
California 94304. In Europe : 1217 
Meyrin-Geneva, Switzerland. 

Scopes are changing . 
Are you? 

081 / 16 

HEWLETT ?P PACKARD 
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IF YOU HAD TO FLIP SWITCHES 7,843 TIMES A DAY, YOU'D ASK FOR THE MINILEVER. - '" 

Here's the compact switch that's 
built for switchers. With positive , 
clear-sounding cl ick-ity-cl icks that 
sweep over a 90-degree arc. So the 
right setting is easy to hit every time. 
And just as easy to see. Because the 
.200 inch high display characters­
in up to 12 positions-really pop out 
at you. A simple sweep of the hand 
re-sets everything back to zero, too. 

So next time your design calls for 
switches, think of the switchers ' 
switch : The MINILEVER.@ It's beau-

tifully designed to be nice to opera­
tors and im prove their eff iciency 

where ever frequent, rapid switch­
settings are a must. Besides, lots of 
switchers are girls, and they'll love 
you for it. 

THE 
DIGITRAN 
COMPANY 
A Di vision of Becton , D ickinson and Co. I B-D I 
855 South Arroyo Pkwy. , Pasadena, Cal if. 91105 
Telephone: (213) 449-311 0 • TWX : 910-588-3794 
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Cover: Top left. What does the recent FCC dec ision opening up t he 
special service common ca rrier market to co mpetiti on mean in conc rete terms 
to elect ron ic engineers? Answering th at question on p. DC-3 is Stuart Mathiso n. 

expert on da ta co mmunica tions and this month 's guest editoria l ist. who 
ana lyzes the technica l cha llenges of da ta. 

Bottom right. Whether in Japa n, Western Europe, the U.S. , or South Ameri ca. 
the sto ry is the same-high volume producti on of ca paci t ors. For t he latest 

developments in films , dielect ri cs. and ce ramics. check the facts on p. 20. 
(Photo courtesy of Monol ithic Dielect r ics Inc .) 

DC-3 Data Co mmunica ti ons 
Editori al 102 Systems 

DC-21 Data Comm unications 104 Microworld New Products 
Products 108 New Prod ucts 

89 Samples 114 Literature 
91 IC Ideas 119 Advertising Index 

Data Comm unica ti ons 99 New Product Features 120 Internati onal Corner 

20 MORE CAPACITANCE, LESS VOLUME: AN INTERNATIONAL STORY 
By Alberto Soco lovsky 

Simply stated , the capac itor story these days is sma lle r capac itors in ever-increasing num­
bers. Although electrolytics have been leaders at packing more capac itance into the smallest 
area , films and ceramics are also rap idl y shri nking in size in this internati onal race. 

35 QUADRATURE FILTERS: WHAT THEY ARE AND WHAT THEY DO 
By Mart in A. Weiner 

Does quad ratu re distortion promise problems for your ac ca rr ier systems? Quadratu re filters 
ca n of fer fast. fast rel ief by stopping quad rature saturation. After a look at such areas as ga in, 
offset. noise, etc .. test measurement setups are presented to demonstrate applications. 

DC-1 DATA COMMUNICATIONS fol lowing page 56 
Continuing our coverage of ·what 's shaping up as th e growth area of the '?Os , we present this 
month , Stuart Math ison . co mmun ications expert , on design opportuniti es for EEs. In add ition, 
there's the second part of the Data Termina ls co urse. plus the latest da ta comm products . 

DC-3 DESIGN OPPORTUNITIES FOR EES By St uart Mathison 
A telecommunications expert tells you what equipments data communicat ions w111 need . 

DC-5 DATA TERMINALS COURSE-PART 2 
Th is month we have div ided the data te rmin al into fo ur functional areas: data entry , data d is­
play , the transmission and reception of data , and storage . This modular approach a l lows you 
to see what happens when the cover is removed on that indispensible tool : the data termina l. 
• Introduction By Arthur J. Boyle, The Electronic Engineer 
• Character generation using MOS read-only memories By R. M. Eiler . Electroni c Arrays , Inc . 
• How the ROM generates characters By Michael R. McCoy. El ectroni c Arrays , Inc . 
• Select the right CRT for alphanumeric data terminals By A. D. Johnson , GTE Sy lvan ia Inc. 
• Integrated line drivers and receivers By Dale Pippenger, Texas Instruments Inc . 
• Magnetic tape for data terminals By R. H. Kearns , Ampex Corp. 
• The monolithic keyboard encoder By Don Arnett and DuWayne Pople. Mic ro Switch 

91 IC IDEAS 
• Check parity of noisy signals By Roy W. Lewallen , Colorado Video , Inc . 
• FM demodulator By Robert L. Wilbur . Sout hwest Research Institute 
• IC array as an adjustable Zener By Walter Jung. AAI Corp . 
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TM KEPCO TALKS 
POWER SUPPLY 

TECHNOLOGY: 

FERRORESONANCE ... 
the key to simple stabilization 

In this age of high gain, solid-state integrated feedback 
circuit , it is easy to overlook the simpler ways of con­
trolling voltage and current. The ferroresonant flux-oscil­
lating power transformer , used as the control for a d-c 
power supply, provides an extremely simple- therefore 
reliable- stabilizer that suffers no risk of the overvoltage 
danger to which so many loads are so vulnerable . 

A ferroresonant system consists of two coils on a com­
mon core separated by a magnetic shunt. The primary 
coil is permitted to function linearly, while the secon­
dary is paralleled with a resonating capacitor to excite its 
iron into saturation on alternate half-cycles. The shunt 
provides a flux path for the secondary so that the pri­
mary is not saturated. 

The voltage waveform across the tank has a roughly 
square aspect because the iron transition from unsatu­
rated to saturated state is a rather abrupt phenomenon 
triggering a rapid discharge from the capacitor (whose 
energy then builds the flux in the reverse direction) . 

When rectified, this square waveform presents a much 
smaller peak/average ratio to a capacitor input filter, 
resulting in a much lower output impedance and smaller 
ripple amplitude than would an equivalent sinusoid. 

Because the tank's voltage, which contro ls the output is 
independent of the driving source amplitude, the load 
voltage is entirely a function of the magnetic structure 
with about 30 dB or more isolation from source changes. 

RESONA NT LC TANK 
SECONDARY 

PRIMAR Y FLUX 

SATURATED FLUX 

RESONANT LC 
TAN K 

SECONDARY 
OUT 

THE FERRORESONANT POWER TRANSFORMER WITH ITS TANK CAPACITOR STABILIZES A 
d-c OUTPUT WITH A MINIMUM OF FUSS ANO BOTHER ; ANO A MAXIMUM OF RELIABILITY 

The ferroresonant approach, in addition to providing sta­
bilization versus the source, and a reduced load effect, 
through lowered impedance, is also self-protecting for 
overloads. Short the output and the lowered tank "Q" 
causes the tank oscillations to diminish and cease. This 
provides a current limiting effect which protects both 
supply and load. 

Power Supplies with the Kepco ferroresonant trans­
former , Flux-0-Tran®, range from 60 watt modules to 
300 watt supplies in single and dual output configu­
rations. The Kepco PRM Series has 58 models in all from 
4.SV d-c to 240V d-c, easily tailored to your app licat ion. 
Check out their advantages in your circuit. Get Kepco 
Catalog B-703. 

Write Department D0 - 19 

KEPCO, INC. • 131-38 SANFORD AVENUE• FLUSHING, N.Y. 11352 
(212) 461-7000 •TWX # 710-582-2631 

Circle Reader Service #4 

THE 
ELEGTRJ\JIG 

E/\DNEER 
September 1971 

Vol. 30 No. 9 

Alberto Socolovsky ............... ........... Editor 
John E. Hickey, Jr ......... .. ..... Managing Editor 

Smedley B. Ruth .......... ........ Associate Editor 
Shel don Edelman ... .. .... .... western Editors. F. 

Stephen A. Thompson .. .... Western Editor L.A. 

Arthur J . Boyle ..................... Technical Editor 

John Mc Nichol .. .. ........... New Direct ions Editor 
Deborah P. Wilkins ..... ..... . ... Assistant Ed itor 

Dr . 0 . M. Salati ................. .......... Consultant 
Anne Axe ...... ........ ......... ..... Ed itorial Assistant 

Shawn L. Wa lters .... .. ......... Editorial Ass istant 

Lynda Rothste in .. .............. Ed itorial Assistant 

Mae Moyer ................ .. Editorial Reader Service 
Andrew Mittelbrunn ....... . Chilton Art Director 

Phaue Featherson ...... .. ........ ...... ..... . Artist 

George Baker . . . .. .... Wash ington News Bureau 

Ne il Rege imbal ...... .. ... Wash1ngton News Bureau 

K. Robert Br in k ......... Publ ishing Vice Pres ident 

Exec utive and Edito rial Offices : 
One Decker Square . Bala -Cynwyd . Pa 19004 
Te l (215) SH 8-2000 

Address Mall to ' 
56th & Chest nut Sts . Ph1 ladelph1a . Pa . 19139 

Western Off ices : 
Stephen A Th ompson 
37 27 W 6t h St . N202 . Los Angeles. Calif 9000 5 
Te l (2 13) DU/ -1271 

She ldon Z Ede lman 
199 First St Rm 335 . Los Altos. Calif 9402 2 
Tel (415 ) 941 -66 55 

Chilton Officers & Directors ' R. E. McKenna, President: J . Kofron, 
C. W. Hevner, Sr. Vice Pres idents : W. A. Barbour, R. H. Groves, K. 
Rob"ert Brink , Publishing V1ee Presidents : James Miades, Treasur­
e r: R. C. Sorli en, Secretary: T. J . Casper, S. H. Collmann, J . P. 
Kushnerick . R. 0 . Nelson , E. C. Beaudet , W. A. Phair , 0 . Acton, 
0 . P. Jones . 

Monthly publ1 ca t1 on o f Chil to n Co m pany . Chestnut & 56t h Sts .. 
Phlla .. Pa. 191 39 . (A rea Code 2 15) $Herwood 8-2000. Application 
to mall at cont ro lled c1rcutat1on ra tes pending a t Cleveland . Ohio 
$I a copy . Subscn pt1on rates U. S. and U. S. Possessi ons: I yr . 
$1 2.00: 2 yrs. $20 .00. Cana da 1 year $14 .00: 2 yrs . $25 .00. All 
ot her countries 1 yr . $20 .00: 2 yrs . $35 .00. e Chilton Company 
197 1. Tit le Reg. U.S. Paten t Off ice. Reprodu~ t1 on or reprinting 
proh1 b1ted except by writte n authonzat1 on . Mrc rofilm reproduc­
tions of The Electronic Engineer and i ts predecesso rs. Electronic 
Industries and Tele-Tec h, may be obtained from University Mic ro ­
films . 313 N. First St.. Ann Arbor. M ich . 

~~~~~~~~ 

Th e Chi lton Electronics and Instrumentation Group 
The Electronic Engineer 
Instruments and Con trol Systems 
Instr ument & Apparatus News 
Medical Elect ronic News 
Elec tronic Com ponents News 

Chi I ton (!) Ej !=!#'.·! 

T HE ELECTRO NIC ENGINEER • Sept . 1971 



Chances are 
you're paying 

up to 30~o too much 
forthiskind 
of breaker. 

Unless you're already using Heinemann's new 
Series AMl. 

It's our low-priced, direct replacement for 
AM 12-type breakers that have been so 
popular everywhere. 

But now you can save 17% on a single-pole 
model with auxiliary switch . Or 30% on a 
three-pole, 400-Hz model with auxiliary 
switch. Over comparable AM12s . 

That ain't hay. 
And AM ls are UL-recognized in any current 

rating up to 50 amp, at 240Vac or 65Vdc. 
We offer you a bunch of options, too. 

Custom current ratings, choice of time-delay 
or non-time-delay response, special-function 
internal circuits. You can even get multi pole 

models with all poles 
identical or with different 

voltage and current ratings, 
time-delay curves, and inter­

nal circui ts for each pole. 
If you 've been using AM12-type breakers 

(incidentally, the most copied design in the 
world!) , it's a cinch for you to work our 
AM ls right into your production . And you 
might even be able to lower your selling price. 
Or pocket some extra profits. 

For all the details, write for Bulletin 
3306. Heinemann Electric Company, 
2806 Brunswick Pike, Trenton, N.J. 08602. 
Or Heinemann Electric (Europe) GmbH , 
4 Dusseldorf, Jagerhofstrasse 29, Germany. 

~ HEiNEMANN 
4975 
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Look abroad for growth at home 
In a series of sweeping economic moves , President Nixon let us and the whole 
world know that he no longer depends on the self-regulating mechanism of 
free enterprise to solve our economic problems, when we are competing 
against directed economies in the intern at ional arena. 

To be sure , the effects of the moves that are beneficial to the electronics 
industry are probably more psychological than practical, because no tolerable 
amount of government intervention could by itself solve the problems that 
beset our industry. 

The wage freeze does not affect electronic engineers , many of whom today 
would be glad to have a job commensurate with their skills, let alone one with 
a frozen salary. To the consumer electronics industry, one that depends 
heavily on labor, the freeze is but a puny relief from the huge gap between 
labor costs in this country and those in the Far East. Nor cou ld the 10% 
surcharge on imports (another of Nixon 's measures) help offset the cost 
disadvantages. this industry faces. 

Even the investment tax credits are of more psychological than real economic 
value, since it is their spirit, rather than the small amount of those credits, 
that could convince the American electronics industry and its customers to 
continue the high investment so necessary to modern technology. 

The real helpful measure is, paradoxically, an unwritten one. In suspending 
the convertibility of dollars into gold, the President has effectively floated the 
dollar to let it seek its own level against other currencies- primarily, against 
other strong currencies such as the German mark and the Japanese yen. And 
this level will be certainly lower than the present one, making it easier for 
American technological products to sell abroad. This is most important 
today because the growth opportunities for the electronics industry are 
shifting fast to the international market. 

For the past twenty years, the opportunities for expansion were provided (and 
even paid for) by military and aerospace procurement in this country. Now 
the growth potential of this ma rket has dried up . While the Department of 
Defense will continue to be an important customer for electronic 
manufacturers, its growth potential has all but disappeared. The poor 
performance of our industry in 1970 shows not only how drastically the 
defense reductions affected it, but also how poorly prepared the industry was 
lo cope with them. 

It is high time- worse , it is desperately urgent before it's too late- that 
American electronic companies slop looking at the military markets for 
growth , and start paying more than lip service lo the international market. 
The growth opportunities of those two markets are of completely different 
nature , and so are the technical and economic slra~egies required to capture 

them. They pose, therefore , a challenge to both engineering and management. 
Floating the dollar may be the best incentive government can provide to meet 
this challenge . Meeting it may become your most important job in the decade 
ahead . 

A I ~-Iv S<0C£Jlo11.r4t 
Editor / 
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Everything from economy grade 
through state-of-the-art custom DAC's. 
Economy DAC's are for unipolar or 
bipolar operation, are TTL/DTL 
compatible, include internal refer­
encing, exhibit a 200 nanosec settling 
time and have zero offsets less than 
Y2 LSB. Low cost, $18 in 100 Qty., 
Model 4020 8-bit D/ A converters 
offer high reliability for many appli­
cations such as analog monitoring 
of digital data. They combine maxi­
mum speed and can simultaneously 
sum the output of several devices. 
Model 4021 8-bit voltage output DAC 
features an internal IC op amp 
providing either 0 to - 10 volts or +5 
to -5 volts output range. Price: $18 
in 100 Qty. 

Model 4110 8-bit A/D 
converter, with a low price of $74.50 
in 100 Qty., tracks up to 3kHz analog 
input, has a 25µsec conversion time 
and a 10 MHz stepping rate. Ideal 
for continuously converting analog 
signals into a digital binary output. 

These are just represen­
tative samplings of our economy data 
conversion line. A complete data 
package and an evaluation module 
are available through your local field 
representative or Teledyne Philbrick, 
Allied Drive at Route 128, 
Dedham, Mass. 02026. 
TWX: (710) 348-6726. 
For toll-free ready data, 
phone (800) 225-7883. 
In Mass. call (617) 
329-1600. 

Write for your free 
1971/72 Product Guide. 

_.,~TELEDYNE PHILBRICK 
DATA CONVERSION 

Circle Reader Service #6 7 



10 new ways to improve 
system performance 

MECL •~,~~~ means optimum performance 

MECL 10,000 improves your system 
performance 10 ways - actually 16 
when you consider devices previ­
ously introduced.' This new "sys­
tems-oriented" logic family combines 
high speed (typically 2.0 ns propa­
gation delay per gate ), with low 
power (25 mW dissipation per gate ), 
yielding the best speed/power com­
bination available today. 

But speed and power are only part 
of the story. Take a look at the 
design advantages of MECL 10,000. 

MC1D101 Strobed Quad OR/NOR Gate - Very 
useful for distributing 4 bits of parallel infor­
mation on or off card. With both OR / NOR out­
puts available, 4 twisted pair lines may be 
driven at data rates of 100 megabits /second . 
Use the sing le strobe input to gate the data on 
or off in 2 ns. 

--Dll>--

---D)O..---

--D-

----ID_,,,____ 
MC10102 Quad 2-lnput NOR Gate - Offers four 
2-input NOR gating functions with an addi­
tional OR output available. Input pulldown 
resistors on all devices eliminate need to tie 
unused inputs to an external supply. 

Features such as collector and emit­
ter dotting on chip allowing multiple 
functions with only .single gate 
delays. Or open emitter outputs and 
Hi-Z inputs which permit you to 
select the optimum termination 
method for your system. 

Interested in driving capacity? 
MECL 10,000 offers 50 n to 2 K n 
driving capability. High Z inputs 
with parallel terminated lines allow 
"stubbing" off of a line at several 
points. Popular series terminating 
and series damping techniques 

-----ID--
-~D 

----ID>---
MCl 0105 Triple 2-3·2 OR/NOR Gate - A sys­
tem oriented device aimed at reducing package 
count by providing three OR / NOR gates within 
one package. This versatile logic element pro­
vides manipulation of Boolean functions in 
typically 2 ns. 

-PX>---
----D----
---DX>---

MCl 0106 Triple 4.3.3 Input NOR Gate -
Basically a triple 3-input logic NOR function 
plu s an additional input on one gate to provide 
added design versatility for maximum package 
use. 

may be used with no loss in noise 
immunity. 

Worried about cooling? Forget it! 
MECL 10,000 low power gates (25 
mW/gate, 52 mW/gate with 50 n 
load) eliminate cooling and power 
distribution problems and ensure 
long term reliability. In fact the 
devices are so low power you can 
use them in any environment- from 
still air to specialized cooling. 

These are only a few reasons for 
choosing MECL 10,000, - your 
evaluation will discover the rest. 

---)D---
---'"'JD--
-=-----41D~--

MC 10107 Triple 2-input Exclusive OR/Exclusive 
NOR Gate - A three gate array providing the 
positive logic Exclusive OR and Exclusive NOR 
functions for high speed applications. Temper­
ature compensated i~ternal bias on 10,000 
series devices insures that the threshold point 
remains in the center of the transition region 
over temperature. 

~~~~t>--~~­

__ J>>----

-------t>>-------
___ J>>----

MCl 0115 Quad Line Receiver - Useful for 
receiving 4 bits of differential data trans­
mitted over twisted pair or ribbon cable from 
the MC10101. Also recommended for MOS to 
MECL interfacing and is ideal as a sense ampli­
fier equiva lent for MOS 1103 type memory 
translation to MECL. 

MECL 10,000, MECL 10,000 Logic and 
MECL 10,000 Series are trademarks of Motorola Inc. 
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MECL ~Q,QQQ ••• 
(of course) 

MECL •~,~~~-a comprehensive family 

Originally designed as a computer­
oriented logic family, MECL 10,000 
also offers the optimum combination 
of parameters and flexibility required 
for high-speed digital communica­
tions, telemetey systems, and instru­
mentation. In addition to these 10 
functions, here is a look at the line . 

Previously announced and available: 
MC10109 Dual 4-5 Input OR / NOR Gate 
MC10110 Dual OR 3-0utput Gate 
MClOl 11 Dual NOR 3-0utput Gate 
MC10119 3-3-3-4 Input OR/AND Gate 

MC10117 Dual 2-Wide OR-AND/OR-A ND-INVERT 
Gate - A powerful logic function featuring the 
first available OR-AND/OR-AND-INVERT emitter 
coupled logic gate. The internal collector AND/ 
emitter OR dotted logic gate will perform the 
OR-AND/OR-AND-INVERT logic function in 2.4 
ns. Useful for data multiplexing and data 
distribution. 

MC10118 Dual 2-Wide 3-l nput OR-AND Gate -
A highly functional basic building lilock to 
provide the OR-AND function. Recommended 
for digital multiplexing and data control 
applications. 

MC10131 Dual D Flip-Flop 
MC10181 4-Bit Arithmetic Unit 

These functions will be added m 
1971: 

Memory Elements 

MC10133 Quad D Latch 
MC10134 Dual D Latch W/2D Inputs & Select 
MC10135 Dual J-K Master Slave Flip-Flop 
MC10136 4 Bit Universal Counter 
MC10139 256 Bit Fusible Link ROM 
MC10140 64 Bit RAM 
MC10141 4 Bit Universal Shift Register 

Line Receiver 

MC10116 Triple OR/NOR 

MC10121 4-Wide OR-AND/OR-AND-INVERT Gate 
- Another system oriented building block pro­
viding the simultaneous OR-AND/OR-AND­
INVERT function, a natural for data distribution 
applications. 

Complex Functions 

MC10160 12 Bit Parity Checker/Generator 
MC10164 8 Line Multiplexer With Enable 
MClOl 79 Look-Ahead Carry Block 
MC10161 Three Bit Decoder w/two Enables 
MC10162 Three Bit Decoder w/two Enables 

Your local Motorola representative 
has complete MECL 10,000 data 
yours for the asking - or write to 
Motorola Semiconductor Products 
Inc., P.O. Box 20912, Phoenix, Ari­
zona 85036. And for evaluation call 
your nearby Motorola distributor. 

MC10130 Dual Latch - A clocked dual D type 
latch. Each latch may be clocked separately 
by holding the common clock in the low state, 
and using the clock enable inputs for the 
clocking function . 

MECL •~,~~~ eliminates 
the alternatives. The proof 
is in the comparison! 

MOTOROLA MECL 
for faster computers & systems 
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UPD-D\TE 
A hot recording 
Unt il now, video tape recording has suf­
fered from a bottleneck in tape dupli­
cation. So Du Pont has co me up with a 
new th ermal method that is less ex­
pensive, produces tapes of better quali­
ty , and is about I 0 times faster than 
electronic re-recording methods. 

The thermal copyi ng process uses 
chromium dioxide videotape to produce 
both master tapes and co pies with iden­
tical properties . C h ro mium dioxide 
(Cr02) is ferro magnetic and has a Curie 
temperature of I 30°C , above which 
coercivity a nd residual magnetism be­

come zero . 
To duplicate a record ing, the Cr02 

magnetic tape is hea ted slightl y a bove 
I 30°C. As it cools in contact with the 
master tape in a small magnetic field , it 
acqu ires the s ig na l from the master 
tape. Reco rdin gs are stab le at room 
tem perat ures, and the moderate hea tin g 
does not damage the organic binders or 
substrates. 

Copy tape 
in t 

,.... 
Air ,.... 
shoe ,.... 

,.... 
I 

I 
I 

I 
I 

I 

Copyp a 
tape + 
out 

.... 
~ 

~ 

~ 

~ 

~ 

Master t ape 
in 

Master 
tape 
out 

Video tape recordings can be reproduced 
rapid ly using Du Pont 's heat process . 

10 

Du Pont has a developmental tape- to­
ta pe copy mac hin e. The master a nd 
copy tapes are drawn together by a n a ir 
cla mp, and as th e copy tape is heated by 
a 1000-W tungsten-halogen la mp . A 
com mon stepped vacu um capstan per­
forms the diffe rentia l stretching of mas­
ter and copy tapes. Tape speeds of 150 
in ./s are attained with servo-co ntrolled 
tape feed and take-up . 

Du Pont has no plans fo r selling tape 
copiers, but will assist in the design of 
co mmercial mode ls by licensees. 

Motion by 
piezoelectricity 
A new idea fo r precision film transports 
uses piezoelectric techniques instead of 
rota ry mechanisms to adva nce film . De­
velo ped by Tel edyne Rya n Aeronautical 
of San Diego for the U .S . Air Force, 
the transport ad vances or reverses film 
in I- to 20- micron steps at rates up to 
2,000 steps / s. T ape can be moved in 
discrete steps or cont inu ously ove r wide 
speed ranges. 

The fi lm_ drive uses the lengthwise dis­
placement o f a n elongated bar of lead 
zi rconate titanate, a poly-crystalline ce­
ram ic. This material cont racts or ex­
pands in length when subjected to a 
vol tage in the direction of pola riza ti on 
of the material. 

The fi lm is pl aced next to a bar of the 
material , a nd the bar is th en energized 
by timed voltage pulses. The pulses con­
tract and expand the material in the 
sa me direction as the film is moving. At 
the same time , two other bars of the 
lead zi rconate titana te a re a lternate ly 
energized by t imed voltage pu lses. This 
movement clam ps the film to the first 
bar a nd sy nch ronizes with the motion of 
the first bar. 

Through timing of the pul ses the film 
may be moved in either direction in in­
crements .equ al to the change in length 
of the bar mov ing the film , and a t a 
speed de te rmined by the ra te of the 
pu lses. 

There a re no mechanical dev ices in ­
vo lved ; the on ly motions a re the con­
traction and expansion of the cera mic 
bars. Wear is negligible, occu rin g on ly 
where the bars make con tac t with th e 
film. 

S tepping rates as low as I to I 00 
steps / s in steps of I to I 0 microns have 
been demonstrated . The transport can 
wo rk with electron bea m or laser 
recorders , or any high quality image 
recorder which builds up imagery from 
a success ion of even ly spaced lines . 

Microwaves break­
through 
A rmed with high acc uracy a nd low 
price, microwave systems have opened 
the door to greater and safer use of the 
3,000 U. S. ai rports with minim al or no 
in st rument landing systems. The West­
ern Regiona l Office of the FAA has ap­
proved the use of th e T a lar Microwave 
Landing S ys tem by G olden West Air­
lines at the Municipal Airport in Full­
e rt on, Calif. This is the world 's fi rst mi­
crowave landing system a pproved for 
co mm ercia l carrier use. 

The Kea r fott Divi sio n of Singer 's 
Aerospace and Ma rine Systems Group 
origi nall y devel oped T a lar for tactica l 
operations in Southeast Asia at night 
a nd in bad weather. Kearfott sees a po­
tential market of 300 ai rports and 3000 
a ircraft for Talar systems withi n t he 
next fi ve years. 

With installation costs close to$ I mil­
lion , only a bout 3 10 major airports ha ve 
both the fin a ncial a nd geogra phica l re­
so urces fo r the co nvent ional instrument 
landing syste m . T he ground transmitter 
fo r the microwave system costs $38,500, 
sets up in minutes, a nd operates at 15.5 
G Hz with a max im um acquisi ti on ra nge 
of over 30 nautical miles ( I 0 miles dur­
ing rai nfa ll o f 10 mm / hr. ). The a irborne 
receiver , a t $3 ,900, consists of two so l­
id-sta te units, the a ntenna-receiver and 
e lec troni cs contro l a mplifier. The re­
ceive r interprets ground tr ansmission s 
a nd provides steering signa ls for sta nd­
ard a irborne instrumentation. 

Usi ng T a la r, aircraft can reduce la nd ­
in g mi nimums fro m a ceilin g of 800 ft. 
and vis ibility of one mile, to 500 ft. and 
one mile . Further reduct ion to 400 ft. 
a nd 3/4 mile is ex pected . On ma ny days, 
visibi lity nuctu a tes between 1/2 and one 
mile, seve rely restricting nights. With 
the 3/4 mile minimum nearly a ll nights 
would get thro ugh . 
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Output Limit Indicator Light, 
Variable Width Pulse, 
Sweep Width Control, 

Frequency Analog Output, 
Manual Trigger, etc. 

.jfj:. ~~ . f,f)lJ SPAN 

INTERSTATE 
El.ECTHONICS 
CORPORATION 
A Subsidiary Of A-T-O Inc. 

Dept 7000, Box 3117 
Anaheim, Calif. 92803 
(714) 772-2811, 
1WX 714-776.0280 
Telex Nos. 
655443,655419 

More features 
for$495 than 
any other 
Function Generator 

F34 FUNCTION GENERATOR 

FREQUENCY 

x 1M 

x 100K 

x tOK 

x 1K 

x 100 

x 10 

OFFSET PULL ON 

MOOE 
li;JMCl#lel!#i§if! 

CONT. TRIG 

GATE 

BURST 

CONTSWP ~ 
TRIG SWP . • 

SWEEP TIME 
nW""'¥f;""'U!or-11¥f"";I 

AMPLITUDE (into 50n) 
l•l!ii# !iMlllAA§I! 

OU"rPuT.A: 
LIMIT . 

The new F34 proves that a 
Function Generator doesn't have 
to be expensive to be great! 
Read the panel! The Output Limit indicator Light - unique! It 
guarantees you an unclipped waveform. The Sweep Width control -
foolproof and calibrated . Frequency analog output, variable width 
pulse and manual trigger - they're all there and more. See for yourself! 
For details on IEC's complete Function Generator line, 
contact John Norburg today. 

The new SERIES 30 includes 3 other models 
costing even less, starting at just $295 ! 
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UPD-D\TE 

The seal's the thing ... After solving a problem with the 
bottom glass seal of its leadless package (The Electronic 
Engineer, Feb. 1971, p. 27), Diacon is now in full produc­
tion. The lead frame is sea led in a 600° g lass, edged with a 
450° glass. This prevents the lead frame from moving 
around and pulling bonds loose when the final sea l is made 
to an identical 450° glass on the to p cover. The company 
has a lso developed a variable-viscosity DIP sea l. 

Congress hears engineers ... The House of Representa­
tives held hearings on June 22-23 on its version of the 
"Convers ion Research and Education Act " sponsored by 
Reps. Giaimo and Davis . This act would establish national 
policies on engineering employment and R&D investment. 
Senator Kennedy , who has sponso red a simil a r bill in the 
Senate, will schedule hea rings for later this yea r. 

Why not? It's free! ... Robert A. Yereance of Battelle' s 
Co lumbus Labs states that indu stry is overlooking va lu ­
able commercial product applica tion s develo ped in mili­
tary and space prog rams. He believes there are three rea­
sons for this: techniques developed o n Government pro­
grams are thought to be cost ly; man y of the knowl­
edgeable e ngineers and scientis ts involved in the techniques 
are yo ung people who find it difficult to get recognition of 
their ideas from management; and memories o f unhappy 
experiences )¥ith new techniques o ften may ca use a co m­
pan y to resist them . 

Intech Inc., of Santa C lara , Ca lif. , has purchased the mod­
ular products operation fro m Fairchild Camera & In­
strument. lntech wil l co ntinue the line to Fairchild's origi­
nal specs. 

The mushroom farm . . . In an effort to dispel what Assist­
ant Secretary o f Defense Barry Shillito referred to as their 
"mushroom farm" image ("keep everything in the dark , 
with plenty of fertili zer") , DoD top brass recently ex­
plained their new procurement posture . At a symposium 

sponsored by the National Security Industria l Association, 
Deputy Secretary Packard acknowledged th e end o f for­
mer Secretary McNamara 's T o tal Package Procurement 
policy with the new DoD directive 5000.1. The directive 
calls for the separation of production opt ions from the de­
velopment contract, the establishment of cost as a desig n 
parameter and logistics support as a principal design pa­
rameter, and emphasis on prototyping in advanced tech­
nology efforts using small design teams and minimal docu­
mentation. 

Tapless cable . . . Anaconda Cable Co. an d RCA ha ve 
joined forces to develop a c lass ified com municat io ns cable 
sys tem . Shou ld an intruder try to tap the cable to intercept 
secure information , the system automatically sounds an 

alarm . 

Look before you leap! ... was the advice the Seattle Pro­
fe ss ional Engineering Employees Assn. (SPEEA) gave in 
an advertisement direc ted at the undergraduate engineer­
ing students regi ste red a t the U ni versity of Washington . 
The ad spelled out a few prevailing "facts of life" such as 
technica l une mpl oy ment , average salaries below th ose of 
tradesmen , and th e need for periodic re locatio n. 

Space contract ... NASA has as ked aerospace firms to 
make proposals for developing an a utomated high energy 
astronomy observato ry (HEAO) that will serve as head­
quarters for the study of high energy radiation from space . 
The co ntract is expected to be awarded in early 1972, if the 
project is approved in fiscal year l 972. 

Data terminals and communications . . . A study by the 
Diebold Group states that digital communications will be­
co me increasingly more available and will decrease in cost, 
a nd cites these as two reasons for their prediction that the 
number of rem ote terminals will quadruple to 2 million be­
tween now and 1975 . Other reasons for the increasing use 
of data communications jnclu_de:_ Jhe volume of data proc­
essed (this will double in the sa m_e period), labo r costs, re­
quirements for higher co mmunicati ons s peeds , a nd the de­
crease in the price of minicomputers. 

Here come da memories, ... Berne Broadbent , Manager 
of Engineering for Digital . Development Corp. of San 
Diego, feels that sem iconducto r-impleme nted di sc and 
drum memories will take over the 1/ 2 - to l-Mbit ca pacity 
range within the next 18 months. Digital 's new 6000 series 
o f single disc memories range from 16 to 128 tracks of 
66,000 bits each (I to 8 V2 Mbits) . Average access time is 
JO<ms ; unit price is $4-7 ,000 . And, they may be seen at this 
yea r's F J CC. 

Commercial educational TV ... Texas In struments Inc . is 
presenting a co urse on MOS technol ogy on c losed circuit 
TV . It wi ll be shown in 17 locati o ns simultaneo usl y from 
Sept. 22-24. For more details, see our "Calendar" on p. 16. 

Second source for MOS ... Although it built its reputa­
tion as a custom circuits house for MOS LSD , American Mi­
cro-system s Inc. (AM I) is expanding its standard products 
lin e to include two random-access memories : the S4006 
(seco nd -so urci ng M ostek) , a nd the S2 l03 (after Intel 's 
best-selling 11 03). 

Bits of information ... Tyco Laboratories ha s successfull y 
g rown sin g le crys tal sapphire ribbons as wide as l in. in 
co ntinu ous length s (over 4 ft) without slicing or machining 
of any type .. . Bell Labs sc ientists are using a lase r to 
identify polluting gases in the a ir ... The Army Electronics 
Command at Fort Monm o uth has co me up with a light­
we ight therm oe lectric generator. The 500-W, 28-Y de gen­
era to r weighs only 57 lbs. It can ope ra te unattended as 
lo ng as the fuel supply las ts, and burns diesel oi l, gasoline, 
or a irc ra ft fuel s with consumption about 1/2 gal. per 
hou r . .. RCA has developed a method of " free zing" sing le 
T V pictures on a home screen for cab le T V sys tems. 

Two plants for ITT's new Cable-H ydrospace Division 
are being co mpleted just so uth of San Diego in National 
C it y, Ca li f. They will manufacture commercial and mili­
tary submarine cable ... North American Philips has ac­

quired Electra / Midland from Transitron Electronic 
Co rp . . .. Bell & Howell has doubled the reco rdin g time of 
instrum entati on tape recorde rs without frequenc y response 
loss . Reco rder VR-3700B reproducer ca n record fre­
quencies up to 2 MH z at a tape speed of o nly 60 in ./ s. 
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Etched or 
stamped parts? 

Buckbee-Mears 
offers both 
to help you 

save money. 

Buckbee-Mears offers immediate delivery of etched prototypes, 
and can, without interruption, shift to identical stamped 
parts to meet ww per-piece cost, wng run requirements. 
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Many precision parts can be made by either photo 
etching or stamping. BMC offers both, which means you 
can be sure we will recommend the most economical 
method to produce your part. That's mighty important 
if you 're concerned about costs. 
There are other advantages. With our ability to etch parts 
in large volume, we have built-in second source 
protection for stamping. That mean s no expense for a 
second set of tools. We can get you in production fast 
by etching your prototypes. Then, when volume is 
sufficient, you can switch to stamping. 
All with one supplier, Buckbee-Mears. 
Most compo nent manufacturers must take suppliers 
into their confidence. Since we are completely 
independent, you can be sure your proprietary designs 
are safe with us. 
If you need precision parts, cal l or write our marketing 
department. Better sti ll , see your regional BMC sales 
consultant. He's a real pro, spec iall y trained to solve your 
production problems. And he can make an expert cost 
analysis on etching versus stamping for you. 
Buckbee-Mears is the world's largest volume producer of 
precision etc hed, stamped and electroformed parts. 
You can expect us to deliver, on time, what we say we can 
deliver. You ' ll save money with BMC, too, because we 
can choose from a wide range of capabilities to solve 
your particular needs. We have a large variety of etchable 
metals on inventory fo r fast prototype production. 
Fast delivery, reasonable prices, in-depth capability, 
well trai ned sales force. Shouldn't you talk to us first? 
Buckbee-Mears Company, 245 East 6th St., St. Paul , Mn 
55101, Telephone (612) 228-6371, Telex 297080. 
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FAULTFINDERS PRESENTS: 
FF-101, THE PRACTICAL PRINTED 
CIRCUIT BOARD TEST SYSTEM 
It's an automatic fault finder. 
It checks your printed circuit 
boards for conformance to 
your electrical schematics. 
FF-101 thoroughly checks 
your circuitry , isolating each 
component and comparing it 
to programmed l imits. It 
finds all faults and identifies 
them by printout of specific 
component symbols and num­
bers. Repairs can be made 
without additional trouble· 
shooting . Actual component 
values can be printed out 
if desired. 
You can ' t make it obsolete. 
F F-101 makes fundamental 
checks on components, re­
gardless of circuit configura­
tion. Economical, precision 

vacuum test fixtures accomo­
date al I board types, with 
pin placements down to .050 " 
centers and pin densities up 
to 40 per square inch. If you 
can make a board, we can 
adapt it and FF-101 can test. 
it. 
It's easy to adapt - simple 
to program. A simple change 
of test fixture and program 
adapts FF-101 to any board 
type in seconds. We'll pro­
vide computer-ve.ri f i ed pro­
grams for you, and we ' 11 
teach your technicians to 
program from your schema­
tics. 
You can afford it. FF-101 
does your troubleshooting 
for you - automatically. It 

helps you put your boards 
where they belong - in the 
field, in operation. Our sys­
tem saves you more than 
twice its price - annually. 
FF-101. It ' s an automatic 
fault finder. You can't make 
it obsolete. It ' s easy to 
adapt - simple to program. 
And you can afford it - in 
fact, you really can't afford 
to be without it. For more 
information on the practical 
printed circuit board tester, 
contact : 

FAULTFINDERS1
Nc. 

P.O. Box 762, Schenectady, N. Y. 12301 
Phone: (518) 355-6099 

FACILITIES AT 2818 CURRY ROAD EXTENSION/SCHENECTADY , NEW YORK 
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SEPTEMBER 

13 14 15 16 

20 21 I 22 23 

17 18 

24 \ 25 

26 27 28 29 30 

Sept. 22·24: Computer Technical Confer· 
ence, Sheraton Boston Hotel, John B. 
Hynes Aud., Boston, Mass. Addtl. Info.­
Norman Rasmussen, IBM Corp ., 545 
Tech. Sq., Cambridge , Mass. 02139 

CCTV MOS course .. . In an unique appli­
cation of educational TV, Texas In­
struments is presenting a course on MOS 
techno logy over closed circuit TV. The 
course wi l l run for three consecutive 
days, Sept. 22 , 23 and 24, and wi ll be 
available in 17 locations . These are Balti­
more/Washington. Boston . Ch icago, Dal-
1 as . Dayton , Den v er , Detroit , In­
dianapolis, Los Angeles , Minneapol is. 
New York , Palo Alto , Phila, Phoenix , 
Rochester and San Diego. The cost is 
$195 which includes lunches and publi­
cat ions. To enroll , send check or M.O. to 
Texas Instr uments Incorporated , MS 84, 
Box 50 12. Dallas. Texas 75222. Late reg­
istrations can be made by calling Frank 
Walters at 2 14-238-3741. 

OCTOBER 
1 2 

3 4 5 6 7 8 9 

10 \ 11 12 13114 15 16 

17 18 19 1 20 21j 22 23 

24 25 26 27 28 29 30 

31 

Oct . 6·8: Electronic & Aerospace Sys. 
Convention (EASCON) , Marr io tt Twin 
Bridges Motor Hotel , Wash ington, D.C. 
Addtl. lnfo.-L. Goldmuntz. 29 Kalorama 
Circle , Washington , D.C. 20008 

Oct. 11-13: 1971 lnt'I Microelectronics 
Symposium, Pick-Congress Hotel. Chi­
cago , Ill. Addtl. lnfo.-lnt'I Society fo r 
Hybrid Microelectroni cs. 1410 Higgins 
Rd .. Pa rk Ridge, Ill. 60068 

Oct. 18·19: Consumer Electronics Sym· 
posium , McCorm ic k Pl ace. Pic k-Co n­
gress Hotel , Chicago. Ill .. Addtl. Info .­
Wayne Luplow. Zen ith Radio Corp ., 1851 
Arthur Ave ., Elk Grove Village, Ill. 60007 

Oct. 18-19: Digitronics Users Conference, 
Holiday Inn, Tysons Corner, Va. Addtl. 
lnfo. -Mort Siegelbaum , Executive Secre­
tary , Digitronics Users Assoc .. P.O. Box 
113. Albertson , N.Y. 11507 

Oct. 18-20: IEEE Fall Electronics ~onfer· 
ence, Pick-Congress Hotel , Chicago, Il l . 
Addtl. lnfo.-P.B. Haff , Manager Chicago 
Area Publ ic Relat io ns . Western Electri c 
Co .. 20 N. Wac ker Dr ive. Chi ca go, Ill. 
60606. 

Oct. 20-21 : Fourth Annual Connector 
Symposium, Cherry Hil l Inn , Cherry Hil l, 
N.J. Addtl . lnfo.- Wil lia m Rees , Jr ., Box 
No. 3 104, Phi lade lphia. Pa. 19150. 

Oct. 31-Nov. 3: Seminar on "Fundamen· 
tals of Computers," Pheasant Ru n Lodge, 
St. Charl es, Ill ., Addtl. lnfo .- National 
El ectronics Conferen ce, Oakbrook Execu­
tive Plaza # 2, 12 11 W. 22nd St .. Oak 
Brook. Il l . 6052 1 

NOVEMBER 

1 2 3 4 5 6 

7 8 9 10 11 12 13 

14 15 16 17 18 19 20 

21 22 23 24 25 26 27 

28 29 30 

Nov. 2·5: Northeast Electronics Research 
& Engineeri ng Meeting (NEREM), Shera­
ton-Boston Hote l. War Mem . Au d .. Bos­
ton , Mass .. Addtl. lnfo.-IEEE Bost on Of­
fice . 31 Channing St., Newt on, Mass. 
02 158 

Nov. 16-18: 1971 Fall Joint Computer 
Conference, Las Vegas Convent io n Cen­
ter, Addtl. lnfo.- AFIPS Hdqs., 210 Sum­
mit Ave .. Montvale, N.J. 07645 

'71 and '72 Conference Highlights 

NEREM- Northeast Electronics Research 
& Engineering Meeting, Nov. 3-5: Boston , 
Mass. 

INTERCON '72- IEEE Intern at ional Con­
vention and Exposi t ion. March 20-23 ; 
New York . N.Y. 

Call for Papers 
April 24-26: 1972 International Confer· 
ence on Speech Communications and 
Processing, Boston, Mass . Submit a 100 
word abst ract of you r paper by Nov. 1, 
to : Charles Teacher, Phil co-Ford Corp ., 
3900 Welsh Rd ., Wi llow Grove, Pa . 19090 

May 16·18: 1972 Spring Joint Computer 
Conference, At la ntic Ci t y. N.J. Submit 6 
cop ies , inc lud ing an abstract and a draft 
(not exceeding 6 ,000 words) by Oct . 1, 
to: Dr . Jac k Schwartz, 1972 Spring Joint 
Co m puter Co nference, Box A-Computer 
Science Dept ., Co urant Instit ute, New 
York Unive rsity , 251 Mercer St ., New 
York. N.Y. 1001 2. 
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TO WRAP 
OR NOT TO WRAP 

That is the question that invariably arises when you 're 
designing a new circuit. You can either take the wire-wrapping 
route for design flexibility . Or you can choose p.c. wiring 
for manufacturing economy . Either way, you have to 
accept trade-offs. 

Wire wrapping lets you make circuit changes throughout 
the life of your equipment . But, at roughly 10¢ for each pair 
of terminations , a densely wrapped board can be expensive. 
On the other hand , p .c . wiring is the less costly alternative, 
but you 're married to the circu it on your multi - layer board . 
So when a design change is called for , you have to discard 
the board and design anew. 

That is, up until now. 

Because Elco has taken the wraps off a new card edge 
connector that gives you the best of both systems . 

You 're free to use p.c. wir ing in lieu of your first level 
of wire wrapping , and thus cut as much as 75 % from your 
overall wrapping costs . And you can make your remaining 
connections by press-fitting the contacts of our new connector 
through the plated -through holes of the board , and wire 
wrapping the appropriate contacts. 

So you now have the ability to make circuit changes and 
repairs right on the board . Even replace damaged contacts 
without disturbing or removing the insulator or adjacent 
contacts . And you needn't worry about the integrity of the 
press-fit connection because it's mechanically stronger and 
electrically more reliable than the best soldered connection . 

And Elco will go you even two better . 

Give us your p .c . back panel laid out to our hole specs 
(.125" x.125" ) , and we'll fill the board with our Series 6317* 
"Economist" connector. Or send us your specifications, 
and we'll even supply the board . 

Just two more serv ices in keeping w ith CONNECTRONICS, 
Elco 's Total Connector Capability . 

For full details and specifications on the " Economist, " contact : 

Elco , W i llow Grove Div ision, 
W i llow Grove, Pa. 19090 
(215) 659 -7000 

~· · 

Elco, Pac ifi c D iv ision, 2200 Park Place , 
El Segundo , Cal if . 90245 
(213) 675-331 1 

Operations in USA, Australia , Belgium, Canada, Denmark, Eng land, France, Germany, Israel and Japa n. Sa les offices throughout the world . 

*Pat Pending 

Copyright © 1971 Elco Corp. All rights reserved. 
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we·re stamping out 
high costs in 
~ligh Density connectors. 
It was the only new thing left to do. 

And so, we put our metal stamping capability to work 
and created a high density connector with stamped 
contacts. 

That was the start of cost savings. 

The best part is our high speed automated application 
machinery that terminates strip-mounted contacts at 
rates up to 1500 per hour. 

That 's the clincher. We call it AMPECONOMATION­
the combination of A-MP*product and application 
techniques that gives you cost savings by design ... 
brings in high density connectors at the lowest applied 
cost available anywhere. 

lntermatable? You bet. With all similar high density 
connectors on the market. Ideal? Sure thing. For all 
high-use industries such as-computer and peripheral 
equipment, business machines, telecommunications 
and industrial controls. 

For Mil spec requirements, we have this same AMPLIMITE* 
High Density Connector with a diallyl phthalate 
insert and screw machine contacts as reliable as 
anything available. And more reliable than some. 
Contacts are tape mounted for high speed automated 
application. 

For more on the economics of AMPLIMITE High Density 
Connectors write: Industrial Division 
AMP Incorporated, Harrisburg, Pa. 17105. 

*Trademark of AMP Incorporated . 

AIVIP 
INCORPORATED 

Manufacturing and Direct Sales Facilities in: Australia, 
Canada, Fra nce, Great Brita in, Holland, Italy , Japan, Mexico, 
Puerto Rico, Spain, Sweden, United States and West Germany. 

Self-extinguishing 
nylon insert 
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" Keystone" shell design 
for polarization 

Rear release 
integral retention tines 

Avai lable in 
9, 15, 25, 37 and 50 
contact positions 

Gold over nickel plating 
-extra plating at 

points of wear 
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at ion 
WORLDWIDE 

Size #20 pin 
and sockets accept 

28-20AWG wire range 

Cadmium plated 
steel shell 

Stripper/cr imper machine 
strips wire and attaches 
open barrel terminal dur­
ing each machine cycle. 
Capacity: 1500 termina­
tions per hour. 
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MORE CAPACITANCE, 
LESS VOLUME: 
an international story 
Alberto Socolovsky, Editor 

In a Japanese restaurant, a well-known manufacturer of 
capacitors played host to an American engineer. He had 
just made the point that his company specializes in min­
iature electrolytic capacitors . 

His guest held one of the chopsticks clumsily bet ween 
his index and middle fingers , while his thumb slipped off 
the other one. He watched the rice grains easily elude the 
grasp of his chopsticks and commented pensively: "I can 
see why you people specialize in miniature capacitors. Just 
handling these chopsticks must be excellent training. " 

His host nodded with a faint smile. "Arigato" he said , 
"but we make capacitors with high-speed automatic ma­
chines." 

Indeed , automated production is the name of the game 
in manufacturing capacitors, and not just in the Far East. 
The USCC division of Centralab, for example , received a 
contract issued by the U .S. Army Communications Com­
mand to increase the production volume of ceramic chip 
capacitors to 25 ,000 per hour by 1972, while maintaining 
their reliability. And automatic , high-volume production 
lines for capacitors are going up not just on both sides of 
the northern Pacific ocean , but a lso in the eastern U .S. , in 
Europe, in the Caribbean , and in Brazil ; not just for alumi­
num electrolytics and ceramic units , but also for film ca­
pacitors . 

Thus , high production and price competition are the key 
wo rds in capacitor production today, as opposed to the 
miniaturization-at-any-cost of the old days of military con­
tracting in the l 960's . 

In those days , circuit designers were making the transi­
tion from vacuum tubes to semiconductors. The most criti­
cal parameters for capacitors were capacitance and volt­
age. The best design for a capacitor was one that could 
cram more CY product into a certain volume. Obviously , 
the same rule holds true today except that the only strong­
holds that remain in electronic equipment for voltages 
higher than 100 V are in displays and in appliance con­
trols. Most other circuits , made with 1cs and discrete semi­
conductors , rarely need more than 50 V, a voltage that an y 
dielectric can take handil y, even the thinnest film . The 
CV/ volume battle , then , has turned into a quest for pack­
ing more capacitance within a constantly decreasing vol­
ume . Electrolytic capacitors have always won this battle . 
But most impressive, even to the casual observer of the ca-

pacitor field, are the giant strides that other dielectrics­
especially films and ceramics- have made latel y in stack­
ing high capacitances into small vo lumes. 

Following are some highlights of what is happening in 
the capacitor field, with the developments that we believe 
are significant for you . Rather than try to describe them in 
detail , we ' ll caps ulate them here and refer you to the man ­
ufacturer(s) responsible for each development or who have 
an interesting product line. Simply ci rcle the Reader Serv-

500 

400 

40 

30 

20 

10 

1967 1968 1969 1970 

U.S. Mir 's 

Total import s 

Imports from 
Japan 

Sales of capacitors follow the general trend of the economy 
and partic ularly of all electroni c components . Imports have 
grown faster than sales by U.S. manufacturers , and have 
not dec lined during the 1970 recession . Japan and West 
Germany. in that order, have been the source for most of 
the imports. but"their share has declined now in the face of 
increasing imports from Mexico, Taiwan , the Netherlands, 
Canada. Italy, Jamaica, Portugal and Hong Kong. Actually, 
Japan 's total sales to American manufacturers of electronic 
equipment have not declined. What happens is that some of 
those sales take place now in the Far East . where many (es­
pec ially consumer) electroni c manufacturers have moved 
their pl ants . 
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ice Number on the inquiry card corresponding to the man­
ufacturer from whom you desire more information . 

Film capacitors 
U nquestionabl y, there are two clearl y defined a reas of 

endeavor in this field . The first one has been the in­
trod uction of very compact, very low voltage capacitors of 
metallized polyca rbonate . Since polycarbonate film can be 
wound even when the capacitor is made with gauges as 

Construction of monolithic chip capacitor (Sketch cou rtesy 
of Monolithic Dielectri cs, Inc.) 
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thin as 80 µm, these capacito rs have enjoyed tremendous 

advantage in volumetric efficiency. Siemens has even cho­
sen to manufacture such a ca pacitor with a method that 
resembles a monolithic capacitor, by stacking alternate 
films of metallized pol yca rbonate. This capacitor ha s 
about half the volume of units o f similar capacitance and 
voltage, with a tolerance as close as 5%. 

There is also a trend to an increased use of metallized 
film capacit ors, thanks to their smaller size and self-h eal­
ing properties . When an arc occurs, it burns out a portion 
of the deposited metal, clearing out the fault. In general, 
this burning process does not affect the dielectric film , al­

though it certainly reduces the amount of capacitance 
slightl y. However, in special capacitors with low dielectric 
absorption , it may spoil slightly this characteristic. 

Also, Siemens has devel oped a very small cellul ose ace­
tate ca pacitor which is radiation resistant and ca n take 
su rges up to four times its voltage rating. Sprague has al­
ready been licensed to manufacture it in the U.S. 

However, MylarR (polyester) is still the workhorse of 
the capacitor film dielectrics . A newcomer in the field is 
polysulfone, which resembles Mylar, but it is used for 

high temperatures in applications such as senso rs for jet 
engines and deep well transducers for oil exploration. 
Po lysulfone, a resin th at was developed by Union Carbide, 
and first converted into film by General Electric, is now 
used as capacitor dielectri c by severa l manufacturers . 

Many of the domestic and most of the foreign-made ca­
pacitors a re going into consumer and some industrial 
equipment. Because of the fire hazards, particularly with 
color TV, the pressure is on for fireproof capacitors. A 
non-burning conformal coating looks lik e a possible solu­
tion to the burning problem . 

For more literature on those developments, may we re­
fer you to the following companies by circling the appro­
priate numbers . 

Reader Service Number 
Aerovox (met. polycarbonate, 

met. polysulfone) 
Balco (met. pol yca rbonate) 
Capacitor Specialists (polysulfone) 
Co ndenser Products (polysulfone) 
Electrocube (polysul fone , 

met. polycarbonate) 

201 
202 
203 
204 

205 
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Reader Service Number 

Elpac (polysu lfone , met. polycarbonate) 206 
General Electric (polys ulfone) 207 
Internati onal Electronics (met. a nd 

non-met. polyester a nd polycarbonate) 208 
Matsushita (polypropylene , polyester, 

met. polyester) 209 
Midwec (polysulfone, polyca rbonate, 

myla r, met. my la r) 210 
Nucleonic Products (my la r) 211 
N ytronics (m et. polyca rbona te) 212 
Paktron Di v., ITW (met. polyester , met. 

po lycarbon a te) 213 
Potter (met. mylar) 214 
San Fernando, West-Ca p A rizona 

(pol ys ulfo ne, met. polyca rbonate) 215 
Seacor Inc . (polypropylene, po lycar-

bonate, myl a r, pol ystyrene) 216 
Siemens (met. polycarbona te, acetate) 217 
Sprague, including Dea rbo rn (met. aceta te, 

polycarbona te, polysulfone) 218 
T RW (met. polyca rbonate) 219 
U ni on Ca rbide (polys ul fo ne) 220 

A metallized film capacitor can be from 20 to 50% sma ller 
th an a similar unit rolled with convent ional film and metal 
fo il . In addition . th e meta llized unit heals itself after a short 
burns a po rti on of the electrode . However . metallized f i lm 
capac itors have h igher d iss ipati on factor and lower in ­
sula ti on res istance. and cos t more th an convent ional fi lm 
units. (Photo courtesy of El ect ro Cube, com pa res metall ized 
polyca rbonate un it . above. with one ro lled with film and 
metal foil.) 

Electrolytic capacitors 
There a re developments in both types o f dielectrics, tan­

ta lu m and aluminum oxide . In tantalum , the most impor­
tant development is the inc reasing number of product lines 
th a t fea ture chip capaci to rs, whether these chips a re en­
cased (as is the case with those sold by Sprague) or bare 
(as a re the ones sold by U nion Carbide.) 

The latter company a pplied two yea rs ago for a patent 
coveri ng a new type of copper metalli zat ion which produc­
es a confo rm al copper layer on tanta lum chips. Such chips 
can then be di p-so ldered up to 300°C, and can be opera ted 
up to l 75°C. 

Siemens ma kes a very la rge (up to 1240 µF a t 360 V) 
a lu mi num capacitor fo r electronic fl ash a ppl icatio ns. Both 
thi s company and S prague specialize in this a pplicati on 
whic h requ ires low leakage a nd high ca pacita nces of more 
th an 300 V. 

For more in fo rm ation on electrolytic capacito rs, circle 
the appropri ate Reader Service N umbers bel ow. 

Reader Service Number 
Amperex (a luminum) 221 
Components Inc. (ta nta lum) 222 
Corn ell-Dubi lier (both) 223 
Dickso n Electronics (ta ntalum) 224 
Genera l Electr ic (both) 225 
Intern a tional Electronics (both) 226 
J F D (tanta lum ) 227 
Mall ory (both ) 228 
Matsushita Electric (aluminum , some 

ta nta lums, imported fr om J a pa n) 229 
Nucleo nic Products (a luminum, 

imported fr om France) 230 
Nytronics (t anta lum) 231 
San Fernando , West-Cap Arizona 

(aluminum) 232 
Sanga mo (aluminum) 233 
S iemens Co rp. (both) 234 
Sprague (both) 235 
TRW Ca pacito r (ta nta lum) 236 
Tansitor (tanta lum ) 237 
Uni on Ca rbide (tanta lum ) 238 

Ceramic capacitors 
Unquesti onably, the ma in trend in this fie ld is to chips. 

But the re is a n interest ing development in temperature-in­
de pendent (NPO) ca pac it o rs. Seve ral co mpa n ies ha ve 
recently increased the d ielectric co nsta nt by a lm ost three 
t imes (fr om K = 30 to K = 80) . Aerovox has fo rmula­
ti ons with a K of 45. 

Also, most co mpani es have devel oped expertise in ha n­
dling these chips in producti on lines. Such ex pertise will be 
greatl y a ided by sta ndardi zati on of chip sizes , now in the 
wo rks at the Electro nic Industries Assn. Mr. J oseph Sco r­
da to of Monolithic Dielec trics , Inc. , cla ims that capacitor 
chips a re perfec tl y suita ble fo r a uto mat ic solderin g with 
the stand ard meta lli za ti on (s il ver o r pall adium sil ver) of­
fe red by most manufac ture rs. The reliability problems 
co me in desoldering a chip, especially when the user ap-
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plies a I 00-W soldering iron to a tiny 
chip. Union Carbide Corp. , on the other 
hand, states that sil ver terminations in­
variably suffer from leaching or scav­
enging problems and claims that 
UCC's "Solder Gua rd" coating on chip 
te rminals solves that problem . 

Fo r a good background on chip ca­
pacitors, we highly recommend a read­
ing of San Fernando Electric 's "ceramic 
chip capacitor handbook. " For this 
ha nd book ci rcle Reader Service Num­
ber 239. 

USCC also offe rs a n applications 
note on chip capacitors. For a copy, 
circle Reader Service Number 240. 

For more information on ceramic ca­
paci tors, please check the appropriate 
Reader Service Numbers below. 

Reader Service Number 
Aerovox (all types) 241 
American Lava (chip) 242 
American Tech. Ceramics (chip) 243 
USCC-Centralab (all types) 244 
Corne ll-Dubi lier (chip) 245 
Corning Electronics (general 

purpose) 246 
Electro Materials Div. , ITW 

(all types) 247 
Erie Technological (all types) 248 
JFD (temp. compensated , chip) 249 
Johanson (a ll types) 250 
Marshall Indus t ries (all types) 251 
Matsush ita (a ll types) 252 
Mepco (gen. pu rpose, te mp. 

compensated) 253 
Monoli th ic Dielectrics 254 
Nucleonic Products (a ll types) 255 
Nytronics (all types) 256 
Potter (gen. purpose, chip) 257 
Republic Elec . (all types) 258 
San Fernando (gen. pu rpose, chip) 259 
Siemens (all types) 260 
Sprague (all types) 261 
Union Carbide (all types) 262 
Yaradyne (gen. purpose, chip) 263 
Yitramon (all types) 264 

Also, Siemens has introduced a high 
capacitance (not compensated) ceramic 
capacitor , with a K of 50,000. For this 
development , circle Reader Service 
Number 265. ~ 

INFORMATION RETRIEVAL 

Passive components 

MO/does 
business with 
the BEST ... 
COMPLETE LINE OF MONOLITHIC 
CERAMIC CHIP CAPACITORS 

TYPE K1200 

TYPE NPO 

FEED-THRU 
MDI is proud of its reputation for highest reliability 
products, dependable service, and fast delivery! Our 
NPO Chips provide 3 times the capacitance as in 
ordinary NPO ceramic capacitors of monolithic design, 
and are available in 18 standard sizes from .050" x 
.040" x .040". Type K1200 is also available in 18 
standard sizes, plus numerous sizes in High-Voltage 
and Feed-Thru. Write for free catalog. MDI invites you 
to do business with the Best . .. call your nearest MD I 
representative or MDI direct and ask for Jim Bruce. 

Monolithic 
Dielectrics 

MDI REPRESENTATIVES 
Canada 

Anbak Sales, Canada, Ltd. 
3208 Lenworth Drive 
Cooksville , Ontario, Canada 
(416) 625-1061 

Ala., Fla . and Ga. 
Kirkwood and Associates 
3530 First Avenue, North 
St. Petersburg, Fla. 33713 
(813) 894-8240 

Arizona 
E. J. Foley & Associates 
4241 Winfield Scott Plaza 
Scottsdale, Arizona 85251 
(602) 945-2665 

California 
Weightman and Associates 
1226 West Olive Avenue 
Burbank, Calif. 91506 
(213) 849-7711 
120 Santa Margarita Ave. 
Menlo Park, Calif. 94025 
(415) 325-2885 

Col., N.M., Wyo., Utah 
Mile High Elec t ro nics 
1828 Pine (P.O. Box 1577) 
Boulder, Colorado 80302 
(303) 444-5615 

Del., Md., D.C., and W. Va . 
The Jay Company, Inc. 
2914 Annandale Rd. 
Falls Church, Va. 22042 
(703) 534-7800 

Illinois 
Wood Sales Company 
233 Lake Cook Road 
Palati ne, Illi nois 60067 
(312) 359-4550 

Indiana and Wisconsin 
Raymond Klipp Associates 
P.O. Box 226 
Grayslake, Ill. 60030 
(312) 223-4837 

Iowa 
Howard Brown Sales 
3400 Indian Road, S.E. 
Cedar Rapids, Iowa 52403 
(319) 366-0635 

Minnesota, S. Oak., N. Oak. 
Electric Co mponent Sales 
6524 Walker St. 
Minneapolis, Minn. 55426 
(612) 929-4494 

New England 
Normell Associates 
10 Day Street 
Newton, Mass. 02166 
(617) 969-5478 

Metro. New York, 
Long Is., and No. N.J. 

R H B Sales Company 
95 Carpenter Street 
Belleville, N.J. 07109 
(201) 687-6220 
124 Fairview Avenue 
Bayport, New York 11705 
(516) 997-8300 

Ohio, W. Penna., Mich. 
Electro-Com 
8761 Snow Rd. 
Cleveland, Ohio 44130 
(216) 886-2404 
1700 Needmor Road 
Dayton, Ohio 45414 
(513) 276-3993 

So. N.J., and E. Penna. 
Given Associates, Inc. 
Post Office Box 183 
Riverton , New Jersey 08077 
(609) 829-7249 

Texas, La., Miss., Ark., 
Tenn. and Oklahoma 

Roberts Sales Company 
9704 Lanward Drive 
Dallas, Texas 75238 
(214) 348-4283 

Upstate New York 
Watmet, Inc. 
40 Falls Street 
Niagara Falls, N.Y. 14302 
(716) 285-3595 

EUROPE 
Elenic 
163 Ave . Gambetta 
75 Paris 20, France 
Tel. 797-37-69 

Inc. 

P.O. Box 647 ·Burbank, California 91503 • (213) 848-4465 
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It's true. 

After helping a jillion feet of paper 
tape wind and unwind its way 
through communications systems 
everywhere, Teletype announces the 
addition of magnetic tape data 
terminals. 

There are some basic advantages in 
both mediums. But as you are well 
aware, the medium that's right for a 
system depends a lot on the applica­
tion criteria. 

The new magnetic tape data termi­
nals have many operational features 
that make life less complicated for 
the operator. 

Teletype is a trademark registered in the U.S . Pat. Office. 

24 

New, modular line of Teletype® 4210 
magnetic tape data terminals. 

yes, mag 
tape 

terminals 

For example, take a look at t he tape 
cartridge, which was specifica lly de­
signed for reliability required for 
data transmission. 

Its vital statistics are: 3" x 3" x 1 ". 

It contains 100 feet of .X" precision 
magnetic tape. 

It will hold 150,000 characters of 
data, recorded at a densi ty of 125 
characters per inch. The equiva lent 
of a 1000 foot roll of paper tape. 

This means that you r data is easier 
to store, easier to handle, eas ier to 
work with than ever before. And it's 
reusable. 
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The units have a "fast access" switch 
which will move tape forward or 
reve rse at a speed of 33 inches per 
second. A digit counter provides a 
reference point to help locate vari­
ous areas of the tape. 

Four ASCII control code characters 
can be recorded in the data format 
to aid character search operations. 
When the terminal's "search" but­
ton is pressed, tape moves at the 
rate of 400 characters per second 

until the control code selected is 
detected. Then the terminal stops 
the tape automatically. 

A "single step" switch is also pro­
vided which enables you to move the 
tape forward or backward one char­
acter at a time. In editing or correct­
ing tape, you can send a single 
character using this feature. 

machines that make data move 

DATA COMMUNICATIONS 
equ ipment for on-line, real-time processing 

Also magnetic tape adds high speed 
on-line capability to low speed data 
terminals. 

You can zip data along the line at up 
to 2400 words per minute. For ex­
ample: Take a standard speed Tele­
type keyboard send-receive set, and 
a typical typist. Add a new magnetic 
tape unit to this combination and 
the on-line time savings can pay for 
the magnetic tape terminal in short 
order. 

You can take better advantage of 
voice grade line speed capabilities. 

An operator can prepare data for 
magnetic tape transmission using 
the keyboard terminal in local mode. 
Then send it on-line via the magnetic 
tape terminal up to 2400 words per 
minute. 

These new modular magnetic tape 
data terminals offered by Teletype 
are perfectly compatible with model 
33, model 35, model 37 and model 38 
keyboard send-receive equipment. 

Straight-through threading makes 
tape loading and unloading excep­
tionally easy. 

They can send or recei ve at high or 
low speed. Or can be used indepen­
dently as stand-alone terminals on­
line. 

If you would like to know more about 
this new line of Teletype magnetic 
tape data terminals, please write 
Teletype Corporation, Dept. 55-15, 
5555 Touhy Avenue, Skokie, Illinois 
60076. 

Teletype 4210 magnetic tape data ter­
minal with 37 keyboard send-receive 
set. 

TE L ET Y PE 

r lrul ;' 
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NEW .. and so simple any genius could have designed it. 

CHER 
KEYBOARD 

A NEW KIND OF KEYBOARD 
with a uniquely simple design that utilizes scanning technique. 
Key depression causes a matrix connection between decoder and multiplexer. 
The LOW output of the decoder appears at the corresponding 
multiplexer terminal. When the counter reaches the appropriate key code, cross 
matrix continuity is sensed. The multiplexer then provides a HIGH output to 
the monostable multivibrator causing a 1 millisecond pulse. This inhibits 
the clock and stops the counter on the desired code. 
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A NEW KIND OF KEV 
with gold "crosspoint" contacts that eliminate the 

REST POSITI ON 

two main causes of contact failure-(1) formation 
of insulating chemical film on contact surfaces 

and (2) mechanical interference of foreign 
particles on contacts. This proven 

design concept (Gold prisms at 
right angles to each other) 

provides high force per 
unit of contact 

area and 
virtually 

eliminates 
contact 
closure 

interference 
from foreign 

particles. 

10 
IMPORTANT 

61MOST WANTED" 
FEATURES 

1 Low cost 2 Long life 
3 Low profile 4 Inherent 2 key rollover 

5 Wire"OR"able output 
Low power (1.5 watt max.) 7 Custom designs 

8 True typewriter sequencing 
9 Only one power level input 10 High reliability 

OPERATED POSITION 

r.;:~~"!- Gold crosspoint Gold "crosspoint" 
contacts for 

unexcelled reliability 

contacts 

Nylon enclosure 

Termina ls 

Mechanical life in excess of 
10 Million operations 

FOR TECHNICAL DATA: TWX 910-235-1572 . . . . or phone (312) 689 -7600 ext. 7717. OR write : 

CHERRY CHERRY ELECTRICAL PRODUCTS CORP. 
3612 Sunset Avenue, Waukegan, Illinois 60085 

Makers of patented Leverwheel/Thumbwheel Switches, Matrix Selector Switches, Snap-Action Switches and Keyboards. 

THE ELECTRONI C ENGINEER • Se pt. 1971 Circle Reader Service #17 27 
Circle Reader Service #18----+ 







:::-:-:-:-:-:-:·:·:·:-:-:-:-:-:-:--.:: 
·~ POWERTEC'S WINNING :-: 

30 

OEM MULTIPLES :::•• 
DUALS AND TRIPLES 

FORANALOG .. 
AND DIGITAL • 

POWER 

• EXCEPTIONAL VERSATILITY • BEST POWER/ 
COST RATIOS • PROVEN, RELIABLE DESIGN 
Powertec, the fa stest growing Powerhouse in the in­
dustry, introduces its new multiple output OEM line, 
with dual output models for analog circuits and the 
triple output models for digital and analog. Offering 
maximum versatil ity, the folly isolated outputs may be 
interconnected fo r any positive/negative requirement, 
including MOSFET and CCD. 
This new design is an extension of our highly success­
ful single output OEM series , has the same quality com­
ponents and fea tures the same low prices. Don't take 
second place - Win with the Power People from the 
Powerhouse - Powertec. Request fr ee applica tion data 
and catalog. 
ALL MODELS DELIVERAB LE FROM STOCK IN 24 HOURS. 

Model Output Power Unit 
Number ± 12V or ± 15V 5V Price 

2K15D-1.3 1.5A 1.3A NA $ 46.00 

2L15D-2.8 3.0A 2.8A NA $ 81 .00 

2R-70T 1.5A 1.3A 6.0A $ 86.00 

2S-140T 3.0A 2.8A 12.0A $149.00 

• REGULATION : Line ± .25 %, Load ± .25 % • INPUT : 
115 VAC ± l OV 47-63Hz • RIPPLE: lmv RMS 5 & 15V 
• RESPONSE : 50µsec typical • TEMPERATURE: 0°C to 
40°C derated to 71 °C • O.L. PROTECTION : Current limit/ 
foldback • Op tional OVP available 

POWERTEC INC. 
an Airt ro nics s ubsidi ary 

91 68 De So to Ave., C h a tswort h , Ca li forn ia 91311 (213) 882-0004 TWX 910-494-2092 

Circle Reader Service # 19 

WEL~E 

Power products 
If yo u' re looking for power transis­

to rs and hybrids fo r microwave a nd mo­
bile co mmunications applications, you 
might look in on Power Hybrids Inc . 
Fo unded earlier this year, they' re devel­
oping into a so urce fo r ruggedized dis­
crete power transistors capable of 100 
Wat 30 MH z to 2.5 W at 4 GH z, and 
for hybrid 1cs capable of 15 W at 130 
MHz to 2 W at 4 G Hz. They' re located 
at 1742 Cre nshaw Blv d ., T o r ra nce , 
Ca lif. 9050 I. 

Circle Reader Service #4 78 

Interface modules 
Cycon, Inc., a newly fo rmed Sunny­

va le, Ca lif. fir m, rece nt ly int rod uced 
more th a n 50 fun ct iona l-circuit modules 
for its entry in to the marketplace. The 
modules, bes ides servi ng the electronics 
indu stry itse lf, a lso find a ppl icati o n 
wherever a user needs a n interface be­
tween a real-time, physical process and 
digita l equipment. The initia l prod uct 
li ne thus incl udes DACS, ADCS, and in­
st ru me ntation am plifiers. Cycon has 
managed to break the $ I 00 price barrier 
on 12-bit ADCS of the non-du a l-slope 
type. Company spo kesmen claim that 
their C Y3235 perfo rms on a n equal-to­
or-better-than basis, when co mpared to 
co mpetiti ve un its costing between $ 140 
and $300. Cycon , Inc. , 1080E Dua ne 
Ave ., Sunnyva le, Calif. 94086. 

Circle Reader Service #4 19 

Analytical test system 
Comaltest In c. spec ia li zes in IC test 

equi pmen t an d fa ilure a na lysis. Th e 
company's primary product, a microtest 
ana lyze r, is an elect ro-o pt ical system 
for inserting or extracti ng signa ls or 
voltage levels from any point on the sur­
face of an LSI semico nductor chip . The 
analyzer, used in conjunct ion with an IC 

test conso le, comprised of a wo rd gener­
ator and a 4-phase cloc k tes ter, offers a 
fai lu re analysis syste m fo r se m i­
conductor manufacturers and users. The 
test conso le has the capabil ity of check­
ing a lmost any type of dev ice- bipola r 
and p- and n-channe l Mos- wit h up 

to 50 pins. Both stat ic and functiona l 
tests can be ru n and programming is 
done via front panel switches a nd a ma­
trix board. The IC test console sells fo r 
$20,000; the word generator is priced at 
$3 ,000; and the clock ge nerator at 
$2,500. 

Circle Reader Service #420 
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Somethinktheirworking dayis 
a real challenge. Some don't. 

If you sat for eight hours sticking tiny little components into even 
tinier little holes, you might not be too excited about your job either. 

But, even if people don't like the work, there are machines that do, 
the Dyna/Pert electronic component inserting machines from USM. 

Dyna/Pert offers an entire line of component inserting equipment 
from smal I bench models, to semi-automatic units, to totally automated conveyor 
systems. Many of them can be either NC or computer control led. Dyna/Pert 
also has automatic sequencing systems and DIP inserters. 

What's more, Dyna/Pert machines don't take coffee breaks, call in sick 
or look for new jobs. They just keep on producing at up-time rates in excess of 90%. 

A Dyna/Pert machine will even pay for itself after a short period of 
time, and then start paying you. So don't you think it's time you woke up to 
Dyna/Pert? 

For further information contact your local USM office, or write USM Corporation, 
Dyna/Pert Dept., Machinery Division, 181 Elliott St., Beverly, Mass. 01915. 

Visit the USM display at Booth 3600 during Nep/Con East. 

USM Corporation 
Machinery Division 

The Productivity People 





Introducing 
the little counter 
that can. 

It can become four different systems. 
It can go anywhere you do. 
It can protect you against obsolescence. 
It can make buying and maintaining a coun­

ter less expensive than ever before. 
Meet the Hewlett-Packard 5300, the snap­

together counter that's not much bigger than/ 
the palm of your hand. It has six _/' 
digit accuracy, solid state display 
and autoranging. It'll make period, 
frequency, time interval and ratio 
measurements, operate on its own snap­
on battery pack and drive a printer. Prices start at 
only $520. 

If everything sounds too good to be true, 
we'll tell you how we did it: snap-together con­
struction that lets you choose the module that 
makes the counter you want and also avoid obso­
lescence. Plus the most advanced LSI circuitry 
ever used in a counter. That means you get 

a com pact instrument with 
high reliability, perform­
ance and versatility at a cost 
lower than ever before. 
To make the counter you need, 

take the $395 mainframe and add any of the follow­
ing 4 modules (more are on the way). They lock 
right onto the mainframe in an instant. 

• 10 MHz frequency module. Direct 
frequency counting to greater than 
10 MHz. Model 5301A, just $125. 

• 50 MHz all-purpose module 
with period average, time interval, 
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and ratio functions. Model 5302A, $250. 
• 500 MHz frequency module, both 50n and 1 

Mn impedances. DC to 500 MHz. Model 5303A, 
only $750! 

• Time interval module with features you'd 
expect to pay twice as much for: 100 ns resolution; 

attenuators and slope and trigger level controls 
on both channels; counting to better than 

10 MHz; period averaging. A unique "time 
interval holdoff" feature lets you ignore 

electrical pulses between the events you want 
to measure. Model 5304A, $300. 

You ought to be able to take a counter as 
small and useful as the 5 300 anywhere. And you 
can. All you have to do is snap on the battery 
pack (Model 5 31 OA, $175) for 4 to 8 hours worth 
of cord-free operation. The pack fits between the 
mainframe and any module. The system's rugged 

dust-proof aluminum case resists 
almost any of the bumps it might 
get in the field. 

The 5 300 is one system you have 
~iiiiiiiiill~to use to appreciate; there is simply no 

other way. To get you started we'd like to send more 
data on this amazing instrument. 
Call your HP field represent­
ative or write to Hewlett-Packard, 

Palo Alto, CA 94304; or 
1217 Meyrin-Geneva, 

Switzerland. Counters that 
promise a lot and deliver it all. 

02104 

HEWLETT . PACKARD 

E L ECTRO N IC COUNTERS 
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Quadrature filters: 
what they are and what they do 

Their ability to eliminate the quadrature components of signals 
makes these filters important for systems with ac carriers. 

By Martin A. Weiner, Senior Staff Engineer 
Singer Genera l Precision Inc., Kearfott Div., Little Falls, N. J. 

In order to use quadrature filters effectively, you must 
understand their properties and characteristics. To help 
you accomplish this , the most important characteristics 
of these devices have been defined and interpreted. 
Following these explanations is a series of test meas­
urement setups that demonstrate the applications of 
quadrature filters. 

Here's what it does: 

Quadrature filters, or quad rature reject ion circuits, are 
used in systems employing ac carriers where informa­
tion is contained in the carrie r modulation. 

Input 
signa l 

Reference 

In-phase 
error 

component 

Feedback 

Motor 

1--B 
I 
I 
I 
I 
I 
I 

400 Hz 
~--------------..._...ref. 

A typical ac posit ion servo system shows the imple­
mentation of a quad ratu re fi lter. The error derived 

THE ELECTRO NIC ENGIN EER • Sept. 1971 

The quadrature filters discussed in this article are of 
the waveform-averaging type, employing some form 
of phase-sensitive demodulation and modulation. The 
input signal is usually sinusoidal but the device will 
accept other waveforms. The output is a square wave. 

Gain 
The gain of the quadrature filter is a function of the 

waveform and phase of the input. The device, which 
responds to the average level of the input, can have 

from summing the input signal and the feed back is 
applied to the quadrature filter. Undesired noise and 
quadrature voltage are filtered out, whi le t he in-phase 
error component is amplified and excites the motor. 

Total error 
Input signal 

In - phase error 
component 

_ /Quadrature error component 

~-----.,,~---Refere n c e 

Feedback 

A vector diagram is used to visualize the generation 
of the quadrature component when input signal and 
feedback voltages are summed. Often, the quadrature 
voltage, resulting from the phase difference between 
the input and the feedback, is considerably larger tha n 
the in-phase voltage. In high-accuracy systems, t his 
level of quadrature can saturate a high-gain amplifier 
and make it insensitive to the in -phase error compo­
nent. By puttihg a quadrature filter between the sum­
ming point and the amplifier, quadrature saturat ion 
problems are eliminated. 
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different output levels for input waveforms that have 
the same rms level. For example, a 1-V rms square 
wave and a 1-V rms sine wave have half-cycle-average 
levels of 1 V and 0.9 V, respectively. 

The output of the quadrature filter is a square wave. 
H owever, in an application where an amplifier and mo­
tor follow the quadrature filter , the sign ificant factor is 
the fund amental sine-wave component of the output. 
Thus, the input and output waveforms required to de­
termine the gain depend upon the particular application 
of the filter. 

The quadrature filter output is a direct function of 
the cosi ne of the angle between the input and the refer­
ence. For convenience, the gain is evaluated in terms of 
its in-ph ase and quadrature components. 

In order to define the in-phase gain, the sine output/ 
si ne input gain is normalized to unity by amplifying the 

In-phase gain 

Input 
EA of quadrature 

G 

Quadrature 
filler 

Reference 

Output 
Ex of in-phase 

The in-phase component of the output resulting from a 
quadrature input is an error voltage. A quadrature input, 
EA, causes an in -phaoe output, Ex. The equivalent in -phase 
input error is Ex/ G, where G is the in-phase gain. The QRR , 
(quadrature to in-phase rejection ratio) is E_. . In this 
case , QRR , is defined as Ex/G 

(a) 

( b) 

(c) 

(d) 

(e) 

QRR , 
Quadrature input 

in-phase output/ in-phase gain 

In-phase 
fundamental 

In-phase 
second 

harmonic 

Quadrature 
second 

harmonic 

In-phase 
third 

harmon·1c 

Quadrature 
third 

harmonic 

\J / =0.9 Erms 
+r ,,,,,.-..... , .. ,. 
: l\:!f_:_Input = Erms 

+w Output= 0 

: ----Input = E rms 

:~ j l v ,,,,,.o 
- ' 11f~..___Input=Erms 

Signal harmonics in the input affect the output of a quad­
rature filter. The in -phase fundamental is shown in (a) as 
a reference . Since the quadrature filter is a waveform 
averagi ng device, it is not susceptible to even-order har­
monics as shown in (b) and (c). In -phase odd harmonics 
produce a fundamental in-phase output seen in (d) and (e). 
Note that in the above figures the cross-hatched areas cancel. 
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average content by 1.23. All other gain definitions are 
then made relative to the sine-to-sine gain. All the gain 
ratios use rms values. 

Gain (sine output to sin e input) = 

In-phase s in e wave component of outpu t 

I n-phase sine wave input 

Gain (sine output to square input) = 1.11 (sine-to-sine) gain 

Gain (square output to square input) = 1.23 (sine-to-sine) gain 

Gain (square output to sine input) = l. ll (sine-to-sine) gain 

Phase shift 

In a linear device, such as a passive network, the 
phase shift of the transfer function is constant at a fixed 
frequency. In the quadrature filter , the phase of the out­
put does not follow the phase of the input because the 
quadrature component is rejected. The output of the 
device is either in phase or 180° out of phase with the 
reference input. The in-ph ase component of the input is 
defined as in-phase with the reference. Therefore, the 
phase of the output is in ph ase or 180 ° out of phase 
with the in-phase component of the input. 

Bandwidth 
The quadrature filter has an effect on the modulation 

of the carrier. It has the form of a single lag whose 
transfer function is 

k 

1 + oT 

where k is the gain constant. 

Offset and noise 

With zero input to the quadrature filter , there will 
be some resi dual output consisti ng of in-phase, quadra­
ture, and noise vo lt~ges The in-phase output voltage 
(square wave or sinusoidal component) can be divided 
by the appropriate gain fi gure to find the equivalent 
input error. Output noise <! nd quadrature must be small 
enough so that they will not adversely affect the device 
which follows the quadrature filter. 

Quadrature rejection characteristics 
The term quadrature rejection ratio has been much 

abused because its definition varies with the user. When 
a quadrature voltage is app lied to the input of a quad­
rature filter, the output consists of three components­
in-phase, quadrature and noise voltages. The paragraphs 
that follow discuss these output components and define 
ratios useful in applications and measurements of a 
quadrature filter. 

Quadrature rejection ratio is denoted by QRR; a 
small letter following it indicates which output charac­
teristic is being considered . Thus QRRi refers to in­
phase voltage, QRRq refers to quadrature, and QRR 0 to 
noise. Each QRR term is normalized by dividing it by 
the in-phase gain. This permits simple evaluation of the 
effect the quadrature filter has on the signal-to-unde­
sired disturbance ratio . (The undesired disturbance can 
be an input to the quadrature filter or can be internally 
generated.) 
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The in-phase output resulting from a quadrature in­
put is an error signal that is expressed by QRRj. The 
equivalent in-phase input is obtained by dividing the 
output by the in-phase gain. Then the QRRi is 

Quadrature input 
QRR, = ---- -------­

In-phase output/In-phase gain 
or in other words 

Quadrature input 
QRR, = E . 1 . h . qu1va ent m-p ase mput error 

QRRj is usually expressed as a positive ratio but it 
can include polarity. It is used in several ways : 

Quadrature input 
• Equivalent in-phase input error = QRRi 

Quadrature input 
• In-phase output error = QRRi • In-phase gain 

• With in-phase and quadrat ure inputs, 

In-phase input signal 

E quivalent in-phase input error 

In-phase input signal 
--'------- • QRRi 

Quadrature input 

With quadrature input, the in-phase output of a quad­
rature filter is proportional to the cosine of the angle 
between the input signal and the reference. Internal 
phase shift in the signal or the reference can cause an 
in-phase output that is proportional to the sine of the 
phase shift. External phase shift in the signal or the 
reference produces the same result. The phase shift can 
either decrease or increase the QRRi depending upon 
the polarities involved. 

QRRi is an inverse function of phase shift. For ex­
ample, with a QRRi of 100, 1I 100 of a quadrature sig­
nal is converted to an in-phase error. A phase shift of 
1/ 100 of a radian (0.57 ° ) will do the same thing. 
Therefore, it is important that phase shifts (in radians) 
of the reference and input be smaller than the reciprocal 
of the QRRi when using a quadrature filter with a high 
QRR j. 

QRRq is the normalized transmission of quadrature 
through the filter. 

Quadrature input I h . 
QRRq = • n-p ase gam 

Quadrature output 

QRRq is used to determine the level of quadrature in 
the output. A simple rearrangement of the above equa­
tion shows how the determination is made. 

Quadrature input . 
Quadrature output = • In-phase gam 

QRRq 

Similarly QRR 11 is the normalized noise in the filter 
output due to a quadrature input. 

Quadrature input . 
QRRn = . • In-phase gam 

Noise output 

QRR 11 is used to determine the level of noise in the out­
put. Rearranging the above equation, 

. Quadrature input 
Noise out put = • In-phase gain 

QR Rn 
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The basic circuit 

Input Output 

A basic quadrature filter is made up of RC networks 
and time-controlled switches. 

Switch I 

Switch 2 

In - phase 
input 

Output 

Input 
current 

1--T----\ 
OnllJ 
Off 
OnulC>>T 

Off 

PD 
:~'··· 

0 .9Erms 

:~=r 
_I 

( a ) 

On 14'--T----1 
Switch I 

OfflU 
Onl__fl Swit ch 2 
Off 

+ 

Quadrature 
input 0 

:~I Ex panded 
output 

Fundamental component 
Xe 

= 0 .19 x 0 .9ErmsRj 

I nput Ptf + current 
_£e 

( b) - Rr 

The waveforms for an in-phase input voltage are 
shown to the above left (a). With an in -phase input, 
each capacitor charges to t he average value of 
the half-sine wave applied tb it. The output is a 
square wave whose peak amplitude is equal to the 
average level of the input sine wave . The input 
current is proportional to the d ifference between 
the sine input and square output voltages which ap­
pears across R,. The input impedance is not linear. 
To the above right (b) are the corresponding wave­
forms when a quadrature voltage is applied to the 
input. Notice that the output is qu ite small and 
is not a square wave. Instead it now depends on 
R, and C. On the other hand, the input current is 
sinusoidal and the input impedance is linear. 

Input R2 Ou t pu t 

Input Output 

A quadrature filter modified by additional input 
and output resistors is shown above. This modifi­
cat'on reduces the output voltage by the factor 
given in the output wavefo rm . 
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(o) 

( b) 

( c) 

(d) 

(e) 

Fundamenta l 
referen ce 

Reference with 
in phase second 

harmonic di stortion 

Reference with 
quadrature second 
harmonic di stortion 

In-phase input 
with referen ce 

of (c) 

Quadrature input 
with reference 

of (c) 

Zero crossover point s 

+I 

oo 180° 360° 

</>-

Output voltage = 0 

The reference input to a quadrature filter controls the 
switching of the internal circuitry. The switching occurs 
near the zero-crossover points of the waveform. Any change 
in the zero-crossover points affects circuit operation . Figure 
(a) shows the fundamental reference . As shown in (b), the 
zero-crossover points are unaffected by in ·phase second· 
harmonic distortion of the reference. The zero-crossover 
points are shifted with the quadrature second-harmonic d is­
tortion of the reference as seen in (c). It is important to 
note that this is not phase shift in the usual sense, because 
the o• and 180° points are shifted in opposite directions. 
It can be shown that angle a (in radians) = harmonic dis­
tortion level. The results of the shifts when the filter is ex­
cited with an in -phase-input signal is shown in (d). The rec­
tangu lar w:3Veform is slightly unbalanced . The fundamental 
sinusoidal component phase does not change significantly. 
Its am plitude is only slightly changed to the extent of the 
cosine of the angular shift. With quadrature-i nput excitation 
(e), the output is unaffected by the quadrature second ­
harmonic distortion of the reference, because the zero -cross­
over sh ifts do not affe.ct the integrated half-cycle outputs. 

Reference with in-phase 
third harmonic distortion 

Reference with quadrature 
third harmonic distortion 

(o) 

(b) 

/3 

Third-harmonic distortion of the reference. In (a), with 
in -phase third harmonic, there is no shift in the zero­
crossover points. With a quadrature third -harmonic (b), 
there is an effective phase shift of f3 whose magnitude (in 
radians) is given by f3 = third harmonic + fundamental. A 
similar condition exists for higher order odd harmonics. 
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Effects of external impedances 

Extreme care must be exercised when determining 
the input and output effects of external impedances. The 
effect on in-phase and quadrature transmission must be 
evaluated separately since linear analysis is not appli­
cable. An impedance level can be given for a specific 
characteristic such as the effective input resistance for 
in-phase signal attenuation . However, there will be a 
different impedance level for a quadrature input. 

Sometimes a buffer amplifier is used in a quadrature 
filter to prevent the internal filter network impedances 
from being reflected at the external amplifier terminals. 
In that case, the amplifier operates in a linear manner 
with linear impedances appearing at the external termi­
nals of the amplifier. In cases where impedances are not 
specified, no assumptions should be made as to their 
nature or magnitude. 

At the input to a quadrature filter with or without a 
buffer amplifier, phase shift (in a coupling network 
or driving impedance of a signal source) is usually 
more critical than in-phase signal attenuation. As pre­
viously mentioned, phase-shift can deteriorate QRR1• 

Devices without output-buffer amplifiers are usually 
specified with fixed load resistances. A change in load 
resistance on some of these devices can change the 
quadrature rejection characteristics, bandwidth, and in­
phase gain. Devices with output-buffer amplifiers gener­
ally are not susceptible to changes in quadrature rejec­
tion characteristics and bandwidth due to different loads. 

Harmonic distortion 

Harmonic distortion of the input or the reference will 
affect the output of a quadrature filter. Odd input 
harmonios produce a fundamental in-phase output. 
The effect due to an in-phase odd-harmonic input is: 

G 
Eo = 0.81 N E,m, COS 0 

where 
E0 is the fundamental in-phase sinusoidal component 

of the output. 
G is the fundamental in-phase (sine input to sine 

output component) gain. 
N is the odd harmonic number. 
Erms is the harmonic voltage. 
(} is the phase of the harmonic relative to the refer­

ence. 
In-phase odd-harmonics appearing in the fundamen­

tal in-phase input of a quadrature filter are converted to 
a fundamental in-phase output and usually appear as 
an insignificant change in gain. Odd-harmonic distortion 
of a quadrature input produces slight reduction or in­
crease in the QRRi characteristic depending upon the 
magnitude and phase of the harmonic. ~ 

INFORMATION RETRIEVAL 
Passive components 

Circuit design, Communications 
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Measuring quadrature 

filter characteristics 

A general device used in an analog control system. The 
input consists of n different components. The output 
consists of E, , t he zero-signal residual output , and t he 
n di fferent inputs mult iplied by the gain for each signal. 
In the case of the quadrature filter, the gains for in-

Offset and gain 

Input ------..,·I~ __ o_e-rv-ic-e ~l------••Output 
f 

Power 

Input=E 1+E 2 +E 3 · · · +En 

Output =Ex+E 1G1+E2G2 +E3G3 · · · + EnGn 

phase, quadrature, harmonic, and noise input signals 
are different. This form of signal analysis is most use­
ful for application purposes and the measurements 
described in the remainder of this article follow this 
form . 

In-phase 
offset 
buckout 

Quadrature 
offset r----Gain = 1[o•___, 
buckout \ ,--- ~ I 0 

Quadratur e 
f ilter 

,____,,...__~...., Butter Bandpass r---.......-----i""VH o~--~ 
amplif ier filt er 

Input ac 
VTVM 

ac VTVM-1 

Reference 

Setup for offset and gain measurements. The buffer 
amplifier has a high-impedance input and does not load 
the quadrature filter. The bandpass filter should be a 
low-phase-shift type with only a few degrees shift over 
t he frequency range. It will be necessary to trim both 
t he amplitude and phase of the amplifier-filter com ­
bination to reduce measurement errors below those 
parameter errors being measured. Residual output 
components are measured by setting E1n to zero. The 
in -phase offset buckout is used to eliminate the resid · 
ua l in-phase voltage at the output. It is introduced in 
series wi th the input so that any quadrature it contains 
due to phase shift will not appear at the output. The 
q uadrature offset buckout is introduced at the output. 

"] 100.0. 

100.0. 
100.0. 

Range 

Level 

Off 

4 .7.0. 10.0. 

In-phase 
readout 

1:1 

llEE 
In - phase 

offset 
buckout 

Det ai ls of the in-phase and quadrature buckout gen­
erators. The double-transformer arrangements provide 
isolated in-phase voltages of o• and 180° . isolated 
quadrat ure vo ltages of 90° and 270° and have the 
convenience of level measurements with one side of 
the meter at ground level. The input transformer 
secondary center-tap is obta ined from resistors instead 
of the windi111g center-tap to prevent residual quadra· 
t ure at the zero pos it ion of the level control. The 
10-!1 Cal 1 control sets the in-phase readout equal to 
t he in-phase offset buckout across the isolated 10-rl 
resi stor. The output resistance is low to keep the 
ser ies-i njected impedance to a minimum. Since the 
voltage across the pri mary of the output transformer 
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ac VTVM-2 Scope 

Reference 

The in-phase and quadrature buckout voltages are ad­
justed for a null at ac VTVM-2 (and the oscilloscope) . 
The in-phase offset voltage is equal to the in-phase 
buckout voltage multiplied by the in-phase (sine-to-sine 
component) gain . The quadrature vo ltage is equal to 
the quadrature buckout voltage. Ac VTVM-1 indicates 
the residual noise output. 

In -phase gain is also measured with this setup. The 
in-phase and quadrature generators are left at the 
levels of the zero-input-signal tests to eliminate the 
residual output. Sinusoidal input to square-wave or 
sine-wave output can be measured by reading ac 
VTVM-1 or ac VTVM-2, respectively. Note that an 
average-reading meter will indicate 10% high on a 
square wave. 

RJ 
100.0. 

100.0. 

100.0. llffi Quadrature 
10.0. offset 

buckout 

Cal 2 

Quadrature 
readout 

is also kept to a minimum, the secondary voltage is 
induced by inductive rather than capaciti ve cou pling 
between primary and secondary. This provi des an 
accurate primary readout of the isolated secondary. 
The resistances of the range resistors depend upon 
the voltage ranges and the output-transformer winding 
resistances. 

The quadrature offset buckout voltage is generated 
in a similar manner wi t h capacitors subst ituted for 
the range resistors and an additional phase-trimming 
network. Any phase-angle error of the quadrature off­
set buckout voltage will appear as an in-phase vol tage. 
Th is in-phase voltage will equal the quadrature voltage 
m ulti pl ied by the sine of the angular error. 
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Phase shift 

Signal Offset 

Reference 

~-----~ 

Quadrature 
filter 

output 

1:1 

II 
Summing 
tran sformer 

Summi ng 
transformer 

output 

Quadrature 
filter 

Measuring the phase shift. The signal control should 
be a low-phase-shift variable transformer. It can be 
a low-resistance potentiometer if no phase shift is 
introduced by the load on its arm. The signal vernier 
is the same type of in-phase generator as the in-phase 
offset buckout generator. The summing transformer 
should have low phase-shift and low series-leakage 
inductance and resistance. The signal controls are 
adjusted for a null on the error ac VTVM . The sum -

Bandwidth 

\,

Mod.ulated suppressed-

0 comer inpu,...t _ __ ___, 
J---- t-0 

Quadrature 
f i lter 

Reference 

Output V 

Scope 

H 

Bandwidth is measured using this setup. A Lissajous 
pattern of the modulation appears on the oscilloscope. 
The carrier also appears on the oscilloscope but can 
be d isregarded. Since the quadrature filter appears 
as an RC network to the modulation, the 3 -dB band· 
width is at the modulating frequency where the phase 
angle of the Lissajous pattern is 45 • . 

Details of the modulated suppressed-carrier generator. 
It is, in essence, a full-wave-chopper modulator. The 
audio oscillator provides a modulating signal and 
should be adjusted for maximum-amplitude output. 
The level is then set with the 1000-11 potentiometer. 
This will result in the best signal-to-noise ratio , since 
the line noise and bounce output of most audio os­
cillators is independent of output level control. The 

Offset 
buck out 

Buffer 
ampl ifier 

Bandpass 
filter 

4' = sin-1 Error 
Input x In - phase gain 

Error 
ac VTVM 

ming transformer is phased to buck out the quadrature 
filter output. The vector diagram shows the several 
component voltages in the circuit and the expression 
for the phase shift is used for the calculation . This 
setup is used when the gain of the quadrature filter 
is ~ 1. For a filter with gain < 1, the configuration 
should be modified so that the signal input is fixed 
and the summing transformer primary is connected 
to the variable transformer. 

Audio 
oscill ator 

26V 
Carrier 

IB00.0. 

IW 

T2 

, IN754 

t=: 
zener-capacitor clipper, and transformer T2 provide a 
clipped sine wave for the chopper excitation . The 
capacitor does not permit any de to saturate the 
transformer or to be fed back into the supply. Trans­
former T, is a 2:1 stepdown (end to end) while T, is 
a 1:1:1. Both must have 10-H minimum primary in ­
ductance. All values in the circuit are based on a 
400-Hz carrier. 
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If you're not a statistician 
or a market researcher, 
don't read this page. 

Single key summation of x, x2 and n. 

Two-key automatic summation 

of grouped data. ill -

Model 1766. The Statistician. Available everywhere 
in the USA and Canada. Call (800) 631-1971 free for 

the Monroe office nearest you. 
In New Jersey call (800) 962-2804. 

Special keyboard functions for: 
Two-key automatic 
summation of paired data 
accumulates xy, n, x, x2, y, 

and y
2 
factors. - -

10 completely separate storage registers with complete 
entry, recall , transfer and accumulation flexibility. 

Single-key computation of mean 
and standard deviation from 

automatically accumulated data. 

0 

GOGl Ill 
~~ 

11111111 Selective printout of entries and answers. 

Up to 256 steps of decision-making learn-mode programming. 
Accessory card reader available for automatic entry of programs. 
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CB Monroe. The 
Litton Calculator 

Company. 
550 Central Avenue, Orange, New Jersey 07051 
81 Advance Road, Toronto 18, Ontario, Canada 

Circle Reader Service #23 
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Quadrature rejection characteristics 

Quadrature 
input 

In- phase 
buckaut 

I nput ac 
VT VM 

Quadrature 
filter 

Reference 

Setup for making quadrature-rejection tests. The ~ffset 
buckouts remain set as before. The in·phase buckout 
is used to determine the in -phase output resulting 
from a quadrature input. It is praced in the input 
circuit so that its phase is not critical. The in -phase 
and quadrature buckout controls are adjusted for a 
null on ac VTVM-2. The noise output is then read 
on ac VTVM-1. The in -phase output is equal to the 

Reference and quadrature sources 

Amplitude 
stable 

de 
supply 

Chopper 

Excitat ion 

Va noble 
attenuator 

Harmonic 
filter 

Quadrature 
generator 

(a) 

Quadrature 
signa l 
inp ut 

The phase sh1tt between the reference and the quad­
rature input must be accurate enough so as not to 
degrade the quadratu re rejection of quadrature input 
to in -phase output. Harmonic distortion and ampli ­
tude stability of the reference and quadrature input 
must be ma intained at a low level. The block diagram 
(a) of the reference and quadrature sources shows a 
method of accomplishing these requirements. An am­
plitude-stable de supply is chopped, producing a 
square wave which is fed to a harmonic filter . A high: 
quality amplifier is then used to raise the signal to an 
appropriate power level. The high-pass filter removes 
line jitter and bou nce from the amplifier output. The 
quadrature is taken from the output of the quadrature 
generator. Note that the only phase shift of importance 
is that attributable to the variable attenuator and the 
quadrature generator. 

The circuit details of the block d iagram (a) are 
shown in (b) for a 400-Hz system. The chopper is ex­
cited by a clipped sine wave . The 28-V supply is the 
stable de source. A square wave of 28 mV peak-to­
peak appears at the emitter of the chopper. The 3.5-H 
choke and 0 .047 -µF capacitor make up the harmonic 
filter . With a circuit Q of only 15, for example, third-

Quadrature 
buck out 

ac VTVM-1 

Buffer 
amplifier 

Bandpass 
f ilter 

ac VT VM-2 

in-phase buckout multiplied by the in-phase gain of 
the quadrature . filter. The quadrature output is equal 
to the quadrature buckout. The quadrature rejection 
ratios can now be obtained using this data. Note that 
the noise output (ac VTVM-1) is the noise due to the 
zero-input condition plus the noise due to the quadra­
ture .input. 

Var ia ble 
attenuator 

+ 28 Vdc 
regula ted supp ly 

Dytronics 400~ 

Quadrature generator 

(b) 

Ref. 
26V 

Quadrature 
output 

harmonic distortion is only about 0 .25 %. The two 
15-µF capacitors and 400·fl resistor comprise the high­
pass filter. The variable attenuator can be a resistive 
or inductive divider provided it has low phase shift. 

The quadrature generator consists of two amps. The 
first is an integrator whose phase shift is almost +90° 
and the second provides the compensation for the 
angular error of the integrator. In this configuration , 
the pair of op amps track over a ±5% frequency 
range. Attention should be given to loading of the 
variable attenuator and the quadrature generator to 
keep phase sh ift to a minimum. While harmonic dis­
tortion entering the quadrature generator is reduced 
by the integrator, low frequency bounce and jitter are 
amplified by the integrator. The phase of the output of 
the quadrature generator is - 90° . A high-quality 1:1 
transformer is used to obtain +90° . The transformer 
should not introduce any appreciable phase shift; it 
also reduces low-frequency jitter and bounce. The 
quadrature generator in this setup is a specially de­
signed device. A sinusoidal -output regulating trans­
former is used to supply it with power to reduce out­
put j itter and bounce. 
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scientist or technician, 
don't read this page. 

Programming : Choose 
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Call (800) 631-1971 free for the Monroe office nearest you. 
In New Jersey call (800) 962-2804. 

Dynamic range of 10+99 to 10-9a 
in either preset or scientific notation. 

10 completely separate storage registers with complete 
entry, recall , transfer and accumulation flexibi lity. 

Complete program library covering every scientific and 
engineering discipline available to Monroe users. 

111111111 

CB Monroe. The 
Litton Calculator 

Company. 
550 Central Avenue, Orange, New Jersey 07051 
81 Advance Road, Toronto 18, Ontario, Canada 
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If you haven't read 
pages, please 

Printing models from under $300.00. 
Non-printing models from $395.00. 

Programmable models with accessory card 
reader for automatic program entry. 

The world 's largest selection of 
electronic calculator models. 
Over 30 to choose from. 
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Special calculators and programs for 
special functions in literally every 
facet of business and science. 

Dedicated specialists. Your Monroe man 
seils nothing but calculators. 
He knows them and your needs best. 
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any of the preceding 
read these two. 

Service where you need it. From over 
350 company-owned branches coast-to-coast. 

Service when you need it. 
Over 2000 full time servicemen offer 
same-day service in every branch office. 

Extra services: Your Monroe 
man stays with you long 
after the sale, training 
your staff and putting 
your calculators to work for you. 

CE Monroe. 
The CalculatOi- Company. 
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550 Central Avenue, Orange, New Jersey 07051 
81 Advance Road, Toronto 18, Ontario, Canada 
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'VND'lED srAtts MONEY 
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a lot 
If size makes the big difference in your design, chances are that Triad 
makes the size you need. Triad's famous Red Spec series, designed 
specifically for use in transistor and printed circuit applications, have 
maximum base dimensions of only .310 by .410 inches and meet 
MIL-T-27 Grade 5 Class S specifications. Many input, output, driver, inter­
stage and reactor types are available from stock- plus plug-in designs 
for your miniature solid state circuits. Open-type miniatures are also 
ready for immediate delivery from your nearest distributor in a wide range 
of ratings, mounting types and sizes. You get modest cost, minimum size 
and consistently stable characteristics. 

Triad's new series of transformers for transistorized control and instru­
mentation include units for both audio and power applications. Fifteen 
of these transformers provide a voltage stepdown and isolation from 
power line at relatively low power levels of 11/2, 41/2 and 7 watts at 4 to 
38 volts when connected in parallel , and 8 to 76 volts when series­
connected. Precision spaced plug-in terminals provide fixed mounting 
centers - the kind usually found only in costly molded units. You get the 
benefits without the high cost. For maximum power with optimum equip­
ment miniaturization , see your industrial electronic distributor today. 
Available from stock. Triad Distributor Division, 305 North Briant Street, 
Huntington , Indiana 46750. 
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T Triad Distributor Division 
~ or Litton Industries rn 
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Review of Manufacturer and Application 
of Semiconductor Integrated Circuits to 
Army Items 
U. S. Arm y Production Equipment Agency. Rock Island. II· 
lino is. 61 20 I. 388 pages. 

Don ' t let the rather om inous title scare 
you. This publication is, for the most 

part, written in plain English and not 
militaryese. The document is aimed at 
acquainting management with in­

tegrated circuit technology and it goes 
about it with surprisi ng thoroughness. 
The publication starts wit h an in­
troduction to 1c s and their advantages 
and then proceeds to march through the 
entire technology with the precision of 
the West Point Cadet Corps . Coveri ng 

a ll the steps in th e 1c process, it pro­
vides descriptions and photographs of 
the equi pment needed for each of them. 

If yo u are looking for the latest devel­
opments in IC processing, then this rath­
er large handbook is not for you. But if 
you have a need for a good , basic refer­
ence source then it should prove to be a 
welcome addition. The document is 
availab le from the Defense Docu ment 
Cen ter, Cameron Center Sta ti on, A lex­
andria, Virginia. 22314. 

An ·mustrated Guide to Linear 
Programming 
By Saul I. Gass. Publ ished 1970 by McGraw-Hill 
Book Co mpany , 330 W. 42 St., New York, N. Y. 
10036. Pr ice $9 .95. 

Engineers' Relay Handbook 
Rev ised Second ed ition. Published 1970 by The 
National Association of Relay Manufacturers, 
Box 1649, Scottsdale, A riz . B5252. Price $13.95. 
355 pages. 

Counters and Shift Registers 
By Les Brock . Publi shed 1970 by Marketing Com­
mu ni ca t ions, Signet ics Corp ., 811 E. A rques Ave. 
Sunnyva le , Cal if. 940B6. Price $5.00 for paper~ 
back. 65 pages. 

Computer Programs for Computational 
Assistance in the Study of Linear 
Control Theory 
By James L. Melso . Published 1970 by McGra w. 
Hill Book Co mpa ny, 330 W. 42 St., New York, 
N. Y. 10036. Price $3.95 for paperback. 129 
pages. 

Parametric Amplifiers 
By D. P. Howso n and R. B. Sm ith. Published 1970 
by McGraw-Hill Book Com pany, 330 W. 42 St., 
New York, N. Y. 1_0036 . Price $12 .75. 171 pages. 

Linear Ferrite Devices for Microwave 
Circuits 
By W. H. von Aulock and C . E. Fay. Publ ished 
196B by Academic Press, 111 Fifth Ave., New 
York, N. Y. 10003. Pr ice $12.00. 349 pages . 

Microwave Filters and Circuits 
Edited by Akio Matsu moto. Publ is hed 1970 by 
Acaaemic Press , 111 Fifth Ave New York, N. Y. 
10003 . Pr ice $16.50. 349 pages. 

Radiation and Propagation of 
Electromagnetic Waves 
By George Tyra s. Pu b l is he d 1969 by Acade mic 
Press, 111 Fifth Ave . , New York , N. Y. 10003. 
Pri ce $17.50. 375 pag es. 



HC-1000 
$20 each 
at1000 
quantity 

,--- -------, 
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HCIOOO 

VOLTAGE FEEDBACK AMPLIFIER 

Price plus performance - that's what RCA's HC-1000, 
linear power amplifier, and HC-2000, power Op Amp, de­
liver in a big way! Available now at an attractive low 
price, these power hybrid circu its wi ll bring new econo­
mies to your designs for industrial and commercial sys­
tems. Both the HC-1000 and HC-2000 provide these de­
sign features: 

• 7 A peak current 
• Bandwidth : 30 kHz at 60 W 
• Power output to 1 00 W 
• Rugged plastic package 

For fixed vo ltage feedback systems. such as audio, you 
can use the HC-1000 or the HC-2000. The added feature 
of external feedback modification on the HC-2000 pro­
vides for both current and voltage feedback - cu rrent 
feedback is an importantadvantage for servo applications. 

HC-2000 
(New, formerly 
TA7625A) 
$20each at 
1000 quantity 

7A 
PEAK 

t 

CURRENT/VOLTAGE FEEDBACK AMPLIFIER 
( Current feedback shown) 

Using these RCA units you can simplify your designs in 
such areas as: 

• Servos 
• Tape drivers 
• Stepper motors 
• Linear motor contro ls 
• Audio systems 
• Magnetic deflection 

These are rugged units offering uncompromised rel iability. 
Ask your local RCA Representative or you r RCA Distrib­
utor about them. For app lication information on these 
devices and the RCA growing line of power hybrid cir­
cuits, write: RCA, Commercial Engineering, Section 
59 1 /UC4, Harr ison, N.J. 07029. International : RCA, 
Sunbury-on-Thames, U.K., or P.O. Box 112, Hong Kong. 
RCA Limited, St. Anne de Bel levue, 810 Quebec, Canada. 

Ren Solid 
State 

THE ELECTRONIC ENGINEER • S~pt . 1971 Circle Reader Service #27 47 



48 

Allied Electronics' new Catalog No. 

720! It 's loaded and easier to read­
merchandi se is grouped in sections; 

ma rgin tabs guide you directly to the 

portion of the catalog you want; and 

fast -moving items (extra quantities 

in stock), are highlighted through ­

out the catalog. Be the first to have 

this great new book- reserve your 

copy now. 

r-------------------------1 I Gentlemen : Please Send Me a Copy of Your E E - 9 I 
I New 1972 Catalog No. 720 
I D I enclose $2.00 (Credited to My First Order) I 
I D My Company and Title Is Stated Below I 
I NAME TITLE I 
I COMPAN Y I 
I I 
I ADDRESS I 
I CITY STAT ZIP I 
L-- - ----------- ·-------- ---J 

~'•••••• Circle Reader Service #28 

Here is your 
copy of a brand new 

reference chart 
sponsored by 

WATKINS­
JOHNSON 

ANTENNA 
SELECTION 

GUIDE 

Tear it out, 

NOW 

... and 
mount it on 

your wall 

If the chart has been 
removed, Circle Num­
ber 40 on the Inquiry 

Card for a copy. 
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When you don'i: need 
a cusi:om cllrculli: ••• 

AMI , the leader of custom MOS, has a completion 
record of a new ci rcuit every three days. Fill ing the 
needs of over 650 specific appl icat ions. But, 
we don 't stop there . Knowing the need fo r standard 
products in design, we have eng ineered, tested 
and put into production reliable lines of devices 
for you to choose from ... If standard products fil l 
your needs, we have them . If you r needs are 

DYNAMIC SHIFT 
REGISTER 

STATIC SHIFT 
REGISTERS 

PART 
NUMBER 

RD55G 
S1708 
RD63G 
S1724 
S1606 
RD65G 
S1723 
S1705 
S1685 
S1687 
S1701 
S1709 

SP51 L 
RS53G 
S1463 
S1670 

RANDOM ACCESS S1509 
MEMORIES s4oo5 

S2103 

READ ONLY 
MEMORIES 

MULTIPLEXERS 

STANDARD 
LOGIC ARRAYS 

DISCRETES 

S8452 
S8457 

S8539 

S8538 
S8453 
S8502 
ME51L 
S8327 
S8499 
S8501 

MX52D 
MX53C 
MX54C 
MX55C 

UL51 L 

UL52L 

UL53l. 

MX53L 
SP51 L 

S1694 

PART 
NUMBER 

DM018 

DM028 

DM03B 

DM05A 
DM06A 
DD07K 
DD08K 
DD09K 
DDlOK 
DD11K 
DD12J 
DD13K 
DD15K 
T1368 
T1337 

OESCRI PTION 

Dual 50 
Ouad 40 
Triple 66 
Variable 256 
Ouad 84 
Single 426 
Dual 256 
Dual 256 
Dual 480 
1000/ 1024 
Dual512 
FIF08x13 

12 bit Serial /Parallel 
Dual 40 
Dual 64 
Dual 100 

128x 1, 64x 2, 32 x 4 
1024 x 1, Static 
1024 x 1, Dynamic 

256 x 4 
128 x 12 Hollerith 

to ASCII 
128 x 12 ASCII 

to Hollerith 
2048 x 1 
512 x 4 
256 x 8 
2240 - 5 output 
2240 - 5 output 
2240 - 7 output 
256 x 10 

6 Channel 
10 Channel 

4 Channel, 50!1 
4 Channel, 50 !1 

Dual FF, 
Dual Exel OR 

Ouad 2 NANO 
Expandable 

Ouad 2 NOR 
Expandable 

10 Input Expander 
12 bit Serial / 

Parallel 
8 bit Counter/ 

Shift Register 

DESCRIPTION 

Dual Matched 
50mw 

Dual Motched 
100mw 

Dual Matched 
150mw 

Dual 
Dual 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Ou ad 
Ou ad 

LEADS/PKG. 

10 T05 
12 T08 
10 T05 
14 DIP 
16 DIP 
10 T05 
10 T05 
10 T05 
12 T08 
12 TOB 
14 DIP 
24 D IP 

24 DI P 
10 T05 
12 T05 
14 DIP 

28 DIP 
16 D IP 
18 DIP 

28 DIP 

24 DIP 

24 DIP 
24 DIP 
28 DIP 
28 DIP 
28 DIP 
24 DIP 
28 DIP 
40 DIP 

14 FP 
22 FP 
22 FP 
22 FP 

24 D IP 

24 DIP 

24 DIP 
24 DIP 

24 DIP 

40 DIP 

LEADS/PKG. 

6 T05 

6 T05 

6 T05 
B T077 
8 T077 
4 T072 
4 T072 
4 T072 
4 T072 
4 T072 
3 T05 
4 T033 
4 T033 

14 FP 
14 DIP 

better f illed by a custom circuit ... we 'll design it. 
For the full story call or write today to ... 
American Micro-systems Inc., 3800 Homestead 
Road, Santa Clara, Californ ia 95051 (408) 246-0330 

~· Ml American Micro-systems, Inc. 

FR EQUE NCY 
RANGE 

lOKHz - lMHz 
10KHz - lMHz 
lOKHz - 1MHz 
10KHz - 1MHz 
lOKHz - 2MHz 
1KHz - 5MHz 

lOK Hz - 2MHz 
10KHz - 1MHz 
lOKHz - 2MHz 
10KHz - 2MHz 
10KHz - 2MHz 
l OKHz - 100KHz 

DC - 2MHz 
DC-1MHz 
DC - 3M Hz 
DC - 3M Hz 

1.5 MHz 
1.5 MHz 
1.5 MHz 

DC - 200KHz 

DC- 300KHz 

DC- 300KHz 
20KHz - lMH z 
DC- 200K Hz 
DC- 1MHz 
DC - lMHz 
DC- 2MHz 
DC - 300KH z 
DC- lMHz 

1 - lOOK Hz 

DC - 2MHz 

DC - lMHz 

T YPI CA L 
NUMB ER POWER CLOCK 

GATE 
THRESH­

OLO OF BITS DISSIPATION LE VELS 

100 
160 
198 

2-257 
336 
426 
512 
512 
960 

1000/ 1024 
1024 

104 

1-12 
80 

128 
20(1 

128 
1024 
1024 

1024 

1536 

1536 
2048 
2048 
2048 
2240 
2240 
2240 
2560 

12 

8 

RON @ - 15V 

1250 

1250 

1250 
250 
250 
125 
125 
250 
125 
700 

32 
32 
18 

125 
125 

240mw 
200mw 
125mw 
200mw 
200mw 
280mw 
150mw 
300mw 
200mw 
150mw 
250mw 
500mw 

250mw 
150mw 
180mw 
250mw 

300mw 
600mw 
320mw 

500mw 

500mw 

500mw 
400mw 
500mw 
650mw 
300mw 
400mw 
300mw 
650mw 

NA 
NA 
NA 
NA 

60mw 

40mw 

120mw 

250mw 

15mw 

-27V 
+5, -12V 

- 27V 
+5, - 12V 
+5,- 12V 
+5,-12V 
+5, - 12V 
+5, OV 
+5, -12V 
+5,-12V 
+5,-12V 
+5, - 12V 

-27V 
- 27V 

+5, - 12V 
+5, - 12V 

+5, - 12V 
None 
-15V 

None 

None 

None 
+5,- 12V 

None 
+5, OV 

None 
+5, - 12V 

None 
+5, ov 

NA 
NA 
NA 
NA 

-27V 

-27V 

- 27V 

-27V 

HVT 
LVT 
HVT 
LVT 
LVT 
LVT 
LVT 
LVT 
LVT 
LVT 
LVT 
LVT 

HVT 
HVT 
LVT 
LVT 

LVT 
12 • 
SIGATE 

HVT 

12 • 
LVT 
HVT 
LVT 
LVT 
LVT 
HVT 
LVT 

HVT 
HVT 
HVT 
LVT 

HVT 

HVT 

HVT 
HVT 

HVT 

LVT 

PROTECTION 
TYPICAL 

VGST 

No 

No 

No 
Yes . 
No 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

- 4V 

-4V 

- 4V 
- 4V 
- 4V 
- 4V 
- 4V 
- 4V 
- 2V 
- 4V 
- 4V 
- 4V 
-2V 
- 2V 
-2V 

* 12 is a registered trademark of the American Micro-systems, Inc. Ion Implant Process 
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Design opportunities for E Es 
In 1963 a company formed by a young salesman, Jack 
Goeken , filed an application with the FCC to build a spe­

cialized co mm on carrier microwave system between Chi­
cago and St. Louis . The established carriers violently op­
posed the would-be entrant on the grounds that it would be 
"cream-skimming" - that is, undermining the system of 
nationwide uniform rates by selecting to serve only the lu­
crat ive intercity business communications markets . The 
applicant, Microwave Communications, Inc . (MCI), in 
turn , argued th at it would provide a fundamentally differ­
ent type of service- one permitting considerable "customi­
zation" to meet user requirements . The Federal Comm uni­
cations Commission, first in a narrow ruling on the MCI 
application itself, and subsequently in a broad policy state­
ment on specialized common carr iers in general, concluded 
that the public interest would be served by the entry of 
these ca rriers into the communications industry . 

The FCC's act ion, which was based in part upon com­
ments subm itted by more than 100 interested organiza­
tions, creates in effect two new types of common carriers. 
In fact , it may represent the first step in the development 
of two additional nationwide networks , paralleling the tele­
phone system and the Western Union network. 

One system, proposed by the Data Transmission Co . 
(Datran), will offer switched digital data service in and 
a mong major ci ties . The remaining applicants, including 
MCI , plan to provide multi-purpose (voice, data, facsim­
ile, etc .) intercity channels to business and institutional 
users. 

These developments shou ld be of particular interest to 
the electronic engineer, si nce new equipment and systems 
will be required . The Datran network, for example, re­
quires the development of rapid-connect line switching ex­
changes, low-cost digital communication consoles for the 
user / network in terface, special time-division multiplexing 
equipment, and digital microwave equipment. Also, the 
provision of high-speed, ful l-duplex data transmission 
chan nels may encourage development of data terminals 
quite different from those normally used with telephone 
channels . 

Introducing Stuart L. Mathison 

Stuart L. Mathison can speak with authority of the expanding 
opportunities for electronic engineers in communications. As 
co-author of a recently published book. Computers and Tele­
communications: Issues in Public Policy, he managed to 
unscramble the garbled issues of data communications. As a 
member of the Management Sciences Division of Arthur D. 
Little. Inc ., he has specialized in system design and public pol ­
icy studies in the computer and telecommunication fields. He 
was formerly an independent technical consultant to both the 
President's Task Force on Communications Policy and the 
Antitrust Division of the U.S. Department of Justice on public 
policy problems in the areas of data communications and 
computer-based services. 

THE ELECTRONIC ENGINEER • Sept. 1971 

The technical challenges 
D Local distribution facilities- both for the Datran 

an d MCI-type systems- present one major area for devel­
opment. Today, two-wire pairs and limited portions of 
supscriber carriers are used fo r local telephone channels. 
The specialized carriers seek alternatives so that they can 
quick ly provide local service without depending upon lease 
of te lephone company local circuits. Short-haul millimeter 
wave radio, for exa mple, is one approach under consid­
eration. 

D A second critical a rea in volves multiplex gear, most 
of which is , at present, patterned after the standard tele­
phone network hierarchy- that is " packages" o f 12, 60, or 
240 multiplexed voice cha nnels. To accommodate the wide 
range of chan nel bandwidths and data speeds offered , in 
particular, by the MCI-type carriers wi ll require more 
flexible multiplexing- using both frequency-d ivision and 
time-division techniques. 

D A thi rd area for additional development work will 
increase the channel capacity of microwave radios. Typical 
radio beams today operate at 1200 and 1_800 voice channel 
capacities- with a few systems capable of 2700 channel s. 
Both expanded capacity and devel opment of digitally mod­
ulated microwave rad ios require more work by electron ic 
engineers. 

These are a few of the product development areas being 
sparked by the emerging specialized carrier networks . Oth­
er development work, not apparent today , is likely to be 
required as these systems become operational and custom­
er requirements are specified in detail. 

The economic problems 
These developing opportunities for equipment manufac­

turers, however, are not without certain ris ks. The co m­
panies establishing specialized carrier systems will, very 
likely, look to their suppl iers for a portion of the necessary 
system financing. The manufacturers will , in effect, be 
asked to share the risks of these new ventures through gen­
erous deferred payment plans for equipment. The success­
ful start-up of the larger specialized carriers may well be 
contingent upon manufacturer support. 

In any event, the FCC's ru lings have opened new mar­
ket opportun ities, created employment for a receptive en­
gineering community, and perhaps stimulated the offering 
of new services by the established carriers. Unless the spe­
cialized (and present) carriers and their suppliers fail to be 
innovative, the business communicator of the future will 
certai nly benefit. 

~~ 
Stuart L. Mathison 
M anagement Sciences Division 
Arthur D. little, Inc. 
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To some each wave is al ike. To others each one is 
different. If you possess the curiosity and zest to 
discover differences in the seemingly similar, you 
may be the type of rare individual we welcome to 
ATI. We have an open door for dedicated engineers 
who yearn to pit their ability and knowledge 
against the accepted as well as the unknown. 

Applied Technology is conducting a special talent 
search for rare individuals. We seek engineers on all 

levels of experience. A TI develops and manufac­
tures radar homing and warning systems, active 
countermeasures and reconnaissance systems. 

We have positions in many disciplines open now. 

Your resume may be directed to 
Professional Staffing. 

APPLIED TECHNOLO GY An Equal Opportunity Employer 

3410 HILLVIEW AVE ., STANFORD INDUSTRIAL PARK , PALO ALTO , CALIFORNIA 94304 Division of ~ Corporation 
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DATA TERMINALS COURSE 

Data Terminals -

Arthur J. Boyle, Technical Editor 

While starting with Beefeater' s may not guarantee the suc­
cess o f you r martini, it certainly does get you off on the right 
foot. What goes in a data terminal is equally important, 
and has a similar effect on the outcome of the project. If 
we generalize about the functions performed by a terminal, 
we can group them into four categories: data entry , data 
display, the transmiss ion and reception of data , and per­
haps some form of storage. 

Let's put off, for a moment , the problems associated 
with entering data and instead loo k at the di splay portion 
of our terminal. Presenting information to the operator in­
volves two separate functions. First , the information must 
be translated from its coded form (ASC II, EBC DI C, o r what­
ever) and then the problems of the actual display mecha­
nism must be considered . The first two articles in this in­
sta llment of our cou rse deal with the problems of dis­
playing data . First you will see how the MOS read-only 
memory can greatly simplify the problem of character gen­
erati on. Next , we will show you how to select the optimum 
C RT on which to display your characters. 

S ince a data terminal is primarily a communications in­
strument , it must be able to transmit and receive data . The 
problems of sending error-free data between physically 
separated units are many a nd complex . However, the in ­
troducti on of integrated line dri ver and receiver ci rcuits 
has great ly eased the burdens of the terminal designer in 
this area . The third article in this installment shows yo u 
what to look fo r in these devices . 

A very common function o f our generali zed terminal is 
the collection of data over a period of time and its rapid 
transmission a t some later time. In this kind of appli-

THE ELECTRONIC ENGINEER • Sept. 1971 

Part 2 

cation, magnetic tape is very often used as the storage me­
dium . This installment looks at mag tape from the view of 

the designer who wants to incorporate a tape system in his 
terminal design . 

To face up to the problems which we skipped earlier, 
there is that fun ction of the terminal kn own as data entry. 
This means keyboards, and it also means some method of 
encoding the mechanical action of a switch into our com­
munication-compatible codes . In the article entitled , "The 
monolithic keyboard encoder," you will see how MOS tech­
nology can perform the encoding function economically 
and reliably . 

And to wrap up this installment, we are going to talk 
about keyboards. (In addition, see the "KEYBOARD SELE C­

TION G U IDE" in the September 1971 issue of The Elec­
tronic Engineer.) The choice of a keyboard may well be the 
most difficult decision facing the terminal designer. On 
one hand there are the engi neering and economic trade­
offs associated with the particular type of switch action 
used . And, on the other side of the coin , there are th ose 
difficult to measure considerations such as appearance and 
operato r efficiency . There is no clear-cut choice in any 
case, but in the concluding article of this insta llment , yo u 
will find an en lightening discuss ion of the problems you 
wi ll have to face when selecti ng a keyboa rd . 

In this installment of the course, we have sat on the out­
side, looking inside a terminal. Next time , we are going to 
turn around and look the opposite way . Our next in­
stallment will treat some of the kinds of equipment with 
which the terminal must interface . Among the topics cov­
ered , yo u will find modems , multiplexers and the mini­
computer. 
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DATA TERMINALS COURSE 

Character generation 
read-only 

. 
memories 

Richard M. Eiler, Elect ronic Arrays . Inc .. Mountain View. Ca li f . 

Upon the receipt of an encoded input signal, a character 
generat or will output a series of characters for visual ob­
servation or da ta recording. Character genera tors have ex­
isted for years, certa inl y long before the current popularity 
of MOS integrated ci rcuits. 

These ea rl y character generators, however , were costly 
and quite large . M ost often they were fabr icated from 
diode matrices , which required , in addition to the matr ix 
itself, decode logic, drivers and sense circuitry. The result ­
an t size a nd cost was such th at in multipl e terminal in­
stall a ti ons, often only one character generator was used 
per system, and the character itself, rather th an its digita l 
code, was transmitted to the remote te rmin al. 

The low-cost, co mpact MOS ROM , however, has made the 
self-conta ined cha racter generator for each terminal loca­
ti on a very practical a pproach . This organi zati on results in 
si mplified data tra nsmission and unlimited portability . It 
a lso adds several degrees of freedom to the individua l ter­
min al displ ay , since the shape of the displ ay , the page or­
ganization, the fo nt size and the mat ri x size can a ll be gov­
erned by the terminal itself- not slaved to a central char­
ac ter generator or the transmission system used . 

Organizations 
A vertical scan displ ay co nsists of a matrix or array , or­

gani zed as a set of para llel vert ical co lumns. Upon succes­
sive st imul ation of the co lumns, the excited segment s with­
in each column co mbin e to produce a complete character. 
In th is system, it is th e fun cti on of the character generator 
to accept a character input code, and presen t the character 
to the display , one column a t a time. 

A hori zonta l scan (o r row sca n) display is very simil a r 
to vertica l sca n, except that it is organi zed as parallel hori­
zo ntal rows in stead of columns. 

The segmented stroke (o r random beam) display gener­
a tes a character by seri a lly exciting a pattern of seg ments 
or stro kes which co mbine to fo rm the character. The num ­
ber of segments depends upon the syste m. Ra ndom beam 
refers to the C RT segmented display in which the electron 
beam continu ously retraces a segmented stroke pattern 
an d requires the use of a " ra ndom beam" CRT. For this 
system, the character generator must be organized to ac­
cept the cha racter code a nd present to the displ ay a series 
of I 's and O's equal to the number of segments in th e di s­
play. These outputs a re used to either blank or excite each 
segment. 
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. 
using MOS 

By far the most popular organi zation s are the horizontal 
and vertical scan systems . This popularity ar ises from the 
fact that they are ideally suited for a TV raste r scan type of 
displ ay- currently the leas t ex pensive C RT avail able . 

Font considerations 
The design of a character is quite a subjective consid­

eration since there are aes thetic qualities associa ted wi th 
forming each character. But governin g the aesthetic fea­
tures of a given character is the more res trictin g aspect of 
dot , or stroke, matri x size . Since any given matri x con­
tain s onl y a fixed number of discretely excitable points, the 
ac tual design of the character is limi ted by the size o f the 
matri x used . With MOS ROMS, the ch aracter generator is no 
longer the major cost fac tor in determining matri x s ize. 
Actually , the limitations of the displ ay mechanism itself, 
and the type of characters displayed a re now the majo r in­
fluen ces on matri x size . With a fixed number of lines on a 
standard TV raster, the number of characte rs per line a nd 
per page will determin e what font size can be incorpora ted . 
If the displ ay is a high-speed , non-impact printer, a higher 
resolution matri x may be necessary to give accepta bl y 
readable character.s. For non-Roma n characters of a cur­
sive nature (such as J a panese Katakana) a la rger matri x 
will be required for acceptable legibilit y. Also, the need fo r 
a center line both horizonta lly and vertica lly may dicta te a 
matri x with an odd number of rows a nd columns. 

Most pre- programmed MOS ROMS use a 5 x 7- or a 7 x 9-
dot matrix . By going to a custom pattern , or by combining 
two or more ROMS, a ny matrix size is feasible . Mr. Allen 
Va rtebedi an* of Bell Telephone Laboratories tes ted differ­
ent sy mbol formations us ing actua l subjects observing the 
characters on a CRT. The test results indicated th a t 7 x 9-
dot matri x symbol s were superi or to the other types tes ted 
(5 x 7-dot matrix and stroke type sy mbol) in both subj ect 
reaction time and recognizati on erro r ra te measures. 

Another consideration in determining matr ix size is the 
need , in so me cases , fo r descenders, i.e. , cha racters which 
descend below the bottom line- norm all y lower case let­
ters such as g, j , q, p and y. Although . fo nts have been de­
signed which keep these lette rs on the sa me botto'm line, a 
larger matrix can be used to provide two extra bottom 
lines. This does, however, result in considerable wasted 
space in th e ROM. An altern ati ve is to use so me periphera l 
circuitry to effectively d rop the whole matrix fo r thi s type 
of character. 
' Vartebedian , Allen G., "Effects of Parameters of Symbol Formation on Legibil­
ity. " Information Display. M a.•• 1970, pp 23·26. 
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42 lines (max.) Vert ical 
2.67 ms blanking area 

Inter- Horizontal Video Character 
Char's/ char. Rows/ Max. char./ Bits/ bit rate BW aeeenTlme 

row dot spaces display display rows (MB/s) (MHz) (ns) 

Visible area 525 lines 40 
64 

483 lines (min) 10.47 l"s min. 
30.66 ms 11.30/"s max . 64 

80 
Horizontal 40 
blanking 

53.016/"s max. area 64 
52 .19 l"s min. 64 

1---63.492 l"s 
80 

The visible area for a 525-line TV scan is shown in the 
figure* . A great many configurations are possible, 
and the table shows the more popular 40-, 64- and 80-
character per row configurations (based on a 5 x 7-dot 
matrix ROM). The table shows the characters per row; 
the dot spaces between characters in the same row 
(usually 1 or 2); the rows per display (based on three 
dot spaces between rows); the maximum characters 
per display; the number of horizontal bits in the vis-

Recirculate 

MOS 
ROM 

Row 
refresh 
memory 

Address 
decoder 

Memory 
matrix 

Output buffers 

Paral lel -to -
serial converter 

Recirculate 

Page 
refresh 
memory 

Line 
counter 

Video 
ampl ifier 

The block diagram of a typical dot matrix CRT char­
acter generator shows the components required. The 
refresh memory is required to both buffer the in­
coming data and to continually refresh and/ or update 
the display. In most cases, this refresh memory con­
sists of recirculating MOS sh ift registers. The row 
memory is loaded from the page memory and re­
circulated for the number of times required to form a 
complete character row (or col umn). A new row is 
then loaded , and the process is repeated until the full 
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2 
1 
2 
1 
2 
1 
2 

48 1920 280 5.4 2.7 1300 
48 3072 384 7.4 3.7 815 
48 3072 448 8.6 4.3 815 
48 3840 480 9.2 4.6 650 
24 960 280 5.4 2.7 1300 
24 1536 384 7.4 3.7 815 
24 1536 448 8.6 4.3 815 
24 1920 480 9.2 4.6 650 

ible area; the horizontal bit rate (bits/52.19 µs); the 
video bandwidth required ; and the ROM character ac­
cess time. The character access time becomes the 
limiting factor in ROM selection since the ROM must 
deliver a new word to the display within the allowable 
time. 

'Muoio, .Ton)·, "Character/ symbol ~eneration by MOS ROM," Proceedings 
1(/ S ID, first quarter 1970, pp 6-15. 

External data ------------0 source or local 

Sync and 
timing 

generator 

Sweep 
generator 

Row 
counter 

data entry 

raste r area has been scanned. The sync and timing 
generator synchronizes the cha racter generator with 
the CRT and contains counters for controlling the re­
fresh memory and the ROM itself. The ROM outputs 
are always presented in parallel in order to achieve an 
acceptable access time . The parallel-to-serial con­
verter which is used to control the ON/ OFF condition 
of the beam is usually bipolar for speed co nsid ­
erations. The timing generator determines when the 
ROM outputs are to be sampled by the conve rter. 
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Non-descending 
character set Larg.er matrix Shifting matrix 

+10 
word 

counter 

y 

82 

81 

83 

Line 
counter 

84 4-bit I 2 
binary 

A1 full I 
3 

t-----' 
A

2 
adder 

A3 

A4 

A9 

A9 

A7 
A6 

As 

A4 
A3 

A2 

A1 

01 

02 

03 

0 4 

128-
05 character 

ROM 
06 ( 5 x7) 

07 

Os 
0 9 

010 

b7 selects o1 thur o5 or 06 thur 010 
I 4 inhibits both outputs 

Some character fonts require the use of descender 
characte rs such as g, j. p, q and y. A larger' matrix can 
provide two extra bottom lines for these characters. 
or you ca n use a circuit such as this one. The descen­
der characters are detected and an adder subtracts a 

Speed considerations 
Associated with each characte r display technique is a n 

inherent character generator speed requirement. Since dif­
ferent MOS designs result in different memory access times , 
yo u must co nsider speed requirements at the outset before 
selecting a MOS ROM. 

The most demanding type of display in this respect is 
the TV raster scan. Most other displays a re much less strin­
gent with respect to access time because the display mech­
anism itself cannot maintain electronic speeds. Printers, 
whether impact , electrostatic or ink jet , are slow relative to 
ROM access time. Gas discharge tubes, LEDS and other seg-
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binary 2 from the word counter. This causes the en­
tire matrix to be shifted down two lines via the line 
counter inputs on the ROM and the output blanking 
gates. 

mented displays put no particular speed demands on the 
MOS character generator . 

Summary 
The popu larity of the MOS ROM as a character generator 

is evidenced by the fact that they now dominate all new de­
signs in the field . This is one of those rare cases where a 
technology and an application are a perfect match . And , in 
the future, this dominance will continue as MOS- ROM size 
and performance increases and the cost per bit continues 
to decrease. 
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How the ROM generates characters 

'Michael R. McCoy, Electronic Arrays. Inc. 

A character generator. converts the coded alphanu­
meri c representati on for a character into a dot matrix 
code that visually represents the character. In thi s 
ca se , a MOS ROM displays on a CRT the character set 
A, B, C. During the f i rst sweep of the beam (line 0), 
three lines from the sync and timing generator tell 
the ROM that l ine 0 is being displayed. As long as the 
code for line 0 remains on the ROM inputs. no dot 
pattern is displayed beca use line 0 represents the ver­
t ica l space between cha racters. When the l ine 1 sweep 
is started, the first character code (A) is c locked into 
the ROM from the refresh memory. The character 
code co mbined w ith the line 1 code ca use a 00100 to 
appear at the ROM output. As the sweep generator 
moves the beam ac ross the face of the CRT, the 

...iL 

Refresh 
...... 

memory 

512 x5 ROM 
character 
generator 

Parallel - to -
serial converter 

Line 0 
Line 1 

Line 2 
Line 3 
Line 4 

Line 5 

Line 6 
Line 7 
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00100 is shi fted to the CRT blanking circuit. Thi s 
ca uses a single dot to occur on th e CRT face in the 
middle of the line 1 position of the fir st character 
field . Next, a new character (B) is shifted into the 
ROM . The code 01111 now appears at the ROM out­
put and the bl anking circuit ca uses four dots t o ap­
pear in the first four locati ons of line 1 in the second 
character field . After the line 1 dot code for the third 
cha racter (C) is written , the horizontal sweep return s 
the beam to start line 2. The same three character 
codes wil l be sequenced into the ROM. but the new 
line code will cause dot rep resentation s approp ri ate 
for line 2 of the character field. This process is re­
peated through line 7 when verti cal sweep return oc­
curs and begins another cyc le . 

Sync and 
timing 

generator 

Sweep 
generator 

~ 
_ff Li_._~ CRT 

l .., 

~ 

0 
0 0--
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Select the right CRT for alphanumeric 
data terminals 
A. D. Johnson GTE Sylvan ia Inc .. Seneca Falls . N.Y. 

One problem faci ng the designe r is to choose the most ef­
ficient cathode-ray tube fo r high-volum e, low-cost , al­
phanumeric displays using resonant-scan, TV-ras ter ci rc uit ­
ry. We wi ll be concerned primaril y wi th the 5- through the 
24- in . tube sizes which can present 40 to 80 characters per 
lin e , and up to 30 lines of informat io n. In a ll cases , these 
tubes are magnetica lly deflected with low-vo ltage elec­
t ros tatic focus. 

Display size 
The first cons ideratio n in se lecting a CRT is the size of 

the disp lay . The display size, in turn , will ca ll fo r a par­
tic ul ar bulb dimens ion. There are two meth ods to de lineate 
tube size cu rrently in use in the indust ry today. Th e o lde r 
system used a number rel a ted to the nomin a l o utside di­
agona l bu lb dimension. As a n example, a bu lb was desig­

nated as a 12-in. bulb if the nominal outside diagonal di­
mension of the glass was g reater th an 11 V2 in. but less 
thanl2 V2 . 

M ore recentl y a "v" number has been used denoting 
"viewable. " It s intent is to provide a more rea listic meas­
ure o f the size o f the picture. It is also measured o n the 
di agona l a nd uses the same ± V2 in. to lera nce but is meas­
ured on the usab le screen dim ension rather than the ou t­
side o f the bu lb. 

Many of the bulbs suit ab le fo r termi nal use have pre­
vio usly been used by the TV industry . There is an econ o mic 
advantage to se lecting such a bulb, since the quantity used 
by the TV indust ry provides fo r the lowest bulb cost. Table 
I shows a ma trix o f th e bulbs presently avai lable. 

C hoosi ng the proper display size means yo u must deter­
mine the number of characters per line a nd th e number of 
lines of text whi ch will be displ ayed . A typical 12-in . moni­
tor may displ ay 20 lines of 80 characters each. One impor­
tant consideration is selecting a display size is the viewing 
dista nce from the o perator to the display . The ava il a bl e 
space for the CRT monitor within the termi nal will a lso 
help determine the size . It is to be a desk-top display, a 
co unter-mounted display, or will it be sus pended on a she lf 
o r fro m the ceiling? In a 525- line sca n sys tem, the sa me 
number of lines will be ava ilable for charac ters whether 
the tube size is 5- or 16-i n . The characters on the 5-in. 
tube, of course, will be much s ma ller a nd would have to be 
viewed from a closer dista nce. Tubes shown in Table I 
have light o utput a nd resolution capabilities adeq uate to 
display densi ties of a t least 2000 characters. The required 
light output o f the charac te rs a nd the resolution of the 
characters wi ll be determined in pa rt by the amb ient illu­
mination in the displ ay area. We wi ll disc uss contrast en-
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hancement a nd the methods of reducing specu la r re fl ec ti on 
later. 

Operating requirements 
C hoosing a CRT fo r a da ta te rmin a l mea ns m a king 

trade-offs between de fl ectio n a ng le, defl ec ti o n power a nd 
the reso luti on ca pability o f the tube . Alphanumeric te rmi­
na ls ca n genera ll y use wider de fl ecti o n a ng le tubes than 
rando m access sys te ms. In the past, the neck di ameter of 
the CRT was decreased as deflecti o n a ng les increased . This 
technique redu ces de fl ectio n power a nd is acceptable so 
long as it does not reduce the resol utio n ca pabilities o f the 
tube to an unu sab le deg ree . This is true beca use as 
neck diameter decreases, the electron gun electrodes must 
a lso decrease in size, mea ning th a t their ultim a te capabil­
ity fo r resolution decreases, as well. Table 2 shows this 
rela tionship in a typica l sys te m fo r a hypothet ical m ag net­
deflection , low-vo ltage elect ros ta ti c-foc used , cath ode-ray 
tube of a 90° deflecti on. 

S ma ller diameter e lectro n g un s a re prone to higher 
spherical aberra ti o ns and electron g un parts a lign me nt be­
co mes more critica l. In se lecting a CRT for a single termi­
na l appli catio n, it is best to selec t the na rrowest deflectio n 
ang le tube with the largest neck dia meter. Ge nera lly, de­
flection defocusing o r spot growth in the corners of th e dis­
play is less on low-de flection a ng le tubes. If, however, 
more th an one tube size is ex pected to be used with com­
mon electronics, th en the cho ice must be limited to th ose 
tubes which will prov ide that degree o f comm o na lity. In 
ge neral, better performance o n spot growth a nd geo metric 
distorti on can be expected from the use of a wider-a ng le 
deflection yo ke than is ca lled for by the CRT; fo r instance , 
a 110° yoke on a 90° tube . 

A usefu l rule of thumb fo r selecting the a node vo ltage of 
a CRT is to operate at an anode vo ltage in kilovolts eq ui va­
lent to the tube diago nal in inches . In other wo rds, a 9- in . 
tube operating a t 9 kV, a 12-in . tube opera tin g at 12 kV , 
etc ., provides a good starti ng point. The hig her the a node 
vo ltage, of co urse, the better the brightness a nd resolution 
o f the di spl ay. Therefore, a 9-in. tube operating at 12 kV 
wo uld be an improvement over the 9 kV . 

The spot size o f most tubes improves if the tube is oper­
ated in a mode to produce a high grid cutoff voltage. A 
tube with a 50-V cutoff requires a video drive about 5 o r 6 
V lower th a n the video dri ve required fo r the sa me tube 
operated wi th a G1 vo lt age increased to g ive a g rid cut-o ff 
voltage of 80 V. In addition , the best s pot shape can be ob­
ta ined by the use o f a bea m a lig nment mag net ove r the 
control grid cy linder of the electron g un . This mag net 
strength , adjustable from 0 to I 0 Gauss, is o pti mized for 
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TABLE 1 
CRT PHYSICAL CHARACTERISTICS 

Diagonal 
JED EC Nominal Tube "V" Useful screen deflection Neck Typical 
bulb no. si1e (In.') si1e (in.) dimensions (in.) angle (deg.) diameter (in.) length (in.) 

J43 l/ 2A 5 5 
7 6 
8 7 

J67 1/ 2 AlA 8 8 
J74 l/ 4A 9 9 
J76 l/ 4A 10 9 
J99Y 12 12 
J99 FIA 12 12 
J99B 12 12 
J99V 12 i2 
J99PlA 12 12 
J99A 12 12 
Jll2A 14 13 

14 13 
Jll8 1/ 48 15 14 
Jll8 l/ 4A 15 14 
Jl25G 16 15 
Jl25A 16 15 
Jl338 17 16 
Jl33G 17 16 
Jl37 l/ 4A 17 16 
Jl49D 19 18 
Jl49F 19 18 
Jl57 l/ 2A 20 19 
Jl71F 21 20 
Jl71E 21 20 
Jl71G or H 21 20 
Jl65 l/ 4A 21 20 
Jl87J 23 22 
Jl87L 23 22 
Jl92C 24 23 

best spot sha pe in a ll fo ur co rners. 

The heater powe r required fo r most tubes is between I 1/ 2 

a nd 3 W . T ypica l voltages a nd ·currents are 12 .6 Y at 150 
mA a nd 6.3 Vat 450 mA . In a fam ily of tubes fo r use with 
co mm o n electronics for m ore than one terminal display 
size, m ost tube suppliers ca n provide the sa me heate r volt­
age and current ratings o n a ll of the selected tube s izes. 

In teraction between the deflection yoke a nd electron g un 
sho uld be co ns idered . In the TV ind ustry , the styli ng re­
q uirements o f the cabinet have gene ra ll y required that the 
C RT be made as sho rt as possible, often resulting in co rne r 

spot degrad at ion . In a A / N termin a l, this overall length is 
usuall y no t as critical. An y deflection of the elect ron beam 
before it ex its from the lim iting aperture of the elect ron 
g un will cause seve re de flectio n defocusing problems in the 
co rners of the displ ay. Therefo re, sufficie nt nec k length 
must be provided for the g iven yo ke length . Overall tube 
le ngths shown in T a ble I a re a pproximate for most sta nd­
a rd deflection yo kes used today. 

3. 25 x 4.30 70 0.788 7-3/ 4 
4.37 x 5.75 70 0.870 8-3/ 4 
4.70 x 5.80 85 0.788 8-3/ 8 
5.37 x 7.18 90 1-7 / 16 10.0 
5.69 x 7.37 85 0.788 9-1/ 2 
5.85 x 7.81 85 0.788 9-1/ 2 
6.00 x 9.50 70 1-7/ 16 16-3/ 4 
7.68 x 10.12 90 0.788 11-3/ 8 
7.68 x 10.12 90 1-1/ 8 11-3/ 8 
7.68 x 10.12 110 0.840 11-3/ 8 
7.68 x 10.12 110 0.788 11-3/ 8 
7.68 x 10.12 110 1-1/ 8 10.0 
9.50 x 12.18 90 1-7 / 16 15-3/ 8 
9.87 x 12.37 110 1-1/ 8 11-1/ 2 
8.58 x 11.31 70 1-7 / 16 19.0 
9.01 x 11.56 110 1-1/ 8 11-1/ 4 

10.25 x 12.94 100 0.840 12.0 
10.25 x 12.94 114 1-1/ 8 11 -1/ 4 
11.13 x 14.44 70 1-7 / 16 18-3/ 4 
11.13 x 14.44 90 1-7 / 16 14-5/ 8 
10.62 x 13.62 114 1-1/ 8 11-1/ 2 
12.06 x 15.25 92 1-7/ 16 15-1/ 2 
12.00 x 15.19 114 1-1/ 8 11-1/ 4 
12.12 x 15.50 114 1-1/ 8 13-1/ 4 
15.06 x 19.06 72 1-7 / 16 23-1/ 4 
15.06 x 19.06 90 1-7 / 16 18.0 
15.06 x 19.06 110 1-1/ 8 14-3/ 4 
13.25 x 16.87 114 1-1/ 8 13-1/ 2 
15.13 x 19.25 92 1-7 / 16 18-1/ 2 
15.13 x 19.25 114 1-1/ 8 14-5/ 8 
16.87 x 21.43 110 1-1/ 8 15-5/ 8 

where the cha racters are produced by a 5 x 7 dot matrix , 
seven sca n lines are needed to produce a row of characters. 
A minimum of three m ore sca n lines a re needed between 
rows of charac ters so th at 10 sca ns a re needed for each 
row of characte rs. There fo re, 48 rows of characters cou ld 
be di splayed if it were not fo r othe r limitations , such as re­
fresh me mory capacity. As a res ult , 20 to 30 rows o f char­
ac ters is a com m o n number to be disp layed . Under these 
conditions , a lternate rows of dots , in th e dot matrix of the 
di splayed character , a re refreshed at 30 Hz due to the 2: I 
interlace. This frequency ca n produce an an noy ing degree 
of fli cker in medium to short persis tence phos ph o rs such 
as P4 . Th e longer persistence P39 phosphor e limin ates this 
fli cker. 

M any of tod ay ' s a lph a num eri c terminals opera te with 

the same scan characteristics as a standard televi sion for­
mat : 15, 750-H z horizontal and 60- Hz ve rtical with 2: I in­
te rl ace. This type of scan produces between 480-500 ac tive 
ho ri zo nt al sca n lin es. The difference betwee n the number 
o f active lines an d the 525 lines which make up the total 
display results from vertica l retrace blank ing. In a system 

Another scan technique o ften used is 15, 720 Hz and 60 
Hz wi th o ut inte rl ace. This reduced the number of scan 
lines to 262 per field a nd , with 11-20 lines blanked during 
vert ica l re trace, s till provides about 240 ac tive hori zo ntal 
lines. At 10 lines per row of characters, this disp lay co uld 
still produce over 20 rows of characte rs . This technique re­
sults in o ne-ha lf the vertical picture height resoluti o n capa­
bility of the C RT, but if on ly a few rows of characters are 
needed , character resolution is still acceptable . Because 
each charac te r is now refreshed at 60 Hz, flicke r is no 
lo nge r a proble m . Conseque ntly, th e choice o f character 
format ca n play a part in the brightness a nd co lor capa bil­
ity ultimatel y chosen. 
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X-ray considera tions 
Whi le most monitors will operate at relativel y low an­

ode voltages, some concern may arise in regard to X-ray 
radiation problems. * 

The glass industry, during the last several years, has 
do ne much to modify the ir glass composition to provide 
g reater shielding. Today , the larger bulb sizes can be run 
at over 20 kV without exceeding the 0.5 mR/ hr (milli­
Roentgens/ hr) limit. 

Implosion control , mounting, and contrast 
With any CRT for terminal applications , the problem of 

implosion control, tube mounting and contrast must be 
cons idered . Every CRT is under a high vacuum and the ex­
ternal pressures on the bulb wall must be considered as po­
tentia ll y hazardous in the event o f breakage. Most implo­
sion safety considerations relate to the faceplate of the 
bulb in its mounted config uration. Since the curvature o f 
the face can be considered as an arch, most explosion con­
trol techniques are some form of compression system to 
preserve the strength of this arch . The implosion contro l 
techniq ue does not prevent implosion but on ly maintains 
the form of the bulb as the a ir enters the tubes . In other 
wo rds , the o bject of an impl osion co ntrol system is to keep 
g lass from being forcibly ejected from the display unit in 
case o f tube breakage . The fo ll o wing ty pes o f co n­
figurations ha ve been used for impl os ion co ntrol. Not all 
of these systems have been tooled for all of the tube s izes 
shown in Table I . 

The simplest measure uses the tension band o r T-ba nd . 
The T-band , a steel band %- to 3f4 -in . wide, is pulled 
around the faceplate skirt of the bu lb, at a ten sion of about 
1800 lbs . 

A second method of implosion control is the filled rim 
o f shelbond . This is a metal member with corner mounting 
ho les formed to the facep late co ntour and attached to the 
bu lb with a rigid epoxy. 

•A pamphlet which de:-.1.:rihcs X· ray tC'\l equ ipment and procedures is helpful on this 
prohlcm . For $1.00. copic.-. o f this pamphlet. JEDEC Puhlication No. 64A . can he uh· 
taincd from : Elel:tronics Industries Assrn: .. Engineering Dept.. 2001 Eye St.. N . W .. 
Wa ..; hington . D .C. 20006 . 

A third system is known as the bonded rim band with 
tension band (Kimcode). Kimcode consists of formed met­
al halves, which together resemble the tooled shell , that a re 
epoxy-bonded to the tube face . A steel band similar to the 

T-band is then tensioned around the Kim code. Mount ing 
brackets are also availabl e . 

Maximum protectio n is provided by a separate piece of 
tempered glass formed to the contour o f the faceplate a nd 
bonded directl y to the tube. This is known as the integral 
safety panel or PPG cover. This cover plate is attached to 
the tube by mea ns o f a transparent resin sys tem and , due 
to the laminated constructio n , provides a high degree of 
strength fro m frontal impact. The resin bonding material 
is selected to have the same index of refraction as g lass so 
that no inter-surfaces are visib le. This cover plate a lso pro­
vides a vehicle for contrast enhancement by making use of 
glass co mpositions with varying degrees of a bsorption to 
provide neutra l density fil te ring . It is also poss ible to etch 
these laminated cover plates for sp8Cul a r re nection co n­
t ro l. It should be remembered th a t the etched surface also 
diffuses the light from the phosph o r, thereby reducing the 

tube resolut ion by approximately 20%. 

Summary 

We have been concerned with the various parameters o f 
CRTS for use in low-cost a lphanumeric termin a ls displ ay ing 
bet ween 800 and 3,000 characters. Sizes , denecti o n angles 
a nd neck di ameters have been disc ussed with the ai m o f 
making the optimum selection o f a tube. While we have 
limited ourselves to mo nochrome types , there are further 
cons idera ti ons that ca n be carried over int o co lor, such as 
th e use of the stand a rd shadow mas k tube, the specialized 
shadow mask tube for two-co lor displays, penet ration col­
or tubes a nd special multi-beam tubes for very high density 
A/N displays. All of these will be subject to further disp lay 
requirem ents. 

Appreciation is expressed to many people for their as­
sistance in the preparation o f this material , especially to 
W . A. Dickinso n, A . W . Keen and E. 0 . Stone, all o f 
GTE-Sylvania Incorporated , Electronic Tube Division . 

TABLE II 
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RELATIONSHIP OF NECK DIAMETER TO RESOLUTION AND POWER REQUIREMENT 

Neck Diameter 
(In .) 

1-7/ 16 
1-1/ 8 
0.788 

Gun 
Part Diameter 

(In.) 

0.520 
0.395 
0.315 

Relative 
Resolution 

(3) 

100 
75 
65 

Approximate 
Deflection Power 

(3) 

100 
75 
55 
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Integrated line drivers and 
. 

receivers 
Dale Pippenger 
Texas Instrume nts Incorporated. Dallas . Tex . 

Of major concern to the designers of data termin als are 
the problems involved in transmitting data between two 
physically sepa rated units. The noise margins of most 
types of logic circuits are adequate for transmitting data 
for on ly a few inches. The tran smission of error-free data 
over longer distances in noisy environments requires the 
use of special transmission line drivers and receivers plus 
the careful selection of a suitable transmission line. 

Studying the problems involved in the transmission of 
data shows that a terminated transm ission line is most de­
sirable because it o ffers improved perfo rmance . Such a 
line makes high-speed tran smission possible because signal 
reflections a re eliminated . 

Also desirable is a balanced , or two-wire, sys tem. Be­

ca use system no ise is prima rily common-mode, a differ­
enti a l input receiver with adeq uate common-mode rejec­
ti on can reduce no ise problems considerably. 

A high-speed system designed for use with long trans­
mission lines is most often used since it can be adapted for 
use with shorter lin es or for low-speed tran smission. Such 
a system wou ld use a standard supply voltage and be com­
patible with the usua l form s of logic. At the transmitting 
en d , the sys tem should be capable of dri ving low imped­
ance terminated lines, and the transmitters should have an 
inhibit capability and a high imped ance in the inhibit 
mode . In addi ti on, the receivers should have a high sensi­
tivity ( < 50 m V), a high input impeda nce, and a high com­
mon-mode rejection with the receiver speed insensitive to 
overdri ve. 

The m ost popular type of t ransmission system uses a 
current mode driver (see Fig. I). A nother type of driver for 

Logic 
out put 

R 

Line dr iver 

Twisted pair 
tronsm~ssio n line 2R = z0 R 

Line receiver 

Fig. 1. This functional diagram shows a cu rrent mode 
driver a nd receiver operating ove r a balanced t ra ns­
mission lin e . The twisted pair line is terminated at 
each extrem e end in its characteris ti c impedance . 
The driver has a stage to conve rt logic levels into volt­
age leve ls which contro l a current switch. The input 
stage of the receiver se rves as differential input stage 
that has high rejection of common-mode signals. In­
termediate stages convert the pola rity of the input 
signal"to the desired log ic levels at the receiver out­
put. An impo rtant featu re is that provisions can be 
made for removing the driver outp ut current from 
both lines. In this inhib it mode . another driver may be 
used to transmit data ove r the line. 
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ba lanced line transmission uses a voltage mode drive . Bas­
ically, most volt age mode drivers have outputs wh ich look 
like high current gates and typically have TTL level voltage 
outputs. Their disadvantages when compared with current 
mode drivers are th at they do not a ll ow as much noise 
margin at the receiver ; th ey need more power to drive 
long , low impedance balanced lines and they are not 
adaptable to la rge party line systems . On the other hand , 
they can operate single ended or balanced ; they can use a 
TTL gate as a receiver on short ( < I 0 ft ) lines and they op­
erate from a single power supply. 

Up to now, we have only considered the case where the 
transmission of data was over relatively short dista nces. 
For long distance tran smiss ion over telephone lines, the 
line drivers and receivers are required to successfull y inter­
face with a modem . A brief summary of the EIA RS232C 
specifica tion which defines the requirements fo r drivers 
and receivers in this applicati on is given below. 

Drivers 
D Slew rate d OV / µs 
D Short circuit output I < 0.5 A 
D Open circuit output voltage < 25 V 
D Power off source impedance > 300 n 
D Time in transitiona l region < I ms 

Receivers 
D Data rates to 20 kb / s 
D Input range ±24 V 
D Input resistance 3 to 7 kn 
D Input capacities 2500 p F, max . 
D Input must be noninductive 
D Open ci rcuit output voltage <12.q V 
D Must treat open inputs as an off condition 

Inputs Inputs Inputs 

This party line system is made possib le by the strobe 
provision on the receivers and the inhibi t feature of 
the drivers . Any driver may co mmu nicate with a ny or 
all receivers in such a system . 
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Magnetic tape for data terminals 

R. H. Kearns Magnet ic Tape Div .. Ampex Corp .. Redwood City. Ca lif . 

Wh at makes a good tape? There are numerous parameters 
th a t can be co mpared to answer this question but they can 
all be lumped into a si mple sta tement. A computer tape 
must deliver reliable prefo rm ance on the customer's tape 
dri ves and do it consistently. The onl y conclusive eval­
uation fo r computer tape is to observe its perfo rm ance 
over a period of time under normal program ming a nd op­
erating conditions . 

To understand the bas ic relation between tape drives 
and tape quality , you need a kn owledge of the tape's st ruc­
ture and composition. Magnet ic tape consists of a thin ox­
ide coating, firmly bonded to a nex ible base material. The 
coating genera ll y represents 20-30% of the total tape thick­

ness . 
The heart of a ll magnetic tape is the oxide particle itself. 

In virtually a ll precision tapes, the oxide used is gamma 
ferri c oxide particles. The oxide particles ma ke up ap­
proximatel y 60% of the fo rmulati on; the remaining portion 
is th e binder. Because oxide particles a re highly abrasive, 
each individual particle must be completely coated with 
the binder formulation. Among the bonder's va ri ous fun c­
ti ons are , most import antl y, to bind the particles to each 
other with a cohesive bond , a nd a lso to provide an adhe­
sive bond of the coating for mul a tion to the base film . 

Wear characteristics of a tape a re determin ed prima rily 
by the binder . Wea r result s from the fricti onal fo rces and 
associated heat that build up when tape is used . 

Proper tape design must consider a ll aspects of its per­
formance cycle. A long wearing ta pe, with an extremely 
hard surface, co uld be designed to las t indefinitely. How­
eve r, it would not be acceptable if it were not so fter th an 
the heads or machine components. In the case of tape and 
magnetic recording components, the tape should wear fast­
er th a n the heads . This is why a slight amount of shed 

ox ide will be present on any transport after a tape has been 
used . 

The surface finishing techniqu.e wi ll often determine the 
ultim ate per for ma nce characteristics of the tape . Treating 
the tape's surface will achieve a highl y polished , smooth 
surface. If abrasive methods are used to treat the tape sur­
face , it is possible that many of the oxide particles will be 
fractured . This exposes the ba re oxide a nd gives the tape a 
highly abrasive surface, a lthough it a ppears smoot h. Also, 
fra ctu red oxide part icles increase the noi se level of the 
tape because non-uniform fields result fr om the fractured 
particles . An ideal tape surface has only the binder ex­
posed with the indi vidual ox ide particles com pletely en­
ca psul ated in th e protective binder covering. The binder 
will not wear the heads at al l, but the abrasive oxide will , if 
exposed . 
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Drop-outs and drop-ins 
Now you have a perfect reel of tape, with oxide particles 

equally dispersed on the tape su rface, lightly ye t firmly en­
capsul a ted in binder, and polished to a perfectly smooth 
sur face . 

Most problems related to computer tape occur after the 
reel of tape has been incorporated into the customer's tape 
system. Com puter tape is fr agi le. It is easily da maged and , 
since many of these damages are not a pparent to the 
naked eye, they are often overl ooked . 

It is an established fact that computer tape d oes not 
"wear out. " It is retired from service when drop-outs ex­
ceed an acceptable number. Virtuall y all drop-outs are 
caused by tape imperfections that lift the tape away from 
the head , causing an un acceptable loss in signa l. Drop-outs 
not present in the tape on initia l use may come later from 
the co mputer room environment. Drop-o uts can be tem­
porary, such as a hair or bit o f dust which clings to the 
tape, and ca n be cleaned fro m the ta pe sur face . In other 
instances, foreign parti cles become so deeply imbedded 
into the binder as to become permanen t d rop-o uts. 

Most importantly, extreme ca re should be used in ha n­
dling tape, in order to mainta in reliable tape perform ance. 
The increas in g use of off- line equipmen t , such as key-to­
tape devices, has intensified the problem related to ade­
quate tape maintenance. 

The most critical pa rt of the tape is the edges. Most 
dro p-outs occur on edge tracks a nd are usua lly rel a ted to 
physical deform ati on of the tape . This is particularly true 
in a 9-channel recordin g, where the edge tracks are much 
closer to the tape edge than wi th 7-channel reco rding. 
Also, the guard band (distance bet ween adj acent tracks) is 
narrower on the 9-channel. 

Defects on th e edges of the tape ca n be nicks, raised 
edges or curling and can cause loosening of ox ide partic les 
and polyester chips which could penetrate the tape surface. 
Careful handling of the tape reel and eq uipment mainte­
nance are essent ial to prevent erro rs of this type. 

What's ahead 
The trend will conti nue toward tapes a nd tape drives 

which provide higher packing densi ties, fas te r speeds and 
improved perfo rmance. Inn ovations in eq uipment design 
for ta pe handling are direct steps in th e upgrading o f tape 
perfo rmance. Ca re in des ign of tape ha ndling and guidin g 
mechanisms , combined with controll ed clea nin g a nd 
maintena nce, a re critica l a reas of ta pe performance. 

Tape manufacturers co ntinue to research for improved 
fo rmul at ions a nd producti on process ing meth ods to in ­
crease tape performance a nd re li abi lity . Indust ry accept­
ance of current sta nd ards on tape, such as ANS I docu-
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Magnetic coating Magnetic coating 

Prote cted oxide par tic les Exposed oxide particles 

Base f ilm Base f ilm 

Ideal surface Abras ive surface 
( with on ly binder exposed ) (with portions of bare oxide exposed) 

An ideal tape vs abrasive tape with exposed oxide particles 

Reference edge of tape 

t mui~~~~-i:0.0000 
0.044_0.0007 

_i 

7 track 9 track 

The relationship of 7· and 9-track tape layout 

ment on Unrecorded Magnetic Tape fo r In fo rmation In­
terchange and GSA W-T-005 1 B, are guidelines that will be 
applied to new developments both in tape and equipment. 
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A combined effort between the tape a nd equipment ma nu­
fac turers is essenti al to the future development of the use 
of magnetic tape as a data-recording storage med ia . 
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The effects of environment on magnetic tape 

The monolithic keyboard encoder 
Frank Yoerg, 
General Inst r umen t Co rp .. l-l ic ksv1lle. N.Y. 

The a pplication o f MOS techn o logy to th e problem o f 
keyboard encoding has prod uced a monolithic ch ip ca­
pable of converting the ac tion of depressing a keyboa rd 
sw itch into a binary code which can be used to di splay o r 

t ra nsmit that part icul a r data. In the past , the encoding 
functi on had been performed by a diode matrix a nd its as-
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socia ted control circu its. Usi ng a MOS ROM, howeve r, has 
the ad van tages of fewe r parts, lowe r cost , a nd higher relia­
bi lity. In add iti on, the encoder is immedia te ly ava il a ble , 
a nd you can cha nge patterns witho ut expensive changes to 
the c ircuit boa rd layo ut. 

A typical circuit 
The fi gure sho ws a typical MOS e ncode r co nnected to 88 
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norma lly open SPST keyboard switches. Each key has three 
modes o f operation: th e no rma l lower case alph abet a nd 
character set o f a typewriter key board ; the shifted mode 
which is the norm a l upper case and cha racter set ; and the 
control m ode which the user can defin e fo r his own specific 

needs. The RO M ca n the refore be subdivided into three 
modes with 88 keys o f 9 bits each for a total o f 2376 bits . 
N orm ally th ree modes a re suffic ient fo r most applicati ons, 
however , if needed a fourth mode can be supplied . 

Loo ki ng at the figure, yo u will see th a t our des ign a lso 
in cludes eight-bit and I I-bit ring counters, each of which 
has a sing le I a lways rec irculating. Wh en a ll th e keys a re 
in th e no rmally o pen position, the two ring counters are 
clocked a nd sequenti a lly address the ROM . Data outputs 
no t va lid a t this tim e a re indicated by the absence of a 
strobe output. Wh en a key is depressed , there is a sing le 
path bet ween one output o f the eight -bit co unter (Xo thru 
X 1) and one input o f the I I-bit compara to r ( Yo thru Y10). 
Afte r a number o f cloc k cycles , the level on the selected 
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path to the co mparat or will ma tch the level on the co rre­
sponding compa rato r input from the I I-stage ring co unter. 
At thi s time the co mpa rato r gene rates a sign a l which , a ft er 
being delayed , is presented a t the st robe out put. This 
st robe output indicates th at valid data is present at the 
outp uts o f the encoder. Simultaneously, the comparato r 
transmits a signa l to th e clock cont ro l which inhibits th e 
clocks to the e ight- and I I-bit counters . This stabli zes the 
data output unt il the key is released . 

The delay in the st robe output co mpensates fo r contac t 
boun ce . The length o f time it ta kes fo r the bounce to 
da m pout will vary depending on the type of switch used in 
the keyboard . T o co mpen sate for the va rying boun ce, the 
encoder design a ll ows you to control the delay by mea ns of 
a n extern a l resistor and capacito r. 

The internal oscill a to r in the circuit has a frequency 
which is contro lled by a nother resistor-ca pacito r co m­
bina ti on . The frequency will depend on the pa rticul a r key­
board a nd the speed a t which the keyboa rd will be used . 
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All the data inputs and outputs are TTL compatible . In ad­
dition the data outputs, strobe outputs and parity outputs 
can be inverted if necessary. 

Additional fea tures 
The design shown here inherently incorporates the N-key 

lockout feature . Since the clock is inhibited once the first 
key is depressed, hittin g any number of additional keys 
will have no effect on the encoder output until the first key 
is released . 

The circuit a lso has inherent 2- key rollover. In this case, 
suppose key I is depressed , followed by key 2, and then 
key I is released . The circ uit will give you the output for 
key I , and when key I is released it will scan the ROM for 
key 2 and give you the correct output for it. 

This circuit does not have N-key rollover. If more th an 
two keys are depressed sequentially and then released , th e 

chip will not remember the sequence . Adding mem ory 

and/or latchin g c ircuits will provide this fea ture if it is re­
quired . 

The most c ritical pa ra meters in the choice of MOS enco-
ders a re : 

O storage ca pability 
O the logic levels required 
O max imum power consumption 
O power supply levels 
O lock out ca pability 
O rollover ca pability 
O allowable closed cont act resista nce 
O allowable open contact resistance 
O specia l logic function , such as parity, etc. 

Beca use the coding fo r each key is per formed by a single 
mas k cha nge during the manufacturing process, any key­
board encoding ca n easily be accomplished in the ROM. 
Summ ing a ll the advan tages points to the MOS ROM as a n 
a lmost idea l choice for the keyboard encoder function. 

Keyboard considerations for design engineers 
Don Arnett , DuWayne Pople 
Micro Switch. Freeport . Ill. 

Rugged , reliable and versatile describes today's data ter­
minal keyboa rds. They are a lso colo rful , co mplex and 
co mpetiti ve. The designer co ntempl a ting the choice of key­
boards for mainframe or rem ote termin a l appli cati ons 
find s himself bedeviled by deadlines, bew ildered by of­
ferings and just a little bored by out rageous clai ms, to say 
the least. 

Since the problems of keyboard selecti on a re not simple, 
our objecti ve is to offer a summ ary of maj or design con­
siderations based on experience, application needs, and 
m ost frequently encounte red trade-offs. (See a lso the KEY­
BOARD SELECTION GU ID E in the Sept. 197 1 issue of The 
Electronic Engineer) We have kept in mind that ma ny de­
sign aspects of any man-m achin e interface are influenced 
greatly by de facto practices and human emotions. Engi­
neering obj ecti vity has often proven to be seco ndary. 

M any of us take keyboards for granted , in typewri ters, 
adding machines, comptometers, courtroom sten ographic 
devices, and telephon es . We are, however , confining our 
di scussion to electronic key boa rd s. We define an electronic 
keyboa rd as a man-m achine interface consisting of severa l 
finger-operated key sta tions (usually I 0 or more) that con­
vert mechanica l energy int o coded electrical energy. 

History 
The history of the office typewriter holds ma ny sign ifi­

can t parallel s for the data termin al designer. C redit for the 
first practical office typewriter is generally given to Chris­
to pher Sholes, an American, who inven ted his machin e pri­
m arily for numbering book pages in 1867. No one is quite 
sure why Sholes created the QW E RTY U IOP keyboard 
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array . In 1873, Sholes so ld his device to the Remin gton 
Co., which , a mong ot her things , produced sewing ma­
chines. It is , therefore, not hard to understand why Rem­
ington's 1873 office machine looked very mu ch like a 

hefty Remington sewing machine, co mpl ete with fl owered 
sides and a foo t treadl e for ca rri age ret urn . 

"Touch typing," which uses a ll 10 fin gers, was invented 
by a man , Frank McG urrin , in the ea rly I 880's . Even then , 
because so many people were a lready using the Sholes 
"standard a rray," it was eas ier to memorize the ex istin g 
key layout th an to convert to a more logical format. The 
same reasoning is applied today with an estimated 60 mil­
li on Americans. The cost of conversion, in spite of th e pos­
sib le savi ngs, ha s buried eve ry a tte mpt s in ce Frank 
McG urrin won his first speed typin g contes t handily in 
1888 . 

The man ufacturers of electric typewriters so lved one of 
the great keyboard problems- e rrors caused by "burst 
speed" typing. Burst speeds are eas ily atta in ed when oper­
ators use both hands to type familiar digrams a nd tri ­
gra ms such as "or," " the," "and ," and th e like. The oper­
ator can " type" so fast through touch typing procedu res 
th at one letter might be depressed before the precedin g let­
ter has been released , oft en producing erroneous output. 
The mechanica l typewriters, reduced e rro rs under these 
conditions by jamming the input a rm s. However, this jam­
ming interfered with speed . The elect ric typewriter manu­
factu rers solved the problem of burst speeds through e lec­
tro-mechanical link ages a nd encoding ba rs wi th mechani­
cal storage of characters. 

The development pace in the electronic keyboard in­
dustry was mu ch more rapid than that of the typewri ter. 
In 1964, Micro Switch ente red the keyboard industry with 
a mechanical encoding switch , which generated an 8-bit 
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This solid-state keyboard from Micro Switch combines MOS 
memory with n-key rollover technology . It provides an elec· 
tronic shift lock, three operating modes. a lighted shift lock 
key, full 128 character set and ASCII coding. 

code by means of eight mechanical switch contacts. Then 
in 1966, dry reed contacts offered a considerable improve­
ment over the mechanical switches. Encoding fo r the d ry 
reed contacts was generall y accomplished via a diode ma­
trix . Keyboard requirements soon became more sophis­
ticated with the rapid advancement in semiconductor tech­
nology and the production of more complex data termi­
nals. Reliability and cost per function became paramount. 
In 1968 , the first practical solid-state keyboard was in · 

traduced , employing the long known, but little uti lized 
Hall-effect principle. 

Each key in the Hall-effect keyboard held an integral 
circuit (1c) chip, which was actuated by passing magnets 
around it when the key was depressed . With no moving 
parts, the 1968 solid-state keyboard offered an amazing 
life span. In 1969, MOS encoding was added to the Hall-ef­
fect keyboard. In 1970, "n-key rollover" was accomplished 
by feeding pulsed input fro m the Hall-effect 1c chip to the 
MOS encoder memory. It had taken 60 yea rs to go fr om 
Sholes to the electric typewriter. Mechanical switch con­
tacts ton -key roll over took six! 

Industrial design 
Appearance, one of the major factors in any operator­

oriented product, plays an obvious role in keyboards with 
the design of the key tops- better known as buttons. The 
variety of shapes , sizes, colors, legends and materials 
available may be somewhat unbelievable to someone not 
directly involved with the keyboard industry during the 
last two years . 

The industrial design of the system plays a less obvious 
but more important ro le in the mechanical design of the 
keyboard and vice versa . The considerations here are key­
board structural r igidity , envelope size, weight, modularity 
and mo unting . 

Obvio usly, we are trying to say that keyboard selection 
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A cutaway of the Hall-effect, solid-state key switch module 
shows the IC chip and its actuation by the magnets as the 
button is depressed. 

sho uld be considered in every design state during the in­
dustria l design of the system. Experience has shown that 
the keyboard, all too often , is not considered until the later 
stages of system devel o pment. The inevitable result is 
higher cost. 

Operating ch.aracteristics 
A recent study completed for Micro Switch by H o ney­

well 's Systems and Research Division produced four prin­
c ipal conclusions about displacement and related keyboard 
operating characteristics o f importance to designers: 

D Efficiency in the use of electric keyboards is greatest 
if fo rce a nd displacement a re held within the following lim­
its: 0.9 to 5.3 oz and 0.05 to 0.25 in ., at the fu ll travel of 
the keys. 

D There is no advantage to havi ng a snap o r a udible 
click in the keyboard operat ion. 

D There is no difference in performan ce between 
stepped a nd sloped keyboards . 

D Most typists who are already familiar with e lectric 
keyboards should be able to bring their throughput to 
normal standards o n an electronic keyboard within IO 
days, usually less. Throughput is defined as speed minus 
errors . 

An interesting sidelight of numerous studies has been 
the long-argued value of contacting individual opera tors for 
their opini ons about keyboards. The universal conclusions 
are that operators tended to favor their present machines 
over any changes, but that the adjustment to technological 

impro ve ment s was ge nerally highly satisfac t o ry if ap­
proached with proper psychology by managers . 

Interlocks 
The most expensive part of the data terminal keyboard 

o peration is a input error. The error rate is a direct func­
ti o n of the interl ock system built int o the individual key-

DC-19 



DATA TERMINALS COURSE 

board . These inte rl ock systems range from a " no-in ter­
lock" arrangement through "2 key ro ll over" to " n-key 
ro ll-over. " 

A no-interlock arrangement would be a " bare bones" 
keyboard system. It is devoid of the electronic protection 
that prevents inadvertent 2-key operation at th ose speeds 
where an erroneous output wou ld probably resu lt. 

Two-key ro ll over (2KRO) has been widely used in elec­
tronic keyboards in the last two years. T he 2KRO is a self­
c learing electronic interlock designed to block the strobe 
signal when two keys are depressed at the same time. 

The n-key ro ll over (NKRO) is a new electronic interlock 
offered by few keyboard manufacturers . With NKRO , the 
encoded data is sent into memory on the down stroke of 
the key . When a second , third or any number of keys is 
operated , new data is sent into memory even though the 
first or previous keys may still be depressed. The order of 
depression is the all important item: first-i n/ first out. 

T he sa me study proved that good typists cou ld attain 
speeds of 250 strokes/ s! T hat speed is equiva lent to 4 ms/ 
stroke. The normal "burst speed" range had been assumed 
to be about 33 stro kes /s. This was one reason why 2-key 
rollover resulted in a number of throughput errors. The 
operator was actually still holding the first key down when 
the third key of a trigram was depressed and the result was 
the skipping of the middle letter. 

Switching principles 
The single most significant component of an electronic 

keyboard is the key switch. The key switch is that element 
that converts mechanical motion into e lectronic energy. All 
the more exotic aspects of the keyboard may be perfect, 
but if the key fai ls to function or functions improperly , the 
keyboard is worth less. 

Therefore, the designer 's first concern is for the reliabil ­
ity o f switching, and seco nd , the marriage of the switch to 
its electrical interface . Picking a switch concept without re­
ga rd to the associated electronics co uld result in higher 
costs and /or a marginal design . 

There are two basic sw itching categories into which all 
electronic keyboards associated with data fit: mechanical 
contact switches, such as snap action basics, dry reeds, 
sliding or budding contacts; and solid-state devices, such 
as capacitance, inductance o r cores, Hall-effect a nd photo­
electric elements. With this variety to choose from , a com­
plete test and evaluation program becomes expensive, if 
not prohibitive. At this point, a designer would be well ad­
vised to learn what potential vendors have to offer in the 
way of reliability data and field expe ri ence. In fo rmat ion 
obtained at this point could be of great assistance later on 
while evaluating electrical and environmental requirements 
and in reviewing quality assurance claims . 

Reliability 
The quality of a product is as integral to the design as 

its application. Our experience has demonstrated that the 
co ncept se lls, but quality resells. Perhaps the best way to 
assure one's self of a quality product is to evaluate both 
the vendor and the design . Have you had previous ex­
periences with the vendor? What reputation has the vendor 
earned in the marketplace? Will the vendor a ll ow you to 
review qu ality-control procedu res and in-process controls 
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early in the program? Will you be permitted to witness 
production? 

Basic design evaluations to substantiate design objec­
tives and application needs should be performed by the 
keyboard supplier. These incl ude keyboard performance 
under the expected environmental conditions of shock, vi­
bration , temperature , humidity , radio frequency inter­
ference (rfi), corrosive atmospheres, and so forth. By out­
lining the above, we do not mean to suggest that the ven­
dor should qualify each and every variation in keyboard 
array. The keyboard manufacturer's basic design eval­
uation s should be all that is necessary to give a des igner 
the co nfidence that is necessary. 

It has already been observed that input error is the most 
expensive worry of data terminal keyboards . Input errors 
are not always generated by the operators . Electronic key­
boards co uld generate a miss, especially if the switching 
device is a mechanica l contact. Our definit ion of a "miss" 

is the failure of a switch to close and open once, and on ly 
once, for one co mplete cycle of the actuating member. Me­
chanical contacts, regardless of the packaging or operating 
mechani sms, can miss spo radica lly . No misses have ever 
been recorded with the Hall-effect switch . Facts a re not 
avai lable to us on the miss characteristics o f other solid­
state switching concepts. 

Of nearly equal importance is the cost of a repair call. 
The two fac tors to consider a re the actual costs of the serv­
ice call and the less obvious cost of the system downtime. 
Service call estimates known to us range from $40 to $100 
per visit. The obvious glow of the low initial cost may pale 
considerably in the glare of this simple arithmetic. There­
fore , designers should face the facts that the keyboard 
should be able to meet the operating a nd service life of the 
terminal and , the reliability of a ll the components used in 
the keyboa rd , primarily the key switches , must be suf­
ficient to meet the system requirements for servicing . 

Conclusions 
In the terminals mark et o f the 70's, e lectronic key­

boards a re , and will continue to be, the primary means of 
data entry , information retrieval and information inter­
change . The single most important component in a key­
board is the key switch . The switch establi shes the oper­
ator interface, which is a ll important for performance and 
throughput ; and the basic reliability of the keyboard . 

Electronic keyboards incorporate one of two principal 
switching methods: mechanical contacts and solid-state 
techniques. In our best judgment, the trend is toward solid­
state applications because of increased reliability and over­
al l lower costs. 

Faced by the problems o f reliability, interlock a rrange­
ments , encodi ng, qualit y, switching techniques , repair 
costs, on-line costs, essenti al features versus desirable fea­
tures, it has been difficult to genera lize the overall problem 
since each design problem presents unique requirements . 

One can buy a keyboard for a data terminal today for 
under $100. One may a lso pay over $500 for a keyboard . 
Keyboard manufacturers o ffer general purpose off- the­
shelf keyboards as well as man y tail ored to specific re­
qu irements. The purpose of this article has been to suggest 
a number of trade-offs , which will help the des igner in his 
quest for the most suitable keyboard for his needs . I!) 
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PHOTOELECTRIC KEYBOARDS 

The Series PK-200 uses photoelectric 
techniques to detect keyboard actua­
tion . Operating life of the keys is 10' 
operations , and the lamps have a min­
imum life of 20,000 hours . Digitronics 
Corp., Albertson , N .Y. 11507 . 

Circle Reader Service #275 

TWO SPRING KEYBOARD 
This line of keyboards uses the manu­

facturer ' s Bl-PA C switch modules. These 

modules are about as simple as you can 
get; they consist of just two springs . The 
springs form two sets of parallel con­
tacts , both of which are gold plated . 
Mechanical life of the contacts is great­
er than 50 million cycles, and bounce is 
less than 5 ms. Controls Research 
Corp., 2100 S. Fairview, Santa Ana, 
Calif. 92704. 

Circle Reader Service #276 

DIAPHRAGM KEYBOARD 
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Because of its unique mechanism, you 

can get these keyboards in standard 
configurations or with extremely low 
profiles. The switch itself uses a gold 
plated elastic diaphragm to contact a 
gold plated pad on a printed circuit 
card . Datanetics Corp. , 18065 Euclid 
St., Fountain Valley, Calif. 92708. 

Circle Reader Service #277 

LSI / MOS KEYBOARD 

Here's a unit that combines reed 
switch capsules with a MOS / LSI chip. 

Standard and custom codes are avail­
able as are a wide variety of enclosures . 
Clare Pendar Co., Box 785, Post Falls, 
Idaho 83854. 

Circle Reader S ervice #278 

MERCURY KEYBOARDS 
These units have a mercury switching 

element that eliminates the need to 
compensate for contact bounce . Signal 
generation is accomplished by moving 
mercury in a sealed, flexible tube. Min­
imum life is spec'd at 25 million actua­

tions. Mechanical Enterprises , Inc., 
5249 Duke St., Alexandria , Virginia 
22304. 

Circle Reader Service #279 

MAGNETIC CORE KEYBOARDS 
The Series 550 keyboards use a mag­

netic co re switching element to give you 
a completely electronic keyboard. The 
switch mechanism has a minimum life 
of 25 million operations. The keyboard 
comes with standard or custom coding 
and either single-, dual- or tri-mode 
config urations . Licon Division of Il ­
linois Tool Works , 6615 West Irving 
Park Road , Chicago, Ill. 60634. 

Circle Reader Service #280 

REED SWITCH KEYBOARD 
This series of keyboards uses a reed 

switch in combination with a "flying 
magnet" to provide a tactile feel closely 
resembling that of an electric type­
writer. The keyboards are avai lable in a 
varie ty of electrical and mechanical 
configurations to suit a broad range of 
requirements . Cherry Electrical Prod­
ucts Corp ., 3600 Sunset Ave ., Wauke­
gan, Ill. 60085. 

Circle Reader Service #28 1 

For any digital switch or keyboard 
combination you need. 

You choose your function and your 
price, for easy, economical inter­
facing. This family of switches has 
superior electrical, mechanical, and 
.human factors qualities for high pro­
ductivity, high thru-put, Data Entry. 
Available features include true by­
pass ("n" key-rollover), tactile/ 
audible feedback, and a one milli­
second, one-shot output. Your 
specs select the switch. Magsat 
Corporation, 7 Sisson Ave., Hartford, 

Contact Configuration 

Single Form A 

Double Form A 

Single Form B 

Single Form C 

Single Form A (Tactile) 

Single Form C (Tactile) 

Strobed 2 Form A (Tactile) 

Repeat Key 

Push Push Switch 

Solid State 

Prices* 

$ .45 

.60 

.55 

.69 

.69 

.82 

.94 

1.05 

1.05 

1.15 

Conn. 06106. (203) 233-8513. *Based on 100,000 piece quantity order. 

magsat Designed with the operator in mind. 

Circle Reader Service #31 
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True incremental recorder carries a significantly lower price tag 
Many approaches to the problem of 

incremental data recording use a contin­
uous recorder and stop and start it after 
each byte or record. Because of the na­
ture of the recorder , this means a finite 
gap between records on the tape which 
corresponds to the stop plus start times 
of the recorder. In an application such 
as key-to-tape systems, this approach 
leaves a grea t deal to be desired . Be­
cause of the varying data rates, you are 
faced with the tradeoff of adding buffer 
electronics (and cost) versus tape waste 
because of th e start and stop gaps. 

Mem odyne Corp., a new company in 
the Boston area, has taken specific aim 
at this problem with the Model U IW-
10 I , the first in its line of digital cas­
sette re cord ers. Th e U I W-101 is a 
unidirec ti o nal , write-only unit which 
record s di g ital dat a in a true in­
crementa l, bit-by-bit mode. It accepts 
serial, N RZ I data at random rates from 0 
to 300 b/ s. The recorder uses a standard 

SYNCHRONIZED GENERATOR 

Model 9390 is intended as a remote 
timing terminal capable of functioning 
with rel ative immunity to transmission 
system problems, system noise, drop­
ou ts o r power failure. It is particularl y 
suited to applications where duplication 
of a master timin g center is required at 
a remote site . Datum , Inc ., 170 East 
Liberty Ave ., Anaheim, Calif. 9280 I. 

Circle Reader Service #283 

MODEM TEST! NG 
Sangamo Electric Co. has esta blished 

a Data Test Center to a ll ow their cus­
tomers to test th e ir comm uni cations 
systems und er actual operating co ndi­
tions . By di a ling the special numbers, 
yo u can test the entire co mmunication s 
or is the heart of the system and can 
scan-type CRT terminals a nd facsimile . 
and Canada. Sangamo Electric Co. , 
Box 3347, Springfie ld , Ill. 62708 . 

Circle Reader Service #284 
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Philips cassette and achieves a packing 
density o f 120 b/ in for a total of 
432 ,000 bits (or 43 ,000 characters) on 
one cassette . Character error rate is less 
than I in 10' . 

An examination o f the recorder 
quickly shows that someone at Mem o­
dyne spent a great deal of time on the 
problems of the OE M who might want to 
adapt the recorder to his equipment. 
The co nstruction is modular, and yo u 
ca n arrange the mountin g in enough 
configurations to suit j ust about any 
need . All the control and record elec­
troni cs are packaged in dual-in-line 

CRT COPIER 

The Model 9750 will give you hard 
paper copies of a CRT display . Cost per 
co py is less th a n two cents each. Cop­
yi ng speed is 12 s for the first reproduc­
ti on, a nd 8 s for each additional copy . 
The standard unit co mes with a 9-in . 
C RT monitor , but the co pier is also 
avai lab le without the monit or. A. B. 
Dick Co., Videograph Operat ions, 5700 
W. T ouhy Ave ., Chicago, Ill. 60648. 

Circle Reader Service #285 

LOWER TERMINAL RENTAL 
Hazeltine Corp. announces a reduc­

tion in the rental price of the " Hazeltine 
2000" CRT terminal fr o m $108 per 
month to $88 per month effective Au­
gust I. 1971. The new price includes 
mamtcnance. I lazeltine Corp ., Green­
lawn , N.Y. 11 740. 

Circle R eader Service #286 

compatible plastic packages and these 
packages are electrostatically shielded 
to minimize noise problems. Cassette 
loading is fr om the front and the entire 
front of the transport is protected by a 
clear plastic cover. 

Two tracks are used to record, with 
data on one track and data complement 
oli the other. To avoid synchronization 
problems, a I is written on both tracks 
at the end of each character (this re­
pl aces the stop bit in AS CII) . Duri ng 
playback thi s sync bit is decoded to 
identify the end of each character, and 
allows resynchronization even if several 
bit s of a character are lost. 

Of as much interest as the technical 
details of the reco rder , is its pr ice tag . 
In single units, the co mplete recorder is 
$189. In OEM quantities , the price drops 
to $99. Memodyne Corp ., 369 Elliot 
St. , Newton Upper Fall s, Mass . 02 164. 

Circle Reader S ervice #2 8 2 

THERMAL TELETYPEWRITER 
The NC R 260 is about half the size of 

a co nventional teletypewriter and re­
quires no ribbon or ink . Instead, th is 
unit uses a matrix-type printhead con­
sistin g of 35 small hea t sources which 
prints up to 300 words / min on hea t sen­
sitive paper . The National Cash Regi s­
ter Co., Dayton, Ohio 45409. 

Circle Reader S ervice #2 8 7 

TONE RECEIVER/ DECODER 

The Model QTT R-20 can convert 12 
or 16 discrete tone pairs, representi ng 

each telephone push-button digit, into a 
corresponding level output on 12 or 16 
lin es. You ca n select BC D or some other 
output coding, and the unit ca n provide 
unique di git format decoding to perform 
a va riety of co ntrol fun cti ons. Quinda r 
Electronics , In c. , 60 Fadem Road , 
Springfield , N .J. 07081 . 

Circle Reader Service #288 
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one 
sec on 

Now you can zip thru cable binding jobs at 
machine gun speeds. New Gardner-Denver 
air tool wraps, tensions, locks, and cuts 
off tape on one squeeze of trigger. Gives 
you a neat, secure tie in one second fiat. 

New cable binding tool automatically 
adjusts to size of bundle, up to a maximum 
diameter of 1 ". Desired tension can be 
pre-set. Special nylon tape is fed thru back 
of tool from a continuous roll. Tape is 
extremely durable. Resists corrosion, shock, 

ra 
u 

(with no waste of 
binding material) 

and temperature changes. Nylon closures 
are magazine loaded. 

You automatically eliminate material 
waste since each tie is tailored to the 
bundle diameter. You stock only one size 
tape and closure. Tool is easy to operate, 
too. Weighs only 4Y2 lbs. Measures a 
compact 14Y2" x 7 %". Air consumption is 
5 cfm at 80 psi. Get a full demonstration 
today from your Gardner-Denver sales 
engineer or write us. 

GARDNER-DENVER 
Gardner-Denver Company, Quincy, Illinois 62301 
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PRODUCTS 
Terminal produces hard copy from CRT display 
Two new data terminals combine key­
board entry, 2400-baud operation , and a 
C RT display with the convenience of a 
paper copy. 

Upon command from ei ther the 
operator or a remote computer, Models 
40 and 44 produce a 4.5-x-5-in . copy of 
the CRT display . The first copy takes 
five seconds ; additional copies (same or 
different displays) take only two sec­
onds each. 

The difference between the terminals 
is in the display. Model 40 has a 25-line 
display, with each line having up to 40, 
O. l 25-x-0.150-in. characters. Model 44 
produces 12 lines of up to 80 characters 
each, character size is 0.075 x 0.140 in . 

The C RT display on both models has a 
9-in. diagonal , a nd uses 5-x-7 dot mat­
rices to form the characters. 

What makes these ha rd-co py, C RT 

terminals poss ible is a company-pro­
pr ie tary process ca lled Quantafax ™. 
This is a high-speed, e lectro- photo-

ELECTRONIC KEYBOARD 

The Electro / Set 450 Editor is de­
signed for speed and economy in mak­
ing corrections and then producing a 
clean tape for high speed computerized 
equipment. The unit includes a fl oating 
display which offers 128 different sym­
bols. Fairchi ld Graphic Eq uipment Di­
vision, 22 1 Fairchi ld Ave., Pl ainview, 
N.Y. 11 803. 

Circle Reader S ervice #290 

PROCESSING SYSTEMS 
These systems feature a series o f 

building block modules including a mi­
cro-processor, video displays, cassette 
tapes, printers, card readers, disc drives 
and other hardware . The micro-process­
or is the heart of the s system and can 
be programmed fo r unlimited appli­
cations. Sanders Associa tes, Inc., Dan­
iel Webster Highway , South , Nashua, 
N.H . 03060. 

Circle Reader Service #291 
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graphic process that uses a large, uni­
form, photoconductive sheet to produce 
high-resolution- IO line pairs / mm­
copies on a bond-like paper. The 4.5-x-

5-in. copies cost less than a penny each, 
are archival , and the paper accepts no­
tations in pen or pencil. 

Model 40 a nd Model 44 can replace 
IBM's 2260/ 2848 and 2265 / 2845 display 
terminal s and co ntrollers , and use 
RS232 B (or C) interfaces . Price ranges 
from under $6600 to $8900, depending 
on quantity. Leases are available. Pho­
to physics , Inc ., 1601 Stie r lin Rd., 
Mo untain View, Calif. 94040. (415) 
969-9500. 

Circle Reader Service #289 

LOW COST MODEM 

-The 5220 is a low-cost , compact , 
originate or a nswer-only modem. It in­
cludes power supply and indicating 
lights for power and carrier detect when 
supplied . The unit is co mpatible with 
the Bell IOI , 103, and 113 Series. It will 
operate full-duplex at speeds up to 300 
b/ s, is strappable for half-duplex and 
will interface with Bell couplers . RFL 
Indust ries, Inc., Boon ton, N.J . 07005. 

Circle Reader Service #292 

CHAN NEL QUALITY MONITOR 

The Model 19017 lets you determine 
signal quality without interrupting serv­
ice by breaking into a transmission line. 
It provides direct, on-line indication of 
data transmission quality over standard 
phase-shift modems . Digit a l Devices, 
In c., 12 Spielman Rd ., Fairfield, N.J . 

Circle R eader Service #293 

Here is your 
copy of a brand new 

reference chart 
sponsored by 

MICRO SWITCH 

KEYBOARD 
SELECTION 

GUIDE 

Tear it out, ~ 

NOW 

. . . and 

mount it on 

your wall 

If the chart has been 
remqved , Circle Num­
ber 41 on the Inquiry 

Card for a copy. 
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Stabistors 
That 's the na me for these custom en­

g ineered vo lt age s tabilizing di ode s . 
They range from 0.5 to 5.6 V and are 
pac kaged in glass-to-meta l, hermetically 
sea led D0-35 cases. The characteristics 
o f these diodes will be tailored to meet 
yo ur exact requirements. Ask . fo r free 
sa mples and co mplete engineering data. 
American Power Devices Inc., 7 Ando­
ve r St. , Andover , M ass. 01810. 

Circle Reader Service #294 

Capacitors 
Here 's a va riety o f ca pac itors to 

choose from - a lum inum electrolytic 
a nd metalli ze d m y lar . Some a r e 
"wrapped and filled " ax ial lead capaci­
to rs; so me fea ture radial construct ion, 
and othe rs, axia l construction with high 
temperature thermo-set res in. There's a 
lot to choose from, so send for samples · 
and choose the one bes t suited to your 
a pplicat ion . Illinoi s Capaci to r Sales 
Co., Dept. EE, Box 352 , Highl a nd 
Pa rk , Ill. 60035. 

Circle Reader Service #295 

Quick-connect barrier strip 
These sa mples will illustr a te the 

quick-connection option th at goes with 
the M ags trip line, allowing 0.25 in. wide 
solderless co nnecti ons to be made on 
bo th the top and th e bottom of a barrier 
s trip . Featuring feedthru ins ul a to r 
bases, th ey mount directl y to the chassis 
th rough slotted o r drilled holes. Sam­
pl es, prices , and specs a re o ffered to yo u 
by Magnum Ele ct ri c Co rp . , 1000 
St reetman , Erie, M ich. 48 133. 

Circle Reader Service #296 

Epoxy molding compound 
Recommended for thin -wall ap pli­

ca ti ons is thi s rig id mo lding co mpound 
th at provides full ha rd ness on ejecti on 
a nd resu lts in easy dem oldin g. It is a 
minera l-filled , soft fl o w, g lass-rein­
forced epoxy molding co mpound with 
excep ti ona l ea rl y h o t s tren g th , low 
shrinkage , and fas t cure. It achieves a 
hea t distorti on of 350°F with as little as 
a three minu te cure , and with no post 
curing necessary. And ·the low shrink age 
means outstandin g di men siona l stabi li ty 
in mo ld ed parts. Epoxy Produ cts Co., 
Di v. o f A II ied P rodu cts Corp ., 166 
C ha pel St. , New Have n, Conn . 065 13. 

Circle Reader Service #297 
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if you design with ic's 
Cambion has the "works" 
for your work 
If your digital system is a packaging puzzle, CAMBI ON can 
provide the solution. 
We have the hi gh density sockets, wire-wrappable Cambi­
Cards®, PC logic cards, general purpose and discrete 
component cards for your functional requirements. 
And to complete the picture: card files, power planes, card 
connectors and extenders, plus a complete numeri cally 
control led Wire-Wrap* service. 
Resu lt: Ti ghtly integrated packaging systems. The "works" 
for your work. 
For details, call us or write for the latest word on IC acces­
sories and wire-wrapping. Cambridge Thermionic Corporation, 
4 4 5T EE Concord Avenue. Ca mbridge , Mass. 02138. 
Phone: (617) 491 -5400. In Los Angeles, 8703 La Tijera 
Boulevard 90045. Phone: (213) 776-0472. 

* Rei;i istered Trade Mark Gardner-Denver Co. 

Standardize on 

CllMBIO#® 
The Guaranteed Electronic Com ponents 

Circle Reader Service #42 
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[eeckman3 
INSTRUMENTS, INC. 

HELIPOT DIVISION 
FULLERTON. CALIFORNIA 

HELPING SCIENCE AND INDUSTRY IMPROVE THE QUALITY OF LIFE. 

Here they are: the best buys. Our new Series 72 
single-turn 3/s" cermet trimmers at an eye-opening 
49¢ each in the 1,000 quantity. They're equally 
well-priced in other quantities, too. One alone 
costs just 70¢. 

But there's also that dependable Helipot qual ity 
and performance, plus things you don't get 

• elsewhere. Like our resistance and slider stability 
... change is less than 0.5% in the first 1,000 
operation hours, progressively less thereafter. 
Impressive, when the life expectancy exceeds five 
years' continuou~ duty under full-rated power. 
And the Series 72 sealing - compatible with wave 
soldering, low-viscosity potting, and board 
washing even with chlorinated solvents. 

Add the wide range of values, ± 100 ppm/ °C 
tempco, and off-the-shelf availability from 17 
nationwide stocking points and what have you got? 
The best reasons in the world for requesting 
complete specs and data on this breakthrough 
line of Helipot cermet trimmers. Do it now - it 
won't cost you a cent. 
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THIS MONTH'S IDEAS PAGE 

Chec k parity of noisy signals....... ... ... .......... ........ .. .. ... ........ .. .. .... ....... ... .................... ..... 92 

FM demod ul ator. ... .... ... ... .... ... .. ........ .... ............. ... ... ... .... .... ..... .... ......... ... ..... ... .. ..... .. ....... 92 

IC ar ray as an adj ustab le Zener.......... .............................. .. ....... .. ........ ....... .......... .. .. ...... 94 

VOTE for the one you l ike best 
Write the number of the Idea you like best in the box 
on the inquiry card and send it to us . 

SEND us practical . rep rod ucible ideas th at are original with you 
and have been implemented with linear or digital ICs. 
If we publish your idea. yo u win a check for $25.00. 
If our readers vote yours th e best of the issue in which it appears. 
yo u have your choice of a Simpson 270 or Tr iplett 602 multiteste r . 
After 12 issues. our readers will vote on the best idea for all 12 issues . 
The winner gets his choice of either a Hewlett-Packard 1206A or a Tektronix 5103N os­
ci ll osco pe . 

Submit your IC Ideas to : 
Alberto Socolovsky. Ed itor 
THE ELECTRONIC ENG INEER 
Chestnut & 56th Sts 
Philadelphia . Pa . 19139 

liOW YOU VOTED 

The winning Idea for the April 
1971 issue is " Simple digital PLL 
sync hronizes c lock signa ls." 
Our prize-winning author is Mr. 
Charles A. Herbst . Mr. Herbst. who 
is a consu lting engineer, is presently 
on assign m ent in the Democratic 
Republi c of the Congo ., for Bell-Con­
go. 
For his prize, Mr. Herbst has se­
lected the Triplett 602. 
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Check parity of noisy signals 

Roy W. Lewall en , Colo rado Video . Inc.. Boulder. Colo 

When yo u co mp a re tw o bin a ry 

wo rds which a re deri ved fro m a na log 

d a ta , leas t significa nt bit dither a nd 

sys tem noise so metimes prevent s th e 
use of a sta nd a rd pa rity checker. 

You ca n still ma ke th e co mpa riso n 

dig ita ll y however by us ing a n a bso­
lut e-va lu e subtrac ter. Thi s c irc uit 

will produce th e a bso lute difference 

bet ween the words, a nd the decodin g 

log ic may be wired o r progra mmed 

to ignore small erro rs . The decodin g 

log ic shown will g ive a I onl y when 
th e a bso lute difference bet ween th e 

input wo rds exceeds two leas t s igni fi­

c a nt di g it s , th e re by ig n o rin g LSB 

dith er but detec ting larger errors. If 

des ired , the po larity n ag ca n be used 
to indica te which of th e input word s 

is larger. 

Word 
l 

To vote for this IC Idea, circle 992 on the Reader Service Card . 

FM demodulator 

Robert l . Wi lbu r , Southwest Research Inst itute . San Antonio . Texas 

Here is a use ful a nd high ly accurate 

ci rcuit fo r de m odul a ting fm condi­

ti o ned s ig n a ls, parti c ul a rl y ph ys i-
o logica l s ign a ls such as temperature, 

pressure, ECG, etc . The c ircuit uses a 

N E56 l B ph ase loc ked loo p (P LL), 
a nd a few res isto rs a nd capac ito rs . 
With the proper choice o f ex ternal 

co mpo nents, the PL L is useful fro m 

de to g reate r th a n 15 MH z with o ut 

tuned c ircui ts . 

The vo ltage co ntrolled oscill a to r in 

the unit is set at the tran smit te r sco 
quiescient frequency by C 2 a nd the o

1 
potentio meter. The c ircuit will then 
ca pture signa ls up to devia ti ons o f ± o

2 
20% of th e vco frequ ency. Pin s 14 

a nd 15 ca n be used fo r loop low pass 
filt e ring if necessa ry a nd C, prov ides 

low pass ro ll o ff for fm a ud io signa ls. 
Di odes D1 a nd D2 provide input a m-

pl itude pro tecti on to a ll ow use with a 
ra nge o f receivers a nd recorders. 

To vote for this IC Idea , circle 993 on the Reader Service Card . 
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Our new OEM series is 
the best power supply 

you can buy for applications 
that don't need the best 

power supply you can buy. 

Most OEM applications don't need all the special features we 
build into our best line of power supplies. And most OEM 
power supply users just won 't pay for features they don't 
need. That 's why we've introduced a new power supply 
designed especially for the OEM user. 

We call it our OEM Series power supply. 

There are now 89 models in this new series from 4 to 32 
volts and in current ranges from 0.9 to 36 amps. There are 
also ± 12 and ± 15 volt dual output models, with current 
ranges up to 2.7 amps. The OEM series offers 0.1 % regula -

t ion instead of our usual 0.01 % and comes with open frame 
construction instead of our usual closed black box. Aside 
from that, you might never notice any other difference. The 
OEM series features the same excellent stability, same 
dependable overload protection, same versatile mounting 
capability, same "guara nteed forever" performance and same 
off-the-shelf delivery. The only conspicuous difference is in 
the price. 

So now, when you don 't need the best power supply that we 
sell , we can sell you the best power supply that you need. 

acdc electronics inc. 
Oceanside Industrial Center, Oceanside, California 92054, (714) 757-1880 
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IC array as an adjustable Zener 

Walter Jung, AAI Co rp .. Bal t imore. Md . 

While you can approximate a volt ­
age with a combination of Zeners 
a nd forwa rd biased diodes, you can­
not do it wi th millivolt reso lution . In 
addition , it is difficult to maintain a 

specific TC with physically se parated 
junctions. 

You ca n achieve very low tem­
perature coefficients by using mo n­
ol ithic transis tors is a compensated 
Ze ner config ur a ti on. Additio na ll y, 
the sa me junctions being used as ref­
erence j unctions can be com bined in 
a n active power amplifica t ion circuit 
to furthe r lower regu lation imped­
a nce and a ll ow externa l vo ltage pro­
gramming with a s ingle resistor. 

The circuit here uses this "Zener 
wit h a knob " principle with a 
CA30 18 rc array . The E- B j uncti on of 
Qi is used a~ a Zener with offsetti ng 
compensat ion suppli ed by the B- E 

junctions of Q 1 a nd Q i . Resistor R i 
and Qi's Y he se t the Zener cu rrent 
at 500 µA . 

At the base of Qi, the circuit wi ll 
exhibit an 8.4 V threshold ; the point 
where Q 1-Qi s imultaneous ly begin 
co nduction . Fu rther voltage increase 
at the base of Q i causes rapid cur­
rent rise in Q 1. Since this collector 
c urrent is of the proper se nse to 
counteract the original change , it 
tends to maintain the base voltage o f 
Qi constant. With the threshold of 
Q i constant at 8.4 Y, a reference cur­
rent in the R 1-R2 sensin g network 

+ 
R source 

11 CA 3018 8 
V2 adj. 5K r--- ----- - -- --.- --- - -----, 

9 

c, 
Tan ta lum 

can be established by R i. Thus R 1 
can program the terminal voltage 
across the 1c, allowing reg ul ation at 

a ny voltage .from 8.4 V up to the 

ma xi mum ra ting of the 1c. 
The ci rcuit shown was tes ted with 

a 680 n source resistance at current 
leve ls from 0-40 mA and R 1 set for a 
10 volt Y,. Equivalent Zener imped­
a nce measured 10 11. Capacitor C 1 

_ _, 
10 

reduces the Zener noise of Qi to be­
low I mY pk-pk . 

The circuit s hould prove useful 
where simple and predictable setting 
o f regulation vo lt age is required . 
Even if the programmable fea ture is 
not needed , it may prove a good 
cho ice because o f the low regulation 
impedance and low TC performance 
at a very economica l price . 

To vote for this IC Idea, circle 994 on the Reader Service Card . 
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National presents the 
Tri·State·of·the·art. 
(A timely, information-filled discussion of the 
National Tri-State* logic scene featuring 
systems design input by Jeff Kalb and systems 
applications data by Dale Mrazek with 
introductory notes by Floyd Kvamme.) 

•Tri-State is a Trademark of National Semiconductor Corporation 
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"The first DTL devices were designed 
with passive pull-up. Then, to improve speed, 
you went to an active pull-up which caused 
havoc with the bus OR'able system. So, the 
next step in evolution was to use an 
uncommitted collector output. 

Tri-State logic, then, is the next step 
beyond that::. FLOY D KVAMMJ::. 

DIRECTOR OF MAHKJ::T ING 

To the designers of bus­
organized data systems, Tri­
State logic is good news. 
Tri-State logic devices give 
you all the speed, power 
and noise immunity of 
TTL plus the ability to 
interconnect outputs 
of similar devices to a 
common bus line. 

Three States, 
Explained 

Basically, a Tri-State 
IC is a logic element with 
three distinct output states: 
"O'; "l" (normal TTL levels) 
and OFF which is a high 
impedance state that can neither 
sink nor source current at a definable 
logic level. (At most, it may require 40µA 
leakage current to be supplied to it from 
other devices connected to the same 
output line. But more on that later. ) 

The Advantages Of 
Tri-State Logic 

There are a number of decided 
advantages. For one thing, Tri-State 
logic totally eliminates the need for a 
pullup resistor in a bus-organized 
system. Which means you save space 
and money. You also get more speed 
with no effective increase in cost. 
Noise susceptibility is improved by 
a factor of 10. And Tri-State logic 
is completely compatible with all 
existing 54/74 devices. (In fact, 
we've made a special effort to make 
conversion to Tri-State logic extremely easy.) 

Tri-State Logic Is, At This Very Moment, 
Being Second-Sourced 

Happily, other companies have jumped 
onto the Tri-State logic bandwagon. Which is 
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good news for you. And good news for us, 
since it's always nice to be followed. 

Speaking of second-sourcing, it would 
be well to list our devices so you can see 
what all the others are copying. 

Right now, we have eight Tri-State 
logic devices. All available off-the-shelf. 
They are as follows: 

DM8093N ... Tri-State Quad Buffer 
DM8230N ... Bus Line Demultiplexer 

DM8831N ... Party Line Driver 
DM8551N ... Quad-D Flip Flop 

DM8094N ... 
Tri-State Quad 
Buffer 

DM8214N ... 
Dual 4-Line-to-1-
Line Multiplexer 

DM8598N ... 256-Bit 
Expandable ROM 

DM8599N ... 64-BitRAM 

"Tri-State logic is really 
one of the very first 

attempts to relate systems 
performance to circuit design, 

not the other way around.':. 
.JEFF KALB , Dllll-:CTOR OF DIGITAL 
INTEGRATED CIRCU ITS 

When you compare a 
54/ 74 spec sheet to a Tri-State 

IC spec sheet, there's really little 
difference. The difference lies in 
Tri-State logic's ability to improve 
system performance by a ratio of 

three-to-one (or more). In the end, 
you get more speed with no effective 
increase in cost. You also get more 
work per unit time. 

From a circuit standpoint, 
there's nothing spectacular or 

mystical about Tri-State logic 
since it doesn't require any 
new processing techniques. 
What we've done is incorpo­
rate all the things that 
designers can do and have 

done into one overall systems 
oriented concept. A refinement of existing 
techniques specifically aimed at solving the 
problems of bus-organized data systems. 

How It's Done 
Actually, the concept of creating a 
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Tri-State TTL device is relatively simple. 
We've just provided a means of removing the 
drive current from the totem-pole output of 
the TTL device. The output then resembles 
two semiconductor junctions biased in the 
non-conducting or high impedance state. 
The only load they offer to the common bus 
line is the junction leakage which must be 
provided by the output of the device that's 
driving the bus line. 

In addition, the inputs of many Tri­
State circuits also dis­
able and, in doing so, 
load the driver with 
only leakage current. 
In effect , this makes 
both output bussing 
and fan -out into other 
inputs virtually 
unlimited. 

Thus, all Tri­
State logic elements 
have been designed 
with a Darlington­
connected power stage 
to provide a source 
current of at least 
5.2mA in the logic "1" 
state ( 13 times the 
TTL norm of 400µA !). 
The lower output 
transistor sinks the 
16mA normally re­
quired for a fan-out of 
10 in the "O" state. 

Some Interesting 
Calculations 

A source current 
of 5.2mA in the en­
abled "1" state means 
that at least 128 Tri­
State outputs can be 
bus-connected. If one 
output drives while 127 
other outputs on the same line are inhibited, 
the maximum leakage current to be sourced 
is 127x 40µA-5.08mA. Which means at 
least three TTL loads can be driven with the 
minimum of 120µA remaining. 

Another Tri-State logic benefit is that 
lines longer than 10 feet can be driven 
reliably, while standard TTL can drive only 
10 to 12 inches of line before noise immunity 
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becomes a problem. The higher power of the 
Tri-State IC output also improves "1" level 
noise immunity by a factor of 10. 

Finally, one of the unique things about 
the Tri-State logic gating system is that it 
runs in parallel with the existing logic func­
tions. It doesn't slow down the logic function 
itself while it's operating, it just provides a 
ineans of turning it off- in parallel. So, 
you're not adding any time to the system, 
you're really adding a control. 

"One of the functions 
of Tri-State logic 
(as we were designing 
it) was to make any 
previously-designed 
MS! elements 
bus-structurable:'. . 

DA LE MRAZE K. DIGITAL 
AP P LICATIONS MANAGE R 

Reduced to its 
most basic and flexible 
form, a Tri-State IC 
output is a special kind 
of gate. And so, the 
most universal Tri-State 
devices we've designed 
to date are the DM8093 
and DM8094 Quad 
Buffers. With these 
buffers, any other TTL­
compatible device or 
MSI module can be 
given Tri-State input 
or output characteristics. 
Using Tri-State Buffers, 
many logic circuits can 
be saved. For example, 
in Fig. 1, they operate 
in pairs on a single 
control line to perform 
the two-wide multiplex 
function so commonly 
needed in logic design. 

A comparison of this design with a standard 
design will show that an inverter and four 
2-input NOR gates are saved in just this one 
subassembly. And, the subassembly can be 
expanded modularly. 

More Nice Things You Can Do 
With Tri-State Logic 

There are, obviously, many different 
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bus-structured systems applications using 
Tri-State devices. Some are relatively simple, 
others very complex. On this page we've 
diagrammed some typical applications. Each 
contains a Tri-State device or a series of 
Tri-State devices. All improve overall system 
performance substantially in addition to 
reducing the physical number of 
elements required. 

Future 
Tri-State 

Our eight 
Tri-State devi­
ces are just the. 
beginning of a 
logic family 
which will con­
tinue to expand 
at a rapid rate. 

And as 
we expand our 
line of devices, we 
are looking at each new 
function not from the 
standpoint of "Is this a 
nice function?"; but, 
rather, how does it fit into 
the system to make the 
system work better. 

As a result, there 
are a variety of RAMs, 
ROMs, Low Power TTL 
devices and more systems­
related MSI functions , on 
our drawingboards. 

Very soon, too, we 
will offer Tri-State logic de- ~ ~ \\ 
vices which feature com- ~~., ''\~!l 
mon I/O, which will give " 
even more performance in 
an already small package. 

A Summary 

Tri-State logic is an innovative ~ 
new concept in logic design that combines 
the speed, power and noise immunity of 
TTL with the wire-OR'able flexibility 
required for real-life bus systems. 

But even more importantly, Tri-State 
logic is a systems-oriented concept that not 
only simplifies the design and construction 
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of bus-organized systems, but improves 
overall system performance by a factor of 
three-to-one. 

How To Get Your 
Very Own Tri-State 

Logic Seminar 

Obviously, there's a lot more to talk 
about when it comes to Tri-State logic. 
So, we're prepared to offer you your 

very own Tri-State Logic 
Seminar. In your very own 
office. Conducted by one of 
our very own Field Appli­

cations Engineers who'll 
show up with an arm­

load of Applications 
Notes and a headful of 
answers to just about 
any question you're 
likely to come up 
.with. 

Our Operators 
Are Standing 

By For 
Your Calls 

To get the ball 
rolling on your very 

own Tri-State Logic 
Seminar, or simply 
get more information, 
call (408) 732-5000. 
Or write National 

Semiconductor Corporation, 
2900 Semiconductor Drive, 
Santa Clara, Calif. 95051. 
TWX: (910) 339-9240. 

Cable: NATSEMICON. 

National 
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NEW 
New frequency synthesizers offer high performance and low price 

Frequency synt hesizers find most of 
their application in radar and comm uni­
cation systems and other areas which 
require signals of high spectral purity. 
Traditionally , the user has been forced 
to tradeoff the better performance and 
higher cost of direct synthesizers versus 
the less attractive specs and lower prices 
of the indirect units. Well , all of a sud­
den indirect synthesizers are under siege 
in their own domain - low cost. And the 
attack is coming from, not one, but two 
directions , Hewlett- Pac ka rd Co. and 
Roc kl and Systems Co rp . 

The new offerings from HP are the 
Model 3320A and the M odel 3320B. 
Both cover from 0.01 Hz to 13 MH z in 
seven ranges with two option al low 
ranges, 100 Hz and 10 Hz . Resol ution is 
one part in 105 across the entire range. 

Naturally enough, the spectral purity 
is o f prime concern in any synthesizer 
and thes e new instruments are no 
slouches in this department. Harmonic 
content ranges from -60 to -40 dB 
depending on th e frequency, and 
spurious content is more than 60 dB 
down. 

The two models differ in that the B 
version has precision amplitude control, 
plus a remote amplitude programming 
capability. With the B model , yo u get 

CIRC UIT CA RD HEAT SINK 

Three sizes of snap-i n heat sin ks cool 
and mechanically support plastic tran­
sistors on 1/ 16 to 3/ 32 in. thick cards. 
Types 293-3 and -2 may be used with 
two transistors side-by-side when com­
mon collectors a re permitted. Wakefield 
Engineering , In c ., Audubon Rd., 
Wakefield , Mass . 01880. 

Circle Reader Service #300 

Circle Reader Service #298 

±0.05 dB from 10 Hz to 13 MH z whi le 
the 3320A offers ±2 dB over the entire 
range. Base prices for the two units are 
$1900 fo r the 3320A and $2400 fo r the 
3320B . 

The other significant new synthesizer 
is from Rockland Systems, who up to 
no.w have been known for their so lid 
background in digital filters (see The 
Electronic Engineer, October 1970, p. 
68). This experience is very apparent in 
their latest product, the M odel 5 100 fre­
quency synthesizer. 

The 5100, like H P' s new instruments, 
uses direct method syn thesis, however, 
Rockland considers their technique as 
proprietary information. It requires no 
mixing or ph ase locking and provides 
very fast switching with no tran sients to 
worry about. They will revea l that they 
generate the signal digitally, pe rform 
the necessary func tions on it, and then 
convert it to an analog output. 

REED SWITCH 

,-----··--··· 
I 

I 
I 4 1 I 

l1 ' _ _J 

The RI-20 is for use by manufac­
turers of relays, keyboards and control 
systems. Failure rate is < lO-• over 
more than ten million RI-20 operations 
at \ IOS and TTL load levels. Contact re­
sistance is a max. of 500 m!!. 20e or less 
in lots of 100,000. Amperex Electronic 
Corp. , Hicksville , N.Y. 11 802. 

Circle Reader Service #301 
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If the 5 100 has a shortcoming, it is 
the relatively narrow freq uency range of 
0 .00 I Hz to 2 MH z. If yo ur a pplicatio n 

doesn ' t require a nyth in g higher than 
that , then the rest of the 5 I OO's specs 
should prove very in terest ing . 

Resolut ion is 0.00 1 H z over the entire 
operating range, a nd yo u get less than 
60 dB harm onic distortion and less th an 
70 dB spurious distortion in the output. 
The amplitude of the output is 10 V pk­
pk max ., and it 's stab le, ±0.25 dB, over 
the frequency and temperature ranges. 
Prices for the 5100 sta rt at $2450. 

For more information , use the Read­
er Service Numbers provided . 
Hewlett-Packard Co., 160 I California 
Ave., Palo Alto, Calif. 

Circle Reader Service #298 

Rock land Systems Co rp., 13 1 Erie St. , 
Bl auvelt, N .Y. 109 13. 

Circle Reader Service #299 

FLAT RIBBO N CA BLE 

r.,,. 
Hyper-F lex mu lt i-conductor ribbon 

cab les a re specia ll y molded wi th si licone 
rubber insulation. Flexibility of as many 
as 45 cond uctors per inch is ass ured 
even under operating temperatures as 
low as - l00°F and as high as +500°F. 
Tri-Tech Electronic Corp. , Orland o, 
Fla. 

Circle Reader Service #302 
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New phototransistor reads or drives 

Alt hough the STPT 260, a 60 x 60 mil 
phototransisto r, was devel o ped to re­

place the standa rd 25 x 25 mi l o r 40 x 

40 mil chips used in IBM S ys tem 111 

card readers , it has much wider uses, as 
in relay o r switching applications . The 

S ys tem 11 I uses 96-column ca rds with 
4 5-mil di a meter round holes . Since the 

card and punch can misreg ister by a s 
much as half o f the hol e's di a meter , 

Processing is the key t o s a tisfac t o ry 
yi e lds of large a rea Qu a ntisto r ph ot o­
tr a n s is to rs . Norma l pr ocessing (a .) 
c rea tes a pl a na r st ru ctu re wi th pro per­
ties that depend hea vily on the pro pe r 
do ping level in the e mitter-base region to 
produ ce good injec ti o n effici·e ncy. Sen­
so r Tec hno logy co nt ro ls do pi ng of the 
e m itter-base regio n a nd the rest of th e 
base independ entl y (b.). Rela tive ly I i~ h t 

doping can be maintained in th e emitte r­
base regi on, while high do ping is used 
elsewhere . Ch a racte rist ics s uch as dr ift 
field gra dient , doping level , de pth . bloc k­
ing voltage , an d sens iti vity ca n be co n­
tro lled . 

DI STRIBUTI ON BAR 

I I 

Thi s bus bar has four 13 11 timin g 
pul se di stributio n pa th s in additi on to a 

g round a nd three vo lt age distributi on 
lin es. Less th a n I in . wide , it is 17 in. 

lo ng . Ca pitro n Di v .. , o f AMP In c ., 
Eli za be tht o wn , Pa. 170 22 . 

Circle Reader Service #304 

CERAMIC RE SO NATOR 

Th e Pi ezo nat o r so lves the selec ti vit y 
pro bl e m o f video i-f res ponse in color 
T \ ' rece ivers. Replac in g th e present d ay 

tun ed i-f transformer a nd t ra p co il s , it 

occ upies less space a nd needs no adju st­
me nt s. It opera tes in th e vh f reg ion (30-

200 MH z) . M a tsushit a Elect ric Corp . o f 
Am erica, 200 Pa rk A ve ., N. Y., N . Y. 
100 17. 

Circle Reader Service #305 

so me holes a re not sen sed by stand a rd 
s ized chips. In additi on, to lerances in 
chip pac kage pl ace m ent a dd to th e 

problem . However, the new 60 x 60 mil 

size eas il y co mpe nsa tes fo r a ll mi s­
regis t ra t io ns. 

---~-!.£!.._ __ _ 

n + Subst ra te 

n+ Substrate 
(bl~--------

PA NEL ADA PTER FO R LED 'S 

This pa nel m ount ad a pte r is fo r th e 

co m pa ny's FL VI OO, F LVI O I , a nd 

F L V I 02 light emitt ing di odes. Desig­

na ted FV COO I, it may be used fo r pa nel 
thi ckn esses ra ng in g fro m 0 .03 to 0.25 

in . IOc ( 100 to 999). Fa irchild Ca mera 
& In st rum ent Corp ., MOD, 3500 Dee r 

C reek Rd .. Pa lo A lt o, Ca lif. 94304. 
Circle Reader Service tf306 

T C X C RY ST AL 

Here is a new temp . co mpensated 

c rys ta l which provides good freq . co n.­
tro t with out a n oven. With a freq . ra nge 

of 6 to 25 MH z, it prov ides a sta bility 
o f ±5 x 10-• ove r a n a mb. temp . ra nge 

o f - 30° to +60°C. CTS Kni ghts, In c. , 
400 Reim a nn S t. , Sa nd wich, Ill. 60548. 

Circle Reader Service #307 

2 1 2 DIGIT PANEL METER 
The VT-50 meter has a full sca le 

ra nge o f 1.99 de a nd a resolut io n o f 
IOmV with a n accuracy o f ± I di g it. 

Di xso n In strument s, Box 1449, Gra nd 
J un ct ion , Co l. 8 1501. 

Circle Reader Service #308 

It takes a bout 1.6 mA at 0.4 V to 
work int o a TT L load in a logic or 

switchin g c irc ui~ a pplicati o n. The ST PT 

260 can power a bo ut four TTL devices at 

a n illumin a ti o n of I mW / cm ' . Th e 

STPT 260 can be m o unted in moderate 

density arrays o r as a s ingle device . 

The high output version of the .STPT 
260, kn own as th e Qua ntist o rPP , can 

be used directl y a s a ph otoelectric relay 
o r fo r o pt oelectronic switching of power 
SC RS. In a hermetically sea led T0-5 ca n 
with a lens, th e Quanti sto r has a 70 mA 

o utput at a n irradiance o f 5 mW / c m ' 

( 100 ft-ca ndl e) o r 11 mA at I mW / c m ' 

(20 ft-cand le) . Switchin g time remains 

in the 6-11 µ S range . Low co ll ec to r­
e mitter bi as permits operati on with 5- 15 

V po wer supplies . Maximum power dis­
s ipati o n is 600 mW at 25 °C ambient. 

STPT 260 prices range fro m $5 .00 to 

$ 1.00. Sensor Techn o logy, 7 11 8 Gera ld 

A ve. , Yan Nu ys, Ca li f. 9 1406. 

Circle Reader Service f/303 

DIGIT AL PA NEL METER 

3 9 8 2 
t!hlllil 

Thi s extenut:d rangt: meter (Type 

2430) provides a full sca le indicati o n o f 

3999. It is sa id to fill the gap between 
3 1/2 a nd 4 V2 dig it meters whi le re ta ining 

th e lo wer cos t of 3 1/ 2 digit meters. 

$ 199 .00 in unit quan. Dig ilin , In c. , 1007 
Ai r W ay , G lendale, C a lif. 9 1201. 

Circle Reader Service #309 

LOW TC RE SIST ORS 
Th ese Seri es M nega ti ve TC res isto rs 

( - 10 ppm f°C) have a po we r ratin g o f I 

W a t 25°C, stab . o f 30 ppm / yr ., a re 
non-indu cti ve , a nd have no n-measurable 

no ise. Th ey a re direc t re placement s fo r 
RB53 type wirewo und s. Vi sha y Resisto r 
Products, 63 Linco ln Hi ghway, Mal ­
vern , Pa . 19355. 

Circle Reader Service f/3 10 
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Compact design ideas 
for monitoring things. 

TIME-BILLING 
MAINTENANCE 

You can keep track of a lot of hours, 
minutes or seconds utilizing very 
little space with The A.W. Haydon 
Company's Elapsed Time Indica­
tors. Choose from 21 standard size 
low-cost models or from a wide 
range of smaller units down to 
microminiature devices measuring 
only 37/64" square. Accurate digital 
readout is assured by precision 
Geneva gearing. These indicators 
operate from a wide range of 
power sources, both AC and DC, 
and are available in many mount­
ing configurations. When you must 
monitor time for billing purposes, 
or maintenance programs such as 
lubrication, overhaul or recalibra­
tion , our indicators will do the job 
using a minimum amount of space. 
Write for complete technical 
information. 

Circle Reader Service f/36 

FAULT 
ISOLATION 

These microminiature Fault Indica­
tors not only signal a malfunction, 
but they " remember " that it 
happened, too. The electrically 
actuated display latches magnetic­
ally until reset. This " latch 
memory" assures rositive isolation 
and indication of both transient 
and continuous malfunctions. The 
The A. W. Haydon Company's 
BITE (Built-In-Test-Equipment) 
Indicators are low power devices 
that operate on pulses of milli­
seconds duration and can be 
mounted directly on PC boards or 
grouped on remote panels. Their 
cost is unusually low for the 
function they perform. 

You can design these BITE 
Indicators into your circuitry, or let 
our engineers design a complete 
fault isolation system for you. 
Write for literature, today. 
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EVENTS - BILLING 
MAINTENANCE 

If monitoring how many times 
anything has happened is a big 
problem, you don ' t need a big 
counter to solve it. This Events 
Counter, illustrated, is only 37/64" 
square x 1.250" deep. Yet, small as 
it is, it provides a 4-digit readout 
of up to 9999 events before 
recycling. Non-resettable, it is ideal 
for both billing and preventive 
maintenance programs because it 
is tamper-proof and provides a fast 
(1,200 cpm) accurate count of 
everything that has happened. 
It requires minimum power, too -
only 2.5 watts max. at 115 VAC 
60Hz. If you need high speed 
totalizing for data processing 
equipment, business machines, 
vending machines or production 
line machinery and operations find 
out about these miniature Events 
Counters. Write for literature. 

Circle Reader S ervice f/38 

THE A. W HAYDON COMPANY 
NORTH AMERICAN PHILIPS 

232 North Elm Street, Waterbury, Conn. 06720 Tel. (203) 756-4481 TWX: 710-477-3141 
In Europe: Polymotor International · Brussels 1, Belgium 
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LOW-PROFILE KEYBOARD 

New DC se ries, MSI encoded, tri­
mode, 48-key communications key ­
board is compatible with existing Tele­
type M odel 33 terminals . Datanetics 
Corp., 2828 Spreckels Lane, Redondo 
Beach, Calif. 90278. (213) 542-4355. 

Circle Reader Service #352 

COMMUNICATIO NS SCRAMB LER 
This voice privacy modem provides 

communications privacy by scrambling 
two-way radio conversations . Equipped 
with more than 8,000 different codes, it 
is insensitive to normal detection and 
decod ing devi ces . The Boei ng Co ., 
Seattle, Wash . 98 124. 

Circle Reader Service #353 

HIGH-DENSITY MEMORY 
Model 3600 series core memory uses 

high-density core packaging methods to 
accommodate more than 1,000 bits of 
data in I in .3 of space. It costs < 2¢ / bit 
in quantity. Ampex Corp ., 9937 W . Je f-

ferso n Bl vd ., Culver City , Calif. 90230. 
Circle Reader Service #354 

SAMPLE AND HOLD MODULE 
Model 588 1 high speed sample and 

hold analog memory is com patible with 
DTL, TTL and COSMOS logic systems. It 
provides you with a I% sample and hold 
unit hav ing a 300 ns aperture time a nd 3 
µs max . acquisi tion time. Optical Elec­

tronics, Inc., Box 11140, Tucson , Ariz. 
85706 . 

Circle Reader Service #355 

ADD-ON MEMORY 
The NM -8000 series, specificall y for 

DEC's PDP- I I, is avai lable with either 
4k o r 8k m odules , and is field-ex ­
pandable to 64k x 16. You can use a 
portion of the memory as read-only, 
and ret a in th e balance as rand om-ac­
cess. The PDP-11 's full -cycle time is 
about 850 ns: 500 ns is poss ible with this 
memory. Nemon ic Data Systems, 130 I 
W. Third Ave ., Denver, Col. 80223. 

Circle Reader Service #356 
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DIGITAL SCANNING DEVICE 
Solidscan® is a totally ss electro-opti­

cal device which converts optica l inputs 
direct ly to digi tal outputs . It is fo r use 
in place of the electron beam vacuum 
tube in digita l electro-optical appli­
cations . Optonctics, Inc., 32 Henry St. 
Teterboro, N .J . 07608 . 

Circle R~ad~r Service #357 

DELAY LINES 
These delay lines , designed to meet 

the high quality performance standards 
of the broadcast and st udi o equipment 
(BASE) industry, feature wide BW and 
low noise level. Corning Glass Works , 
Ra leigh, N.C. 27602. 

Circle Reader Service #358 

Models 120 I and 120 IC offer mixed 
sequential calcu lations, constant multi­
plication, constant di vis ion, squa re and 
power ca lcul ations. Each is eq uipped 
with noating decimal s and shut -off 
clearing . Model s 1203 and 1603 a lso 
have grand totals and ext ra storage, a 
fixed and noating decimal point , and 
round-off. Sperry Rand Corp., Reming­
ton Rand Div., Box 999 , Blue Bell , Pa . 
19422. 
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CUSTOM-BUILT KEYBOARDS 
Custom-built keyboard s offer com­

plete TTL DTL interface capability , 
sealed reed switches, and a wide range 
of design options. The Bunker- Ramo 
Corp., 2855 S. 25th Ave., Broadview, 
Ill. 60153 . 
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VOICE RESPONSE SYSTEM 
With the Digitalk 4000 voice response 

system you can call directly into a com­
puter using a touch tone teleph one or 
touch tone te lephone pad only . You re­
ceive an an swer to your call with a hu ­
man voice. Cubic Corp ., San Diego, 
Calif. 92123. 
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ENCODED KEYBOARDS 

- ' . 
. 

Type EF encoded keyboard is < 3/ 16 
in . thick . It provides up to 4 encoded 
bits / key, an d contact closure with about 
0.005 in . of motion . As low as 25¢/ key . 
Chomerics, In c., 77 Dragon Ct. , Wo­
burn , Mass . 0 1801. 
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IC ROM PROGRAMMER 
The 300 series of semiconductor pro­

grammers , available for all fusible-link 
programmable ROMS have a 4096 bit 
(512 words x 8 bits) capacity. Programs 
recorded on truth table ca rds a re easily 
generated and verified to ROM patterns 
by depressi ng program switches . Spec­
trum Dynami cs, Inc., 2300 E. Oakland 
Pa rk Bl vd ., Ft. Lauderdale, Fla . 33306. 
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MAGNETIC TAPE TRANSPORTS 

Mod 310 and 311 transport s are fo r 
use with mini-co mputers as well as data 
co mmuni cati o ns sys tem s, key-t o -tape , 
da ta terminal s, dat a storing a nd for­
wa rding appli ca ti ons and in dat a con­
version system s. Uni Co mp, Inc., 18219 
Pa rthenia St. , N orthrid ge, Ca lif. 91324 . 
(2 13) 886-7722 . 
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MEMORY PROG RAMMER 
This table-top programmer (PR-23) 

for the Signetics 8223 256-b it Field-pro­
grammable ROM sell s for under $200. It 
permits fast , error free programming of 
custom TTL ROM patterns by unskilled 
personnel in on ly five minutes. Curtis 
Electro Devices , Box 4090, M ountain 
View, Ca li f. 94040. 
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TAPE READER 
Slo-syn photoelectric tape reader type 

TRPSOO has a reading rate of 0 to 500 

char. / s and is well suited for appli­
cations having TTL, DT L, or RTL com­
patible signal s. The Supe rior Electric 
Co., Bri stol, Conn . 06010. 

Circle Reader Service #366 
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Grow with RC~s COS/MOS IC line 
and make your logic systems 
even more cost-effective 
RCA expands its broad line of COS/ 
MOS IC's again to bring the circuit de­
signer nine new opportunities to save 
space, weight, power , as we ll as cost, in 
his new an d ex isting logic circuit de­
signs. The nine new types shown here 
now wi den the number of COS/ MOS 
function s to a total of 43. 

• Dual-in-line ceram ic an d fl at-pack 
packaged COS/MOS IC's (AD and AK 
seri es) enable the des igner to plan cost­
effect iveness into demanding mili tary 
and aerospace systems. Operat ing tern-

F ormerly Commercial 
Dev. No. Ci rcuit Description Type No . 

TA5385C 7 Stage Ripple Carry CD4024AD 
Binary Counter CD4024A E 
w/ Buffe red Reset CD4024AK 
(CD4004A CD4024AT 
Repl ace m ent ) 

TA6018W Decade Counte r/ CD4026AD 
Divider with CD4026AE 
7 Segment Display CD4026AK 
Outputs ( Di splay 
En able Input ) 

TA5872W Dual J/ K F -F with CD4027AD 
Set/ Reset CD4027AE 

CD4027AK 

TA5873W BCD to D ecimal CD4028AD 
Decoder CD4028AE 

CD4028AK 

perature range of these devices is -55° 
to + 125°C. 
• Dual-in-line plasti c packaged COS/ 
MOS IC's (AE seri es) that open up 
many new appli cat ion areas in industri al 
and commercial log ic systems. Their op­
erat ing temperature range is -40° to 
+85°c. 

Designers prefer RCA COS/MOS fo r 
these signifi cant design advantages: ex­
t remely low power diss ipation - Gates, 
Pr = 10 nW (typ) at VDD = 10 V (50 
nW for AE seri es); MSI circuits, Pr= 10 

Pri ce 
1000-unit F o rmerly 

µW (typ) at VDD = 10 V . Noise immu­
nity is 45% of the app lied voltage over 
the enti re 3 t o 15 volts operating range. 

See you r local RCA Representat ive 
or RCA Dist ri butor fo r price and del iv­
ery informat ion on RCA's fu ll line of 
COS/MOS Product Guide COS-278A 
write: RCA, Commercial Engineering, 
Sect ion 59 1 /CDC65, Harrison, N.J . 
07029. International: RCA, Sunbury­
on-Thames, U.K., or P.O. Box 11 2, 
Hong Kong or , RCA Li mited, St. Anne 
de Bellevue, 810 Quebec, Canada. 

ncn 
Solid State 

Price 
Commercia l 1000-un it 

Package level Dev. N o. Circuit D escr iption T y p e N o. Package level 

14 p in DIC $ 7 .50 TA592 5 W ?resettable , up/ down C D4029AD 16 p in DIC $11 .95 
14 pin DIP 3 .35 Counter , Binary or CD4029AE 16 p in DIP 5 .75 
14pinF .P. 8.20 BCD Decade CD4029AK 16 pin F .P. 12 .60 
12 pin T0 -5 7 .5 0 T A5940W Quad E xc lu sive OR CD4030AD 14 p in DIC 3 .95 

Gate CD4030AE 14 pin DIP 1.55 
16 pin DIC 12 .50 C D4030AK 14 pi n F.P . 4 .60 
16 pin DIP 5 .95 TA5963W Triple Serial Adder CD4032AD 16pin DIC 7 .20 
16 pin F .P. 13. 15 (Positive L ogic CD4032AE 16pinDIP 4 .25 

Ve rsion) CD4032AK 16 pin F.P . 7 .85 

T A5677W Decade Counter/ CD4033AD 16 pin DIC 12 .50 
16 p in D IC 5 .50 Di vider w i t h CD4033AE 16 pin DIP 5 .95 
16 p in DIP 2 .65 7 Segment D isplay CD4033AK 16 pin F .P . 13.15 
16 pin F .P . 6.15 O utputs ( Ripple 
16 pin DIC 8 .25 Blanking) 
16 pin DIP 4 .10 TA5951 Triple Se rial Adder CD4038AD 16 pin DIC 7 .20 
16pinF .P . 8 .90 (Negative L ogic CD4038AE 16 pin DIP 4 .2 5 

Version) CD4038AK 16 pin F .P. 7 .85 
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MICTOAvrnLO 
An easy way to check logic ICs 

Hewlett-Pac kard 's Model 10529A logic 
co mpa ra tor is simple to use, powered 
fro m the 1c under test , and adjustment­
free. 

A probe-head simply clips onto pow­
ered TTL, DTL, or RTL ICS, and the in ­
s t r u m ent 's LED display identifies any 
pins where the logic states don ' t match 
those at the corresponding pin s o f a 
known good IC. 

A lighted diode shows a logic differ­
ence a t the corresponding pin , and th us 
a fa ulty logic package . The comparator 
has one LED for each pin o f a 14- or 16-

pin DIP . 

T he user needs no kn owledge of the 
operat ion of the circuit under test. He 
si mply identifies the IC to be tested and 
inserts a referen ce board , loaded with a 
known good IC of the same type, into 
the comparator. 

When the comparator is clipped onto 
the tes t IC, it first connects the inputs of 
the two ICS in parallel. Then it compares 
ou tputs. A d ifference in logic sta tes las t­
ing more than 100 ns causes a diode to 
ligh t. 

The use r program s the r efere nce 

DUAL 50-B IT REGISTER 
Thi s ~ 1 0s s t atic shift register, the 

UC7355, features IJTL TTL compatib ility 
on input , c loc k, data and o utput lines 
without ex te rn al circuitry. The regis ter 
is co mpl etel y stat ic for either slate of 
the clock. S olitron Devices, In c., 8808 
Ba lboa Ave., San Diego, Ca lif. 92123. 

Circle Reader Service #3 16 

DYN AMIC MOS RAM 

T his 1024 x I RAM opera tes ove r the 
full - 55 to I 25°C ra nge . The device is 
fully decoded a nd features static-charge 
protection o n all inputs. Access time is 
25 0 ns a nd po wer dissipation averages 
320 mW. Unisem Corp ., Box 11 569 , 
Phi la., Pa. 19 11 6 . 

Circle Reader Service #3 1 7 

12 B IT D/ A 
You ca n ge t the MP 18 I 2A an d 

AN 18 12 M hig h speed D A·s in a ll stand­

a rd unipola r and bipolar 12 bit or 3 BCD 

dig it co nfigurat io ns. Typical se ttlin g 
time to 1/2 bit acc uracy is 5 µs. T ypical 
TC o f ran ge a nd offset is 10 ppm / °C and 
50 µ V f°C respect ive ly . Ana logic Corp., 
Wakefie ld , Mass . 0 1880. 
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board , wh ich s li ps into a drawer in the 
comparator, by brea king o ne PC trace 
for each output pin . 

Hewlett- Packard Co . lent us one o f 
these compara to rs fo r eva luati o n by 
anyone we wan ted to have try it out. 
We passed o ur 10529 A on to Vidar, 
Inc., a Mountain View, Ca lif. manufac­
turer of a wide range of dat a acquisition 
a nd recor din g sys t e m s , tele­
co mmuni ca t ions pr o du c t s , in ­
st rumentation , and so on . In short , Vi­
da r uses lots of ICS each month . 

After several days o f using the co m­
parator, a Vi d a r t es t dep a rtm e nt 
spo kes man com mented th at the 10529A 
does what it 's supposed to do, is use ful , 
and is readily used to run d own a nd 

CO UNTER/ DISPLAY CIRCUIT 
The MK 5002 P is a low-power :vi os 

LSI device wh ich provides abo ut 80% o f 
tht: functions of a sta nda rd digit a l vo lt­
meter. It a lso inc ludes a ll the log ic nec­
essary to drive a four-d igit multiplexed 

seve n-seg me nt d is pl ay . Th e chip in­
cludes four decade co unters, fo ur qu ad 
latc hes, 2 fo ur-bi t mul t iplexe rs, a seven­
segme n t decode r a nd co nt ro l log ic. 
Mostek Co rp ., 1400 Up fi e ld Dri ve , 
Car ro llton , Texas 75006. 

Circle Reader Service #3 19 

FAST PRECISION COM PARATOR 

The mono C M P-0 I overco mes th e 
traditional tr adeoff be t wee n fas t re­
s ponse and good input cha rac teristics by 
usi ng Schottky ba rrier d iodes to opti ­
mi ze circ uit speed . A com bin a ti on o f 
high input s lew rate, fast sma ll-s igna l 
response a nd high fa nout ma ke th e de­
vice a ttrac ti ve in 13- to 15-b it hi g h 
speed D A's a nd sim il ia r applica tio ns. 
Precision M o nolithics, In c., 1500 S pace 
Pa rk Drive , Santa Clara , Ca lif. 95050. 

Circle Reader Service #320 

troubleshoot a matrix o f 1cs. 
But the Vidar man also pointed out 

tw o problem s. The fir s t cannot be 
c harged to the comparator : it 's the 
probl em that you have when one IC 

drives a number o f other gates o r fun c­
ti ons. The tester doesn' t know whethe r 
the driver or the loads are bad . 

The second problem that the Vidar 
man po inted out is definitel y chargeable 
to the co mparator. The clip-on test head 
is too la rge to use in close quarters. For 
in stance, your boards may have discrete 
co mpon ents close-in to the IC package, 
o r the 1cs the mselves may be tightly 
packed . In such situations, you may no t 
be able to clip the test head to the IC . 

And so it ' s up to you. The 10529A 
l og i c c omparat o r cos t s onl y 

$295 . There's a lso a n 1c tes t kit- Model 
50 I OA- that includes the comparator, a 
Model 10528A logic clip, and a Model 
10525A logic probe, all for $495 . For 
mo re information , contact Inquiries 
Manager, Hewlett-Pac ka rd Co. , 1601 
Ca lifo rni a Ave., P a lo Alt o , Ca lif. 
94304. (41 5) 493-1 501. 

Circle Reader Service #3 15 

IN STRUMENTATION AMPS 
Models ZA 702 M I a nd 703A I fea ture 

500- 1000 M il d ifferenti a l input imped ­
a nce (both cha nn e ls) a nd a ga in range 
o f 1-1 000. Input imped a nce re m a in s 
high rega rdless o f th e gain selec ted fo r 
th e a mplifier. Ze ltex , Inc., 1000 C hal o­
ma r Road , Co nco rd , Ca lif. 94520. 
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FREQUENCY DIVIDER 
Thi s MOS resettabl e freque ncy di vider 

fea tures T TL dr ive ca pa bility. The GEM 
50 I g ives yo u six s tages o f frequ ency d i­
vis io n in a 16 -l ead p las tic D IP . In ­
teg ra ted C ircuit Products De pt ., G ene r­
a l El ec tric Co., Elect ro nics Pa rk , Sy r­
ac use , N .Y. 1320 1. 
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BC D TO DECADE DECODER 
The 382 is a hig h no ise immunity log­

ic decode r which d ecodes BCD 1248 code 
a nd dri ves gas fill ed cold ca th ode in­
di ca to r tubes . It has over 4- V ty pical 
no ise immunity, a nd a g uara nteed 70-V 
o ut put. T eled yne Semico nducto r, 1300 
T e rr a Be ll a A ve ., M o unt a in V iew , 
Ca lif. 94040 . 

Circle Reader Service #323 
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MICTO/\CPLD 

HIGH GAIN OP AMPS 

These units co mbin e the outstan ding features of the 741 
into a close parameter matching and tracking dual , high ga in 
o p a mp . The dev ices , the RM4558 a nd RC4558, feature offse t 
null ca pability, no la tch-up, continuous short c ircuit protec­
ti o n, low powe r co nsumption a nd internal frequ ency co m­
pensatio n . Raytheon Semiconductor, 350 Ellis St., M ountain 
View , Ca lif. 94040. 
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CO LOR PROCESSOR IC 
Yo u get a chrom a i-f a mplifier wi th a uto matic chrom a con­

trol , colo r killer , and injection loc k reference system in o ne 
14-pin pac kage with this device. The MC1398 P features a n 
injection loc k reference system that ge nerates the requ ired 
sub-ca rrier reference sig nal by pulling an crys tal oscillato r 
into phase with the reference burst. Another notewort hy fea­
ture is th e use of de co ntrol ci rc uitry for hue a nd chroma am­
plitude adjustments. This avo ids the necessity o f higher s ig nal 
levels and shielded cables fr o m the front pan el to th e c ircuit 
board. $1.98 ea., 1000-4999. Technical In formation Center, 
M o torol a Semi co ndu cto r Produ c ts, Box 20924 , Phoe nix , 
Ari z. 85036. 
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HIGH CURRENT DECO DER/ DRIVER 

The 20457 Series o f hybrid circ uits decodes sta nd a rd 842 1 
BCD data into 12 o utputs. Or , if on ly 10 outp uts are needed, 
two may be used as lamp buffers. Intended primarily , as dis­
pl ay dri vers, the ci rcuit s have a drive capabi lit y o f 300 mA a t 

30 Y. The ci rcuits are DTL TTL compat ibl e an d you can get 
the m with or without memory. Indu st ri a l Electronic Engi­
neers , In c., 7720-40 Lemona Ave. , Yan Nuys, Ca lif. 9 1405. 
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SYSTEMS ORIENTED 4096-BIT RO M 
The 8205 is a 5 12 x 8 o rgani zed ROM with a typica l access 

time o f 35 ns. Th e memory features a n integra ted o utput data 
register which, in additi on to elimin ating the need fo r e ight 
externa l latches, a lso improves system performance by about 
I 0 ns. Yo u ca n a lso use the device in a co nve nti onal mode by 
holding the output latch strobe high. In 100 lot quantities , the 
price is $29.50. The 8204, a 256 x 8 version, is a lso avai lab le 
for $ 16. 40 in I OO's. Signetics Memory Syste ms, 740 Kifer 
Road, Sunny va le , Cali f. 94086. 
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FIRST JFET IC 
The AM IOOO, a precision, high-frequency analog switch is 

the first JFET integrated circuit to go into prod uction. The de­
vice virt ua lly eliminates switching transients in the signal out­
put by routing the transients into drive and bias supply lines 
where they are disposed of by conventional bypass capacitors. 

Yo u can use the device to switch signal s of ± I 0 Y at toggle 
frequencies up to 4 MHz. A slightly more expensive ve rs ion, 
the AM 1001, wi ll handle ± 15 Y with mY resolution at 

toggle frequencies up to 2 MH z. Prices start at $5.50 ea in 
100 and up quantities. National Semiconductor Corp., 2900 
Semiconductor Dri ve., Santa Clara, Calif. 95051. 
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2376-BIT ROM 

~ 
The A Y-5 -2376 is eq uipped with a ll the logic necessary to 

encode SPST keyboard clos ures into a useable 9-bit code. Data 
and stro be o utputs are directly compatible with nt/DTL or 
MOS logic arrays. This device fea tures increased system nexi­
bility by providing exte rn al control for o utput polarity se lec­
t ion; fo r selection o f odd or even parity, two key rollover· o p­
eration, N-key lockout capability, and programmable coding 
with a si ngle mas k change. Price, $27 .50 in I 00 unit lots. 
General In stru men t Corp. , 600 W. John St., Hic ksville, N .Y. 
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ULTRA FAST OP AMP 
This FET- input , diffe rential op amp offe rs the unique com­

bination of high slew rate , fast settling and ± 100 mA output. 
The Model 46 uses a novel input stage that gives I OOOY / µs 

slew rate and se ttling tim es of 100 ns to 0.1 % and 300 ns to 
0.0 I% in the inverting mode . In the unity gain, non inverting 
mode, the device will settle to 0.05 % in 150 ns. The price is 
$62 in quantities of 100. Analog Devices, Inc ., Route I Indus­
trial Pa rk , Norwood, Vlass . 02062. 

Circle Reader Service #3 73 

IC ZERO-VOLTAGE SW ITCHES 
The CA3058 and CA3079 are two new ze ro-voltage switch­

es that you will find useful in thyristo r control applications 
such as electric heating, motor on/off controls, o ne-shot con­
trols and light nashing sys tem s. Each of the devices includes a 
limiter power suppl y that permits direct operatio n from the ac 
line; a differential on/off sensing amplifier; a zero crossing 
detector; and a tri ac gating circ uit. RCA Commercial Engi­
neering, Harrison, N.J. 07029. 
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Great 
~standards' 
by the 

Power 
Professionals 

THE ELECTRONIC ENGINEER • Sept. 1971 

We set out to engineer standardized 
power modules with some pretty high 
standards to meet. Yours. We had 
two things going for us. Nearly four decades 
of custom power experience . .. and, the 
determination to make an off-the-shelf 
line that was not merely good . .. but great! 
It paid off. 

North's standard power units offer you real 
cost economy plus the utmost in reliability. 
May we suggest you look over our catalog 
. . . then take your own measure with 
a test unit. 

Call 419/468-8244 or TWX 419/468-4860. 

North Electric Company • Electronetics 
Division I Galion, Ohio • A subsidiary of 
United Utilities, Incorporated e !Mfll!flit!J(J fefi.!e/Cil'ltlUIC 

NSP-8 
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PRESS-FIT CONNECTOR 

Series 6318 modular card edge con­
nector provides a means to update con­
nection systems without having to re­
design existing PC cards with their 0.156 
in . center contact traces. It comes in 
modules of four and six contacts. Elco 
Corp. , Mar y land Rd . at Computer 
Ave., Willow Grove, Pa. 19090. 
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SS READOUT ASS EMBLY 
Series 749 readout contains groups of 

Di ode-lite readou ts, decoder-drivers and 
a bezel assembly that makes it easy to 
install in a panel. The readout is a 6 x 8 
dot matrix connected for 7-seg ment 
driving. Dialight Corp., 60 Stewart 
Ave., Brookl yn N.Y. 11237. 
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SIGNALLING DEVICE 
Cybertone provides selectab le, pro­

grammable sounds that are easi ly dis­
cerned in the presence of high-back­
gro und noise. It emits signa ls o f up to 
90 dB (max) sound power level and op­
erates on 12 Vdc with a current drain of 
about 30 mA. C.A. Briggs Co., Box 
15 1, Glenside, Pa. 19038 . 
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KEY SWITCH 

Co ntacts in thi s key are made of WE 
Alloy # I (69 % Gold, 25 % Silver an d 6% 
Platinum). Result is low contact n:sist­
ance (typ. 25 mil) . Also, contacts are 
normally held apart , eliminating bounce 
or microphonics. Cherry Electrica l 
Pr od uc ts Corp., 3600 Sunset Ave., 
Waukegan , Ill. 60085. 

Circle Reader Service #332 

DIP SOCKET PANEL 

New standa rd panel is fo r 60 or 72 
DIPS, 14 or 16 lead . Series 8136-W pan­
els come with male connectors ( 120 con­
tacts, 3 rows of 40 with 0.100 in. spac­
ing between pins and rows). Mating fe­
male connectors are available. Panel is 
Vs in. glass epoxy with electro-tin plated 
VCC and Gnd. planes. About 7.350 x 
6.950 in. Augat Inc., 33 Perry Ave., At­
tleboro, Mass . 02703. 

Circle Reader Service #333 

GLASS-CERAMIC CAPACITO RS 
Available in four sizes and three pur­

chase tolerances, these new CGC ca­
pacitors are well suited fo r computer, 
calculator and other by-pass or power 
supply decoupling applications. Corning 
Glass Works, Co rning, N.Y. 14830. 

Circle Reader Service #334 

a lot of pot; 
cheap it's not 

Now! MATSUSHITA offers 
New Low Impedance 
Electrolytic Capacitors 11L-series11

• 

es 

ELECTRO 
SCIENTIFIC 
INDUSTRIES 

Park Drive 

There's nothing quite like it : the ESI 
DEKAPOT". You build it into your system or 
instrument because you want honest-to­
Kelvin-Varley wirewound precision with 
long term stability : 20 ppm linearity to be 
precise. Three or two decades and a 100-
position potentiometer on a single panel 
dial. Wide value range. Off shelf delivery. 
$105-$180 and your customer will never 
regret it. 

(Want a custom assembly? Ask.) 

Portland , Ore. 97229 
Ph one:503 / 646-4141 

Circle Reader Service #50 
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• Wide operating temperature: -40 °C to +85°C 

• Extreme ly low Tan iJ: 0.13 at 50 WV.DC 

• Long operating life: 1,000 hours at +85°C 

• Capacitance range: 0.47 to 2,200µF 

• Voltage range: 6.3 to 100 WV.DC 

• Uniform quality and attractive price 

• Appl ication engineering available 

• M ATSUSHITA ELECTRIC 
.... CORPORATION OF AMERICA 
Pan-Am Building , 200 Park Ave ., New York , N.Y . 10017, U.S.A. 
TWX: 710-581-4158 
Tel : 973-571 O Area Code 212 

Circle Reader Service #51 
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~HEON 
SEMICONDUCTOR. 

OUR64-BIT M 
WON'T QUIT. 

Some people claim theirbipolar64-bit 
RAM will work over the entire MIL tem­
perature range. Others keep silent. We 
guarantee our RR5100 will operate 
within specs from - 55° C to 125° C 
ambient. 

The RR5100 and its commercial 
version, the RR5102 , are available in 
dual-in-lines, flat paks, and Raytheon 
Semiconductor's own beam lead config­
uration. Of course both of these 64-bit 
RAM 's are compatible with our RAY Ill 

NM125°C. 
TTL and other DTL/TTL. 

And don 't forget our other memory 
products. We 've delivered thousands of 
our reliable RL80 series 16-bit scratch 
pad memories. And when it comes to 
custom devices we're second to none. 
Our custom 256-bit RAM doesn 't know 
when to quit. 

And we have plenty of new things in 
the mill. Denser bipolar chips with faster 
cycle times and a MOS-type power dis­
sipation are on the way. Thanks to our 

GUARANTEED 

new revolutionary V-ATE bipolar 
process. 

Don'tget burned on your present proj­
ects. Get immediate delivery on our 16-
bit and 64-bit memories from our local 
sales office or your nearest franchised 
Raytheon Semiconductor distributor. 
And call us direct for custom memories. 

Raytheon Semiconductor , 350 Ellis 
Street, Mountain View, California, 94040. 
415/968-9211. 
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Need Special Connectors 
or Cable Assemblies ? 

High voltage corona problems? 
Pressure or temperature problems? 

DESIGNERS AND MANUFACTURERS OF 
INTERCONNECTION SYSTEMS FOR: 

High-voltage • Corona-free • High-altitude 
• High-current. Shock and vibration· Nu ­
clear. Underwater. Extreme temperature 

SPECIAL TEST 
FACILITIES f 

to insu re rigid 
Specifications 

R 0"" E INDUSTRIES 
6277 Benore Rd. Toledo, 0. 43612 

Phone: 419-729-9761, TWX: 810-442-1734 
Circle Reader Service #53 

OSCILLATOR/ LOGIC CLOCK 

Series 7042 is a thin ( 1/.i in . seated 
height) crystal osci ll ator / 1c logic clock 
that features low power consumpti on 
and hf stabi lity. Spectrum Technology, 
Inc., Box 948, Goleta, Ca lif. 930 17. 

Circle Reader S er vice #335 

THERMAL CONTROL UNITS 
Series LY thermal control units a re 

for power burn in, HTRB, life testing or 
prod uct evaluation, using liquid/ vapo r 
heat transfer meth ods. They take up to 
2000 W of power dissipa tion by semi­
conductors mounted on heat sinks 
which are clamped to a temperature 
co ntrolled pipe. Wakefield Engineering, 
In c., Audubon Rd ., Wakefield , \1ass. 
01880. 

Circle Reader Service #336 

PLUG ACCESSORIES 

110 

FOR HIGH DENSITY PACKAGING PANELS 
Greater flexibility in /~' 
prototyping and packaging 

CD Adaptor Plugs .. . 
For interposing discrete 
components or module building. 
Single and double pattern combi­
nations, 14, 16, 18, 24, 32, 36 and 
40 pins in three pin styles. 
®Interfacing Plugs - For input-output 
connections, interconnecting and testing. 
Contact patterns accept IC adaptor plugs or 
interfacing plugs - Direct interchangeability. 

I C PACKAGING PANELS 

TEL : 617-222-2202 

Request Catalog 266 
and Data Sheet 266J 

AU6AT.NC. 39 PERRY AVE., ATTLEBORO, MASS. 02703 

Circle Reader Service #54 

SEVEN SEGMENT DISPLAYS 
SP-750 series 1/2 in . gas discharge dis­

plays can be easi ly read as far as 40 ft. 
wi:hin a 150° viewing angle. The series 
includes three, two, and one and 1.2 dig­
it models featuring the sa me 1.2 in . 
char. he igh t. The one and 1.2 digit is a 
full seven segmen t character with plus/ 
minus symbols, an over-range numeral 
" I" a nd an extra deci mal point. Sperry 
In fo rmati on Displays Di v., Box 3579, 
Scottsdale, Ariz. 85257. 

Circle Reader Service #337 

TANTALUM CAPACITORS 
These tantalum capacitors a re no 

longer th an std . bare chip (uncased) tan­
talum capacito rs. Type 182D and 183 D 
units are vo ltage aged and tested for a ll 
parameters prior to shipment. Sprague 
Electric Co., 615 Ma rshall St ., North 
Adams , Mass. 01247 . ' · 

Circle Reader Service #338 

INDUSTRIAL PUTs 
Three new series of Programmable 

Unijunction Transistors - 2N6119-
2N6120, U I 3T3-U I 3T4 for industrial 
appl icatio ns and 2N6 13 7-2 N6138 for 
military requirements, a re all packaged 
in hermeticall y sealed T0-18 's. Uni­
trode Corp., 37 ewbury St ., Boston, 
Mass. 02116 . 

Circle Reader Service #339 

PRO,GRAMMING SWITCH 

New miniature IO-position rotary 
slide switch for r e board applications 
has non -shorting contacts, co mes in two 
mounting styles a nd takes <0.350 in .2. 
You merely twist a small screwdriver to 
change programs and set up new oper­
ating conditions. Siemens Corp., 186 
Wood Ave . S ., lselin , N .J . 08830. 

Circle Reader Service #340 

THUMBWHEEL SWITCH 
M od ul ar in design, the Series 29000 

Econom y swi tch has an easily-read in ­
line display with la rge 0.200 in . charac­
ters . Mod ules are on ly 0.350 in . wide x 
1.200 in . high. The Digitran Co., 855 
So. Arroyo Pkwy, Pasadena, Calif. 
91105. 
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CimrOif ii''.·still 
the winner in any league! 
Here's the line-up for the winning team of Cimron 
DVM'S you can depend on to stay ahead of the rest. 
A few of the bonus features that can be added to 
your new or present Cimron DVM'S are: true R MS 
converter plug-in; optical (high speed) coupler with 
1000 volt isolation; 100 volt ratio operation of the 
6653A, 6753 and 6853; front and rear input isola­
tion. 

Something else ... Cimron has reevaluated their in­
struments and found the specifications to be sig­
nificantly better than stated in the fine print. For 
example, our short-term accuracy is now 90 days 
instead of 30 days. 

Let Cimron show you how to replace your old DVM 
with a new, high performance model without chang­
ing your interface cables. 

As an added convenience, we are establishing local 
service facilities throughout the nation for warranty 

THE ELECTRONI C ENGINEER • Se pt. 1971 

or out-of-warranty repairs. Ask us for the location 
of your service facility. 

When you have a requirement for D VM'S, AC 
Power Sources, Line Regulators, Pulse Generators 
or Data Acquisition Systems or Components, buy 
the best in the league .. . write or call Lear Siegler, 
Inc. / Cimron Instruments, 714 N. Brookhurst St., 
Anaheim, California 92803. Phone 714-774-1010. 

® 
" LEAR SIEGLER , INC. CIMRON INSTRUMENTS 
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DATADYNE 
DATADYNE 
DATADYNE 
DATADYNE 
DATADYNE 
DATADYNE 
DATADYNE 
DATAuYNE 

World's Fastest 
Low-Cost 

Digital Printers 
• numeric or alphanumeric, including 

64-character ASCII code. 

• 22 columns or less. 

• 40, 30, 20, or 10 lines per second. 

• all solid state with TTL logic. 

• buffered data inputs . 

• plug-In IC's for quick maintenance. 

• monolithic main casting. 

• programmable ze.ro suppression. 

• programmable column inhibit. 

• programmable format control. 

• external paper advance. 

• out-of-paper indication. 

• ball bearing drum support. 

• mating connector supplied at no 
extra cost. 

• reliable , ribbon-reverse mechanism. 

• only two moving parts per column. 

• small size, light weight. 

• rack or table mounting. 

• maintenance-free operation. 

~ 
DATADVNE 

CORPORATION 
Building 37 A• Valley Forge Center 

King of Prussia, Pa. 19406 

(215) 265-1793 

Circle Reader Service #56 
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3-CONDUCTOR PHONE JACKS 

l!' 

This 3-co ndu cto r mini a ture ph one 
jack mates with minia ture plugs. The 
"U nij ax" se ri es a lso in c lud es 2-co n­
duc to r ty pes . T ermi na ls ca n be bent 
over to provide a ha rd mount on a PC 
boa rd . Switchcraft, 5555 N . Elston 
Ave., C hicago,_ 111. 60630. 

Circle Reader Service #342 

SILI CO N RECTIFIERS 
T ype numbers 4400 1 to 44007, a re 

di ffused-j un ction si licon rect ifiers in an 
ax ia l-lead pl as tic package . Electricall y 
identi ca l t o JED EC T ypes I N4001 -

I N4007, they have vol tage ratin gs of 
50, I 00, 200, 400, 600, 800 and I 000 V, 
and an average forwa rd current ra tin g 
of I A . RCA Solid S ta te Di v., Somer­
vi ll e, N .J . 08876. 

Circle Reader Service #343 

PLATED WIRE EAROM 
The Omn iROM fa mily o f " plug­

compatible" EA ROM S (Electrically Alter­
a ble Read Only Memories) is espe­

cia ll y co nfi g ur ed fo r po pul a r min­
ico mpute rs. Memo ry Sys tems. In c., 
3341 W. El Segundo Bl vd., Hawth orn e, 
Ca li f. 90250. (2 13) 772-4220. 

Circle Reader Service #344 

POWER TRAN SISTORS 

S ix new uh f comm unication power 
t ransistors a re fo r use at 12.5 V and 28 
V a t 400 and 470 MH z. A ll are de­
sig ned with a ballasted emitter fo r ex­
t reme ruggedness under load mismatch . 
Solid State Scien ti fic Inc., Montgo m­
eryv ill e, Pa. 18936. (2 15) 855-8400 . 

Circle Reader Service #345 

SH IELDED IN DUCTOR 
A new shielded in ductor, the " Pee 

Wee Duc tor ," has on ly about Vs th of an 
in . between its leads. L and Q , in rela· 
t ion to volu me, are high. M ini mum Q 
ra nges from 34 to 55 at rf freq uencies. 
Ind ucta nce va lues run from 0. 10 to 1000 
µ H, ± 10%. Essex Electronic Prod ucts/ 
Dar lington Div ., Nytronics , Inc., Dar­
lington, S.C. 29532. 

Circle Reader Service #346 

ACC ELEROMETER 
Series I NA -5 0 piezoelectric acceler­

ometer provides a vo ltage output pro­
po rti o nal to vib ra ti on a nd shoc k in 
ro ugh environments o f dirt , o il , hea t, or 
co ld . It is se lf-a mplify in g a nd com­
pl etely se lf-co nt a ined requiring no a ux­
il ia ry s ig na l co nditi o nin g a mplifi e rs. 
Co lumbi a Research La bs, M ac Dade 
Bl vd . & Sull ens La., W oodl y n, Pa. 
19094. 

Circle Reader Service #347 

16-BIT MINICOMPUTER 
A 16- bit , 800 ns minico mpute r- the 

MODC OMP I- is designed as a ded i­
cated co ntro ller fo r real-time measure­
ment , co nt ro l, a nd co mmunications a p­
plica ti ons. M odul a r Co mputer Syste ms, 

2709 N . Di xie Hwy., Ft. La uderda le, 

Fla. 33308. 
Circle Reader Ser vice #348 

SOLID STATE RELAY 
These co mpute r-co mpatible a ll so lid 

sta te SPST ac re lays ca n sw itch 2, I 0 , 
and 25 A a t 120 a nd 240 Y. Norm ally­
open types, they operate fro m a min. 
1.5 mA , 3 Ydc signa l. C rydom Div ., In­
te rn a t iona l Recti fie r Co rp ., El Seg undo , 
Ca li f. 90245. 

Circle Reader Service #349 

T IME DELAY RELAY 
M odel TDP panel mounted , ss hy­

brid relay is a de lay on ma ke un it. It is 
only 2 in. wide and is rea r moun ted with 
4 sc rews . Vangua rd Relay Co rp., 225 
Cort lan d St. , Li ndenh urst , N. Y. 

Circle Reader Service #350 

PHOTO DARLINGTON 

T ype QS-507 is fo r genera l purpose 
co mput e r a nd in d ustri a l a ppl ica ti ons 
tha t req uire light sensi t ivi t ies 10 to 20 
times th ose of normal ph oto transisto rs. 
It provides light current o f 5.0 mA with 
ir radi ance of on ly 2.0 m W / cm 1. ls sen­
s iti ve to both visi ble and nea r 1- R illu mi­
na ti o n. 45c ( 1,000 q ua n. ). Qu a ntu m 
Se nsin g, In c ., 1650 Loc ust Ave., Bo­
hemia , N.Y . 11 7 16. 

Circle Reader Service #351 
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The new Potter & Brumfield socket 
system with screw terminals gives 
you a whole new world of relays to 
choose from. 

How? 
By converting octal and quick­

disconnect tab termination relays to 
screw terminals. 

Quickly. Simply. 
Our system comes complete 

with mounting channel. 
Brackets . Retainers. 
Spacers. And sockets 
made of virtually inde­
structible Lexan. 

Think of it! 
Now you can use newer, 

sophisticated relays. 

Just as compatible as the ones 
you've been using. And every bit as 
reliable. 

But they cost less. And take up 
less space. 

(You probably can save as much 
as 75 percent of the space you're 
now using.) 

This is just part of what's possible 
with P&B's new socket system. 

To find out more, write or call 
Potter & Brumfield Division, 
AMF Incorporated. Prince­

ton, Indiana 47670, (812) 
385-5251. 
Or talk to your local P&B 

distributor or representative. 

A~F 
POTTER & BRUMFIELD 
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L TEP/\TURE 
Data acquisition system 

A modular data acquisition system 
designed to inter face with most min­
ico mputers is discussed in a short form 
brochure . A general description of the 
system is provided , as are a pplications, 
m odes of o perat ion, and mec ha ni ca l 
and electrical specs . Varadyne Systems, 
10 20 Turnpik e St. , Canton, Mass. 
02021. 

Circle Reader Service #391 

Linear ICs 
Lots of "firsts" are featured in this 

ca tal og from Analog Devices on its 

new family of high performance IC FET 

op amps . The fir st co mplete 1c multi­
plier , th e AD SJO; the first 1c in­
strumentation amp lifi er, the AD520; the 
AD8 IO series mo no lithic du a l npn tran­
sistor; µUAC 1c n / A and A / D conve rter 
building blocks , they' re all included 
with specs provided for each. Analog 
Devices , Route I Ind ustrial Park , Box 
280, Norwood , M ass. 02062. 

Circle Reader Service #392 

TV time and frequency system 
Proposed to distribute acc urate time 

and frequency over the nation 's com­
mercial TV networks, this system is de­
scribed for you in a 12-page bulletin. 
Features of the system you' ll find de­
tailed are the clock-reset pul se circuit , 

...,..._ llMECOOE 
fROM LOCAL STATION 

t
OtGllAl TIME 01'1 COMMAND 

STANDARD OR 

DAYLIGHT SAVINGS 

CD® 

ho urs-minutes-seconds code, precise­
time code, the I- MH z frequency stand­
ard , the a lph anumeric message channel, 
a nd message-processo r control func­
tions. U.S. Department of Commerce, 
National Burea u of Standards, Time & 
Frequency Div. , Bou lder, Co lo. 80302. 

Circle Reader Service #393 

The Nuclear Data processor 
Nuc lear Data invites yo u to com pare 

the features of its new N D8 I 2 min ­
icomp uter with th ose o f other mode ls . 
Lik e price, in str ucti on and a rithmetic 
power, addressing ca pability , ~ o ca pa­
bi lity, an d se rviceabi lity. In th ei r 18-
page cata log th ey give you a n instruc­
tion set for many functions ; they show 
yo u word fo rm a ts; and they incl ude a 
block diagram o f th e computer's logic. 
Nuclear Data Inc., 100 W . Golf Rd ., 
Box 45 1, Palatine , Ill . 60067. 

Circle Reader Service #394 

Product reference guide 
A co mpendium of appli cation s bulle­

tin s describe the versa tility a nd sim­
pli city of putting together a custom ana­
log computationa l sys tem . Vario us sys­
tem s arc discussed with applicati ons fo r 
a variety of industries included . Bell & 
H owe ll Co ., Contro l Products Div ., 706 
Bostwic k Ave., Brid ge p o rt , Co nn . 
06605 . 

Circle Reader Service #395 

Keep within design engineer's reach 

114 

us cc 
Free evaluation samples are available. ----~ 
~ 

U.S. CAPACITOR CORPORATION CENTRALAB Elec~ronics Division • GLOBE-UNION INC. 

2151 N. LINCOLN STREET• BURBANK, CAL IF. 91504 • (213) 843-4222 • TWX: 910-498-2222 

Circle Reader Service #58 THE ELECTRONIC ENGINEER • Sept. 1971 



Interface modules 
This newly formed company already 

has more than 50 functional-circuit 
modules on the market. Designed to in­
terface between realtime, physical proc­
esses and digital equipment, the product 
line incl udes OA CS, ADCS, and in­
strumentation amplifiers . For a full 
package of information , including data 
sheets and pricing, write Cycon, Inc., 
1080E Duane Ave. , Sunnyvale , Calif. 
94086. 

Circle Reader Service #396 

Discretes and I Cs 
Featuring a broad line of FETS and 

1cs, this 16-page catalog puts special 
emphasis on MOS and JFET switches, an­
alog devices, gates , and CMOS multiplex-

800Y 

,j f : SOORCE GATEc 

DRAIN 

Zener gate protection 

ers and switches. Technical data is In­

cluded on digital and linear 1cs, current 
and voltage limiters, and high-frequency 
products. Silicon ix Inc ., 2201 Laurel­
wood Rd ., Santa Clara, Calif. 95054. 

Circle Reader Service #39 7 

Data communications 
A line of standard modems for the 

da ta communications indust ry is th e 
subject of an 8-page brochure . The 
products discussed operate at speeds of 
2000, 2400, 3600, 7200, 9600, and up to 
1 million b/ s. Descriptions and specs 
for multipliers, transmission test equip­
ment, and specialized modems for OEM 

users are included. International Com­
munica tions Corp. , 7620 N .W. 36th 
Ave., Miami , Fla . 33 147. 

Circle Reader Service #398 

Microprogramming handbook 
A 532-page handbook tells you how 

to microprogram, why the concept is ef­
fective-, and when it is most a ppropriate. 
Six sections include a primer with 
glossary on data processing terms, ap­
plications examples, a Micro 800 user's 
manual, a firmware manual , tutorial 
text on syste~ s des ign, and a brief 
product catalog. For your copy, write 
on company letterhead to Microdata 
Corp., 644 E. Young St. , Santa Ana , 
Calif. 92705. 

There are only 
3 GOOD REASONS 
for switching to PAMOTOR 
Optimized FANS . .. 
1 THEY ARE DISTINCTLY SUPERIOR . 

All-metal co nstruction makes them 9 ways better: they won't break , 
crack, burn , warp, or creep; they run cooler and quieter ; they are 
dynamica lly balanced to 5 microinches ; they are se lf-shielding for 
lower magnetic field. They feature the best bearing/lubrication sys­
tem ever used in fans of this. type! 

2 THEY ARE IMMEDIATELY AVAILABLE . 
A million-dollar inventory of all standard types is maintained in 3 
strat egica lly loca ted warehouses , and on distributor 's she lves from 
coast to coast, for immediate delivery in any quantity. 

3 THEY ARE COMPETITIVELY PRICED . 
Select precisely the performance you require , from more than 30 
standard models, and get all-metal quality at plastic fan prices. 

" Mi11i111onster ,, • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Model 7500 6 11 dia. x 2" 
. .. outperforms most 
10 11 and 12 11 fans ! 

Model 4500 • • • • • • • • • • • • • • • • • • • • • 
4-112 11 x 4-112" x 1-112" 
... much quieter, 
significantly higher cooling! 

Model 8500 • • • • • • • • • • • 
3-118" x 3-118" x 1-112" 
... more cooling power, 
less noise! 

FREE APPLICATION AND PRODUCT LITERATURE ! 

Send for six applications monographs (Nos. 7041-46) on "How To Select 
The Optimum Fan For Your Application ," which discuss the six major 
factors involved in cooling system design. Twelve-page Short Form Catalog 
contains performance data and 
mechanical specifications for the 
complete PAMOTOR line. Retro­
fitter Bulletin is a complete guide 
for replacement of plastic and 
plastic/metal fa ns with PAMOTOR 
all-metal fans. 

rm 
9J 

PAMO T OR 
ONE OF THE PURDY GROUP OF COMPANIES 

770 Airport Boulevard, Burlingame, California 94010. (415) 347-1203 

Optimized Cooling Devices for Electronic & Scientific Equipment 
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LITER/\TURE 

Alphanumeric devices 
Alphanumeric tubes and details on 

digital display applications are covered 
in 12-pager ETD-6051. The low cost 
tubes feature low drive and power lev­
els, solid-state compatibility, and rigid 
structure. Basic circuits that can be used 
to operate the alphanumeric tubes in 

Figure 3 display 
display applications are described and 
general characteristics of the tubes are 
provided. Technical data is presented in 
tabular and graphical form and good 
schematics are included . General Elec­
tric Co., 309 Nolan Bldg. , 2100 Gardi­
ner La ., Louisville, Ky. 40205 . 

Circle Reader Service #399 

Semiconductor memories 
Looking for information on memo­

ries? Try this 20-page catalog which de­
scribes 21 silicon-gate and Schottky­
bipolar memories. Highlighted are a 
1024-bit MOS RAM , a 256-bit bipolar 
RAM, a 2048-bit MOS ROM, and a 512-bit 
recirculating register. Also included are 
decoders , drivers, and latches designed 
for use with the memories . The data, ar­
ranged for quick reference, includes ma­
jor specs, block diagrams, timing dia­
grams, pin configurations, and charac­
teristic curves. Intel Corporation, 3065 
Bowers Ave., Santa Clara, Calif. 95051. 

Circle Reader Service #400 

Rotary switches 
In addition to just technical data on 

their products, this 64-page catalog be­
comes a handy reference guide. It dis­
cusses materials, contact resistance, life 
test data, and gives switch mounting de­
tails. Plus it features enlarged product 
photos so you can see details on fea­
tures such as switch assembly , indexing 
and stop controls, the stator, and part 
construction. Options are pictured, too . 
ASM Corp., Box 860, 525 Truck La. , 
Smithfield, N.C. 27577. 

Circle Reader Service #401 

Diode and microwave components 
This 16-page brochure describes rf 

and microwave mixers , detectors, 
switches , attenuators , limiters, multi­
plexers , oscillators, and amplifiers. In­
cluded are components in chip form for 
hybrids , beam-lead and stripline items, 

discrete products, and packaged mod­
ules. Organized from the circuit design­
er's point of view, the brochure lists 
components first by primary product 
line (rf and microwave conversion and 
switching, rf and microwave control, 
multiplication and pulse generation, 
etc.) , then by application. Inquiries 
Manager, Hewlett-Packard Co., 1601 
California Ave ., Palo Alto, Calif. 
94304. 

Circle Reader Service f/402 

1971 electronic components 
This huge catalog (over 400 pages) is 

packed with specs, schematics, photos, 
dimensional drawings, and data charts 
for literally hundreds of products. To 
name a few , you'll find resistors , varis­
tors, thermistors , hybrid thick-film 1cs, 

REED FIL TEA 

,---, 

lrr1 
Application of reed filter in oscillator 

capacitors , piezoelectric ceramic com­
ponents, tuners , switches, inductors, af 
transformers, speakers, and custom 
printed-wiring boards . For your copy 
write on company letterhead to Matsu­
shita Electric Corp., Pan Am Bldg., 200 
Park Ave., New York , N.Y. 10017. 

Self scan subsystems 
" Self-Scan TM Panel Display Subsys­

tems - Theory of Operation ," an 18-
page application note , provides Bur­
rough 's subsystem users with the details 
necessary to incorporate the system into 
new or existing display devices. The 
subsystem's theory of operation in­
cludes interfacing timing and pin-out 
data, operating sequences, and loading 
requirement s. Mechanical character­

istics showing outline dimensions of as­
semblies and connectors are included as 
are mounting provisions. Burroughs 
Corp ., Electronic Components Div ., 
Plainfield , N.J. 07061. 
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Market data for 1970 
You wouldn't guess from reading the 

E IA's Electronic Market Data Book 
(with info through 1970) that the in­
dustry went (and still may be going) 
through a recession . It calls 1970 the 
"electronic industry 's second highest 
sales yea r at $24.3 billion, " without 
mentioning that this is the first time in 
20 years that sales have declined. If you 
want to draw your own conclusions , 
however, this is a valuable data refer­
ence. The Electronic Industries Associ­
ation , 200 1 Eye St. N.W. , Washington , 

D.C., sells it for $15 . 

Active filters 
A new supply of a popular booklet is 

now avai lable. "Universal Active Fil­
ter- Theory and Application," outlines 
the operating characteristics and per­
formance advantages of active filters. 
(The company's product is a multiloop 
feedback structure that synthesizes a 
second-order transfer characteristic .) 
The 54-page book has extensive infor­
mati on on the use of such filters in telem­
etry system s, avionics gea r, vocoders, 
touch-tone equipment, etc . Two appen­
dices review network synthesis and 
graphically describe a number of com­
mon transfer functions. Kinetic Tech­
nology, Inc., 3393 De La Cruz Blvd. , 
Santa Clara, Calif. 95050. 
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Analog/ digital / analog conversion 
A new short form catalog summa­

rizes a line of A, D A conversion , signal 
condi tioning, and digital display prod­
ucts . Basic specs and descriptive data on 
card-mounted and modular devices , 
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I 
I 

I 

:HOLD I 
FOLL~_I 

I 
I 
I 
I 
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SAMPLE 
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HOLD 

AN250·01~ 

HOLD ANALOG 
SIGNAL 

ADC 
AN2212 } 

DIGITAL 
VALUE 
FROM 
TIME T 

po wer supplies, digital pa nel meters, 
and displays are included in the 16-pa­
ger , as is a list of available technical lit­
erature and application data . Analogic , 
Audubon Rd ., Wakefield , Mass. 01880. 

Circle Reader Service #405 

THE ELECTRONIC ENGINEER • Sept. 1971 

I 

Suppose you have to connect up to 20 lines to, say, 20 other 
lines and you want to reserve all your options about the 
kinds of connections-diodes, wires, resistors, even lamps, 
if you feel exotic urges ... and why not? 

Now suppose you want to provide this 20 x 20 "matricity" 
in a totally uncommitted fashion, at moderate cost, in about 
9 square inches, on the front panel, where it has to be neat, 
and ought to be good-looking. 

And suppose that you don't have the years it takes to design 
a dependable and attractive matrix board ... because, per­
haps, you have more important challenges to meet. 

Then we think you should call Interswitch. Because you 
know the score and you're playing to win. And because 
Interswitch has met the challenges-from 2 x 2 to hundreds 
by hundreds. Have we made our point? It's your move. 

TWO GREAT NEW CATALOGS 
await you-one on our thumbwheel 

switches (including five new 
styles!), and one on our matrix 

boards and programming panels. 
Free, from any INTERSWITCH 

rep or distributor, or from us. 

II • IN I 1 I E I R I s lwl 1 I 1 I c I" II 
the company that concentrates on improving 

the man/ machine interface 

770 Airport Boulevard, ( 415) 347-8217 
Burlingame, California 94010 

ONE OF THE PURDY GROUP OF COMPANIES 
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LITERl\TURE 
PC contacts and terminals 

Ya.ricon™ contacts and how they are 
staked and dip-soldered to PC boards 
are discussed in this 12-page catalog. 
Contact variations for parallel, per­
pendicular, or tandem PC board connec­
tions are illustrated . Because the con­
tacts for these connection systems are 
standard, the cost of special connector 
designs is eliminated. Elco Corp., Wil­
low Grove, Pa. 19090. 
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Optoelectronic components 
Here's an information package useful 

to anyone working with LEDs and solid­
state displays . The manufacturer has 
put together a complete set of data 
sheets, an OEM price list , and several ap­
plication notes . The package also in­
cludes a cross-reference guide correlat­
ing this manufacturer' s displays to those 
made by others. The displays are seven­
segmen t , GaAsP alphanumeric in­
dicators, while the discrete emitters are 
for visible-red and IR applications. Lit­
ronix, Inc ., 19000 Homestead Rd ., Yall­
co Park , Cupertino, Calif. 95014. 
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HOT LINE! 
THE HOTWATT® LINE OF PRECISION 
HEATERS IS HERE! . .. Delivering clean, 
fast, concentrated heat . . . (max. 
surface temp. up to 1250°F). 

Precision Cartridge Heaters: 
Standard, Superwatt®, Square, 
Rectangular and Miniature .. . 
all in a variety of stock sizes, 
shapes and lengths. The 
Hotwatt Hot Line of Heaters 
also include: Mica Band and 
Strip, Superstrip, Immersion, 
Air & Gas, Flexible 
Glasrope®, and 
Ceramic. 

FREE CATALOGS 
All the facts. 

HOTWATT, INC. 128 MAPLE STREET 
DANVERS, MASSACHUSETTS 01923 

Digital computer 
Designed for a wide range of small 

computer applications, the 21 OOA fea­
tures extended arithmetic instructions, 
power fail interrupt with automatic re­
start, memory parity check with inter­
rupt, and memory protect. This 16-page 
booklet discusses its simple but func­
tional design, peripherals, input / output 
interface, operating systems and soft­
ware modules, and provides an instruc­
tion repertoire. Hewlett-Packard , 1501 
Page Mill Rd., Palo Alto, Calif. 94304. 
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Switches and termination hardware 
Here 's a 90-page catalog packed with 

information on electronic switches and 
termination hardware. The first few 
pages are devoted to engineering data 
and are followed by sections on push 
button switches, hardware , and rotary 
switches. Factor charts, diagrams, and 
outlined techincal data provide you 
with all the information you need to 
choose the switch best suited to your ap­
plication. Grayhill Inc. , 561 Hillgrove 
Ave., Box 373, La Grange, Ill. 60525 . 

Circle Reader Service #409 

Process instrumentation publication 
Foxboro has recently issued a revised 

edition of its annotated bibliography of 
article reprints, textbooks , and engi­
neering aids, most of which are avail­
able without charge. The 24-page book­
let covers publications in the process 
control, analog instrumentation , com­
puter control, and pollution control 
fields. Foxboro Co., Dept. 120, Fox­
boro, Mass . 02035. 
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Electronic instruments 
This 60-page catalog gives you com­

plete details on a wide variety of in­
strumentation. Divided into three sec­
tions, yo u will find the largest portion 
devoted to Monsanto's very broad 
range of counter-timers. But there is 
also a generous amount of information 
on their line of signal sources as well as 
auxiliary equipment. This section in­
cludes such instruments as DVMS, DI A 

converters , digital printers, and the like . 
Monsanto Electronic Instruments, 620 
Passa ic Ave. , West Caldwell, N.J. 
07006. 
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INTLR lfJ ION/\L GORN 
New semiconductors 

A 12-page catalog brings you up to 
date on semico nductors. It gives you 
technical data and application informa­
tion . Outstanding features of the vari­
ous models are listed separately, and de­
ta iled data sheets fo r each ty pe are 
ava ilable upon request. Photos, charts, 
and diagra ms a re included . AEG-Tele­
funken, Fachbereich Halbleiter, D 7 1 
Heilbronn , Postfach 1042, Germany . 
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Video display terminal 
Here is a video display terminal with 

comprehensive editing facilities that en­
able off-li ne ed iting of messages before 

trans mission to th e compu ter. It 's al­
ready fo und a proposed application in 
helping the British police forces fight 
crime. The computer network system 
makes in fo rm at ion available within sec­
onds of asking the computer. SE Labo­
ratories Ltd ., Feltham, Middlesex , Eng­
land. 
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Digital BCD encoder 
Since the switching ci rcuits in this 

digital BCD encoder are conta ined within 
th e encoder , you get a much more clear­
ly reproduced signal. Another advan­

tage of this instrument is its backlash­

free coupling . A corrugated expansion 
joint absorbs a ll displacement and en­
sures error-free transmission. J ena Op­
tical Works, DDR 69 Jena, Carl-Zeiss­
Strasse 1, Germany. 
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Data processing 

In a standa rd configuration this sys­
tem includes a Laben 70 co mputer (with 
8k memory , 16- input analog miltiplex­
er, and built-in AID converter), a tele­

type machine, and an oscilloscope dis­
play unit. The standard configuration 
may be extended with the addition of 4k 
memory increments up to 32k. You can 
get co mputer programs for on-line data 
processing operations called RASP (ran­
dom ana log signal processor). Monte­
del, Laben Div ., Via E. Bassini, 15 , 
20 133 Milano, Italy. 
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Static shift registers 
This si licon gate 100/ 128-bit sta tic 

shift register operates within the fre­
quency range of 0 to > 3 MHz. All in­
puts and outputs are TTL compatible 
and the register operates on standard 
voltage levels. Registers may be oper­
ated sequentiall y to provide a single 
200/256-bit fun ction. The device is 
available in a T0-5 package . GEC 
Semiconductors Ltd ., Freebournes Rd ., 
Witham Essex, England. 
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Solid state displays 
Here is a solid-state numeric display 

that ca n be custom designed to yo ur re­
quirements both in terms of numerals 
di splayed a nd of packaging. Each nu­
meral is a 7-segment mono li thic displ ay 
affixed directly to a master PC board for 
compact size. Numerals also come indi­
vid ua lly in a fl at-pack configuration for 
PC mounting. Bowmar Canada Ltd., 
1257 Algo ma Rd ., Ottawa 15, Ontario , 
Canada. 
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When the heat's on ••. 

Mix and match mini switches. 
More power to the PC. 

Graybill mini PC rotary 30°, 36°, 45° or 60° angle 
and push button switches of throw, 2 to 12 positions 
were designed especially per pole, 1 to 4 poles per 
to fit into a PC Board - deck, 1 to 12 decks. 
saving time and errors in P u s h B u t t o n P C 
wiring. Switches: Rated % amp 

NEW! 1 Amp Rotary: -115 VAC resistive, 2 cir-
U ntil now, the upper cuits (one NC, one NO) . 
limits for PC multi-deck Like to know more? 
rotary switches was % Write or phone for our 
amp. Get the 1 amp latest general engineer-
Series 42P with all ten ing catalog . Graybill , 
terminals on one side Inc., 543 Hillgrove Ave., 
(with two decks) or with La Grange, Ill. 60525 , 
five terminals on two (312) 354-1040. 
sides (one deck). Life G h .11 expectancy : 100.000 oper- ray I 
ating cycles. 

Other Mini Rotary PC ... the Difference B etween 
Switches available with Excellent and Adequate 
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Varglas "500" performs! 

-

The flexible silicone resin sleeving on spools, 
in coils, in 36" lengths or shorter pieces. 

Varglas Sil icone Resin "500" Sleeving is flexible in a 
range - 70° to +500°F. Will not crack or check. Meets 
gove rnm ent spec. MIL-1-3190, (Class H, 200°C.) .010" 
1.0. to 3" l.D. available . Up to 7000 volts dielectric 
strength. Bri 11 iant, non-fading colors. Radiation-resistant. 
Dependable, fast delivery. v. 
Varglas "500" is one of many ~~I.-_, 
sleevings by Varflex. Cal l on ~ 
our engineers for modification CORP. 
or development to meet new 
requirements. 
Send for FREE Test Samples. 

506 W. Court St . 
Rome, N.Y. 13440 
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I'll te11y~u . thing-
we're really out to get tlie modules 

(even our own). 
Our family of linear IC FET op 
amps is definitely not going to 
market as just another low 
priced substitute for something­
or-other. Instead they're going as 
highest pe1formance, in many 
cases unique, circuits. Some of 
them are so good they're replac­
ing some of our discrete modules. 
Other IC's simply can't compete. 

Look at the AD-S06: Internally 
compensated; max 10 IOpA ; 
max v"' (internally laser-

t1i mmed) Im Y; guaranteed Y 0 , 

drift 2SuV/°C; min gain SOK; 
typical slew rate SY/usec. 

And the AD-S 16: Single capaci­
tor externally compensated; slew 
rate to 20Y /usec; settling time 
3usec to 0.1%; SM Hz gain 
bandwidth ; (with feed-forward 
compensation: slew rate to 
SOY /usec, gain bandwidth to 
30MHz): max lb 20pA ; max Y,,,, 
(internally laser-t1immed) Im Y. 

There are seven FET op amps in 
the basic family, all high per­
formance, all functionally com­
plete with little or no need for 
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outboard components. all manu­
factured and tested under our 
complete control using the most 
advanced techniques and equip­
ment. Sarne is true of our other 
new IC's: multipliers. converters, 
instrumentation amplifiers, and 
dual transistors. 

Get our 20-page facilities bro­
chure and detailed catalog of 
products, free for the a<>king. 
Analog Devices. Inc., Norwood, 
Mass. 02062 (617) 329-4700. 

r.ANALOG 
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I 
Cut the Size of Yourl I 
Power Supply in Half with Fast, High-Voltage 

I Transistors from RCA. 

Conventional 5 V, 25 A Supply 

I 
I 
I 
I 

• 

TRANSISTOR 
TYPE 

40850 
40851 
40852 
40853 
40854 

POWER SUPPLY 
OUTPUT (W) 

125 
250 
250 
500 

1000 

New 5 V, 50 A Supply 

ncn 
For details and application note, write: RCA, Commercial Engineering, Section 591 / UT23, Harrison, N.J. 07029 
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