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There's $100, 3Y2 -digit DVM in your future-
IC advances pull down digital voltmeter prices. 

What can a distributor do for you lately? 
His special services can save your $$$. 

Data Communications feature: 

How a digital radio can lengthen your µ.wave hops. 



Crystalonics 
solid state relays 
in a TV studio? 
That's right. 
The best doesn't cost 
any more anymore. 
Our TV studio customers formerly used reed relays to 
switch video signals from various cameras during recording 
sessions. The reed relays weren't fast enough to operate 
during the blanking times, so dead spots and image 
carry-over resulted. Our solid state relays switch video 

signals 1000 times faster than the reed relays, as well as 
adding solid state reliability at comparable cost. 

Crystalonics solid state relays are also upping 
performance and holding the line on costs in process 
controls, telephone multiplexers, automatic testers, 
oceanographic research equipment, programmed lighting 
controls, input/ output multiplexers for computers, 
medical electronic equipment, music synthesizers, and 
audio recording studios. 

Let our applications engineers help you to apply today's 
solid state technology to your needs. Crystalonics' 13 years 
of technological leadership in solid state switches, fotofets, 
and varactors is available now, off the shelf, and the best 
doesn't cost any more anymore. 

Send now for information on our solid state relays to 
Teledyne Crystalonics • 14 7 Sherman Street· Cambridge, 
Mass. 02140 ·Telephone: 617-491-1670 . 

._~TELEDYNE 

CRYSTALONICS 
CRYSTALONICS SALES REPS AND AGENTS 
U.S. & CANADA: (201) 835-0332 / (203) 932-5656 I (205) 883-0140 / (206) 454-7422 
(213) 466-6201 / (213) 469-5871 I (214) 231-6891 I (216) 221-0450 I (219) 485-0805 
(301) 823-3603 / (303) 771-4920 I (305) 622-1383 I (312) 359-9599 I (314) 542-3657 
(315l 458-4775 I (319) 363-6425 I <415) 964-5454 I (505) 268-0928 I (513) 299-4144 
(514) 684-7755 I (516) 593-2628 I (602) 273-7387 I (609) 983-6660 I (612) 488-0201 
(617) 731-0858 / (716) 342-1413 
OVERSEAS: AUSTRALIA - 790-22846 / BELGIUM - 846-21169 
DENMARK - 855-5052 I ENGLAND - 851-23894 I FINLAND - 857-121676 
FRANCE - 842-62193 I GERMANY - 841-524506 I HOLLAND - 844-54512 
ITALY - 843-34424 / JAPAN - 781-4419 / NORWAY - 856-18625 
SWEDEN - 854-10338 I SWITZERLAND - 845-52042 
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WE'VE GOT THE 

FOR YOUR APPLICATION ... in all shapes, sizes, and 
timing ranges. Time Delay Relays with slow operate or 
slow release and time repeat accuracy to ± 1 %. At 
Magnecraft we take great pride in the broad line of Time 
Delay Relays available from stock for immediate delivery 
and even more on special order. 
Solid State Hybrid , Solid State-Static Output, Air Dash­
pot, Copper Slug are some of the types to name just a 
few. Features such as plug-in , surface mount, printed 
circuit, screw terminals, solder terminals, quick connect 
terminals, panel mount, power switching , remote pot, 
knob adjust, screwdriver adjust, alien head adjust, open 
type, dust covered , hermetically sealed , economy, man­
ually actuated , multiple contacts, auxiliary output, ex­
tended voltage, special purpose . . . the list is almost 
endless. 
Maybe you don 't need contacts rated to 100 amperes or 
timing repeatability to ± 1 % but we have them available 
just in case. That's where a broad line can save you 
money, you don 't have to take more than you need. We 
have just the one to fit your needs ... and if we don 't , 
we 'll make it. 

~ag.n.eci:rart'°eLECTRIC COMPANY 
5575 NORTH LY NCH AVEN UE • CHICAGO . ILU NO IS 60630 • 312 • 282 5500 • TWX 910 221 5221 
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FREE! 
TIME DELAY 

RELAY 
HANDBOOK 

Do you know how to properly specify a time delay relay? 
We have a dandy 92-page handbook that can help you. 
It describes applications you 've never thought of. It 
offers suggestions on how to specify, testing procedures, 
comparisons of one type to another, principles of opera­
tion , and a glossary of terms. This is yours for the asking . 
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_ 22 trims,44 cuts, 5 seconds. 

The circuit : a linear amplifier produced by 
RCA's Solid State Division, 

Mountaintop, Pa. 11 resistors are double­
cut , 11 are L-cut. All trims are to 1% of 

nominal value or ratio. Throughput: better 
than 700 an hour. System datalogs before 

and after resistance values and 
deviations from nominal. 

In laser trimming, you 
expect things to happen fast. 
But the Teradyne Laser 
Adjust System is fast fast. 

Its unique beam deflec­
tor can move a laser beam 
from any location on a 2 x 2 
substrate to any other in 
30 milliseconds. 

Its automatic handler 
indexes in less than 500 
milliseconds. 

Put it all together and 
you get the kind of produc­
tivity you need to stay cost­
competitive in today's fast­
moving hybrid business. 

You also get the ability to 
make the kinds of cuts you 
need to produce high-quality 
resistors ... double cuts, 
scanning cuts, serpentine 
cuts ... in no more time than 
other sysh~ms take for com­
promise trims. 

And that's not all. Indus­
try's fastest laser trimmer is 
backed up by industry's 
most complete hardware 
and software for computer­
controlled functional trim­
ming. A trim station can be 
supplied, for example, as 
part of Teradyne's new J271 
Analog Circuit Test System, 
for the active trimming of 
hybrid audio or rf circuits. 

Learn more. Write 
Teradyne, 183 Essex St., 
Boston, Mass. 02111. 

Circle Reader Service #3 THE ELECTRONI C ENGINEER • June 1972 

/, !f 
/ 

/ t 



' 

5 Editorial 
10 Up to Date 
19 The Profit Center 
27 Packaging Course 
54 New Directions 
63 Microworld Feature 

DC·l Data Communications 
DC-5 Data Communications 

Feature 
DC-10 Data Communications 

Applications 
DC-14 Data Communications 

Products 
DC-18 Data Communications 

News 
90 New Product Feature 
92 Systems Prod ucts 
99 Circuit Products 

107 Lab Products 
108 Lit 
118 Samples 
120 Advertising Index 

THE 
ELECJTRJ\JG 

EIVINEER 
June 1972 Vol. 31 No. 6 

Cover. " Why should I dea l with a distr ibuto r ? They may be fi ne 
when you 're in the prototype stage. but what ca n they 

do for you when you 're in pre-production and production? " That 's 
not an unusua l at t it ude, we found, with some of the engineers we talked 

to research this art ic le on what dist rib utors have to offe r electronic 
engineers . Yet according to some major d ist r ibutors . such as Seymour Schweber. 
Hamilton/ Avnet, Crame r. Kie ru lff, Jaco, and ot hers. a knowledgeable distribu t ing 

organization can offer such services as programming ROMs. assembling switches. 
select ing resistors. and vi rtu ally become part of t he manu facturing process . 

For what distr ibutors can do to save you money and t ime. tu rn to p. 54. (Photo: A. Socolovsky) 

19 MONOLITHICS SHRINK DVM PRICES Stephen A. Thompson 
First. calculators. and soon. digital voltmeters and panel meters-the modularization of in­

st rument design will soon lead to a 3 V2-digit DVM fo r a $100. However . it's not that easy. Here are 

the design and marketing pitfa ll s that cou ld hinder this exploding marketplace. 

27 PACKAGING WITH INTEGRATED CIRCUITS COURSE-PART 4 
After all the hardware. sockets. pins and connectors are in place , and the !Cs have been soldered 

or plugged in. how do you interconnect the !Cs or PC mod ules they're mounted in? Your choice 

can be either Wire-Wrap®, Termi-Point®. pr inted wiring, or lnfobond®. 

• Think before wiring Gerald L. Ginsberg. Philco-Ford Corp. 

• Carrying current by bus Dan LeVantine. Bussco Engineering Inc. 

• Back-panel wiring-interconnection sans solder Dick Hunter. EECo. 

• Who should wire your back panels? Chester N. Kowal. Bunker Ramo Corp. 

• Back-panel wiring takes a wrap Dan. P. Brouwer, William H. Long, and Paul A. Yarbro ugh, 

Gardner-Denver Co. 

• Strip, clip, and wire in one operation Ed Whi teman. AMP Inc. 

54 DISTRIBUTORS-WHO NEEDS THEM? Deborah Wilk ins 
Modern dist r ibutors have not made a $1 bil l ion a year business simply by supplying onesies and 

twosies for a few prototypes. What's made them grow-service-and what it ca n mean to you is 

spelled out in this in-depth look at distributors from the engineer's viewpoint. 

60 CHARTING LOGIC ICS FOR SPEED/POWER Arthur J. Boy le 
What's the best digital IC for your applications? This guide, which plots average power dis­

sipation against typical propagation delay. makes that an easier question to answer. In addition. 

we ana lyze the prospects for the three top technologies : TTL. ECL. and CMOS. 

DATA COMMUNICATIONS fo llowing page 68 

DC-5 DIGITAL MICROWAVE RADIO SHORTENS THE MILES Wal ter Gill 
Spanning the miles like a modern-day version of seven -league boots, digital microwave radio of­

fers an economical method of transmi tt ing PCM voice and digital data hundreds of miles without 

excessive jitter. Check out this fresh approach to digital modulation and T-carrier. 

DC-12 WAVEFORM GENERATOR CREATES FSK AND PSK SIGNALS J. Shales 

Here's a simple ci rcuit that allows you to frequency shift and phase shift signals. 
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KEPCO TALKS 
POWER SUPPLY 
TECHNOLOGY: 

THE LINEAR REGULATOR 
Heat Removal vs. Dissipation Limiting vs. Derating 
To make a voltage or current oblivious to the effects of 
variou s bad influences, like a changing source , or a load 
that can't make up its mind, you have to either throw 
away a lot of energy in a continuous or linear regulator 
or resort to some pretty fancy swi\ching to hold down 
the dissipation . 

Dissipation-limiting by switching action, whether it be 
primary or secondary, SCR o r transistor , at the source 
frequency or higher , buffered or not , permits a given size 
box to regulate more power than it would linearly - but 
does so at the expense of: I . Circuit complexity ; 
2. Slowed transient recovery ; 3. Impaired program­
ming speed and an unfortunate tendency to generate 
unwanted noise . 

If the performance of your power supply is more im­
portant to you than efficiency, a linear regulator is the 
best bet. But , a linear regula tor has to get rid of an awful 
lot of unwanted energy to do its job. 

Getting this heat out , without baking everything crisply, 
is a major aspect of power supply design. There are 
several a pp roaches. 

I. Require the use of an external " heat sink." 
2. Specify that a certain volume of air be moved past 

a radiator. 
3. Derate the power supply as a function of tem­

perature . 

All of these fa ll into the category of " let the customer 
worry about it." 

THIS PATENTED KEPCO HEAT REMOVER BEATS OTHER SO·CALLED HEAT SINKS 
BY 500%+ MEASURED IN TERMS OF TEMPERATURE RISE PER WATT DISSIPATED. 

Fortunately , there is a fourth approach: Provide a 
built-in heat sink with its OWN SOURCE OF MOVING 
AIR right inside the box. This is the Kepco approach. 
Our object is to exhaust the waste heat of a linear regu­
lator before it can raise the temperature inside the box 
an d cook it s guts! ' 

Doing this we avoid the complexity , no ise , slow response 
and unreliability of switching and accept the responsi­
bility for proper thermal design ourse lves, leaving you 
only the pleasure of using our power supply , not the 
burden of finishing its thermal design. 

Check our Catalog B- 703 for hundreds of completely 
designed power supplies that' ll operate to 71 °C without 
deratings while they regulate linearly. 

Write Dept . DN - 19 

KEPCO, INC. • 131 ·38 SANFORD AVENUE• FLUSHING, N.Y. 11352 
(212) 461-7000 •TWX # 710-582-2631 
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EDlCP/\L 
God is systems engineering 
And systems are just as hard to define . 

.. Your job is changing." 
You've hea rd t hat before. 
" We 're moving away from circuits, and into systems." 
While that is commonly offered as the reason for the cha nge, it doesn' t 
rea ll y explain it. Besides, yo u've heard it before, too . 

Yet yo u can't brush the transiti on off just beca use there seems to be no 
sa ti sfa ctory- a ll-enco mpass ing, excepti on-proof- ex pl a na tion. The change is 
there, all around yo u, and it will affect yo ur job, whether yo u find the reason 
or not. During the pas t five yea rs, we've analyzed thi s evolution severa l times 
in thi s magazine. And we have seen s imil a r, o r different a na lyses with s imil a r 
conclusions, by many industry leaders. Let 's summarize our brea kd own here. 

In the 1950's, the world of the electronic e ngineer revo lved around the design 
o f circuit s. At th a t time, the electronics field looked like thi s: 

19SS 95% 5% 
MATERIALS-~-EV-~ ---Js"'lk 

Manufacturers o f components (resistors, ca pacito rs, vacuum tubes a nd , la te r 
in the 50's , transis tors) bought materials to ma ke them, and so ld their 
co mponents to circuit designers. These were electronic engineers trained in 
active circuit s analysis, networ k sy nthesis , eq ui va lent ci rcuits and pole-zero 
pl ots. The main activity of these engineers, circuit des ign with di sc rete 
components, was the most importa nt item involved in producing a piece of 
electronic equipment. Based on the industry sa les vo lum e back in , say , 1955, 
($6 billi on) a nd the number of engineers who applied their kn owledge to 
crea tive ass ignments in the design and production of e lectronic equipment 
(about 60,000), we estimate tha t 95 % of the wages they co ll ected were paid for 
circuit design. Again , at tha t time, th a t a mounted to a cool $6 million, o r I% 
of the sa les volume. 

By the mid-60's , although integrated circui ts had revolutionized the field in 
technology, the effect was no t yet felt in des ign fun ct ions, nor in a ll ocation o f 
wages . Since JCs a re reall y circuits m anufactured as compone nts, the cha nge 
in structure looked like thi s: 

T he cri es th a t the IC manufacturers were go ing to put a ll c ircuit designers and 
hence, at tha t time, most des igners, out of business, were st ill premature. In 
1965 , however, semico nductor manufacturers were a lready employing many 
EEs to design their 1cs, and the EEs who remained in the design of electronic 
equipment slowly lea rned to cons ider JCS as functional, rather than circuit , 
components . In ot her wo rds, they started to design subsys tems, moving 
thereby close r to the end use r of their eq uipment. 
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How the little ch ips have changed the big ones. 

The trend has continued , in larger proportions and with more evident results , 
with the semiconductor manufacturers almost continuously introducing 
increasingly more complex- medium-scale and large-scale- integrated 
circuits. Based on a study we have recently conducted among our readers, we 
estimate that, of all the wages paid to EEs for creating electronic equipment, 
the percentage paid for designing circuits with discrete components has gone 
down from the 95 % of 1955 to about 18%. Where's the rest? Watch this: More 
than 30% goes for putting together subsystems with 1c s, mostly MSI and LSI, 

while about 40% is paid for systems design , using such "components" as 
digital instruments and minicomputers . Graphically , it looks like this : 

lf/72 18% 
MATEl?IAlS .-~-- c'""tR<-'C=l/._IT.~3' 

~~ 
~ 1oro 40t: 
@!IJ~~--EV-t~ 

18~ 

But, what does it mean to your job? 
The difficulty , of course , is in defining the word , system . As a friend of ours 
says: "It 's so encompassing, that you get the feeling God is systems 
engineering. While the definition depends on your religious denomination , it's 
awfully broad and hard to define." To understand systems requires a pretty 
broad look not just at your specific assignment , but at the requirements of the 
cu~tomer who will use your product, and the capabilities of your suppliers. 

It means that you must constantly look at your customer's products, 
understand the problems they face in competing in their markets, and smooth 
them out by designing products that not only interface well with your 
objectives yet do not tax their expertise. It means that you must take just as 
hard a look at your suppliers, and use them to free you, and the engineering 
talent in your company, for what you and they do best. 

Think of the implications . This may mean that a power supply manufacturer 
such as Lambda was smart in offering hybrid supplies which free their 
customer from the task of designing power sources. It may also mean that 
Lambda would have been better advised to let a manufacturer of power 
semiconductors and hybrid circuits , such as Motorola, make those hybrids , 
instead of manufacturing them themselves . It may mean that minicomputer 
manufacturers, such as Digital Equipment Corporation and Data General, are 
looking ahead when they offer computers which interface directly with test 
equipment or with data communications equipment , but that may be ill­
advised in making their own power supplies. And it may mean that 
instrumentation systems houses such as Foxboro, Hewlett Packard, and 
Teradyne are right in offering computerized test systems to their customers, 
but that they should buy- rather than make- the minicomputers which run 
those systems. 

How do you decide what the systems approach means to you and your 
company? The decisions, as you can guess from the examples, involve both 
technical and economic factors. For us , it means providing you with 
information on technical and economic factors which will help you arrive at a 
sensible decision . That's why you see in these pages not only technical 
discussions , but also their price tags . That ' s why you see not only information 
on your colleagues ' problems and how they solved them, but also on the 
markets of your users and the capabilities of your suppliers. After all, we too 
believe in systems engineering. 

At~-lv SefJeo/011.r~ 
Editor f 
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Optimized high performance microcircuits. 
Our 1300 Series. A complete family of op amps 

designed to give you the edge on price and performance. 
For all critical circuit applications, just plug one in for 

superior precision. Long-term reliability. Instant circuit improve­
ment. Without a lot of hassle. 

The right 1300 in the right place has already saved 
many a design. 

And there's one to meet every need. 
The Model 1319 for high performance and low drift. 

The Model 1321 is wideband. The Model 1322 offers a high slew 
rate. The Model 1323 for low power, yet still wideband applica­
tions. The Model 1339, ideal where low cost versatility is essential. 

Best of all, every Philbrick optimized microcircuit can 
be selected for even higher guaranteed performance. 

Ask your local Philbrick representative for complete 
details. Or write, Teledyne Philbrick, Allied Drive at Route 128, 
Dedham, Massachusetts 02026. For toll-free ready data dial 
(800) 225-7883. In Massachusetts ( 617) 329-1600. 

Philbrick Operational Amplifiers. 
Tlie good ones. 
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Our new Isoplanar-made 95410 is the first 256-bit 
ECL RAM: Twice the capacity at little more than 
half the cost of any other ECL memory. 
Here it is: A fully decoded 256 x 1 bit Easy ECL 
read/ write RAM. A high-speed, low-power, low­
cost answer to your memory problems. No more 
compromising your ECL system for lack of 
speed/ cost compatible memory functions. 

95410: 256-bit high speed ECL RAM 

Here's what you get: 

- 25 ns typical read access time. 
- 7 ns typical chip select access time. 
- 2m W / bit power dissipation. 
- Wire-OR able outputs. 
- 16-pin hermetic dual in-line package. 
- Corner power pins. 
- Logic levels fully compatible with 9500, 95100 

and other ECL families. 

Most important, the 95410 now gives you a 
256-bit RAM for any scratchpad, control or buffer 
memory application in any ECL system - without 
any interfacing circuitry. And at higher speed than 
functionally equivalent TTL devices. You save 
time and money no matter how you figure it: per-

. bit, per-component, or per-system. As a result you 
can build ECL systems that are more than twice 
as fast as TTL. This is of critical importance in 
new-generation peripheral controllers, mini­
computers and large EDP systems. 

Isoplanar did it 

As we noted last Fall when we announced our 256-bit 
93410, fastest TTL RAM, and first isoplanar production 
IC made, our isoplanar process is here to stay. Fairchild 
isoplanar technology greatly reduces the cost and 
improves the reproducibility of high speed bipolar 
memories. It also improves speed/ power performance 
by reducing parasitic capacitance. 

With isoplanar you get: More function for your dollar 
than with conventional bipolar devices. Near MOS 
density with bipolar speed. Wide choice of speed/ power 
trade-offs in both ECL and TTL families. 

9500-Compatible 

The new 95410 is fully compatible with all the 
other members of the Fairchild series 9500 and 
95100 ECL compensated devices, certainly the most 
comprehensive and easy-to-use ECL family on 
the market today. 
95410 is available now in production quantities from 
your friendly Fairchild distributor at these prices. 

1-24 25-99 100-999 
$46.80 $43.10 $37.50 

TIME IN ns 

0 20 40 60 80 100 120 140 160 180 200 

ECL AND 95410 
A B C D E F 

?\~ ?\DU 
10 35 10 20 10 15 

5-TTL AND 93410 

l\\\\\\~_a___.l\\\\\\~-o~l\\\~\O 
25 50 25 40 25 30 

A - ADDRESS COUNTER B - MEMORY READ ACCESS TIME C - REGISTER 
D - 16-BIT ADD E - REGISTER F - MEMORYWRITE TIME 

COMPARISON OF ECL AND TTL READ-MODIFY-WRITE 
SYSTEM PERFORMANCE 

These timing diagrams compare the worst case component 
delays through the critical timing paths of comparable ECL 
and TTL read-modify-write memory cycles. 

Note that the ECL system is twice the speed of the TTL 
design. In practice ECL will show further improvement due 
to superior high frequency interconnection characteristics. 
Generally a more complex multiphase clock scheme will be 
used to provide further 50 % improvement in performance. 

As shown in the ECL system above, 9500 MSI functions 
are used in association with the 95410 ECL memory. 
In the TTL system, Schottky TTL/ MSI is used together 
with our 93410 Isoplanar RAM. At 50 ns (max.) the 93410 
is the fastest 256-bit TTL/ RAM in production today. 

FAIRCHILD SEMICONDUCTOR, A Division of Fairchild Camera & Instrument Corp., 464 Ellis St., Mountain View, Ca. 94040. { 415) 962-5011. TWX : 910-379-6435 
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UPD-D\TE 
The Wiegand Effect 

With a pplication s in everything fr o m 
light switc hes to a utomobil e ignition 
systems, the Wiega nd Effect is the capa­
bility of a ferrom agnetic mate rial to 
recogni ze an inherent rapid switching o f 
th e magneti za tion when subjected to an 
applied magnetic field. 

At present , the Effect is being dem o n­
strated in a ferrom agnetic wire (mag­
netic field sensor) with the cha nge in 
magneti zation sensed by a read head 
(pu lse generator). This is believed to be 
the o nl y known magnetic pulse gener­
ator un a ffected by rate . Output pulse is 
charac terized by a pu lse width of abo ut 
I o-,s, signa l ratios in th e a rea of 40 dB , 

and minimum volt age outputs o f 50-250 
mY . 

.L .L 
WIEGAND EfffCT 11 TY"CAl M-H CURVE 

Application s of the bi-directi onal bi­
po la r device in a ut o mobil e ignition sys­
tem s are inevitabl e since. un a ffected by 
ra te , the pulse will be generated no m at­
te r how s lo wl y th e di s tribut or shaft 
turns . And since the pulse ca n be gener­
a ted over a tempera ture range of - 95 
to + 300°F, an engine should provide 
greater efficie ncy and pe rform a nce. 

The sol id -state device o ffers a poten­
tial soluti on to th e permanent dat a sto r­
age card problem . M ade with discrete 
wires and laminated plast ic, essential in ­
formation wo uld be coded into the wire . 
In serti ng the ca rd in a readin g device, 
th e reader wou ld se nse the m agneti c 
pul se generated by the passage o f the 
wire , a nd tran s fer the information to a 
viewing screen o r a pr inter. 

Still other a pplicatio ns include shift 
registers, m agnetic field sensors, ther­
mostat controls , key boa rds, a nd m ag­
netica ll y operated devices. M o re det a il s 
o n the Wiega nd Effect a re ava il a bl e 
fr o m ComGencral Cor p., 45 18 Tayl ors­
vill e , Rd ., Dayto n, O hi o 45424 . 

Circle Reader Service #299 
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Storing images 
In a new type o f cera mic im agi ng de­

vice, ca lled Cera mpic, im ages a re stored 
by exposure to light in mu ch th e sa me 
way as ph otographic film is ex posed . 
But unlike ph o tographic film , Cera mpi c 
pictures need no developing, may be 
erased and reused at will, and may be 
rev iewed directl y or projec ted on to a n­
other s urface. 

This nexibility implies a potential ap­
plication in ge nerating images from ra ­
di o o r telepho ne signa ls. Facs imil es of 
docum ents, ph otos, or diagra ms, gener­
a ted in onl y second s, could be in spected 
before permanent co pies are made . Also 
anticipated arc applications in o ptica l 
informat ion storage a nd processing sys­
tem s, shutte rs , opti ca l memories, and 
page co mposers fo r hologra phic mem o­
ries . 

The prototype Cera mpic consists of a 
thin electro-optic cera mic plate coa ted 
on one s ur face with photoconductive 
fi lm . On the o ther la rge sur face, as well 
as o n the ph otoconductive film , trans­
parent e lect rodes a re depos ited . 

The image is stored by ex posi ng it on 
th e fi lm whi le applying a vo lt age to the 
e lectrodes. Th e image may be ex posed 
by illumin a tin g it th ro ug h a photo­
gra phic nega ti ve, or by sca nning it with 
a n intensity-modulated light beam. Ex­
posi ng a grea t number of minute a reas 
of the ceramic to varying e lec trica l 
fie lds result s in a microscopic mosa ic o f 
shades o f grey, seen by th e human eye 
as a pos itive im age. 

Cera mpic was developed by Sandia 
L abo r a t o ri es, A lb uquerque , N.M. 
87 111 5. 

Circle Reader Service #300 

FORTRAN math 
If yo u use a n IBM System/ 370, Sys­

tem / 360, an I 130, or an 1800, there 's a 
series of m o re than 180 ma thematical 
subroutines, in FORTRAN source form, 
that yo u can use with yon sys tem . Th e 
ne w program ser ies, called SL- M ATH 

(Sub routine Library-Mathematics) wil l 
so lve th e m a them at ica l proble ms in ap­
plications des igned fo r te leprocessing, 
timesh a ring , a nd batch processing. 

Th e SL-MATH routines cover s uc h 
prob le ms as e lementary array o per­
a ti ons , so luti ons to linear eq ua tions, o p­
t im iz a t ion, differentiati o n a nd in­
tegrati on, a nd interpol atio n, to name a 
few. M ore co mplex probl e m s m ay re­
quire th e use of a co mbinati on o f rou­
tines. 

Wh a teve r the problem , s t a nd ard 
Subroutine CALL state me nt s select th e 
required ro utine . No input / o utput s ta te­
ments a re necessary- -in a ll routines the 
user speci fi es the input / o utput ca pabi l­
it y and d a t a m a nipulati o n required . 
And advanced num erica l a na lys is tech­
niqu es ca n be in corpora ted into app li ­
cation programs. 

Details o f the SL-MATH program ro u­
tines a re ava il a ble from the I BM Da ta 
Process ing Div ., 11 33 Westchester Ave ., 
Whit e Pl ai ns, N .Y. 10604. 

Circle Reader Service #301 

Photodiode array 
A new addition to system s techn o logy 

for bus in ess mach in es is a 16-bit MOS/ 

LSI photod iode shift register that aver­
ages lig ht intens ity levels ranging from 
0 . 1to25 mW/ cm 2 a nd provides a dig it ­
al output. Applications include credit 
ca rd a nd price tag reading , co mbining 

electronic cash registers with we ighing 
scales , measu rin g pa per thickness, a nd 
mo nito ring co nditi o ns o f m as ters and 
ex posures in copiers. 

The a rr ay, interfac in g di g it a l elec ­
t ro nics with optica l pat te rn ge nerato rs, 
co nt ains ph o todi odes, detecto rs, sa mpl e 
gates , timing c ircuits, a nd stat ic shift 
registers . All a re mounted in a n 8- lead 
T0-5 hermetic package wi th a tran s­
pa rent top . 

The diodes in th e a rray eva lu a te the 
light patterns durin g a n integra ti on peri­

od . This is adjusted for each g iven light 
level until an equiv a lent " ! " o r "O" is 
parallel-shifted into the reg ister. Output 
d ata is then held in th e shift register 
until c loc ked o ut o nt o a single lin e. 

N or th American Roc kwe ll Micro­
electronics Co., Box 3669, 3430 Mira­
lom a A ve ., Ana heim , Ca li f. 92803. 

Circle Reader Service #302 
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Give our CHIP capacitor 
customers something 

to cheer about. 
DIP, 
CHI~ 

ARRAY 

STANDARD DISCRETES AVAILABLE AS FOLLOWS: 
And you'll cheer too, when you learn how inexpensively 
you can have custom designed chip arrays to meet your 
specific application requirements. AVX can provide proto­
type quantities for your evaluation using standard chips 
mounted in preformed packages. 

AVX TYPE 
CAP. RANGE IN PF - 50 voe TEMP. CHAR. 

Or, for production quantities, we can fabricate the entire 
capacitor array as a single monolithic structure with multi­
ple lead connections to the lead frame giving you higher 
component density and greater reliability at low, low cost. 
In al:ldition, we offer interconnect, crossover, resistance 
network capabilities, both thick film and thin film. 

Looking for reliable assistance in designing your multiple 
capacitor arrays? Cheer up, call or write Aerovox today for 
answers that will put a smile on your face and save you 
money in the bargain. 

EIA STYLE 

ULA-11 

0805 

ULA-70 

1805 

ULA-78 

1808 

ULA-60 

2225 

L w 

.085 .060 
-- --

.065 .040 

.180 ,070 -- --

.160 .050 

.190 .090 -- --

.170 .070 

.230 .255 -- --

.210 .235 

T NPO X7F 

.050 120 820 
-- to lo 
.020 560 2,200 

.060 330 2,700 -- to to 

.020 1,800 6,800 

.060 560 4,700 -- to to 

.020 3,900 15,000 

.060 2,700 22,000 -- to to 

.020 15,000 56,000 

/;..\vh:<Aerovox· 
AEROVOX CORPORATION, ' NEW BEDFORD. MA SSACHUSETTS 02741 • TEL. 617-994-9661 
PLANTS JN, NEW BEDFORD, MA., OLEAN & FRANKlJNVllLE, N.Y., MYRTtE BEACH, S.C. AND HAMILTON, ONT., CANADA 
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X7R zsu 

5,600 10,000 
to to 

15,000 47,000 

18,000 22,000 
to to 

47,000 .15 µ1 

33,000 47,000 
to to 

.10 µ1 .27 µI 

.15 µ1 .47 µI 
to to 

.47 µI 1.5µ1 
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For complete details, or to enter your order, contact 
your local Bourns distributor, a Bourns sales office, 
representative or the factory-direct. 

BOURNS, INC., TRIMPOT PRODUCTS DIVISION • 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507 
BOURNS DISTRIBUTORS -

ALABAMA / Cramer/ E. W. ARIZONA / Kierulff Elect. CALIFORNIA / Westates Elect. Corp. • Hamilton Electro Sales • Liberty Electronics • Elmar 
Elec. Inc. • Hamilton / Avnet • Electronic Supply Corp. • Western Radio COLORADO / Hamilton / Avnet • Kierulff CONNECTICUT/Conn. Electro 
Sales • Cramer Elect. Inc. FLORIDA/ Cramer/ E. W. • Hamilton / Avnet • Hammond Elect. Inc. GEORGIA/ Jackson Elect. Co. ILLINOIS/ Allied Elect. 
Corp. • Newark Elect. Corp. • Hamilton / Avnet INDIANA/ Ft. Wayne Elect. Supply Inc. • Graham Elect. Supply Inc. KANSAS / Hall-Mark Elect. Inc. 
LOUISIANA/ Southern Rad io Supply Inc. MARYLAND / Cramer/ E. W. • Pioneer/ Washington Elect. Inc. MASSACHUSETTS / Electrical Supply Corp. 
• Cramer Elect. Inc. MICHIGAN / Harvey-Mic higan MINNESOTA/ Lew Bonn Co. • Hamilton / Avnet MISSISSIPPI / Ell ington Electronic Supply, Inc. 
MISSOURI/Hamilton / Avnet • Hall-Mark Electronics Corp. NEW JERSEY/ General Radio Supply Co. • Hamilton / Avnet • Eastern Radio Corp. NEW 
MEXICO/ Electronic Parts Co. NEW YORK / Standard Electronics Inc. • Cramer/ Binghamton • Cramer/ Esco • Cramer/ Eastern • Ham i lton / Avnet 
• Federal Elect. Inc. • Schweber Electronics • Harvey Radio Co. NORTH CAROLINA/ Cramer/ E. W. OHIO / Hughes-Peters, Inc. • Pioneer OKLA­
HOMA/ Hall-Mark Elect. PENNSYLVANIA/ Pyttronics • Powell Elect. • Cameradio Co. RHODE ISLAND/ Wm . Dandreta Co. TEXAS / Hall-Mark Elect. 
Co. • Hamilton / Avnet • Harrison Equip'! Co. UTAH / Cramer WASHINGTON / Liberty Elect. WISCONSIN / Taylor Electric Co. CANADA/Varatronics 
• Cesco Elect. • Zentronics Ltd. · 
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UPD-CJ\TE 
Decision day in Dall as .. . The long-awaited decision on a 
standard ECL line has been made by Texas Instruments. 
The recognized leader in TTL will attempt to muscle into 
the ECL market with a line of devices that are not onl y pin­
co mpatibl e with M otoro la 's 10,000 line, but also include 
on-chip temperature co mpensat ion (as Fairchild's 9500 
ECL does). Initi a ll y, Tl will introduce a tota l of 16 circuits, 
including so me MSI functions. Notable a mong the MSI list 
is the 10, l 8 l arithmetic logic unit. Pl ans call fo r an addi­
tiona l 13 new product announcements before the end of 
1972. 

Circle Reader Service #303 

Mo t oro la 's mon o lit hic mod e m ... M otoro la Semi ­
conductor is just about finishing up development on a 
monolithic 103-type m odem . Formal introduction of th e 
unit is ex pected so metime in early August. 

Circle Reader Service #304 

Plugging credit card leaks ... During the month of March, 
Data Source Corp . credit card termin als processed 7 1,235 
transactions, picking up 1,543 bad cards. In a ra ndom 
sample of 40 cards, 15 charges were for $3 or less, sugges t­
ing that credit cont ro l can on ly be achieved with a zero 
do ll a r n oo r limit. This new terminal , combining both auto­
matic credit veri fi cation and sales ticket imprinting, mak es 
it possible to enforce a zero limit on each credit card trans­
action. The M odel 2 10 I is speci fica lly designed for gas sta­
tions a nd high volume retail outlets. 

Circle Reader Service #305 

Solid state sales top $1.1 billion in 1971 ... According to 
the EIA 's M arketin g Services Dept. , U.S. fac tory sales of 
solid-s tate products totaled more th an $I. I billion in 1971. 
Although this marks a decline fr om the $1 .2 billion total 
reached in 1970, the 1c mark et showed an increase in sales 
of a lm ost 20%. 

Computers get the bugs out of the beetle .. . More th an 60 
separate tes ts can be made on the Volkswagen beetl e with 
the Compute ri zed Self-Analysis System VW dealers will 
be using la ter this year . Pluggi ng into a factory-installed 
socket in every 1972 YW, the electronic check-up system 
will measure front wheel a lignment, ignition perform ance, 
engine com pression, battery voltage, and many other con­
diti ons in a matter of seconds. The computer then prints 
out an ana lysis on a high-speed printer , enabling the deale r 
to compare these readings with stand ard values fo r neces­
sary repa irs. 

Electronics in military contracts ... In March, contracts 
for electronic equipm ent and systems were issued by the 
Dept. of Defense as fo ll ows: Ai r Force, $67 million ; Army, 
$308 million; and N avy, $102 million . Areas receiving sub­
stantial funds were weapons systems ($296 million) , elec­
tronic equip men t in aircraft ($33 milli on), and computers 
and com puter-related equ ipment ($28 million) . It's est i­
mated that approximately 60% of a $558 million contract 
for the SAM-D weapons system awarded to Raytheon Co. 
by the Army will go for electronics. Also in March , the 
N avy awarded over $17 million to S perry Rand Corp . for 
computers, comp uter programs, and peripheral equ ipment. 
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looking for a .... 

LOW COST 
HIGH QUALITY 
POPULAR SIZE 
...• ceramic capacitor? 

Well, l~ok toward USCC/ Centralab. 

Our Mono-Kap™, a radiaf lead, epoxy coated 
monolithic ce ramic capac'tor couldJ>e the 
answer. They're available in six sizes from 
.1 00 x .1 00 to .500 x .500 in NPO, WSR, Z5U 
and Y5V di elect rics. Capacitance val ues 
range from 4.7pF o 1 OMfd in 50, 100 and 
200 voe ratings . 

USCC/ Centralab has d~veloped highly auto­
mated ass b ly techniques for Mono-Kap 
apd our other ceramic capacitor products ­
from raw materials to chip capacitors to 
leaded capacitors with no sacrifice to quality. 
All this makes possible the fastest d~livery in 
the industry on the wide variety of USCC com­
ponents. Ask us we 'll give you our best. 

U.S. CAPACITOR 
CORPORATION 

For FREE Mono-Kap evalua­
tion samples, write on com­
pany letter-head to USCC/ 
Centra lab, 215 1 N . Lincol n 
Street, Bu)bank, California 

1 91504 . ·F0r ' complete techni­
cal data on Mono-Kap, and a 
FR EE copy of ou r Cerami c 
Capacitor Catalog, circle the 
information retrieva l number 
below. 

CENTAALAB 

Electronics Division • GLOBE-UNION INC. 

Circle Reader Service #9 
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Have you been using Ferrite Pot Cores? 

SWITCH TO THE 
NEW FERROXCUBE 
RM CORE-
FOR BIG SAVINGS! 
Typical Savings: 40% in Mounting Space 40% in Assembly Labor 30% in Parts Inventory! 

FERROXCUBE'S new RM cores are smaller 
in everything except performance . 

If you're already using pot cores, we don't 
have to sell you on the merits of the Ferrite 
Core Experience .* 

In fact, if you use 18-mm or 26-mm pot 
cores, we should have no trouble selling you 
on our new RM cores, either . You stand to 
gain a lot, and there's no way you can lose. 

TAKE SIZE: our RM6 core is equivalent to 
an 1811 standard pot core in performance, 
yet it occupies an area only 0 .6" square -
including connection terminals and mounting 
clips - as shown on this standard 0.1" 
punched PC card you get 18-mm pot.core 
capability in 14-mm space - up to 400 
cores per square foot! 

0 HOLES FOR PINS OF CLIP 

6-PIN 

• 
Our RMS core gives you a similar gain : 26-mm 
core performance in 18-mm core area, or 
225 cores per square foot. 

TAKE CONSTRUCTION: note the classic 
simplicity of the RM design -essentially a 
ferrite cube with two notched-out corners . 
A reinforced polyester bobbin, single- or 
double-section already equipped with 4 or 
6 P.C. terminal pins, carries the windings . 
The windings are protected from mechanical 
damage, and thoroughly shielded , virtually 
eliminating coupling and interference pickup . 
Unlike those on po-t cores, the bobbin ex­
tensions for the terminal pins lie within the 
limits of the RM cubical outline, enabling 
maximum packing density to be achieved 
when required. Yet even when mounted 
side by side in both coordinates, in the 
densest possible array , crosstalk and inter­
ference are negligible. 

TAKE ASSEMBLY: this little 
clip is the only hardware you 
need to assemble and mount 
an RM core . The wound bobbin 
is placed in the bottom core 
half, the top core half is placed 
in position, and two of these 
clips are snapped into place at 
opposite corners . That 's all -
you're ready to install. If 
you 're accustomed to the pot ­
core's assortment of hardware 
- cans, pressure springs, spac­
ers, terminal plates, etc., you'll 
see why users report savings of 
30% to 55% in assembly time 
- and fewer rejects, too! The rectangular 
profile to the RM core really simplifies auto­
mated assembly, too. 

AND DON'T FORGET MATERIAL 
HANDLING: the simplest pot core assembly 
includes at least seven separate items . The 
RM core cuts this to five . Fewer - and 
simpler - parts to buy, to handle, to stock. 
From purchase-order processing , through 
receiving and stocking, all the way to filling 
production bins , you save more on the RM 
core. 

BUT NO CHANGE IN PERFORMANCE: 
you get all of the advantages of the ferrite 
pot core : choice of formulations ; choice of 
ungapped, fixed -gap , or adjustable-gap types ; 
smooth, precise tuning of inductance to 
±0.1 % in adjustable models ; Ferroxcube's 
justly famous high uniformity and repeat­
ability; and instant availability, in any 
quantity, at Ferroxcube Stocking Centers all 
over the country (see list below). Get a few 
samples, today - and start saving. 

* If you have somehow managed to escape 
exposure to the Ferrite Core Experience, 
don't waste a minute more of your pro­
fessional existence - use the Reader Service 
Card to get your personal copy of the 

32-page "Linear Ferrite 
Magnetic Design Manual " 
... everything you need 
to know for efficient de­
sign of all kinds of in­
ductors and transform­
ers in the unfettered 
ferrite domai n . 

~M FERROXCUB:. ,~,~!!'ORATION /SAUGERTIES, N. Y. 
North American Philips Electronic Component Corporation 

NORTH AMERICAN PHILIPS 
t.t f,f.f, 

Phoenix, Ariz., Shephard Components, (6021 934-0425; Burbank , C31if., NAPE CC, (2 13) 849-6631 ; San Diego, Calif ., NAPE CC, (7 14) 453-9250; Santa Oara, Calif .• NAPECC, (408) 249-1134; Denver, Colo., NAPE CC, (303) 922-8434; Shelton, Conn., 
Comark Assoc., (203) 929-4884; Fort Lauderdale, Fla ., NAPE CC, (3051 772-2840; Maitland, Fla., Hutto-Hawkins-Peregoy, (305) 831 -2474; Northlake, UL, NAPE CC, (312) 562-1060; Fort Wayne, Ind ., Need ler Sales Co., (219) 447-2 123; Shawnee Mission, 
Kans., Thomas & Modricin Assoc., (913) 432-2131 ; Chalmette, U ., Cartwri!,tlt & Sean, (504) 279-4598; Needham Heights, Mass., NAPECC, (617) 449-1406; Minneapolis, Minn ., Siedare Assoc., (612) 533-2294; Endicott, N. Y., Tech-Mark Inc., (607) 
748-7473; Hempstead , N. Y., Kahgan Sales Corp., (516) 538-2300; Woodstock, N. Y., Elna Ferrite Labol'atories, Inc., (914) 246-5861; Winston Salem, N. C., NAPECC, (919) 924- 1480; Columbus, Ohio, Tom Mulligan & Assoc., (810) 482 -1893; Tulsa, 
~~;-~hi~:·e\~~!0~26!~~!'. ~~;(~~\a.4~;:s~~f.ern Components, (215) 927-6262; Dallas, Tex ., NAPECC, 1214) 691 ·2141 ; Richmond , Va., NAPECC, (703) 282-65 15; Bellevue, Wash ., Western Technical Sales, (2061 454-3906; Toronto, Ontario, 
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UPD -D\TE 

Modem operates at gigabit rate ... Operating at a data 
rate of 1 Gbit / s, a qu adra-phase-shift keying modem sys­
tem was demonstrated to Lockheed Research Labs repre­
sentatives by Radiation Systems, a division of Harris In­
tertype Corp. The modem approaches theoretical perform­
ance and is designed to interface with rf equipment at an 
L-band i-f frequency. Lockheed plans to use the equipment 
in a laser sate llite data link system. 

Circle R eader S ervice #306 

Tl adds the calculator ... Continuing their effort to get 
more value added into the products they sell , Texas In­
struments is entering th e calculat or market. First pl ans a re 
for a hand-held four function unit, a lth ough Tl is a lso 
looking into more elabora te desk-top models. The first 
machines will feature MOS chips from the Tl operation in 
Houston, LED readou ts from the opto group, and a key­
board from Tl in Attleboro , Mass . 

Circle Reader Service #307 

Already a price war in ECL? .. . Motorola has cut prices 
an average of 15% on its M ECL 10,000 line of emitter­
coupled logic 1cs, a move anticipated after both Signetics 
and National Semiconductor decided to second-source the 
lin e. At the same time , Motorola is introducing a line o f 
faster ( 1.5 ns) ECL 1cs, called the M ECL I 0,200, with the 

same power dissipation as the 10,000 line which has a 
propagation delay of 2 ns . 

For informati on on MECL 10,000 
Circle Reader Service #308 

For information on MECL 10,200 
Circle Reader Service #309 

Schottky diodes shine above 100 kHz . .. According to 
Alan J . Carlan, Manager of Product Development at In­
ternational Rect ifier , Schottky diodes can be used "to im­
prove efficiency dramaticall y in low vo ltage power supply 
systems , particularly at high frequencies." He indicates that 
Schottky power diodes exhibit negligible power losses over 
I 00 kHz, unlike conventional p-n junction diodes in which 
losses increase with frequency. Carlan attributes the im­
proved efficiency in power supplies to the diodes ' excellent 
high frequency characteristics , low forward voltage drop, 
and reduced switching losses. 

Communications technology to improve rural life .. . Dr . 
Peter C. Goldmark, president of Goldmark Communica­
tions Corp., spoke at a National Science Conference , pro­
m oting his New Rural Society concept as an answer to the 
outmigration of people from rural to urban areas . The 
concept holds that co mmunications systems such as cable 
TV, facsimile and broadband communications channels will 
attract people to rural areas by offering the employment 
and economic opportunities they now find in urban areas. 
" The imag inative use of existing communications can help 
to co rrec t the imbalance caused by 90% of our people liv­
ing on less than 10% of the land, " Gold mark claims. The 
concept is now being implemented in rural Windham 
County , Conn. (See The Electronic Engineer, J an. 1972, 
pp. DC-4 to DC-9 .) 
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146 MONO-KAP 
TM 

Monolithic capacitor values 

NOW IMMEDIATELY 
AVAILABLE 
FROM YOUR 
CENTRALAB 
DISTRIBUTOR 
The superior reliability of Centralab MONO­
KAP capacitors has already been tested 
and proven. Now they're, available, for the 
first time, from Centralab Distributors. That 
means the same tested and proven local 
service you've come to expect on other 
Centralab components. 

Let your distributor prove his rel iability 
for immediate delivery of the most complete 
range of radial lead, epoxy-coated mono­
lithic capacitor values in the industry. You 
can rely upon his complete stock for the 
prototype or small produ,ction quantities you 
need. Let your distributor prove how fast and 
how well he can handle your requirements. 

Remember, he also stocks a complete line 
of Centralab ceramic disc capacitors as well 
as other highly reliable special purpose ce­
ramic capacitors. You can depend on him for 
feed-thru, variable tr immer and transmitti ng 
types plus a wide range of polystyrenes and 
miniature electrolytics. Check your require­
ments, then call your Centralab Distributor. 
He has just the right capacitors ou need. 
Immediately! 

Need complete Mono-Kap technical data 
and the, name of your closest distributor? 
Write -Centralab ,Distributor Prdducts, Dept. 
MK-1. 

DISTRIBUTOR PRODUCTS ......... ....... 
·-· ~ 

CENTRALAB 
Electron ics Division 
GLOBE-UNION INC. 

57 57 NORTH GREEN BAY AVENUE 
MILWAUKEE, WISCONSIN 53201 

Circle Reader Service "' 11 
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These new additions, 
Duals 
5&10APNPs 
20ANPNs ... 
New Dual 10A NPN Power Darlingtons give you twice as much 
in a single package. And double the space efficiency. They're 
ideal for full wave bridge applications such as stepper motor 
drivers and converters and desirable as print hammer, servo, 
relay and lamp drivers, and linear amplifiers. They provide 
inherently higher reliability through the use of monolithic planar 
Darlington chips. 

The completely new PNP line beginning with SA and 10A 
devices and the 20A NPN additions provide design advantages 
through unsurpassed performance in saturation voltage, 
current gain, compact packaging and voltage ratings. It adds 
up. We'll continue to give you more in Darlingtons because our 
capabilities are still growing. 

For oomplete specifications and prices, call Sales Engineering 
collect at {617) 926-0404 Unitrode Corporation. Dept. 6W, 
580 Pleasant Street Watertown, Mass. 02172 



... 

tt-LINE 
POWER DARLINGTONS 

add to our unequaled 
Darlington capability. 

Circle Reader Service #12 
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At /JJst! The Digital Profit Makers! 
They 're " Money Makers" -

First-class appearance will sell your product, so 
we designed the NEW 4000 series digital panel 
meters with big, bright, solid displays that are 
" No . 1" in national user-preference surveys . 

Included is a regulating AC power supply that 
completely blocks out line transients up to 
400 volts peak-to-peak I No more jumpy 
readings to make you wonder "-what was that?" 

And extra-low input bias current keeps 
readings accurate and super-stable, even at 
the highest operating temperatures. 

Give your panel the quality look . 
Your customers will recognize it ­
and buy it, too! 

and " Money Savers," too! 

We designed the 4000 series to protect you 
against profit-robbing failures . 

The displays are more reliable (and more readable) 
because there are no "loose" elements inside . 

High quality components, superior workmanship , 
and wide-safety-margin designs combine to 
reduce failures, too . 

We're so sure we have the answer, 
we've extended our WARRANTY for ONE FU LL YEA R ! 

It won't take you that long to find out how 
much money you're saving with the 4000 series 
on your panel. 

Don't be fooled by low price tags! This time, 
buy quality and reliability right from the start! 

If you hava anything left from your last panel meter purchase, give us a call. 
If you don't have anything left, call our sales department collect. (71 4 ) 546-7160, ext. 567. 

We'll understand . That's w hy we built a total ly new kind of DPM -

" the Digital Profit Makers" 

Circle Reader Service #13 

Data Technology 
C o r poration 
2700 Sou th F a irv1 p w R o ad 
SantaAna Caldorn1a 92704 
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THE PROFIT GENTER 

MONOLITHICS 
shrink DVM prices 

As manufacturers turn to ICs, the $100 
multimeter becomes a question of when, not if. 

Stephen A. Thompson, Western Editor-Los Angeles 

Ask a DVM manufacturer about the possibility of 
buying a 31/2 digit multimeter for $100 in two years 
and the odds are that you will get a 15-second pause. 
He may become skeptical, alter the time scale, or 
question the quality, but he won't reject the idea 
completely. 

Why? Because there's a clear trend to modu­
larization of digital voltmeters (ovMs) and digital 
panel meters (DPMs) into five or six components, just 
as happened with calculators, with similar effects on 
price . There are, however, two complicating factors 
in the DVM case. First, there are significantly lower 
volume involved with DVMs than with calculators, 
Second , a DVM also has an analog portion, unlike the 
purely digital calculator, so it probably will require 
two chips instead of one. 

The differences between system- and bench- ori­
ented DVMS are becoming even more apparent. Sys­
tem types have graduated from event monitoring to 
controlling a function via BCD outputs . People are 
still willing to pay for specs and market fragmenta­
tion prevails. 

On the other hand, bench and panel meters are in 
a price war where economically accomplishing a 
measurement is more important than accuracy. To 
sense the heat of the battle. you must realize that 
unit sales are expanding at about 20% per year. Un­
happily for manufacturers , price erosion may out­
strip unit sa les and total dollar volume may actua lly 
decline . 

Durin g the coming fall. the latest free-for-all 
should be well underway. Dana and HP are making 
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some moves right now, and there is a lot of noise be­
hind closed doors at Fluke, Systron-Donner, and 
Data Precision. There are rumors of new 3 112 digit 
multimeters around $200 and 4 1/2 digit units ap­
proaching $300. 

Components make the meter 
The cost of 1cs strongly influences DVM prices. 

Looking ahead, Don Kesner, Systems Applications 
Manager at Motorola, says, "We're in phase I, 
where the digital end becomes one chip. Most im­
portant houses are funding custom MOS contracts 
with large semiconductor houses to accomplish ex­
actly that. Phase 2 is about two yea rs away. It will 
include a monolithic analog front end and a low-cost 
display in a minimum-labor package . If DVM manu­
facturers would standardize rather than buy custom 
chips, every home experimenter could have a 3 1/2 

digit DVM from Radio Shack for $29." 
Volume is a key factor according to Don. Al­

though today 's digital chip takes only half the area of 
high-volume calculator chips, it costs the same. To 

The digital multimeter/counter concept was pioneered by 
California Instruments. This 4 V2 digit. autoranging unit fea­
tures 17 ranges of dcV. acV. ohms. and frequency and an 
LED display. Model 8421 . $895. 
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That's right ... We designed our Model 
4700 DMM with total measurement ca­
pability in one box (no options to add) 
... and it sells for only $985. 

When you consider 5-DC, 4-AC, and 6-kn 
ranges; your choice of manual ranging or 
complete autoranging; 100% overranging ; 
isolated BCD and Programming; and front 
panel remote override ... you've got to 
admit that's a lot. But that is only part of the 
capabil ity. 

Behind the front panel you get ±0.01 % ac­
curacy when measuring DC and Ohms, and 
±0.1 % in AC. Outstanding resolution is also 
built-in to further extend measurement 
accuracy ... and to maintain it you need 
calibrate the 4700 on only a 90-day cycle. 

We even went further by putting in a wide 
operational band for AC measurements 
(from 40 Hz to 100 kHz) , and backed up 
reliability with plug in IC's and solid state 
fully isolated digital output and remote 
programming. 

Instrument operating specifications are available in the 
4700 Data Sheet. Why not get a copy ... or better still 
call up for an on-the-spot demonstration. 

IDIRln lRI 
When Test and M easurement Count 

Dana Laboratories, Inc. 
2401 Campus Drive, Irvine 

California 92664 (714) 833-1234 

DIGITAL VOLTMETERS • ELECTRONIC COU N TERS • FREQUENCY SYNTHESIZERS • DATA A MPLIFIERS 



cover a $25-50,000 development cost to get digital 
chips for $10, you need an order for about 10,000 
chips and a total contract price around $100,000. 
The trouble is, few independent companies can order 
more than 10,000 units to get a better price break . 

"The basic de voltage analog section costs another 
$10-12 for parts and assembly, not including rang­
ing," continues Kesner. "Motorola has the design 
for a monolithic analog circuit that should cost be­
low $3.50 in volume. In two years, the cost of the 
digital chip should be $5.50 and the display near 
$2.00. If all three break through simultaneously, to­
day's basic large volume component cost should 
drop from $25-30 down to $11-12, exclusive of case 
and switches. A manufacturer will buy two chips and 
a display, make two or three adjustments, and ship 
operating units." 

Weston's Product Marketing Manager for Digital 
Instruments , Jack Stegegna thinks two years is too 
soon for the complete change to phase 2. "Prices for 
full digital multimeters (DMMs) are dropping at 15-
25 % per year, and will continue until they get below 
$100. The $100. 3 112 digit DMM is unquestionably on 
the way, possibly in five years, depending on what 
the 1c people do. Volume is the problem . Once, cal­
culators are behind us, DYM volume will become sig­
nificant and price breakthrough will start with the 
best-selling units. " 

Digitizing is duck soup 
The digital portion on a chip is a foregone con­

clusion for instrument and semiconductor people­
alike. The three best known commercial approxima­
tions are the Fairchild 3814 used in Dana 's new 
4300, 4 112 digit DMM; Mostek's 5002 in Weston's new 
4440. 3 1/2 digit DMM: and AMl's Sl907 in Digilin's 
new 4352, 3 1/ 2 digit DPM . 

Tim Trueblood. a Fairchild MOS 1.s1 engineer, ad­
mits that calling the 3814 a DYM on a chip is optimis­
tic . "It contains virtually all of the logic, but does 
not touch the analog problem. It also stops at out­
putting multiplexed BCD information, which must be 
decoded . The bipolar compatible output, however, 
does give the user any display option , up to 4.4 dig­
its." The 3814 costs $20 in 100 quantity, while the 
3815 is a new 5-decade version for the same price. 

Mostek developed its 5002 for Weston and the 
chips delivered to Weston can sense polarity and 
dual slope threshold crossing, and drive 3 1/ 2 strobed 
digits . These special functions are aluminized over in 
commercial models of the circuit. The 5002 is in a 
28-pin package incorporating the basic counter and 
latch controls, and both 7-segment and BCD outputs. 
Low voltage decoding is not an advantage to users 
with high voltage gas discharge displays , so a 5007 
version comes in a 16-pin DIP with BCD output onl y. 
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The '02s are $19 in 100 quantity: '07s are $13. 
The AMI Sl907 is built to Digilin specs. It counts 

decodes, and directly drives AMI's liquid crystal 
(Le) displays, which Digilin also uses in its new 
DPMs. In quantities of 100 the Sl907 is $14 each, and 
\00 3 112 digit renective or transmissive LC displays 
are $18 each. 

Digital is science; analog is art 
Glenn Patterson, Fluke's Product Manager for 

voltmeters, sums up prevailing opinion. "The analog 
end is fertile ground to plough." However, opinions 
differ sharply about if, or when, an analog front end 
will ever be put onto a chip. Digilin 's President , E. 
B. "Rick" Hibbs, is bullish. "We're working very 
hard with several people, but have not committed to 
a circuit yet. A 3 1/2 digit front end is possible in 
three months. The six-month probability is very 
high, and I would guess the far limit is about nine." 

Tony Schiavo. Dana's Product Line Manager, 
points out that an analog chip for a very low-per­
formance 3-digit multimeter is one thing , " How­
ever," says Schiavo, "a DYM manufacturer prides 
himself on his analog capability to measure rms ac, 
low level voltage. and ohms . Not onl y is the problem 
itself fairly difficult, the various options make most 
designs low-volume propositions . The problem will 
probably be solved with discretes for some time." 

Product Engineer Ken Jessen , of Hewlett-Pack ­
ard, agrees that discretes are still cheaper. "You 
may see an 1.s1 amplifier / attenuator combination , 
but I do not look for ac, de , and ohms together on 
one chip for a while . Even though de volts is prac­
tical, it is not yet economical." 

(Continued on next page ) 

The fi rst DVM with a l iquid crystal display is Dig ilin 's 3 1 2 dig­
it 4352 panel meter. It uses AMl's display and Sl907 co unt­
er/ display c ircuit. The tota l power drai n is less than 1/2 W . 
Cost is $85 in 100 quantity. Di gilin offers a 60-page '" DPM 
Handbook " covering what DVMs are. which specs are impor ­
tant . types of A/ D conve rsio n. and many appli ca ti ons. Th e 
handbook is free to th ose wh o send detail s of th eir ;i ppl1 -
ca t ion, or ca n be purchased for $3. 
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Pick an A/D technique 
What 's the best , analog-to-digital technique de­

pends on whom yo u ask. Weston invented dual slope 
integration (os1) and thinks it is a basic circuit, as 
simple as any, and presents no problems . Fairchild, 
Mostek , HP, and Systron-Donner like it too. 

Jerry Hartman , Product Manager for Systron­
Donner, likes DSI for technical and cost reasons. 
Looking at the industrial market with its inherently 
high noise levels on power lines and radiated through 
the air, os1's inherent noise-cancellation looks good, 
and economical. Another observer indicated that DSI 
takes ca re of potential MOS inadequacies . It does not 
req uire long-ter m oscillator stability, and reference 
voltage ca n vary from chip to chip. 

According to Jack Lieberman , Product Manager 
for HP's instrument Division , HP has done a good 
dea l of work in integrated analog front ends, and the 
two bench meters to be announced this month (June) 
con tain thin-film hybrid analog circuits. The 4 V2 dig­
it model has th e "clamshell " configuration, where a 
ma inframe forms the upper portion and snaps onto 
one of two plug-ons forming the lower part. One 
plug-on is de only; the other has full multimeter ca­
pab ility. The 5 1/ 2 digit model is a dedicated multime­
ter . Both have LED displays. 
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Fluke's Glenn Patterson claims, "Admittedly dual 
slope is widely used, but it is not the only good 
technique. "Fluke became number two without DSI. 
Our recirculating remainder techniques has signifi­
cant advantages for decreasing parts and increasing 
reliability." 

Walt Hanford , Product Applications Engineer for 
California Instruments, feels that the way to go in 
this type o f instrument is to add frequency, capabil­
ity to make multimeter /counters such as their new 

Complete with test leads. Ni-Cd batteries and charger for 
$285. the Model 4440 is a 3 112 digit . 17 range portable mul ­
timeter with a LED display from Weston. It uses a Mostek 
MOS LSI chip for the digital portion . 

8421. Calico uses a synchro-count technique that 
Walt thinks can be easily implemented. 

Meanwhile at Motorola, Don Kesner says "DSI is 
not really suitable for monolithic analog circuits." 
He feels he has a better solution and though his pat­
ent position precludes giving details yet, his method 
involves reengineering DSI front end methods," be­
cause it will make it cheaper in the long run." 

The front end of the meter is also a major concern 
at Data Precision. Hal Goldberg, Operations Man­
ager, points out the cost savings of the Tri-phasic 
converter Data Precision uses . "We designed our cir­
cuit to replace a $25 amplifier with a capacitor, three 
resistors, and three FETs for about $1 .25. Since our 
units self-servo back to zero between each con­
version, we don't worry about drift and offset in buf­
fer amplifiers, integrators, and comparators. We use 
a monolithic comparator where many others are 
forced to use discrete comparators. At Data Pre­
cision, cost is a spec. If a design does not meet the 
spec, it does not get produced." 
If frogs had wings ... 

Almost everyone agrees that displays are the high 
cost item in low cost meters. There is universal 
agreement that if liquid crystals can deliver the low 
cost and power that they promise, they will be the 
one to use . 

While HP's Jack Liebman is sure that display 
breakthroughs will be made, he doesn't know where 
it will actually happen. He observes, "A couple of 
years ago, everyone was pretty sure GaAs was the 
coming thing. A lot of people bet on it. People had 
that feel about it. Nobody seems to have that feel 
about any of the things in development now. In fact, 
some have gone back to incandescents. " 

(Continued on page 25) 

New Series 4000 panel meters from Data Technology use 
Sperry planar gas discharge displays. The 3 V2 digit model is 
$95 in 100 quantity . 
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You CAN 
MASTER 
THE 
MEMORIES 
TECHNOLOGY 
wiTlt Tltis 
7-PART COURSE 

It took almost one year for the edi­
tors of The Electronic Engineer to 
research and compile the most 
comprehensive memory course 
available. Seven chapters guide you 
through this complex fi eld, from de­
lay lines to magnetic bubbles, with 
schematics and applications all 
along the way. 
Thirty-six top enginee ring special­
ists from every phase of memories 
contributed their expertise. Inter­
technological ballyhoo has been 
stripped away to reveal each 
aspect on its merits and show where 
it properly fits . The course covers: 

fundamentals ... memory types 
. . . magnetic mainframes . . . 
non-magnetic mainframes . . . 
bulk storage ... systems applica­
tions ... future memories 

This Course on Memories costs only 
$5.00 postpaid and includes an ex­
amination. Those who wish to take 
the examination will receive a 
Certificate of Completion free of 
charge. Send the coupon and your 
check or money order to: Course 
Editor, Th e Electronic Engin ee r, One 
Decker Square , Bala Cynwyd , Pa. 
19004. E-6 

Send me your new Course on 
Memories. Payment of $5.00 
is enclosed. Send th e Course 
to me at : 

-------
Name 

Company 

Address 

C ity 

Sta te 

E-6 

Zip 

Check here for quantity prices. D 

.. --- ····· . ···· ·· ······ · ············ · ··-··········----------· .... ·-·····- - ~ 
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from 

$695.00 

~ ... --·---
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Model 8300 

Model 8420 

Model 8421 
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Our new Model 
4440 mini-multimeter 
is the smallest battery 
operated digital multi­
meter on the market. 

A true portable 
in every sense of the 
word, it's shock-
proof ed, fully overload­
protected, and usable at 
up to 122°F. Fuses are 
externally replaceable. 
(We even throw in an extra 
set, on the house.) 

You get eight to 
twelve hours of continuous 
field operation before you 

(A cordless DMM for only $285.) 

have to recharge. In an 200 MV to 1000 volts AC/DC, 
emergency, you can run it 200 ohms to 2 megohms, plus 
five hours or more on ordinary AC and DC current. 
flashlight batteries! Your local distributor 

For all its littleness, will set you up with a Weston 
this rugged portable features 4440 for $285- complete 
a new 31/2-digit LED display with leads, batteries and 
with automatic polarity, the recharger. Grab one. Weston 
latest LSI circuitry for more Instruments Division, Weston 
reliability than ever, and 17 Instruments, Inc., Newark, 
full scale ranges that cover N.J. 07114. WES I ON 
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PRODUCT 
Panel Meters 

Digilin 4532, 3% digits 
Dat a T echnology 4000 Ser ies, 3;;, digits 
Analogi c 2532, 3Y2 digits 
Westo n 1295 Ser ies , 3% digits 
Triplett 4228N , 2'Ya digits 
Triplett 4235F , 3% dig its 

Mul ti meters 

NRMEC, 3% digit, 16 range 
Triplett 6028, 2% digits, 27 range 
Dana 3800A, 31/2 digit, 21 range 
Westo n 4440, 3% digit , 17 range 
Systron-Donner 7050, 3 Y2 digit , 14 range 
Triplett 8035, 31/2 digit, 23 range 
Data Prec ision 2400 Seri es, 4;;, digit 
Data Technology 391, 4% digit , 23 range 
Dana 4300, 41/2 digit, 6 range 
Fluke 8100A, 41/2 digit, 17 range 
Calif . Inst . 8420, 4% digit, 17 range multimeter/counter 
Calif . Inst. 8421, 4Y, digit, 17 range multi meter/counter 
Hewlett-Packard, 41/2 digit 
Hew lett-Packard, 5% digit 

Circuits 

Most ek 5007, 4 digit co unter/d isp lay decoder 
AMI S1907, digit counter/di sp lay 
Mostek 5002, 4 digit counter /display decoder 
Fairchild 3814, 41/2 digit decade counter 
Fairchild 3815, 5 digit decade counter 

Displays 

Monsanto MAN -1A, sing le digit red LED 
Monsanto MAN-5, single digit green LED 
AMI 31/2 digit liquid crystal 
AMI 41/2 digit liquid crystal 
Optel, 3% digit liquid crystal 
Sperry 751, 1 Y, digit 0.55 in . planar gas di scharge 
Sperry 752, 2 digit 0.55 in . p lanar gas discharge 
Burroughs Nixi e, B5800 
RCA Numitron 

At Dan a. Tony Schiavo ft:ds that "because manu­
facturers have almost been forced into using LEDs. 
they will be in vog ue for a while . We had amazing 
success with good , relia ble . ine xpe nsive Nixies . 
When LEDs came , they wen; new . differrn l. and sol­
id-s tale. Publica ti ons put them on every other page 
as state-of-the-art , so c us t omer~ ~a id that to be stale­
of-the-art, a new instru1m:nt must hav..: Ll:LJs . 

" One major reason pr<.:~en t c d fo r u~ing Ll:LJs was 
inh..:rently better so lid -sta t<.: rel1.1bil1t ) . If I wer..: Bur­
ro ughs (Nixi..:®) or RCA (Nu 111 1t ron ) I'd d..:bat<.: that 
point. Th..: other major r ..:a~on ad\·anc..:d \\as that 
portabk was pop ular . and little U: ll~ wou ld take less 
pow..:r . N o thi ng cou ld bt: lunhn from the 
truth ." J o hn Dunn . Da ta l «.:l. h nu l ugy·~ Pruduc t 
Man:.ig..:r . ~up port~ I lrnj ·~ ubsc1 \ .1t1un~ . " Chvos ing 
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PRICE($) 

85 
95 
95 

< 100 
105 
205 

150-200 
275 
295 
285 
299 
385 

625-675 
649 
650 
695 
695 
875 

unannounced 
unannounced 

13 
14 
19 
20 
20 

8.70 
11 .25 
18 

unannounced 
8-9 

5.04 
5.04 
3.95 

INQUIRY 
QUANTITY NUMBER 

100 
100 
100 
100 
100 
100 

OEM 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

100 
100 
100 
100 
100 

100 
100 
100 

10,000 
1,000 
1,000 
1,000 

201 
202 
203 
204 
205 
206 

207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 

221 
222 
223 
224 
225 

226 
227 
228 
229 
230 
231 
232 
233 

the right dis play for our new 4000-Series meters was 
the toughes t decision we had to make. When we 
showed engineers our prototype LED meters. they 
lik ed the LED idea, but on ly from an engi neering in ­
terface standpoint. When it came to aest hetics, our 
Spe rry display prototypes won hands down. We had 
a red filter in front of the Sperry units. and the typi­
ca l response was 'Wow! Whose LED is that! ' They 
were surpri sed to learn it was a 'nat nixie' tube , as 
they had been 'p re-condi tioned' towards LEDs. 

We chose the Sperry because of its overwhelming 
aes thetic appea l which was confirmed by our nat ion­
a l surveys. Also price was reasonable. As for LED 
pricing. it 's really a buye rs' mark et. Just look at the 
price ga mes being played on quotations and re-qu o­
tati ons, even during the same day." 

(Co ntinued on next page) 

25 



26 

THE PROFIT GENTER 
Digilin displays the way 

While other manufacturers dream of 50¢ LC digits 
and wait for multiplexing , response time , contras t, 
and temperature specs to improve, Digi lin builds 
them into meters. When asked how he learned to live 
with liquid crystals so soon, President Rick Hibbs 
responded, "We introduced the first LI'!) meter when 

a 2 1/ 2 foot drop onto an asphalt tiled floor does not phase 
Dana·s new 4300. whi ch uses Fai rc hild 's 3814. a 4 112 dig it 
decade co unter . Non-spec fe atures such as ruggedness 
mean increased business opportun iti es by opening up such 
areas as th e industrial ma rket. Se rvi c ing th ese markets 
means j ust th at; service, i.e., engineer ing to c ustomer needs. 
and distribution via th e customer 's channels. 

they were $45 a digit. At $45 they were ridiculous, 
but we knew they would be 10% of that over the life 
of the instrument. We made the same type of deci­
sion with LCs. 

"I think the LC people have been more honest than 
the LEU guys. How can they predict 80 year life after 
two years, especially in plastic packages? We think 
we have LC life similar to Nixies and guarantee the 
whole instrument for one year, which is longer than 
some Nixie guarantees." 

When asked about delivery, Rick admitted, "We 
had a horrible delivery problem . We had LCs to 
burn , but: it was God-damned MOS! AM I did a cal­
culator on a chip, but couldn't do a lousy counter. 
Finally, Howard Bobb (AMI president) wanted a 
counter to take overseas to demonstrate AM l 's entry 
into LCs. Two weeks after he got onto the project , we 
got our MOS. Now we put meters together in an hour 
and a ha! f." 

Volume counts in LCs too . Ed Kornstein, Vice 
President of Marketing for Optel, which makes LCs, 
does not envision DPMS as a large market. "Com­
pared to calculators or watches , it's small ," says 
Kornstein. A Triplett or Analogic might make 20,000 
meters a year, while a watch company makes 
100,000 a month. If we can make a simple mask 
change and sell DPM displays as a fallout of our 
watch work, fine; if not, that's fine too." 

Can manufacturers survive 
When DVMs are reduced to a few components, 

what is left in it for the manufacturers? Glen Pat­
terson thinks that a single multimeter sold into a 
monolithic market is not in the cards for the future. 
He , like many, sees more products aimed at nar­
rower, vertical markets , such as communications, 
industrial, medical, and automotive. Rick Hibbs con­
tends he will be in two businesses : meters and selling 
applications into vertical markets. 

Jerry Hartman asserts that market diversification 
is more important now than product diversification. 
While Jack Stegegna feels that the companies that 
put money into tooling and design for superior de­
sign and performance will continue to retain a com­
petitive edge. 

Several people have pointed out the need for a top 
flight distribution system. A major hindrance to a 
new DVM company would be that the supply of good 
reps is already committed to existing firms . There is 
also a lot of soul-searching about how to distribute 
into the new markets . and what balance of reps and 
distributors to use. New markets may not be service­
able through traditional channels, so the Allied 
Catalogs, Radio Shacks, and other nationwide and 
special product area distributors may become ever 
more important. 
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PACKAGING~ COURSE · 

0 

PART 4 

COURSE: 
Packaging with ICs 

Part4 

Gerald L. Ginsberg, Communica tions & Techn ical Services Div .. Philco­
Ford Corp., Willow Grove. Pa. 

Amongst all the information and noise disseminated on 
the various back-panel wiring arrangements (soldered 
printed wiring, solderless discrete wiring, etc.) , the design­
er sho uldn't lose sight of his prime objective- the perform­
ance- and cost-effective implementation of an end-prod uct 
equipment. Both the interconnection wi ring and its associ­
ated back-panel hardware are only a means toward this 
end . 

Therefo re, before we d iscuss the methods for back-panel 

Military and commercial equipment, packaged on single- or 
double-PW boards, have used Mil-C-2 109711 one-part. ca rd ­
edge, back-panel connectors. The boards (not usuall y mul ­
tilayer) have plated conta cts on one tang. Within practi ca l 
lim it s, this connector pl aces no restraints on the size and 
shape of the board or circuit components. It covers various 
combinations of board thi cknesses 1/ 16-, 3/ 32- , and 1/4-in . 
nominal) , number and types of contacts. wiring tai ls. and 
mounting methods. The con nector illustrated has two rows 
of con tacts. mates with 1/16-in.-(nominal)-thi ck PW boa rds. 
has straight-eyelet slotted hand-solde ring posts. as well as 
provisions for clearance-hole mounting. 
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Think before wiring 

wiring and the processes and hardwa re offered by various 
manufacturers, this in stallment of the course on Packaging 
with Integrated Circuits treats the designer's objective, 
while emphasizing the role of 1cs and back-panel con­
figuration s. Listed bel ow are so me of the major objectives 
that you must keep in mind for a successful design . 

Don't ignore these objectives 
• Flexibility- to a ll ow future changes in end-product 

requirements or keep abreas t of technol ogical advances. 
• Producibility- the equipment must satisfy its per­

formance and cost objectives when manufactured in quan­
(Continued on p . 29) 

Center-to-center spacing between contacts in a row is 0 .156-
in . (3 .97 mm) . For double readout connecto rs . con ta ct rows 
(two terminals per contact) are usually 0.140-i n. (3.57 mm) 
apart. 
This connector comes with either single or dual straight 
eyelet or straight plug-in (for dip or wave soldering) termi­
nation wiring posts. in accordance with the Mil spec. Com­
mercia l variations of this connector provide double-vee 
hand solde rless wrap. single-vee solderable and other types 
of wiring posts. It can be mounted in three ways (c learance 
hole. threaded insert, and float bushing) directly to the 
eq uipment chassis, supporting brackets. or printed wiring 
back-panel. 
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Why invest in 
wire-wrapping facilities, 

whenyoucanuseours? 
We can handle your complete back-panel wire-wrapping 
including all inventories right up to and including final 

insulation resistance, DC hipot, and features program­
able dwell time. 

inspection. You just have to bolt it in . And you ,. ... ~--. All this at a price less than in-house fabri­
cation . No costly inventories, no capital tied 
to costly equipment. You can furnish the back 
panels or we can supply our own. 

can be sure of a completely tested, .-._.-•n:::: 
100%-error-free back panel. 

All your back panels can be tested 
with an Omnitester 900 Wiring Analyz­
er. This unit, pictured here in the center, 
has forward scan capabilities to deter­
mine, for example, whether a missing 
wire went to some other point. It then 
identifies that point. 

The unit further tests for continuity resistance, 
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Delivery? Just 2 to 8 weeks, depending on 
the job and material availability. And we have 
two locations: Longmont, Colorado or Endi­
cott , New York. For more details just call your 
nearest Amphenol sales office or write us di­
rect. Amphenol Cadre Division , Bunker Ramo 
Corporation, 20 Valley St. , Endicott, N.Y. 13760. 
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tity in the factory, rather than in a prototype lab. 
• Reproducibility- when fab ricating nearly ide nti ca l 

units keep debugging and "fine tuning" to a minim um. 
(This is the area where 1cs help and the wrong back-panel 

wiring method hurts.) 
• Implementation- relates to the duration of the de­

sign-through-production cycles, making them compatible 
with one another. Keep this compatibility in mind when se­
lecting a back-panel wiring technique. 

• Reliabili ty- of back-panel wiring and packaging 
hardware has not kept up with that of 1cs. It influences, 
therefore, the eq uipment's mean- t ime-bet wee n-fai lu re 
(MTBF). Many back-panel wiring concepts have fai led be­
cause t heir reliabi lity wasn't co nsidered in t he des ign 
analysis. 

• Maintainability- takes into considerat ion the oper­
ating cost to the equipment's user, as well as costs for 
maintenance, time, personnel, tools and equipment. This is 
one of the reasons for using dual-in-line sockets with sol­
derless back-panel wiring. In addition to the facto rs above, 
consider how vulnerable your project is to the following 
significant, though seldom recognized, factors. 

• People- human involvement during fabrication, as­
sembly , testing, and / or maintenance has a dramatic effect 
on the ability to produce an equipment within the requi red 
time span. Automation reduces their vulnerabi lity to 
"hand" labor. 

• Machinery- to use machinery such as fully automatic 
equipment for back-panel wiring, without manual override 
or without providing for alternate methods, is to increase 
vulnerability. 

• Vendors- who cannot be circumvented in a crisis, or 
don ' t have competition should be avoided . You can tell the 
more successful back-panel wiring techniques by the num­
ber of vendors and their growth. 

• Obsolescence- makes extremely vulnerable those 
back-panel techniques mat require a large investment in 
capital equipment and many years to amortize it. 

With tnese general guidelines in mind, refer to the 
checklist of design details that appears in a box as part of 
this article. In addition, there are two factors - circuit 
partitioning and assembly positioning- which can have a 
significant effect on the success or failure of a design. 

Decide early how to partition 
When packaging with 1c s, the most significant factor 

conducive to performance- and cost-effectiveness is the in­
itial partitioning of the equipment into subassemblies. 

In its most basic form, circuit partitioning can be at the 
individual IC level- each package plugged into its own re­
ceptacle . With dual-in-line packages, this approach is very 
popular because it affords flexibility and there is plenty of 

(Continued on p. 30 ) 
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One-part, card-edge connectors for solderless wrap inter­
connection wiring were born as a modification to Mil-C-
21097/ 1 connectors. They differ from the Mil-type in con­
tact spacing (all posts fall on a grid of 25-mil multiples). 
type of posts. and mounting. In the picture. the grid spacing 
is 0.250-in . (6.35 mm) between terminals and between rows , 
staggered 0.125-in. (3.17 mm). This grid allows the use of 
computer-aided back-panel wire routing patterns , as well as 
solderless interconnection wiring equipment. 
Solid posts 45-mil square (illustrated), 25-mil square , or rec­
tangular. are accurately located within the connector body 
so that wiring machines can locate their tips. Wiring is limit­
ed to three wires per post. usually #24 or #26 AWG with the 
45-mil square post. and #28 or #30 AWG with the 25-mil 
square post. Ground and voltage distribution buses may be 
soldered or mechanically secured to the posts. This con­
nector usually includes precision mounting bushings. to in­
sure the true position accuracy of its contacts. 

Contact plate assemblies of one-part, card-edge, solderless 
connectors mate with conventional PW boards , providing 
wiring posts located accurately enough for fully-automatic 
solderless back-panel wiring . Their individual contacts are 
less expensive and easier to tool than those of multiple-con­
tact connectors . However. sin ce the connectors m ount on 
precision punched metal plates. this approach usually re­
quires an outside vendor. 
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support hardware available (sockets with solderless-wrap 
wiring posts). This low-level partitioning employs two types 
of back-panel - one which functionally interconnects the 
components, and the other which interconnects the func­
tional assemblies . Interface connectors usually inter­
connect these two types of back-panels . 

High-level partitioning applies when several 1cs (some­
times I 00 or more) and discrete components are combined 
into a function-oriented subassembly. Although high-level 
partitioning reduces design flexibility, it improves circuit 
performance, increases packaging density, and, depending 
on the quantities involved , reduces implementation costs. 

You should consider both the interconnection back-pan­
el wiring problem and the plug-in circuit design jointly 
when partitioning circuitry, even if it means creating 
unorthodox circuit assemblies. For example, most assem­
blies tend to have generic identities, such as transmitter, 
receiver, etc . Although this may simplify documentation 
and testing, it may create awkward wiring problems be­
cause it requires too many input and output connections. 

Keep 'em close 
After partitioning, the circuit assemblies must be prop­

erly positioned within the equipment. You should place 

DESIGNER'S CHECKLIST 

These design details must be resolved during the selection 
of an optimum back-panel design. 

Circuit assembly: planar (printed wiring boards), three­
dimensional (with modular headers). 

Connectors: one-part (printed wiring card-edge), two-part 
(plug and receptacle), two-part (blade and fork) . 

Back-panel: metal plate, printed wiring panel, chassis. 

Wiring termination: hand soldered discrete wiring, dip/wave 
soldered printed wiring, manual-semiautomatic­
automatic solderless wiring . 

Wiring post: eyelet, straight-through pin, vee, solid square, 
solid rectangle. 

Wiring pattern: grid-oriented rectangular, grid-oriented stag­
gered, irregular. 

Wire type: solid conductor, stranded, and/or printed 
wiring. 

Connector mounting: threaded fasteners, press fit (metal 
plate), soldered (printed wiring). 

Design generation: manual or computer-aided placement of 
circuit assemblies and routing of wiring. 

Support hardware : provisions for board guides, keying, 
and/or polarization. 

the output of one assembly as ph ys ica lly close to the input 
of the other as possible without seriously complicating 
their design. This closeness not only shortens conductor 
lengths , but also minimizes blocking of other wires , in­
creasing the wiring efficiency. 

It helps to physically group related assemblies such as 
digital , analog, and so forth . Also, standardization of 
ground and voltage positions on all circuit assemblies sim­
plifies bused interconnections. 

Printed wiring back-panels allow mixing printed and disc rete 
wiring. Single-sided , double-sided , and multilayer back-pan ­
els can combine discrete hand-soldered wiring with both 
automatic and manual solderless wiring . Both one-part 
(card-edge) and two part (plug and receptacle) connectors 
have been developed to interconnect between PW boards 
and back-panel wir ing. One-part connecto r shown is so l­
dered to an assemb ly of a 4-layer PW back-panel , a PW 
board with DIPs, and support board hardware . A recent up­
dating of Mil-C-55302 added a two-part connector version of 
this hardware: plug M55302/ 43 and receptacle M55302/ 44. 

Poor 

0 

Proper positioning of circuit ca rd s or assemblies sim­
plifies routing of backplane wiring. 
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Dan LeVantine, 
Bussco Engineering Inc . El Segundo. Ca li f. 90245 

Circuit boa rd busses, co mbined with two-s ided PW boards, 
d o the job o f mo re expensive multilaye r boa rds. The bus­
ses, m o unted o nt o PW boards, di stribute power a nd 

gro und levels to 1cs, eliminating the need fo r two circuit 
paths (vo ltage a nd gro und) in the board for every IC. 

These busses cons ist o f two o r more co nductive layers 
sandwiched in , and co mpletely covered with , insul at ion , 
exce pt for the ir soldering tabs. In esse nce, the bus is rea ll y 
a low- impeda nce tran smissio n line , ideal for power di s­
tri bution in hi gh-s peed dig ital sys tems. 

T he "finge r" a nd "picture fram e" types, applied flat to 
th e board surface, have the hi ghest capacitance. Th e 

Finger 
bus 
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Carrying current by bus 

"s trip" type, mounted perpendicu lar to the board , o ffers 
hig h packaging density . The DIP-type has high distributed 
capac itan ce. Mounted directl y unde r the 1cs, its tabs sol­
dered in to the same hole as the IC tabs . The multilayer , 
laminated bus bar (sh own with only two layers), ca n be 
provided with posts, blades o r solder lugs compatible with 
the res t of the ci rcuit. 

For th e backplane, there a re clir-on busses th a t inter­
co nnect rows of WireWrap® or Termi Po int® terminal s. 
Their cross sect ion is equiva lent to a # 18 A WG wire. When 
interconnecting an entire row of termin a ls, one bussin g op­
eration is more economical than wrapping two wires to 
each post. They are simply instal led by hand , with finger 
pressure. (Co urse continues on p . 41 ) 

Strip 
bus 
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Delivers more air 
... less noise 

The PAMOTOR Model 4600 is a 4Y," shaded-pole axial fan specifically developed 
for very efficient, high airflow (120 cfm, free air) operation . It is well suited for 
cooling computers , power supplies, process controls, industrial and medical 
instrumentation, professional audio recorders, etc . 

The Model 4600 has several inherent advantages-its slower rotating speed and 
computer designed impellers contribute to reducing the acoustic level. The fan's 
all-metal , steel blades remain stable at any speed, at any back pressure, for more 
silent air delivery. They never oscillate as do some of the plastic blades. And for 
reduced vibration, which also results in less noise, the fan's rotor is dynamically 
balanced to within 5 microinches in each end plane. 

The Model 4600, as well as every fan in the PAMOTO R line, carries the Under­
writers Laboratories ' Yellow Card Component Recognition Number E41168-
your assurance of long-term reliability and safety. 

PAMOTOR distributors throughout the U.S. and Canada have the Model 4600 
on the shelf for immediate delivery . Give the one nearest you a call now for 
complete specifications. 
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Send for Free Technical Literature - New 16-page 
Short-Form Catalog contains performance data and 

mechanical specifications for the complete PAMOTOR 
line. Our six applications monographs, Nos. 7041 -

7046, on " How to Select the Optimum Fan for Your 
Application," contain comprehensive data on each of 

the six major factors involved in cooling 
system design and fan application. 

PAMOTOR 
ONE OF THE PURD Y GROUP OF COMPANIES 

770 Airport Boulevard 
Burlingame, California 94010 (415) 347 -1203 
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Back-panel wiring-­
Interconnections sans solder 
Flexibility is the main-and most important-advantage of solderless wiring. 
You can correct a mistake in a wired panel with a hand tool. 

Dick Hunter , Data Products Group 

EECO. ( El ectronic Engineering Co . o f Cali f .) Santa Ana. Calif. 

Previous a rticles in thi s course have discussed the advan­
tages and disadvantages of soldering JCS directly to the 
printed circuit or multilayer boards, or plugging th.em into 
sockets . S ince an insulating board doesn' t need the sock­
ets, which may cost as much as the 1cs themselves , for in­
sulation , sockets have to offer some other adva ntages- the 
m a in o ne being nexibility to design changes. 

Actually, sockets have this ad van tage because their ter­
minal s, ending in squa re posts, can be solderless-wrapped 
us in g the Wire-Wrap® prod uction technique pioneered by 
Gardner-Denver. Indeed, the number of sys tems employ­
ing sockets with sold er less wrap terminals has been in­
creasing significantly in the last few years, thanks to the 

rapid turn-around time. Solderless wrapping requires no 
a rt work , the wiring list is us uall y generated by compute r. 
In some systems, final changes can be made as la te as two 
weeks before sh ippin g the wired panels , and individual er­
rors can still be corrected after that with a hand tool. 

One of the main reasons for the acceptance of solder less 
wrapping is its reliabi li ty . The Bell System has used it for 
a lm ost 20 years, an d M il-H BK-2 17 states that solder less 
wrap is the m ost reli a bl e interconnect technique avai lable. 
Since th e soc ket , then, becomes the weak link , man ufac­
turers have done a good deal of work to improve their 
reli abi lity . Also, the advent of semi-automatic machines 

has made it feasible to apply the solderless wrap-and-sock­
et approach with a re la tive ly low capital investment. In ad­
dition, since these machines do not requi re the socket pins 
to be within the same close tolerances demanded by auto­
m atic wiring machines, hardware costs are also lower. 

Sockets don't live by wrapping alone 
Another wi ring approach is to use the socket in co n­

junction with AMP's Termi-Point® cli p connectio n, de­
scribed later in this part of the cou rse. Instead of wrapping 
a so lid wire to a square post, Termi-Point clips the wi re, 
either solid or stranded , to a rectangular post (usuall y 22 x 
36 mil s). Although this method provides a gas-t ight joint, 
Mil -H BK-2 17 does not appear to consider its reliability as 
good as that of Wire-Wrap , nor does it have the accept­
ance solderl ess wrap has. Perhaps one reason is that the 
posts require a spec ial socket available only from AMP. 
A.nother is that the ava il abili ty of Termi-Point serv ice 
tools in th e field is s till sparse. 

One of the newest interco nnecting methods- call ed In ­

fobond®- consists of stitch-weldin g a wire to the 1c pins. 
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This technique yields higher packaging density than solder­
less wrapping, because it eliminates the long post. And, 
since o ne o f the functions of 1c soc kets was to provide such 
posts, th ere is no need for soc kets either. H owever , it is 
difficult to chan ge a conn ection a fter welding, because the 
stitch is made with a nickel wire. At the present time, the 
acceptance of the I nfobo nd sti tch-wiring method seems to 
be res tricted to aerospace ha rd ware, where densit y is ex­
tre mely import a nt and the quantities are sma ll , not war­
ranting th e cost o f the mu ltil ayer boards. 

Multiwire®, a technique, developed by Photocircui ts to 
interconn ect 1cs, bo nds wires wi th an adhesive on one side 
of a PW boa rd. These wires a re interconnected by drilling 
and plating-through holes in the board . A lthough this sys­

te m has a lo wer se t-up cost than multilaye r boards a nd a 
quick er turn-around, it 's use is not widespread . 

M achine wiring services a re aided by a computer entry 
sys tem th a t puts the designe r' s information into a comput­
er la ng uage and then into control instructions for wiring. 
This input system ca n take severa l fo rm s, such as a from­
to li st , a nd to-to li stin g; a pin listin g (a listi ng of every pin 
identify ing its connecti on with a st ring of wi res by a name, 
or by logic di agra m). When comparing these systems, con­
sid er all the work that the logic designer must do, and the 
soft ware support he needs, before his design enters into the 
computer. T his subject will be treated in more detail la ter 
on is this course. 

.! ~ 
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Double-sided packaging. Thanks to a con nector that mates 
with 25-mil squ are posts, the same ones used to wrap wires 
on. it's possible to connect PW boards. subassemblies , or 
cables on either side of a double-sided boa rd or back panei . 
(Elco Corp.) 
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Who should wire your back panels? 
For wiring equipment to pay for itself, you 
must make at least two million wraps a year 

Chester N. Kowal, Amphenol Cadre Div .. 

Bunker-Ramo Corp. 

When choosing between in-house or sub-contract back­
plane wiring, consider the production rates of manual, 
semiautomatic, and fully automated wire-wrapping ma­
chines . You may find that some jobs can be profitably 
handled internally, while others would tax your capacity or 
become inordinately expensive . 

• Manual - Competent technicians can produce be­
t ween 75 and 100 wraps / hr. The number of wraps / panel 
determines whether the operator can handle five or 50 
panels per week . For instance, if you need 100 panels 
requiring 200 wraps each, it could probably be done by 
hand . But 50 panels with 2000 wraps should be wired by 
machine . Besides slow speed, a major disadvantage of 
manual wire wrapping is poor reliability- about 85%-

$10.00 

~ $1.00 
0:: 
~ 
0:: 

which increases the costs of inspection , re-work and repair. 
• Semiautomatic- In this equipment a computer tells 

the operator which terminal to wrap, and he just follows 
the bouncing ball. Depending on board complexity and 
wire routing, it's possible to average 250 wraps / hour , up 
to a maximum of 400. Semiautomatic machines yield 99% 
reliability, a nd are twice as fast as manual wrappers . Their 
turnaround time is longer though, because software prepa­
ration may take one to two weeks, whereas handwrapping 
can begin immediately . 

• Automatic- Many uniform, long production runs are 
needed to justify equipment that can cost over $250,000 
per machine. This equipment is two to three times faster 
than semiautomatic, but is limited in ability to handle 
complex routing problems. You need at least eight million 
wraps per year to write off the equipment cost. 

(Continued on p . 46 ) 

LU a.. Manual 

In addition to the cost per 
wrap, a make-o r-buy dec ision 
must be based on yo ur present 
ba c k-pane l wir in g workl oad . 
ava ilabil ity of autom ated wrap­
ping and test equi pment. avail ­
able spac e. and add -o n in ­
vestment. 
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ANNUAL WRAPPING REQUIREMENT 
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EASIER INTERFACE, REDUCED 
SUPPLY REQUIREMENTS 

SIMPLIFY 
DIGITAL-LINEAR 

DESIGNS 
Motorola 's rapidly expanding McMOS * comple­

mentary MOS line is designed to provide a combina­
tion of benefits other digital technologies can not. 

Put aside for a moment , but don 't forget , the facts 
that complementary MOS in general , and McMOS in 
particular, has the best noise immunity (45% of Voo) 
and the lowest system power dissipation of any logic 
form. 

-15 V · Not needed when max . current is less than 10 mA. 

Take note of the rapidly expanding number of 
available McMOS devices, with seven new MSI func­
tions introduced since March , twelve sirice the first 
of the year, and many more coming in the several 
months ahead. Remember that McMOS combines the 
most popular second source unit s with original devices 
to fill the gaps. 

EXPANDING McMOS FAMILY 
Motorola Replaces 
Device # Function Pin-for-Pin 

MC14001AL/ CL Quad 2-input NOR gate CD4001AD/ AE 
MC14002AL/ CL Dual 4-input NOR gate CD4002AD/ AE 
MC14011AL/ CL Quad 2-input NANO gate CD4011 AD / AE 
MC14012AL / CL Dual 4-input NANO gate CD401 2AD / AE 
MC14013AL/ CL Dual Type D fl ip-flop CD4013AD/ AE 
MC1 4015AL/ CL Dual 4-bit static SR , 

se rial in / parallel out CD4015AD / AE 
MC14021 AL/ CL 8-bit static SR , serial or 

pa rallel in / serial out CD402 1AD/ AE 
MC14027AL/CL Dual J-K f li p-fl op CD4027 AD / AE 
MC14501AL/ CL Tr ipl e gate 
MC14507 AL/ CL Quad exclusive OR gate CD4030AD / AE 
MC14508AL/ CL Dual 4-bit latch 
MC14519AL/ CL 4-bit AND / OR sel ect, 

Quad exc lusive NOR gate 
MCM1 4505AL/ CL 64-bi t RAM 

MC14025AL Triple 3 NOR gate CD4025AD/ AE MC14025CL 
MC14510AL BCD Up Down Counter MC14510CL 
MC14512AL 8-channel Data Select MC14512CL 
MC14514Al 4-bit latch, high output MC14514CL 
MC14515AL 4-bit latch. low output MC14515CL 
MC1451 8AL Dual BCD Up Gaunter MC14518CL 
MC14520AL Dual Binary Up Counter MC14520CL 

recent introductions 

Price 
(100-999) 

$ 4.15/ 1.18 
4.30/ 1.22 
4.15/ 1.1 8 
4.30/ 1.22 
5.95/ 2.40 

12.65/ 5.60 

12.24/ 5.20 
6.60 / 3.18 
4.30 / 1.99 
4.74/ 1.86 

24.70/ 13.7 5 
4.7 5/ 2.10 

31.30 / 17.50 

$ 4.30 
1.22 

12.60 
7.00 
7.20 
4.00 

24.70 
13.75 
24.70 
13.75 
12.90 
7.20 

12.60 
7.00 

Now, concentrate on less publicized but no less 
significant aspects of McMOS' system optimized 
desirability . As indicated in th is basic Ramp Time 
Encoder for simplified A/D conversioo , digital -linear 
systems can be built with reduced power supply 
requ irements . Its wide supply voltage range allows 
McMOS to operate from the +15 V linear supply. 
Interfacing is simplified too , because McMOS' ultra 
low drive current requirements permit nearly direct 
connection . 

McMOS has many advantages for many sorts of 
systems. Complete information on McMOS is avail ­
able in a new book, McMOS '72 , which is yours simply 
by circling the reader service number or by writing 
to Motorola Semiconductor Products Inc ., P. 0 . Box 
20912 , Phoen ix, AZ 85036. Get it . Then get McMOS. 

• TRADEMARK OF MOTOROLA INC. 

~~~re~<?;~;~,~~~ 
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There's Gardner-Denver Wire-Wrap* terminating equipment to match 
any production need! Only Gardner-Denver offers manual, semi-auto­
matic, and fully-automatic equipment for making solderless wrapped 
connections. Billions of connections have already been made on our 
equipment without a reported field failure. 

Check the models shown at the right. See which is best suited to your 
production needs. Operating highlights are mentioned below. Complete 
details are available on our whole family of electronic products including 
the wire stripping unit, cable binding tool, Grid-Drill™ machine, and 
N / C tape programmer. Just write for Bulletin AC-35. 

Portable Wire-Wrap power tools for lab and pilot work and production runs. Air, 
electric, or battery operated. Also pencil-size wrapping and unwrapping tools 
for servicemen. Wire-Wrap strapping tools to interconnect terminals with a 
continuous length of bare wire. 

Semi-automatic Wire-Wrap terminal locating machine. Reads punched tape and 
automatically locates terminals with .001" accuracy. Comes complete with numer­
ically-controlled wire preparation unit which automatically produces the wire 
needed, cut to length, and stripped both ends. Lighted wire bins also available as 
an optional feature. 

Fully-automatic Wire-Wrap machine wires back panels at rates of up to 1,600 
connections an hour. Eliminates costly rework and troubleshooting due to accuracy 
and repeatability. Machines are programmed with punched cards for greater 
flexibility. Contract wiring is available on a production basis at our plant in Grand 
Haven, Michigan. 

*Wire-Wrap is a registered trademark of Gardner-Denver Company 

GARDNER-DENVER 
Gardner-Denver Company, Quincy, Illinois 62301 

Circle Reader Service #19 
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(Continues from p. 42) 

Wrapping equipment ties dollars 
A back-panel wiring operation involves considerably 

more than just buying a wire-wrap machine. To be profit­
able, such an operation demands almost 100% equipment 
utilization. On the other hand, contracting back-panel wir­
ing with an outside service frees the user from buying ma­
terials, assembling the panels , and wiring . It can also cut 
purchasing, expediting, and warehousing, in addition to 
capital equipment costs . Before deciding whether to wire 
your back panels yourself or contract them, consider the 
following costs . 

• Economics~ While the investment for manual wiring 
is nil, the minimum set-up cost for semiautomatic wrap­
ping equipment can range from $10,000 to $30,000, and to 
more than $250,000 for automatic machines. The greater 
the volume of wiring, the larger the investment. 

Wirewrapped backplane. (Photo courtesy of Standard Logic Inc.) 

• Software su pport Both automated wire wrapping 
and testing equipment require costly programming sup­
port at 15-20¢ wire . Software development is time con­
suming and can effectively lower production. 

• Reliable equipment costs from $80,000 to $120,000. 
While lesser quality machines can be used, their errors and 
omissions can cost from $I to $2 per error. Any tester can 
check continuity, but only the more expensive equipment 
can indicate insulation breakdown and unwanted connec­
tions, and do voltage tests up to 1500 Y. 

• Wire preparation Wire must be cut and stripped pri­
or to wiring, especially when using semiautomatic wrap­
ping machines . 

• Operator training can take a minimum of six weeks 
and cost $1000, plus lost production time . Only six out of 
10 operators will reach production expectations . 
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Back-panel wiring takes a wrap 

Wrap a taut rubber band around your finger. Feel how tight it is? 
That's how good a contact a wrapped connection makes. 

William H . Long, Electronic Products Div .. 

Gardner-Denver Co . 

Just like the rubber band, the wire is tensioned, producing 
an indentation in both the wire and the sharp edges of the 
terminal. The pressure is so great that it makes a gas-tight 
contact, impervious to corrosion. After a few turns of wire 
(14 to 16 indentations) produces a contact area equal to 
the cross-section of the wire itself, a mechanically stable 
con necti on is achieved with out noticeable stress co ncentra­
tions . M ore turns improve mechanical strength. 

Solderless wrapping is not new; Bell Labs investigated 
the solderless-wrap connection in the mid- I 950's. Bell 
Labs found that the high con tact pressure diffuses the wire 
material to the terminal , and that the bond improved with 
time. Generally, solderless wrapped connections have a 
s tatic co ntact resistance equivalent to 1/ 2 in . of the 
wrapped wire, which is half the resistance allowed by the 
E IA-RS-280-A specification. Actually, after years of field 
experience, there are many test reports (such as the NAF I 
T R-1242) that confirm the reliability of solderless wrap­
ping.* Since there is no known failure rate established for 
solderless wrapping, the best figure available today is 
0.000005 failure per 1000 hours . 

It takes more than wire to wrap 
A wire-wrap is only as good as the wrapping equipment, 

the wire, a nd the posts yo u use. 
• Wrapping bits and sleeves- Wire-wrapping tools ten­

sion the wire as it is wrapped around the terminal, without 
overstress ing the wire beyond its elastic limits. There are 
several types of wrapping bits. The original type, called 
Offset countersink, is still popular for wrapping more than 
one termin al size at a work station . The Horseshoe face, 
Counterbore, a nd the new Helical rise face force the wire 
down into the corners of the terminal while ten sioning the 
wire at the same time . Helical rise is now the most often 
specified bit face for automatic machine assem blies to 

wrap IC co nnectors with 30-gage wire . 

·~· o r a ~OP} of. thi ~ ~eport (TR-1242) b) the U .S . Na\lal Avio nic~ Facilit) at ln ­
d1anapol1s (NAF I). v.nte to Defense Document Center for Scientific and Ti:chnical ln ­
form<itio n. Bldg . 5. C ameron Sta .. Akxandria . Ya . 223 1~ . 

(Con tinued on p . 49 ) 
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Acceptable 

Insufficient 
insulation Spiral wrap 

for modified wrap 

,-Gap greater 
-' than .005" 

Open wrap 

Too much 
pig tail 

Over wrap 

---------Unacceptable---------

Visual Inspection is the most important production test 
beca use it detects faults assoc iated with operator effi­
ciency. practices, and training. Post these sketches in 
the work area, and look for : open spirals (lack of back­
force pressure) , burnished t ails (excessive backforce 
pressure). pigtails (stopping the wrapping tool too soon). 
shiners (ca used by improper wire insertion) , overwraps 
(improper equipment) . improper wire dressing and wires 
too tight (pierci ng the insula t ion). 
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(Co ntinues from page 47) 

• Wire wrapping tools- Power tools, from a finger-op­
erated pencil type to battery., electr ic, air-powered a nd 
squeeze types, are ava il able today for asse mbly. An ai r­
powered tool can make a 6-turn connection in 0. 1 s,- too 
fast for hand asse mbly. Wrapping IC assemblies with 30-
gage wi re requires a sensitive operator touch of approxi­
mately 12 oz. of backforce pressure (exerted against wire 
turns as they wrap aro und tht: terminal) . The smaller the 
wire gage, the lighter should the wrapping tool be . 

• Wire (solid conductor )- Oxygen-free, h ig h co n­
ductivity (OFHC) copper wire is the most popular choice for 
wrapping IC con nectors by machine or hand tools . Alloy 
wire works well with hand wrapping tools because it is stiff­
er, developing higher strip forces . Actually, both types of 
wire produce good quality connect ions, as long as you se­
lect the proper wrapping bit for the wire type. 

• The terminal size is a function of the wi re size. Its 
width should not be greater than three times the wire 
diameter, and the thickness not less than one diameter . 

PACKAGING~ COURSE 

0 

PART 4 

Even more important is the accuracy of the terminal 's diag­
onal, as this is the critical dimension in selecting a wrap­
ping bit. Square termina ls are easier to lay out because the 
horizonta l a nd vertical separa tion between them are equal. 
Also, they produce fewer pigtails because the bit wraps in 
circular motion, wiping down the wire tail. Although it 
isn't necessary, terminals are generally tin-soldered or gold 
plated . Warning: don 't use hard gold plating because it 
lowers the strip force . 

A com mon problem today is to co mbine older equip­
ment with a new package that uses ICs. The new terminals 
a re smaller- 25-mil square for 30-gage wire- than the 
older, 45-mil square or 31 x 62, which were used with 24-
gage wire . There isn' t enough space between the terminals 
of IC soc kets to place the 24-gage, wrapping bit-and-sleeve 
assembly over the terminal, especially when there is a co n­
nection on the adjacen t terminal. It is possible, however, to 
wrap 26-gage wire around 25- mil squ are terminals on 100-
mil centers. 

Semiautomatic wirewrappers 
combine man and machine 

Paul A. Yarbrough, Electronic Prod uc ts U1v .. 
Gardner-Denver Co . 

All semiautomatic wirewrappi ng equipment has the same 
prime object ive- to read wire lists, interpret th at data, and 
search out the poi nt or terminal to be wrapped. Since the 
operato r paces the equipment, production ra tes decrease 
with operator fatig ue, a nd increase by optimizing mate­
rials ha ndling and machine move ment - provided , of 
course, that the operator likes the equipment. 

For positioning, th at is, locating the post to wrap, nu ­
merical controls utilize either the absolute closed-loop sys­
tem or the incremental open-loop system . 

Most systems are absolute- they receive feedback to 
compare the data to the actual position of the wrapping 
head . This assures that the position called for is actually 
atta ined, because a ll data refers back to a floating zero 
point that is set at the start of a panel and remains the 
same throughout wrapping . On the other hand, the refer­
ence point floats in incremental systems. Each point is pro­
grammed from the previo us one, a nd there is no monitor­
ing of the driven wrapper to assure that the previous point 
attained was the correct one . To prevent the accumul ation 
of tolerances, this system includes manual "rezeroing," 
which automat ica lly returns the wrapper to the floating 
zero originally set, allowing the operator to reset it if there 
is a difference. 

Mechanical features of wrapping tools 
• Fixed-head or tool- In this design, the Nie tape guides 
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the operator in a ligning the wrap tool over the terminal. 
Therefore, the operator will not pl ace a wire on a terminal 
other than one programmed, but nei ther will it pick up 
pins out of position. 

There are two types of fixed heads or tools: those in­
corporating a side-loading bit , and those ada pting a rigid­
ly- mounted man ua l tool that loads a t the bottom . Al­
though side- loadi ng is faste r , since the tool has a rotating 
bit a nd sleeve, it can cut and nick prev iously routed wires . 
The so lution, then, for multilevel wiring, is to set the verti ­
cal levels precisely, and to neatly route the wires. Other­
wise, the time gained in bit load ing could be completely 
lost in wiring a dense panel. 

• Carriage mo~ement-When the wra pping head is 
fixed and the panel mounting plate moves, the most com­
mon position for this plate is horizontal. To minimize op­
erator fatigue, the point to be wrapped shou ld always be at 
the same distance from his eye a nd well within his reach. 
With a hand-held tool, the panel mounting plate is vertical 
to give the operator a " bird's eye view" of the panel and 
locate the point to be wrapped within his reach. 

In many applica ti ons, the operator must fo llow a pre­
selected route for the wires to minimize noise coupling 
among them . A vertical table is less tiring in such cases, 
because it gives him a top view of the termina ls . A hori ­
zo nta l tabl e, on the other ha nd , ra rely provides him wi th a 
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clean look at the channel he must route the wire through. 
This is especially true, considering how fatiguing it is to 
look at rows of terminals on 100-mil spacings, which is 
typical of packages using 1cs. 

• Dual station- Most of the equipment mentioned here 
can incorporate two wiring stations on one machine, both 
tape-controlled from one unit. Dual station equipment re­
quires two operators- one for each wiring head. Their 
work must be identical, since there is only one tape input. 
The advantage is that the additional cost for the second 
station is low, although the production rate goes down to 
that of the lowest operator. 

• Wire preparation and storage-The latest innovation 
in semiautomatic wiring equipment is the integration of a 
numerically-controlled, cut-and strip unit in the wiring sta­
tion, in place of a wire storage bin . This unit feeds the next 
wire when the machine is in position for the last end of the 
previous wire. The time used to feed the bit, which slows 
down a hand-held tool, is now shared with the time spent 
in moving the machine. 

--WRAP BIT 

r---- TERMINAL TO BE 
WRAPPED 

In semiautomatic systems, a fixed wrapping head will not 
pick up bent pins. 

Automatic wiring for solderless wrapping 
Dan P . Brouwer, Electronic Products Div 

:la rdner-Oenver Company 

For an automatic wire wrapping program to be successful, 
you must consider your package design requirements and 
their implementation carefully- and as a system, not indi­
vidually . Automatic wirewrap machines represent a big in­
vestment but, when amortized, your wiring costs can go 
below two cents per wire- including operating expenses, 
machine maintenance, and manpower. In addition, the 
quality you can attain with automatic wirewrap is ex­
tremely hard to beat. 

These machines provide better quality because they not 
only wi re, but also monitor the wrapping operation to in­
sure that wire is put on the terminals . They check the fol­
lowing: 

• Spl ices- Insulated wire manufacturers usually butt­
weld several pieces together to make a 5,000, 10,000, or 
20,000 ft spool of wire . To guarantee that the spliced sec­
tion does not get into the machine, the wire spec requires it 
to be bare for at least 8 in . When the splice detector finds 
this section, it stops the machine. 

• Wire feed- When the machine goes to the next low­

est X- Y position to start the next pattern, and grips the 
wire to draw it through the pattern , it also checks to see 
that the wire is in position and signals if it isn't, indicatiing 
that the wire was not fed across. 

• Z-motion- If either of the two wrapping tools doesn ' t 
reach its programmed Z-level (perpendicular to the panel), 
the machine stops. This will occur if the machine touches 

the top of a terminal, or if one of the wrapping bits runs 
into any interference. 

• Wrap- Both wrapping tools measure how far the tool 
goes back up to the terminal as it wraps, and shut off the 
machine if either doesn't go far enough. This check not 
only determi nes whether a wrap was completed, but also 
whether there was a terminal at that point. If there is no 
terminal, the tools don't go up. 

• Card sequence- Each punched card contains the wir­
ing information for one wire on the panel (two connec-

l
------44•--------i1 
··---42" - --

'· =-r l 24 

'-----'--------' ti 
l----22" ·I 

'iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii~r .. 
Maximum panel size, including terminals is 44 x 24 x 7 V2 in . 
While maximum wrap area of the machine is 22 x 22 in. , it 
can extend the length to 42 in . by using a pallet longitudinal 
positioning system that shifts the panel under the wrap area 
in eleven 2-in. increments . 
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tions). To guarantee that no cards are missing and that 
they are in the right order , the trailing end of each card 
has a code number which the next ca rd must agree with . 

• Data- Th e machine checks each co lumn of the 
punched card for odd parity. 

~REFERENCE MEMBERS c=i DRIVE MEMBERS 

z . 1 

\ 

OT!fil El D 

H 2A o-ro 
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A 
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~A1 ~A4 
0 0 0 0 

0 0 0 D 
RECTANGULAR GRID SQUARE GRID 

THE ELECTRONIC ENGINEER • June 1972 

For more detailed information on terminals , back pan­
els, and wire, obtain a copy of " Design Parameters for 

. ·Wire-Wrap," S . M . 5 16282, Third Edition , from the Gard­
ner-Denver Co., 1333 Fulton St., Grand Haven, Mich . 
49417 . 

Automatic wirewrap machine has one X drive and two Y 
drives . plus a co-o rdin ated Z-motion for both the A and B 
sides. The machine collapses both ca rriages to the lowest X 
and Y position of the next wire to be wrapped to pick up 
wire . Both carriages move l ike a train, B pulling A in the X 
direction to initial BX, and dropping it off at its proper posi­
tion. The B tool pul ls .. the wire and wraps it. We need now 
two Y drives. one for A and one for B. There are three car­
riages on both the A and B sides of the machi ne. The center 
carriage is the wrapping tool and two outside ca rr iages are 
the dressing fingers . The A rear dressing finger (ARD) is lo­
comot ive for the A side of the machine, while the B rear 
dressing finger (BRO) is loco motive for the B side. The ma­
chine always progresses in th e +X and Y directions. draw­
ing the wi re along its pattern over the top of the terminals . 
It then stri ps the trailing end of the wire to be wrapped and 
the leading end of the next one. descends over the terminals 
and wraps the wire. 

Two terminations per terminal satis fi es most panel wiring 
requirements . Three wires per terminal may indicate redu n­
dant wires. or star-network wiring. The panel must be flat 
enough for the automatic wiring machine to put both levels 
within its 7/s -in. Z-motion. If some terminal s are put at a 
much lower level . they must be wired by hand later. Both 
ends of the wire are always wrapped at the same level­
from Z-1 to Z- 1, and from Z-2 to Z-2 . The third or upper lev­
el is rarely wrapped by machine. This level is reserved tor 
repai r and engineering changes. Many people prefer not to 
unwrap Z- 1 w ires for repai r. as it may be easier t o cut off 
the Z- 1 wire next t o the connecti on and repair by wrapping 
on the Z-3 level. 

0 

-,---±-a 
A o-t- -- o 
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~ A --1 D 

D 

STAGGERED GRID 

Wiring channels must be wide 
enough to accommodate the 
wires . drawn ove r the top of the 
panel, without interfering with 
terminals. A staggered grid has 
lower pin density than a square 
grid, but it provides more chan­
nels. Th is keeps wires apart, re­
ducing crosstalk. 
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Back panel wiring with clips 
Termi-Point® clips a wire- solid or stranded­
to a rectangular post 

Ed Whiteman, TERMl -POINT Div . 

AMP Inco rpor ated 

Basically, the Termi-Point* system connects a wire (solid 

or stranded) to a rectangular post with a metal clip. Clips 
and wire are applied simultaneously with a tool which can 
be hand-held, or they ' re mounted on a numerically-con­
trolled machine head for automatic, or semiautomatic, op­
eration . 

Whether the posts you are clipping wires to form part of 
the soc kets or the connectors, or were inserted individually 
into PW boards, the major points to consider when select­
ing them are: size, length, spaci ng , grid pattern, and post 
tip tolerance . 

• Post size (rectangular)- Termi-Point® clips work 
on ly with rectangular posts, 22 x 36 mils and 31 x 62 mils, 
which are also suitable for wrap-type wiring. 

• Post length- 95 % of all panel designs use only two 
terminations per post. To allow for changes or additions, 
use a 3-high termination post, fully exposed, for automatic 
machine wiring. No obstruction in the panel wiring area 
sho uld be higher than the posts, or it will reduce the effi­
ciency of wiring machine. 

• Post spacing- Use the widest spacing possible be­
t ween posts, to avoid cuttin g or nicking wires, and lo allow 
room for wire channels. 

• Post retention- Termi-Point subjects the post to up 
to 30 lbs. axial thrust , but not to torsional forces. Wire­
Wrap** subjects it to only 8 lbs . axial thrust, but with con­
siderable torsional forces. 

• Grid pattern- The Termi-Point machine moves in in­
crements of I mil. (Wire-Wrap® machines in increments of 
25 mils .). 

• Post tip tolerance- Wiring machine manufacturers 
are aware that not every post remains in relatively true po­
siti on after hand ling . Therefore, they build in a fore­
giveness factor in the terminating head, called "post pick­
up capability ." This represents the maximum allowable 
post tip tolerance on a panel. For Termi-Point, this is ±20 
mils for a 22 x 36-mil post , and ± 30 mils for 31 x 62-mil. 
For Wire-Wrap, it's ± 10 mils for a 25-mil square post, 
and ± 15 mils for a 45-mil post. 

While this information may seem insignificant now, it 
will play an important role in determining the overall cost 
of any au tomatic wiring program. Any cost savings real­
ized in co nnector and technique selection may be wiped 
out if you have to straighten the posts later o n. 

To minimize problems: 
D Select connectors that have a post tip tolerance com-

52 

patible with the automatic wiring technique used . 
D Check how your vendor packages and ships the panels, 
to prevent damage. 
o Impose receiving inspection to verify and maintain 
connector quality. If the connectors do not meet machine 
requirements, use a fixture to align post tips after panel as­
sembly, or use a comparator to reposition them . 

Machines wire at a fast cl ip 
Preparing panel assemblies for semiautomatic machine 

wiring is much the same as for fully automatic machines, 
and the considerations for machine wiring with Termi-Point 
are very si milar to the ones described in previous articles for 
solderless wrap. The main difference is that there is no 
need to precut and st rip the wire, because this step is in­
trinsic in the Termi-Point system. 

Companies which cannot establish their own wiring fa­
cilities can contract wiring services with many vendors who 
have automatic or semiautomatic machines. Regardless of 
the wiring technique or machine used , the cost items are 
the same: Tape preparation (for semiautomatic) or pro­
gramming (for a utomatic) , machine wiring, wire, fixtures, 
and electrical checkout. Some vendors may change or 
modify the costs and categories but, however it is done, 
these costs a~e covered somewhere in the price. 

*Trademark of AMP I nco rporat cd 
**Trademark o f Gardn er-Denve r Co mpany 

Clips are easily removed without disturbing adjacent posts , 
or adjacent connections on the same post. 
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How the wire clip works 
In one cycle, the tool strips the insulation from the 
wire , preforms the wire , and applies it to the post un­
der a clip. High insertion forces mechanically clean 
both wire and post surfaces, establishing large con­
tact areas. 

rlNSU~;~~f i~ -g 
STRAIN RELIEF 

STRIPPING EDGE 

~ 
I N:~---~ 

Stripping grooves of the Termi-Point tool and cl ip. Only the 
leading edges are sharp to avoid nicking the wires during 
stripping. The highly-po l ished mand rel groove preforms the 
wire without damaging its conductor plating. This groove 
automatically locates the wi re in an optimum position for 
stripping and preforming. 
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----------- - -- - -
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A 6-mil deflection of a Termi-Point cli p produces 20 lbs. of 
contact force. Additional deflection of 0.030 in. changes the 
force very little . In normal application , the cli p operates 
within the shaded area of the curve, making its force rela­
tively independent of wide tolerances on post. cli p, and wi re 
dimensions . The clip performs the same with other solid or 
stranded wire. 
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Any one of the clips can easily be 
removed with an extraction tool to 
make wiring change. If a lower c lip 
is removed. the others can be 
moved down to free the top end of 
the post for a new clip . 

- MAY BE REMOVED 

THE ELECTRONIC ENGI NEER • June 1972 

Honeywell 
Modu-Mount Cabinetry 
If you really have a problem in electronic cabinetry and can't 
find a solution, call on Honeywell. 
You see, we don't just sell cabinetry, Honeywell sells solu­
tions to cabinetry problems . . . problems you sometimes 
didn't realize you had. 
For more than just a catal og, for a sure solution to your 
cabinetry problem , call or write: 

Honeywell 
Honeywell Inc., 200 Bond Street, Wabash, Indiana 46992 

Circle Reader Service #22 

DESIGNER SERIES 
Instrument packaging CASES 

For the sizes demanded and for styles preferred -­
Buckeye 's revolutionary instrument case co ncept. 
Ingenious assembly system of anodized aluminum 
extrusions and components give strength and flexi­
bility for configurat ions never before available with 
"off-the-shelf " units. Harmonizing suede-fini sh color 
panel s individualize one unit or a system - rack 
mounted or bench type using Buckeye 's exclusive 
retractable locking tilt stand. Sizes available with 
4'12" or 6" P.C. board guides installed. 

Write today for your free catalog. 

Circle Reader Service 423 
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DISTRIBUTORS­
who needs them? 
Distributors now dominate a large 
chunk of the electronic components 
industry. To find out why, see how 
distributors have tailored their 
operation to your needs. 

Debor a h Wilkins, Assistant Editor 

"Lessee . . . for this prototype we need a couple of 
counters, Tl SN7490, some S:\17475 latches. and 
T l 's decoder drivers, SN74141. Let's call Schweber 
and ask for four of each .. . make it five, one spare. 
We ' ll a lso get five 'N ixies', the low-cost job, 0.6 in. 
high, and ask them what it would cost to get a 
sa mple of the new Panaplex ." 

The action takes place at a lab in Long Island, 
where an engineer is deciding on the components 
he ' ll use in a prototype for a digital clock. Or, if we 
move the action to Boston or Los Angeles, substitute 
Cra mer or Hamilton-A vnet for Schweber. 

Let's see how our friend in Long Isl and fared . He 
had no trouble with the Nixies®. Because Schweber 
Electronics is the a uthori zed distributor for their 
manufacturer , the Electronic Components Div. of 
Bur ro ughs Corp., the di stributor salesman who took 
the engineer's ca ll mentioned that t.here a re 12 mod­
els of Nixie tubes that have a 0.6 in.-high cha racter, 
co rrect ly identified the read out tube he had in mind 
as Bur roughs' B-5440. and made sure that he wanted 
right- side-up mounting (since upside-down mounting 
would have ca lled for the B-5445). Schweber, how­
ever. is not a Tl di stribut or, and the sa lesman said 
so. After some prodding, he mentioned that he car­
ried Fairchild and M otorola, suggested the co rrect 
Fairchild subst itutes for the 1c co unte r and latch, but 
couldn 't find one for the MSI decoder driver. 

With the Pa nap lex®, it was a diffe rent story . 
That ' s not a distributor item -- Burroughs is sti ll sell ­
ing it directly to users, mostly on large custom or­
ders . The sa lesman however, realizing that his caller 
was interested in readout s, insisted that hi s caller 
look into Monsanto ' s so lid-state readouts. "Look , if 
yo u're us ing Litronix readouts, I' ll give yo u the 
same thing from Monsanto, cheap and from stock ." 

Even th ough our engineer didn 't get a ll , nor the 
exac t , parts he wanted. he'll be able to build hi s pro­
totype. H owever . had he known a littl e more about 
both distributors and distribution, he wo uld have 

called a Tl distributor for the 1cs (Arrow in Long Is­
land , Cramer in Boston, Weather ford in Los Angeles 
or Tl Supply in all three a reas), and referred hi s re­
quest for Panaplex samples directly to Burroughs. 

What you don't know will hurt you 
How much do you know about distributors? We 

asked many engineers that same question, and got 
responses which confirm the example above. " I'd al-
ways thought of distributors as stock clerk~ . " . 

" I don't depend on them for any technical assist­
ance a t all. As long as they have the part I want 
when I want it , that's all I need them for." 

"A distributor's just some nontechnical guy who 
takes an o rder , then sees if it's on the shelf. " 

So who needs distributors? Well, our research 
shows that yo u do, and if you d on't kn ow why, then 
you're not doing your job at top effic iency. We 
talked to engineers who did as much as 90% of their 
procurement through distributors , yet never talked 
to them about anythi ng more than a sale. And, while 
many distributors have given cause to and sti ll de­
serve the reputation that those comments reflect, 

there are many things that they can do for yo u that 
go beyond se lling what's on the she lf. 

It ' s a fact of life that more and more of the elec­
tronic components for products and sys tems will get 
to you th ro ugh distributors. simply because manu­
facturers won't be able to identify and service every 
possible user . Seymour Schweber, owner and presi­

dent of the over $25 million a year company that 
carries his name, says that the number of identifiable 
buyers of electronic components will increase from 
the 20,000 it was in 1970, to 35,000 by 1975 , and 
50,000 by 1980. "Distributors are a lready doing $1 
billion a year in electronic component sales. We're 
going to move from capturing 25 % of the total com­
ponents business to 50%, and 50% is a tremendous 
amount of business. If the manufacturer doesn ' t 
work with the distributor , he 's not going to share in 
our growth. " 

Triggering this rise is the fact that manufacturers 
just ca n' t afford to put enough salesmen in the field. 
Whereas distributors originally handled only sma ll 
quantity orders, the price of doing business has 
forced the manufacturer to rely more heavily on the 
distributor . Since it 's not unusual today for a manu­
facturer to turn to a distributor to accommodate or-

(Conr'd. on page 56 ) 
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The distribution game-on the way up 

By Alberto Socolovsky and Deborah Wilkins 

In 1972. distributors will sell 25 % of all electronic com­
ponents . Since the total volume of component sales will be 
around $3 billion. distributor sales will be $750 million ­
some say that means that sales by distributors will reach 
close to $1 billion this year. Looking at the future there's no 
doubt about it-distributors are growing. 

Fueling this growth is the changing-and expanding-na­
ture of the electronics industry. As the "product life cycle " 
curves* on this page show. distributors perform their func­
tion best with products that have reached maturity. Some 
forward-looking distributors will always tend to lead the 
pack and incorporate growing products. while others will 
hang on to obsolete items. 

During the booming 60's, government money helped pay 
for many new products, and shifted the center of the dollar 
distribution curve to the left. During the present. leaner 
years . when most of the ·new product activity will have to be 
privately funded by industry, the procurement curve will 
drift to the right. into the mature product area which de­
pends more on distribution . Today 's complex components, 
then, will become tomorrow's systems components that you 
will purchase through distributors. Since the markets for 
these components will continue to grow, the distributors will 
claim a larger share of a bigger market. 

Most distributors bega n as sales outlets represent ing an 
assortment of manufacturers ' products. Their business has 
always revolved around qu ick delivery of the small quantity 
order the manufacturer can no longer afford to service. But 
that 's changing. With distributor inventories reaching as 
high as $20 million. manufacturers today will often call on a 
distributor to fill a one million piece order, especially when 
he 's located close to an important customer. In effect. the 
distributor serves as a storehouse of electronic components 
made readily available to the buyer. 

A variety of distributor types have emerged from this 
common beginning. The largest. Cramer. Hamilton/ Avnet. 
and Kierulff are general line distributors who serve their 
customers nationwide. Each stocks more than 20 (Cramer . 
c lose to 40) outlets from coast to coast. and each expects 
sales to climb over $70 million this year. They're cate­
gorized as general line distributors because on their shelves 
they stock just about every kind of electroni c component. 
and their product lines represent a large number of com­
ponent manufacturers. Ja co. Schweber. and Powell fall into 
a similar category. though on a smaller scale and with fewer 
outlets- the lim ited line distributor. 

Concentrating only on the sem iconductor market. Semi­
conductor Specialists represents another phase of the in­
dustry-the specialist. Although representing a variety of 
manufacturers. his stock is limited to one or a few product 
lines. All ied and Newark represent still another facet- the 
mail order group of distributors. 

Value-added servi ces seem to be the key to the modern 
day distributor . And a wise engineer will take advantage of 
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the quick delivery time the distributor can offer him on spe­
cialized products as opposed to the factory , in which case 
delivery might take months. The distributor's business is 
servi ce and it's this specialized service that makes him vital 
to the electronics industry. He can program your ROMs; as­
semble your switches. readouts. connectors, and PC boards; 
assemble and calib rate your meters; strip and label wire : 
and more . He can also sell you one piece for a prototype or 
a million for production runs; provide you with detailed ap­
plications information or engineering assistance: and help 
you lower your leadtime with a large inventory of off-the­
shelf items. 

Product life cycle curves 
Relative number of units .---~Re_ceiv1og tubes 

1962 

Digital 
{small-scale) 
!Cs 

Int roduction Growth 

1972 

I ntroduction Growth 

Introduction Growth 

Distribution of 
Rela tive % of market 

Motur1ly Obsolescence 

Oig1tol SS ICs -----

Maturity Obsolescence 

Maturity Obsolescence 

*Whe n plotted for a single nroduct. the life> c\·cle cur\'e represents the numhcr of 
units uroduced as a fu nction of its vears of existence . <The inverse of this curve is 
an aporoximate p\ot of the product's un it price . I Plotted. as it is here. for Se\'eral 
,1roduc ts. it si moh· shows whcrr each nro<luct is in its li fe nc:le at one noint in 
time. 

55 



56 

Modern distribution is much more than parts bins and order 
takers. A Tektronix storage scope, plus ROM programmers 
by Spectrum Dynamics and lntersil are part of the lab in­
strumentation Schweber has added to sell PROMs and other 
modern components. 

ders, in some cases as large as a million pieces a 
year, it makes good sense for a manufacturer to let a 
distributor manage hi s component requirements . 

Availability is their most important product 

Judging by our readers' comments, availability 1s 
probably the service you ' re most familiar with . 

" If it's a quick-react type job and I need an item 
fast," one engineer tells us, " I' ll go to the local dis­
tributor." 

" If we're buying something for the lab, or for pro­
totyping, we'd probably go to a distributor because 
the chances of getting it there quickly are good ." 

Computers to the rescue 
Since it's their most important commodity, avail­

abi lity is the area where distributors invest in the 
most sophisticated tools . Many today are alleviating 
yo ur biggest complaint- the lack of follow-up to ex­
pedite orders- with computerized syste ms . Semi­
conductor speciali sts introduced the first one- ca ll ed 
project FUSS- which records the promised delivery 
date for each item you order. If it 's in stock , one 
week before the delivery date the computer tells 
Semiconductor Specialists to pull it out. If the parts 
have not yet arrived from the manufacturer, it ex-

pedites the factory orders and notifies you by letter. 
The chances of your order being in stock are get­

ting better, though . Because most manufacturers 
can't afford inventories of more than two or three 
months, large inventories are moving to the dis­
tributor. The result is that they are stocking more 
and more standard parts , which means less waiting 
time for the buyer. 

Several manufacturers have begun communica­
tions via computers with their distributors to keep 
inventories well-stocked and up to date . Allen-Brad­
ley, for instance, has an on-line communications sys­
tem, called IRIS (Instant Response Information 
System), for this purpose. The distributor dials into 
Allen-Bradley 's central computer in Milwaukee, en­
ters the code numbers and quantities via tele­
typewriter of the products he needs, and receives an 
immediate confirmation of his order. Today it ' s not 
unusual for distributor inventories to reach over $20 
million and to turn over three or four times a year . 

Apparently these systems are working. One engi­
neer tells us , "Semiconductor Specialists has had a 
computer stocking system for a while . They're one of 

the best sources . They know what they've got in 
stock; they know what they ' re selling; and they order 
directly. This indicates the system works well. " 

A good distributor can help with applications ... 
Providing fast delivery on your order is, of course, 

the distributor's first concern. Next should come in­
formation on applications . Unfortunately, according 
to our readers , that 's where the exceptions confirm 
the rule . 

"I rarely go to distributors for information be­
cause my own experience has been that they don ' t 
have any . They don't know anything about what 
they' re selling." 

"Schweber might have applications information, 
but I' ve talked with people at Allied and Newark 
who know nothing about what you're buying. They 
don't even know what it is you ' re buying . They just 
look for the part number and put it in your hand." 

There are many distributors who are working hard 
to improve on this point. Semiconductor Specialists , 
for example, has an applications engineering depart­
ment staffed with engineers, specifically for the pur­
pose of providing buyers with technical and appli ­
cations information. R . Y. Weatherford , owner of 
the distribution company of the same name, tells us 
they have. a product marketing department with 
product specialists to provide technical support to 
their customers . "Each man has a rather narrow re­
sponsibility- one deals with capacitors, one with 

connectors, and so on, and they become pretty 
knowledgeable in their specialty because providing 
detailed technical information is their job." 
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... all you have to do is call 
Th ink of the time you 'd save go ing to yo ur local 

distribu tor for techn ica l information instead of go ing 
a ll the way back to the manufacturer. Take the ha p­
py engineer from Raytheo n, for example, who call ed 
a distributor to find Monsanto's nearest rep so he'd 
kn ow where to go for applications data. " One time I 
ca lled Schweber a nd asked where Monsanto's local 
rep was so I could get some in fo rmati on on their 
LEDs. I d id n' t have to go any further. Schweber sent 
me eva luation samples and told me everything I 
wanted to know abo ut them then and there." 

There 's one undeniable reason wh y a good di s­
tr ibutor is more qua lified to give yo u appl icat ions in­
form ation than even the manu facturer. Schweber 
considers this to be j ust a bout the most importa nt 
part of distribution . " The manu fact urer who made 
the product is a lways less awa re of the use of the 
product tha n the user. T he manu facturer will get hi s 
ideas from his I 0 best custo mers or from those se­
lected customers he feels will give him volume. But 
the distr ibutor comes in contact with people, with 
the actual users, while the manufacturer never even 
knows their names. So we are a tremendous reser­
voi r of information fo r both customer and supplier. " 

Distributors can provide technical data .. . 

With ma ny d istribu to rs ha ndl ing just one or a few 
product lines, it's a sa fe bet you' ll fi nd technical in­
fo rmat ion on these products in the offices of the lim­
ited-line distributors. Semiconductor S pecial ists, fo r 
example, can proba bly tell you more than you want 
or need to know about semiconductors. Paul Carro ll , 
pres ident , po ints out that h is company " has been 
doing this fo r 13 years. We eve n hold seminars, on 
1cs fo r example, fo r this pu rpose." The same holds 
true fo r J aco and capacitors. Joel Girsky of Jaco 
tell s us " T his year we' ll sell over $8 mil lion worth of 
capacitors. Th at ma kes us the la rgest capacitor dis­
tribu tor in the world . And we' ll buy more than $5 
million. Would you believe we buy more capacitors 
tha n West inghouse? A nd we probably buy IO times 
what Ai rborne buys and they' re a $ 100 mi llion firm . 
When it gets down to ta lki ng capabil ity, we' re not 
a fr a id to match up against anyone. Cramer, the la rg­
est d istri buto r in the country, may do $ 100 million 
tota l business, but we do ma ny times the capacitor 
business they do, and we've got the EEs on our sta ff 
to g ive us the tech nica l info rm ation to back it up ." 

... and final assembly of custom components 
N ot only a re engineers un aware of the technical 

information they can get fr o m dist ributors but, we 
were sur prised to find , they' re unaware of the va lue­
added services their distributors have to offer . Dis­
tri buto rs can program ROMs; assemble connectors; 
sleeve capac itors; strip and la bel wire; assemble pots 
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with the req uired tape rs, bushings, resistance values, 
and sha ft dia meters; calibrate meters; and more- yet 
few seem to kn ow about it. 

"Usually when they have so mething like tha t I 
onl y hear a bout it second-h and . It ' s the so rt o f thing 
that' s not advertised ." 

" I j ust never hea r a bout them . I've read a bout the 
ROM but nothing much else ." 

These services are there and they' re becoming 
more and more importa nt to the customer and the 
supplier as well as the distributor. This is one o f the 
trends Schweber believes will ta ke hold by the end of 
the 70's. As he puts it , " This is sneaking up on a ll of 
us r ight now. T he di str ibutor will slowl y become the 
final assembler of electronic products. It a ll started 
when distributors began assembling connectors from 
co mponent piece-parts a fter World Wa r II , with 
Amphenol the originator of the idea. Then Bendix 
broke th e ice se llin g even mo re piece-pa rts and 
equipm ent to th e d ist ributo rs , e na blin g two di s­
trib utors to grow t remendously- Avnet and Powell. 
The next time around we fo und ourselves ma rking 
and testing capacitors, then calibra ting meters, then 
putting pushbutton swi tches together . And so it goes, 
on and on, unti l someday we' ll be doing the fin al as­
sembly on a ll products." 

Schweber 's an innovator who always seems to be 
ahead of the game. Al though he wasn't the fir st to 
program ROMs or assemble conn ecto rs or provide 
any of the other va lue-added services offered through 
distrib utors today , he's pro bably the mos t enthusias­
tic about the idea . Schweber cla ims that ma nu fac­
turers have em barked on a "shift-the-labor-to-the­
di stributo r" program. " When qua lity-minded com­
panies like A llen-Bradley, Amphenol, Cannon, Har­
ri s, a nd Intersi l trust the di stributor to co mplete the 
fin a l assembly on thei r products, m y God, tha t 's like 
Golda Meir playing go lf in Egypt!" 

N obody reall y knows how the di stributors' capa­
bilities have bypassed so many engineers. J oel Gir­
sky of J aco bla mes it on the di str ibutors. " There a re 
onl y two or three distr ibutors who advertise on a na­
tional bas is. The d istributor indust ry may be a bil ­
lion dollar industry, but no one rea ll y kn ows what a 
distrib utor is , what his capabilities are, and so on. 
A nd fr ank ly, I a ttr ibute it very heav il y to a lack o f 
comm unicat ions on the d istributor' s part. We never 
as an industry exactly tell the electronics industry 
what we can do , and what they should look to us fo r. 
The di stributors a re not marketing thei r to tal co rpo­
ra te capa bilities as accurately as they could ." 

O ther distrib utors agree. Whatever the reason, 
dist ribu tors are becoming a n increasingly more im­
po rta nt pa rt of the elec t ro nics industry . Th ey ' re 
growing in doll a rs, volume, a nd capa bility and it 's 
t ime yo u fo und out about it. 
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Schweber on distribution 

The Museum of Modern Art? Not quite , but definitely not 
your usual industry plant. The building, set in Westbury, 
N.Y. , combines Seymour Schweber's two great interests­
distribution of electroni c components and modern art. 

In his spacious office , where the softspoken , slow-talking 
Schweber holds forth equally well on the history of civ­
ilization. history of electronics and philosophy, the prizes of 
his collection are kept. In addition to a modern portrayal of 
a vise. and directly behind the distributor's desk, is an acryl­
ic piece de resistance. For as his visitors listen intently to 
Schweber's acerbic views on the business. their eyes are 
constantly distracted by a handsome rendition of the rear 
view of a young woman , unencumbered by c lothes. 

To gain an insight into the distributor's business which 
has directly affected the electroni c engineer 's purchasing 
habits. it's interesting to listen to Schweber's analysis of the 
business. Recognized as a leader in the distribution in­
dustry, Schweber's acknowledged ind ividuality has paved 
the way to success for his over $25 million a year firm. His 
attitude towards handling competitive lines reflects this in­
dividuality. " We didn 't have to give up any competitive lines 
when we took on lntersil. When lntersil entered the market, 
our two main semiconductor lines were fairchild and Moto­
rola . I think that both of them must have taken sleeping 
pills for a couple of years because neither had very much 
new product development as far as memories were con­
cerned . Either they were playing the waiting game to see 
which technology would be the winner-MOS, bipolar, or 
what have you-or they were simply satisfied with what they 
were do ing. So we wound up with noth ing in the market­
place for memories. while the new companies were the ones 
that were advancing in the technology. " 

If a distributor's business depends on the suppliers ' prod­
ucts. it should follow that the distributor would look to them 
for direction . But looking to the suppliers just doesn't seem 
to help , according to Schweber. " When we questiOJl our sup­
pliers, practi cally all of them are reluctant to tell us their fu ­
ture plans. future products. and future directions. Suppliers 
not confiding in us seems unreasonable when you consider 
that. in many cases, we 're not only their biggest customers, 
but by their own admission . their most profitable ones as 
well. Something's got to give. " 

And it's starting to give . Because with every semi ­
conductor and electronic component that ' s sold , dis­
tributors are coming more and more into their own , becom­
ing more independent of the manufacturers, yet a more in­
tegral part of the electronics industry. They' re gaining more 
voice in the industry as well as a larger share of the busi­
ness and profits. But if a distributor can't look to his sup­
pliers for direction he' ll have to discern himself in which di­
rection his suppliers are moving. 

Before the end of the ?O's, Schweber predicts, the dis­
tributor will become the final assembler of many electroni c 
products. Manufacturers. as he puts it. have embarked on a 
" shift-the-labor-to-the-distributor" program because they 
can ' t afford to do it themselves. " As the industry becomes 
more complex , there are an increasing number of special-

ized products so orders often get smaller. Manufacturers 
have realized that it costs them $100 to process an order . 
that they're losing money on small orders, so they've passed 
the labor to the distributor. Now we're assembling more 
switching, marking more capacitors . selecting more resis­
tors. programming more memories and so on ." 

Sometimes, however, taking on these value-added serv­
ices is not a money-making endeavor. " One of our biggest 
gripes in this business is that we ' re assembling connectors 
at a loss. The supplier didn 't leave room in his price for us 
to afford it. And the distributor is cutting the price for the 
customer-if the guy buys one connector, we ' ll give him the 
100-piece price. Who can afford to assemble just one con­
nector? We always felt that if we were selling at the factory 
price and the guy gets it in a day without having to pay the 
freight from California , what more does he want? But it 's 
not the customer who's asking for more; it 's the distributor 
who 's offering more. Distributors will have to factor in their 
time costs and demand the kind of pricing from their sup­
pliers that makes sense in the hard reality of the market­
place. " 

To give you an idea of the growing importance of these 
services to the manufacturer, Schweber tells us that " the 
shift to distributor assembly has so taken over the minds of 
the suppliers that Amphenol , for example , redesigned and 
retooled their new Merlin line in order to enable the dis­
tributor to do the final assembly work, otherwise the item 
would never get off the ground." 

Schweber and other distributors see distribution as a 
changing industry, as one that 's growing and , in adding val­
ue-added services, becoming a stronger part of the elec­
tronics industry. It's the first time . he says , that manufac­
turers are looking at distributors as vital and equal parts of 
the industry. It 's not that these services are something new. 
but they' re constantly becoming more important to every­
one involved-the manufacturer, customer , and distributor. 



Especially on our new, automatic pantograph machine 
where they can stake 12,000 post or receptacle 
connectors an hour into your PC boards. 
The new multihead pantograph is playing an important 
part in the continuing success of AMPMODU, the 
electrical connector system that's speeding up 
production of modular subassemblies for manufacturers 
of industrial and consumer electronic equipment. 

With AMPMODU products, reliable electrical contact is 
assured by the uniform force applied to mating posts by 
cantilever spring beams in the receptacles . Receptacles 
can be machine-staked into the face of a PC board or 
onto its edge. And mating posts can be wired 
automatically by TERM I-POINT clip, or by crimp-, 
solder-, or wrap-type techniques. 

A complete family of single- or double-row connector 
housings to accommodate our crimp-in , snap-in 
receptacles is also available. 

Find out how the AMPMODU electrical connector 
system and application machines can add even greater 
volume to your high-volume production operation. 
Write for catalog to: 
AMP Incorporated, Industrial Division, 
Harrisburg, Pa. 17105. 

AINIP 
INCORPORATED 

Manufactu ri ng and direct sales facilities worldwide : Barcelona, Brussels, Buenos 
Aires, Frankfurt, London , Mexico City, Paris, Puerto Rico, Sao Paulo, 
s'Hertogenbosch (Holland) , Sydney, Stockholm , Tokyo, Toronto, Turin , Vienna. 

AMPMODU and TERM I-POINT are trademarks of AMP Incorporated . 

THE ELECTRONIC ENGINEER • June 1972 

New, strip-fed pantograph stakes posts and receptacles into 
3 PC boards at a time, with great accuracy. And can handle 
boards .062 to .125-inch thick, in 5 x 13-inch to 16 x 13-inch 
sizes. 
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Our PT times with accurate solid state circuitry .. . switches 
with rugged relays. It's the best of both worlds. And it's 
available now from authorized P&B distributors. 

A pretty face? Yes, indeed. But you 
get more, much more in our new PT 
Series panel mount time delay. For 
example: 
• Solid state precision plus hard­

contact electrical isolat ion. 
• 10-ampere switching capacity. 
• Eight dial-adjustable timing 

ranges ... from 0.1 to 300 sec­
onds. 

• Choice of three timing modes: 
delay on operate, delay on re­
lease, delay on operate with both 
timed and instantaneous con­
tacts. 

• The accuracy, dependability and 
longevity associated only with 
solid state circuitry. 

Standard models, stocked by lead­
ing electronic parts distributors, are 
available for 24 and 120 volts AC or 
12, 24, 48, and 11 O volts DC opera­
tion. They have a 3-inch diameter 
Lexan housing designed to be inter­
changable with most mechanical 
timers. 

Timing function lights on the face 
of the PT are available options. A red 
light indicates timing is being per­
formed and a white light shows tim-

MOUNTING DIMENSIONS 
SUGGESTED PANEL CUTOUT 

lo 
C ASEI ~ 

OUT~:~ 

: A ~1.4015 
........,=-~~~~-'--~L ____ _ 

NOTE TWO HOL.£5 , 
A FOR F R ONT 

M OU N TING { SERV ICI N G O PT ION 
HOLES TAPPED FOR 8 ]2 SCREWS 

ing has been completed . These lights 
are available on 110 voe and 120 
VAC models. 

The dial is calibrated in seconds 
and is accurate to within 10% of the 
full scale . Repeatab il ity is ±1 % . Typ­
ical release time is 45 milliseconds. 
DC models have polarity protection 
and AC models withstand transients 
up to 1000 volts. 

Modern in appearance and con­
cept , the panel-mount PT adjustable 
time delay can add new precision 
and reliability to your equipment 
economically. 

For full information, call your local 
P&B representative or write Potter & 
Brumfield Division of AMF Incorpo­
rated, Princeton, Indiana 47670. 
Telephone 812 385-5251. In Europe, 
AMF International Limited, Oxford, 
Oxon, England or S.p.A. Milan, Italy. 

Potter & Brumfield 

P&B makes more of more kinds of time delay relays 
than anybody in the business. 
Anybody. 
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SAINT LOGIC 
The best thing 
to come along since sliced bread 
The state-of-the-art has not permitted any significant 
break-through in DVM logic until now. In the present 
DVMs on the market, certain trade-offs or sacrifices 
are necessary. For example, accuracy is given up for 
speed in many cases; speed is given up for accuracy; 
accuracy and speed have been given up for a lower 
price; accuracy and speed are given up for noise 
rejection. 
The new Cimron DMM 50 is a five digit digital mul­
timeter and is first in a family of multimeters to be 
introduced by Cimron this year. The Cimron DMM 
50 offers high quality, high accuracy, high noise re­
jection and high speed at the same time. 
In order to provide such a meter Cimron has em­
ployed a logic we call "SAINT." We've taken two 
logics and combined them resulting in one very pow­
erful instrument. We use Successive Approximation 
CSA ) logic for speed and integrating (INT) logic 
for its inherent noise rejection. 
Each reading on the Cimron DMM 50 starts with an 
"Automatic Set Zero," then we examine the most 
significant of the five decades. Any part of a digit 
from zero through eleven is subtracted. This is called 

our "subtractive digit" operation. The most signifi­
cant decade can be zero through eleven. Next we 
integrate the four least significant decades. 
The four operations of the "SAINT" technique are 
(1) automatic zero set; (2) subtractive digit; (3) in­
tegrate compare "one"; (4 ) integrate compare "two." 
This means the DMM 50 can operate at greater than 
20 readings per second with a rejection of 60 dB at 
60 Hz. An additional 60 dB of noise rejection may be 
switch selected. 
Multimeter capabilities include: 5 ranges of DC and 
DC/ DC ratio ; 4 ranges of AC; 5 ranges of resistance; 
optical coupled data output and remote program­
ming. Priced from $1200. 
Other Cimron products include AC Power Sources 
and Line Conditioners; Data Acquisition Systems; 
Pulse Generators; and a complete line of high per­
formance DVMs. 
For detailed specifications and demonstration con­
tact your local Cimron Representative or Chuck 
Hasley at 714-774-1010, Lear Siegler, Inc., Electronic 
Instrumentation Div., Cimron Instruments, 714 
North Brookhurst Street, Anaheim, California 92803. 

LEAR Sn'GLER, INC. ELECTRONIC INSTRUMENTATION DIVISION 
CIMRON INSTRUMENTS 

..,.TW DIGITAL M\JL TlMETE.R HI + 
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Charting logic ICs 
for speed/power 

After years of leading the pack, TTL prepares 
to battle challengers on two fronts 

Arthur J. Boyle, Managing Ed itor 

Trying to thread your way through the maze of digit­
al 1cs can be time-consuming and frustrating ex­
perience. Here's a guide to simplify your task . The 
chart on the facing page plots average power dis­
sipation vs typical propagation delay for the most 
popular families of digital logic . The primary pur­
pose of the graph is to put the speed / power tradeoff 
in perspective when yo u are choosing a logic family 
for a new design. For this reason we have dropped 
both DTL and RT L, which appeared in past versions 
of the chart, since there is relativel y little new design 
activity with either logic form. While DTL does at the 
moment represent a significant market fo r IC manu­
facturers, the majority of devices appear in equip­
ment that is well into its production stage. As for the 
future, forecasters concede that DTL sales will de­
crease dramatically over the next five years as this 
equipment is phased out. This leaves us looking for­
ward to a battle royal between the present king-of­
the-hill and two serious contenders, and these are the 
three entries on our chart- TTL, ECL and CMOS. 

TTL under siege 
The industry's standard logic form, TTL, faces 

serious competition from two sides. In the very high 
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performance areas, standard emitter-coupled logic 
has been very successfu l in establishing a beachhead , 
although we are st ill a year or two away from the 
large volume production buys. At the other end of 
the spectrum, CMOS is starting to put pressure on TTL 
in both new applications and al so for sockets that 
would have gone uncontested to TTL two years ago . 

In the near future , the under-4 ns logic market will 
probably be the most hotly contested. Standard ECL 
appears to be the first choice for many of the next 
generat.ion of large machines. (See "ECL- who 's 
leading the band!" The Electronic Engineer, April 
1972, p. 14). Wh ile up to now, the contest has been 
primaril y between Motorola and Fairchild (with 
most of the second-sources lining up behind Moto­
rola) , Texas Instruments has recently joined the 
game. The newly announced TI line will be pin-com­
patible with M otorola 's 10,000 series , but will in­
corporate the on-chip temperature compensation of 
Fairchild 's 9500 line. 

It is obvious, however , that ECL is not going to win 
the entire high-speed market hands down . M any de­
signers, particularly in minico mputer and high-speed 
peripheral areas , report that their first choice is 
Schottky-TTL when they want improved perform­
ance. Almost universally they tell of "feeling com­
fo rtable" with TTL and believe that they can get on 

(Continued on page 66) 
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MICRO SWITCH products a re available worldwide th rough Honeywell International. 
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We invented the basic switch. So it's no 
wonder we offer more of them than anyone 
else in the world. 

THE WA VE OF THE FUTURE. 
The SV is our newest basic. It uses a revo-
1 utionary spring concept to provide reli­
ability unique to a miniature snap-action 
switch. 

BACK TO THE BASICS. 
When space and weight are critical, a snap­
action subminiature such as the SM (up to 
10 amps AC) or the smaller lSX (up to 7 
amps AC) more than likely will be perfect. 
When cost is also critical, the small, versa­
tile V3 (up to 15 amps AC) is ideal. 

For maximum dependability and repeat­
ability, there are our thousands of standard­
size switches. The BZ and BA are among 
the most popular (up to 20 amps AC). 

DOWN TO THE SPECIFICS. 
For special situations , we have special 
basics. The DT (DPDT) and the HT, a high­
temperature basic, (up to + 1000 ° F) are 
good examples. SE and XE are small 

' ' ~~e b1·g Ill. bas; ·CS ~:!ct:~sp~!;:~fo:n(~~~~ 
~~.A. 1 ~ e S-8805). While HM and 

HS off er true hermetic 
sealing (MIL-S-8805). 
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Actually, these are only a few members of 
our basic family . To meet the rest, contact 
your MICRO SWITCH Branch Office or 
Authorized Distributor (Yellow Pages, 
"Switches, Electric") . Or write for our 
complete literature. 

MICRO SWITCH makes your ideas work. 

MICRO SWITCH 
FR E EP O RT, IL LIN OI S 61032 

A DIVISION OF HONE YWELL 
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(Continued from page 63 ) 

For more information, use these Reader Service num-
stream faster with Schottky than they can by start­
ing from scratch with ECL. 

be rs 

Company TTL 

Advanced Micro Devices 250 
Amperex 251 
Fa irchild 253 
Harris 255 
Hughes 
ITT 258 
Motorola 259 
National 262 
RCA 
Raytheon 267 
Siemens 269 
S1gnet1cs 270 
Solid State Sc ientific 
Sol1tron 
Sprague 274 
Stewart-Warner 275 
Texas Instruments 277 
Trans1tron 279 

ECL 

252 
254 
256 

260 
263 
265 
268 

271 

276 
278 

CMOS 

257 

261 
264 
266 

272 
273 

... And in low power 
There is also plenty of competition for TTL in non­

speed critical applications . In this case the pressure 
comes from an ever broadening line of CMOS circuits 
and an increasing number of suppliers . The low pow­
er advantage of CMOS appears to be the prime factor 
in this area, although a number of engineers find 
noise immunity and insensitivity to power supply 
variations very desirable features also. 

Long the leader with their cos/MOS series , RCA is 
finding a lot of company in CMOS these days. Proba­
bly the biggest challenge is Motorola with their 
McMOS line. Both Andrew Bosso, manager of market 
planning for RCA and Ron Komatz , Motorola 's 
manager of MOS product development & pl anning 
believe that CMOS stands to benefit from two sepa­
rate areas . The first , and the one which has gotten 
the most attention, is in brand new applications , 
such as the electronic watch. It is in these new areas 
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This plot of dollar sales for the various logic forms shows 
the shape of the market most experts are predicting for the 
next five years . We have defined the total logic market as 
being thos'e applications which use any form of IC logic , 
with the exception of RAMs and ROMs. This particular fore­
cast , supplied to us by Signetics Corp ., shows the total mar­
ket growi ng by 54 % over the next five years. Th is growth 
comes from inc reases in the dollar volume of 31 % for TTL, 
125 % for MOS and a whopping 190% for ECL. 

that the low power of CMOS has at wofold effect. First, 
it opens up possibilities for battery-powered portable 
equipment in any number of different areas . Second , 
yo u can make many more complex chips with CMOS 

than· is possible with bipolar without power dis­
sipation problems. Either one or both feat ures hold a 
promise of opening up some very lucrative markets 
which were untapped by electronic manufacturers up 
to now. 

The other area where CMOS holds promise is to 
bump TTL out of some existing sockets. The advan­
tages of CMOS here are power dissipation coupled 
with an insensitivity to changes in power supply lev­
els. The net result is a lower system cost due to 
cheaper power supplies and reduced cooling equip­
ment. 

As is the case with the Schottky devices for the 
high speed application , TTL is not ready to give up 
this market without a fight. Recentl y, TI announced 
that they will supply custom circuits to Ebauche SA 
of Switze rland (the largest watch manufacturer in 
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Sales have been converted into dollars into percentages of 
the total market in this chart. The figures for MOS incl ude 
both single-channel and complementary ci rcuits. Despite 
the apparent c rossover in 1975 , it is predicted that TTL will 
remain the dominant technology for general purpose logic 
applications. A great deal of the growth in MOS will come 
from those areas where the technology already has a lead , 
for instance, low power circuits (such as , watches) and spe­
cial purpose arrays (s uch as, ca lculators and instruments). 

the world) for electronic watches . The circuits are 
micropower bipolar custom arrays which have a 
power dissipation of less than 30 nW / kHz. Sources 
at TI say that by using geometries now in high vol­
ume production with their Schottky line, this figure 
can be brought down to less than 15 n W / kHz. As 
Gene McFarland , marketing manager for Semi­
conductor Circuits at TI , puts it, "there is a great deal 
of promise in low power bipolar circuits which has 
been pretty much ignored up to now. We are by no 
means read y to concede the low power market to 
CMOS." 

So, as the market shapes up now there appears to 
be three dominant technologies for the next five 
years . Schottky and ECL will battle for the high­
speed applications while CMOS wi ll continue to chal­
lenge TTL at the low speed end. Meanwhile improve­
ments in the TTL technology will be made to try and 
repel both challenges. All in a ll , it looks like a very 
interesting half decade for both the manufacturers 
and users of logic 1cs. 
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Using a LED lamp like this 
for a panel indicator 

is a comP.romise 
no company should make ... 

L = 800 millicandelas/cm 2 

... but you might if you only look at the specs! 

Specs can mislead you into choos-
ing the lamp above when you L = 5 millicandelas/cm 2 

really want the lamp at right, a 
lamp whose diffused beam fills 
the entire lens with a bright glow, 
providing an easy-on-the-eyes in ­
dicator, viewable from a wide 
angle. 

There is no need to make such a 
compromise because the company 
whose LEDs you are presently 
using does not have such a lamp. 
Fairchild MOD, the technical leader in optoelectronics, of­
fers a broad range of 15 different lamps to meet the exact 
requirements of your particular application. And you can 
make the right choice simply by looking at the lamps. 

Because Fairchild is the country 's largest manufacturer of 
light emitting diodes and other optoelectronic devices, 
you'll also find that you benefit pricewise . Call your Fair­
child semiconductor sales engineer for samples and prices. 
Compare and prove it to yourself. Ask for the new Fairchild 
Line Card and Cross-Reference Guide . 

A QUICK LOOK - March 1, 1972 
(we're adding new types all the time) 

TYPES 
Conventional Solid State Lamps 
( 15 types) 

Red indicator lamps available with 
a red diffused, clear diffused, or a 
water-clear lens. Features a black 
background when lamp is off . 

Backlighting (3 types) 
Also available for use in standard 
incandescent lamp cartridges 

Narrow Beam Lamps 
Projects a I ight beam up to 9 feet . 
Available with visible light or infra­
red. Eliminates need for concave or 
convex lenses for distance . 

APPLICATIONS 

* Front panel indicators 
* Fiber optics interface 

*To illuminate message 
indicators such as 
ON FWD REVERSE 

*25 KV coupler 
* Fiber optic source; 
counters, readers, traffic 
monitors, data link, pol­
lution monitor, shaft 
angle encoder 

NU~\ll~ tN + 7 

\=AtRCHllJ~ 
a 

FAIRCHILD MICROWAVE & OPTOELECTRONICS DIVISION 4001 MIRANDA AVENUE, PALO ALTO, CALIFORNIA 94304 
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Our terminal capabilities outnumber 
your problems. 



The answer to your remote­
computing needs is probably 
right on this page. 

Like our model 33. Economy 
and reliability have made it the 
most popular data terminal of its 
kind. Or like our new wide-platen 
model 38 . We loaded it with big 
machine features but we left off 
the big machine price tag. For 
high-volume operations, our 
model 35 is built to run day and 
night, year in and year out. And 
if your system is highly complex, 
our model 37 delivers the utmost 
in flexibility and vocabulary. 

To move information on-line 
at speeds up to 2400 wpm, all our 
keyboard terminals are compatible 
with the Teletype® 4210 mag tape 
data terminal. We also manufacture 
paper tape senders and receivers 
with speeds up to 2400 wpm. 

To make sure you get what 
you need, we sell assembled ASR, 
KSR and RO terminals, as well as 
components-printers, keyboards, 
readers and punches. 

You can also select from three 
different interface options: a built-in 
modem; a current interface; and an 
EIA Standard R-232-C interface. 

Platen widths range all the 
way up to 15 inches . 

Besides alphanumerics, we 
can give you Greek letters, 
algebraic and chemical symbols, 
as well as special graphics. 

We also cover error detection 
and station control with a complete 
group of solid-state accessories. 

And our machines never 
have to stand alone. Our 
applications engineers will work 
with you to make sure the terminal 
you buy from us is exactly what 
you need. And our maintenance 

Circle Reader Service #28 

people are ready to make sure 
things keep running smoothly. 

So whatever data terminal 
problems you're up against, come 
to us for help. Because when it 
comes to flexibility, reliability and 
economy, you can' t beat the 
machines that carry our name. 

It takes more than manufac­
turing facilities to build the 
machines Teletype Corporation 
offers. It also takes commitment. 
From people who think service is 
as important as sales. In terminals 
for computers and point-to-point 
communications. 

That's why we invented 
a new name for who we are and 
what we make. The computer­
cations people. 
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Swi ng out 

Nobody has to babysit this 
OEM strip chart recorde& 

No more 2 a. m. bottles . 
Electric writing option makes 
child's play of long-term unattended 
operation. Get a crisp clear face 

without pen and ink. 

OEM from the ground up. 
HP's new 7123 strip chart recorder 

is built for dedicated OEM applications. 

You select from nearly 50 options 
to custom ize th is 3%-inch-high 

recorder for any end-user system. 

No more messy early morning 
pen changes. 
Disposable pens make changes quick and clean. 
(Or electric writing eliminates pens altogether.) 

An electronic integrator is the simplest way 
yet to measure the area of a curve. Set zero along any point 

on the main chart. 

to re load, hal f- rack 
or full-rack. 

One 
A unique linear servo motor eliminates 

all those complicated pulleys, cables 

Four- speed incremental chart drive option. 
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and slip clutches. No wirewound slidewire 
or boards full of touchy adjustments. 

The uncomplicated new Model 7123 
never cries for attention. Get details and 
oem discount data from Hewlitt-Packard, 
Palo Alto, California 94304; Europe: 

1217 Meyrin-Geneva, Switzerland. 

HEWLETT 11 ~ PACKARD 

111 -05 
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Digital microwave 
radio shortens the miles 
PCM-compatible digital radio systems put T-carrier signals directly on microwave. 

Walter Gill, 
Avantek. Inc .. Santa Clara. Calif. 

Application of digital modulation to microwave 
point-to-point radio transmission? It 's a hot topic 
right now. In fact, about 30 o rgan izations responded 
to the FCC's notice of inquiry (docket number 
19311) concerning digital modulation on microwave. 
So, let 's examine so me of the features of digi tal 
modulation and T-carrier on microwave. 

Incorporation of digital microwave radios into the 
T-carrier plant permits the economic transmission of 
PCM voice and digital data over links extending sev­
eral-hundred miles and over rough terrain . Regener­
ative repeaters eliminate noise and di sto rti on build­
up. And the PCM microwave links can be mixed with 
cable to provide a span line that optimizes the trans­
mission medium for each segmen t of the line . 

First of all, let's make clear the distinction be­
tween digital traffic and digital modulation. Digital 
traffic usuall y takes the form of computer-or iented 
data , but it also includes forms of analog informa­
tion such as voice or video that have been converted 
to digital (PCM) format. Digital traffic can be trans­
mitted over an analog microwave system in which 
data sets or modems convert the dig ital traffic to an­
alog voltages co mpatib le with the analog trans­
mission medium. The majority of digita l traffic on 
microwave is presently carried in this way. 

Digital modulation, on the other hand, is a meth­
od for placing digital traffic on microwave without 
intervening data sets. The microwave carrier trans­
mits the in formation in the form of discrete phases 
or frequen cy states determined by the digita l s ignal. 
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Digital modulation on microwave is, therefore, an 
economic and natural method for the transmission of 
digital traffic. 

Some T·carrier background 
In 196 2 th e Bell System introduced T-carrier 

eq uipment for the cable transmission of digitized 
voice traffic. The initial equipment was the DI ter­
minal a nd Tl line equipment. 

The DI terminal equipment- a lso called a channel 
bank- converts up to 24 analog voice-channe ls to 
digita l PCM, and time-division multiplexes (TDM) 
them into a sing le 1.544-Mb/ s bit stream. A single 
pair of wires- typically 22-gauge- carries the 24 
multiplexed PCM voice channels ; two pairs of wi res 
are used for duplex operation . 

The Tl line equipment- also called a span line­
consists of the wire pairs , regenerative repeaters, and 
line termination equipment. Regenerative repeat­
ers- placed about every 6000 ft along the line­
reshape the digital pulses. These repeaters provide 
one of the great performance advantages of T-carrier 
transmission : they eliminate the buildup of noise and 
distortion that occurs on anal og-repeatered lines. 

Improved terminal equipment in the form of the 
D2 channel band is now in use over T 1 repeatered 
lines . The D2 uses 8-bit quantization of the voice sig­
nal, rather than the 7-bit quantization used in the 
DI, and so has lower quantiza tion noi se . 

In addition to voice traffic , the T-carrier equip­
ment also handles digital data traffic . Channel bank 
equipment can accommodate a wide range and mix 
of data rates. 
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The principal applications for T-carrie r have in­
vo lved tran smiss ion over wire pairs. And in such ap­
plications, the DI / TI equipment has proved to be a 
more economical multiplex technique than FDM car­
rier gea r for low-densi ty, short-haul (less than 50 
miles), trunk s. With more than a million T-carrier 
circuits installed , their usage has become widespread . 

However, confining T-carrier signals to cables in­
hibits their fle xib ility in applications where ca ble is 
uneco nomical or not technically feasible. Such situ­
ati ons arise wherever terra in makes new cab le in­
sta llation too cos tl y or whenever longer-range T-ca r­
rier trunks are des irable . Here, microwave tran s­
miss ion of T-carrier signals can offer significant sys­
tem and cos t advant a?es. 

T-carrier on microwave 
Up to th e prese nt, microwave trans m1ss1on has 

been used primarily for ana log traffic. either FDM 

voice or video. T-carrier has not been applied to mi­
crowave because of the grea ter spectrum occupa ncy 
of PCM voice co mpared with anal og voice. 

However, three fac tors now make microwave a 
bonafide tran smiss ion medium for PCM: 

D the extensive use of T-carrier and the need for mi­
crowave as an a lternative to ca ble in so me portions 
of the co mmunica tions pl ant (wit hout reve rting to 
ana log format); 
D the increas ing level of data traffic that can be 
tran sm itted with grea ter spectrum efficiency a nd 
eq uipment economy over a PC M medium than over 
the ex isting ana log FDM medium ; 
D improved modulation techniques and cross- po­
larized tran smissions th at permit more efficient spec­
trum occupancy for PC M vo ice. 

Either fm radio or digita l-m od ul ati on radio can 
transmi t T-carr ier by microwave . In the case of fm 
radio , the Tl signal is app lied directl y to the fm 
baseband aft er suitable filtering. Digital-modulation 
radios, on the other hand , have grea ter bandwidth 
and power efficiency th an fm radios since their mod­
ulation and demodulati on cha racterist ics are specifi ­
cally related to digi ta l signals. For example, phase­
shift keying using four ph ase-s tates is a very efficient 
and rel iab le technique for digita l-modula tion radios. 
This meth od of modulation is also kn own as quadri­
phase, QPSK, and PCMIQPSK. 

Characteristics of digital microwave 
Most of th e sys tem design co nsiderations for digi­

ta l microwave are simil a r to th ose for more co n­
ventional FDMIFM microwave. Such factors as path 
clearance, an tenna mounting, primary and standby 
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power, path reliability (fading), equipment reliabi l­
ity, and station licensin g are common to both digital 
and FDMIFM microwave route planning. The char­
acteristics of digital microwave that di stinguish it 
from FDMI FM microwave are the performance crite­
rion , regenerative repeaters, low interference sus­
ceptibility, and cross-pol a rized opera tion. 

Bit error rate 
The performance criteri on for a digital system is 

the bit error rate (BER) at the digital receiver output. 
Bit error rate is defined as the ratio of erroneous bits 
to total received bits in a spec ified measurement in­
terval; or, eq uivalentl y, the bit erro rs per second di­
vided by the dat a rate in bits per second . Received 
rf-signal level and BER a re related by a curve on 
which the expected average BER is plotted as a func­
ti on of the signal-to-noise ratio in a noise bandwidth 
(in Hz) equal to the digita l transmission rate R (in 
bits per second) . 

A typical BER vs S/ N0 R cur ve differs from the 
ideal Q PSK curve by 2 dB . Spectrum-limiting filter s 
in the transmitter , imperfect receiver timing, and bit 
error multiplicati on in the rece iver descramblers 
cause this difference. These so urces of error a re pre­
dictable and typical of a Q PSK transmiss ion system . 
Other types of digital sys tems exhibit simil ar deg­
radation facto rs that you mu st consider in sys tem 
planning. 

At a BER of 10-6 or better the perform ance of Tl 
line is excel lent. Actuall y, useful traffic quality is 
maintained at a BER much worse than IQ-6

. However, 
a BER objective of I0-6 between termin als is comm on 
practice in Tl line engineering, with an objective of 3 
X 10-1 allocated to each span line. Similarl y, for T­
carrier radio the terminal-to-terminal BER objec ti ve 
is I 0-6 • 

A typical microwave radio link wi ll co nsist of sev­
era l repeaters. Under normal propagati on cond itions 
each hop will be virtually error free . Signal fading 
due to propagat ion anomolies will occur infreq uentl y 
and independently on each hop . However, the termi­
nal-to-terminal BER perfor ma nce obj ec ti ve should 
still be met, even under conditions of deep fadi ng. 
Accordingly- in our table showing a typical path 
calculation- an objecti ve of 3 X 10-1 on each hop is 
specified under the assumption that no more than 
three hops will simultaneously experience deep fades . 

The path reliability as determined by propaga tion 
effects is computed from the Ray leigh fading law. 
Actuall y, a 2-GH z link wi ll be about four times 
more reliable than that predicted by Ray leigh fading . 
Thus, the path reliability of our sa mple link can be 
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expected to be 99.999 %. Th is means about fi ve min­
utes per yea r of deep fade at which the BE R reaches 3 
X 10-1 . For the rem ai nder of the t ime the trans­
m iss ion shoul d be essentially error free . 

Note tha t a digital microwave transmiss ion sys tem 
introdu ces channel deg radation onl y dur ing in ­
freq uent deep signa l fades . Most of the time it is an 
idea l transmission med ium for th e di g ita lly-for­
matted information . An FDM!FM microwave link , on 
the other hand , continually introduces noise due to 
intermodu lation (independent of signal stren gth) as 
wel l as receiver noise (when the signal fades) . 

Typical Digital Microwave Path Calculation 
1. Transmitter Power (1 w) 30.0 dBm 
2. Transmit antenna gain 

(8 ft diameter) 32.0 dB 
3. Coax cable loss (100 ft) 2.0 dB 
4. Path Loss (40 mi, 2120 MHz) - 135.1 dB 
5. Po larization error loss 0.5 dB 
6. Rece iver antenna gain 

(8 ft diameter) 
7 . Coax cable loss ( 100 ft) 
8 . Dup lexer two-way loss 
9. Unfaded received signal 

power, S 
10. Receiver noise figure 
11 . Receiver noise density, N

0 
12. Unfaded S/N

0 
13. Required S/N

0 
for BE R = 

3 X 1 O- 7 at 3.088 Mb/s 
14. 
15. 
16. 

Required signal power 
Fade margin 
Path re liability 
(Ray leigh fading) 

32.0 dB 
2.0 dB 
0.4 dB 

46.0 dBm 
6.0 dB 

- 168.0 dBm/Hz 
122.0 dB / Hz 

78.0 dB /Hz 
90 .0 dBm 
44.0 dB 

99 .996% 
Sample digital-microwave path calculation. The perform­
ance c riteri on for a digita l mic rowave system is best ex­
pla ined by a path ca lculation . In th is sample link, the 
ca rri er is at 2120 MHz (co mmon-carrier band). a 1-W 
transm itter and a 40-mile l ink are assumed , and the 
link operates at a 3.088-Mb/ s PCM rate (two 1.544-Mb/s 
Tl lines). Lines 1 t hrough 12 migh t also be used for an 
FDM / FM system. But sta rt ing at line 13. the dis­
tingu ish ing features of the digital system are apparent. 
The performance criteri on itself is the bit erro r-rate 
(BER) at the digital receiver output. In practice. the path 
reliabil ity (line 16) is actuall y about four times better 
than the theoretical Rayleigh prediction shown. resulting 
in a 99.999 % reliability , or about five minu tes per year 
of deep fade when the BER reaches 3 X l0-1 . This is the 
BER objective specified here . Th e fig ure for line 13 
comes from the curve of BER vs S/ N0 . And with a 6-dB 
receiver noise figure. the noi se power densi ty, N0 • is 
- 168 dBm/ Hz (line 11 ). So th e required signal power 
(line 14) is - 90 dBm (a lgebraic sum of lines 11 and 13). 
The fade margi n is the difference between lines 9 and 14. 
or the difference between l ines 12 and 13; either way. the 
results are the same. 
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Regenerative repeaters 
Another significant difference between d igita l and 

FDMIFM microwave is the use of regen era tive repeat­
ers on multiple-hop digita l systems . 

In conventional FDMIFM microwave rel ay systems 
the repeater stati ons retransmit the signal after lin­
ear amplification to increase the power leve l. This 
amplification is accomplished either with the modu­
la ted signa l (heterody ne repea ter) or on the multi­
plexed baseband signal (rem odulating repeater). Ei­
ther meth od not onl y rai ses the signal power leve l 

a:: 
w 
CD 
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(continued on p. DC-9 ) 

N0 • Receiver noise power 
density in WI Hz . 

BER vs. S/N R and 
S;N

0 
for OPSl< radio 

Typical performance 
+-- for fi ltered QPSK 

using scramblers 

R • Digital transmission rate, 
bits /second. 

5 6 7 8 9 10 II 12 13 14 
S/N

0
R in dB 

70 71 72 73 74 75 76 77 78 79 
S/N0 in dB I Hz lor 3.088 Mb / s 

15 16 

80 81 

Bit error rates and signal-to-noise ratios. The curve of bit 
error rate (BER) vs S/ N0 R is applicable to any tran s­
mission rate. However. for any specific system it is more 
usefu l to plot BER vs S/ N 0 . S and N 0 are obtained 
directly from path ca lculations . and can be readily com­
pared to the required value of S/N 0 \ from this cu rve) for 
any specified BER. 

DC-7 



DC-8 

COMTEC 
CT/90 

PROGRAMMABLE 
COMMUNICATIONS 

PROCESSOR 

The CT/ 90 Offers 

• Multi-Host Interface 

• Full Range Automatic Terminal 
Recognition 

• Standard Store and Forward Capability 

• Dynamic Network Control 

• Incrementally expandable to 1024 lines 

• Throughput enhancement 

• Error control and recovery features 

• Message switching remote concentrator 
for all major host computers 

• Complete compatibility with host software 

• Full line of integral modems 

• Built-in reliability and backup 

Comtec has complete systems design capa­
bilities in all areas of data communications. 
For information on how we can tailor our 
systems to fit your requirements, call our 
Marketing Department at our Los Angeles 
Operation: (213) 7 57-9211. 

COMTEC DATA SYSTEMS, INC. 
A Subsidiary of American Micro-systems Inc. 

Corporate Offices : 283 Brokaw Road • Santa Clara, California 95050 • (408) 247-6400 
Eastern Operation : 1055 First Street • Rockville, Maryland 20850 • (301) 424-4600 

Los Angeles Operation : 12701 South Van Ness Avenue • Hawthorne, California 90250 • (213) 757-9211 
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but also retransmits the amplified receiver noise and 
any intermodulation components generated in the 
repeater. This operation is repeated at each repeater 
and th e noise and distortion build-up is cumulative 
and passed on to the eventual message user. 

On the other hand, digital transmiss ion permits 
the regeneration of the digital bit stream at each 
repeater . Noise and distortion on each hop are elimi­
nated at the repeater and not allowed to accumu late. 
Receiver noise will, of course, cause bit errors at 
each repeater, and the bit errors will be additive over 
a multi-hop system. However, the bu ild-up of bit er­
rors is far less than the corresponding build-up of 
noise and distortion in analog systems. 

Interference susceptibility 
Most digital mod ulation schemes- such as phase­

sh i ft keying- use supp ressed-ca rrier transmiss ion 
and place a lm ost all of the signa l power in the infor­
mati on-bearing sideba nds. There is no discrete car­
rier component. Random izing the bit stream elimi­
nates th e stron?:, discrete, line components caused by 
periodicities in the data strea m. Digital scramblers 
do the randomizing (or, more precisely, pseudo-ran­
domizing). 

The scra mbler modifies the bit pattern in a com­
plex but sys tematic fashion using a pseudo-random 
or nearly-random code, breaking down periodicities 
in the input data strea ms. Because of the systematic 
nature of the scrambler, an inverse descra mbler op­
eration in the rece iver readil y restores the original 
data bit stream. 

The uniform power spectrum and the absence of 
carrier and strong, disc rete, spectral components sig­
nificantly redu ce the interference effects of digital 
modul ation on FDMIFM sys tems. The interference re­
sembles broadband noise s imil a r to a receiver's 
front-end thermal noise, not single-freq uency inter­
ference . Noise- like interference is much less objec­
tionable in FDMIFM sys tems than single-frequen cy in­
terference. 

Single-frequency interference results in the gener­
ation of intermodulation products and direct inter­
ference in the FDM baseband voice channels. FDM / 
FM systems are more likely to ca use single-fre­
quency interfere nce to other FDMIFM systems th an 
are digitall y modulated sys tems. 

Interfering signals can cause bit errors in a digital 
transmission system by perturbing the normal re­
ceived waveform and forcing an incorrect decision in 
the receiver. However, most digita l modulation sys­
tems, particularly those using phase-shift modu-
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lati on , have only slight susceptibi lity to co-channel 
interference when th e signa l-to-interference rati o 
(SIR) exceeds 15 dB* . 

For example, a quadriphase sys tem with a BER of 
I0-1 without interference will have a BER of 1Q- 5 with 
a SIR of 15 dB . Equivalently, the fade margin is re­
duced by onl y 2 dB to maintain a I0- 7-BER goal. A 
SIR of 20 dB result s in less than a I-d B system deg­
radation. 

Cross-polarized operation 
The high interference-imm unity of digital modu­

lation sys tem s permits the operation of two inde­
pendent transmitters operating on the same carrier 
frequency and the sa me antenna using cross-pol­
arized feeds. 

Cross-polarization di sc rimination of 25 dB o r 
more is typical of well-designed antenna in­
stallations. So it is quite possible to operate two inde­
pendent quadriphase channels on the sa me car rier 
frequenc y usi ng cross-polarized an tenna feed s, there­
by doubling the amount of traffic through an as­
signed rf cha nnel. 

Note that microwave route coordinat ion among 
several users takes int o account th e polarization di s­
crimination avai lab le from ve rti ca l- and horizon­
tally-polarized antennas. You must exercise care in 
planning digital microwave systems usin g cross-pol­
arized opera tion since th e use of both polarizations 
must be included in route coordination with other 
systems . 

Digital radio applications 
The tran smiss ion of T-carrier signal s on digital mi­

crowave ca n provide a wide range of channel ca pac­
ity depending upon the choice of frequenc y band. 
Examples of PCM vo ice channel loading in various 
microwave bands a re shown in an accompanying 
table. But note that the channe l loading is less than 
the capac it y of co nventional FDMIFM mi crowave 
routes . For this reason it is not expected that digi tal 
microwave will supplant FDM FM on those routes re­
quiring high voice-channel capacity. Instead , digital 
microwave will be used initially: 
D where interfacing with T-carrier plant provides 
microwave transm ission without the added expense, 
complexity , and message degradation resulting from 
PCM-to-analog conversion for FDM- FM transmission; 

* V. K . Prabhu . "Error rate con~idcratio n s for coherent phase-shift-ke,ed S\ Stem with 
co-channel interference." The Bl•// S1 ·s re111 Technical Jo urnal , March 1969. 

(con1inued on p . DC-I I ) 
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RT -01. The data entry terminal 
you didn't think there was the remotest chance you could afford. 

An R T-01 with a 16-character 
keyboard, numeric Nixie* read­
out, four status indicators to 
display non-numeric information 
from your computer, Teletype and 
EIA serial line compatibility will 
only run you from $600 to $1000. 

Or as little as $500 without 
the Nixie display. Chickenfeed. 

So now, if you're a big opera-

tion, you can have an RT-01 here, 
an RT-01 there, an RT-01 every­
where you've ever wanted one. 

If you're little, you can have 
one at last. 

We've got a booklet that'll 
tell you all about it that you can 
write for. 

Or, if you're in as big a hurry 
as we hope you are, we've got a 

Circle Reader Service !i30 

good egg who'll be happy to run 
right over and explain it to you. 

We're the Logic Products 
Group, Digital Equipment 
Corporation, Maynard, Massa­
chusetts 01754. (617) 897-5111. 

~n~nomo 
*Regi stered tradem ark of Burroughs Coq>o ration 

.. 



D where low densi ty routes can take advantage of 
the lower cos t of PCM terminal equipm ent co mpared 
with FDM equipment; 
D and where there is substantial data traffic in ­
cluding high-speed li nes , many low-speed lines, or a 
mix thereof. · Digital microwave readily handles a 
mixture of vo ice and data. 

Higher-density digital microwave routes will de­
pend upon the development of more efficient tecli­
niques for tran smitting digiti zed vo ice. The all oca­
tion of fr eq uency bands above 15 GHz to digital 
microwave wi ll spur the development of digital mi­
crowave equipment with capacity in excess of 2000 
vo ice chann els. 

FDM/FM vs digital microwave 
In co mparing digita l microwave and FDMIFM mi­

crowave applica tions the key factors are spectrum 
utili za tion, vo ice channel density , data traffic , exist­
ing voice multiplex , and ro ute coordinati on. 

Implied in a ll of the above facto rs is economics. 
Spectrum utili zation is always a key factor in micro­
wave pl anning since th e rad io spectrum is a limited 

PCM voice 
channels * 

48 

96 

288 

144 

576 

288 

Examples of PCM 
Channel Loading 

RF 
Applicable bands 

bandwidth 

3 MH z 2-G Hz common carrier 

6 MH z 2-GHz PSIT ** 

20 MH z 6-G Hz common carrier 
11 -G Hz common ca rrier 

10 MHz 6-GHz PSI T 

40 MH z 11 -G Hz common carrier 

20 MH z 12-G Hz business 
12-GHz PS IT 

* PCM Voice Channel Capacity for si ngle polari ­
zation; doub led with cross-polari zed operation. 

** PSIT : Pu blic Safety, Industria l and Land Tran s­
portation Bands. 
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resource. In tieavi ly-developed areas, fo r example, 
the 4- and 6-G Hz bands are almost sa turated and 
spectrum use is essenti all y the sole facto r in deter­
mining sys tem planning. 

In less conges ted environments and in more sparse­
ly used frequen cy ba nd s, economics ca n have a 
stron g innuence on choice of the type of microwave. 
Digita l microwave can economica ll y handle a high 
percentage of data traffic. In fact, the spectrum effi­
ciency will be greater for digital microwave for data 
transmiss ion. 

When the ex isting plant already uses PCM T-carrier 
for vo ice mult iplex, digi ta l microwave is the logica l 
choice. On the other hand , if FDM is ex tensively used 
then FDMIFM microwave should be used . When a 
choice of multiplex ex ists, th e lower cost of T-carrier 
multipl ex relati ve to FDM dictates the comb in at ion of 
T-carrier and digital microwave. 

With rega rd to route coo rdin ati on, a digital route 
ca n be installed in an environment of ex isting FDMI 

FM routes using the same interference criteria as fo r 
a new FDMIFM route . A significant difference a ri ses, 
however, when several digital routes are planned . Be­
cause of their lower susceptibility to interference, 
many more digital microwave routes can operate in 
th e same radio env ironment. This aspect of digital 
microwave is particu la rl y important in th e des ign of 
complex networks of interlaced microwave links in 
metropolitan a reas. Loca l distributi on of long-h aul 
trunk traffic is an example of the capab ility of digital 
microwave. 

Cable vs digital microwave 
At presen t, most T-ca rrier is carried on cabl e. 

However, th e ava il abi lity of digital microwave now 
provides an econmical a ltern ati ve to cable where ter­
rain , ri ght -of-way, an d di stance ma ke cable in­
sta ll ation expensive or unfeasible. 

Prove-in distances for cable vs microwave are dif­
ficu lt to generali ze because of the many fac tors in­
vo lved in any particular case. However, studies of 
typical situ at ions indica te that microwave will prove­
in at 3 to 6 miles compared with new, buried cable in 
average terrain , and will prove-in at 10 to 15 miles 
compared with adding T-car ri er to exist ing cable. 

Microwave grea tl y extends the distance for T-car­
rier transmission. Tl signals on cable are normall y 
not used beyond 50 to I 00 miles. And on cable, 
repeaters a re used every mi le. But with radi o, re­
peaters a re loca ted 20 to 50 miles apa rt. Thus, Tl sig­
nals can be tran smitted a thousa nd miles or more be­
fore jitter build-up becomes excessive. 
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Waveform generator creates 

FSK and PSK signals 

Jim Shales, 
Exar lntegtated Systems. Sunnyvale. Calif. 

With this simple technique you can generate FSK and 
PSK signals with a waveform generator. Of course, 
frequency-shift keying (FSK) and phase-shift keying 
(PSK), the com mon modulation methods used in data 
communications, shift either the frequency or phase 
of the carrier signal to correspond to a data bit. 

For efficient use of the frequenc y spectrum the 
carrier should be sinusoidal, and the phase- or fre­
quency-shifts should produce a minimum a mount of 
switching transients. Frequency shift keying require 
also that the phase of the carrier be co ntinuous dur­
ing the frequenc y shift. 

In this simple method, the circuit provides a sinu­
so idal output; its phase can be reversed by reversing 
the polarity of the control voltage across one of the 
control terminals. And the phase reversal doesn ' t in­
troduce any distortion or transients on the sinusoidal 
output. 

You can frequency-shift key in a similar way by 
ap pl ying a step input to a different terminal. And in 
addition to FSK and PSK capability, the oscillator can 
also be keyed ON or OFF with a third control signal 
(ON /OFF keyi ng input at pin 13) . 

The figure shows external circuit co nnections for 
operating Exar's X R-205 to produce either an FSK or 
a PSK signal depending on the se lection of the control 
terminal to which yo u apply the binary input data. 

A timing capacitor , C 0 , sets the carrier frequen cy, 
/

0
== 400 / Co, where C0 is in µF . The circuit provid~s 

a 3-Y pk-pk output with a 50-Q output impedance at 
pin 11 , and an unmodulated square wave sync output 
at pin 12. Set the trimmer resistor between pins 7 
and 8 to minimize the harmonic content of the sinu-

DC-12 

so idal output. T ypically , the total harmonic content 
of the output is > 2.5 %. 

Reversing the bias polarity at pin 3 produces 
phase-shift keying; a ± 1 V modulation pulse is suf­
ficient. A voltage pulse to the frequency-control ter­
minal (pin 13) produces frequency-shift keying . The 
frequency shift for a given input-step size is inversely 
proportional to the value of resistor R 1 in series with 
the control input. With R 1 = 5 kn and 0- to 5-Y 
keyi ng pulse , the ci rcuit produces a 2.5: 1 frequency 
shift. And the sinusoidal output maintains phase 
continuity during the keying operation. 

The circuit shown here is suitable for FSK or PSK 

modulation from 1 Hz to 4 MHz, and operates over 
the entire military temperature range. It will run 
with supply voltages from ±4 to ± 12 Y. 

For more information on the X R-205 

Circle Reader Service #287 

PSK input 

J>::---4--0--
~o~~ 1K5K 

J -2V(on) 
on/off 
keying input 

+6V NC 

XR-205 

Monolithic 
waveform 
generator 

15K 

:JUL 
Sync 

output 
(unmodulated) 

Co 

Sinusoidal 
2K FSK/PSK 

or tone burst 
output (3V p-.p) 
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POWER 
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VIDAR 
INTRODUCES 

VIMAC. • • 

V"ID.AR 6 9 0 MONITOR ALARM CONTROLLER 

• 
DATA POINT 

OPEN T IC 

• 
BUSY 

r--OPEN T/C--r ~----DEVICE ____ ~ SLOW 

TEST SEARCH SCAN RESET A C ALL SCAN READ 
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A New Concept--

Offices in : 

Digital Interactive Monitoring 
VI MAC, the new VIDAR 690 Monitor Alarm Controller ter­
minal now makes it economically feasible for up to seven users 
to share one data acquisition system. Not only can one to 1000 
channels be continuously monitored at up to seven operator­
controlled VIDAR 690s, but each VIMAC terminal can : 
initiate system scans;. call up data from any desired channel; 
continuously update for trend data. Used in conjunction with a 
VIDAR Digital Data Acquisition System (D-DAS), VIMAC 
will provide read-out in engineering units for temperature 
(C & F), millivolts, volts and optionally, ohms, vac, psi, ft / lb, 
and many other parameters. In addition, VI MAC displays pre-
data, digital clock, or any five BCD devices . 

The VIDAR Monitor Alarm Controller has special application 
in temperature measurement. If a thermocouple should open, 
VI MAC will alarm; this feature is relevant to other types of 
transducers. Operating in an "Open T / C Search" mode, the 
VlDAR 690 can command the D-DAS to stop scanning when 
an open T / C channel is reached; the data point is then dis­
played . 

VIMAC application is universal and is a significant addition to 
an already comprehensive VIDAR systems capability. Find 
out how this new concept- digital interactive monitoring- can 
provide you with an honorable solution to your data 
acquisition problems. Circle the reader service number for a 
free brochure on VI MAC or write for details to Dick Kennedy, 
product manager, VIDAR, 77 Ortega Ave., Mountain View, 
Calif., 94040. 

Atlanta (404)458-0993 · Boston (617)922-7192 ·Chicago (312)539-4838 ·Cleveland (216)267-0445 ·Denver (303)986-1000 
Los Angeles (805)498-601 7 • New York (20 I )647-5888 • San Francisco (415)327-9270 ·Washington, D.C. (703)534-6241 

Contact head office for export 
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A mini for a maxi growth situation 
Reacting to what Honeywell vice 

president and general manager Edward 
C. Lund described as a market with an 
annual growth rate exceeding 18 %, 
Honeywell has introduced a new family 
of functional minicomputer systems . 
The eight-member System 700 family is 
supposed to expand a user's data-proc­
essing system into a communications­
oriented information processing net­
work. 

The System 700 family includes a 
new central processor, a new operating 
system, a wide range of communica­
tions controllers, and a real-time inter­
face. 

The type 716 central processor has a 
main memory cycle of 775 ns / 16-bit 
word . This general-purpose computer is 
organized as a single address , two's 
complement, parallel 16-bit binary ma­
chine . Memory size can range from 
8, 192 words to 32, 768 words, each word 
being 16 bits , or two 8-bit bytes . 

The Honeywell Terminal System , one 
of eight models, is designed for appli­
cations requiring data collection via ter­
minals , interactive terminal / computer 
communications, and data pre-process-

The Terminal System of the Honeywell 
700 minicomputer family can handle 
eight compatible terminals and commu­
nicate data to a large host computer. 

ing. Applications areas include industri­
al data acquisition and control, material 
movement and labor reporting, data en­
try from medical laboratory terminals, 
and data entry from banking terminals . 

Up to 16 ElA compatible terminals 
can be connected to this system via the 
medium-speed line controller, which 
handles a mix of synchronous and 
asynchronous lines. In addition , up to 

Station-to-station communication 
Joining the tried and true war horse 

of the Teletype® line, the Teletype 33 
terminal , is a new stablemate- the Tele­
type 38 wide platen ASR (automatic 
send-receive) terminal. The wide platen 
terminal (15 in. wide) accepts the stand­
ard 14 7/ 8 in . fanfold stock and prints a 
full 132 character line at 10 char / in .. 

Accompanying the 38 is a 4210 magnet­
ic tape data terminal that can handle 
data distribution and collection at 
speeds up tu 2400 words / min . 

Aimed at users who want to minimize 
their on-line costs and don't require an 
immediate hard copy printout, the com­
bination functions as a remote-comput­
ing terminal arrangement. Among the 
areas of application are centralized or­
der process ing from man y outline loca­
tions , multi-location inventory control, 
price and delivery quotations on sales 

Station arrange ment includes Teletype 
38 wide platen ASR terminal and Model 
4210 magneti c tape data terminal. 

orders , traffic control , routing informa­
tion for transportation or carrier in­
dustries , and other data processing sys­
tems requiring a remote or even local 
batching environment. 

With the automatic rewind feature on 
the 4210, the user can place the unit in 
an unattended an swer mode and receive 
data at high speeds during low line-rate 
hours. Once the data batch has been re-

eight local teletypewriters can be used 
for data entry and/or reporting. 

The system is designed for interactive 
decentralized control of these terminals 
with communications to a host comput­
er by paper tape, mag tape, or a direct 
communications line. 

The communications link to the host 
computer is via synchronous, 20,000-
baud lines with hardware support for 
cyclic redundancy checking, full trans­
parency, and binary synchronous oper­
ation . 

Unattended operation is possible 
through the use of a read-only memory­
resident down-line load program a nd 
watchdog timer alarm system. Further 
system integrity features include byte 
parity and a power failure interrupt-and­
restart system that meets "brown~out" 
specifications. 

A typical Terminal System for con­
trolling eight terminals, including a host 
computer link and a main memory of 
12,288 words, can be leased for about 
$1,270 per month on a five-year con­
tract, or can be purchased for about 
$40,300. 
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ceived , the 4210 will automatically re­
wind the magnetic tapes to the beginning 
of the transmission, turn on the printer 
and reproduce the data via hard copy at 
100 words / min. When all data has been 
printed, the printer is again automat­
ically turned off and the. 4210 switches 
itself back to the unattended answer 
mode and is ready to receive additional 
data. 

This station arrangement includes a 
punched paper tape system and a built­
in low-speed modem (comparable to 
Bell System's 10 I, I 03, and I 13 data 
sets). The modem , about $200, is sched­
uled for delivery in the fall. The. 38 
AS R ranges from $1,400 to $1,450 
while the 4210 mag tape data terminal 
is from $2,200 to $2,475. 
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If you think a cassette's place is 
in the home, you haven't seen our 
data recorders at work. 

Sure, TEAC is a household 
word in stereo cassettes. 

But now the word's out about 
our worldwide experience and 
expertise with cassette data 
recorders. Analog and digital. 

So they're finally being given 
their rightful place in business 
and industry. 

With our R-70 (in front below) 
you get a handful of dependable 
features. 

A switch lets you record FM or 
direct on any of fou1 channels. 
Even add voiced com ' ents. 

Channels can be i dividually 

monitored with a built-in meter 
and/ or output to your scope. 

Its FM mode frequency is DC to 
800 Hz ; direct mode, 100 to 8kHz. 

It runs on its own self­
contained batteries or plugs into 
an AC or DC source. 

It lets you track down data fast 
with its built-in tape counter and 
a light goes on at the end of the 
tape. 

The Philips-type cassette is 
instrumentation grade and com­
mercially available. 

As for our little pair of digital 
cassette recorders, they're big in 
the OEM business. 

Invaluable as data acquisition 
and transmission components, 

the compact MT-5 and MT-6 (l. 
to r.) provide low-cost storage of 
two-million bits per cassette and 
an 800 bpi packing density. 

Just made for mini-computer, 
point-of-sale and machine tool 
control applications. 

For more on them and our 
R-70, write or call Ken William­
son, Director of Marketing, 
Technical Products, TEAC 
Corporation of America, 7733 
Telegraph Rd., Montebello, CA 
90640. Phone (213) 726-0303. 

You'll find out how our being 
big in the cassette business can 
help you in your business. 

We're big in cassettes . 
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Augat accessories 
give you more 
to plug in. 

Wouldn't you know that 
Augat, the leader in wire­
wrap panels, would come up 
with the most complete line 
of plug accessories around? 

Like Augat interfacing 
plug assemblies for I-0 con­
nections. Or Augat adapter 
plugs to interpose discrete 
components or to let you 
build working modules on­
the-spot. Or flat cable plugs 
with a unique "U" contact 
design for easy assembly 
without crimping, stripping 
or soldering. Plus header and 
jumper assemblies, too. 

We'll also give you single­
source supply for all panel 
interconnecting needs, 
including panels, sockets 
and enclosures. For quick 
information on price and 
delivery, call us at 
(617) 222-2202. Or write for 
our catalog. Augat Inc., 
33 Perry Ave., Attleboro, 
Mass. 02703. Our repre­
sentation and distribution is 
nationwide and international. 

Plug into Augat® 
see our new packaging developments at 
The NEPCON EAST Show, New York, 
Booths 4521-4523. 

Circle Reader Service k32 
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PRODUCTS 

DATA MODEMS 
The OM 1800 L provides Bell 202 0 

co mpatibl e o perati on on fo ur wi re , ty pe 
3002 pri vate lines up to 1800 baud. The 
OM 1800 S fu ncti ons at 1800 ba ud o n 
two o r fo ur wire priva te lines a nd up to 
1200 ba ud on th: s witc hed ne t wo rk 
whe n conn ected to a C DT data access 
a rra ngement. S ta nda rd features in clude 
so ft car r ier tu rn-o ff, clea r-to-send delay , 
ca rrier detect , and MA RK hold on re­
ceived d a ta when carrier is los t. DM­
r800 L, $2 10. (q ua n. 100); OM 1800 S , 
$264 . (qu a n. 100); 45-day del. RFL In­
dustries, In c ., Boonton, N .J . 07 005. 
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BIT ERROR TEST SET 
This tes t set co nsists o f a pse ud o- run­

dow n no ise pattern generator a nd inde­
pe ndent receiver. The M odel 7090 used 
to measure a nd d ispl ay bit erro rs pro­
duced by magnetic- ta pe reco rder / repro­
ducers of com m. eq uipm ent , PCM/ bit 
sy nchroni zers, etc . It genera tes a 2047-
b it pse ud o-ra ndo m pattern co mpa tibl e 
with IRI G document 11 8-7 1 a nd pro­
vid es PCM codes co mpat ibl e with IRIG 
Document 106-7 1. Price < $2 ,600. 60 
da y de li ve ry. Coded Co mmuni ca ti o ns 
Corp ., Box 767 , 553 Steve ns A ve ., S o­
la na Beach, Ca lif. 92075. 
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MATRIX PRINTER 

This line printer uses 9 x 7 dot ma tri x 
to fo rm c ha racters a t speeds o f 125 
lin es / min . fo r 132 c h a r ac t e r lin es. 
Sta ndard features in clude pa per run a­
way co nt ro l, manu al lin e spacing , ha rd­
ware code selecto r , 64 cha rac ter input , 
a nd trans miss ion of up to 75 ,000 cha r / s 
in the pa ra ll e l mode. $5390 (s in g le). 
Cent ro nics Da ta Computer Co rp., One 
W a ll S t. , Hudson, N .H . 0305 1. 
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INTERFACE DATA MONITOR 
A n E IA co m pa tible da ta com mun ica­

ti o n inter face mo nito r reduces down­
tim e. Functi oning a t the interface be­
tween th e da ta te rm ina l equipme nt a nd 
the mode m , the OM 108 o perates as a 
se ns in g e le me nt , with o ut in te r fe r ing 
wi th syste m o perat io n. It includes its 
o wn intern a l po wer s uppl y a nd re m ote 
ind icato r panel. A ltho ug h opti ona l pa n­
e ls can mo ni to r up to 14 E lA inte r face 
s igna ls, th e std unit m oni tors d a t a 
t ra nsmi t, da ta receive , req ues t to se nd , 
clea r to send , da ta te rm in a l read y, da ta 
se t read y, ca rri er detec t , o n o r o ff. $300 
(in sma ll q u an .) . ES L I nc ., Elec­
tromag ne ti c Sys tem s Labs , 495 J ava 
Dr ., S unnyva le, Ca lif. 94086 . 
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4800 B/ S MODEM 

C la im ed as th e fas tes t a ut o m a ti c 
equ a liz in g 4800 bit / s modem avai lable, 
thi s unit was des igned spec ifi ca ll y fo r 
mult ipo int p o ll ed a ppli ca ti o ns. Th e 
a ut o-equ a li za ti on tim e is 50 ms. The 
Codex 4800-M P' s speed a pproaches th e 
sy nch ro nizin g set up t ime o f man ua ll y 
equ a li zed mode ms with o ut ma nu a l ad ­
justments. $5,575 . S tock deli very. Co­
dex Corp. , 15 Ri verd a le A ve., Newto n, 
M ass . 02 195. 
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AUTOMATI C DIALER 
This a ut o ma ti c di a ler pe rfo rm s a ut o­

m a t ic di a ling, co nt ro l and a nswer in g 
fu nct io ns fo r devices a tt ached to the 
swi tched te leph one network . Th e O mn i­
Di a ler (e ither di a l pul se o r to uch to ne®) 
is a so lid-sta te des ig n co nt a in ed o n a 
s in gle PC ca rd providin g OEM plug-in 
buildin g bloc k fl exib ility. It recog nizes 
on / o ff hoo k, ring a nd busy sta tes to as­
sist in net work con t ro l. App lied Tech­
nology S ys tem s, Box 90 12 1, Los A n­
ge les, Ca lif. 90009. 
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When you're sick 
of getting promises, 

get an oscillator from Varian. 
Or better yet, call Varian Solid State West in the 

first place. We routinely deliver the kind of solid-state 
oscillators the others can only promise. 
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We sound confident because we are. 
After all , Varian was the first U.S. company 

to offer Gunn-effect devices commercially. 
And the first with lmpatt oscillators. Since then, 

we've accumulated over 30,000 hours of life 
test on Gunn-effect oscillators and delivered 

over 25,000 solid-state oscillators and 
diodes. Many of them meeting 
requirements others couldn't match. 

We've got Gunn, lmpatt and tubes. 
Only Varian Solid State West has the 

complete line of microwave oscillators: 
diodes, standard solid-state oscillators, 

complete custom r-f subassemblies, 
klystrons, and BWOs. Which means 
we can be objective about offering 

application assistance. And with 
over 20 years of oscillator experience, 

we know what we're talking about. 

We'll send a new catalog. 
Find out what's available off-the-shelf 

by sending for our new Signal 
Sources Catalog . For authoritative 

information on specials, contact 
Varian Solid State West, 
611 Hansen Way, Palo Alto, 
Cal ifornia 94303. Or any one of the 
more than 30 Varian Electron Tube 

and Device Group Offices throughout 
the world . You'll talk to an 

engineer, not a peddler . 

®Varian 
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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. II 

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. 

11111111 

Single-key computation of mean 
and standard deviation from 

automatically accumulated data. 

0 

lloGI Ill 
~~ 

0W 
11 0 

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. 

rPiiiNTI rPiiiNTI 
~~ 
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EE Monroe. The 
Litton Calculator 

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

Gigabit modem system .. . The practicality of a gigabit 
data rate system was demonstrated with a QPSK modem 
system, capable of operating at I Gb / s. Developed by 
Harris-lntertype Corp.'s Radiation Systems Div., the sys­
tem will interface with rf equipment at an L-band i-f fre­
quency . Lockheed Research Labs. , Palo Alto, plans to use 
the equipment in a laser satellite data link system. 

Circle Reader Service #280 

Nationwide teleprocessing network selected . . . A $43 mil­
lion contract has been awarded to Computer Sciences by 
the General Services Administration to provide an ad­
vanced teleprocessing network for Federal agencies. Vol­
ume usage could result in a 40% cost reduction in appl i­
cations a nd systems requiring access to a common data 
base by multiple government users through high- and low­
speed terminals, in both interactive and remote batch oper­
ation. DoT, HUD, NASA, and NBS were among the 
agencies participating in the GSA studies , prior to select­
ing the CS IN FON ET system . 

Communications week . .. Symbolizing the growth of com­
munications, the Communications Systems Management 
Association (CSMA) is sponsoring the first National 
Communications Week on Sept. 25 through Sept. 29. In 
addition to nation-wide activities, CSMA plans a series of 
seminars and exhibits spotlighting equipment, commun ica­
tions trends, and the communications professional. 

Circle Reader Service #281 

Things are happening at GRI .. . Right on the heels of the 
award of a patent on its Universal Bus System archi­
tecture, GR I, the Newton, Mass. minicomputer manufac­
turer, signed an agreement to cover U .S . and Canadian 
maintenance. The initial agreement with Reliance Elec­
tric's Service Div. covers 18 major cities; it will be even­
tually extended to 50 cities. According to a G RI spokes­
man, the patent award allows the firm to consider possible 
legal action against some mini makers, including DEC and 
Lockheed, who GR I claims, use a similar bus system on 
some models, without benefit of patent protection . 

This will really send you . . . The EIMAC Div . of Varian 
claims that their new 2-MW output super power tetrode is 
five times more powerful than any previous single ampli­
fier ever built. It was developed for use in high-power 
transmitters, medium- and high-frequency broadcast serv­
ice, and for industrial and scientific uses as a 1,000 A, 60-
k V switch . In VLF service, two X-2159 tubes can produce 4 
MW cw. The stage gain is 17 dB and maximum anode dis­
sipation rating is 1.25 MW steady state . The $20,000 tubes 
permit single stage amplification to an output power level 
of 2.5 MW, 100% modulated . 

Circle Reader Service #282 
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Snap-in! 
Fastex® Snap-in Wire 
Terminal Clips 
Speed wire hookups, save on 
labor and cut production costs. 
All you do is snap-in this Fastex 
terminal and attach the inside and 
outside leads. Simple, easy, fast . 

Fastex has a wide variety of 
styles and sizes to fit your appli­
cation. The terminal comes pre ­
assembled with a captive screw. 
Also available preassembled in 
terminal boards. Circle that bingo 
card now for ... 
Free Samples and Literature 

, 

DDFASTEX 
D IVIS ION I LLINOIS TOOL W O R KS INC. m 195 ALGONQUI N ROAD• OES PLAINES. ILLINOIS SOOHS 

Copyright Illinois Tool Works Inc. 1972 
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Produced CrHtlvity 

Quick Twist! 
Fastex® Purse Lock™ 
Wire Tie 
A quick finger tw ist securely 
wraps and fastens bundles of 
wires-or just about anything. 
And, they can be removed just as 
fast as they bundle. Variety of 
sizes to fit your application .Circle 
that bingo card now for ... 
Free Samples and Literature. 

Dll FAST EX 
DIVISION ILLINOIS TOOL WORKS INC. m 195 ALGONQU I N ROAD• DES PLAIN ES. ILLINOIS 6 0 016 

U.S. Patent No. 3.543,353 
Copyright Illinois Tool Works Inc. 1972 
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Now you can skip the EMI threat to the performance of 
your electronic packaging and products. Metex has all the 
answers-gasket materials that cover the entire product 
spectrum from commercial to ultrasophisticated. Thou­
sands of Metex sizes and shapes on the shelf, including 
the versatile and effective Xecon® line . Write for free De­
sign Guide . Metex Corporation , Edison, 
N.J . 08817. West Coast : Cal-Metex Corp- ri.'fl~ 
oration, lngl€wood, California 90301 . CORPORATION 

Help your designs 
lead a shielded life. 

Circle Reader Service #39 

Xecon Polastrip® is the most advanced elastomer strip­
gasketing material you can use in electronic packaging 
and products today. Brings you shielding effectiveness at 
microwave frequencies without compromising your mini­
aturization trend and reliability goals. Top compression de­
flection and recovery. Many cross-sections in stock. Write 
for free Design Guide. Metex Corporation, 
Edison, N.J . 08817. West Coast: Cal-Metex ri.'fl(];'j]'[]B 
Corporation, Inglewood , California 90301. CORPORATION 

DC-20 

How to shield 
your ~esigns from EMI. 

WJU'!m. 
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NEWS 

New Associations . . . To meet the challenge of data com­
munications, new groups are forming . One, the National 
Interconnect Association (NIA) will offer marketing and 
sales expertise to the so-called "little guy," according to 
NIA director Jason S . Schloss. In addition , the group of­
fers an industry-wide purchasing service for discount buy­
ing. Future plans call for an information bureau to pro­
mote interconnect in approximately 50 markets , dis­
tribution of advertising materials, and national conferences 
and exhibits. 

According to Jack Gerber, VP for Marketing at Milgo's 
International Communications Corp., ICC may spearhead 
the formation of a user's group within the next two 
months . The group might supplement the activit ies of the 
Independent Data Communications Manufacturers Asso­
ciation, founded by Paradyne, ICC, and others . 

For NIA, Circle Reader Service #283 
F.or ICC, Circle Reader Service #284 

Power to the people . . . Two three-day conferences, spon­
sored by North Electric, will cover the in 's and out's of 
telephone power engineering . The seminars, Aug. 1 and 
Aug. 22, will investigate modern telephone power plant 
equipment, the optimum design of power plants, and serv­
ice and maintenance . 

Circle Reader Service #285 

Correct billing, electronically . .. A new electronic meter­
ing system, developed by Vidar Corp., looks like the an­
swer to precise billing problems, especially in timesharing 
and remote batch applications . Vidar, which has just landed 
a more than $20 million contract with the New York Tele­
phone Co., will directly affect some 3.6 million telephones 
with their service. The Local Message Metering System 
relies on electronic scanning to monitor all calls for sub­
scriber numbers, the length of call , and time of day. 

Circle Reader Service #286 

Want tariff information . .. For those who are battling the 
bewildering mass of schedule rates and tariff information, 
a new service may help . The Center for Communications 
Management, Inc. , offers intrastate tariffs of all states at a 
price cheaper, they claim, than if the material was ac­
quired from state agencies . In addition, they promise a 
complete update service. 

Circle Reader Service #287 

Bits and bytes ... Digital Equipment Corp. cut prices on 
the PDP-I I by 13-24%. Also, the DEC 30 char/ s data ter­
minal and core disk memory are available at lower prices . 

Dr. George F. Mansur joined Martin Marietta 's Orlando 
Div. as Director of Engineering, Communications and 
Electronic operations . Dr. Mansur was formerly deputy di­
rector of the White House's Office of Telecommunications 
Policy . 
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It's as simple as a PDP-8. 
Anyone can interface a PDP-8. 

You just plug everything into the 
OMNIBUS.™ Anywhere. In any 
order. Any time. 

Now if you want to write PDP-8 
software you have to know pro­
gramming. But you don't have to 
know much. PDP-8 is one of the 
easiest to program computers ever 
made. And it has the biggest library 

of minicomputer software in the 
world. So you might not need any 
new software anyway. 

Where you might want some help 
is in selecting the peripherals. There 
are over 60 standards to pick and 
choose from. Plus specials. 

But you won't have to waste time 
figuring out if the PDP-8 can do 
your job. Every job being done by 
minicomputers is being done by a 

PDP-8. And it'll do your job for a 
long, long time. PDP-8's have been 
known to run flat out, 24 hours 
a day, 7 days a week, for two 
years straight. 

You see, when you get a PDP-8, 
you won't get stuck. 

Digital Equipment Corporation, 
Maynard, Mass. 01754. 
(617) 897-5111. 
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DIGITAL CASSETTE HEADS 
A series of Mini-Digital read / write 

cassette heads for 0. 150 in. to meet the 
needs of OEM's manufacturing digita l 
cassette recorders and systems for com­
puter peripherals and other data appli­
cations. Three sty les are avai lable cov­
ering three ranges of precision and, ac­
cordingly, three price ranges. Nortron­
ics Co., Inc., 8 101 Tenth Ave . N. , Min­
neapolis, Minn . 55427. (612) 545-0401. 

Circle Reader Service #240 

NON-IMPACT PRINTERS 

Armed at the mini-computer user's 
need for low-cost hard copy, these non­
impact printers have a 50% lower price 
than comparable impact printers. The 
LP-860 ($3,900) is an 80 column unit 
that prints 5 x 7 char . up to 600 lines / 
min . on 8 Y2 in . wide paper. The LP-
1150 ($4,300) is a 132 column printer 
which prints 7 x 9 char. at 500 lines / 
min . on 11 in. wide paper . Versatec, 
Inc., 10100 Bubb Rd ., Cupertino, Calif. 

Circle Reader Service #241 

LINE PRINTER 

The Model I 02B prints 9 x 7 dot ma­
trix characters at speeds of 125 lines/ 
min. for 132 char. lines . Two printing 
heads which operate in unison and print 
in both directions account fo r the high 
speed. $5 ,390 ea., with OEM- discounts . 
Standard features include paper runa­
way control, manual line spacing, hard­
ware code selector, 64 character input, 
and transmission of up to 75,000 char. / 
s in the parallel mode. Centronics Data 
Computer Corp .. One Wall St., Hud ­
so n, N .H . 03051. 

Circle Reader Service #242 
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262K DISC SYSTEM 

The DU- I disc and DC- I disc con­
troller a re compatible with the PDP-8 
series and D-112 12-bit computers, plus 
the RF08 disc system. Each DU-I disc 
unit has a max . storage capacity of 4 
megabits o r 264 . 144 individually ad­
dressable 13-bit words. Average access 
time for the disc is 8.4 ms with a max. 2 
megabit transfer rate . Digital Computer 
Controls Inc., 12 Industrial Rd ., Fair­
field, N .J . 07006 . 

Circle Reader Service #243 

WIDEBAND MIXER 
The MXl 2056 has an input freq . 

range of 4 .6 to I 0.6 GHz; the i-f range 
is I to 2 GHz. Mixer is for up or down 
converters, modulators, or phase detec­
tors. It is particularl y useful as a broad­
band first converter in ECM receivers. 
Over the full range, conversion loss is 9 
dB, but it is typically under 7 dB from 
5.6 to 10.6 GHz. Isolation is 20 dB min . 
The 3/4 x 3/4 x 1's in. package weighs < I 
oz. Price is $750.00; del. 30 days. Aer­
tcch Industries, 825 Stewart Dr. , Sun­
nyvale, CA . 94086. (408) 732-0880. 

Circle Reader Service #244 

PRINTER/ PLOTTER 

This electrostatic printer / plotter fea­
tures a 14 in. wide format and will oper­
a te as an on-line peripheral to all widely 
used mini-computers. Capabi liti es of 
the Statos® 3 1 include plotting a 14 x 11 
in . plot of any complexity in 5 s; line 
printing at 1000 lines/min. in virtual si­
lence and sim ult aneo us plotting a nd 
printing of a lphanumeric annotations . 
Varian Data Machines , 2722 Michelson 
Dr ., Irvine, Calif. 92664. 
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NEW SOFTWARE 
Microda t a now offe r s simulator 

SIM 16 F and cross assem bier AP 1600 
for the Micro 1600 minicomputer. Both 
are written in a limited subset of FOR­

TRAN IV for operation on large-scale 
computer systems and are intended as 
an aid in firmware development. Micro­
data Corp., 644 E. Young St. Santa 
Ana, Calif. 92705 . 
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TUNABLE MAGNETRONS 

Miniature mechanically-tuned pul sed 
magnetrons are designed to produce 
negligible freq . shift and overal l reliabil ­
ity under severe environmental condi­
tions . The BLM -167 delivers I kW peak 
power in range of 5.2 to 5.7 GHz; 
weight, 11 oz. BLM-190 delivers 750 W 
peak over 5.4 to 5.9 GHz; weight, 7 oz. 
BLM-149 delivers 450 W peak over 5.4 
to 5.9 G Hz; weight, 11 oz. BLM -195 de­
livers 700 W over 9.20 to 9.55 GHz; 
weight, 7 oz. Cooling is conduction . 
Varian , Eastern Tube Div ., Salem Rd ., 
Beverly, M ass. 91915 . 

Circle Reader Service #247 

WIDEBAND AMPLIFIER 

The RF-807-56 covers a range of 10 
kHz to 500 MHz with +20 dBm output 
and flatness of ±I dB . The 3 dB points 
are typically 5 kHz and 600 MHz wi,h 
usable amplification available over even 
wider limits . Gain of the unit is 30 dB 
min . and noise figure is typicall y 6 dB . 
RF Communications, Inc., 1680 Uni­
versity Ave., Rochester , N .Y. 14610. 

Circle Reader Service #248 
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For all types of 1/4 x1 'l4'' fuses and fuseholders: 

Normal Blowing Fuses 
AGC GLH MTH 
From)(o0 to 30 
amps, for 32V, 125V, 
or 250V 

Time Delay Fuses 
MDL MDX 
FromXoo to 30 amps, 
for32V, 125V, or250V 

Visual Indicating Fuse 
G BA (Red Indicating 
Pin) 
From % to 5 amps, 
125V 

' ' 

\ 

H KP (Solder Terminals) H KP-H H ( Y-1" Quick-Connect Terminals) 

~~ 
~~ick-
HLD Terminals) HLD-HH Connect Terminals) HKL (Octagon Knob) 
~ 

FUSEHOLDERS 

H KL-X (Flat -Sided Knob) 
e 

All Have These Features in Common Rated for 15 amps at 250 volts Dielectrically capable of 
withstanding 1500 volts a.c. between terminals and between terminals and panel Bayonet-type knob grips 
fuse so that fuse is withdrawn when knob is removed ; strong compression spring assures good contact 
Made for installation in D-hole to prevent 
turn ing in panel Terminals are mechanically 
secured as well as soldered in holder 

·-· ---- .,)-t .............. " +h..... ................................ 0 C"C" .............. , '· ,.,.. ........................................ __ '--~..J. ---

SS Bul/etm SFB 

Company 

Address 
City State Zip 
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COMPREHENSIVE FM/ IF SYSTEM 
The C A 3089E g ives yo u a ll th e fun c ti o ns o f a co m­

prehensive fm / i-f sys tem in cludin g i-f amplifier , quadrature 
detector, AF prea mplifier , a nd spec ific circuits for AGC, AFC, 
muting (squelch), and tunin g meter. It 's a imed at fm / i-f a m­
plifier applicati ons in high-fidelity, aut omoti ve , and co mmu­
nica ti ons receivers. RC A Solid S tate Div ., Box 3200, S omer­
ville , N .J . 08876. 

. Circle Reader Service #330 

NEW ECL DEVICES INCLUDE 200-MHz SR 
Here's four new MSI devi ces in the 9500 famil y of tempera­

ture-co mpensated ECL products fr om Fairchild . The 95 HOO is 
a 4-bit uni versal shift registe r , with a 200 MHz typica l shift 
rate . Other new dev ices in the line include the 95 H55, high 
speed 5-bit co mpara tor , 9580 tripl e 2-input multiplexer a nd 
the 95 H 28, a high-speed vers ion of the 9528 du a l- D nip-n op. 
Fa irchild Semi co nductor Co mponents Group ., 464 Ellis St. , 
M ounta in Vi ew, Ca lif. 94040 . 

Circle Reader Service #331 

RAMs FOR EXPANDABLE MEMORIES 
j 

'S 
,_ I 

Both the M C MI 172 L a nd the M C MI 175 L dyna mic MOS 
RAMs a re 1024-bit memories. They have a wired- OR ca pability 
fo r memory sys tem expa nsion in multiples o f th e I 024 x I and 
a chip select input provides address ex pansion. Al ong with the 
already int rodu ced M C M I 173 L, th ese dev ices provide full 
seco nd so urcing fo r th e AM S600 I and 6002 memori es . The 
pin-fo r-pin equi va lents a re th e M C M I I 72 L fo r th e AM S 
60 0 1- 6C, M C Mll 73 L fo r th e AMS 5001-6D , and 
M C M I I 75 L fo r th e 6002 . Technica l In fo rmati on Cente r, 
M otorola In c. , Semi co nducto r Products Di v., Box 20924, 
Ph oe nix, Ari z. 85036. 

Circle Reader Service #332 

RAM FEATURES 150 ns ACCESS 
The TM S4062J C, a 1024-bit dyna mi c RAM , features a n 

access time of 150 ns a nd a cycle time of 250 na. The non­
critica l timing of th e dev ice a lso simplifies the design of a 
me mory sys tem . It uses a three clock configura ti on with no 
clock overl ap window. Di ffe renti a l curren t sensing o f the out­
put pe rmits a hi gh co mm o n-mod e no ise rej ec ti on . The 
TM S4062J C is a pin -fo r-pin equi va lent to the AMS6002 a nd 
is priced at $ 10.50 in I 000-pc qu a n. Texas In struments In ­
corporated . Inqu iry A nsweri ng Service, Box 5012, M S / 308, 
Dall as, Tex. 75222 . 
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LONG STATIC SHIFT REGISTERS 

These three long MOS static sh ift regis ters are a imed a t dig­
it a l cassette recorders, delay lin es, lin e storage for CRT refresh 
memo ries and low-cost sta ti c buffe r and sequ ent ia l access 
memo ries. The M odel 2527 is a dua l 256-bit shift reg iste r, the 
M odel 2528 is a du a l 250-b it reg ister, and th e 2529 is a dual 
240-bit version. All three c ircuit s a re sa id to be a mong th e 
longest sta ti c shi ft reg iste rs available on th e open market. A ll 
three registers a re in 8- pin plast ic du a l-i n-lin e packages . Price 
$9.20 ea . (1 00-999 qu a n.). S ignetics, 8 11 E. Arques Ave., 
S unn yva le, Ca lif. 94086. 
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1103 WITHOUT TIMING CONSTRAINTS 
Th e 3534/ 1103 serves as a pin- fo r-pin re pl acement fo r the 

11 03 while eliminat ing the c ritical sys tem tim ing req uiremen ts 
usua lly associa ted with th at dev ice. This vers ion uses fo ur 
t ra nsisto rs interco nnected to fo rm a latch simil a r to the n ip­
no p circuitry used in stati c memori es. Alth ough this des ign 
inc reases ce ll a rea, it elimin a tes the critica l precha rge a nd 
chip ena ble overl ap timin g requiremen t. $ 14 ( I 00-999) . Fa ir­
child , Sem icon du c to r Co m ponents Gro up, 464 Elli s S t. , 
M ounta in View, Ca lif. 94040. 
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REGISTER SHIFTS AT lOMHz 
Ion impl anted 1024-bit multiplexed MOS dyna mic shift reg­

ister is ava il a bl e as a sing le I 024, du a l 5 12, or qu ad 256-bit 
unit. It meets mil -spec tempera ture range, dri ven by TTL o r 
DTL, dri ves MOS and bipo la r, a nd d iss ipates I 50m W a t 25°C 
fo r 5 MH z with 25 % duty cyc le cloc ks. C lock ca pacit ance is 
100 pf. HDS R 1024, $20 in 100 qty.; stock . Hughes, 500 Su­
peri or, Newport Beach, Ca 92663 . 
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CMOS TRIPLE Bl -PHASE PAIRS 
Th is triple AND-O R bi-ph ase pa ir, des igna ted th e C D4037 A , 

can be used fo r da ta coding and decod in g in split-phase (bi­
ph ase) co mmunicati on systems; disc, drum , and ta pe digi ta l 
recordin g sys tems; pl a ted wire a nd co re memory systems; o r 
as a high-to-low logic level converter. It co mes in a 14-lead 
du a l-in -li ne ceramic pac kage (C D4037 A D), a 14-lead du a l-i n­
line pl as ti c package (C D4037AE) o r a 14-lead Oa t pack 
(C D4037A K). Prices a t IOO- unit level a re C D4037A D, $7.38; 
C D4037 A E, $3 .60; C D4037 AK , $8. 16. RCA Solid S ta te 
Di v., Box 3200, S omervill e, N .J . 08876 . 
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TRIPLE GATE OFFERS DUAL FUNCTIONS 

The MC14501AL/C L CMOS logic device has both a 2-input 
NO R/ invert gate and two 4-input NAND gates. You can also 
derive more complex functions by interconnecting some of the 
device pins externally. For example by properly biasing the 
gate with one externa l pin interconnection , a 2-, 3-, or 4-input 
AND fun ction is available. Using two external pin inter­
connecti ons, up to an 8- input ANDI NAND function can be im­
plemented . The MC 1450 I AL vers ion operates from a suppl y 
voltage of 3 to 18 Ydc, and over - 55 to I 25 °C. The 
MC 1450 I CL operates from a supply of 3.0 to 16 Ydc and 
-40 to 85°C. Off-the-shelf prices ( 1-24) are: $2.97 and $6.50 
( 1-24). Technical In formatio n Center, Motorola Inc., Semi­
conducto r Products Div ., Box 20924, Phoenix, Ariz. 85036. 
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STANDARD LE NGTHS 

• Easy to Use 

• Rigid • Economical 

• For 1/ 16" P.C. Boards 

• Molded from reinforced Nylon 

• 2 1 / 2" thru 14" Lengths ( 1 / 2" increments) 

• Snap into metal pl ates .047"/. 090" thick 
with .172 dia . holes ( 11 / 64 Drill size) 

'i3iVAR BIVAR , INC . 
15 00 South Ly o n S tr ee t 
Santa Ana, Calif. 92705 
[7 14 ] 547 -5832 
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16,384-BIT MOS STATIC ROM 
The EA4800 uses low-voltage, enhancement-mode, p-chan­

nel techn ology . It operates on +5-V and - 12-Y power sup­
plies, and is TTL compatible. The outputs can be wire-ORd for 
memory expansion. Organizati on is ei ther 2048, 8-bit words 
or 4096, 4-bit words. Address decoding is on-chip . Access 
time , 1.2 µ s max .; 0.03 2-mW / bit max . dissipation . The 
EA4800SG, in a 24-pin silicone package, costs $52.50 ea . in 
100-pc. lots. Electronic Arrays, 50 1 Ellis St. , Mountain View, 
Calif. 94040. 
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CMOS REGISTER 
The C 04034A is a static e ight-stage parallel- or ser ial-in­

put, parallel output reg ister. It features bidirectiona l parallel 
data input, parallel or serial inputs/ parallel outputs, asynch­
ronous or synchron ous para llel data loading, parallel da ta- in­
put enable on "A" data lines, da ta recircul at ion fo r register 
storage, multi-package register expa nsion, and full y sta tic op­
eration from de to 5 MH z. $15 (100-pcs) in a 24-lead ceramic 
DIP (C D4034D) or $18 for 24-lead Oat pack (CD4034AK). 
RCA Solid State Di v., Box 3200, Somerville, N.J . 08876 . 

Circle Reader Service #340 

Designing high-speed drives? 

Consider 
Long-Life 
LTC™! 

Norlronics' new L TC (Life Time Ceramic) digi tal 
heads extend head life ten times, cut rep lacement 
costs and eliminate the freq uent electronic fie ld 
adjustments normally requ ired with conventional 
designs used in modern, high-speed tape drives. 
The secret? Nortronics tough , new ceramic fin ish 
which is permanently appl ied to the face of digital 
heads. L TC is another example of Nortronics in­
novation-a significant breakthrough in magnetic 
head reliability and long-term survival. Write or call 
today for deta iled information. 

'world 's leader in magnet ic heads' 

NORTRONl~S 
COMPANY, INC. 
8101 Tenth Avenue North 
Minneapol is, Minnesota 55427 • (61 2) 545-0401 

Circle Reader Service #43 
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~~l AC 
~ v, CROWBARS y 

Here's low-cost. positive protec -
/ ti o n from dest ru ct ive surges for 

yo ur AC equ ipme nt . Model LVC-
1 L Crowbar swi t c hes to s ho rt 
c ircui t o n overvo ltage, recovers 
o n po la rity reve rs a l, ope rates o n 
e ith e r po lar ity. Trip vol tages t o 
270V, c urren t to 35A RMS, o pe r­
a t ing ti me o nly 10 usec, te mpe r· 
a t ure ra nge -40 to + 100°C. For 
s pecs, applica t ions, prices, re­
qu est Bul let in 12. 

Full line of protect ion modules for 
every hi -lo voltage / current require­
ment. Write or call for data. 

279 Skidmore Rd ., Deer Park, N.Y. 11729 
Telephone : 516-586-5125 

GVGlt·M 

MEMORY TESTERS 
These units tes t se mico nd ucto r ra n­

do m access memories under ac tu al o p­
era tin g co nditi ons. They we re des ig ned 
fo r th e e nd user who needs a n eco no mi­
cal meth od to screen out fa ulty me mo ry 
c irc uits pri o r to pc boa rd asse mbl y, 
thu s, minimi z in g th e cos tl y rewo rk 
cyc le. Pri ces $4000 to $6000; 6 wks de l. 
C reati ve Syste ms, Inc ., Box F, S ta ffo rd , 
T ex . 77477 . 

Circle Reader Service #341 

4K x 18 CORE MEMORY 
He re's a co mpl ete m ag neti c co re 

mem ory sys te m (4K x 18) on a si ngle pc 
card . Yo u can get th e me mory in two 
co nfi g ur a t io ns, as a co mpl ete s in g le 
boa rd me mory system that incl udes the 
timing a nd co nt ro l fun cti on , o r wi th a 
separate tim ing a nd co nt ro l card that 
wi ll dri ve up to eight 4K x 18 d ig ita l 
s tac k boa rd s. Da tac raft Co rp ., Box 

2355 0, Ft. La uderda le, Fl a . 33307 . 
Circle Reader Service #342 

FREE!! 
New 1972 
Electronic 
Component 
Drafting Aids 
Catalog 
Offers ... 

Everything to help Free your ideas 
Free Samples. 
Pressure-sensitive el ectronic component drafting symbols, tape shapes, 
and precision-slit tapes by the thousands. 

Two-sided boards? Our Red and Blue Artwork Tape Method for perfect 
regist ration (Page 45). 

Finest anti -static, stabl e base drafting films? ACCUFILM®, (Page 9) . 
Prototyping? Our 'B' Neg System gives you a plug-in board in an hour or 
two (Page 60). 

Our 10X Optical Comparator 's on page 8. 
Over 15,000 items in al l. 
For your FREE copy of Catalog 105, and FREE samples . . . 
everything to help FREE your ideas . .. write to : 

® 
The Innovators 

Bishop Graphics, Inc. 
• 7300 Radford Ave. North Hollywood, California 91605 (213) 982-2000, TELEX: 67-4672 

Circle Reader Service #44 

94 

IG 

CORE CONSUMES O.llmW/ BIT 

Th is 3 wire, 3-D co re me mo ry o ffers 
a cycle t ime o f I .2µs a nd access tim e o f 
550ns. Worst case powe r co nsumpti o n 
is 0 . I Im W / b it in a 65 K x 40 co n­
fig urat ion. 16-64 K/ 40 a nd 32- 13 1K/ 20 
ava il able. M IC ROMEMO RY 600 fro m Elec­
tron ic Mem o ries, 1262 1 C had ro n, Haw­
tho rne, Ca. (213) 644-988 1. 

Circle Reader Service #343 

OPEN FRAME POWER SUPPLY 
HAS FERRORESONANT 
REGULATING TRANSFORMER 

The LQ series co mes in 19 mode ls 
with up to 48 V and up to 40 A . The 
6000 ser ies has eight single output m od­
els, fr o m 5 to 28 V and fro m 5 to 40 A, 
a nd fo ur d ua l o utpu t models fr o m 12 V 

to 23.5 V and fro m 6 to 24 A . Prices 
fro m $ 11 0 to $ 160 . They dri ve the LAS 
2000 se ries or a ny ot her regul a to r like 
the LM 309 or the µA 723 . The LQ 
seri es 5000 conta ins seven s ing le o utput 
m odels from 6 to 48 V a nd fr o m 2.5 to 
25 A. T hese wi ll powe r tr a ns is t o rs , 
lig hts, and re lays di rect ly. Prices from 
$ 100 to $125 . La m bda Electro nic Co rp ., 
5 15 Broad H o ll ow Rd ., Me lville, N .Y. 

Circle Reader Service #344 

COMMUNICATIONS AMPLIFIER 

A +30-dBm po wer o utput fo r I-dB 
ga in compressio n across a ny 200-M H z 
portio n o f the 1.7-2.3 G Hz ra nge is fea­
tured in the A P- 2300N a ll-solid-sta te 
a mplifie r . O utput is +27-dBm across 
the full band . Ga in fl a tn ess fr o m 1.7-2.3 
GH z is ±I dB , a nd the a mplifier has a 
IO-dB (m ax .) no ise fi g ure . A va ntek , 
In c., 298 1 Co pper Rd ., Santa C la ra, 
Ca lif. 9505 1 . 

Circle Reader Service #345 
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Name your stepper motor needs. 
Chances are we can meet them. 
Off-the-shelf. 
Whatever your design re­
quirements ... step angle, 
stepping speed, torque, di­
rection of rotation ... yes, 
even price ... you can save 
time and money by talking to 
THE Stepper Motor People 
first. The A. W. Haydon step­
per motor line is one of the 
most complete, most versa­
t i I e and most economical 
available. 

We offer you a total capa­
bility ranging from the simp le 
to the sophisticated ... from 
low-cost 2-phase pulse step­
pers at $5.94 to more com­
plex, 8-phase digital models 
costing up to $67.75 in quan­
tities of 100. Inexpensive logic 
cards, variable speed drives 

or specially designed systems 
engineered to your require­
ments are also available. 

Step angles? Name them . 
With our pulse steppers, you 
have an unlimited selection. 
As for our digital models, you 
can specify angles of 33/4 °, 7°, 
15°1 30°, 45 °1 or 90°1 pull-in 
rates to 1200 steps/sec and 
torque to 22 oz-in. 

Mind you, this is all off the 
she lf. So, why shop around? 
Write For Stepper Motor Handbook 

Here's a clear, concise expo­
sition of the why's and where­
fore's of PM stepper motors. 
It 's a MUST 
for every sys­
tem desginer. 
Send for it. 

A. W. HAYDON CO. PRODUCTS 

[ NORTH AM ERICAN PH ILIPS CONTROLS CORP.] 
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A NORTH AMERICAN PHILIPS COMPANY 
Cheshire, Conn. 06410 • (203) 272-0301 
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Designed as an OEM system com­
ponent. this GP computer without power 
supply or control console has a 32K 
core memory, 1600ns cycle time, and 
accommodates up to 12 Ilo interface 
cards. Standard features are hardware 
multiply / divide, three vectored priority 
interrupts, two direct memory channels, 
word and byte mode addressing and 
processing and 156 instruct ion se t. Op­
tions are parity, TTY, powerfail restart , 
autoload, memory protect , direct mem ­
ory access and real time clock. The AL­
PHA model has control panel and pow­
er supp ly. Jumbo ALPHA , $15 ,600 
each with 32K x 16 memory . Jumbo 
NAKED MINI, $2,730 for IO, $2,195 
for 200 with 4K x 16; $13 ,000 for I 0, 

$11 , 115 for 200 with 32K x 16. Com­
puter Automation, 895 W . 16th, New­
port Beach, Ca. 92660. (714) 642-9630. 

Circle Reader Service #346 

POWER SUPPLY MODULE 

A new technique a ll ows conversion of 
low freq. ac (47 to 440 Hz) to 50 W of 
regulated power in a package that 
measures only 4 x 6 x 2 \4 in. Model 
Z2 .5 delivers 2.5 A output. DC outputs 
between 24 and 30 Ydc are regulated to 
well within 0.15 % for input changes of 
100 to 132 Yrms and load changes of no 
load to full load . It is protected against 
short ci rcuits of any duration . Features 
include remote error sensing and paral­
lel operation. Delivery, 7 days; price, 
$219.00 ea. for 1-4 pcs . Contact Roy 
Baldarrama, Abbott Transistor Lab. , 
In c., 5200 W. Jefferson Blvd ., Los An­
geles, Calif. 90016. (213) 936-8185. 

Circle Reader Service #347 
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Variable compression 
mica capacitors: 

Small, Inexpensive, 
Wide-range, 
Go-anywhere 
Capacitance 
Packages 

(Try 'em ... you'll like 'em!) 

Do you need a capacitor you can adjust from 1400 
to 3055 pF (or almost any other range down to 0.9 to 
7.0 pF)? As small as 3/e'' x 17/n"? That mounts by any 
method, in any location , including PC applications? 
That has a high Q, smooth adjustment, low induc­
tance, excellent thermal stability and resistance to 
shock, vibration and humidity? 

And that you can buy in quantity, off the shelf, 
typically for 15¢ each? 

It will pay you to look into El -Menco variable com­
pression mica trimmers and padders - the " old 
reliables" whose highly developed characteristics 
and extremely wide line today make them the capaci­
tors of choice in hundreds of state-of-the-art com­
munications, instrumentation , audio and military 
electronics equipment. For example : in RF, oscillator 
and FM antenna circuits ... HF bias (tape) from 85 to 
95 kHz ... phase control circuits ... compensation for 
other components . . . HPIC A~ C•PWTAHCE WS 1URHS CUlfVE 

SSB 2.0 MHz channel ~ • ' 0
' '"' » """" cmCHO" 

strips. And perhaps • • 
one of these possibil - " 
ities gives you an idea: , 
coax cable line termi- ~ ~ , 
nation, pulse transmis- ~ ;__'._ 
sion , an equalizing/ ~ ' " 
matching network, a ~ ~ ~ 
low-Q tone generator, ~ , 
or padding in a TV cir­
cuit, power supply or 
home appliance. 

' ' rURNS fROM rl(HH P0$1110H 

WRITE FOR COMPREHENSIVE TECHNICAL DATA: 
a recent technical article reprint 
and a 29-page set of data sheets 
are yours for the asking . 
Send request directly to : 

1-n-1a1n14.1§.1 
THE ELECTRO MOTIVE MFG. CO., INC. 
Willimantic, Conn . 06226 

West Coast : Collins and Hyde Co. 
Nationwide : Arco Electronic Distributors 
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MALLORY MALLORY CAPACITOR COMPANY 
a division ot P . R. MALLOR.Y & CO. INC. 
Indtana.polte, Indiana 46206: 

Electrical and Electronic Components • Sequence Timers • Metallurgical Products • Batteries 
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SINGLE-TURN TRIMMERS 

Top and side adjust models in 19 re­
sistance values from 10 ohms to 2 Meg ., 
and six pin spaci ngs , feature a dust cov­
er to protect against co rrosive atmos­
ph ere and dust. Less th a n 0.5% change 
during the first 1,000 hrs, with tempera­
ture coeff. max of ± I 00 ppm f°C over 0-
85 0C ambient. Series 91, 3/s in . trim­
mers , 35¢ in 50k quantity . He lipot Div., 
Beckman Inst. , 2500 Harbor, Fullerton, 
Ca 92634. 

Circle Reader Service #348 

CARD-EDGE CONNECTOR 

The series 6317 is a press-fit card 
edge connector that does not require 
so ldering. This press-fit technique with­
out soldering produces a surprisingly 
strong mechanical connection as well as 
a completely reliabl e gas- tight electrica l 
co nnecti on. Elco Corp., Willow Grove, 
Pa . 19090. 

Circle Reader Service #349 

OPTICAL ENCODERS 

\ 

Prices reduced up to 26% for the Op­
tecon encoder line . Fo r example, the 
heavy-d uty industrial model wi th a reso­
lution of 2500 lines, orig inall y marketed 
a t $520.00 ea. (in 1-9 quan.), is now 
$395 .00. Quantity price discount sched­
ule has a lso been modified. The encoder 
series is offered in 4 basic physical con­
figurations ranging from the std . OC25 
com mercial/ industrial model to the rug­
ged ON35 heavy-duty sealed unit in std. 
resolutions from 10 to 3600 lines. Con­
tac t D . E. Skenderian, Data Tech­
no logy, In c., Watertown, Mass. 02 172 . 

Circle Reader Service #350 

ONE MAN TRACES LEADS 

The Pathfinder 12 Wire and Circuit 
Tracer can trace up to 12 leads, verify 
continuity , and identify wires in o r out 
of sequence . It is portable, powered by 
an AA battery , and uses a one-piece re­
sis to r block to determine met e r dis­
placement which identifies the wire . 
$40. Brady, 727 West Glendale, Mil­
waukee, Wis. 5320 I. (414) 332-8100. 

Circle Reader Service #351 

HIGH-Q DIODES 
Twelve wide area Yaractron silicon 

voltage-variable capacitance diodes 
have Q as high as 200, and de (Mwv) 
ratings as high as 100 Y. They feature 
MWV x Q products as high as 20,000 at 
25 MH z, capacitances up to 1320 pF, 
and tunin g ratios to 5. Diodes are ideal 
for VHF-UHF freq . multiplication, har­
monic ge nerati o n, oscillator tuning , 
electronic tuning, freq. modulation, 
pa r a metri c amplification, automatic 
freq. control, limiting, and switching. 
Delivery, from stock. Prices start at 
$16.00 and drop to less than $I 0.00 in 
quan. Contact Joel Cohen, Teled yne 
Crystalonics, 147 Sherman St. , Cam­
bridge, Mass . 02140. (617) 491-1670. 

Circle Reader Service #352 

REED RELAYS 

These relays a re built aro und two 
basic config ur ations, a molded g lass 
filled nylon bobbin open sty le const ruc­
tion and relays encapsulated in mineral 
filled epoxy. The open style relays are 
availab le with dry or mercury wetted 
contacts. The low profile encaps ul a ted 
relays , 0 .275 x 0 .375 in. in height. can 
be equ ip ped with up to eight Form A 

contacts. Pricing ranges from 72¢ to 
$8.50 in quan. of 1000. North American 
Philips Controls Corp., Frede rick. Md. 

Circle Reader Service #353 

THE ELECTRONIC ENGINEER • June 1972 

Systron-Donner's new all-function 
7004 Digital Multimeter. Measures 
everything-de and ac voltage, de 
and ac current, and resistance. Built­
in shunts for current measurements. 
Fully guarded input for highest com­
mon mode isolation. Dual-slope inte­
gration design. 1,000 megohm input 
impedance on three lowest ranges. 
Optional battery pack with recharger 
($95) mounts internally. For lab, 
field or systems use (with DTL/TTL 
compatible BCD outputs $45). Ask 
your local Scientific Devices offices 
for technical data or contact: Con­
cord Instruments Division, 888 Ga­
lindo Street, Concord , CA 94520. 
Phone (415) 682-6161. 

~ 
BYSTRON-CONNER 

Circle Reader Service #50 
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CONNECTRONICS ••• 
a new packaging concept for 

solving interconnecting problems 
From Elco. It's the Total Packaging Concept that 
helps you with your interconnecting design, then 
picks the right components for the job and puts them 
all together . To give you the best-performing total 
package back panel assembly at the lowest price . 

No longer must you face a bewildering array of card 
cage, guide, panel , contact and input / output com­
ponents, and evaluate specs vs. cost on the com­
ponents that qualify. Nor must you establish quality 
control standards and inventory control on these 
parts . Nor make up a step-by-step production time­
table. And watch the cost of your finished package 
mount because of unexpected labor costs . Or miss 
deadlines because of unforeseen design and manu­
facturing snags . Not when Elco's CONNECTRONICS 
specialists and N / C machinery can do the job . 
From concept to finished package. 

Al I you do is furnish us with a drawing of the daugh­
ter card. Tell us how many cards you need . And give 
us voltage and ground requirements, cage mounting 
dimensions and a wire list. Then sit back. 

We'll pick the right connectors from our hundreds of 
thousands of standard connector designs. And choose 
the right back panel. Perhaps it'll be our Vari plate'" 
back panel, the interconnector that provides bussing 
and voltage and ground planes , accepts individual 
components in any configuration . And acts as a struc­
tural member as well. 

Or, if the back panel must be a mounting frame for 
p.c . board edge connectors or for rack and panel 
connectors, and must provide the rigidity that phenol ic 
boards cannot. we'll furnish the Elco Variframe™ 
system . If your interconnecting configuration is stan­
dardized and your wiring changes are min imal , we'll 
use our Variboard '" interconnector. Th is system lets 
us do just about anything . Like mounting connectors 
or components directly on printed circuit boards . Or 
mounting connectors in plated -through or unplated 
holes. Mix ing wired and printed circuits . And mount­
ing boards on mother boards . 

To complete the package, our specia l ists w i ll select 
the compatible 1/ 0 section , then term inate the 
package. Automatica l ly . . . N / C . . . or a combinat ion 
of both. Whichever is the most economical for you. 
Based on price / performance and delivery, you ' ll get 
the best interconnecting total package system ava i l­
able . 

For more information on CONNECTRONICS, ~ ~·· 
the Elco Total Packaging Concept, wr ite : frv 

Elco, Willow Grove Division, 
Willow Grove, Pa . 19090 (215) 659-7000 

Elco, Pacific Division , 2200 Park Place, 
El Segundo, Calif . 90245 (213 ) 675-3311 

Operat ions in USA, Austra lia , Belg ium, Canada, Denmark , En gland , France, Germany, Israel and Japan . Sales offices throughout the world. 
Copyright © 1971 Elco Corp. Al l r ights reserved . 
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SOLID STATE PANEL TIMER MOTOR OVERLOAD RELAYS MESSAGE UNIT SWITCH 

P a ne l tim e r is to r ac a pplica ti o ns 
where two timed contacts a re required . 
Time del ay is cont ro lled by e ithe r a 
k no b o r sc re w-dri ve r sha ft. Co nt ac ts 
can be : 2 n .o. ; 2 n .c .; I open , I closed. 
All time fun ctio ns a re del ay to o perate 
0-1 20 s. Input is 11 7 Yac and output 
contacts (which are 100% so lid sta te), 
will switch a nd maint a in a s high as 220 
Yac at I A . Inductive ove rl oads in ex­
cess o f !000% a re to lerable . Contact 
Richa rd Lint , The Ada ms & Westlake 
Co., I 025 N . Michiga n St. , Elkhart , 
Ind . 465 14. 

Circle Reader Service #354 

T ype P J overl oad re lays with U L-list­
ed continuous (running) current ratings 
of 52 th ro ugh 65 A , in cludin g fr actio na l 
ra tin gs, a re fo r use with spec ia lty m o­
to rs. Co m pact ly des ig ned , they h ave 
pla ne sur faces to a ll ow stackin g o f three 
units fo r 38 motors. Th e lin e a lso in­
cludes units with ra tin gs fro m I through 
5 1 A fo r ge ne r a l- m o to r a ppli cati o ns. 
Respo nse time can be m a tched to th e 
specific a pplicati on . Rel ays a re 3 in . 
wide, I % in . d ee p a nd I in . high , and 
weighs about 3.5 oz. He ine m a nn Elec­
t r ic Co., Mag netic Dr. , Tre nt on, N .J . 

Circle Reader Service #355 

Message unit is part o f th e Minileve r 
product line a nd will o ffe r addition a l 
Oexibility. A settin g lever o n the thumb­
whee l switch ac tu a tes an intern a l gea r 
to ro ta te the di a l a full revo lutio n by 
m ov in g th e leve r o nl y 9 0 °. A qui c k 
sweep o f the ha nd across the levers o n a 

cont ro l pa nel rese ts a ll switches to zero 
pos itio n befo re encoding ne w inform a­
ti on . U nit can be imprinted with a ny 
message, a nd o ffers a selec ti on o f four 
messages. C o nt act R o be rt Alexa nde r, 
Th e Di g itr an Co. , 855 S o . Arro yo 
Pkwy, Pasadena, C A . 911 05. 

Circle Reader Service #356 

Catch-up reading. 
CAMBION'S new Integrated 

Packaging 
Catalog. 

Dl~cover qulc~ relief from the pains of accessing uneven surfaces for a 
reliable electn~al c_ontact. Our " SNAP-OUT" spring contact probes are 
co.';imonl~ a~phed 1n production testing of in-lines, wired back panels, 
Prlf!ted c1rcu1t boards and ceramic substrates. "SNAP-OUT" probes are 
easily. remova?le fro'!l a receptable which stays in its mounting . Avail ­
a.ble in four sizes, with nine standard configurations . For more informa­
tion, contact Walter Frey, Mgr. Customer Service, (714) 593-2541. 

Its 48 pages cover our whole line of high density IC 
Sockets, Cambi -Card® circuit boards, bread boards, 
card files, power planes and Wi re-Wrap* products and 
servi ces. Send for Catalog 99. Cambridge Thermionic 
Corporation, 445 EE Concord Avenue, Cambridge, 
Massachusetts 02138. 
*Registered Ma rk of Gardner -Denver Co. 

Standardize on 

EYEIETT /CHAILES.1Nc . 
2806 METROPOLITAN PLACE, POMONA, CALIFORNIA 91767 

PHONE (714) 593-2541 
Circle Reader Service lt52 
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SEVEN-SEGMENT DISPLAY DRIVER 

The H D-0140 is a bipolar 4-bit latch/decoder /display driv­
er with BCD data outputs. Using junction-isolated technology, 
the new device provides a high speed, high current data han­
dling capability for light-emitting diodes (LED) and other 
types of numerical displays . The circuit provides 40 mA out­
puts to drive a single 7-segment numeric display. Four addi­
tional outputs are included which supply the BCD data stored 
in the latch . Available off the shelf in 24-pin dual-in-line ce­
ramic packages, the price is $7 .55 (I 00-999) for the com­
mercial version (0 to 75°C) and $11.25 for the military version 
(- 55 to 125°C) . Harris Semiconductor, Melbourne, Fla. 

Circle Reader Service #3 10 

MONOLITHIC TIMER IC 

(!-~ </, 
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Here's a first : a monolithic chip that generates delay output 
pulses ranging from one µs to one hour. The timing pulse it­
self has a 0.5-% accuracy; temperature stability is 0.002%/°C 
over the temperature range (military and industrial versions 
are available). Three external components are needed: two re­
sistors and a capacitor. Output drive capability is 100 mA; 
supply voltages, 4.5-20 V. The industrial-grade XR-320 costs 
$4.00 ea. in 100-pc. lots . Exar Integrated Systems, Inc ., 733 
North Pastoria Ave., Sunnyvale, Calif. 94086. 

Circle Reader Service #3 11 

SECOND-SOURCE FOR HA-2500 OP AMPS 
Intersil is producing and delivering the Harris series 2500 

high slew rate op amps. These amplifiers are made using die­
lectric isolation and on-chip precision thin film resistors, re­
sulting in slew rates up to 120 V / µs with no positive feedback 
compensation . In addition to the 2500 series amplifiers, Inter­
sil will soon be introducing 2600 series wideband high imped­
ance op amps and 2700 series low power op amps . Intersil 
Inc., 10900 N. Tan tau Ave ., Cupertino , Calif. 95014. 

Circle Reader Service #312 
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ANALOG DRIVER/SWITCH 
A dual, SPST analog driver /switch uses complementary MOS 

technology on a monolithic structure that includes both n­
and p-channel devices on a common substrate. The DG200 
analog transmission gate has break-before-make switching, 
with t 0 rr and ton ratings of 500 and 1000 ns at 25°C. Signal 
range is ± 15 V with ± 15-V supplies; r is less than 100 n. 
The industrial version- DG200BA- costs $3.50 ea. in 100-pc. 
lots. The DG200AA military unit costs $8.75 ea. Siliconix In­
corporated, 2201 Laurelwood Rd ., Santa Clara, Calif. 95054. 

Circle Reader Service #3 13 

DRIVES 6 LAMPS/ PACKAGE 

'.J 

This hybrid "Hex Buffer" drives 6 l 50mA or 3 300mA in­
candescent lamps, Inputs TTL/DTL compatible and 5V logic 
supply. With pull-up resistor , can be used in clock and line 
driver applications with high fan-out. One-999 20330s, $5.45; 
4-6 weeks ARO. Tom O'Gorman, IEE, 7720-40 Lemona, 
Van Nuys, Ca. 91405 (213) 787-0311 

Circle Reader Service #31 4 

741 IN A MINI-DIP 

Solitron Devices is offering their UC474 IC operational 
amplifier in a new package. The 8-lead mini-DIP offers greater 
package density, since it occupies one-half the space required 
by the 16-pin DIP and still provides the advantages of auto­
matic insertion . Solitron Devices, Inc ., 8808 Balboa Ave., 
San Diego, Calif. 92123. 

Circle Reader Service #315 

LOW COST AUDIO AMP 
This 2-W audio amplifier is aimed at low-cost applications 

such a~ toys . Designated the LM380, the amplifier operates 
from a single supply from 8 to 22 V. Full power bandwidth is 
typically 65 kHz at 2W-8 fl, and total harmonic distortion is 
typically 0.2%. The amplifier is internally protected against 
short circuit and thermal overload . Price, in quantities of I 00-
up, is $1.50. National Semiconductor Corp. , 2900 Semi­
conductor Dr., Santa Clara , Calif. 95051 . 

Circle Reader Service #3 16 

THE ELECTRONIC ENGINEER • June 1972 



I• 

• 

The most economical power/cost ratios in the power supply industry are now available in 16 new multiple 
output power supplies. These new units are specifically designed for computer, peripheral and instrument 
applications. 
The same high quality components, low manufacturing costs, proven engineering design, reliability and 
economy incorporated in our highly successful single output OEM Series are here now in our new multiple 
output series and that means multiple satisfaction! We do it better for less, that's why Powertec is the leader 
in the OEM business. EXCLUSIVE FEATURES: Reliability • Economy • Proven Engineering Design • Low 
Manufacturing Costs • High Quality Components. 

2K - DUAL OUTPUT 

2L - DUAL OUTPUT 

2R - TRIPLE OUTPUT 

25 - TRIPLE OUTPUT 

MODEL 
NUMBER OUTPUT #1 

2K15D-1 .3 +12V, 1.5A or +15V, 1.3A 

* 2K5D-3.0 

Depth - 2.50 * 2K5, 15D 
Width - 7.87 

6V, 2.5A 

6V, 2.5A 

OUTPUT POWER 

OUTPUT #2 

-12V, 1.5Aor - 15V, 1.3A 

5V, 3.0A or 6V, 2.5A 

12V, 1.5A or 15V, 1.3A 

Height - 4.00 * 2K5, 24D 

5V, 3.0A or 

5V, 3.0A or 

5V, 3.0A or 6V, 2. 5A 18V, 1.0A or 20V, 1.0A or 24V, 1.0A 

2L 15D-2.8 + 12V, 3.0A or + 15V, 2.8A 

* 2L5D-6.0 

Depth - 2.75 *2L5, 15D 
Width - 9.38 

6V, 5.0A 

6V, 5.0A 

-12V, 3.0A or -15V, 2.8A 

5V, 6.0A or 6V, 5.0A 

12V, 3.0A or 15V, 2.8A 

Height - 4.88 * 2L5, 24D 

5V, 6.0A or 

5V, 6.0A or 

5V, 6.0A or 6V, 5.0A 18V, 2.0A or 20V, 2.3A or 24V, 2.3A 

2R-70T +12V, 1.5A or +15V, 1.3A -12V, 1.5A or - 15V, 1.3A 

6V, 2.5A 12V, 1.5A or 15V, 1.3A 

OUTPUT #3 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

5V, 6.0A or 6V, 5.0A 

5V, 6.0A or 6V, 5.0A *2R-72T 

Depth - 2.87 * 2R-74T 
Width - 11 .00 
Height - 4.88 * 2R-76T 

5V, 3.0A or 

5V, 3.0A or 

12V, 1.5Aor 

6V, 2.5A 18V, 1.0A or 20V, 1.0A or 24V, 1.0A 5V, 6.0A or 6V, 5.0A 

15V, 1.3A 18V, 1.0A or 20V, 1.0A or 24V, 1.0A 5V, 6.0A or 6V, 5.0A 

Depth 2S-140T + 12V, 3.0A or + 15V, 2.8A -12V, 3.0A or - 15V, 2.8A 5V, 12A or 6V, 8.0A 
4.00 

Width * 2S-142T 5V, 6.0A or 6V, 5.0A 12V, 3.0A or 15V, 2.8A 5V, 12A or 6V, 8.0A 

15.00 * 2S-144T 5V, 6.0A or 
Height 

6V, 5.0A 18V, 2.0A or 20V, 2.3A or 24V, 2.3A 5V, 12A or 6V, 8.0A 

4.88 * 2S-146T 12V, 3.0A or 15V, 2.8A 18V, 2.0A or 20V, 2.3A or 24V, 2.3A 5V, 12A or 6V, 8.0A 

100 PIECE** 
PRICE 

su9.oo 
All outputs are floating , can be connected in any common con figu ration unless otherwise noted. Other voltages and currents available, consult factory for price and delivery. 
*NON-STOCKED **For quantities other than 100, contact factory. 

SPECIFICATIONS: INPUT: 115VAC ± 10V, 47-63 Hz• REGULATION: Line ± .25%, Load ± .25% •RIPPLE: 
1mv RMS 5 & 15V •RESPONSE: 50 µsec typical• TEMPERATURE: 0°C to 40°C derated to 71°C • O.L. 
PROTECTION: Current limit/foldback •Optional OVP available. DELIVERY: stocked models within 24 hours, 
30 days for others. 
Incidentally, if you don't see your exact model on the chart, we' ll build an OEM multiple from stocked 
subassemblies in any voltage/current combination. Give us a call and we'l l be glad to quote within 24 hours. 
Stay within the same size and power rating, and the price won 't change . 

PDWERTEC INC. an Airtronics Subsidiary 
9168 DeSoto Ave., Chatsworth, California 91311 • (213) 882-0004 • TWX (910) 494-2092 

THE ELECTRONIC ENGINEER • June 1972 Circle Reader Service !154 103 



104 

When you buy a TEC-LITE IC compati­
ble readout , you buy a unit that's ready 
to mount to your panel with two screws 
- nothing else! Or you can specify 
an attractive TEC aluminum bezel and 
mount up to 10 (or more) readouts•• 
in your panel with just two nuts . 

TEC has designed and built more com­
plete ly packaged LED indicators , 
switch-indicators and readouts than 
anyone else - you expect more from 
the information display leader. 

di cators are com­
bined with TEC-LITE 

switches in this attractive , easy to 
mount panel assembly . Your choice 
of number and type of switches/indi­
cators . Priced from $2.25" complete , 
ready to mount. 

PANEL MOUNT LED's 111'!1 
O==. W( 
Sl ip bezel assembly in pane l hole 
from the front . secure with Tinnerman 
clip from the rear. Replaceable LED 
snaps in place from the front . $1 .50" 
with clip . 

PCB MOUNT LED's 

Molded polycarbonate lamp holder is 
soldered to PCB. LED plugs into uni .. 
Priced from $1 .50 • 

"100-499 quantity 
• "80¢ a position 

See TEC-LITE for the complete line of 
readouts, indicators , switches, display 
panels , keyboards , CRT terminals. 

TEC, Incorporated ; 9800 North Oracle 
Road, Tucson , Arizona 85704 ; or phone 

""" ,., ,, 1 E t 
~RPORATED 

Circle Reader Service #55 

OIL-TIGHT SWITCHES 
A simple part exchange adds oil-tight 

capability to "Presslite" lighted push­
button switches. The easy addition of 
this oil-tight part increases the flexibil­
ity of an already broad line. Available 
in 0.5, 3, 5, 10 and 15 A ratings, for al­
ternate and momentary snap and linear 
action, these spdt and dpdt units are 
rated for 28, 30 Vdc and 115 Yac oper­
ation. A wide range of mounting hard­
ware meets virtually every panel in­
stallation requirement. Available from 
stock. Marco-Oak, 207 So. Helena St., 
Anaheim, Calif. 92803. (714) 535-6037. 

Circle Reader Service #357 

TINY DPDT RELAY 

The dpdt relay measures only 0.435 
in. high and can switch 2 A at 26 Vdc. 
High pressure contact enables the unit 
to switch capacitance or lamp loads 
with current spikes that would normally 
weld the contacts of reed relays. AZ 531 
Thin-pack comes in std. coil voltages 
from 6 to 115 Vdc with an operate and 
release time of < 5 ms. It has PC termi­
nals in 0.10 in. grid spacing. Prices start 
at $1.95 ea. for a 6 V coil version in 
2500 pcs. Delivery from stock. Ameri­
can Zettler, 697 Randolph Ave., Costa 
Mesa, Calif. 92626. (714) 540-4190. 

Circle Reader Service #358 

NYLON CABLE TIES 

Cable ties have dual stainless steel 
pawls to provide up to twice the bun­
dling tensile strength of all-plastic cable 
ties. They come in 4 sizes for bundles 
from 1/ 16 to 4 in. in dia., with each size 
being infinitely adjustable within its 
range. Ties are self-locking. Supplied in 
natural color nylon, outdoor weather­
resistant black and other colors are 
available. AMP Incorporated , Harris­
burg, Pa. 17105. (717) 564-0 I 0 I. 

Circle Reader Service #359 

PANEL METER LINE 

The 2000 series comes in both pivot 
and jewel, or taut band. High perform­
ance mechanisms provide magnetic ex­
cellent shielding. Other features include 
a flattened scale arc and knife edge 
pointer for improved readability, wrap­
·around case for protection against dust 
and moisture contamination. Quick 
cover removal combined with easy scale 
change and installation perm its the 
changing of scale plates quickly. Avail­
able from stock in 2.5, 3.5, 4 .5 and 5.5 
in. sizes , accuracies to 1%. Weston In­
struments Inc., 614 Frelinghuysen Ave., 
Newark , N .J. 07114. (201) 243-4700. 

Circle Reader Service #360 

PC BOARD JUMPERS 

Series 404 jumpers are std. lengths of 
flame retardant polyester insulated flat 
cable with about 0. 150 in . of insulation 
completely removed from both sides of 
the conductors on both ends . The solder 
coated conductors are easily terminated 
to PC boards. Standard lengths , I, 2 
and 3 in.; std. conductor centers, 0 .025, 
0.050, 0.100 and 0. 150 in., with 10 to 
100 conductors. Price, from 25¢ ea., de­
pending on size and quan. Contact Tom 
Thomas, Ansley Electronics Corp., Old 
Easton Rd ., Doylestown, Pa . 1890 I. 

Circle Reader Service #361 

MICROMINIATURE INDICATORS 
Brite-Eye and Trans-Eye have seven 

cap styles, I 0 colors, and use 15 stand­
ard T-1 incandescent lamps . Neon Glo­
Eyes use USASI A I K lamps a nd have 
resistors in housings for preselecting 
lifetime. Mounting on panels and pc 
boards, on 0.225 centers , and front pan­
el lamp replacement. Shelly Assoc., 
1562 Reynolds, Santa Ana, Ca. 92711. 

Circle Reader Service #362 
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EECO 
IC PACKAGING 
PANELS and 
RELATED 
HARDWARE 

Saves you Time - and Money- now you can 
save up to 6 months and up to 60% of your 
total packaging costs by using EECO's IC 
panels, socketboards and related hardware. No 
more waiting for design and fabrication of new 
logic cards or for expensive new layouts of 
multi-layer boards. 

Now you can have the competitive jump-the 
EECO Plug-In and wire wrapping approach 
gets your product to market quickly. 

Saving Time is Saving Money- in addition in­
terconnect costs are lower-unnecessary card 
connectors are eliminated. Also you avoid all 
the hidden costs of packaging. 

Now you can package your design quicker and 
cheaper with EECO hardware. If that's not 
enough we'll even take your logic diagram and 
deliver complete wired hardware back in 4-6 
weeks. As a bonus you get all the benefits of 
our Computer Aid Design programs applied to 
your systems logic. 

VERSATILITY! 
It's your choice with regards to dedicated or undedicated 
power routing ... low impedance and noise-free decoupling 
... expansion or contraction of your system by modular incre­
ments. You can specify the exact proportion of 14, 16, 24 
and 36-pin sockets and there are·wide provisions for inclusion 
of cards, discrete components, special boards, and specific 
types of 1/0 connectors. 

ECONOMY! 
You can save up to 6 months and 60% of your total packag­
ing costs by avoiding the design and fabrication of new 
logic cards or the delay and cost of multi-layer boards. You 
also avoid unpredictable production costs. 
If time is critical, EECO can take your logic diagram and 
deliver complete wired hardware to you in four to six weeks 
... with a bonus of helpful computer-prepared documents. 

RELIABILITY! 
EECO's high test standards are applied to all IC panel boards 
and hardware from incoming inspection through final ship­
ment to you. All EECO hardware has been tested to appli­
cable portions of MIL-STD-202L i.e. contact resistance, vi­
bration, mechanical shock, thermal shock, salt spray hu­
midity mechanical life test, lC insertion and withdrawal. A 
complete environmental test report is available upon request. 
From the basic glass epoxy PC boards, high quality sockets 
and light high~strength frames to the drawers and, assembly 
hardware, you can be sure of functional reliability with EECO 
hardware. 

MODULAR 
SOCKET BOARDS 
CAN FORM THE 
BEST PACKAGES 
FOR YOUR 
PROJECTS 

2 





EECO SOCKET BOARDS 

GENERAL SPECIFICATIONS 

BOARD 

Material 
Thickness ... .. ......... . 062 inches 
Type ..................... . Glass epoxy, flame retardant, NEMA· 

FR4, MIL-P-13949, Type GF 
(exceeds requirements of Type GE) 

Color ... ....... ............ Tan 
Plating ................... Plated thru holes & tin lead deposi ­

tion per MIL-P-55110 

Etched Conductors 
Materia l... .. .. .............. 2 ounce copper 

POWER BUSING 

Material 

Conductor width & clearance are typ­
ically held to .025 inches minimum. 

Conductors ............. Half-hard brass, .007 inch thick 
(2 levels) 

Insu lator .......... ...... Kapton, .001 inch thick 
Capacitance ......... .. ... . Typicall y 50 pf per inch of length 

DECOUPLING CAPACITORS 

Low Frequency ......... .. 10 or 20 µfd, tantalum, 15 VOC 
(higher vol tage may be specified) 

Each bus ba r provides 
40 t o 60 pf o f d istributed 
capacitance pe r inch. 

H igh freq uency 
decoupling capacitors 

High Frequency .... ...... 0.01 µfd , ceramic, 200 VOC Low impedance minimizes 
generation o f noise curren t s on 
the power and g round b usses. 

The DC re sis tance o f the 
cond uct o r path s is typ ica lly 
less than 2 milliohms per 
in ch of le ngth . 

SOCKETS 

I nsu lator ..... ................ G lass filled nylon 
Contacts ............ ........ . Phosphor bronze (spring temper) per 

QQ-B-750, gold plated per MIL-G-
45204, Type II ., .000020" min. over 
.000050" nickel. 

GNO Bus 

Vee Bus 

WIRE LOOP POWER CONNECTION 
Power is not pre-connected to the sockets on some EECO 
socket boards. These boards are custom powered by con­
venient Wire-Loops. Wire Loops are inserted, and so ldered, 
to the wire wrap side of the board and can bring power to 
any pin . Besides the custom powered boards shown on 
the opposite page, there are more shown on page 8. 

I 
Wire Loop 

Material: 
Tinned copper wire 

4 

Note: 
Wire loops are included with 
all socket boards designed for 
custom wi re- loop power con­
nections. 

.. 

• 
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LOW COST 14-pin SOCKET BOARDS 

These are high quality boards (see Board Specifications), yet 
economical in application. Power is pre-wired to the sockets 
... ground to pin 7 and Vee to pin 14, both 14 pin and 28 pin 
sockets. 

Pin 1 Table 1 14-PIN SOCKET BOARDS 

2 3 4 5 6 

I 1 ! s I g !10111 !12 j 

j13l14j151161171181 

!1g J20j21 !22lz3 l24I 

Socket Locations (IC side) 

Part 
No. 

H-2915-00 
H-2915-01 
H-2917-00 
H-2917-01 
H-2917-02 
H-2917-03 
H-2917-04 
H-2917-05 
H-2917-06 
H-2917-07 

14-Pin 
Sockets 

48 
44 
144 
140 
140 
140 
136 
136 
136 
132 

28-Pin Sockets 
Block Quantity Location 

- -
4 1 
- -
4 1 
4 3 
4 5 
8 1, 3 
8 1,5 
8 3, 5 
12 1,3,5 

No. of Tantalum 
Blocks Capacitors 

2 4 
2 4 
6 12 
6 12 
6 12 
6 12 
6 12 
6 12 
6 12 
6 12 

SOCKET BOARDS for CUSTOM POWER PIN CONNECTIONS 

Part 
No. 

H-2910 
H-2919 
H-2920 
H-2921 
H-2922 
H-2924 
H-2931 

1 I I II II ff f/ I 

H-2910 

Power can be brought to any pin on these boards with con­
venient Wire-Loops except 28-pin sockets. These socket 
boards have excellent low-noise power distribution. 

Table 2 CUSTOM POWER SOCKET BOARDS 
14-Pin 16-Pin 28-Pin No. of Bus Tantalum Ceramic 

Sockets Sockets Sockets Blocks Bars Capac itors Capac itors 
- 18 - 1 4 3 12 
24 - - 1 3 2 6 - - 36 - 2 4 6 24 
- 72 - 4 8 12 48 
- 108 - 6 12 18 72 
20 - 4 1 3 2 6 
- 24 - 1 1 2 -

There are additional boards using wire loop connection shown on page 8. 

Note: No power is connected to the 28-pin sockets on board H-2924. 

5 

Pin 1 

2 3 4 5 6 

Cards: 
H-2910 ! 1 J s J g J1 a J11 J12 j H-2920 
H-2921 
H-2922 

J1 3 j14 J15 J 1 B J 1 1 J 1 s J 

Pin 1 Socket Locations (IC side) 

2 3 4 5 6 

J 1 j s Jg J10J11 J12 j 
Cards: 

J13 J14J15J1 BJ11J1 sJ H-2919 
H-2924 
H-293 1 

!19120 j21 !22iz3 i24I 



Pin 1 

14-pin SOCKET BOARDS 

vvith LOW-NOISE POWER DISTRIBUTION SYSTEM 

H-2905-01 (2 block) 

. . . . . . ... 

2 3 4 5 6 

f 7 [ s Jg J1o f11 f12 J 

[13[1 4[15J1s f17J1 s[ 

[1gJ20j21J22J23f24J 

Socket Locati ons ( IC side) 

Part 
No. 

H-2904-00 
H-2904-01 
H-2905-00 
H-2905-01 
H-2906-00 
H-2906-01 
H-2906-02 
H-2906-03 
H-2907-00 
H-2907-01 
H-2907-02 
H-2907-03 
H-2907-04 
H-2907-05 
H-2907-06 
H-2907-07 

No. of 
14-Pin 

Sockets 
24 
20 
48 
44 
96 
92 
92 
88 
144 
140 
140 
140 
136 
136 
136 
132 

You can reduce problems and engineer ing costs by using 
socket boards which have low impedance power distribution 
rather than using a "fix-it-up" approach to the power dis­
tribution after you r system is wi red. The boards shown on 
these two pages have been ca reful ly eng ineered to keep 
power line noise to a minimum with ceramic and tantalum 
capacitors and laminated bus-bars. 

Power is pre-wired to the sockets . . . ground to pin 7 and 
Vee to pin 14, both 14 pin and 28 pin sockets. 

H-2907-01 (6 block) 

Table 3 14-PIN SOCKET BOARDS 
Pin 7: Ground Pin 14: Vee 

28-Pin Sockets No. of Bus- Capacitors 
Block Quantity Locations Blocks Bars Tantalum Ceramic 

- - 1 4 2 6 
4 1 1 4 2 6 
- - 2 4 4 4 
4 1 2 4 4 4 
- - 4 8 8 8 
4 1 4 8 8 8 
4 3 4 8 8 8 
8 1, 3 4 8 8 8 
- - 6 12 12 12 
4 1 6 12 12 12 
4 3 6 12 12 12 
4 5 6 12 12 12 
8 1, 3 6 12 12 12 
8 1, 5 6 12 12 12 
8 3,5 6 12 12 12 
12 1, 3,5 6 12 12 12 

See page 5 for additional 14-pin socket boards. 
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16-pin SOCKET BOARDS 

\Nith LOW-NOISE POWER DISTRIBUTION SYSTEM 

H-2925 -01 (1 block) 

Part 
No. of 
16-Pin 

No. Sockets 
H-2925-00 24 
H-2925-01 20 
H-2926-00 48 
H-2926-01 44 
H-2927-00 96 
H-2927-01 92 
H-2927-02 92 
H-2927-03 88 
H-2928-00 144 
H-2928-01 140 
H-2928-02 140 
H-2928-03 140 
H-2928-04 136 
H-2928-05 136 
H-2928-06 136 
H-2928-07 132 

H-2928·01 (6 block) 

~-Ii· • • ••• • • • • :it 

... 
: :: . . . . . . . . . . . . . • "*' );, Th ~ tt %' 

H-2927 -01 (4 block) 

Table 4 16-PIN SOCKET BOARDS 
Pi n 8: Ground Pin 16: Vee 

28-Pin Sockets No. of Bus-

On the H-2925 seri es, the 28 pin sockets have 
pi n 14 connected to Vee. 

Capacitors 
Block Quantity Location Blocks Bars Tantalum Ceramic 

- - 1 1 
4 1 1 1 
- - 2 1 
4 1 2 1 
- - 4 2 
4 1 4 2 
4 3 4 2 
8 1, 3 4 2 
- - 6 3 
4 1 6 3 
4 3 6 3 
4 5 6 3 
8 1, 3 6 3 
8 1,5 6 3 
8 3,5 6 3 
12 1,3,5 6 3 

See page 5 for add it ional 16-pin socket boards. 
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2 
2 
4 
4 
8 
8 
8 
8 
12 
12 
12 
12 
12 
12 
12 
12 

-
-
4 
4 
8 
8 
8 
8 
12 
12 
12 
12 
12 
12 
12 
12 

Pin 1 

2 3 4 5 6 

I 1 I s I 9 l1 ol11 l12 J 

!13l14l1 sl16l11 l18I 

J19i2ol21i2*3l24I 
Socket Locations (I C side) 



SOCKET, 1/0 CONNECTOR and SPECIAL BOARDS 

PART SOCKETS 
NO. 

H-2901 
H-2902 2 14-PIN 
H-2909 3 36-PIN 
H-2911 12 14-PIN 
H-2912 
H-2913 
H-2918 6 24-PIN 
H-2923 12 14-PIN 
H-2929 
H-2930 

Table 5 Socket, 1/0 Connector and Special Boards 
Al I are I -block boards except H-2933 (2-block) 

CONNECTORS NO. OF POWER CONNECTOR CONNECTION 26-PIN 50-PIN 100-PIN 106-PIN PINS 
BLANK BOARD NONE 

MATRIX BOARD NONE 
CUSTOM 

1 100 PRE-WIRED 
1 100 NONE 
2 200 NONE 

CUSTOM 
1 100 CUSTOM 

1 106* NONE 
2 212* NONE 

BUS CAPACITORS 
BARS TANTALUM CERAMIC 

4 6 
4 2 

4 6 
4 2 

H-2933 10 EDGE CARD CON NECTORS / 560 PRE-WIRED 

H-2934 6 16-PIN, 3 24-PIN 
H-2935-01 
H-2935-02 
H-2935-03 
H-2935-04 
H-2935-05 
H-2935-06 
H-2935-07 
H-2935-08 
H-2936-00 12 14-PIN 
H-2936-01 12 14-PIN 
H-2936-02 12 14-PIN 
H-2936-03 12 14-PIN 
H-2937-01 9 16-PIN 
H-2937-02 9 16-PIN 
H-2937-03 9 16-PIN 
H-2937-04 9 16-PIN 
H-2938-01 
H-2938-02 
H-2938-03 
H-2938-04 
H-2938-05 
H-2938-06 
H-2938-07 
H-2938-08 
H-2938-09 
H-2938-10 
H-2938-11 
H-2938-12 
H-2939 

OOA 

r ® 116501 H •2 9 01 

2-BLOCK BOARD 

1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

UNIVERSAL BOARD 

H-2901 BLANK BOARD 
Not copper clad. 
2.45" wide x 4.14" high . 

CUSTOM 3 2 2 
50 NONE 

100 NONE 
150 NONE 
200 NONE 
250 NONE 
300 NONE 
350 NONE 
400 NONE 

50 PRE-WIRED 3 2 3 
100 PRE-W IRED 3 2 3 
150 PRE-WIRED 3 2 3 
200 PRE-WIRED 3 2 3 

50 
100 
150 
200 

26 
52 
78 

104 
130 
156 
182 
208 
234 
260 
286 
312 

. .. . . . . . . . . . . . . . . . . .. . . .. .. .... 

CUSTOM 4 2 1 
CUSTOM 4 2 1 
CUSTOM 4 2 1 
CUSTOM 4 2 1 

NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 

.. . . . . . .. " . 
• • • • • • • * • 

. . .. . . . .. . .. . 
. . ... . : . . · ... · .. · . . · .. ... -" .· .. : . : . . . . .. . . . . . . . . .. .. . .. . . . .. . .. . . . . . . .. .. . : .... . .... .. .... .. .. 

.. . . .. . ..... . . . .. . . . . .. . . .. .. . ...... ... '• 
.• . ~· .. · .. · . : .. · ... -. : . : . ..... .. . . ... .. .. 

-·· -.-.·.-·.·· ... ·.-
.. ;- _: :" :" . _: 

. ·. ·. ·. . 

....,. .. ~ .. . . .,~ < 
~ -
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H-2902 MATRIX BOARD 
Provides etched circuitry for mounting a 
variety of discrete components, for pack­
aging special circuits or for adding extra 
components such as timing capacitors. 
Two 14-pin IC sockets are mounted 
with wire-wrap terminals for input / out­
put wiring to components, located in 
socket position 20 & 23. 
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SOCKET, 1/0 CONNECTOR and SPECIAL BOARDS 

Front (socket) Side 

.. 

Pin 1 ......._ 

Pi n 1 

Th is corner 
is the 
normal 
location 

of Pin 1, 
Socket 1. 

(Shown for 
orientation 
on frame). 

Th is corner 
is the 
normal 
locati on 

of Pin 1, 
Socket 1. 

(Shown for 
orientation 
on frame) . 

~ 

1 2 3 

Socket Locations (IC side) 

26 

Socket Locations (IC side) 

26 

Connector location 
(l.C. side) 

25 26 

Pin Al 

Connector location 
(l.C. side) 
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H-2909 36-Pin Socket Board 
Requires 1 block space. Contains three 
36-pin sockets. Power is connected to 
any pin desired with wi re loops (see 
Page 4). Tanta lum and ceramic power 
by-pass capaci tors mounted. 

H-2911 100-Pin 1/ 0 Connector & 
14-Pi n Socket Board 

Contains one 100-pin 1/ 0 connector 
(mating half not inc luded) and twelve 
14-pin sockets, power connected to pins 
7 & 14. Laminated power bus and tan­
talum by-pass capaci tors mounted. 

H-2923 
Same as H-2911 except power on 14 
pin sockets is connected to any pin 
desired wi th wire loops (See Page 4). 

Cannot be used in drawers that have 2 
levels of planes. 

Pin Al 

H-2912 100-Pin I / 0 Connector Board 
Contains one 100-pin 1/ 0 connector 
(mat ing half not included). 

Cannot be used in drawers that have 2 
levels of planes. 

H-2913 I/ 0 Connector Board 
Contains two 100-pin 1/ 0 connectors 
(mating half not included). 
Cannot be used in drawers that have 2 
levels of planes. 



SOCKET, 1/0 CONNECTOR and SPECIAL BOARDS 
Front (socket) Side 

,. .... ,... ,..,.. _,..,..,.. ~ ,.. ,... ,,. ,. ,.. ,. ,.. ,.. ,.. - ~ 

r ,.. ,.,.. ,..,..,.."',.."' ,...,..,..,..,..,..,..,... ,..,..,..,..,..,... ~ 

;;;:;;;;!":::33:;;; 
,..,..,..,...,...,..,..,.,..,.. ,..,..,...,..,..,.r,..,..,. 

~ _ ii) 

,..,..,."',. ,.,..,...r<"' 
,...,...,..,.,..,..l"rr,.. 
,.,...,..,..,..r,.,. ,..r 

;;;;;;;"' ,..~;.;;;~;, 
,..,.,..,..,..,..,..,.. r",..,.,.,.,..,..,..,.. ,..,. ,..,..,..,..,.,.,..,.. 

,..,..,. ,,..,..,...,. ,..,. r ,..,..,..,.,..,..,..,. ,..,... . . 

"""' --- ~ 

Pin 1 

~ . 
1 2 3 

I 
4 

I 
5 

I 
6 

I 
Socket Locations (IC side) 

This corner 
is the 

normal 
locat ion 
of Pin 1, 
Socket 1. 

(Shown for 
orientation 
on frame.) 

Pin J5 

j 1 

Connector Location (IC side) 

This corner 
is the 

normal 
location 
of Pin 1, 
Socket 1. 

(Shown for 
orientation 
on frame.) 

Connector Location (IC side) 

I 
ner This cor 

is the 
nor ma 
locatio 
of Pin 
Socket 

(Shown 

I 
n 
1, 
1. 
for 
on orientati 

on frame.) 

Pin 1 Pin 29 
l L z . . 

1 2 3 4 5 1 2 3 4 

l l 
Pin 56 1112 1 

,L .~, . I .. I Pin 28 

5 

spacing (typ) 

H·2918 24-Pin Socket Board 
Contains six 24-pin sockets. Power is 
connected to any pin desired wi th wire 
loops (see Page 4) . Has tanta lum and 
ceramic by-pass capacitors. 

H-2923 - see H-2911. 

H-2929 106-Pin 1/ 0 Connector Board 
Contains one 106-pin 1/ 0 Connector 
(Mating half not included). Cannot be 
used in drawers that have 2 levels of 
planes. For connector details see 
connector H-4917. 

H-2930 106-Pin 1/ 0 Connector Board 
Contains two 106-pin 1/ 0 Connector 
(Mating half not included) . Cannot be 
used in drawers that have 2 levels of 
planes. For connector deta i Is see 
connector H-4917. 

H-2933 Edge Card Connector Board 
(wire-wrap) 

Contains ten 56-pin edge ca rd connec­
tors that accommodate EECoLog lC 2 
logic cards. Pins 1 and 29 are connected 
to Vee and pins 28 and 56 are con­
nected to ground. For card details, see 
EECoLoglC 2 catalog. For connector de­
tails see H-4918-01. 

Connector Locations (IC Side) 
Occupies 2 block space; must be mounted in 
single frame opening . . . see page 26. 

10 
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SOCKET, 1/0 CONNECTOR and SPECIAL BOARDS 

Front (socket) Side 

1 1 l ~ 

. . . 

12' i2t. nT n• J29 J30 

~ 

_r_•_· - --- ,. 

• 

Pin 1 

Pin 1 

Pin 1 

Socket Locations (IC side) 

L.O CO t""-CO(J')CJ..- c-....1 
"'"' c-....i C".I C"J C"? C"") C"? ....., ....., ....., ....., ....., ....., ....., ....., 

Connector Location (I C side) 

fT ]T JO ]T 

en CJ - "" "" "' "' "' -, -, -, -, 

Socket Locations (IC side) 

Socket Loca ti ons (IC side) 

11 

H-2934 Socket Board 
Contains six 16-pin sockets and three 
24-pin sockets. Laminated bus-ba rs , 
tantalum and ceramic capacitors are 
mounted. Power is connected to any de­
sired pins wi th wire loops (see page 4). 

H-2935 SERIES 50-PIN 1/ 0 Connector Board 

CONNECTOR LOCATI ON 

PART NO. J25 J26 J27 J28 J29 J30 J31 J32 No. of 
Connecto~ 

H-2935-01 • 1 
H-2935-02 • • 2 
H-2935-03 • • • 3 
H-2935-04 • • • • 4 
H-2935-05 • • • • • 5 
H-2935-06 • • • • • • 6 
H-2935-07 • • • • • • • 7 
H-2935-08 • • • • • • • • 8 
For connector details and mating connectors, see 
H-4920 and H-4925 

H-2936 50-pin 1/0 Connector and 14-
pin Socket Board 
Contains 50-pin connectors in positions 
shown below (mating half not included) 
and twelve 14-pin sockets. Power is 
connected to the 14-pin sockets­
ground to pin 7 and Vee to pin 14. Lam­
inated power bus-bars and by-pass ca­
pacitors are mounted to provide low 
noise power distribution. 

LOCATION 
PART NO. J29 J30 J3 1 J32 
H-2936-01 • 
~936-02 • • 

H-2936-03 • • • 
~936-04 • • • • 

H-2937 50-pin I/ 0 Connector and 16-
pin Socket Board. 

Contains 50-pin connectors in positions 
shown below and nine 16-pin sockets. 
Power can be brought to any pins in 
the 16-pin sockets by wi re loops. (See 
page 4). Laminated bus-bars and by­
pass capacitors are mounted. 

LOCATION 
PART NO. J29 J30 J31 J32 
H-2937-01 • 
H-2937-02 • • 
H-2937-03 • • • 
H-2937-04 • • • • 



SOCKET, 1/0 CONNECTOR and SPECIAL BOARDS 

Front (socket) Side 

L. .. '\ \ \ \ \ \ \ \ \ \ \ \ 

p · 1 _L in 

7 
This corne 

is the 
normal 
locati on 

of Pin 1, 
Soc ket 1. 

r (Shown to 
orientat ion 
on frame) 

• _L 

~~ J25 
J26 
J27 
J28 
.J29 
J30 
J31 
J32 
J33 
J34 
J35 
J36 

H-2938 Series 26-Pin 1/ 0 Connector Boards 

1-- - ,-,- LOgATION__,- -,---- , - ,--...---::--;­

PART NO . J25 J26 J27 J28 J29 J30 J3 1 J32 J33 J34 J35 J36 Co~~~c~~rs 

H - 2938 ·01_~ 1- - +-- 1-- t-- t---<·-1---+--t-- f- ·t-- .1. __ 
H-2938-02 i-!-- I~ -+-- 1-- 1---t--+- 1- --+-_ - f--f-- __ 2_ 
H -2938 ·01_~ 1~ • ~---1 
H -2938~i-!--I~ • • 1--1-~ 
H-2938·05_i-!-- I~ • r-.!.- t-• 5 
H-2938-06 • • • • • • 6 
if.2939.oft.!:" I_!_ • • • • • 7 
H·2938-08_r!-I _!_ • • • • • • 8 
H-2938-09 • • • • • • • • • 9 
H-2938-101-;°

17 • • • • • • • • 10 
H·293el l~ • • • • • • • • • • 11 

Connector location 
( l.C. side) 

H·29J 8-=1 2 1-;°
17 • • • • • • • • • • 12 

This corner 
is the 

normal 
location 

of Pin 1, 
Socket 1. 

(Shown for 
orientat ion 
on fram e). 

e ~ U S© Q H ~ '2 ~ J ~ G E C A 
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H-2939 UNIVERSAL BOARD 
770 holes on .100-inch centers . . . t his 
pattern accepts any type of component, 
IC socket or IC stri p wi t h wi re wrap 
pins. H-2939 has t hru-hole plating so 
sockets and ot her components can be 
soldered in position. 

1/0 CONNECTORS and Mating Plugs 

NUMB ER OF PIN S 
- - -

TYPE 
twiRE SIZE AWG 
1---- -

MATES WITH 
I- - -

AVAI LABLE ON BOARDS 

~OMMENDED TOOLS: 
-

t-CRIM P 
- -

I- CONTACT EXTRACTION 
f- MATESEPARATioN 
lpLATI NG - -- -

NUMBER OF PIN S 
~PE -
'WIRES IZE AWG 
t-- --·---·-

MATES WITH 

AVAILABLE ON BOARDS :t, 

~ECOMMENDED TOOLS: 
t- CRI MP 

CONTACT EXTRACTION 
MATE SEPARAT ION 

PLATING 

H-2710 
28 -

CRI MP 
2~ 
H -2708 

PINS --

-

-
H-271S 
H-2718 

--

-
PS 

H-2711 
28 

cRTMP 
24-26 

H-2708 

Table 6 

H-2714-XX H-2719-XX H-4914-01 H-4914-04 H-4916-01 H-4916-02 H4917 
14 28 100 100 106 106 106 

CABLE-1- CABLE - 1--CRIM P--WW --t-cRI MP,.-+--=c=R70IM"""'"P=---+---ccww­
--24 - 26--t-24-26--1-30 20-24- 24-30 30 -
--- -t- - ---·---1-------1-------+------1 

H-2704 H-2 708 H-4914-04 H-4914-01 H-4917 H-4917 H-491 6 SOCKET 
- 1----- r- -

H-29fl 
H-291 2 
H-29 13 
H-2923 

H-2929 
H-2930 

-- -- ---!-­
___ -t-

--- ---·------+----- - -1-----1--- - - -< 

H-2 716':' 
H-2717 

H-271 6 ,;, H-4926-01 H-4926-02 
H-4 91 4-02- H-4 914-03 H-4 9 26-03 ~H--4~9~2~6~-~0~3-t-H~--4~9~2~6~-~0~3 

-- _ _,____ --

PS 
- P3 P3 P6 Pl P6 Pl Pl 

H-4918-01 H-4919-01 H-4919-02 H-4920-01 H-4920-02 H-4922-01 H-4923-01 H-4925-01 H-4925-02 
S6 26 26 so so 26 so 26 so 

WW- -\- - CRI MP CRIMP -+-CRI MP- C RIMP FLAT F LA=T~-t-~w~w--+--w-w----1 
_ 30_ 22-26 -_ - 28-32- t- 22-26 28-32--=._-_2 8---I 28-30-+-~W~W~3~0~+--W~W~3~0,....--j 

H-492S-0 1 H-4S2S-01 H-492S-02 H-492S-02 H-492S-0 1 H-492S-02 ~ :1§1~ ~ :!§~~ 
- ---t- I -- ·- H-2938 H-293S 

H-2936 

J 
H-2937 

H-4921-:-~4921-02 1 H -49~-0T ~-4921-02 t-- - =---i-----t----
H-4921-03 H-4921-03 H -4921-03f--H -492 1 -03~r- - --·-t-

- H-4924--H-4924 - H-4924 H-4924 H-4924f _E4924 ----t------J 

P2 P3- P3 -+--- P3 --- P3 --pLi ~4 P4 P4 

CARD 

H-2933 

-
NOTES: Pl Selective: 30 microinches gold over 30 microinches nickel in contact area P4 gold over nickel 

5 m1croinches gold over 30 microinches nickel in cri mp or WW area 
P2 30 m1cro1nches gold over nickel per MI L·G-45204 TYPE 11 
P3 40 m1croinches gold over 50 mi croinches nickel 

12 

PS 10 microinches gold per MIL-G-45204 TYPE II 
P6 50 microinches gold over 50 microinches copper 

':' See Too l Descript ion on Page 25 

f 
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1/0 CONNECTORS 

PIN NU MB ER S viewed from Cable Side 

i-.432 MAX-1 

T 114 115 128 11 

113 116 127 12 

112 117 126 13 

.750 111 118 125 14 
max 

l 
110 119 124 15 

19 120 123 16 

18 121 122 17 

t- .432 MAX--j 

/ 
11 128 115 114 

12 127 116 113 

13 126 117 112 

14 125 118 111 

15 124 119 110 

16 123 120 19 

17 122 121 18 

1 
.750 
max 

J H-2710 28-PIN RECEPTACLE KIT 
Contains 28-pin female connector 
housing and 30 female crimp pins 
to al low assemb ly of cab le. Plugs 
directly on wire-wrap pins. Satisfac­
tory connect ion even with 2 levels 
of w ire-wra p* in st al led. 

H-2710 H-2711 

NOTE: Due to width, two of these con­
nectors shou Id not be located side by 
side. 

* Reg. T.M . Gardner-Denver 

H-27XX-XX-XX CABLE CONNECTORS 
These cab le assembli es can be used to 
extend t he fl ex ibility of EECO 2-D. 

How to spec ify part number ... 

CABLES H-27XX-XX-XX 

L Length in inches 

01 Connector only 
on one end 

02 - Connec tor at 
both ends 

---- 14 = 14 Conductor 
Ca bl e 

L---- 19 = 28 Conductor 

Ca bl e assembli es, with a connector at one 
end only, use a colo r coded f la t ribbon 
cab le. 
Ca ble assembli es with conn ec tors at both 
ends, use =26 wi re without colo r coding. 

H-4914-01 INPUT/ OUTPUT CONNECTOR (100-PIN) 

Mating connector tor H-2911 , H-2912, and H-29 13 connector 
boa rd s and H-49 14-04, rea r panel con nector. Fu rnished with 
100 contac ts. Contacts acce pt 22-26 AWG size wi re. Clamp 
provided to relieve wire stress, ca n be mounted left or right. 
For cable clamp mounted in cente r pos it ion, order H-49 14-05. 

H-4914-04 REAR PANEL CONNECTOR (1 OD-PIN) 

Connector used on H-2911, H-2912, H-291 3, H-2923 con­
nector board s, and rea r pa ne l (11 pos itions available) of 
standard drawer (see HAF-1) provides .025 square wire-wrap 
pins which are machine wrapped in the assembly. 

Cable 

.280 MAX 

t 

H-2711 28-PIN PLUG KIT 

Contains 28-pin male connector hous­
ing and 30 male crimp pins to allow 
assembly of cab le. Plugs directl y into 
28-p in soc ket. 

1---.40::----J 
I (REF.!__! r 114 115 128 11 

113 116 127 II 

112 117 126 13 
.75 
(REF) 11 1 11 a m I • 

L 
110 119 l 24 IJ 

19 110 113 16 

18 171 177 17 

.---11-_ _.r_1~i--,or '""I } 02

' h,~0,LJ r l 14 I I 

113 17 

' 112 13 
.75 
(REF) 111 ,, 

L :o 
" ~-------' 

15 

II 

PIN NUM BERS viewed from Wi re-Wrap* Side 

Dimensions are :::: .010 

1---.5 1- 1 

r , .. ~ 1 ~ 1 
1;?11 1 '" I 

2.78 2j ': ~ ~ ~ ~ "" ... 1-

L 

... .... 
p +- • •• 

~ .... 
1 ~ •• 1 

Use Ext raction Tool H-4914-03. PIN NUMBERS viewed from Wi re-Wrap* Side 

13 



1/0 CONNECTORS 

- --1.700---

- ---2.000----

J 
H 
G 
F 
E 
D 
c 
B 
A 

Pin Loca ti on (component side, 
as mounted on board) 

*Reg. T .M . Gardner-Denver 

- - - - - - - - - - - - - - - - - - - - - -- . 
-, I l I -
r l I 

H-49 16 106-PIN MATING CONNECTOR 
Mating connector for connector boards H-2929 and 
H-2930. Furnished with 106 crimp contacts and a 
cla mp to relieve stress. Order H-4916-01 for use 
with 20 to 24 AWG wire and H-4916-02 for use 
wi th 24 to 30 AWG wire. 

H-491 7 106-PIN INPUT/ OUTPUT CONNECTOR 
Connector used on connector boa rds H-2929 and 
H-2930. 

1 28 

[ EBBBEBBBBBBBBBBBBBBBBBBBBBBB ] 
29 56 

PI N NUMB ER S viewed from Wire-Wrap- Side 

H-4918 -01 56-PIN EDGE CARD CONNECTOR 
Wire-wra ppa ble edge card connector for EECo l og lC 
2 logic cards . Mounted on board H-2933. For more 
details ask for EECo Drawing No. 3111 60. 

H-49 19 26-PIN MATING CONNECTOR 
26-pin connector mates with H-2938 series boards. 
30 crimp pins are furnished. H-4919-01 connector 
is for use with 22 to 26 AWG wire (insulation range 
is .036 to .103) and H-49 19-02 for 28 to 32 AWG 
wire (insulation range is .028 to .054). 

H-4920 50-PIN MAT ING CONNECTOR 
This connector mates with boards H-2935, H-2936 
and H-2937. It has crimp-to-w ire terminals for use 
with individual or twisted pair wires. For 22 to 26 
AWG, the insulation range is .036 to .103 and the 
part number specification is H-4920-01. For 28 to 
32 AWG, the insulation range is .028 to .054 and 
the part number specification is H-4920-02. 

14 



1/ 0 CONNECTORS 

(Too of Moun ting Boarc1) 

Pin Numbers viewed lrom wire \Wi'IO side 

H-4922-01 26-PIN MATING CONNECTOR 

toward 
top of 
board 

of board 

Mating connector for H-2938 series boards. Ter­
minates in f lat cable . .. 3M Scotchflex 3365 26 
cond . 28 AWG stranded . 3M Scotchflex tool: Model 
3440 press is recommended for assembly of cable. 

•• •••••••• •••••••••••••••• 

•••••••••••• •••••••••••• 
• H-4922 -01 

H-4923-01 50-PIN MATING CONNECTOR 

H 4923 0 1 
Ribbon 

Mates wi th boards H-2935, H-2936 and H-2937. 
Terminates in 3M Scotchflex flat cable: 

# 3365 ............ 28 AWG stranded 
#3350 ...... .. .... 30 AWG solid 
#3380 .... ........ 30 AWG so li d, shielded 

3M Scotchflex too l: Mode l 3440 press is recom­
mended for cable assembly. 

(Top ot 
H 49 23-01 

Ribbon 
M ounting Boarcl l oriented 

ol board 
; •onghO 

~['.] 
1 

26 

@]0 2 

~0 
3 

§]~ 
4 

§10 5 

BG 6 

@][2] 
00 
§]0 
§]~ 
§.]~ 
§_]@] 
§]@] 
§18 

15 ~@] 4 0 
16 
G~ 41 

17 @]@] 42 
18 @]~ 43 
19 El@l 

El§] 
El~ 
G:?J~ 
§]@] 
B§l 
~§] 

H-4925-02 50-PIN INPUT/ OUTPUT CONNECTOR 
This connector is used on H-2935, H-2936 and 
H-2937 boards and mates wit h crimp connectors 
H-4920-01 or H-4920-02 or flat ribbon connector 
H-4923-01. Pin Numbers viewed from wire wrap s1dt' 

NOTE: These connectors can be mated in two dif­
ferent orientations. The wire-wrap pin numbers shown 
on t he wire-wrap side of the connector boa rd are 

H-2703 COMPONENT MOUNTING TERM INALS 
Discrete components ca n be con nec ted to two wi re-wrap 
pins with these terminal s. 

Component Wire Size 
18 to 20 GA 
22 to 26 GA 
28 to 32 GA 

EECO Part Number 
H-2703-01 
H-2703-02 
H-2703-03 

15 

the correct pin numbers. Pin number identifications 
on a mating connector, that d iffer from the board 
pin numbers, should be completely disregarded. 



EECO MINIBOARDS 
Increased versatility with EECO Miniboards 

2D502 2D597 
Typical Digital Mini boards 

2D592 2D599 
Typical Analog Miniboards 

DOT 
DOT -, 

c 
BOTTO M 

VIEW 

EECO provides, with Miniboards, a se lection of analog and 
digital ci rcuits to so lve system interface. Even more flexi­
bility is provi ded with matrix and blank boards which all O"N 
the mounting of various componen ts in almost any configura­
tion (see H-2901, H-2902 and H-2939). 
Miniboards are versatile and can be mounted in any location 
of an assembly. 

These di sc rete component assembly boards provide ana log 
and digital function s which are not read ily available in IC 
form. You may specify these on your logic diagram or allow 
EECO to se lect the appropriate unit for your application . 

1/ 0 pins are located in standa rd soc ket position as H-2904. 

Complete Data Sheets for Miniboards are available on requ est. 

DIGITAL COMPONENT ASSEMBLIES 

2D501 -··-- ...... Eight input level converters with gated out­
puts . Input: True level - 2.5 to - 50V. False 
level - 0.5 to + 2V. Output: DTL Logic levels. 

2D502 _ _ ______ Eight ou tput level converters with gated in­
puts. Input DTL Logic levels. Output : On level 
0 to - 0.5V. Off level - 3.0 to - 20.0V. 

2D504 _ ---·------ Six form "A" reed relays with 3 input dr ivers 
2D505 ___ Six form "C" reed relays with 3 input drivers 
2D506 .. Eight 2-input 250 ma. relay drivers, + 35V. 
2D507 ________ .. Ten 2- input 100 ma. lamp drivers. 

ANALOG COMPONENT ASSEMBLIES 

2D592 -----·------ ± 15 Volt power supply, converts from + 5 volts 
2D595 _ -·---- 3 digit BCD digita l-to-analog converter 
2D596 ___________ 11-bit binary digital -to-ana log converter 
2D597 ........... 8-channel analog multiplexer 
2D598 ....... Buffer Amplifier 
2D599 ........... Sample and Hold Amplifier 
2D600 .... ... ..... 12-bit analog to digital converter. 

EECO CRYSTAL OSCILLATORS 

Crystal Oscillator, stability ±.004%. Various frequencies availab le 

Plug-in Oscillators. Stability ± .004% 

~ 
Part Dimensions (inches) 
No. Frequency Range A B C D E 

20-TS-1 12.500 to 199.99 KHz* .700 .750 1.50 .075 .300 
20-TS-2 200.00 to 16,999 KHz** .300 .780 1.12 .090 .312 
20-TS-3 17,000 to 30,000 KHz* .700 .750 1.50 .075 .300 

**Occupies 3 sockets. Output is pin 8 of first socket. 
*Occupies 4 sockets . Output is pin 8 of second socket. 

16 



MICROBOARDS 

PIN NO. 1 
_j: .1 25 

oi--
D D ~ 

~ D D ~ 
~ D D ~ 
~ ~ 
~ ~ 
~ D D ~ l_ 
~ D D ~ 

T 
E--1 J..L .Ql8 

E-- [-- .025 

COVER HEADER 

Table 7 MICROBOARDS 

-04 x 
- x-

x- x 
x - - -

·08 x x 

NOTES: 

.400 .600 .300 
A oo .100 .300--+-- +---­

.850 
- - '""TffDsox 

.400 .700 .300 .690 SLOTS 

.750 .800 .600 .700 

. 850 .800 .700 --:700 

.750 

.750 

.400 ~ .300 ~ - - -

.400 .600 .3oo .100 ~§b ~~g9s 

H-2723 M ICROBOARDS 
Microboards plug into IC sockets to provide mounting for 
discrete com ponents. Microboards can also be used as test 
points. As microboards pins are extensions of socket pins, pin 
numbers wi 11 correspond to those of the soc kets. See socket 
layouts below. CAUTION : Pre-wi red sockets will have Vee 
and ground on the co rresponding pins as shown in the socket 
board in formation . 

50 microinches gold type II class I over 200 microinches nickel 
QQN290. Full spring temper-M i ller 200+Grade A Phosphor Branz. 

EECO SOCKETS 
All pin layouts are top shown from the IC side. 

Housing Material : Nylon , black, type 6 

.275 
max 

~ 
max 

14-PIN 
SOCKET 

16-PIN 
SOCKET 

H-27 06-01 . .. 3-level wrap 
H-2706-02 ... 2-level wrap 

~-.275 
max 

28-PIN SOCKET H-2708 

l~~~j 

r I i 141 

11 0 i31 

13 i11 

.750 14 0 ii i 

mlJax 
15 O 101 

16 9 1 

17 8 1 

1~~~1 

r:;o::: 
13 14 1 

.845 14 0 i3 1 

mlax :: O ::: 
18 9 I 

r-.400-i 
I MAX I r I i 118 l i5 114 

11 117 l i6 l i3 

13 116 l i7 l i1 

.750 
max 

14 115 l i8 I ii 

15 114 l i9 l iD 

16 113 110 19 

17 111 11i 18 

.310 t max 

"" t 
I 

24-PIN SOCKET H-2701 

.310 

r--- .750--j 
I max I 

r l i 

17 

13 

14 

II 

0 
741 

131 

111 

11 1 

101 

1.275 
max 

ti 

II 

18 

Ill 

l iO 

111 

111 

0 

0 

191 

181 

17 1 

i6 1 

Il l 

14 1 

13 1 

r-- .750----j 
I max I 

c 
1 

1.875 
max 

I i 

11 

13 

14 

I I 

15 

I I 

18 
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36-PIN SOCKET H-2702 

Contact Material s for H-2704 and H-2706: 

1 16 

111 

l i8 

0 

i9 1 

Phospher bronze per QQ-B-750. Gold plater per MI L-G-
45204, Type 11 .000020 minimum over .000050 nickle. 



EECO IC BREADBOARD KITS 

I 
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Kit H-7003 

These kits are very useful for prototyping and testing logic 
ideas. The parts included in the kits are described more fully 
in this catalog (see product index). 

Four optional items should be considered when ordering one 
of these kits : 

Option A Wire Wrapping Gun, Gardner Driver 14XA2-B 
Option B Unwrap Tool, Gardner Denver 505084-(LH) 
Option C Bit & Sleeve (1 ea), Gardner Denver 507502 & 

507100 
Option D Power Supply, P-2699-01 (requires 2-block spaces 

if mounted in the frame). 

KIT CONTENTS 

Kit H-7 00 1 forms a 48 IC socket assembly with forty four 
14-pin sockets and four 28-pin sockets. The 28-pin sockets 
can be used as either 14-pin IC sockets or as 1/ 0 connectors. 
Ample frame space is provided to allow up to 96 additional 
sockets. 

Kit H-7 002 forms an 84 IC socket assembly with forty four 
14-pin sockets, four 28-pin sockets (the 28-pin sockets can 
be used as either 14-pin IC sockets or as 1/ 0 connectors), 
and thirty-six 16-pin sockets. Ample frame space is provided 
to allow up to 48 additional sockets. 

Kit H-7003 forms a 132 IC socket assembly with ninety two 
14-pin sockets, four 28-pin sockets (the 28-pin sockets can 
be used as either 14-pin IC sockets or as I/ O connectors), 
and thirty-six 16-pin sockets. 

QUANTITIES 
H-7001 H-7002 H-7003 

H-2905-01 Socket Board Assembly / 48 Sockets (44 14-pin and 4-28 pin ) 1 1 
H-2906-01 
H-2910 
H-2300-01 
H-2711 
H-2712-01 
H-2712-02 
H-2712-03 
H-2712-04 
H-2705 
H-2703-02 
346002-59 

Socket Board Assembly/ 96 Sockets (92 14-pin a.nd 4-28 pin) 1 
Socket Board Assembly/1 8 16-pin Sockets 
Connector Frame 
Plug, Male - 28 contacts 
Micro-Board, 14 pin - Single Width 
Micro-Board, 16 pin - Single Width 
Micro-Board, 14 pin - Double Width 
Micro-Board, 16 pin - Double Width 
Test Cl ip 
Terminal, Single Contact 
Wire, Solid- Kynar lnsulat ion/30 AWG 
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1 2 
1 1 1 
4 4 4 
4 4 8 

4 2 
2 1 2 

1 1 
1 1 1 

12 18 24 
250 ft. 500 ft. 750 ft . 

You can, of course, list and order a "kit" containing frames, 
boards and parts other than the three shown above. 



EECO 2-D DRAWERS 

Drawers are designed to mount in MIL-STD-189 equipment 
racks. Perforated bottom covers are included, as well as tilt 
type ball bearing slides. 
A 21/2" mounting space behind the front panel provides ade­
quate room for panel mounted thumbwheel switches, con­
trols, and indicators. Four and one-half inch clearance is . 
provided at the rear panel for input /output connectors, power 
supplies, etc. Even greater clearance is available in configura­
tions with less than a fu 11 complement of frames. 
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~ 2-LEVEL DRAWER 

? 

"~ I 

Tab le 8 EE CO 2- D DRAWERS 
Part Number Max. IC No. of No. of Blocks Inc luded w/ Prov. for With 

Power Supply Power Supply Capacity Frames Blocks 

H-2100-01 H-2110-01 144 1 6 1 thru 6 
H-2100-02 H-2110-02 288 2 12 1 thru 12 
H-2100-03 H-2110-03 432 3 18 I thru 18 

MATERIALS: 

,..._ /1st Level 

Block 1 
Socket 1 

Pin 1 7~ 

Loca t ion of 
pin 1, socket 1, 
block 25 

I I 0 Connectors 

Front Panel: Aluminum 1/a", gray color Federal Std. 
595-26440 

Chassis: Aluminum 
Finish: Gold anodized 
Fra mes: Diecast aluminum, black anodized 
Sli des: Accuride 335 Series, ball bearing, front discon­

nect, 360 ° rotatable and lock-out mechanism 
Ha ndles: Aluminum, pushbutton latch, black anodized 

Location of 
block 1, socket 1, 
pin 1 

H-2100-04 H-2110-04 576 4 24 7 thru 18 25 thru 36 
H-2100-05 H-2110-05 864 6 36 1 thru 18 25 thru 42 

H-2120 * - 1152 8 48 1 thru 24 31 thru 48 

*Contact EECO for dimensional information (Drawing # 117793) 
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Connectors H-4917 or H-4914-04 
can be mounted on rear panel. 



EECO SINGLE LEVEL FRAME ASSEMBLIES 

Frames 

I 
I ' ' I 1 
I 

2 3 
I 

4 5 : 6 ' 
' ' 

I 

' I ' 
7 I 8 9 :10 11 : 12 ' 2 

I ' I 

' : : 
13 : 14 15 : 16 17 : 18 3 

' ' ' 
' 

I I 

19 :20 21 : 22 23 :24 4 
' ' I 

I I I 

25 : 26 27 : 28 29 :30 5 
I ' ' 

i ' I 

31 : 32 33 :34 35 :36 6 
' ' I 

I I I 

37 : 38 39 :40 41 :42 7 
I I 

I I 

43 :44 45 :46 47 48 8 
I I 

' ' 
49 :50 51 :52 53 54 

I I 
9 

I I 

I I I 

55 : 56 57 158 59 60 

1 ' I 
10 

Block numbers as seen from the IC or 
component mounting side of the fin­
ished assembly. 

H-2200-10 
H-2300-10 

H-2200·13 

H-2300 and H-2200 series EECO FRAME ASSEMBLIES are 
available in 1-frame (6-block) assemblies through 10-frame 
(60-block) assemblies. Any can be mounted in a standard 
19" cabinet. 

When ordered unassembled or separately, EECO FRAMES 
come with insulator strips, 24 No. 2 Nylon washers, and 24 
Pan head 2-56 screws, i nsta I led. 

SPECIFICATIO NS 

Frame: 
Material: Die cast aluminum 
Finish: Black Anodize 

H-2200 Mounting Flange, Hinge and Front Panel: 
Material: Aluminum 
Finish: Painted, Lt. Gray, No. 26440 

per FED-STD-595 

H-2300 Mounting Flange: 
Material: Extruded Aluminum 
Finish: Black Anodize 

Tab le 9 EEC O FRAME ASSEM BLIES-SI NGLE LEVEL 
SERIES H-2200 and H-2300 

Single Single Sing le Level N of Block Max. IC 
Leve l Leve l Swing-Out 0

· Socket 
Fixed Swing-Out w/ Pane l Frames Spaces Capaci t y 

"A" 
Dim. 

"B" 
Dim. 

H-2300-01 H-2200-01 H-2200-1~+-----=.l_~--'6'-----I _ 144 4.20" 5.22" 
H-2300-02 H-2200-=-02_ H-2200-12 2 12 288 8.40" 10.47" 
H-2300-03 _ H-2100_::_0.l_ H-2200-13 3 - 1-8- 432 12.60" 13.97" 
H -2300-04 H-2200-04 H-2200-14 l--'4=---1--2::..:4=---+---:5=-=7:-:::5- +-""'15::-:-_87 0=--,-, f--'1:..:7:..:.:.4:,:7,--1" 

H-230Cl_:.0 5 H-2 2_90:.?~ H-2 200-_l -"-5--1---=5_ 1_ -=3.c:...0---1 _ _:_7=-20=--...-1 -=2=1.00" 2 2. 71" 
H-2300-06 J±_2200-06 H-2200-16 6 36 864 25.20" 26.22" 
H-2300-07 H-2200-07 H-2200-17 7 _ 4_:.:2=---1---'l:..:0:..::0.::.8_ i--::29.40" 29.71" 
H-2300-08 H-2200-08 H-2200-1 8 8 48 1152 33.60" 34.97" 
H 2300-09 __1±_2200_-0_9 _ H__:-2200-_19_ 9 54 1296 37.80" 38.47" 
H-2300-10 H-2200-10 H-2200-20 10 60 1440 42.00" 43.71" 
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H-2300 series single level fixed frame assemblies 

- - ---16.5-----

>:< power supply 
location 

@ 

- ----19.0------

SINGLE LEVEL FIXED FRAME 
ASSEMBLIES 
Dimensions are rounded to tenths of 
inches. For more exact dimensions, ask 
for EECO drawing number 117364 

H-2300-03 

Single level Fixed Frames can be mounted vertically or hor­
izonta lly permitting a wide range of installation alternatives. 
Power Supply can be mounted in any open 2-block space. 

H-2200 series single level svving-out frame assemblies 

- ----16.5--- - -
pins 

':' Recommended 
power supply P2698 
location adjacent 
to hinge. 

DDD0 l 
DDD 0 I r.~~""' 

- - ----19.0- -----

SINGLE LEVEL SWING-OUT FRAME 
ASSEMBLIES 
Dimensions are rounded to tenths of 
inches. For more exact dimensions, ask 
for EECO drawing number 110911 
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H-2200 -01 

H-2200 seri es frames swing out 120 degrees from the closed 
position providing ready access to the wi re-wrap pin si de. 
Assembly is loc ked in the closed position with a one-quarter 
turn pawl lock. 

Front Panel models are available for all H-2200 Series 
Frames. The front panel fits flush with the mounting flange. 
One-quarter turn pawl locks provide pos itive locking of the 
front panel. Front panel hinge and flange is painted light 
gray No. 26440 per FED-STD-595. 



H-2250 series double level S\Ning-out frame assemblies 
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I panel to 105" panel 
I ent ire un it to 135° 

,;, Recommended 
power supply P2698 

Rear 
Level 

location ad jacent • 
to hinge. 

1- 19.o-----
hinge point 

DOUBLE LEVEL SWING-OUT FRAME 
ASSEMBLIES 
Dimensions are rounded to tenths of 
inches. For more exact dimensions, ask 
for EECO drawing number 119736 

1st and 2nd 
LEVEL l 
PAIRS 

Rear 
Level 

NO. OF 
FRAMES 

IN 
ASSEMBLY 

Front 
Level 

Block 1 
Socket 1 

Pin 1 

,--------
' ' I 

49 : 50 51 : 52 53 : 54 
' ' I 

r------
I I I I 

I 43 : 44 45 : 46 47 : 48 
I I I 

p---- ; ; I 

37 : 38 39 : 40 41 : 42 
' ' I ,--

I I I I 

I 31 : 32 33 : 34 35 : 36 I 
I I I I 
I 
I 2 INTER 2 8 6 4 2 

' ' WIRING 
I I 
I I 

I I I I 
I 19 : 20 21 : 22 23 : 24 I 
I I I I 
J __ 

I I I 

13 14 15 : 16 17 : 18 
I I 

----
I ' 

7 8 9 : 10 11 : 12 
I I 
I I ------
I I 

1 2 3 I 4 5 I 6 I I 
I I 

--------
1 

Block number locations with front level 
open and pin /wire-wrap side of both 
levels showing. 

H-2250·03 

Block 1 
Socket 1 

Pin 1 
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H-2250 Series assemblies can hold double the IC density 
per front panel size. Frame assemblies are 19" wide for 
standard rack mounting. 
The complete unit swings out 135° from its closed position . 
The front frame is hinged to open 95° vertically for access 
between panels. The rear level is fixed. Quarter-turn panel 
fasteners lock the assembly in the closed position . 
A power supply can be mounted (2-block spaces) in blocks 
#31 and 32. 
A terminal block with six pairs of no. 6 terminals provides 
for power hook up. If a power supply is used, the terminal 
block is normally mounted to it. 
Front Panel models are available for all H-2250 Series 
Frames. The front panel is flush fitting with the mounting 
flange . One-qua rter turn pawl fasteners provide positive lock­
ing of the front panel . Front panels are painted light gray 
No. 26440 per FED-STD-595. 

Table 1 O 
DOUBLE LEVEL SWING-OUT FRAME ASSEMBLIES 

H-2250 SERIES 

No. of Block Max. IC Part Number --< "A" 
Frames Spaces Socket w/ o Front w/ Front Dim. 

2 
4 --
6 
8 

Capac ity Panel Pane l 

12 288 H-2250-01 H-2250-05 5.22" 
2 4 576 H-2250-02 H-2250-06 10.47" 

36 864 H-2250-03 H-2250-0~~ 
l--4Sll5-2 - l--H-2250-04 H-2250-08 19.22" 

SPECIFICATI ONS 
Frame: 

Material: Die cast Aluminum 
Finish: Black Anodize 

Mounting Flange, Hinge and Front Panel : 
Material: Aluminum 
Finish: Painted, Lt. Gray, No. 26440 

per FED-STD-595 



EECO 2-D PO\NER SUPPLIES 

P-2698 Power Supply 
mounts in any 2-block 
section of a f rame. 

SPECIFICATIONS 
Input 

P-2699 Power Supply 
mounts in the rear left of 
standard drawer 

(Does not mount in frame .) 

105 to 130 VAC, 50 to 1000 Hz. External fuse 
required. 

Output 
3.5 to 5.5 VDC@ 10 amps. 

Protection 
Al I outputs current Ii mi ted, continuous overl oad and short 
ci rcuit proof . 5 vo lt outputs have se lf-recoveri ng over­
voltage protecti on set at 6.8 to 7 vo lts. 

Temperature Stability . 
Better than 0.01 % /°C 

Cooling 
Maximum mounting base temperature for full output is 
85°C. For no coo ling (air or conducti ve ), max. ambient 
temperatu re of 30°C for fu 11 output. De rate I inearly to 
60% power at 60°C ambient and no coo ling. (See derat­
ing curve for units mounted in hardwa re.) 

Operating Temperature 
- 20°C to + 85°C 

MTBF 
Over 100,000 hours calculated in accordance with MIL­
HDBK-2 17A (Life Test Report avail abl e on request). 

Size 
5-1 / 16" x 4" x 2-1/ 4" , 45 cubic inches 

Weight 
2 pounds 
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For Digital and Analog Functions 

... 50 wa tts in 45 cubic inches 

...... 5-1/16" x 4" x 2-1 / 4", we ighs 2 lbs . 

.. .70% efficiency 
______ fu I ly protected 

... 20 KHz operation, no audib le noise 

.. RFI filtered 

P-2699 
DRAWER 

MOUNTED 

OUTPUT 

CURRENT 

2 0° 40° 60° 80° 
AMBIENT TEMPERATURE 

ioo0 c 

The above cu rve shows the max. cu rrent available 
from the ind icated power supply in its normally 
i nsta I led condition . 

Li fe Test Reports ava ilable on request. Test Re­
port Number A-117558- MTBF 100,000 hrs. per 
MIL-HDBK-217A. 

For availability of power suppli es with voltages 
and cu rrents other than those I isted, contact 
factory. 

DIMENSIONS 

OC OUTPUT 
VOL! AGE 
AOJU STMENT 
~ 
.... ----5 062 -1 1-225---1 

IT 
g ., 

[~ 



LOW POWER - COMPACT - POWER SUPPLIES 

P2693-01 and P2694-01 ... standard 
P2693-02 and P2694-02 .. . with mounting bracket 

Power Supplies P2693-0l and P2694-0l must be custom 
mounted directly, without mount ing brackets, on the back 
of the back panels in H-2100 series drawers. 

AC IN DC OUT 

Ll L2 + S + - -S 

~ 
0 'oQL ADJ 

7.36 

6.92 TYP 

*-02 brackets increase 
width to 4.20" 

Model Volts Current 
P-2694-01 & -02>:< 1.5 to 6 VDC adj. 5A 

P-2693-01 & 02 ~'< 6 to 30 VDC adj. l.5A 
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Power Supplies P2693-02 and P2694-02 have a mounting 
bracket designed to mount on the wire-wrap side of a frame. 
They requ ire three block spaces and should be mounted at 
left or right end of a frame (not in middle). Either can be 
used on H2300 or H2200 series frame assemblies. They can­
not be used on H2250 series frames or H-2100 series drawers. 

COMMON SPECIFICATIONS 
INPUT 
105 to 125 VAC, 50 to 70 Hz 
Power Supply Protection 
Current lim it provides continuous short circuit and overload 
protection 
Load Protection 
Crowbar: set at 7 ± 0.2V model P2694 only; 

Transient Response 
No turn on or off overshoot 
20 mv max. change for 40% load change in model 105, re­
covery in 20 microseconds 
20 mv max. change for 50% load change in model 106, re­
covery in 20 microseconds 
Temperature Stability 
Better than .03%/ •c 
Remote Sensing 
Remote sensing connection standard 

Cooling 
Max. mounting base temperature for full output is 75°C. 
For no (air conduction) cooling, max. ambient temperature is 
25°C for full output. Derate linearly to 60% of current @ 
60°C and no coo li ng. 
Operating Temperature 
- 20°C to + 75°C (see above cool ing spec.) 

Weight 
4112 lbs. 

Re~ulation 
Ripple P-P ±10% line lJ-t-C 

< 5mv <±lmv < 12mv 

< 6mv < ±2mv < 8mv 



RECOMMENDED TOOLS 

Hand Wrapping Tool - Model 14R2 
GD No. 14R2 ... Battery powered, pi stol grip wrapper 

GD No. 507502 ... . Wrapping bit for powered wrappers 
GD No. 507100 .. . Sleeve for wrapping bit 

Wi re-30 AWG, so lid w ire, copper with silve r coa ting, 
KYNAR Insulation. 
Not normally stocked by EECO, and may be obtained 
from Gardner Denver. 

H-2715 Cr imp Tool for H-2710 28-pin Receptac le Contac ts 

H-2716 Contact Crimp Tool for H-2711 & H-4914-01 
connectors. 
H-2716-01 
H-2716-02 
H-2716-03 
H-2716-04 

Common Handle 
Common Gage 
Positioner for H-2711 
Positioner for H-4914-01 

EECO handles these tools as a customer convenience. 
The manu facturer's part number is shown in case you 
wish to purchase di rectly or to check your existing tool s. 

See Table 6, page 12 for use of tools 
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H-2717 Tool , Contact Insertion an d Removal for use on 
H-2711 2-D 28-pin plug 

H-2718 Extracti on Tool for H-271 0 28-pin Receptac le 
Conta cts 

H-4914-03 Extraction Tool for H-4914-04 rear panel 
con nector 

H-4914-02 Extraction Tool for H-4914-01 
100-pin connector 

Table 11 TOOL PART NUMBER CROSS REFERENCE 
EECO MFG. 
PART MANUFACTURER PART 
NO. NO. 

H-2715 SAE Adva nced Packaging, Inc .. ME-2500 
H-2 716-0 1 Daniel Mfg. Corp .. -· ··· MH800 
H-2716-02 Dan iel Mfg. Corp ... . .... Gl10 
H-2716-03 Daniel Mfg. Corp. ······ Kl96 
H-2716-04 Daniel Mfg. Corp .. K200 
H-2717 SAE Advanced Packaging, Inc. 2700 
H-2718 SAE Advanced Packaging, Inc . MC-2500 
H-4914-02 U.S. Components, Inc. RT-2260 
H-49 14-03 U.S. Components, Inc. RT-2366 
H-4921-01 Berg ... ..... HT-66 
H-4921-02 Berg ....... .... . ... HT-68 
H-4921-03 Berg ....... ....... ··-- .. HT-80 
H-4924 3M ....... 3438 
H-4926-01 AMP ... ··· ···· ····· 90260-1 
H-4926-02 AMP .... .... -· .... .... 90223-5 
H-4926-03 AMP ... . ................ 9 1038-3 



GENERAL INFORMATION 
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Standard Frame Dimensions 

HARDWARE MODULARITY 
EECO's board / frame modularity offers a very wide variety of 
"custom" assemblies from the standard parts 1·isted in this 
catalog. The final configuration may vary from a single IC 
socketboard with 24 to 144 sockets up to a multi -plane 
assembly holding up to a 1440 IC sockets per plane. 

BLOCK 
The bas ic un it size is a "block" based on one 2.45" x 4.14" 
PC board . 

BOARDS (PC Boards) 
Socket boards come in 1-block, 2-block, 4-block and 6-block 
sizes. Connector boards, Miniboards and special boards are 
normally 1-block size. 

FRAMES 
To hold the boards, there are 2-block, 4-block and 6-block 
frames. 

FRAME ASSEMBLIES 
Frames are joi ned to form Frame Assemblies . A single level 
frame assembly can hold up to ten 6-block frames (60-block 
tota I). Double level frame assemblies can hold up to eight 
6-block frames (48-block total) . 

DRAWERS 
Drawers can hold up to two levels with four 6-block frames 
per level (48-block total) . The standard drawer (also two 
levels) holds up to six 6-block frames (36-block total). 

LEVELS 
Multi-planes within an assembly are designated as leve ls 
(i .e. Rear Level and Front Level or First Leve l and Second 
Level). 

PLANES 
A frame or frame assembly wi th boards mounted is called a 
"plane." 

PANEL 
" IC PANEL" is the term used to describe the EECO boards 
and planes in general. 

MIXED BOARD and CARD ASSEMBLIES 
EECoLog lC 2 logic ca rds or your own circuit ca rds can be 
used with the IC panel hardware shown in this catalog by 
using an edge card connector (EECO part no. H-2933) that 
fits both the EECO frame and wire-wrap plan . 
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FRAME and BOARD MOUNTING DIMENSIONS 
If you are supplying any custom boards to mount in a stan­
dard EECO FRAME be sure all components are mounted in 
the clear area shown above. 
MOUNTING NOTE: All EECO FRAMES have 2-block open 
areas. Boards must be mounted in the same orientation 
(Horizontally as shown in this catalog) . 2-block boards must 
mount in a 2-block frame open ing. 4-block and 6-block 
boards are designed to fit the 2-block frame opening pattern 
and must be mounted accordingly and always in one frame, 
not in two adjoining frames. 

A QUICK ESTIMATE OF HARDWARE 
SIZE REQUIREMENTS: 
1. Count the number of ICs on your logic diagram and divide 

by 24. This will give you the minimum number of block 
spaces needed. 

2. Estimate other requirements in terms of block spaces. For 
example-
-a power supply mounted within a frame requires 2-block 

spaces 
-special boards, mini boards and 1/ 0 connector boards 

needed wi ll eac h require one block. 
3. Check the hardware pages for the type of configurati on 

you need (d rawer, fixed frame assembly or swi ngout frame 
assembly). Tables give you a quick cross-reference be­
tween the block space ca pacity and the outside si zes of 
assembl ed hardware. The part number you select must 
match or exceed the block total needed. 

Most project requirements are met by drawers, fixed-frame 
and swing-out fram e assemblies, but EECO also offers excel ­
lent in -house circuit board and meta l working facilities for 
fast response to spec ia I requirements. 

PLANNING and ORDERING AIDS 
The latest Pr icing Guide for EECO IC PANELS and Related 
Hardware is designed to facili tate pric ing of hardware and / or 
wiring and software. It includes term s and discounts. 
Hardware Assembly planning can be expedited with special 
EECO forms: 
HAF-1 .. . for Drawers 
HAF-2 ... for Frame Assemblies 



Table 12 INDEX TO EECO PART NUMBERS 

BASIC SEE BASIC SEE 
PART ITEM PAGE PART ITEM PAGE 

NO. NO. NO. NO. 
H-2100 ............. DRAWER ..................... .... .... ........ ........ . 19 H-2934 ....... ....... MIXED SOCKET BOARD ...... ........... .... ... .. 8 
H-2110 ......... .... DRAWER .... ... ............. .... ... ........ .. ............. 19 H-2935 .............. CONNECTOR BOARD .... .. .... .. ......... ..... .. .... 8 
H-2200 ............ .. FRAME ASSEMBLY ......... ... .. .......... .. ........ 2 1 H-2936 .............. MIXED SOCK ET BOARD .... ..... .......... ....... 8 
H-2250 ...... ..... .. FRAME ASSEMB LY ..... ......... .. ... .......... ..... 22 H-2937 .............. MIXED SOCKET BOAR D .......................... 8 
H-2300 ...... ...... . FRAME ASS EMBLY .................... ...... ... .... . 21 H-2938 .............. CON NECTOR BOARD .......................... .. ... . 8 

H-2703 ............. DISCRETE MOUNTING TER MINAL .......... 15 
H-2705 .............. TEST CLIP ....................... ....... ........... ..... 25 
H-2710 .......... .. . 1/ 0 CONN ECTOR ..... . .. .......... .. ............... .. 12 
H-2711 .... ....... ... 1/ 0 CONNECTOR ................................... ... 12 

H-2939 ............. . UNI VERSAL BOARD ..... ... ......... ... ........... . 12 
~-:91:-01 .. ...... 1/ 0 CONNECTOR ........ ........... .... ..... .... .... .. 12 

H:4~~4:g~ ::::::::i88t :::::::: : :::::::::::::::: :::: :: :: : : :::::: : :: :: :: :::: ::~~ 
H-4914-04 .. ... .... TOOL ........... .. .... .......... ......... ........... .. ... .. 25 

H-2714 ............. 1/ 0 CONNECTOR .......... .... ........ ...... .......... 12 
H-2715 ....... ..... TOOL ............ .... ........... ............ ............ ..... 25 H-4916 .............. 1/ 0 CONNECTOR ........... ........................... lL 
H-2716 ............ TOOL ... ..... ...... ........ ....... ........................... 25 H-4917 ......... ..... 1/ 0 CONNECTOR .......... ............. ............... 12 
H-2717 ............ T OOL ...... ............ .... ... ....... .................. ..... . 25 H-4918 ....... ....... 1/ 0 CON NECTOR ..................... ... ......... .. ... 12 
H-2718 ........... TOOL ................... .......... ..... .... ..... ...... ...... . 25 H-4919 ... ........... 1/ 0 CONNECTOR ........... ............... ............ 12 

H-4920 .............. 1/ 0 CONNECTOR ....... .. .... .... ... ... .. .......... ... 12 
H-2719 ........... . 1/ 0 CONN ECTOR ........................... ...... .. ... 12 
H-2723 .......... . MICROBOARD .. .. ... ....... ............................ 17 H-4921 ......... ..... TOOL .. ............... .. .... .... .. .. ........ .. ............. 25 
H-290 1... .. ....... . BLANK BOAR D ................ .. ... ................... 8 H-4922 .... ..... .... . 1/ 0 CONNECTOR ........ .. .... ........ ..... ... ... ..... 12 
H-2902 ............ . MATR IX BOAR D .... .. ................................ 8 H-4923 .............. 1/ 0 CONN ECTOR ... ....... .. .. ............ ...... ...... 12 
H-2904 ............. 14-PI N SOCKET BOARD ....................... ... 6 H-4924 .............. TOOL ... ........ .... .............. ....... .... .. ............ 25 

H-4925 ... ........... 1/ 0 CONNECTOR ........... ........................... 12 
H-2905 ............. 14-PIN SOCKET BOAR D .. ........................ 6 
H-2906 ............. 14-PI N SOCK ET BOARD ........ ..... ..... ... ..... 6 H-4926 ... .. .. .. ... .. TOOL ....... ....................... ... ................ ..... 25 
H-2907 .............. 14-PIN SOCK ET BOARD ............... ... .. ... ... 6 H-7001 ........... ... BREADBOAR D KIT ......... .. ..................... 18 
H-2909 .... ... .. ... . 36-PIN SOCKET BOARD ......... .......... ... .... 8 H-7002 ..... ... .... .. BREADBOAR D KIT ..... ..... .. ... ........ .. ... ... . 18 
H-2910 ............. 16-PI N SOCK ET BOAR D .......... .. .............. 5 H-7003 ............ .. BREADBOAR D KIT ........... ..................... 18 

P-2693 .... .. .... .. .. POWER SU PPLY .... ........... .... .... .. ............. 24 
H-2911 ...... ... .... M IXED SOCK ET BOARD .......... ... ..... ........ 8 
H-2912 .......... ... . CONN ECTOR BOAR D ............................ .. 8 P-2694 ...... ..... ... POWER SUPPLY .... .......... ....... ...... ... ........ 24 
H-2913 ............ . CONNECTOR BOAR D ..... ........... ... .......... . 8 P-2698 ....... ....... POWER SU PPLY ..... .. .. ..... ... ... ............. .... .23 
H-2915 ............ .. 14-PI N SOCK ET BOARD ....... ............ .. .. .. . 5 P-2699 ........ ...... POWER SU PPLY .................................. ... . 23 
H-2917 .. .... ........ 14-PI N SOCK ET BOAR D .......... ...... .......... 5 20-TS-1 ............ OSCILLATOR .. .............. ... ..... .. ........ ........ . 16 

20-TS-2 .... ........ OSCI LLATOR ..... .... .. ............. .......... ........ . 16 
H-2918 ......... ... .. 24-PI N SOCKET BOARD ... ............... ..... ... 8 
H-2919 ............. . 14-PI N SOCKET BOARD ........... ... ....... ... .. 5 20-TS-3 ............ OSCILLATOR .. ...... ...... .. ...... .... ... .. ............ 16 
H-2920 .............. 16-PIN SOCKET BOARD .......................... 5 
H-2921 .... ........ .. 16-PIN SOCKET BOARD ............. .. ........... 5 
H-2922 .............. 16-PIN SOCKET BOAR D ........ .... ........ ...... 5 

2050 1 ...... ......... MINIBOARD, DIGITAL .... ..... .... ......... ... .... . 16 
20502 ............. .. MINIBOARD, DIGITAL ....... .................... ... 16 
20504 ............... MI NIBOARD, DIGITAL .... ................ ..... ..... 16 

H-2823 ............ .. 24-PI N SOCKET BOARD .......................... 8 
20506........ ..MINI BOARD, DIGITAL .... ... ........ ........ ... .... 16 

H-2924 ............. . 14-PIN SOCKET BOAR D .. ........................ 5 
H-2925 ........ .. .. .. 16-PIN SOCKET BOARD ................. ......... 7 

20507 ............... MINIBOARD, DIGITAL .......... ... ................. 16 
20592 ........... .... MINIBOARD, ANALOG .... ................... ....... 16 

H-2926 ............ .. 16-PI N SOCKET BOAR D ... ...... ......... ... ... 7 20595 ............. .. MIN I BOARD, ANALOG ... ..... ... .... ... ...... ...... 16 
H-2927 ............ .. 16-PI N SOCKET BOAR D ............. ... .......... 7 20596 ............... MINIBOARD, ANALOG .... .......... .......... .. ... . 16 

H-2928 .. ....... ..... 16-PI N SOCK ET BOAR D .. ........... .... .. ....... 7 
20597 ........... .... MINIBOARD, AN ALOG .... ...... ..... .. ..... ....... . 16 

H-2929 ............ .. CON NECTCR BOARD .... ............................ 8 
H-2920 ............ .. CONNECTOR BOARD .... ............ ............. .. . 8 
H-2931 .. .......... .. 16-PI N SOCKET BOARD .................... ... ... 5 
H-2933 ...... ....... . EDGE CAR D CONNECTOR .......... ......... ..... 8 

20598 ......... .... .. MINIBOARD, ANALOG .............. .......... ... .. . 16 
20599 ............... MINIBOARD, ANALOG .... .. ..... ............ .... ... 16 
20600 ........ .. ..... MINIBOARD, ANALOG ..... .. ... ... .......... ....... 16 

EECO WIRING and SOFTWARE SERVICES 

EECO WIRING SERVICE 
EECO l.C. socket boards may be hand wired or machine 
wired to your instructions. EECO's service is designed to 
assist you as much as possible in getting your logic design 
converted to the N/ C tape required for machine wiring. 
EECO's wiring meets the requirements of NAVORD WS6119 
and the intent of MIL-STD-1130. 

EECO SOFTWARE SUPPORT 
EECO has some of the most advanced computer programs 
available to assist the logic designer by providing him with 
diagnost ic information, detailed system documentation, and 
information needed for future expansion as we ll as preparing 
the N/ C tape for machine wiring. In addition, EECO can 
assist you by preparing special programs, if you desire. 
PLAN A: Your in put need on ly be your hand-drawn logic 

des ign . You do not even need to add pin numbers 
to the logic elements. EECO wi 11 process the log ic 
design and provide you with a Design Exception 
Report for your review and update before the logic 
elements are assigned to integrated circuit pac k-

27 

ages. When you are satisf ied with the design im­
plementation, EECO will prepa re the final circuit 
documentation consisting of ... 
Ci rcuit Type Summary Wire Loop List 
Circuit Type Tota l IC Location List 
Exception Report IC Type List 
Prelim inary String Li st Socket Size List 
String List Pin-by-Pin List 
Pin Ass ignment List Unused Circuit List 

PLAN B: Your input is a pin list rather than a logic diagram. 
As in Plan A, the logic elements are not assigned 
to integrated circuits until after the Design Excep­
tion Report has been rev iewed. With Plan B, you 
assign the logic elements to integrated circuit 
packages. The documentation you receive under 
Plan B is iden ti ca l to Plan A documentation. With 
Plan B you save because of the pin list entry. 

PLAN C: Your input is a pin list in the actual integrated 
circuit hardware configuration. While this plan re­
quires more work by the designer, it also repre­
sents signi f ican t cost savings. 



TELEPHONE 

EECO 2-D PANELS 
and WIRING SERVICES 
are already PROVED 
in hundreds of ne\N 
IC logic applications 

AUTOMATIC 
TRAFFIC MEASUREMENT TEST EQUIPMENT 

AUTOMATIC 
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MACHINE 
CONTROL 

MEDICAL 
ELECTRONICS 

AUTOMATIC ------WAREHOUSING / 

CEMENT // 
MIXING CONTROL I 

AUTOMOBILE 
DIAGNOSTIC CLINIC 

POLICE I 

/ 
TEST 

/ INSTRUMENTS 

PIPE LINE 
----- CONTROL 

REFINERY 
- CONTROL 

1 

---- COMPUTER 
PERIPHERALS 

~TRAFFIC 
" CONTROLLERS 

" LASER 

\ 

RANGEFINDER 

\ 

BANK 
CHECK CANCELLING 

TELEPHONE 
COMMUNICATION 

CONVEYOR 
CONTROLS 

TEST EQUIPMENT 

SALES OFFICES and REPRESENTATIVES 
ALABAMA 
Col · lns·CO., Incorporated 
P.O. Box 4246 
Huntsvil le, Al abama 35802 
Phone c (205) 539·1771 

ARIZONA 
Hytromc Measurements, 1nc. 
1017 North Third Slleet 
Ph oe nix , Ariic na 85004 
Phon e: (602) 253-6104 

SOUTHERN CALI FORN IA 
UCO 
P.O. Box 58 
1441 E Chestnut Avenue 
Santa Ana. Cal1fo1n1a 92702 
Phone: {7141 547-5651 

NORTHERN CALIFORNIA 
Rect1t Assoc iat es 
900 N San Antonio Road 
Los Altos. Callloma 9.!022 
Phone: (4 151 941·0336 

COLORADO 
Hyllon1c Measuremen ts , tn::. 
4940 East 39th Avenue 
Denver, Colo.ado 80207 
Phone : (303) 388-408 l 

NO. CONN. L WE STERN MASS. 
Ray Perron & Company, Inc. 
10 Briarwood Road 
Farming ton, Connecticut 06032 
Phone : (203) 673-4825 

SOUTHERN CONNE CTI CUT 
Ray Perron & Company, Inc. 
36 Louis Street 
Trumbull, Connecticut 066 11 
Phone: (L03J 268-9631 

WA SHINGTON, O.C. 
Electronic Marketing Assts. 
11501 Huff Cour t 
Kensington , Maryland 20795 
Phone: (301 ) 881·5300 

FLORIDA 
Col-Ins-Co .• Incorporated 
P.O. BOK 13189 
1313 - 44th Street 
Orlando, Florida 32809 
Phone: (305) 423-76 15 

ILLINOIS 
Torke lson Associates 
540 West Frontage Road 
Northfie ld , Illinois 60093 
Phon e: (312 ) 446 ·9085 

INOIANA 
Torkelson Associates 
3512 Rockville Road 
Indianapo l is, Indiana 46222 
Phone: {317) 244-7868 

KANSAS 
Palatine Engineering Sales , Inc. 
1722 N. Terry Lane 
Andover, Kansas 67002 
Phone: {316) 683-7512 

Palatine Engineer ing Sales, Inc. 
7520 West 63rd St .. Suite 10 
Overland Park, Kansas 66202 
Phone: (91 3) 262-5643 

MASSACHUSETTS 
Ray Perron & Company, Inc 
159 Morse Street 
Norwood, Massach usetts 02062 
Phone c C617) 762-8114 

MICH IGAN 
Sterling-Lowell Company 
20975 Te legraph 
Southfield, Michigan 48075 
Phone: (313) 352-8881 

MINNESOTA 
Torkelson Associa tes 
4940 Vikin ll: Drive 
Minneapolis. Minnesota 55435 
Phone : (612) 920·1046 

MI SS OURI 
Palatine Engineering Sates , Inc. 
1573 N. Warson Road 
St. LOUIS, Missouri 63132 
Phone: (314) 426·7055 

NEW MEXICO 
Hytronic Measurements, Inc . 
205 San Pablo, S.E. 
AlbuQuerQue, New Muico 87108 
Phone : (505) 268-3941 

METRO N.Y., LI . &. NO. NJ. 
Tecn1mat 
442 Main Street 
Fort Lee. New Jersey 07024 
Phone : (201) 461-8686 

NEW YORK 
E(CO 
PO. Box 7492 
Rochester, New York 14615 
Phone: (7 16) 621-2410 

MAINE, VERMONT&. NEW HAMPSHIRE 
Ray Pe rron & Company, Inc. 
1 Elm St reet 
Dover, New Hampsh ire 03820 
Phone: (603) 742·232 l 

HORTH CAROLINA 
Cot-Ins-Co ., Inc. 
P.O. Box 27866 
Raleigh, North Carolina 27609 
Phone: (919) 834-6591 

OHIO 
Engineering Marketing Associa tes 
P.O. Box 275 
337 Garfield Road 
(Garfield Building Sui te .#4 
Aurora, Ohio 44202 
Phone: (2 16) 562-6104 
Engineering Marketing Associates 
P.O. Box 191 
Kamb Building 
35 Compark Road , Suite 205-206 
Centerville, Ohio 45459 
Phone: (5 13) 433-2800 

PENNSYLVANIA 
Elechomc Marketing Assts . 
Suite 100 
210 Goddard Blvd . 
Kin g of Prussia . Pennsylvania 19406 
Phone: (215) 265·1600 

TEXAS 
Palati ne Enginee ri ng Sales, Inc. 
204 Marshal l St ree t 
Houston, Texas 77006 
Phone: (713) 747-6537 

Palat ine Engineer ing Sales, Inc. 
325 South r idge 
Row lett , TeKas 75088 
Phone: (214) 475·2523 

UTAH 
Hytronic Measurements, Inc. 
2022 South Main St reet 
Salt La ke Ci ty, Utah 84115 
Phone: {801 ) 466-4924 

WASHINCTON 
Blair Hirsh Company 
4013 Leary Way N.W. 
Seattle, Washi ngton 981 07 
Phone : (206) 783-3423 

ELECTRONIC ENGINEERING COMPANY of California 
144 1 E. Ches tnut Avenue , Sant a A na. Cal i fornia 92701 •TW X 910-595-1550 • Te lex 6 7 -84 20 

For qu ick factory answer . ,. Phone : (714) 547-5651 and ask for " Data Products" 

Pri nted in U .S .A. 30M / April, 1972 



Spare the tests ... 
artd spoil the board. 

If you don't test incoming cir­
cuits before wiring in, it's your loss. 
Literally. Because every defective 
device that blows on the board is a 
threat to your profit margin . 

In dollars. In expensive man­
hours. In discarded equipment . A 
combined toll usually twice the ex­
pense of in-house pre-testing. The 
question is not if you can afford 1003 
pre-use inspection, but rather, how 
can you afford not to7 

Consider what just 
one malfunctioning com­
po n ent ca n cost your 
plant, over and above replace-
ment price. 

each mode of operation means 
in cold hard cash. With a sepa­

rate section following to help you 
determine the level of test and meas­
urement equipment most econom­
ical for your specific needs . 

For R & D, or the minimum 
volume user just beginning semi­
conductor applications, the inexpen­
sive Fai rchild System modular instru­
ments with a simple Go/No Go, pass/ 
fai l capability may prove sufficient 
for immediate requirements. While 
large scale manufacturers with heavy 

circuit uses will demand the unparal­
leled flexibility, speed and sophistication 

offered by one of our innovative Sentry fami ly 
Could $10 cover the time lost in each trouble­

shooting sequence? Locating the device that fai led. Removing 
it and clearing holes in the PC board. Installation of new com­
ponents. And how much does it cost for each assembled board 

systems: the total semiconductor test systems with enor­
mous expansion capabilities, and adaptability options for pro­
duction and engineeri:1g. To suit your individual needs, Sentry 
Systems swing from MOS to bipolar, from !C's to discretes, or 

you're forced to scrap , because of 
damage during rework procedures? 
What happens to orders with ship­
me nt d e layed due to excessive 
checkout time7 And what about the 
field service required by early fai l­
ure of marginal components? 

In the new Economic Feasibility 
Kit developed by Fairchild Systems 
(the pacesetters in semiconductor 
testing), you can work out the an­
swers for yourse lf scientifica ll y. 
Comparing your own plant costs: 
with functional and parametric 
testing against doing without . Fill-it­
in forms show you step by step what 

r---------------------------
Fairchild Systems 

FAl~CHILCl 3500Deer CreckRoad 
svs1tM'"' m ..... NOLOGv Palo Alto, Cali fornia 94302 

Please send us your Economic An;i\ysis Kit 
for semiconductor test systems, 
with deta ils on your Sentry Systems. 
with deta ils on your bench top tesrers. 
Call us immediately for individual application assistance. 

Title ________________ _ 

Com~nY----------------

Street _______________ _ _ 

City _ ________ Srnte - ------

Zip _ _____ Telephone ________ _ 

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

LSI. With software compatible to all. 
And the lowest throughput costs in 
the industry. 

We know that you know that no 
test system yet devised can tum a 
bad circuit into a top performer. Of 
course you don't test reliability into 
a circuit - any more than you can 
eliminate occasional poor workman­
ship, human error or catastrophic 
fa ilures. But you can significantly 
reduce the expense of rework, main­
tenance, scrapped parts and dam­
aged boards. With 1003 pre-use 
inspection. To weed out the defects, 
while measuring quality. 

Fairchild Systems 
THE ELECT RONIC ENGINEER • June 1972 Circle Reader Service #56 105 
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oew KrohdLHit~ Model q2QO linear 
atQf cQi¥~~l>tJ-,mOre V~(%i~tllity 

yo oney. If that's a sweeping stateme nd re 
prove it! Model 5200 generates basic sine, square, triangle and 

ramp waveforms that you can manipulate with sweeps and triggers 
from 0.00003Hz to 3MHt. For even more versatility, the new Model 5300 
adds an exponential ramp for logarithmic sweeping at only $695. For fast 

action, call the Wavemcikers at (617) 491-3211 , lWX. 710-320-6583, Krohn-Hite 
Corporation, 580 Massachusetts Ave .. Cambridge, Mass. 02139. 

WAV'FFORM 
GENERATOR 



3 V2 DIGIT CAPACITANCE METER 
True capacitance readings are obtained with an internal cir­

cuit based on the charge transfer method of measuring, sim­
ilar to th at recommended by the National Bureau of Stand­
ards. The Model DP200/3202P measures eight full scale dec­
ade ranges fr om 1000 pF to 10 mF. Overranging on the six 
most sensitive ranges is 40%. Accuracy for 12 months is 0.1 % 
of reading ± I digit for a ll ranges except the I 0 m F range, 
where it is 0.9% of reading ±2 digits. With buffered display 
and printer output , $780; without , $690. From stock. Instru­
mentation & Controls Div ., Th e Hickok Electrical In­
strument Co., 10514 Dupont Ave ., Cleveland, Ohio 44108. 

Circle Reader Service #317 

BROADBAND FUNCTION GENERATOR 
An a-m / phase lock functi on generator with a 0.0001 Hz to 

11 MHz freq . range and trigger and gate capability for single 
shot and burst wavefor ms offers a broad freq. operating capa­
bility with full amplitude waveforms at highest freq s. Ampli­
tude modulation is feat ured with the ability to vary the per­
cent of modulation from 0 through 100% to suppressed car­
rier. The YCA (voltage contro lled amplitude) input allows am­
plitude control from de to wideband ac amplitude modu­
lation . The Model 7056 varies output am plitude without 
changing the percentage of modulation due to the in­
corporation of separate carrier, modulating signal and output 
amplitude cont rois. $995. f.o.b ., Hill sboro, Ore . 2 weeks deliv­
ery. Exact Electronics, Inc., Box 170, Hillsboro, Ore . 97123 . 

Circle Reader Service #318 

FUNCTION GENERATOR 

~1jt 
~·· .- ,$> 

~ • =- ·-·. 
"'~ -··· g '} 5'!-r~-.. .~.: ~ 
-... -

This function generator offers nine modes of operation and 
adds an exponential ramp function for logarithmic sweeping, 
in addition to separate waveforms and ramp outputs, pulse, 
sweep and burst modes, and external voltage control of main 
output frequen cy. The exponential sweep in conj unction with 
the linear sawtooth output enables semilog plotting. In ex­
ternal and sweep modes, the Model 5300's freq . range extends 
from 0.00003 Hz to 3 MH z. Maxim um main output is 20 V 
p-p open circuit, or 10 Y across 50 fl . $695., 30 day delivery. 
Krohn- Hite Corp ., 580 Massac huse tts Ave ., Ca mbridge , 
Mass. 02139 . 

Circle Reader Service #319 
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L/'B llVTRJMENU 

Microdot 's new benchtop functi on generators feature an ex­
clusive YCF generator circuit designed around an active ECL 

switching technique . Output waveforms are si ne, triangle, 
pulse, ramp, squarewave, and de modes. A 2,SOOV / µS bipolar 
linear output amplifier handles pulse widths of 50ns at 50% 
duty cycle, and rise and fa ll times of less than I Ons, 7typ. 
Model 50 I has SM Hz trigger / variable start-stop, $395 ; Mod­
el 510 has IOMHz YCF generator, $495; a nd Model 511 with 
IOMH z trigger/va riable start-s top is $695. Microdot, 19535 
E. Walnut, City of Industry, Ca. 9 1748 (2 13) 965-4911. 

Circle Reader Service #320 

PASSIVE RF MILLIWATTMETER 
This milliwattmeter makes non-terminating rf power out­

put measurements below I W for signal generators and trans­
ceivers. The Thruline® Model 4330 wattmeter is passive (i.e ., 
without amplifiers), and directional (as opposed to bol ometer 
head or termin ation wattnieter) . This is hel pful in the des ign 
phases of coaxial components, where insertion loss and reflec­
tions (vswR) are the variable parameters. It samples the sig­
nal in an integral secti on of 50 precision transmission lines 
with plug-i n elements for different freq. bands within the 
range of 60-2300 MH z. $125 and plug-in elements from $60 
to $80; 90 days A RO. Bird Electronic Corp. , 30303 Aurora 
Rd ., Cleveland , Ohio 44139. 

Circle Reader Service #321 

GENERAL PURPOSE X-Y RECORDERS 
Two new recorders use a rugged aluminum mainframe 

which eliminates the need fo r cri tical mechanical adjustments. 
A medium speed recorder Model 7044A offers a slewing 
speed of 20 in ./s; the Model 7045A is faster with a slew ing 
speed o f 30 in ./s. Acce lerat ion of the Model 7045A on the Y 
axis is 3000 in ./s', and on its X axis , 2000 in ./s ' . Input ran ges 
of both instruments are from 0.5 mY / in. to 10 V / in . Input re­
sistance is I Mfl on a ll ranges . Inpu t is floating, 500 Ydc or 
pea k ac. 7044A, $ 1350. 7045A, $1675 . 4 weeks delivery . In­
quiries Manager, Hewlett Packard Co ., 1601 Ca liforni a Ave. , 
Pa lo Alto , Calif. 94304 . 

Circle Reader Service #322 
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L TERl\TURE 
8000 Series MSI catalog 

Complete specs for each device plus 
design data and detailed packaging and 
pin configurations are provided in this 
80-page catalog covering the 8000 
Series MSI line R aytheon is second­
sourcing from Signetics . There 's design 
data for output structu res, decoupling 
MSI , power supply and ground dis-

rn TRANSFER CHA RACTERI STIC 

~-.. 1.:TL 

tribution systems , isolation diodes , dis­
position of unused inpl,lts, input clamµ 
diodes, and signal processing. The cata­
log describes and diagrams applications 
for each circuit, and includes logic dia­
grams and truth tables for each device . 
R aytheon Semiconductor, 350 Ellis St., 
Mountain View, Calif. 94040. 

Circle Reader Service #363 

Power supplies 
An automatic crossover power supply 

and de power supply module are de­
tailed in these data sheets. Following 
schemat ic diagrams , dimensional draw­
ings, and a complete list of specs and 
electrical characteristics, you'll find a 
technical explanation of programming, 
digital contro l, sweep control, and 
speed. Kepco In c . , 131-38 Sanford 
Ave ., Flushing, N.Y . 11352. 

Circle Reader Service #364 

Counter pair 
Here ' s a high-speed counter pair 

that ' s compatible with Tex as In­
strument and Fairchild Semiconductor 
devices . Both 4-bit synchronous up/ 
down counters offer separate up and 
down clocks , asynchronous parallel 
loading, and operate at a typical speed 
of 32 MHz. Read about them in this 
note that offers logic symbols and dia­
grams, electrical and switching c.harac­
teristics , loading and MSI interfacing 
rules , switching waveforms, and appli­
cations information. Advanced Micro 
Devices Inc. , 90 I Thompson Pl. , Sunny­
vale, Calif. 94086 . 

Circle Reader Service #365 
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Digital cassette recorder 
Described in this 12-page booklet is a 

new digital cassette recorder from Bell 
& Howell. Photos and diagrams illus­
trate the recorder's capabilities, advan­
tages over upgraded audio systems, and 
applications. Bell & Howell, Electro nics 
& Instruments Group, 360 Sie rra 
Madre Villa Ave ., Pasadena, Calif. 

Circle Reader Service #366 

Filters, oscillators, and more 
One goes to HP's or DEC's catalogs, 

for example, not only for product infor­
mation , but for background on the 
types of equipment they sell. And it ' s a 
great help to find information not only 
pertinent to the equipment, but that's 
really a good, simple description of what 
goes into it. Such is the case with the 
chapter on filters in Krohn-Hite 's 1972 
instruments catalog. Having recently 

le 
NOISE BELOW THE SIGNAL BAND 

hi&h·panlilter 

b 
NOISE ABOVE ANO BELOW THE SIGNAL BAND 

band-pus litter 

expanded its line to include low-cost 
function generators , it is stil l best 
known for its line of filters , and the 
catalog shows why. The explanations 
are so clear and to the point, on a rather 
complex subject, that it serves as a testi­
mony to the background this company 
has in filters. Krohn-Hite Corp., 580 
Massachusetts Ave. , Cambridge, Mass. 

Circle Reader Service #367 

1972 Electronic components catalog 
Switchcraft' s 1972 short form catalog 

lists more than 6000 mechanical and 
electromechanical components in its 40 
pages. Phone jacks and plugs; lever, 
slide, and pushbutton switches; con­
nectors; and audio accessories are illus­
trated and described with price inform a­
tion included. There's also a numerical­
alphabetical index for quick location of 
the part you ' re after. Switchcraft Inc., 
5555 N . Elston Ave ., Chicago, Ill. 

Circle Reader Service #368 

Plastic semiconductors 
Operating characteristics of more 

than 100 kinds of epoxy-encapsulated 
field-effect a nd bipolar transistors are 
listed in this catalog . There 's technical 
data on general purpose, switching, and 
rf FETs, and npn / pnp bipolar devices . 
The catalog is offered to you by Silico­
nix Inc . in co njunction with Ledel Semi­
conductors hi e . Copies are avai lable 
from Silicon ix Inc ., 220 I Laurel wood 
Rd ., Santa C la ra , Calif. 95054. 

Circle R eader Service #369 

Analog switching magazirie 
T o engineers who are specifically ac­

tive in analog switching and rf fr ont end 
design, Teledyne Crystal onics will send 
the first issue of their company maga­
zine . It contains technical articles a nd 
new product information pertinent to 
the field of analog switching, rf tuning , 
and low noise amplification . This issue, 
" Of signa ls and circuits and things that 
go glitch in the night ," contains articles 
on a Crystalonics relay vs the reed relay 
in automat ic test equipment, and FET 
and FOTOFET applications . Teledyne 
Crystal onics, 147 Sherman St., Cam­
bridge, Mass . 02140. 

Circle R eader Service #3 70 

Power hybrid circuits guide 
RCA's complete line of power hybrid 

circuits covered in this product guide in ­
cludes linear amplifiers, series voltage 
reg ulators, Da rlington ci rcuits, high­
current output a rrays, a nd " bu ilding 
blocks ." Schematic diagrams are pro-

Rf• 

Typical connection for the 7-A op amp, 
HC2000, as a de servo motor-control. 

vided as are functional diagrams , socket 
data, and electrical characteristics. Ap­
plications are listed and there 's informa­
tion on where to get more detailed ap­
plication notes. RCA Solid State Div. , 
Box 3200, Somerville, N.J . 08876. 
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AccurSystem ™back panels from Winchester Electronics 
offer you the bottom-to-top versatility and reliability you 
need from one manufacturer. To give you the 
cost/ performance target you're after . 

Just consider the three basic AccurSystem offerings ... 
bottoms or tops up. 

On the bottom, AccurFrame®, AccurPlate T M 

and AccurPlane TM back panels are available 
ready for automatic or semi -automatic wire­
wrapping with accurate, reliable terminal 
alignment . Or, they will be shipped already 
precision-wrapped to your specifications. 

AccurFrame and AccurPlane back panels accept 
Winchester Electronics HW Series edgeboard con­
nectors on grids of .100 x .200 and .125 x .250; and our 
DW's with .125 x .125 spacing. AccurPlate back panels 
accept our PW Series connectors for grids of .100 x .200 
and .125 x .250; or, PDW's with .125 x .125 spacing. Plus 

Many AccurSystem back panels 
feature field replaceable contacts. 

And, our back panels accept standard .062 
printed circuit cards. Custom designs will be quoted 

to suit your specifications. 

AccurSystem is a proven, total interconnect solution 
to suit your design requirements. Exactly, even 

if it includes ground/ voltage planes or ground 
bussing. You ' ll call it a beautiful bottoms up 

story, too . Because any way you go, the 
AccurSystem means you can order precisely 

the back panel you want. AccurSystem . 
Developed by Winchester Electronics with 

your total needs in mind . Put our full scope of 
innovative ideas and practical knowledge to work 

for you, now. Winchester Electronics Division , Main 
Street & Hillside Avenue, Oakville, Conn. 06779. 

(203) 274-8891 . Or, for discrete connectors, 
contact your local authorized distributor. 

all three types accept our RW Series input/output connectors 
on either a . 100 or .125 grid with wrappable contacts. rn WINCHESTER ELECTRONICS 
On the top, we can give you .100 or .125 contact spacing. Litton Circle Reader Service #58 
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.Tracking A/ D converter 
An 8-page application note provides 

details on the design , construction, and 
performance of an 8-bit tracking AID 
converter costing under $30. With no 
sample-and-h old amplifier required , it's 
suggested for applications such as on­
the- spot digitizing of remote tra ns-

Basic tracking A/D block diagram 

ducers, audio digitizing for digital com­
munications or echo-generators and dig­
ital filters . A co mplete components list 
and full size PC board layo ut are provided 
for minimum construction time. Pre­
cision Monolithic Inc., 1500 Space Pa rk 
Dr. , Santa Clara, Calif. 95050. 
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Photoelectric switch 
This application note discusses a new 

pho toelectric switch usi ng LEDs as a 
light source . It covers applications, the 
light source , recei ver , and amplifie r 
units (co nstruction ), opera tin g prin ­
ciples, ratings and characteristics, and 
provides dimensio nal diagrams for each 
model. Diagrams also illustrate the op­
erati on of th e various types of amplifier 
units. Omron T ateisi Electronics Co., 
10 T suchid ocho , Hanazono , Ukyo-ku , 
Kyoto , 6 16 J apan. 

Circle Reader Service #3 73 

Printed wiring board repair manual 
Manufacturers and users of printed 

wiring structures will be interested in a 
printed wi ring board repair man ua l that 
demonst ra tes how to rep ai r various 
types of damage that might occur dur­
ing manufacture or assembly. It deals 
with problems yo u might enco unter 
with defective or damaged conductors , 
lift ed co nduct ors , termin a l a reas, 
plated-through holes, contact ta bs, com­
ponent replacement , eye lets , warped 
boards , or multi-layer boa rds. There's 
also a section on solder joint and con­
form al coati ng removal. Copies a re 
ava il able fo r $5 from Institute of Print­
ed Ci rcui t s , 1717 W . H oward St. , 
Eva nston, Ill. 60202. 
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Electromechanical components 
This 116-page guidebook contains 

both specialized and standard electro­
mechanical equipment and components 
from such manufacturers as Keithley , 
Honeywell , GE, and Bourn s. The prod­
ucts are suggested for research and de­
velopment projects and prototype work, 
and sell for about half the manufac­
turer 's established price. Included are 
transducers , pots, relays, counters and 
timers, power supplies, servo motors, 
a nd more. America n Design Com­
ponents, 39 Lispenard St., New York , 
N.Y . 10013. 

Circle Reader Service #374 

Data storage guide 
The advantages of adding a data stor­

age opti on to HP 's 3480A / B dig ital 
voltmeter are described in a 16-page ap­
pli cation note . Applications in AID con­
version, high-speed sca nning, and DVM 

FUNCTION 
GENER., TOR 

REMOTE CONTROL 
eox f8U1Ll 8YUSERI 

measurement speeds independent of sys­
tem speeds are covered . Illustrati ons 
supplement both applicati on and oper­
ation information. Hewlett- Packa rd 
Co ., 1601 Cali fornia Ave ., Palo Alto , 
Ca li f. 94304. 
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Two-channel recorder 
Features of a two-channel high per­

formance recorder are outlined in this 
bulletin . It tells about double width 80-
mm channels with 50 divisions each, 
built-in preamplifiers for a measurement 
range from 0.5 mY / div. to 500 Y de full 
scale, rectilin ear trace presentation, and 
pressurized ink writing. Complete specs 
and ordering information for standard 
recorders, accessories, and supplies are 
included also . Gould Inc., Instrument 
Systems Div., 363 1 Perkins Ave., Cleve­
land , Ohio. 44114. 
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Handbook reference library 
If you use 1cs (and who doesn ' t?) 

you' ll surely be able to use one or all 
four of these volumes . In 878 pages , 
they describe 275 different MOS and bi­
polar 1cs, both digital and linear. The 
handbooks are loaded with applications 
ideas, and cost $1 ea . Or you can ord~c 
all four for $3 . In the library , so far , is 
the "54 / 74 TTL H_andbook," the 
"8000-Series TTL/ MSI and Memory 
Handbook ," the " MOS Silicon-gate 
2500-Series Handbook," and " Linear 
Integrated Circuits, Vol. I." We rate it 
a good buy. Signetics, 81 1 E. Arques 
Ave ., Sunnyvale, Calif. 94086. 

RCA technical papers 
Another book (56 pages) of technical 

papers from RCA contains such titles 
as "Silico n-on-sapphire devices, " "As­
sessment of queu e formation in comput­
er sys tems ," " RUDI : computer- co n­
trolled test data acquisition and process­
ing," and " High-speed strip-line digital­
clock distribution system ." All papers 
are illustrated and supplemen ted with 
background in fo rm atio n. RCA Govern­
ment and Commercial Systems, Moores­
town, N .J . 08057 . 

Circle Reader Service #377 

Binary ladder networks 
For use in digital-to- a nalog co n­

ve rsion a pplica ti ons a re these 12-bit 
binary ladder networks. This data sheet 
di scusses co nst ru cti on, operation , ci r­
cuitry , specs, and illustrates the device 
in a typical application. You also re-

SUUES 911 SCHEMA TI C 

ceive a ca psule listing of data converters 
providing technical information on AID, 
DI A, sy nchro , resolver, and multiplexed 
converters , dri ver a mplifiers , sa mp le 
and hold modules, and angle indicators. 
ILC Data Device Corp., 100 Tee St. , 
Hicksvill e, N .Y. 11 801. 
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The great llth·hour 
wrap-up 

We can turn your IC designs into products in just 
weeks instead of months . 

And cut your packaging costs 40% or more doing it. 
We 've got the world 's largest selection of plug-in IC 

hardware, everything from wire-wrap sockets to complete 
low-cost, high-density packaging systems. 

They save you time and money 
during the initial design stages , 
because changes are readily made 
by simply re-routing your wiring 
and plugging in a new IC . 

They save time and money 
in production , because the wire­
wrapping can be automated and 
you're not locked into long 
lead-time PC boards, expensive 
connectors and back planes . 

And they save you 
time and money on field main-

tenance and modification because of the ir plug-in flexibility 
and low-cost spares requirements. 

To solve your IC packaging problems, just tell us 
which sockets , panels , drawers or special assemblies you 
need . We'll deliver in 1-2 weeks . 

Or make it even easier on yourself. Just send us 
your logic diagram and we deliver a 
complete packaged system in just 5 

' : weeks. Wrapped , tested , debugged 
1 and fully documented. For much less 
· than you could do it yourself. 

So why not write tor our 
- new catalog and get back on 

schedule today? 
Electronic Engineering 

Company of California , 
: 1441 E. Chestnut Avenue , 

Santa Ana , California , 
Telephone (7 14) 547-5651. 

g 

EECO logic panels: help when you need it most. 
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Integrated packaging 
Just about everything you need for 

circuit packaging is included in this 48-
page catalog. It illustrates and describes 
several series of PC boards for mount ing 
dual-in-line circuits, discretes, and other 
electronic components. It also covers 

card files , interface circuits, logic cards, 
memory cards, sockets, and many other 
accessories. And there's data on cus­
tom-designed boards for your special re­
q u irem en ts . Cambridge Thermionic 
Corp., 445 Concord Ave., Cambridge, 
Mass . 02138. 

Circle Reader Service #3 79 

New EIA standard 
"Standard test methods for passive 

electronic component parts" is the new 
standard availab le from the E IA. It es­
tablishes uniform methods for testing 
capacitors, resistors, switches, re lays, 
transformers, and jacks. Tests covered 
include humidity, dielectric, sa lt spray, 
high and low freque ncy vibration, me­
chanical robustness of terminals, so lder­
ing effects, thermal shock in air, heat, 
and insulation resista nce. The standard 
is available fo r $5.20 from the EIA En­
gineering Dept ., 200 1 Eye St., N .W., 
Washington , D.C. 20006. 

IC test system 
Here is an IC test system, called the 

Sentry system, that consists of six com­
patible modularized units and is equally 
adaptable to discrete 1cs, MSI or LSI, and 
modular testing . The modular concept 
of the Sentry system allows you to ex­
pand yo ur system as your application 
requirements grow. Each member of the 
series , and its capabi lit ies, are described 
in this brochure. Fairchild Systems 
Technology , 974 E. Arques Ave ., Sun­
nyvale, Calif. 94086. 
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Scan converter unit 
Designed as a video data processing 

element for a variety of information dis­
pl ay app li cations is this miniaturized 
self-contained electrical signal storage 
unit. You get a complete picture of the 
unit in this booklet that details the basic 
functions , principal modes of operation, 
spec ia l operating features , scan con­
verter tube principles, typical perform­
ance, and general specs. Hughes Air­
craft Co., Indu st rial P roducts Div ., 
2020 Oceanside Blvd., Oceanside, Calif. 
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Communications systems manual 
An introduction to data communica­

tions terms a nd techniques begins this 
30-page communications systems gener­
a l information manual. It then goes on 
to discuss methods of integrating com­
puter hardware and softwa re into a to-

: lbTol>O . : 
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Basic 6145 computer system 

tal communications system , centering 
arou nd EM R's Series 6100 systems . 
Block diagrams · illustrate available sys­
tems and capabi lities . EM R Computer, 
8001 Bl oomington F r eeway, Min ­
neapolis, Minn . 55420. 
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Data distribution applications 
Applications of Multitran , a modular 

time-division multiplexer, are discussed 
in this brochure . It describes Multitran 
as a basic comm un ications building 
block for configuring low cost networks 
with optimum data di stribution capabil­
ity; as a n intermixing multiplexer for 
any combination of termin als operating 
at a ny speed ; and as reconfigurable 
hardware with expansion capabi lity . 
Computer Transmission Corp., 1508 
Cotner Ave., Los Angeles, Calif. 90025. 
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Broadband product guide 
More than 75 new products a re fea­

tured in this 148-page broadband prod­
ucts catalog, as well as a large selection 
of standard and other precision micro­
wave and rf test equipment and devices. 
You ' re given electrical specs, mechani­
cal characteristics, photos, circuit and 
block diagrams, applications informa­
tion, and prices for all products and a 
technical data section introduces each 
major category. The Narda Microwave 
Corp., Plainview, N.Y . 11 803. 
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Data communications equipment 
Analog and digital data acquisition 

and reduction equipment is the subject 
of this 12-page ca talog . It provides 
photos and descriptions for signal con­
ditioning and fm multiplexing and de­
multiplexing equipment , typical sys­
tems, manual and computer program­
mable PCM decommutation equip­
ment, test and ca libration instrumen ts, 
fm accessories, and modular assemblies. 
Data-Control Systems Inc., Commerce 
Dr. , Danbury, Conn. 06810. 
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Computer and communications chart 
A quick and ha ndy reference fo r your 

computer and comm unications work is 
this wall cha r t. I t provides tables , 
charts, curves, nomographs, equations, 
and form ul ae in such categories as digit­
al codes and digital / analog conversion 

1 
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0 1 z 3 4 5 8 7 8 9 10 " 12 13 14 15 18 17 18 11120 
RISE TIME 

factors, dB/voltage/ current / power con­
version , pulse parameters and calcu­

lations , time-domain a nd frequency-do­
main conversions , and more. Ballantine 
Laboratories Inc ., Box 97, Boo nton , 
N .J . 07005 . 
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, 
There's not much sense in using cheap 
wirewound or carbon trimmers anymore. 
Not when the new Helipot Series 91 Cermet 
Trimmers are available off-the-shelf for a 
few cents more. 

These single-turn , 3/s ", covered trimmers 
come in 10 different mounting styles and 
19 standard resistance values from 10 

contaminat ion. Which means, in addition to 
cermet stability and better resolution , you 
get long-term dependable performance. 

The breakthrough price is just 35¢ each 
in the 50,000 piece quantity, and they're 
equally well-priced in other quantities. 

Send now for complete data on the 
Series 91 Trimmers . . . the finest of their 

ohms to 2 megohms. Covered 
construct ion helps protect 
against moisture, corrosive at­
mospheres, dust, oil and other 

Beckman® 
class. We 've made them for 
your projects where the budget 
may be tight, but you don 't want 

INSTRUMENTS , INC . 
HELIPOT 01v1s10N to compromise performance. 

Fullerton, California 

HELPING SCIENCE AND INDUSTRY IMPROVE THE QUALITY OF LIFE 

INTERNATIONAL SUBSIDIARIES AMSTERDAM. CAPE TOWN GENEVA GLENROTHES SCOTLAND MEXICO CITY MUNICH PARIS STOCKHOLM TOKYO VIENNA 
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Electronic test accessories 
In its 60 pages, this annual catalog of 

electronic test accessories contains more 
than 500 products. It includes every­
thing from adapters, banana plugs, and 
connecting leads to shorting bars , test 
probes , and universal testing harnesses . 
Illustrations and engineering informa­
tion are provided for each product. Po­
mona Electronics Co ., Inc., 1500 E. 9th 
St. , Pomona, Calif. 91766 . 
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Dana digital multimeters 
The 4-digit multimeter described in 

this brochure measures ac volts, de 
volts, and ohms, and functions in sys­
tem applications without adding acces­
sories or options . The brochure dis­
cusses versatility , general features, sys­
tems performance, and reliability , and 
outlines de and ac voltage, resistance , 
and general operating requirements . 
Dana Laboratories Inc ., 2401 Campus 
Dr. , Irvine , Calif. 29664. 
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Digital circuit board tester 
Using a language called C ONTEST, 

this diagnostic testing system is easily 
programmed to test a variety of logic ele­
ments, devices, assemblies, and complex 
systems. A 6-page bulletin describes the 
system as well as programming, oper­
ation, and system controls . Digital Gen­
eral Corp ., University Circle Research 
Ctr., 11000 Cedar Ave ., Cleveland, 
Ohio 44106. 
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1972 Optical electronic components 
Included in this 33-page product cata­

log are complete specs and prices for 97 
operational amplifiers and analog func­
tion modules. Wideband and general 
purpose bipolar and FET op amps, ana­
log building blocks, memories, con­
verters, and logarithmic amplifiers are 
among the products covered. Prices 
have been reduced on many products , 
too. Optical Electronics In c ., Box 
11140, Tucson , Ariz. 85706 . 
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MICRO-VECTORBORD® AND 
D. I. P. PLUGBORDS ARE HERE! 
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WIDE SELECTION OF SIZES AND MATERIALS 

MICRO·VECTORBORD " P" .042" holes match busses, pads for up to 24 D.l.P.'s (14 's). Also 21 
O.LP. leads. Epoxy glass or paper, cop. cld. also units 16·1eads 0. 1. P.'s, T-O's and discretes. 

1/64" to 1/16" th k. NEW WIRE WRAP D.l.P. PLUGBORDS - 3682 
MICRO-VECTORBORD " M" .025" holes match 
Flat .Paks. I / 32" Epoxy glass. cop. cld. also or 
.007" Mylar. 

NEW SOLDER·PAD D.1.P. PLUGBORDS - 3677 
Series Epoxy glass. " P"" pa t .• 1/ 16" thick wi th 44 
etched plug contacts (2 side total) power. ground 

Series Similar to above but closely spaced bus 
lines for higher densi ty. Up to 48 D.l.P. 14 lead 
wi re wrap sockets mountable or T-O's and dis· 
cretes. 
TERMINALS - Micro·Klips. Mini·Wire·Wraps, Rd. 
Pins, Patch Cords, etc., available. 

S end for complete literaturP 

ELECTRONIC CO., INC. 
1 2 460 G la d s t one A ve .. Sy lm a r , Ca lif o rni a 91 3 4 2 

Ph o n e (2 1 3) 3 6 5- 9661 •TW X ( 910 ) 496 · 1 5 39 
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face circuits. And there' s a variety of 
forms available - probed chips, 100% 
tested premounted chips, and carrier­
mounted chips . Teledyne Crystalonics, 
147 Sherman St. , Cambridge, Mass . 
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Lacing tape catalogs 
Lacing tapes, dial cords, lacing sys­

tems, and accessories are described in 
these two catalogs. You'll read about 
cable lacing tools, swivel tilt harness 
boards, harness board pins, cut lengths 
for spot ties, and proper use of the lac­
ing tools . There's complete information 
on construction, materials, sizes , finish, 
color, strength, width, and temperature 
range for each product. Gudebrod Bros. 
Silk Co. Inc., 12 S. 12th St. , Phila­
delphia, Pa . 19107. 
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Coaxial components guide 
Described in a 36-page guide to co­

axial components are hundreds of com­
ponents and accessories for high-fre­
quency applications to 9 GHz. Detailed 
specs are provided for connectors , at­
tenuators , adapters, terminations , cou-

B74-TPD Power Divi!ler 

piing elements, and more . Smith charts 
are included as are technical discussions 
of microwave coaxial equipment and 
precision coaxial components and 
standards . General Radio , 300 Bake 
Ave ., Concord , Mass . 01742. 

Circle Reader Service #393 



Cable and waveguide testing guide 
A 16-page guide details testing rf 

transmission line runs (coax and wave­
guide) . It describes test arrays (0 .01 to 
18 GHz) for swept measurements of in­
sertion and return loss vs . frequency, 

FLEXIBLE BNC 
WAVEGUIDE CONNECTORS 

'" 
Terminated test section 

and outlines the test systems' capabil­
ity to perform frequency-selective loca­
tion of faults in the transmission line . 
Hewlett-Packard Co., 1501 Page Mill 
Rd ., Palo Alto, Calif. 94304. 
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8-A Plastic SCR 
This 8-A plastic SCR is believed to be 

the first of its class with a guaranteed 
dv /dt rating . Applications include con­
trolling large appliances, heating and 
lighting controls, automotive controls, 
power supplies , and more. This techni­
cal bulletin provides complete data on 
the SOY/ µS dv / dt rating as well as other 
specs and dimensional drawings . Inter­
national Rectifier Corp., 233 Kansas 
St., El Segundo, Calif. 90245. 
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Monolithic npn transistors 
This series of super-beta, monolithic 

dual npn transistors are designed to pro­
vide high de current gain over wide col­
lector current ranges with attendant 
high breakdown voltages. This data 

T0-71 
Pin configuration 

sheet discusses absolute maximum rat­
ings , specs , common device parameters, 
and physical dimensions. Analog De­
vices , Route One Industrial Park, Box 
280, Norwood , Mass . 02062 . 
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Data conversion products 
A full line of data conversion prod­

ucts and systems and their specs and 
prices are presented in this booklet. 
Members of the new line include com­
puter compatible data converter in­
struments assembled from Xincom's 
standard modules and modular pack­
aged ADCs , DA Cs, and a sample-and­
hold module. Xincom Corp., 20931 
Nordhoff St ., Box 648, Chatsworth , 
Calif.91311. 

Circle Reader Service #397 
Business communication systems 

All the components necessary for a 
business communications system are de­
scribed here- 600, 720, and 1200 w / 
min . systems-transmitters , receivers, 
data terminals, and input / output op­
tions. This booklet discusses the role of 
each in a total system, describes the 
flow of a typical business system, and 
lists a variety of applications within the 
system's capabilities. Tally Corp., 1310 
Mercer St., Seattle, Wash . 98109. 
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for versatlllty 

Power supply catalog 

Mobile power inverters, specialized 
power supplies for TWTS, ion pumps, 
CRTs, and custom designed system 
power supplies are among the typical 
power supplies covered in this 116-page 
catalog. While many are available off­
the-shelf, there's an inventory of almost 
3,000 different designs that can be mod­
ified to suit your specs . Capitron Div. of 
AMP Inc., Elizabethtown , Pa. 17022. 
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A/ D converter 
For use in computer-controlled data 

acquisition systems or in instruments 
with digital readouts, this family of 
dual-slope , integrating-type Alo co n­
verters features ±0.0 I% linearity and 
conversion times of less than 2 ms. De­
tails on accuracy , conversion time, drift, 
operation , o ffset adjustment , and 
grounding are provided in this technical 
note . Function M odules Inc., 244 1 
Campus Dr., Irvine, Calif. 92664. 
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You name it. Any type of conductor. Any 
combination of functions, sizes, colors 
and insulation (unboundables included.) 
It's loom-made by Woven Electronics 
like nobody else can make it! 

WOUED ELECTRODICS 
A DIVISION OF SOUTHERN WEAVING COMPANY 

P.O. Box 189, Mauldin, S.C. 29662, (803) 288·4411 
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1972 Rental catalog 
All the information you need for rent­

ing elect ronic eq uipment is included in 
this 60-page catalog. It provides rental 
prices and te rm s and specs for ampli­
fie rs, co unters, detectors, osci ll ators, os­
c ill osco pes, fi lte rs, reco rders, power 
supplies, ge nerato rs, a nd more. A ll 
equipment is shi pped fully calibrated ac­
cording to m an ufacturers ' specs. Rental 
Electronics Inc., 16600 Oak mont Ave ., 
Gaithersburg, Md . 20760. 
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Solid state replacement guide 
Entertainment and industrial replace­

ment types are included in a 96-page 
guide to RCA 's SK series transistors, 
rectifiers, th yristo rs, and 1cs. Perform­
ance and application data are pro vided 
as are dimensional drawings, terminal 
diagrams , and operating considerations. 
All is summarized on a chart suit ab le 
fo r hangin g on your office wall. Option­
a l price is 40a:. RCA, Distr ibutor Prod­
ucts, Harr ison , .J. 07029. 

Line dr i1·er applications 
The application of IC line drivers and 

rece ivers to the tran smi ss ion of in­
cremental encoder pulses over long lines 
and noisy environments is discussed in 
this 20-page note. It covers cable and 
ter mination selection, the encoder / driv­
er, interfacing, typical shield grounding 
scheme, tra nsmission cable recommen­
d a tions, a nd powe r s upply scheme. 
Trump-Ross Industrial Controls Inc. , 
265 Boston Rd. , Bill erica, Mass. 01862. 
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Electronic amplifiers 
Here is a selected collection of items 

on electronic amplifiers. All are based 
on well known circuit design concepts, 
simplified or refined to meet reliability, 
sim plicity, safety, and environmental 
adaptability requirements. Sections cov­
er high power, buffer and isolation , gen­
eral purpose, com munications systems 
amplifiers, and more. Copies are avail­
ab le for $1 from the National Technical 
Information Serv ice, Springfield , Ya . 

VARGLAS ACRYLIC SLEEVING 
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FOR CLASS F APPLICATIONS 
Varg las Acrylic Sleeving by Varflex will not soften, 
flow or blister - even at 1ss 0 c, for as long as 
15,000 hours. In fact , it passes the thermal endurance 
test under MIL-1-3190 (latest revision). 

Made of mod ified acry li c res in on Fiberg las bra id, it is 
compatible with polyester, epoxy, phenol ic or fo rmvar 
coatings and is made to exceed military, IE EE and 
NEMA standards. Varglas resists ac ids, s olvents , o ils, 
alkalies, fungus and mo isture. 

Select from a wide range of sizes and cod ing colors. 
Immediate off-the-shelf shipment or one week fo r 
special production. 

506 W. Court Street 
Rome , New York 13440 
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Portable VOM 
A battery-operated portable FET vol t­

ohm mi ll iammeter is described in this 
brochu re. You ' ll read about the micro­
power circuitry that allows the VOM to 
be left on indefinitely witho ut impair­
ment to its performance. The brochure 
a lso discusses applications, a uto pola r­
ity, so lid-state FETs , and more. Triplett 
Corp ., Dept. 603 PR , Bluffton , O h io 

Circle Reader Service #403 

Audio accessories catalog 
Prices, ill ustra tions and descriptions 

are provided for a ll the audio acces­
sories listed in this 28-page cata log. 
You'll find phone jacks and plugs , push­
button and slide switches, a udio and 
phono connectors, audio accesso ry ki ts, 
microphone mixers and amplifiers, hi-fi 
switches and controls, audio adapters , 
special purpose cab le assemblies, and 
molded cable assemblies. Switchcraft 
Inc ., 5555 N . Elston Ave., C hicago, Il l. 
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Waveform wall chart 
This handy wall chart illustrates ten 

different basic waveforms in five differ­
ent processing dom ai ns . There are five 
exa mples of repetitive waveshapes, a nd 
fi ve random sign als. The typical fun c-

•A'I: ~ RE::mE 
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ti ons sho wn are tim e, auto-correlation, 
averaged freq uency spectrum , probabi l­
ity den sity, and cumulative distributio n. 
Federal Scientific offers yo u this handy 
waveform guide a t 615 W . !31st St. , 
New York , N .Y. 10027 . 
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T hermocouple calibra tion tables 
Just released by the National Bureau 

of Standards is a new thermocouple ca l­
ibration table and alloy data reference 
book. There's no advertisin g or product 
information in thi s catalog covering 
such topics as useful ranges of thermo­
couples, sheath materials , thermoelect­
ric fixed points, thermocouple wire size 
and resistance tables, and more . Copies 
are ava ilable through Omega Engi neer­
ing Inc. , Box 4047 , Stamford, Conn . 
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Solar cells and photocells handbook 
Design equations, theoretical consid­

erations, characteristic curves, and de­
tailed a pplication information for solar 
cells and photocells are included in this 
JOO-page handbook . You ' ll find chap­
ters, for example, on photovoltaic cell 
performance characteristics , light and 
other radiant energy sources , filters , 
photographic app lications , a nd more . 
Get your copy for $2 from International 
Rectifier Corp., 233 Kansas St., El Se­
gundo, Calif. 90245 . 

EM l / RFI mini-filters 
The applica ti on guide included in this 

l 2-page EM L RFI mini-filter booklet in­
sures that yo ur equipment compli es 
with the conducted interference require­
ments of applicable FCC regulations or 
military specs. All necessary informa-

"2L" CIRCUIT FILTER 

tion is here- voltage ranges, current 
ratings, insertion loss diagrams, de re­
sistance, envi ronmental qualification 
test data, a nd more . Genisco Tech­
nology Corp., 18435 Susana Rd ., Comp­
ton, Calif. 9022 l. 
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1972 Standard relay catalog 
Condensed specs, dimensions, and 

prices are given for more than 500 re­
lays and motor controls in this 28-page 
catalog. There's a quick selection guide 
in front, followed by product data for 
aerospace, reed , commercial, ind ustrial, 
and hybrid relays. Struthers-Dunn Inc., 
Pitman, N .J. 08071 

Circle Reader Service #408 

Tool catalog 
This l 972 catalog feat ures l 84 pages 

of information on just about every kind 
of tool you can think of, including both 
standard and unusu al items . In addi­
tion, it covers tool kits for every type of 
assembly , in standard form , so yo u can 
design yo ur own. Techni-Tool Inc., 
l 216 Arch St., Philadelphia, Pa . 19107. 
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6l GMAD-01 ANALOG JO DIGITAL COHVHSION smtM. 

:1 

Preston's GMAD-01 A/D converter is the fastest , high-preci­
sion digitizer you can buy ... designed for the most exacting 
analog data processing tasks. Jobs that were previously lim­
ited to processing off-line can be accelerated, or performed 
in real time, with the GMAD-01. 

SOPHISTICATED APPLICATIONS 
Its outstanding speed and accuracy make the GMAD-01 a 
leading candidate for such applications as radar and acoustic 
signature recognition; digital data communications; high­
precision instrument data reduction; analog waveform, spec­
trum, and correlation analyses; and digital enhancement of 
high-resolution video and optical data. 

UNUSUAL FLEXIBILITY 
Preston 's GMAD-01 is the only high-speed A/D converter that 
covers the resolution range from 7 to 13 bits! If your applica­
tion requires only 7 or 8 bits plus sign , the GMAD-01 will get 
it for you in a spectacular 100 nanoseconds, with aperture 
error less than one nanosecond. 

QUALITY AND RELIABILITY 
You can have implicit confidence in Preston. Meticulous 
attention to every detail of design and construction makes 
Preston 's GM-Series the hallmark of quality in digitizer 
i nstru mentati on. 

Contact Preston today for complete data and prices on the 
GMAD-01 -The A/D converter that delivers high-speed 
and precision. 

PRESTON kCIE);TJF'IC INCORPORATED 

-
• 

805 East Cerritos Avenue. "1naheim, California 92805 ·Phone: (714) 776-6400 
REPRESENTATIVES IN MAJOR CITIES THROUGHOUT THE WORLD 
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INSTRUMENTATION 
AMPLIFIER 

Model 310J ... 

Low Drift : ± 3µ, V /°C max 
High Input R: 1 OMO 
High CMR : 100dB 
Package: 1.5" x 1.5" x 0.4 " 
Gain: Adjustable from 10 to 

1000 by One Resistor 

And the 310J is only $29 in 
single quantity! So send for the 
data sheet today ... and order 
from stock tomorrow! 

Call or Write Today! 

FUNCTION MODULES, INC. 
2441 Campus Drive 

Irvine, California 92664 
(714) 833-8314 
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Reed switches 
The samples offered here are exact 

electrical, mechanical, and dynamic re­
placements for IBM reed switc hes. 
They're for app li cations in co unters, 
comm utato rs, relays, switching mat­
rices, limit switches, and proximity 
magnetic switching. They also serve as 
interfaces between solid-state and rel ay 
logic . These reed switches are offered to 
you by Gordos Corp., 250 Glenwood 
Ave ., Bloomfield , N.J. 07003. 
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Low cost power wirewounds 
Low cost and low resistance val ues 

are features of the SAX resistor , a new 
power wirewound product from Lec­
trohm . Circuit configurations requiring 
several watts of dissipation in fractions 
of an ohm have prompted this new de­
sign. SAX resistors are ava il able from 
0.02 to 1.5 n, and 5 and 10-W axial lead 
packages . Welded lead and ceramic 
tube construction provide the quality 
and reliability of the wirewound resistor 
at film resistor price levels. Lectrohm 
Inc., 5560 Northwest Hwy., Chicago , 
Ill. 60630. 
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PC board relay patterns 
Unlike conventional relays adapted 

for PC board use with terminal pins or 
sockets for solder mounting, the Prin ­
tact magnetic latching and non-latching 
relays plug directly into the PC board. 
Your free sample of the conductor pat-

0 + 

terns (on pressure-sensitive mylar) used 
in PC board preparation and the accom­
panying technical notes introduce you 
to the advantages of this unusual relay. 
Printact Relay Div ., Executone Inc. , 
Austell Pl. , Long Island City , N .Y. 

Circle Reader Service #4 12 

Cable ties 
In additi on to the cable ties offered 

here, you ' re also offered a sample of a 
snap-in adhesive backed mount for se­
curing harnesses to smooth surfaces in 
light duty applications . The cable ties 
accommodate harness diameters up to 2 
in. and are available as either locking or 
releasable types. Panduit Corp. , 17301 
Ridgeland Ave., Tinley Park, lll. 60477. 
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Torsional isolation/ coupling calculator 
In slide rule for mat, this d~vice is de­

signed to solve your torsional vibration 
problems. You ' II be able to calculate 
torsional isolation and select the proper 
elastomeric coupling to suit your appli­
cation. You can determine torsional re­
sponse characteristics of a drive tra in , 
co nvert horsepower to torque for flex­
ible coupling assemblies, and more . 
Lord Mfg. Co., Div. of Lord Corp., 
Erie, Pa. 16512. 
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Air filters 
Designed for air filtration and EMIIRFI 

attenuation in electronic eq uipment re­
quiring ventilation are these E Z Kleen 
air filters. They' re made of slit and ex­
pandt:d aluminum and come in a wide 
variety of sizes and shapes, allowing for 
flexibility in electronic equipment de­
sign. Custom-made filters are available 
also for your special requirements. Re­
search Products Corp., 1015 E. Wash­
ington Ave. , Madison , Wis. 53701. 
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Electronic parts cleaner 
Whether you clean your electronic 

parts and equipment by hand or by ma­
chine, you ' ll want this free sample of 
Liqui-Nox, a phosphate-free liquid de­
tergent, and Alconox, a low-phosphate 
powder detergent. Completely soluble in 
hard or soft water at any temperature, 
both clean metal, glass, plastic, a nd oth­
er hard product surfaces . Alconox Inc., 
215 Park Ave ., So., New York, N.Y . 
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Pre-printed symbols 
An y di agra m, specifications detail , or 

symbol that yo u use in yo ur design 
work can be duplicated on triacetate 
sheets for quick tran sferral to your 
drawings. You' ll save a lot of time using 

1l 12 II 
tQ • Ql{)• 

these pre-printed pressure sens1t1ve 
sheets made from your own artwork of 
the symbols and diagrams you use most 
often. Stanpat Products Inc., Covert & 
Main St s., Port W as hin g ton , N . Y . 
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Nylon harness t ies 
These no-twist, no-turn nylon harness 

ties feature ho lding ca pac ities to 50 
pounds. Precision injection molding in­
sures posi tive locking in the flexible, 
tran s luce nt ny lon ti es. And the y' re 
available in five bundle s ize ca pacities, 
from 314 to 4 inches. Get your free sa m­
ples fr om Dek Inc., 1555 Hawthorne 
La ., West Chicago, Ill. 60185 . 

Circle R eader Service #4 18 

Fastener and holding components 
This sa mple board co nta ins samples 

of 24 plastic fastener a nd holding com­
ponents. Among the devices yo u' ll re­
ceive are PC board supports and guides, 
spacers, clamps, clips, bushings, per ­
forated straps, wire ties, hangers, wire 
saddles, ha rness wrapping, grom mets, 
and idler pulleys. Richo Plastic Co., 
5825 N . Tripp Ave., C hicago, Ill. 
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Cutting fluids 
For al uminum machining operatio ns, 

use yo ur free sa mple of AlumTap. Or 
for br ea kin g down m e t a l-to-metal 
bond s in tapp in g, threading, deep drill­
ing, or rea ming opera ti ons, try Tap fr ee. 
Both are chemica l cutting fluids (not 
o il s) offered to you by Winfield Brooks 
Company Inc., Co nn a t Fowle St., Wo­
burn, Mass . 0180 I. 

Circle Reader Service #420 

OUR NIWIST 
THUMBWHlll 

p 

D 
Q 

IS AVAllABlE ... 
Stands for performance- it also defines our latest thumbwheel switch ... the 
type P. Behind-the-panel mounted, it is more than just a "me too" model ; it's 
two switches in one! The P switch measures either .394 inch or, with an optional 
spacer, .500 inch wide. Ideal if you're designing a new system requiring minimum 
panel area, or if you have to retrofit existing equipment . 

Is for delivery - fast off-the-shelf delivery in all the standard codes. And you can 
get all the options that are available with our front -mounted type H thumbwheel 
switch. Colored wheels, special markings, 240 different binary codes as well as 10-
and 11 -position decimal outputs. Even extra-long boards for component mounting. 
A choice of options unavailable from similar-type competitive units! 

Means quality - the P switch, as well as the ten other types in our line, will deliver 
dependable operation and unequalled electrical stability for more than 1 million 
detent operations. 

Call your nearest distributor for complete type P specifications and pricing. He 
will give you the right answers, P.D.Q.! In Canada contact A.G. Simmonds & 
Sons, Ltd . 

770 AIRPORT BOULE VARD 
BURLINGAME, CA 94010 
TELEPHONE 415/347-8217 

ONE OF THE PURDY GROUP OF COMPANIES 
Specialists in the MAN/MACHINE interface 
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Choose. Don't compromise. 
The most experienced maker of storage tubes offers you 
a choice : the broadest selection of devices in a wide 
range of sizes to meet most any display requirement 
you may have. There 's no need to compromise. If you 
don't see what you need in our long line of standard 
models, we'll design one for you. r------ ------- -----, 

I O 

Write for new brochure: 2020 ! HUGHES ! 
Oceanside Blvd., Oceanside, CA ~------------------ J 
92054. Or call (714) 757-1200. H~NGO:~~:.~:c:.·::u~~SM:~vN Y 
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Use RCA Power Hybrids-
the 'building block' way to put muscle 
in your operational amplifiers. 

PUBLIC ADDRESS 
AMPLIFIER 

lllD<J 

D.C. SERVO MOTOR CONTROL 

HC-2000-$20.00 EACH IN QUANTITIES OF 1000 OR MORE. 

Are you designing to save space, 
weight, parts, and cost? At the same 
time, do you want to get the current 
and voltage levels that do a power 
job in your Op Amp and Linear cir­
cuit designs? If so, you should be 
looking at RCA power hybrid cir­
cuits . 

In particular, check out the HC-
2000. It 's got real muscle. In fact, 
it is the premier example of the 
power line-offering 7 A peak cur-

rent capability in a compact plastic 
package. With its output capability 
of 100 W (rms), HC-2000 is an ideal 
unit for operationa l and linear 
amplifier designs in industrial and 
commercial equipment. 

The RCA HC-2000 represents a 
basic amplifier providing maximum 
flexibility in use for a broad range 
of applications as typified by the 
schematics shown above. 

For more information on HC-2000 

and other RCA power hybrid cir­
cuits, see your local RCA Repre­
sentative or your RCA Distributor. 
For technical data including an ap­
plication note, write : RCA, Solid 
State Division, Section 59F /UC5. 
Box 3200, Somerville, N. J. 08876. 
International : RCA, Sunbury-on­
Thames, U.K. , or P. 0. Box 112, 
Hong Kong. In Canada: RCA Lim­
ited, Ste. Anne de Bellevue, 810 
Quebec. 

ROii Solid State 
products that make products pay off 
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