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Leave my power supply system alone! 
You can get your own in only 9 days from Acopian. 

"I tried struggling through that old 
power supply system catalog. It was 
like a jigsaw puzzle, hunting for the 
pieces I needed for my new power 
system. There had to be a better way. 

"Then I remembered the Acopian 
hotline. I called it. I told them the 
DC voltages and currents I wanted . 
Discussed panel size . Meters . 
Switches. And other accessories . 

" They gave me a firm price. Right 
on the phone. It was a lot less than 
I expected. I had our buyer phone 
in the P.O . And Acopian designed , 

built, tested and shipped it in nine 
days . Completely wired. 

" So go order your own Acopian 
power system . . . It's easy!" 

HOW TO ORDER 
ACOPIAN POWER SYSTEMS 
• Call Acopian collect 
• Tell us the outputs and accesso­

ries you need 
• Get a firm price 
• Shipment of completely wired 

system will be made in 9 days. 

r.wi:r.11 Nn 1 

For immediate service, call the 
Acopian hotline: (215) 258-5441. 
For literature, write Acopian Corp. , 
Easton, Pa . 18042. And remember, 
Acopian also offers 82,000 different 
DC power modules , every one 
shipped with this tag ... 



other Exclusive 
From 
Self Test! 

Examine HP's new low-cost multimeter 3490A. It's a 
full 5-digit instrument that's priced $300 less than two 
other major manufacturer's units-yet its low price 
includes Self Test. 

·Self Test is the built-in bonus you get because the 
circuits within the 3490A perform double-duty. De­
sign scrutiny coupled with unique signal routing let us 
include Self Test without adding more circuits, and 
without raising the price. 

Always Ready-Need to use your DMM? Simply 
flip the switch and Self Test tells you that 3490A is 
ready to perform. With a 3490A, you'll never be in 
doubt concerning your DMM's readiness. 

Programmable-For systems work, 3490A's Self 
Test is remotely programmable, which lets your com­
puter determine its operational capability before you 
start to measure data. You'll have assurance that your 
DMM is ready to tackle its assigned tasks. 

Cuts Equipment Costs-Because calibration is 
aided by Self Test, the time needed to calibrate your 
3490A is trimmed significantly, while the need for 
costly calibration equipment is reduced. And, if prob­
lems ever should occur in your 3490A, Self Test will 
assist your technician in isolating the fault. 

Price for the 3490A is just $1650 which includes 
AC, DC, Ohms, and Self Test functions . (Systems fea­
tures - isolated BCD output and isolated remote con­
trol are low-cost options.) For further information on 
the 3490A, contact your local HP field engineer, or 
write Hewlett-Packard, Palo Alto, California 94304. 
In Europe: 1217 Meyrin-Geneva, Switzerland. 

HEWLETT iift PACKARD 

DIGITAL MULT I METERS 
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New Imm Helipot: the laweat 
trimmer prolile in the bu1ine11. 
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SHOWN ACTUAL SIZE 

You can 't do better than our 
Series 82 Trimmers for small 
size and low cost .. . and, of 
course, Helipot dependability. 
These%:' single-turn, 
general-purpose cermet 
models have the lowest 
profile in the industry with 
a proven cermet resistance 
element that can be set to 
any voltage ratio within 
0.05% of full scale. Sealed 
metal housings, solid stops, 
and essentially infinite 
resolution. They' I I save 
you space-they'll save you 
money. (Our prices start at 
$1.40 I ist.) Two good reasons 
to write for specs and prices 
today. 

Beckman" INSTRUMENTS, INC. 

HELIPOT DIVISION 
2500 Harbor Blvd .. Fullerton, Calif. 92634 

HELPING SCIENCE AND INDUSTRY IMPROVE THE QUALITY OF LIFE 
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Who's into back planes? 
Y.ou are. Cinch is. 
,~ ,..,..,,... 

For high density packaging, back plane conn~ctor 
systems are the way to go, especially in producing 
computers and peripherals. 

Cinch can tell you all about back plane connector 
systems ... because we wrote the book on them 
(Our Catalog C-164). Cinch back plane connector 
systems offer seven important efficiency and econ­
omy features: 

1. Replaceable buss bars that permit removal and 
replacement of individual bussing contacts. 
2. Easily replaceable individual voltage plane and 
ground plane contacts. 
3. Preloaded cantilevered or tuning fork contacts 
on .100", .125", .150" or .200" centers. 
4. Uniform contact alignment and closely con-

trolled insertion forces through simultaneous i 
sertion of entire contact rows. 
5. Selectively gold-plated contacts to reduce 
costs. 
6. Precision monoblock or modular connector 
bodies. 
7. Specially designed molded styrofoam carriers 
that eliminate damage in transit. 

If you're into back planes already, you've probably 
talked to Cinch. If you 're not into them yet, you 
ought to talk to us. Call us at (312) 439-8800, and 
we 'll fly out to see you . Incidentally the book­
Catalog C-164-is free, from your Cinch sales office 
or Cinch Connectors, an Operation of TRW Elec­
tronic Components, 1501 Morse Avenue, Elk Grove 
Village, Illinois 60007. c->200 

TRW 
CINCH CONNECTORS 



Look at all the space 
you can save. 

You're looking at two of the smallest discrete 
components available in electronics today. 

The CorningTM C-3 resistor and the Corning 
Mini tan™ tantalum capacitor. Together they can 
really shrink a board. And the size of your product. 

But there's another side to the coin. Maybe in 
addition to size reduction, you need flexibility in 
value range, power ratings, and tolerance. In the 
same amount of space. They can meet your require-

ments here too. 
Both the C-3 and the Minitan have proved 

reliable through years of use in a variety of appli­
cations. Both are stock items ready to be shipped 
from inventory. 

For additional technical information on them, 
look up Corning components in your EEM catalog. 
Call your Corning distributor or call Corning's new 
INFO LINE service at (607) 962-4444,ext. 8598. 

CORNING 
ELECTRONICS 
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Everybodywan~your 
components busmess. 

Butwei-e doing 
6 things to ea1n It. 

1 
Better components. From 
ER through industrial, from 
precision through general 

purpose - we give you documented 
reliability. You'll find our metal film 
resistors outperform other metal 
films (including glazed), wire­
wounds and carbon comps. And our 
Glass-K'· capacitors outdistance 
monolithic ceramic capacitors 
on all counts. 

2 Better prices. And this 
extra reliability costs you no 
more. The fact that we've be­

come the country's largest supplier 
of metal film resistors says clearly 
that we're more than just 
competitive. 

3 
Better delivery. Our dis­
tributors can give you off­
the-shelf delivery from an 

inventory of over 50,000,000 

components. And you'll find our 
"ball parks" are the most accurate 
and dependable in the industry. 
You benefit in reduced expediting 
and inventory costs. 

4 Better QC. Enough better 
so that many of our custom­
ers find they can totally 

eliminate incoming QC testing of 
our parts. Couple this with our 
unique product configurations that 
cut component insertion costs and 
you'll find it costs you Jess to do 
business with Corning even when 
our per unit price is the same. 

5 Better new products. Our 
CORDIP'" Component Net­
works let you replace most 

of the outboard discretes you can't 
design into an IC. With a pretested, 
dual-in-line package of up to 23 
discrete resistors/ capacitors/ diodes. 

Our F AIL-SAFE'"ftame proof 
resistors give you an economical 
replacement for non-inductive and 
semi-precision power wirewounds. 
But ours open - never short­
under overload. 

6 Better support. We've built 
the largest technically- · 
trained field force in the 

industry. And have contracted 
with the 30 most competent and 
service-oriented distributors in the 
country to give you in-depth 
assistance whether your needs are 
big or small. 

Just let us prove it. Write 
for full details to: Corning Glass 
Works, Electronic Products Divi­
sion, Corning New York 14830. 
Or call: (607) 962-4444. Ext. 8381 

CORNING 
ELECTRONICS 

Resistors &Capacitors 
for guys who can't stand failures 

CHECK NO. 6 
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EDITORIAL 

The NIH syndrome revisited 

Did you ever think of a common table lamp as a system? It's not really so 
far fetched, since it consists of a bulb, the lamp itself and maybe an ex­
tension cord, all of which must work together to accomplish its function 
of providing light. 

When looked at in this light (no pun intended), it's really a remarkable 
system, inasmuch as you can buy the lamp itself in Chicago, the bulb in 
Los Angeles and the extension cord in Dallas. And when you put them 
together, they mate perfectly, despite the fact that they were made by a 
variety of manufacturers. 

This sort of compatibility, unfortunately, is far from the norm. Ameri­
can industry, instead, has always been prone to design a never-ending 
variety of shapes, sizes, configurations and styles of just about every­
thing it makes-even for items whose function and performance are 
virtua l ly identical. 

We realize that frequently these differences, even when merely of the 
cosmetic variety, are the dominent selling features of the products, and 
often contribute to the economic vitality of the country. Sometimes, 
though, they are strictly the result of the "not-invented-here" syndrome 
and represent a useless departure from someone elses better design or 
technique. 

At best, this sort of thing is just a nuisance to the purchaser. But at 
worst, it can impede the acceptance of these products or the develop­
ment of systems based on their use. Which brings us to our main point. 

On page 22 a busing scheme is described which would allow the inter­
connecting of programmable instruments into test systems in an inex­
pensive, efficient way. No one will argue that automated test and mea­
suring systems can play a very significant role in everything from in­
dustrial production to environmental monitoring and control. But to 
realize their full potential , such systems must be economical and capable 
of being assembled using devices from many different manufacturers . The 
article points out one way of doing this. For maximum success, though, it 
would have to be adopted by many manufacturers. 

Hewlett-Packard, who developed the busing scheme, is going to use it 
extensively. They believe that technically and economically it does the 
job. Maybe it does and maybe it doesn't. That's not our point. Our point 
is that it should be evaluated objectively on its merits and not automat­
ically discarded out of hand. The industry wil l not be served either in 
this case or in others like it by " not-invented-here" thinking. 

Edi tor 
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Great buy for the tnoney: 
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(219) 464-1081 

... -.. ,; . .. . . . 
:: :.:.-: . . . . . . . . 

FOR NEW APPROACHES TO SWITCH PROBLEMS 

You'll find McGill switches on more and more consumer, commercial and industrial products every day. 
Part of the reason is functional versatility and high reliability combined with the right styling. Another part of the 
reason is that we are not too big or too busy to consider specific design problems. We have more types of switches to 
work with than any other switch manufacturer-toggle, rocker, snap-action, push-button; standard sizes on down 
through sub-miniature; variety of actuator shapes, materials and colors, circuitry and mounting hardware. 
If we don't have exactly what you need , we can modify and re-design as we have done for manufacturers 
of some of the most highly respected products on the market today. Just call us . 
Or, if you have no immediate switch problems, ask for our Catalog 89. 
McGill Manufacturing Co ., Inc., Electrical Division, Valparaiso, Indiana 46383 

CHECK NO. 9 
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Line drivers and 
MOTOROLA LINE DRIVERS 
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SUILT·IN HYSTERESIS 
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• Supply variation immunity 
• Diode protected inputs 
• New design 

receivers step ahead. 
Line driver and receiver design 

advances don't come along every 
day. Now, in three simultaneous 
strides, two Motorola twisted-pair 
line drivers offer more than the 
types they replace, so do two 
receivers, and a brand new driver 
is introduced to serve a previously 
unmet need. 

Output sink current is indepen­
dent of positive and negative sup­
ply fluctuations, allowing immunity 
to supply variations over their 
entire operating range. Thus the 
MC55/75109 and 110 are superior 
to the line drivers they replace. 
Step one. 

MC55/75107 and 108 are supe­
rior to the receiver types they 
replace because diode protection on 
all input stages preserves data 
transmitted during power down 
periods of a particular receiver in 

party line applications. Step two. 
Step three. The MC75113. A 

brand new push pull driver designed 
for high speed data transmission 
systems using balanced terminated 
lines. The first one specifically 
created for party line operation. 
Output sink current ( typ) is 20 mA. 
Output common-mode voltage 
range is ± 3 V. 

FOR PRICE WATCHERS 

tfl0.899 181);.999 
~Jrcuit $Pritt Clrcult $1rlct 

MC55107L 4.80 MC55109L 5.15 
MC15107L 3.20 MC75109L 3.35 
MC75107P 2.65 MC75109P 2.80 
MC55108L 4.80 MC55110L 5.15 
MC75108L 3.20 MC751IOL 3.35 
MC75108P 2.65 MC75110P 2.80 
MC75113L 3.10 

In late 1969 we introduced the 
industry's first twisted pair line 
driver and receiver family, the 
MC1580 series. Hundreds of thou­
sands of Motorola line drivers and 
receivers have been delivered since 
we introduced the industry's first 

MOTOROLA LINEAR 
- Serving a greater range of analog designs 

CHECK NO. 10 
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EIA RS232C drivers and receivers, 
the MC1488 and MC1489. And our 
new developments are only the 
latest steps in Motorola's continu­
ing effort to meet the expanding 
needs of a dynamic industry. 

These new devices are among the 
many in Motorola's broad line of 
linear interface circuits available 
now from Motorola distributors 
and sales offices. Since you prob­
ably want more information before 
you buy than the selection guide 
on the opposite page provides, 
circle the reader service number or 
write to Motorola Semiconductor 
Products Inc., Box 20912, Phoenix, 
AZ. 85036. We'll also send a copy of 
our handy new Linear IC Pocket 
Cross Reference as long as the 
supply lasts. 
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H-P's new low cost, P,lug-in 
oscillographic :tecortier gives )UU 
more of everything. 



HEWLETT 

Never a smear or skip with black 
ink that goes bone dry on contact, 
even at high speed. 

Fail-safe trace insured by 
non-fatiguing stainless steel pens with 
carbide tips. 

Big picture gives you 50mm per 
channel. Easiest to load, full-roll paper 
take-up available. 

No overshoot problems with 
pulse or square wave recording. 

Event marker and timer 
options can be remote controlled. 

What you can expect to get out of 
our new 7 402 two-channel 
Oscillographic Recorder depends 
entirely upon what you put into it. 
And you start by putting in plug-in 
signal conditioners that come in ten 
combinations. So if you expect to be 
doing low-gain recording, you can buy 
a 7402 for just $1740-complete 
with two 20MV / div plug-ins. To 
increase capability, add high or 
medium-gain modules priced from 
$225. 

Even when you put it trace-to-trace 
with machines costing twice as 
much, you can't match the 7402's 
combination of plug-in versatility, 
high-performance, big picture, 
Hewlett-Packard reliability ... and 
fail-safe writing. 

Get details on the low cost 
Oscillographic Recorder that gives 
you more of everything. In writing. 
Contact your H-P field representative 
or write Hewlett-Packard, Palo Alto, 
California 94304; Europe: Box 85, 
CH-1217 Meyrin 2, Geneva, 
Switzerland; Japan: YHP, 1-59-1, 
Yoyogi, Shibuya-Ku, Tokyo, 151. 

CHECK NO. 11 



DESIGN NEWS 

Videotape moves to the forefront 
of education in electronics. 
It may seem only normal that an elec­
tronic medium-videotape-would be 
very popu lar within the electronics in­
dustry. However, the growth of educa­
tional videotape isn't just normal, it' s 
phenomena l, and at least two of the 
leaders of our industry are deeply com­
mitted to its acceptance in education: 
•Texas Instruments' Learning Center 
wil l begin a road tour this month with 
their newest effort -a ten-hour cou rse 
on semiconducto r memories. 

•Hewlett-Packard 's Corporate Train­
ing Div. (see EDN, March 15, 1971) 
has just published a new catalog li st­
ing 106 various tapes that they have 
produced. 
Tl 's v ideotape effort , like HP's , be­

gan as an " in-house" training tech­
nique. Both have produced tapes on 
basic solid-state technology. 

Tl 's " Understanding Semiconduc­
tors" is a 12-hour course which covers 
everything from basic electri ci ty to in­
tegrated circui ts. The course was de­
veloped for managers in electronics. 

HP's "Practi ca l Transistors" is 15-
hours long, and is ai med directly at the 
technician. It assumes some pri or 
knowledge of basic electroni cs, and 
begins w ith a discussion of " Transistors 

vs Vacuum Tubes." The seq uel, " Logi­
ca l Troubleshooting" is a 32-minute 
tape. 

On a level of greater interest to EE 's, 
HP has a 2-part tape on S-Parameter 
design techniques. The first, " Basic 

Mi crowave Rev iew" is 54-minutes, and 
discusses S-parameters, transmiss ion 
line theory and use of the Smith Chart. 
Part II is " High Frequency Amplifier 
Design Using S-Parameters". 

Last September Tl presented a video­
tape program on MOS in a nationwide 
CCTV linkup to hundreds of EEs. In a 
survey of the students Tl was given an 
overwhelming vote of confidence with 
responses such as these: 

•Would you recommend thi s course 
to others? 

Yes-92 % No -8% 
r\Nhat is your op inion of the basic 
concept of TV instruction? 

Excellent-53%, Good - 44 %, 
Fair -3%, Poor - 0% 

•Would you like to see more courses 
of thi s nature offered? 

Yes-98% No -2% 
Tl will present this course again this 

year in 11 se lected c ities , in conjunc­
tion with their memories course. 

• -is· I ; - ~ 

Fig. 1 - Tl Learn ing Center's videotape studio is fully equ ipped to handle major produc­
tions such as their newest tape on semiconductor memories. During a visit to Hewlett­
Packard 's studio last year, EDN noted that HP needed only a transmitter and an FCC license 
to launch into fu ll commercial activity. Certain ly the same must be said for Tl. 
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Obviously, one factor drawing com­
panies into videotape education is the 
potential of very large profits . As Doug 
Powell , Motorola's manager of com­
puter industry marketing recently 
pointed out to EDN, one computer 
company which has a nationwide 
string of programming schools made a 
larger profit on education in 1971 than 
they did on their computer hardware 
sa les. After what the industry has gone 
through for the last several years, the 
promise of a well earned profit is sweet 
music indeed. 

What makes educational videotape 
a doubly pleasant venture, though, is 
that it offers tremendous benefits, not 
only to the seller, but to the consumer. 
Don Scharringhausen of Tl points out 
that it is economically feasible to have 
the acknowledged leaders in the field 
deliver their lectlJres directly to every 
student in the country. 

Several other benefits of videotape 
were pointed out by Tl 's Dr. Jack Mize 
in an interview with EDN. The first is 
the ability of visual media to make a 
point far more forcefully than text­
books. During a presentation of the 
concept of videotaping Tl 's " Under­
standing Semiconductors," Dr. Mize 
reca lls that he decided to use some of 
the standard water analogies in de­
scribing electri ca l phenomena. A mem­
ber of Tl's board of directors told him 
" When you do the waterfall , don 't use 
a little tri ckle of water, get Niagra or 
Victoria falls! Really drive your po int 
home!" Such visual capabilities, and 
ability to edit and compress informa­
tion , make videotape a very effective 
learning tool. In preparing the MOS 
course Dr. Mize, and Dr. Wiltiam Carr, 
felt that 25 hours of tape would be re­
quired to cover the material. As it 
turned out they were mistaken . The 
course is 11-hours long. o 

For more information on Tl' s courses 
check 272. 

For the HP cata log describing video­
tapes and VTR equipment check 273. 
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NBS to maintain US legal volt using 2e/h 
via the ac Josephson effect 
On July 1, 1972 , the National Bureau 
of Standards, US Department of Com­
merce, adopted a new procedure for 
maintaining the US legal volt. The new 
method is based on the determination 
of the ratio of twice the electron charge 
to Planck's constant, (2e/h,) using the 
ac Josephson effect in superconduc­
tors. Recent work at NBS and else­
where has shown that 2e/h can be de­
termined in terms of a particular as 
maintained unit of voltage to 1 part in 
10 mi Ilion or better. Since 2e/h is an 
invariant fundamental constant of na­
ture, the Josephson effect provides, for 
the first time, a means for deriving a 
reproducible, invariant voltage. 

In the past, the US legal volt has 
been defined by means of a large refer­
ence group of saturated standard cells 
maintained at constant temperature, 
however; the mean emf drifts, perhaps 
as much as several parts in 10 million 
per year. Now, the assigned mean emf 
will be adjusted periodically to elimi­
nate the apparent variation of 2e/h. 

The ac Josephson effect occurs when 
two superconductors are "weakly" 
coupled together and cooled below 
their transition temperature (usually a 
few degrees kelvin). One method of 
obtaining the required weak coupling 
is to separate the two superconductors 
by a very thin (about 1 nm) insulating 
barrier, usually an oxide layer ther­
mally grown on one of the supercon­
ductors. When a potential difference 

Fig. 1 - A Josephson tunnel junction mount­
ed in a 10 GHz (X band) microwave wave­
guide. At NBS, such junctions are being 
used to maintain the US legal volt. 

(V) is applied between the separated 
superconductors, electron pairs tunnel 
through the insulating barrier gener­
ating an oscillating or ac "supercur­
rent" between the two superconduc­
tors. The frequency (v) of this ac super­
current is related to the applied voltage 
by the so-called Josephson frequency­
voltage relation , v = (2e/h)V. The Jo­
sephson junction is therefore an ideal 
frequency to voltage converter since 
the constant of proportionality is the 
invariant fundamental physical con­
stant 2e/h . Furthermore, the frequency­
voltage relation is essentially exact and 
independent of all experimental vari­
ables, including temperature, magnetic 
field , and type of superconductor used. 

Since July of 1971 , determinations 
of 2e/h in terms of the US legal volt 
have been made at about 2-week inter­
vals. The actual value of 2e/h implied 
by these measurements as of July 1, 

1972, and adopted by NBS for use in 
maintaining the legal volt is 2e/h = 
483.593420 THz/V,v1Js· Bureau scien­
tists believe that the legal volt can be 
maintained consistent with this adopt­
ed exact number indefinitely to within 
1 part in 107 . 

Other national laboratories are car­
rying out Josephson effect measure­
ments of 2e/h, including the National 
Physical Laboratory (NPL), United 
Kingdom; the National Standard Lab­
oratory (NSU, Australia; and the 
Physikalisch-Technische Bundesan­
stalt (PTB), Germany. Recently, the 
values of 2e/h measured at these labo­
ratories in terms of their respective 
as-ma intained units of voltage .were 
compared with the NBS value. 

Since the values of 2e/h obtained at 
these laboratories all agreed to within 
1 to 2 parts in 107 (when converted to 
a common unit of voltage), it has been 
concluded that the Josephson effect 
measurements of 2e/h are well in hand, 
and that serious consideration should 
be given to adopting a single inte.r­
national value of 2e/h for use in main­
taining units of voltage. 

It should be emphasized that in 
using 2e/h to maintain the US legal 
volt, the Systeme International (SI) defi­
nition of the volt remains unchanged. 
That is, the Josephson effect is not be­
ing used to redefine the absolute volt, 
but only as a means of better maintain­
ing its phys ical embodiment. o 

"Security Cradle" protects electronic 
calculators from unauthorized "borrowers" 
There have only been two problems 
associated with Hewlett-Packard's HP-
35 "electronic sliderule". They have 
been hard to get, and for some they 
have been hard to keep. The first prob­
lem, if not yet solved, has been eased. 
HP estimated that delivery time for the 
calculator is now ten weeks; it had 
been running as high as sixteen weeks 
shortly after introduction. 

While HP continues its efforts to re­
duce delivery time the second prob­
lem, theft, has been attacked head-on 
with the " Security Cradle," which of­
fers the user four methods for securing 
the calculator to a desk or table. The 
cradle can be attached to any surface 

with four screws , or with one central 
screw which allows 360° rotation , or 
with a double faced tape which HP 
claims to be " virtually unremoveable 
by hand". A six foot long, 1 /4 in. diam­
eter stainless steel cable is also part of 
the "security cradle." The looped end 
can be affixed to any convenient 
mounting point, the other end fits into 
the lock of the cradle, and allows 
somewhat freer use of the 35, while 
still retaining possession. A coded key 
is used to remove the calculator from 
the cradle. 

At $24.50 the security cradle may 
prove to be cheaper than insurance 
premiums. o 2 74 

Fig. 1 - "Security Cradle" locks the HP35 
calculator to a desk or table top. A 6 ft. steel 
cable, included, allows somewhat more 
portable use, while still retaining possession 
of the calculator. 

17 
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Subsyst.ems: highly complex func­
tions on a single chip. That's where 
it's happening in linear today. 
Where Fairchild is. In op amps, 
voltage regulators and interface. 
Look at the facts. In the last 
6 months alone 5 new Fairchild 
monolithic linear subsystems were 
int roduced and are now in volume 
production. 

New 791 High power op amp 
Our latest monolithic op amp 
subsystem has 1 amp output at 
-+- 12 volts and automatic circuit 
protection. Everything is on one 
chip, so installation's easier. 
Fewer external connections, 
testing's easier, less external 
electronics. Naturally, system costs 
go down, system reliability goes 
up. Internally protected against 
short circuits, power and thermal 
overloads. 100-piece price: $12.50. 

750 Dual comparator 

776 Programmable op amp 
This subsystem is the closest thing 
to a universal op amp yet devised. 
Already an industry standard, 
it's a high quality device that, 
with the addition of a simple 
external resistor, can be tailored 
for optimum performance over an 
enormous span of applications. 
The wide range of programmable 
characteristics make it one of the 
most versatile and useful op 
amps to appear in years. 
Applications range from a 
nanowatt amplifier to a 
high-accuracy sample and hold 
amplifier. 100-piece price: $3.00. 

7800 3-terminal voltage regulator 
Seven members (5V, 6V, 8V, 
12V, 15V, 18V, 24V) compose this 
family - the first with complete 
voltage regulation on one chip. The 
first high quality, sophisticated, 
versatile, yet simple way of solving 
VR design problems. At a price 
so low they can be inventoried in 

FAIRCHILD 750 DUAL COMPARATOR VS. NEXT BEST WAY. 
quantity, for use as 
required. Complete 
and self-contained in 
one T0-220 or T0-3 STROBE A 

ouTPuT A package. And fully 
"""°'IV4~~~._---o CLAMP A self-protected: inter­

OUTPUT A -
INPUT A INPUT A 

+ CLAMP A + 
Ve< SUPPLY 

REFERENCE 
GND OVERLOAD 

OUTPUT B 

CLAMP B 

STROBE 8 

GND 

INPUT B 
+ 

nal current limiting, 
thermal shut- down, 
safe area compensa-
tion protect device 
from current, power, 

L...;;a.. __ ..., ~~::~Tss temperature fluctua­

STROBE B 

The world's first monolithic 
comparator subsystem. Eliminates 
up to 17 discrete components 
other comparators require for 
equivalent function and drive 
capability. A totally-self-contained 
subsystem consisting of two high­
output current, independent 
comparators on a single chip. 
Eliminates the external 
components, board space, and 
virtually all the engineering 
calculations necessary to make 
other comparators function 
reliably and safely in complex 
control applications. 
100-piece price: $5. 95. 

tions. Typical 100-
piece price: $1. 7 5. 

9616 EIA line driver (& 9617 
receiver) 
Our 9616 triple line driver 
subsystem has both internal 
inhibit and slew rate control. 
And it's all on one chip. Our 
9617 EIA triple line receiver 
completes the set. They meet all 
EIA RS-232-C specs. And more. 

Together, they provide the 
simplest low-cost solution to 
problems at the interface in data 
terminal equipment and data 
communications. 100-piece price is 
$4.50 for the 9616; and $3.50 
for the 9617. 
COMPARISON OF EIA DRIVERS. 

CONVENTIONAL 

g~+~~~~;~o~ 
I I INHIBIT I~ 
I I 

: : ~ 
I I 

FAIRCHILD 9616 

Conventional EIA Driver (1) 
requires external slew rate control 
capacitor (2) and external gating 
for inhibit function (3). 9616 EIA 
Driver requires neither. 

93 Linear products in all 
Can any other linear-maker make 
that claim? No way. Whatever 
your linear needs, the answers 
are MADE IN FAIRCHILD. 
·Industrial controls: 1-Amp op 
amp; high current comparator, 
AC control. 

· Op amps: general purpose; low 
input current; high speed; low 
drift. 

· Voltage regulators : general pur­
pose; high current; high and low 
voltage. 

· Interface : drivers/ receivers; 
comparators; DI A conversion; 
memory. 

· Consumer: TV systems; entertain­
ment systems; communications. 

·Custom: automotive; consumer; 
military. 

Check us or your friendly Fairchild 
distributor for products and 
literature. 

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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cm/Jrs 
Stored Writing Speeds, with long viewing times. 

W:th the unmatched high speed trace re ­
tention ability of the TEKTRONIX multi­

mode 7623/ R7623 Storage Oscilloscopes, you 
can now store and display faster waveforms 
than previously possible . Directly coupled to 
this fast storage ability are longer display 
times, lO 's of hours, even days, if necessary. 
And high speed storage is just one mode of the 
multimode 7623/ R7623. You may choose 
either Variable Persistence , Bistable Storage 
or Nonstorage operation at the push of a but-

20 

ton . There are four other members in the TEK­
TRONIX 7000-Ser ies Storage Family. They 
offer excellent price/ performance characteris­
tics for y o ur measurement requirements which 
are less demanding. Choose from the 7613/ 
R7613 with Variable Persistence Storage and 
7313/ R7313 with Bistable Phosphor Storage. 
These models have stored writing speeds of 5 
div/,us (0 .9 cm/div) and 5 cm/,us respectively . 
They both have two operating modes: STORE 
and NONSTORE (conventional) . 
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three types of Storage 
MULTIMODE STORAGE (7623/R7623) 4 modes of operation 

100 MHz bandwidth 
FAST-stores up to 200 cm/ ,_,.s with the FAST CRT option and up to 100 div/ µ.s (0.9 div/cm) in the 
standard model. VARIABLE PERSISTENCE-for those bright, high contrast or halftone displays. 
BISTABLE-for the lower writing speed requirements of 30 div/ ms and slower. NONSTORE-for the 
conventiona l oscilloscope applications. 

VARIABLE PERSISTENCE STORAGE (7613/R7613) 2 modes of operation 

100 MHz bandwidth 
VARIABLE PERSISTENCE-g ives bright, high contrast display of fast -risetime low rep-rate signals, ideal 
display for the 7Ll2 Spectrum Analyzer. Stores up to 5 div/ µ.S (0.9 div/cm). NONSTORE-for the 
conventional oscilloscope applications. 

BISTABLE PHOSPHOR STORAGE (7313/R7313) 2 modes of operation 
25 MHz bandwidth 
STORE-retains fast waveforms moving up to 5 cm/ µ.s. Features split-screen operation for realtime 
and stored waveform comparisons. NONSTORE-for the conventional oscilloscope applications. 

All CRT'S are extremely burn resistant 
... they require no special operating precautions. 

All qscilloscopes with CRT READOUT 
You gain overall efficiency in operator speed and accuracy and simplify your measurements by using 
CRT READOUT. It puts the measurement parameters, right on the CRT, adjacent to the waveform you 
are viewing, measuring or photographing. 

With CRT READOUT you can use the complete line of Digital plug-ins available in the 7000-Series. 

27 plug-ins offer widest range of measurement solutions ava ilable. The very simple to extremely 
complex measurement problems of many disciplines are solvable with 7000-Series plug-ins. Here are 
the choices; Amplifiers, Time Bases, Curve Tracers, Digital Multimeter, Digital Counter, Rapid Scan 
Spectrometer, Sampling and Spectrum Analyzer Plug-Ins ... and there are more coming. 

AN INTEGRATED TEST SYSTEM 
An oscilloscope mainframe equipped from a selection of over 27 plug-ins plus an entire line of 
probes, cameras, SCOPEMOBILE® carts and other accessories can become an INTEGRATED TEST 
SYSTEM for solving virtually any measurement requirement. 
Tektronix, Inc ... . the pioneering pacesetter in storage display technology, offering sales, after 
sales support and service .. . world wide. 
For a " hands-on" demonstration of the only total storage capability, contact your nearby 
TEKTRONIX Field Engineer or write: Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005. 

PRICES without plug-ins: 
W/ O 

Mainframe CRT READOUT STANDARD 
7623 ........ . ·-· . . . . . . . . . $2450 . .. .......... . •...... $2850 

R7623 .. . ... . ........... . .. $2550 ... . ... . . . .... . ...... $2950 
for FAST WRITI NG CRT add $500 

7613 .... ... . . ............ $2100 ..................... $2500 
R7613 . . . . ............. . ... $2200 ... . . . .......•..•.... $2600 

7313 . . . ... ............... $1600 . ....... ... ........ . . $2000 
R7313 ................. . ... $1700 ............. . .. . .... $2100 
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Digital bus simplifies 
instrument system communication 
Interconnecting programmable instruments into a test system is a formidible task. 
Here's a rundown on the considerations involved, and a busing scheme that does the job. 

Donald C. Loughry, Hewlett-Packard Co. 

Effective communication between two instruments, as in 
human communication, requires two essential elements- a 
good talker and a good listener. The design and use of in­
strumentation systems usually require many such com­
munication links, or interfaces, as commonly termed. The 
practical implementation of these interfaces is not always 
easy. In designing or using an interface, have you ever 
been faced with the need to : 
•Add new signal lines in order to interface two existing 
products? 

•Design buffer circuits to couple the logic levels or po­
larities of two dissimilar products? 

•Design not one but a set of interface options for your 
product to satisfy different system applications? 

•Redesign an interface dedicated to one task to fit a new 
application? 
An affirmative answer to one or all of these questions 

may cause you to recal I the time, energy, money and per­
haps, anxiety experienced in affecting a less-than-optimum 
interface so lution. We all face some aspect of these or 
similar challenges as designers, manufacturers or users of 
instrumentation systems. These days it is not unusual to find 
cables by the dozens, as shown in Fig. 1, and about as 
many different interface so lutions in one system. Why is 
the task so large, and what can be done about simplify­
ing it? 

Recognition of the fact that interface design involves 
much more than visible elements of cables, connectors and 
circuits in the exchange of digital messages between in­
struments is of cr iti cal importance. All too often it is as­
sumed that agreement on physical hardware requirements 
will achieve compatibility. Circuit compatibility, perhaps, 
but that is only part of the picture. The scope of the mes­
sages to be communicated, the unambiguous definition of 
message content, and the techniques for exchanging these 
messages within a communi cations network are all im­
portant. Factors such as codes, formats, control techniques, 

· timing, logic conventions and software requirements can­
not be overlooked. Effective communications via a digital 
interface system must cons ider all of these parameters. 
What then are some of the specific problem areas causing 
outright incompatibility or, at best, cost ly interface design? 

Message traffic increases. A few years ago, only the most 
frequently changed and easily programmed front-panel 
controls were candidates for remote control. Now, it is not 
unusual to have all the front panel controls on an instru­
ment available for digital remote program control, even 
those usually implemented by analog means, such as 
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vernier controls. Independent of the interface method, 
separation of the system elements (instruments) beyond eye 
contact usually demands the exchange of additional status 
data to assure proper system performance at remote loca­
tions. As instrument accuracy and capability increase, so 
do the requirements for more data interchange. The world 
of automated systems has significantly increased the need 
for an add itional repertoire of messages to be carried over 
an instrument interface network. 

Storage. Although the scene is changing, many products 
still do not contain storage capability on program-data 
input or basic-dat'a output lines. The absence of storage 
places extra demands on the interface as well as on some of 
the system elements. In the case of program inputs, the 
availability of the affected interface lines to perform other 
usefu l tasks is absent while the instrument being pro­
grammed performs its task. For data-output lines, the re­
verse is true. The product producing the data is inhibited 
from further action unti I the transfer of data is complete. 
Without interface data-storage capabi lity, message rates 
and system efficiency are limited. 

Message convention. Each digital message carried on 
the interface must have an assertion state or logic conven­
tion associated with it. This is no different than many other 
conventions in life. Who would want to drive on the ri ght­
hand side of the road in the U.K.? Program-data inputs 
usually assert their intended action when a signal is in the 
LOW, or "ground-true," condit ion. This occurs because of 
factors such as better waveform integrity over the inter­
face, compatibility with wire-OR logic, cable disconnect 
conditions, and the ability to program easily by simple 
switch closures (mechanical or so lid state). 

Measurement output data has traditionall y been com­
municated with the opposite convention. Mathematics and 
logic have conditioned most of us to think "pos itive. " 
Neither of these situations on the input and output lines is 
a problem when considered separatel y. Instrument sys­
tems, however, frequently require the coupling of positive­
true measurement output data to ground-true program input 
data. The results may be unexpected and possibly unsafe 
if you happen to be programming a high-current or hi gh­
voltage power supply from the output of a frequency count­
er. These problems may be solved, of course, at the ex­
pense of special interface circuits or options. 

Healthy trends promote commonality. 
Some of the changes and demands arising in the world of 

programmable instrumentation and instrument systems are 
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now aiding the move toward more commonality among in­
terface techniques. These inc lude the fol lowing: 

It's a serial world. Serial interface techniques are in 
common use throughout the data processing field and 
within peripheral dev ices such as teletypewriters, line 
printers and magnetic tape drives. These products , in ad­
dition to ca lculators and processors, are now in frequent 
use as integral parts of instrumentation systems. Even sim­
ple input devices, such as paper tape and mark-sense 
ca rd readers, are character-seri al by nature. Remote data 
co llection , interaction with numerous time-share systems, 
connection with hierarchi ca l systems, and the increas ing 
use of common-carrier bit-serial communication facilities, 
al I help to further increase the trend and need for a more 
seri al interface. The net result is that programmable in ­
struments are required to interface with many dev ices 
which utili ze some fo rm of seri al interface. 

The smart product. Instruments are becoming more in­
telli gent as they are optimized to solve complex measu re­
ment problems. The new HP 3570A Network Analyzer, 
for example, does not have to rely on an external ca lcul a­
tor to provide some measurement results ca lcu lated from 

Fig. 1 - Cables, connectors ... and MESSAGES. Each message 
ca rri ed on the interface generall y communicates one of two pri ­
mary types of inform ation: (1) an input message to an instrument 
which may be program data (range, function, mode, speed , etc. ) 
to set up a task to be performed, or command data (measure, read­
write, display, etc. ) to execute the task. (2) an output message from 

raw measurement data. A pair of sequential phase measure­
ments at related frequencies are operated upon (an op­
tional delay mode) to provide direct group delay (1) mea­
surements as shown in Fig. 2. In a companion instrument, 
the HP 3330A/B Automatic Synthesizer, an entire set of 
signals is produced automatically. The set of signals, each 
a different frequency, can be generated over the prescribed 
band, in predetermined increments, at a preselected rate. 
A few bytes of program data are all that is necessary to set 
up the boundary conditions. 

The need for automati c measurements coupled with the 
ava ilability of low-cost digital device technology to do the 
job have reduced the interface problem significantly. What 
used to take literally tens of interface interconnections all 
demanding new input data throughout a measurement 
cycle now requires but a few lines providing data input 
much less frequently. The result: Smart instruments are 
now ab le to communicate in a higher- level language, 
simplifying the interface task. 

What are the design goals? 
We see the phrase "Plug-to-P lug Compatible" almost 

an instrument which usually carri es the resul ts of the task once it 
has been performed (1.256 kHz, + 13.2 dBm, -5 .0V, etc. ), or a 
status report (overload, power on, underrange) on the internal 
condition of the instrument. Interface connections and interface 
systems must be capab le of carryi ng a wide variety of address, 
basic, control and status data messages! 
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<1> 1 - <1> 2 
'T =-------

g 360 (f 2 - f 1 ) 

Fig. 2- Direct results. A ROM implemented microprocessor has 
the smarts to calcu late group delay (r) in direct engi neering units. 

daily. To achieve thi s goa l in instru mentation systems im­
pli es more- much more- than just agreement on the 
hardware aspects of interface. The complete so lution ap­
pears to require a comprehensive interface philosophy in 
order to bring about compatibility between instruments at 
reasonable cost, together with adequate capability and 
flex ibility. What then are worthw hile obj ectives to keep in 
view? 

Compatibility. The main objecti ve of interface des igns 
must be to effect accurate communication between two or 
more products. The interface system must take into ac­
count a w ide va ri ety of products and product capability. 
Unless an interface system philosophy can effective ly 
couple a broad range of measurement, stimulus, disp lay, 
processor and storage products, useful systems solving rea l 
problems may not be poss ible. In addition, the system 
philosophy should be compatible with control dev ices of 
varying complex ity. If the interface is predicated only on 
operation in big system computer-controlled environments, 
low-cost systems would be d iffi cu lt. Compatibility w ith 
simple controllers, such as ca rd readers, keyboards and 
teletypes, is essential. 

Cost. An omnipresent consideration , cost, plays a key 
rol e. Unless the costs of the interface hardware (and soft­
w are) are low , relative to instrument cost, it becomes di f­
fi cult to justify using whatever technique is proposed in 
small bench instruments. And if these small bench instru ­
ments a r~ not avail able, economic systems in the non­
computer environment are · not feas ible. Eas ily assembled 
systems composed of bench instruments is a high-priority 
objective. 

Control. If all management of message fl ow over an in­
terface system is vested in one and only one dev ice, the 
instrument system loses flexibility and effi ciency. A capa­
bility to shift control among the instruments or dev ices of a 
system in an orderl y manner is very des irable. 

Conversion. There appears to be little likelihood of any 
one interface system philosophy so lv ing all the worl d's 
interface problems. The requirements are too diverse (long 
distances, low cost, hi gh-noise immunity, w ide-data paths, 
rapid-data rates, etc. ). Therefore, although the primary ob­
jective is to select a limited set (as broad as poss ible) of 
compatible parameters, a secondary objective of recogniz­
ing the other more speciali zed interfaces to which the pri ­
mary interface system must interconnect or converse is a 
most important des ign goal. 

The above goals form the bas is for a general-purpose Bus 
Interface System which focuses on the needs of program­
mable instruments and measurement systems. Pertinent 
design and operating features of thi s bus system are de­
scribed on the followin g pages. 

The choice: star on bus. 
With the interface system goals in view , what is the best 
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method of interconnecting an instrumentati on system ? 
There are two bas ic concepts from which to choose- the 
star or the bus method. The star, as the name implies, is a 
radi al structure with one separate data path for each de­
vice connected to one central unit. A bus, or party- line as it 
is sometimes ca lled, interconnects the system elements 
w ith a data path common to all units, much in the same 
way a "four wheeled" bus picks up and drops off pas­
sengers along its route. 

The passenger bus ana logy is a useful too l in v isua li zing 
the advantages and d isadvantages of star and bus systems. 
Considerati on of cost, contro l fl ex ibility and data fl ow fac­
tors makes the dec ision simpler. A bus structure permits 
a system interconnect network w ithout the necess ity of a 
central devi ce ded icated to the contro l function . This alone 
reduces the overall system cost signi ficantl y. In addition, a 
bus system opens up the poss ibility of direct communica­
tion among any number of instruments simultaneously 
(limited, of course, to one talker at a time) w ithout the 
necess ity to transfer al I data from dev ice A through a cen­
tral unit en route to device B. The potential penalti es in 
using a bus system appear to be: (1) a small increase in 
instrument cost for some additional contro l capability, and 
(2) the limit of one message at a time. Today's circuit de­
vice techno logy has come to the rescue. Twenty-cent gate 
circuits operating at 1 MHz rates permit a great deal of 
freedom w ithout loss in capability. A bus rather than a star 
interconnecti on system is thus the best choice. 

What about bits and bytes? 
The next choice focuses on the number of lines used to 

implement a bus. Should the digital communication take 
place in an all bit-parallel, bit-parallel word -seri al, bit­
parallel byte-seri al, or an all bit-seri al mode? The two ex­
treme cases are not very attractive. An all-parallel system 
would require 50 to 100 lines from many programmable 
instruments and is not a good decision for obvious cost 
reasons. An all bit-seria l technique could limit message 
traffic volume over the interface. 

The choi ce thus narrows down to one of byte w idth (one . 
word equals one or more bytes, one byte equals n bits). 
Key factors in the final se lecti on focus on: (1) the many 
devi ces in the worl d now using some form of seri al data, 
(2) typ ica l computer-word data widths, (3) the need to be 
compatible w ith communication codes now in common 
use, and (4) the fact that we are dea ling with a binary 
digital system. An 8-b it byte-seri al data bus sati sfies com­
patibility with many data process ing peripheral dev ices, is 
a simple subset of most computer-word w idths, and per­
mits use of the widely used ASCII (Ameri can Standard Code 
for l_nformation Interchange) code. With the bus data w idth 
decided, the next questi on is one of controlling informa­
tion fl ow . 

The communication network. 
The primary element of the interface system is the main 

data bus over whi ch all messages are to be ca rri ed. Addi ­
tional signal lines are necessary to control the flow of mes­
sages over the main data bus. Boundary conditions are 
needed for the number and location of instruments to be 
interconnected and the message traffic vo lume to be 
handled. All of these parameters form what is ca lled the 
communi cation network, as shown in Fig. 3. 
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DEVICE B 

MEASUREMENT 
INSTR UMENT 

(TA LKER ) 

DE VICE C 

SIGNA L GENERATOR 

(LISTE NER ) 

DE VICE D 

DIG ITAL RECORDER 

(LI STE NER ) 

..... 

..... 

...._ 

DATA BUS 

TR ANSFER 
BUS 

B L 

CONTROL 
BUS 

.. INES 

Dl 0 1- DI OB 

'-1- DAV 
L--1- RFD 
'--1- DAC 

1- MRE 
1- REN 
1- EOP 
1- SRQ 

Fig. 3- Communication network to match system needs. A byte 
seria l bid irectiona l bus operati ng on 15 signal lines carri es the 
messages between products. Typica l producl types are identified, 
such as ca rd reader and signal generator. Three types of dev ice 
interaction with the bus are identi fied as ta lker, li stener, and con­
troller. Once a contro ller has establi shed the communication net­
work or data path, a talker may communicate with two or more 
listeners simultaneous ly - the communication path is direct. 

Stations and locations. What are rea listi c numbers for 
the quantity and pl acement of instruments on the bus? 
G iven no limits on cost, both of these numbers cou ld be 
large, but cost is a criti ca l considerati on in the problem 
being so lved . . . small economic instrument systems! 
Typica ll y thi s invo lves from 3 to 20 dev ices, consisting of 
programmable instruments, peripherals and some form of 
system - contro l device. The typi ca l system is usuall y 
mounted in one or adjacent equ ipment bays in the same 
room. To be sure, an occas iona l termin al, displ ay or re­
mote sensing device will be located in an adjo ining build­
ing; however, th is is considered to be atypica l. These fac­
tors, coupled with the des ire to have identica l interface 
c ircui ts in each instrument, reasonabl y high noise im­
munity, low power consumpti on and reasonab le cable 

loads, leads to a concl usion - a max imum of 15 dev ices in ­
terconnected v ia a total transmission path of approx i­
mately 50 feet is a meaningful compromise among the 
dec iding factors. 

Control. Two different functi ons and leve ls of acti on in­
vo lving the contro l of the byte seri al data over the data 

bus are required. First, it is necessary to contro l each byte 
of data as it is transferred between predeterm ined locations. 
Fig. 3 shows a set of signal lines dedicated <o perform this 
task labeled transfer bus. Three lines are necessary if in ­
form ati on is to be transferred re liabl y among instruments 
which vary w idely in their response rates . Th is will be dis­
cussed later in more detai I. Each device connected to the 
bus system must contain these three lines if it is to be a ful l 
parti c ipant in the buss communi cati ons . 

A second set of four contro l lines , identi fied as the con­
tro l bus, is necessary to enab le the contro l device to main­
tain an effi cient and orderl y fl ow of messages. A con­
tro ller communicates to the instruments on three of these 
contro l-bus lines, and the instruments alert the contro ller 
of the need for service on the fourth line. Agai n, each de­
v ice connected to the bus system must contai n these li nes 
if it is to be full y compati ble. The funct ion of the ind iv idua l 
lines will be d iscussed later. 
Data speed and d irection: What data (byte) rates are ap­
propri ate? A programmable instrument requ ires in the 
order of from 10 to 20 bytes of data for program setup and 
from 5 to 15 bytes of data for the ou tput results. In between, 
of course, the instrument can take anywhere from 1 micro­
second to 1 year to perform a measurement as a funct ion of 
the spec ific task. A typica l system configuration conta in ing 
from 5 to 10 instruments, each w ith input and output data 
requirements as outlined above, leads to the conc lus ion 
that a 1 megabyte per second data rate is a reasonab le 
fi gure . 

Another system requirement is the abi lity to hand le some 
measurement instruments and data peripheral devices 
operating at continuous data rates in the 1 megabyte per 
second region. The cost and performance factors of typical 
interface circuits (drivers, receivers and cab les) supports 
the feas ibility of a 1 MHz data rate system. In order to 
achieve effi c iency in the communicati on network and 
rapid data transfer, the main data bus is bi-di rectional in 
nature. Address, bas ic, control and status data may be 
carried in either directi on as a functi on of what product is 
talking and what product(s) are l istening. 

Signals and messages. 
The 15 bus system signal lines are identified by a set of 

names and mnemonics to describe their general purpose 
in effecting bus communicati on. The names are reasonab ly 
se lf-exp lanatory; however, further defini tion is needed to 
pinpo int the spec ifi c responsibi lity for each line. In de­
sc ri bing the meaning of these signal lines, the terms HIGH 
and LO W will be used in order to associate each of the 

. two poss ible electrica l states w ith a spec ific meaning. For 
thi s purpose, the term HIGH refers to the relati ve ly more 
pos itive, and the term LO W refers to the relative ly less 
pos iti ve electri ca l vo ltage level. 

The bus system has been des igned around TTL compat­
ible circuits. The term " talker" app lies to any device send­
ing inform ation out on the bus, w hile the term " li stener" 
represents any dev ice receiving inform ation from the bus. 
The bus system may have but one talker at a ti me and up to 
15 l isteners. The term " contro ller" implies a device has 
been delegated the responsi bility for bus management. A 
f inal term, " handshake," is useful in characterizi ng the 
logica l sequence of events used to transfer information 
over the data bus. 
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Data input/output (Dl01 , DI02, . . . DI08): D IOl through 
DI08 carry data between devi ces connected to the bus. 
When a Dl 0 line is HIGH, the data bit is a logical <f> . This 
set of eight lines is intended to communicate address, 
bas ic, control and status data. Any number of bits, up to 
eight, may be used to transfer a given byte or character of 
information. While the ASCII code is preferred, it is pos­
sible to carry BCD, binary or unique codes, provided code 
compatibility exists between the devi ces. 
Data valid (DAV): DAV indicates the validity of the data 
on the DIOl through DI08 lines for all data transmiss ions. 
Ready for data (RFD): RFD indi cates the readiness of 
devices to accept data. 
Data accepted (DAC): ·DAC indica tes acceptance of data. 
Multiple response enable (MRE): M RE contro ls how the 
information on data lines DI Ol through DI08 is to be in ­
terpreted and whether al I or a se lected few of the devices 
are to respond. 
Remote enable (REN): REN controls all devi ces connected 
to the bus system to respond to either their local (front or 
rear panel) controls or to remote-programming codes. 
End output (EOP): EOP is used by a controller to termin ate 
all activity on the bus system. 
Service request (SRQ): SRQ indicates that one or more de­
vi ces w ants the attention of the controller. The timin g of 
SRQ is asynchronous to any other operation on the bu s. 

Managing the bus. 
Both the transfer bus and the control bus are used to 

effect unambigous communi cations over the bus system. 
Three of the most criti cal aspects of thi s management func­
tion merit further description . 

Data transfer control. Each byte of informati on ca rri ed 
over the main data bus, whether it contains address, bas ic, 
control or status data, is transferred under the watchful eye 
of the transfer bus. Data transfer is achieved by usi ng DAV, 
RFD, and DAC signal lines in an interlocked handshake 

DI01 

DAV 

RFD 

DAC 

t. 2 LISTENERS become ready to accept data. 
t., TALKER places data on data bus. 
t 0 TALKER indicates data is present and val id on the data bus 
t 1 Fastest LISTENER accepts data. 
t2 Slowest LISTENER accepts data. 
t3 TALKER indicates data no longer valid. 
t 4 Fastest LISTENER is ready for new data 
t 5 Slowest LISTENER is ready for new data. 
t 6 A new cycle begins. 

(Only one DIO ljne shown for simplicity, composite wire-ORed 
waveforms are shown for RFD , DAC) 

Fig. 4 - A handshake on the transfer bus and a data byte is trans­
ferred. 
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Fig. 5 - Have my address? Easily altered address recognition codes 
may be implemented wi th AMP, Inc. , DIP switch. 

technique. DAV is generated by the talker and both RFD 
and DAC are generated by the li stener(s), allowing data to 
be transferred without extern al timing restr ictions imposed 
on the data rate by ei ther tal ker or li stene·r. Both the timing 
and the net data rates are determined by the internal re­
quirements of each device and the bus c ircuit parameters. 

Fig. 4 indicates the relative timing and sequence of 
events occurring on the handshake lines as one byte of 
informati on on the main data bus is transferred from talker 
to li stener. Both the RFD and DAC signals'are wire-ORed 
on the bus by all li s tem~ rs responding to the DAV signal. In 
thi s w ay, a talker ca n detect when the slowest li stener has 
accepted its data and when the slowest li stener is ready for 
the next data byte. Use of thi s technique satisfies two key 
requirements of the bus system. First, information is trans­
ferred asynchronously, permitting greater freedom and 
flexibility in system design and performance. Second, a 
relatively unintell igent controller will not be tri cked into 
assuming data has gone to the proper pl ace when, a fas t 
devi ce completes a handshake before a slow device starts 
to respond to the cyc le. 

Your address please: Addresses as well as measu rement 
data are communi cated on the data bu s. A talker or con­
tro ller addresses one or more li steners w hen MRE is LOW. 
In thi s conditi on, the signals on DIOl through DI OS are 
used to identify the address of a spec ifi c devi ce. The signal 
on 0106 is used to des ignate the devi ce to be addressed as 
either talker or li stener. Two address codes are reserved for 
the function of clearing a devi ce from the active state as 
an addressed talker or li stener. Fig. 5 shows one possible 
way of implementing address-code recogniti on. 

A word is in ord er here about exactl y when address in ­
form ation is sent over the bus. Each time a data byte or set 
of bytes is to be routed to a new devi ce, the data byte is 
preceded by an address byte. A continuous string of bytes 
sent from talker to the same li stener requires only one ad­
dress byte. 

Requesting service. Each devi ce connected to the bus 
system may gain the attention of a controller by pulling the 
SQR signal line (common to all devi ces) LOW. When the 
contro ller is ab·le to repond to one or more requests , it 
interrupts further commun ication on the bus. The con­
troller is then aole to communicate with a specifi c device 
either on the bas is of a predetermined response to the SRQ 
signal or by soli citing further status information (coded or 
uncoded) from the devi ce over the main data bus. Dif­
ferent servi ce request seq uences are used as a fun cti on of 
the number of potentia l dev ices requesting serv ice and the 
scope of the service requests to be accommodated. 
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+5V :': 10% 

3kr! :': 5% NANO GATE 
BUS 

CONNECTOR 
6.2kn :': 5% 

INVERTER 

----- BUS INSTRUMENT - --- -

Fig. 6- Standard TTL circuits interface directly with each signal 
line on the bi-directional bus. 

What about bus ha rdware? 
Basic criteria for the selection of driver and receiver 

circuits, as well as cable and connector components, have 
been covered previously. However, two additional facts 
merit emphasis. Simplicity and . uniformity are the key 
words. Interconnections have to be made through simple, 
passive, interchangeable cables. The number of cable 
lines and connector pins must be kept to a minimum and 
restricted to signal use. The physical connector should be 
able to accommodate smal I bench instruments, where 
rear panel space is at a premium. Also, the impedances of 
each signal line in each device should be identical. 

These considerations led to the TTL-compatible circuit 
shown in Fig. 6. The HIGH state voltage level of::: + 2.4V 
represents a logical ¢ and the LOW state voltage of 
::: +0.4V represents a logical 1. Fig. 7 illustrates the piggy­
back 24-pin connector arrangement, which permits the use 
of only one connector per programmable instrument or de­
vice. The cable contains one overall shield to reduce 
susceptibility to external noise, and a mixture of individual 
conductors and twisted pairs are used to minimize internal 
crosstalk. 

Network analysis rides the bus. 
Does the bus system described above actually work? To 

answer this question, let's examine a new automatic-net­
work analyzer system. Traditionally, network analysis has 
been done in one of two ways . .. either by manually 
controlled instruments or totally automatic computer con­
trolled instrumentation of great complexity and expense. 

Fig. 7 - Interconnecting a system. Three instruments linked to­
gether with two cables. 

Fig. 8 - HP 3570A tracking detector rounds out the team for the 
HP 3942A Automatic Network Analyzer System. 

The HP 3042A Automatic Network Analyzer System (see 
Fig. 8) provides the same capability as a large computer 
controlled system but at much lower cost. Thanks largely 
to the bus system, this network analyzer makes the automa­
tic data analysis capability of the computer system avail­
able to the design engineer at a cost usually associated 
with a manual system. (For detai ls on the 3042A, see EON, 
August 15, 1972, page 66.) The network analyzer makes 
use of the bus system to communicate between the several 
system components. Its performance is dependent upon 
rapid transfer of digital data between the system elements. 
Fig. 9 illustrates the straightforward communication link 
... one digital bus for all! 

To point out the effect of good communication between 
these components, consider a series of tests on a filter re­
quiring a sequence of stimulus-response measurements in­
terspersed with statistical analysis of the measured results 
... a full exercise of the bus system. The measurement and 
display of filter parameters such as insertion loss, stop­
band rejection , pass-band rippl e, group delay and delay 
distortion takes 30 minutes on a manually controlled sys­
tem and less than 1 minute on the HP 3042A! The bus 
system, plus the fact that the programmable instruments are 
intelli gent and fast, is a major contributor to the fast, re­
peatable, precise, and low-cost measurement results. 

A c loser examination of the information which is carried 
across the interface will demonstrate the use of the bus 

/ ONE COMMON DIGITAL BUS ....._ 

HP 3330A/B I--
AUTOMATIC I--
SYNTHESIZER t---

I 
COAX LINES FOR -DEDICATED ANALOG 
SIGNALS 

HP 3570A 
NETWORK 
ANALYZER 

f DEVICE UN-
DER TEST 

HP 9820A 
CALCULATOR 

Fig. 9 - Done o~ one digital bus. One common bus system inter­
connects all elements of a network analyzer system. Only those 
signals of an analog nature are carried on separate lines. 
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ND STEP CODE 200 100: 40 20 2 

~ ~· :c ~ -
:::::J ~ :CJ CJ 

- :::::i:~ CJ 

4 MHZ :::::J -5 SiEP -6 - CJ CJ -7 KHZ. CJ ~· ~ CJ 
_,_ 

B AMP :::::J ~ ~ ::J CJ ~ 

9 I -10 3 c:: -II ftl .tJ,,, CJ 

12 :::::J -13. :::::::J 

14 :::::J • CJ ~ ~ -CJ - ~ -15 - CJ :::::J 

16 :::::::J ·-
17 CJ • CJ 

18 - CJ CJ r-; I r-; -·- -c:o 19 ~ - - CJ c :::::::J 

20 r-; ::::::::J CJ ::::::i: CJ CJ CJ -21 ::::::::J ::::::::J '--' CJ CJ: ::::::::J CJ CJ 

22 CJ ::::J: CJ CJ CJ : CJ CJ -CJ 

Fig. 10 - Playing cards with a bus. Byte serial data programs the 
automatic synthesizer for a complete frequency sweep in a half a 
second. 
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system as applied to network analysis. For example, we 
will examine just the program or setup portion of the mea­
surement sequence applicable to network analysis systems. 

One of these systems uses a card reader to program the 
instruments. All it takes to complete ly prepare the automa­
tic synthesizer for a complete series of stimulus-response 
measurements is one program card to set the boundary 
conditions. 

The program card, Fig. 10, lists the individual steps 
(bytes) necessary to establish: which instrument is to listen 
and act upon the program, what the center frequency 
shou ld be, the size of the frequency step, the signal level, 
the number of steps or increments in the sequence, the 
duration of each step in the sequence, the sweep mode, 
and sweep direction. Seventeen bytes of data on the main 
data bus coupled with an MRE signal to enable the address 
starts the synthesizer on its way. After the seventeenth 
data byte (start single) is carried to the synthesizer, 1000 
different frequencies are generated automatically. 

System features. 
The basic bus system described provides a general­

purpose solution to interconnecting programmable instru­
ments and system components. Of course, not all of the 
bus system characteristics take on the same relative im­
portance for every system in which they are used. Never­
theless, the following list outlines a few of the key features 
associated with the bus system: 
• Capable of operating effectively in small instrumentation 
systems with or without computer or ca lculator control. 

•Able to delegate the control function among any inter­
connected devices having control ca pa bi lity. 

•Adaptable to a diverse spectrum of data rates , codes and 
paths. 

• Compatible with a wide range of measurement, stimulus, 
display, processor and storage products without a signi­
ficant decrease in their performance capability. 

• Compatib le with many existing serial devices and tech­
niques and amenable to conversion to other interface 
methods. o 
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-A·~. MX>E• OOO·-- ,_,,_-;v .....,,..-.,.,,..-- _...... 

FREQUENCY SYNTHESIZER 
• Full Programmability ~~N~~r, 
• O.Om Hz ta 2 MHz Range 
• Na Switching Transients 
• O.Om Hz Resolution 
· Direct Digital Technique 

NO MIXING OR PHASE LOCKING 

• High Spectral Purity-=~~~~ ~~~~1g~~ 
u• h S" b~'·t ±2 x 10-s1°c STANDARD • nlg ,a ,,, y ±2X 10-101°c OPTIONAL 

· Precision Attenuator 
0 TO 85db IN l db STEPS PLUS CONTINUOUS CONTROL 

(PROGRAMMABLE ATTENUATION OPTIONAL) 

• High Output Voltage 
10 VOLTS P-P, 50-0HM SOURCE IMPEDANCE 

ROCKLAND SYSTEMS CORPORATION 
230 W. Nyack Rd ., W. Nyack, N.Y. 10994 • (914) 623-6666 

Model 5100 

OCICl .. Rl\ID 
CHECK NO. 14 
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KEYBOARD 
SWITCHES 

Announcing two new switches from Maxi-Switch. 
Use them individual ly to build calculator b locks or 
alpha-numeric keyboa rds, or order completed units from 
Maxi, with or without encodi ng. Both switches accept 
standard Maxi double-shot molded buttons. 

Series 3100 mechanical keyboard switches combine 
simplicity, quality and long l ife in a low-cost 
package. Dual bi-furcated go ld contacts wipe 
across gold plated mating surfaces each time the 
switch is operated. Action is clean, bounce 
minimal, and resistance finite . This rugged switch, 
with a life of over 106 cycles under load, is 
priced as low as .21 each in quantity. 
For app lications requiring reed contacts, specify the 
Series 2700 switch. Pre-tested reeds are machine 
adjusted for consistent operation from switch to 
switch . Careful design isolates the reeds from 
mounting and operat ional stress. Switch rating is 
10 watts, resistive load. Slanted plungers and 
bases are optionally available. You' ll find no better 
reed switch at any pri ce, and the price is ri ght! 

Maxi-Switch can meet al l your switch needs for 
individual switches, interlatching keystrips, binary 
keystrips, numeric blocks, encoded keyboards 
with standard momentary action, or special interlatching 
designs. We can design and deliver custom switch 
assemblies to do you r job most economica lly. 
Call Maxi-Switch, or contact your local Maxi 
representative for a quotation. 
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Give Maxi-Switch a try. 
Write for free literature. 

THE-~™).:1) 

~sDSWITCH CO. 
3121 WASHINGTON AVE. NO. • MINNEAPOLIS. MINNESOTA 55411 

612-529-7601 

See Maxi in EEM 
CHECK NO. 15 

Now there are 3 
Breadboarding Systems I 

Design, layout, test build any 
combination of components FREE for 5 days I 
Elite 1 features built-In Elite 2, advanced design Elite 3, the basic econ-
wide range pulse gen- concept, features func- omy package bread· 
erator, variable power tion generator, dual board, including built-
suppl)'., independent output pulse generator, In. independent circuit 
circuit monitor logic 3 Independent power 
lights, isolated push· supplies, 12 buffered monitor logic lights, 
buttons and toggle monitor lamps, 4 SK-10 isolated pushbuttons 
switch arrays. Plus universal component and toggle switches, 
universal component sockets, isolated switch, plus universal com-
acceptance with SK-10 pushbutton arrays and ponent acceptance with 
socket, unlimited fan a variety of l / 0 con- SK-10 socket, common 
In I fan out capability r;t~tro;~nn~~~{0n3·~~- hook-up wire inter-
and common hook up tacts simulating hi· connections and un-
wire interconnections. density p.c. card limited fan In / fan out 
Only $650. layouts. $1,300. capability. Only $350. 

Send purchase order now. Try FREE for 5 days! If not 
completely satisfied, just return! Write for literature. n•Q EL INSTRUMENTS, INCORPORATED 

61 First Street, Derby, Conn. 06418 
Telephone: 203/735-8774 

CHECK NO. 16 

COMPLETE GUIDE TO 

PROJECT 
MANAGEMENT 
by Dennis L. Lock 

Here is the perfect introduction to project management , the 
technique that was created to deal with the complex activities 
of modern industry-planning, costing , controlling and eval­
uating projects so they are completed on time and to specs 
and budget. 

With over 60 how-to-do-it illustrations and many practical 
examples, this. book covers all the basics including defining 
the task, estimating costs , pricing , planning the time scale, 
scheduling, materials control, maintaining the program , modi­
fications, build schedules , concessions and relating achieve­
ment to expenditures . CPM and PERT are also explained. 

Complete Guide to Project Management is essential reading 
for anyone, on either the technical or managerial side of 
industry, with any responsibility for projects. 224 pp. $10.95 

Order Today-15-Day Free Trial-Satisfaction Guaranteed 
or Money Back-Send check and we pay shipping 

Cahners eooK 01v1s10N 
89 Franklin St., Boston, Ma. 0211 O 
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In '71 we gave you an SE-1 grade 
nylon , Ultramid ® A3XG5. 

In '72 we 're giving you an SE-0 
grade nylon , Ultramid® A3XG7. 

And also two nylon resins with 
an arc resistance of 125 seconds 
on ASTM 495. 

Ultramid A3XG5-Black-00100 
and A3XG5-Brown -27885 give 
you SE-1 and arc resistance . 

Ultramid A3XG7-Black- 00100 
offers both SE-0 and arc resistance . 

So what have you got. 
Two Thermoplastic high per­

formers with unique electrical's . 
Two Halogen free, glass fiber re­

inforced 6/ 6 nylons. 
Two SE grades-an SE-0 and an 

SE-1 Group I UL Subject 7 46 and 
non-dripping ASTM Standard 
0635-63. Two with UL use rating 

of 105°C. Two heat stabilized, hy­
drolysis resistant , 23,000 psi ten­
sile , 392° deflection temperature , 
1.6 ft. lbs. impact nylons. 

Two arc resistant resins rated at 
125 seconds on ASTM 495. 

m oo 
BASF Wyandotte Corporation 

Advertis ing Dept. 
100 Cherry Hill Rd ., P.O. Box 181 
Pars ippany, New Jersey 07054 

OK BASF, I need wha t you got. Send 
data on-
D SE-1 grade, Ultram id®A3XG5 
D SE-0 grade, Ultra mid® A3XG7 
D Arc res is tant nyions to improve per­

formance at low cost. 
16112 Name _________ ~ 

Company ________ _ 

Address _________ _ 

CilY-----------
State _____ ZiP-----
Phone ( __ ) ____ Ext. ___ _ 

· Ultramid®A3XG5 
Ultramid®A3XG7 

-------------------- ----------------------------------

NoBurn,NoDrip 



For price. delivery, quality 

look to wabash 

For DIP reed relays 

look to wabash 
New 814 series 14-pin dual-in-line relay 
for high density packaging is epoxy­
molded, automatically insertable, fits IC 
sockets. Comes as standard product in 
Form 1A with nominal coil voltage of 5, 6, ,. 1 • ..,,LA 

12 or 24 V. Options available in 2A, 18 ••••• 
and 1 C (true form) packages. For fast 
delivery, competitive prices, call today. 

SPECIFICATIONS Power (D.C.) 3 watts 
Current (switch) 0.110 amps 

Voltage 28v D.C. 
Lile up to 50 X 106 Operat ions 

Configuration .100 X .300 pin centers 

For all relay types 

look to wabash 
NPE/ New Product Engineering, Inc. 
a subsidiary of Wabash Magnetics, Inc. 

First and Webster Streets, Wabash, Indiana 46992 
Phone 219 / 563-2191 TWX 810-290-2722 

•RF SWITCHING & MERCURY WETTED RELAYS • SUBMINIATURE REED SWITCHES 
•DIP REED RELAYS • SSR MODULES • STANDARD & MINIATURE REED RELAYS 

CHECK NO. 18 

new low-cost d-c inotor 
@$1.60 - $2.00 in quantities of 10,000 and up 
Now ... for your volume products that need more than a "toy" motor, but can 't 
justify a precision-motor price : Our new low-cost ungoverned FYQM motors include 
prelubri cated, porous bronze bearings; hefty 1 /8" dia shaft; 7-pole winding ; 
rugged 1-1 /4" dia housing constru ction that reflects the quality engineered into 
your own product. Write for Bulletin F-15058, plus complete quantity pricing . 

BARBER-COLMAN COMPANY 
Electro-Mec hanical Products Division 
Dept. I, 12106 Rock Street, Rockford, Illinois 61101 

CHECK NO. 19 
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Take 
it. 

lt's
1111 

yours. 
This handy 

28-page guitle 
gives you quick 
reference to the 
entire Dale line 
including new 

• resistors 
•trimmers 
• networks 
• inductors 

What ... 
somebody's 

already 
taken it? 

Circle 41 
and we'll send your 

personal copy 
right away. 

Need to know now? 
Phone 402-564-3131 

We're ready. 

DALE ELECTRONICS, INC. 
1300 28th Avenue 

Columbus, Nebraska 68601 
A subsidiary of The Lionel Corporation 
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But ours don't. If you're looking for the unplain 
place to go, where everything is right, luxurious, 
exciting, relaxing-where the only thing down to 
earth is the cost to go-then come along to un-plain 
Spain with us. 
Cahners Travel invites you to go to glorious Marbella, on 
the Mediterranean, for 7 unforgettable days and nights. 
You'll stay at the deluxe Atalaya Park Hotel & Country Club. 
(Naturally, there 's an 18-hole championship golf course.) 
Your luxurious room for 2 will be air-conditioned , balconied, 
with private bath . Fly to Southern old world Spain on Iberia's 
jet fleet with gourmet dinner en route. Si, there are a number 
of other unplain features & services included : a cocktail 
party, complimentary golf privileges at 2 other golf courses, 
continental breakfast daily .. . The little touches that make 
a vacation the time of your life. When? We're conveniently 

--- The planes 
lo Spain 

land 1nainly 
in lhe P-lain, 

1noslly. 
scheduled to depart evenings, every Friday from November 
through March. (Except between Dec. 15th and Jan. 4th .) 
The plain, down-to-earth price is $300 per person* from 
New York & Boston; Chicago, $398*; Cleveland, $366*; 
St. Louis, $428*; Philadelphia, $315 *; Baltimore, $323*; 
Washington, $327*. Rates slightly higher (about $11) in 
February & March. 
*plus $17.90 tax and service based on GTE/Y fare. 
All travel arrangements are supervised and operated by 
Cahners Travel , a division of Cahners Publishing Company. 
For reservations, information or an unplain brochure with 
all the details. write or call: 

CAHNERS TRAVEL 
a division of m Cahners Publishing 
205 East 42nd Ii.ii Street, New York, N Y 10017. (212) 679-2100 

CHECK NO. 22 
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DESIGN INTERFACE 

The non-territorial off ice - a new 
type of engineering workplace 
Maximum communication amongst engineers in an R & 0 department stimulates 
efficiency and teamwork . This new approach reinforces that stimulation. 

Marion Carter, IBM Corp. 

IBM's Essex Junction, Vermont site, like most industrial 
plants, has hallways lined with rows of cubicles, with one 
exception -a corner of one of its development laboratory 
buildings. Entrance to this pioneering, open-plan work 
space is made over a blue carpet. The familiar gray tile, so 
common to industrial plants, is gone. The walls are deco­
rated with silk-screen panels, and two large photo murals 
stand in the center of the room. The morning sun streams 
through the windows creating an awareness that does not 
exist in the confinement of enclosed offices. The engi­
neers, as we\ I as the department manager, may sit at any 
one of twelve circular tables, and the openness and infor­
mality of the room make it easy to sense the most suitable 
time for consultation. 

This new non-territorial work space includes all the 
tools required by function in basic forms; writing surfaces, 
seating, levels of information retrieval , specialty tools, en­
vironmental requirements, communications and privacy. 
Based on the premise that this parti cular department's 
function requires maximum communication between 
members, walls have been included only when necessary. 

What is a non-territorial office? 
The basic design philosophy is not unlike that of a pri­

vate home. Both contain areas of specialization avai lable 
to anyone needing them in the performance of their func­
tion . To maximize communications, no one is restricted to 
any one station. The major difference between this experi­
mental design and the " bullpen," or " landscaped office," 
is the absence of fixed stations. An estimated SO-percent 
savings in space requirements, greater department flexibil­
ity, minimum setup costs, and lower equipment and 
maintenance costs are a few of the results. 

Since one of the most important functions of a manager 
is to develop the capabi Ii ties of the individual, manager 
availability and interpersonal communications have top 
priority. Managers have no functional need for a fixed sta­
tion . This is an extension of one of the principles espoused 
by Robert Townsend in his book, " Up The Organization." 

Why a non-territorial office? 
Our manager was concerned about our preoccupation 

with non-productive aspects of industrial life. He wanted 
to make productivity (individual accomplishment) easier 
and more obvious by designing the work area to that end. 
While much of our success is due to assembling talents for 
concentrated problem so lving, the present " walled" sys­
tem makes this flexibility difficult, and rearrangement is 
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Communications center is easi ly identified by contrasting ca rpet­
ing colors upon entering the non-territorial office space. 

expensive. The time and expense involved in rearrange­
ments and moving can only be subtracted from attention 
to productivity . 

The need in our department for interpersonal communi­
cations, and the ability to quickly form teams for tempo­
rary tasks dictated this desi gn. Indicators of status would 
be de-emphasized or eliminated in favor of accomplish­
ment visibi lity. ' (Industrial psychologists have pointed out 
that good communication does not occur in formal ses­
sions to the degree it does through accidental meetings). 

We also . burden one another with paperwork, firing 
typewritten memos back and forth between adjacent of­
fi ces, and spend considerable time arranging meetings to 
solve problems. All of these are poor substitutes for good 
interpersonal communications. 

Personal contacts are a prime vehicle for transmitting 
ideas, concepts, and other information that is necessary for 
assuring effective performance. Some of the questions 
asked were: How can we structure the space around what 
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is to be accomplished? How can we increase the probabil­
ity of accidental communication and, at the same time, 
reduce rearrangement inconvenience and expense? 

Department members mustparticipate 
The issues of what takes plJce ,mu how our needs 

change over time as tasks and people change were given 
serious thought. As a result, an "open-plan" was designed 
through the joint effort of the department manager*, the 
design center, the faci Ii ties design group, a consultant, 
department members, and this author. 

The basic nature of the functions to be performed by 
this particular department, the kind of interaction needed 
among members, and the tools required were analyzed. 

The team wanted a flexible area where groups could 
form and disassemble easily. Our analysis indicated that 
under the conventional arrangement, with fixed stations 
and private offices, there was only a SO-percent occupan­
cy at any given time. This fact, plus our need for interper­
sonal communications, indicated that fixed work stations, 
or territorial domains, tended to isolate people from their 
colleagues, and therefore, was undesirable. 

The resultant design includes task oriented areas, like 
that of the modern home owner, i.e. , a kitchen for cook­
ing, a dining room for dining, etc. However, every fam­
ily member does not have his own kitchen, living room, 
and dining room, nor is use of these speciality areas 
restricted to any one member. This same technique would 
apply to our department when all those tools required to 
perform our jobs are included in the plan. These tools 
would be easily accessible and available to any member 
of the department. 

A three-dimensional model was constructed by the de­
sign center based on maintaining the same amount of 
square footage (appproximately 3000 sq. ft.) as our con­
ventional layout. Included in the model were the basic 
pieces of office furniture, and most of the existing labora­
*Mr. Armand Beliveau of IBM, originated this concept of a non-territorial 
office. 

Engineering laboratory at the right blends into the open-space 
plan. Storage cabinets separate the lab-space from the office area. 

View from the communications center shows how storage facili ­
ties provide natural dividers. 

tory equipment. While the plan had become very logical 
in the minds of those initially involved, department mem­
bers were apprehensive, and most were very traditional 
when stating their own requirements. 

How about the loss of status symbols? 
Identity was a major concern. Even in landscaped of­

fices, different levels of achievement are identified by 
means of color, size of desk, the space one occupies, ash­
trays, or extra planters. Here we were talking about an 
open area where only group status symbols exist. 

Recognizing the role that office space plays in the pro­
motion and reward system, senior employees were quite 
negative to the whole concept. Some of the typical con­
cerns were: "Where can I put my wife's picture? What 
about my certificates of recognition? I've had a picture of 
my kids on my desk for years. What about my desk calen­
dar? I can't operate without it. My reference list of phone 
numbers is a must. Where can I keep my pencils, paper 
clips, staplers, and 3-hole punches? What about my mo­
torcycle helmet? I always kept it on top of my bookcase. If 
I come to work late, the whole world will know-this 
could be embarassing." The need for a period of adjust­
ment was obvious, as well as the importance of allowing 
people to be part -of the planning. It may take a long time 
to readjust from physical status to achievement status, par­
ticularly for older employees. 

From the beginning, young people were more inclined 
to try something new. They believed they didn' t have 
much to lose, and that there was the possiblity of a great 
deal to gain. They had some worries, though, and felt the 
area might create a fish bowl atmosphere. 

Some of the concerns were satisfied during our design 
period, others were not; and we could only request that 
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our people have confidence in the experiment and give it 
a fa ir trial period. As planning evolved, the concern for 
expression of personal territory lessened, and there was 
exce llent team effort. 

How can a test lab fit in an engineering office? 
There were four separate laboratories divided by floor­

to-ce i ling partitions. Each laboratory had a spec ialty, and 
was se lf-contai ned. The laboratori es were fixed and re­
ferred to as "my lab" by the technician involved. Some 
technicians stored a special set of tools under lock and key 
as their personal property. There seemed to be a continual 
drive to acquire as many pieces of equipment as possible. 

The engineers had been located in private offices along 
the windowed walls, and technicians were in two to four­
man offices on the inner side of the corridor, with their 
respective and separate laboratories located in the rear. It 
was not a flexible si tuation. The technicians conducted 
thei r tests in the laboratories and then returned to their 
cubi c les for the correspond ing paperwork. If we were to 
remove the walls and make the laboratory part of the open 
plan, what would be the result? 

Many of us could not imagine a laboratory in the open, 
and could only visualize it as being ugly. The design cen­
ter turned the laboratory into an interesting part of the 
concept by arranging benches, cabi nets and electri ca l test 
equipment in groups, al I forming natural dividers for a 
large open room. 

With this new exposure, the laboratories are neat. Atten­
tion is given to the care of the equipment, and all involved 
benefit from the convenience, whether their work is labo­
ratory or off ice oriented. 

With the ass istance of the technicians, laboratory equip­
ment and tools were reduced by more than 50 percent, 
and we gained approximately 300 sq. ft. of usable area 
(reduci ng twelve workbenches to five). 

What are the actual physical office needs? 

A standard desk, a personal phone extension, a file, 
bookcase, blackboard, ease l holder, wastebasket, coat 
rack, etc. are the basics. Using a "pure" approach, these 

Coordinating colors used in furnishings enhance informality of 
the open-space concept. 
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needs translate to be: a writing surface, some storage, tele­

phone, seating for one to a large number, accessibility to 
supplies, etc. There was no need for fixed work stations. 
Obviously, the desk would be obsolete, and because we 
were trading furniture for function resulting in a non-terri­
torial area, we chose round tables of varying diameters. 
Experience shows that they tend to encourage easier 
communication, an informality not brought about by a 
desk, and are more adaptable to seating numbers of peo­
ple. The round tabl es prov ide the necessary writing sur­
face, and serves for conferences as well. The number se­
lected was based on two and one-half persons per table. 

Chairs were selected in fabrics of bright colors, a combi­
nation of arm and armless, all tilting and on carpet casters. 
They have ease of movement, comfort, and accoustical 
value. The numbers were significantly reduced (70 to 30) 
and we based thi s on one and one-half chairs per person. 

Two moveable chalkboards replaced the fifteen individ­
ual wall boards : one was red , and one blue, thus adding 
to the decor and functioning as dividers both accoustically 
and visually. 

Accoustically, the designers did a magn ificant job. The 
carpeting, wall murals (fabric covered panels on perimeter 
walls), draperies on the windowed walls, and a few re­
maining semipartitions (around a computation area) are 
extremely effective in absorbing sound. 

How would the engineers react to giving up a desk? 
During our design period, no logical exp lanation could be 
given for a true need, and some soon admitted that it was 
a good place to bury things , a catch-all for items; a place 
to col lect and clutter. 

In addition to the storage offered by a desk, they had a 
number of f ile cabinets, bookcases, and credenzas. Office 
"stuff" tends to grow to fill the space available. 

Where are personal materials and supplies kept? 

Based on a team decision, three levels of storage exist in 
the open-plan: day's-work-type storage consisting of per­
sonal file drawers located in a central area and/or brief­
cases for immediate needs, centralized department files 
containing the ~arious product materials, and an enclosed 
area maintained as an attic during the transition . Such 
storage is psychologically comforting-a place where his­
tory can be kept nearby, until· the members feel they can 
do without it. We assumed that 50 percent of our previous 
storage space could be eliminated, and our assumption 
proved to be correct. 

The duplication of manuals, instrumental aids, dictio­
naries, reference materials, etc., is no longer required . One 
central set of documents is adequate, and the time and 
money saved in extra copies and updates is significant. 
Twenty, five-drawer files were reduced to six and twelve 
large two-door cabinets were reduced to six. 

Isn't individual privacy important? 

It is difficult for people to conceive of any privacy in an 
open area. How can they conduct confidential business? 
What about the times when they need to be alone? What 
prevents curious onlookers from gazing at personal , confi­
dential paperwork? How can they cope with the constant 
interruptions and distractions that appear inevitable with­
out walls and fixed work stations? 

Leve ls of privacy were considered for the open-plan. 
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Assuming that there would be times when privacy is re­
quired (realistically or psychologically), a totally private 
area was included. In addition, for those needing semipri­
vacy to quietly read papers or technical journals, a semi­
private corner was designed with winged swivel chairs, 
divided from the rest of the area by a visual-drapery drop. 
The trial period of twelve months has indicated no adverse 
effects relative to privacy. In fact, those areas designed for 
privacy have been rarely used. 

There have been some unexpected advantages in the 
open-plan. For example, distractions are less than we had 
anticipated. In the conventiona l layout, the clanking of 
footsteps along the hallway disturbed everyone. In the 
open-plan, the carpet controls this noise, and one hardly 
notices through-traffic. 

Unwanted interruptions seem less frequent. People can 
see and sense whether to interrupt , and yet the advantage 
of inducing communications at the right time is conve­
niently at hand. 

A cubicle often becomes a gathering place for friends 
who have time to spare. Friends are not always consider­
ate of your time, and this often presents a problem to your 
roommate if you share a conventional office. In the open­
space plan, these gatherings are minimized, and the room­
mate has the option of choosing another work area, since 
no one is assigned to any fixed station. 

Won't phone usage be a problem? 
Telephone and electrical power could have been a 

problem. Unless a building is designed for an open-floor 
plan , there are physical restrictions that make it difficult to 
bring the power down to the furniture and equipment. 

We were able to utilize power poles for electrical drops 
to the lab workbenches (3 required ), but we needed to 
find another solution for the telephones. The desi re to 
keep the area flexible was the argument against fixed sta­
tions with telephones . The major requirements were: 

• an adequate number of phones 
• one incoming number for all department mem-

bers 
• elimination of the distraction of ringing phones 
• a mechanism to transfer calls around the room 
These four requirements were accomplished by utili zi ng 

a small switch controlled board which has five incoming 
lines and twelve extensions. The twelve phones are ran­
domly located around the room, and, in addition to being 
an extension, a turn of the button gives them a separate 
outside line. Two standup phone stations are located on 
permanent building columns, four floor jacks near tables, 
and the remaining six phones are placed on radiator 
shelves or tables near perimeter walls. One fixed work sta­
tion was developed to handle the transfer of incoming 
cal ls. The openness of the area allows this "controller" or 
"communicator" to glance around the room and quickly 
identify the party called. It is set apart from the rest of the 
room by a block of carpeting in a contrasting color, and 
serves as a guide for visitors, a central point for mail , files, 
and supplies. 

How has the non-territorial office worked out? 
The transition to the open-plan took approximately one 

month, and consistent with our expectations, a number of 
adjustments were required. Changes in attitude and sense 
of value resulted. The adjustments to using central-storage 

Engineers and technicians can discuss and evaluate experiments 
right in the lab area. 

files and the sharing of work stat ions and tools were 
smoother than anticipated. 

Rearrangement time and expense is minimal. If it' s an 
office situation, it's as simple as inviting the person in and 
asking him to pull up a chair. This also applies to anyone 
leaving the group; a handshake good-bye is the extent of 
the arrangement. The most that can happen when we ex­
pand, is the addition of a few tab les, chairs, and possibly 
some file drawers. 

Laboratory rearrangement shou ld be reduced by two­
thirds. There are fewer pieces of equipment involved, 
thereby reducing electrical work and moving costs. Less 
equipment can save approximately one-half of deprecia­
tion expense to the department. 

We esti mate that shou ld the enti re facility have some 
type of open-planning, a 25 % growth without new con­
struction could be accomplished. Maintenance is 25% 
less than the cost of the conventional layout, due to ease 
of movement (no walls to go around), absence of tile floors 
to be cleaned, washed and waxed , and less furniture. 

Will people like it? Will people adjust to it? We have 
adjusted, and we do like it. " I'd hate to think of going 
back to walls," states a senior technician. 

An advisory engineer testifies , "There's a lot more con­
tact with my colleagues. I may be going to sharpen my 
pencil, and overhear a conversation that's relative to my 
work -" 

A staff engineer with the company for 15 years states, 
" It 's by far the most advantageous environment I have 
ever worked in. You're not restricted by four walls. It's a 
little inconvenient not having fi les and paper c lips right 
next to you, but that's minor. " 
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Semi-privacy is attained with natural partitions and a moveable 
blackboard, without sacrificing the overall flexibility of the area. 

" In the old days, if you heard a phone ringing down the 
hall, you'd feel obliged to answer. Here you' re not both­
ered by phones and a lot fewer people are making small 
talk. If I want to talk to someone, I look up to see if he's 
busy. If it looks as though I'm going to blow the whole 
formula by going over, I sit tight." 

" At first , I thought it was quite a sacrifice. Now my val­
ues have changed. " Or, as another member of the depart­
ment put it, " Most of us realize that a fancy office doesn' t 
mean that much. The real difference between people is in 
intelligence, creativity, and pay." 

Some found the pace in open-space exhausting for a 
time. "In a cubicle you can just sit back and relax on oc­
casion. I haven' t adjusted to doing that here; it's a relearn­
ing experience." 

The open-plan certainly has stimulated teamwork. Two 
of our engineers had to solve a problem fast, and they 
found the new environment heired them perform under 
pressure. They devised a fault-finding test in a week and a 
half. " Because of the flexibility of the area, we could get 
to the right people fast, sit in our office and at the same 
time talk with the guys running tests in the lab." 

Management finds this open-plan an advantage. People­
availability is an asset - getting to know them and their 
work. 

We like the decor of our new area. It's nice having co­
lor, and we no longer have the need for decorating with 
posters, pictures, knickknacks, etc. 

We have accomplished what many thought was an 

38 

impossibility. We were constantly warned that it would 
never work, but we adjusted to working within a group 
territory and prefer it to the old enclosed offices. This 
concept can be adapted to similar groups, with caution. 
You must plan your area based on the function required. 

Because of the initial fear of change a new concept 
creates, all occupants of the area must be involved in the 
planning. Setting an area aside for use by temporary teams 
(task-force situations) might acquaint groups with non-ter­
ritorial open space. These teams would view the scheme 
as a temporary thing, but they may learn to enjoy it. 

We have created an open, problem-solving climate, an 
area designed for more information sharing. Our open­
plan, described in three words, is functional , comfortable, 
and pleasant. 

Is a non-territorial office the answer for you? D 

Editor's Note: 

Mrs. Carter was an occupant of the non-territorial 
plan at IBM's Essex Junction, Vermont facility , and 
w,b one of the originators of this plan. Her com­
ments represent her personal experience with the 
plan. Dr. Thomas J. Allen, of MIT, measured the 
experiment for a period of one year and submitted 
his findings in a final report, "Communications and 
Space Utilization in a Product Engineering Group." 
Dr. Allen also presented his findings at the American 
Psychological Association Convention in Washing­
ton, D .C. in September of 1 971, and has prepared a 
report which will appear in " Human Factors" late 
this year. 

There are sti 11 unknowns in non-territorial office 
planning, including their long-range affects on peo­
ple, and the breadth of business environments in 
which this type of planning will function well. The 
success of the original plan has, however, led to 
development of another at the same IBM site, and to 
consideration of others for different types of occupa­
tional groups. 

EDN is curious what you, the reader, think about 
this open-space concept. Would you like to work in 
such a non-territorial office? Please check the appro­
priate number on the reader service card. 

Yes R.S.#250 No R.S.#251 

Autho r's biography 

Marion Carter has worked at 
IBM for seven years . Her cur­
rent job is editorial assistant 
for employee and manage­
ment communications. As one 
of the originators of the open­
space plan, Mrs. Carter was a 
team member throughout the 
experiment. She attended 
Lyndon State College, is mar­
ried to the South Burlington , 
Vermont police chief and has 
two children. 
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Low-power Schottky: lOns at <2mW. 
21 SSI and 13 MSI circuits now available in Tl's 
n ew low-power Schottky TTL family. They pro­
vide all the performance of low-power TTL (Series 
54L/74L) with increased speed of 10 ns/gate and power 
dissipation of less than 2 mW. 

Low-power Schottky offers greatly improved speeds 
in portable or remote systems, or in any application 
where minimum power is a prime consideration. Com­
pared to low-power TTL circuits, low-power Schottky 
TTL provides three times the speed with a power 
increase of less than 1 mW /gate. 

NEW LOW·POWER SCHOTTKY SSI CIRCUITS 

SN74LSOON Quad 2 NAND gate 
SN74LS01N Quad 2 NAND gate, open collector 
SN74LS02N Quad 2 NOR gate 
SN74LS03N Quad 2 NAND gate, open collector 
SN? 4LS04N Hex inverter 
SN74LS05N Hex inverter, open collector 
SN74LS10N Triple 3 NAND gate 
SN74LS20N Dual 4 NAND gate 
SN74LS22N Dual 4 NAND gate, open collector 
SN74LS30N Single 8 NAND gate 
SN74LS51N Dual 2 AOI gate 
SN14LS54N 4·wide, 2·input AO I gate 
SN74LS55N 2·wide, 4·input AOI gate 
SN74LS73N D~al J.K edge·triggered flip.flop 
SN74LS74N Dual D·type edge·triggered flip·flop 
SN74LS76N Dual J.K flip.flop, preset and clear 
SN74LS78N Dual J.K flip.flop, common clock 
SN74LS112N Dual J.K edge·triggered flip·flop 

100·999 
$0.96 
0.96 
0.96 
0.96 
1.14 
1.14 
0.96 
0.96 
0.96 
0.96 
0.96 
0.96 
0.96 
1.91 
1.91 
1.91 
1.91 
1.91 

Fully compatible, read ily available 

This new series is compatible with~ TTL-standard, 
high-speed, low-power and Schottky. Evaluation 
quantities are available now from authorized TI dis­
tributors or direct from factory inventories; produc­
tion quantities four weeks ARO. 

Send for complete details 

Circle 213 on Service Card for data sheets. ~0 

Or write Texas Instruments Incorporated, 'UI 
P.O. Box 5012, M/S 308, Dallas, Texas 75222. 

SN74LS113N Dual J·K flip.flop, no clear 
SN74LS114N Dual J.K flip.flop, common clock and clear 
SN74LS228N Dual J.j( edge.triggered f lip.flop 

NEW LOW·POWER SCHOTTKY MSI CIRCUITS 

SN74LS83N 4·bit full adder 
SN74LS95AN 4-bit left.right shift register 
SN74LS138N 3·to·8·1ine decoder/l·to·8·1ine demultiplexer 
SN74LS139N Dual 2·toA·line decoder/Dual 

l·toA·line demultiplexer 
SN74LS153N Dual 4·to·l data selector/multiplexer 
SN74LS155N Dual 2·toA·line decoder 
SN74LS181N Arithmetic logic unit/function generator 
SN74LS194N 4·bit bi·directional universal shift register 
SN74LS195N 4·bit parallel·access shift register 
SN74LS196N Presettable decade counter 
SN74LS197N Presettable binary counter 
SN74LS253N 3·state version of SN74LS153 
SN74LS295N 3·state version of SN74LS95A 

1.91 
1.91 
1.91 

100·999 
$3.51 
4.78 
4.78 

4.78 
4.78 
4.78 

25.85 
4.78 
4.78 
4.89 
4.89 
5.74 
5.74 

All prices are JOO-piece quantities for plastic dual -i n-line packages. 

TEXAS INSTRUMENTS 
INCORPORATED 84057 



Analog multipliers offer solutions 
to video modulation problems 
This modulation system is suitable for industrial color CCTV. Using JFETs and 
741-type op amps, it provides modulation frequencies of up to 1 NHz. 

Garry R. Shapiro, Vadic Corp. 

In many applications utilizing analog multipliers, a de­
signer may only require wide frequency response on one 
input and wide dynamic range and/or good linearity on 
the other (e.g., an AM modu lator). Unfortunately, simple 
alternatives to commerical high-performance hybrid or 
IC multipliers often exhibit nonlinearity when approach­
ing zero output. 

The modulator/mu ltiplier of Fig. 1 uses the linear re­
gion of a FET drain characteristi c and provides a reason­
ab ly linear response to both inputs through zero modula­
tion factor. 

Consider the N-channel FET drain characteristic of Fig. 
2. In the linear region, the drain current is: 

id= K,Vos(Vf/S - VP) 

1 
Where K1 =VR 

JJ ON 

If signal plus bias is applied to the gate 

v "' = v,(t) + v cs 

D = K,Vos[V,(t) + -(VGS - V) J 

In Fig. 1, V0 s is contro lled by the input vo ltage 

Vos= KzV2 

(1) 

Assuming a high beta for Q1, and a low drain resistance 
for Q2 (choose a low R0N FET), essentia lly all the drain cur-

V
2

(t) 

10K 

V GS 

(GATE BIAS) 

+Vee 

v 

Fig. 1- Modulator/multiplier ci rcuit uses the linear portion of the 
2N4931 FET to provide linear response at near zero modulation , 
an area where the more fami liar differential-pair circuits are non­
linear. 
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Fig. 2 - Choice of FET is important. Ro.v must be low and the Ii near 
region of the drain curves must be wide. Typica l voltage controlled 
resistor FETs show linear response from 0 to 100 mV Vos' but the 
2N439 1 used in these circu its is linear to 300 mV. 

rent will appear at the collector of Q" so that: 

ic1 = K1K2V,(tl[V1(t) + (Vcs - V)J 

If you eliminate the de component by ac-coup ling or 
level shifting, then , 

V0 = K3V2(t)V1(t) (2) 

The width of the linear region of the drain characterist ic 
primarily determines the cho ice of a FET. Typical VCR 
(vo ltage contro lled resistor) FETs are good to only 100 mV, 
while the 2N4391 is good to 300 mV, and usable to 500 
mV for less critical applications. For good linearity, look 
for a FET with both low R0 N and high pinchoff. Extend the 
dynamic range of V2(t) by increasing the ration of R

1 
to R2. 

R3 provides a smal I bias current to Q1 to offset its beta drop­
off at low collector currents. 

V 1(t) will normally be the input having the greater band­
width. Q1 and Q2 are in cascode, and 15 MHz bandwidth 
was obtained with a 2N4 l 24 for Q1• 

Si nce the FET signal current does not pass through the 
op amp, the bandwidth requirements of the op amp are 
those of V2(t). For V2(t) signals below 1 MHz, a 741 op 
amp is satisfactory. 

In an industrial CCTV.RGB color system, it was neces­
sa ry to modulate each video signal with a function F(t), 
according to : 

V
0 

= [1-F(t)]V(t) + BF(t) 
Q ,,,; F,,,; 1 and Q,,,;B,,,;l, (3) 

where F(t) contained components to 1 MHz. The parame­
ter B determined display color when video was blanked 
(F = 1). 
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Fig. 3- FET modulator used in an industrial CCTV/RGB color sys­
tem is a balanced, direct coupled version of Fig. 1. FET signal cur­
rent does not pass through the op amp in these appli cations and 
74 1 type op amps can handle modulation frequenci es up to 1 
MH z. 

The circuit used to accomplish thi s is shown in Fig. 3; it 
ut i Ii zed a balanced, direct-coupled version of Fig. 1. Using 
eq. 1, and assuming we ll -matched FETs: 

Vo = (icl + ic4)RL 

= K4[ (1 - F)(V, (t) + (Vcsz - V,) + F(Vc53 - V,) ] 

= K4 [(1 - F)V,(t) + (Vc53 - Vc52)F - V
1
,J 

= KJ(l - F)V,(t) + BF] - (Constant) (eq. 3) 

Note in eq. (3) that B is merely the difference in gate­
source bias voltages. For B = 0 (equal bias on the FETs), 
the linear term is cancelled, leaving the product term only. 
The use of matched FETs enables a single voltage B to 
remotel y contro l multiple channels. However, since the 
ri ght side of the circu it provides on ly cancellation of the 
linear component, the circuit may be greatly simplified for 
single-channel applications by repl ac ing Q4 w ith R4 , ot · 
viating the requirement for matched FETs. The linear con·,­
ponent may then be nulled by trimming R4 or Vcsz· o 
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You name it-we have the exact 
cermet resistor network size 
and characteristics you need. 
Here's the choice you get right 
now: our 750 line includes: .100" 
centers with 4, 6 & 8 pins; .125" 
centers with 2, 4, 6 & 8 pins; 
and .150" centers with 4 through 
13 pins. And we're working on 
new designs right now! 

All compact, extremely stable and 
highly reliable. 
Recently we packed even more 
circuitry into our 760 series, giving 
you a choice of four popular 
space-saverpackages:B,14,16 
and 18 flat lead styles. Packed 
with up to 17 resistors per module 
with flat leads standard (round 
leads on request). 
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Our broad line provides an infinite 
number of circuit combinations, 
all with excellent TC, load and 
temperature characteristics 
supported by millions of hours 
of reliabil ity testing. Ask your CTS 
sales engineer for data. Or write 
CTS of Berne, Inc., Berne, Indiana 
46711. Phone (219) 589-3111 . 

,,,,,,,, 
ACTUAL SIZE 

• C TS CORPORA Tf ON Elkhm /M;.,,, 

A world leader in cermet and variable resistor technology. 
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Nomographs simplify calculations 
.of magnetic shielding effectiveness 
The complex equations which describe magnetic shielding effectiveness can 
be solved quickly and easily by using three nomographs and one graph. 

Robert B. Cowde ll , ITT Gilfillan 

Shielding effectiveness (SH) describes the ab ility of a given 
material to act as a shield against incident magnetic fields. 
It is composed of three factors: reflection losses (RH), ab­
sorption losses (A) and secondary reflection losses (B). 
These factors can be calculated separate ly and added as 
follows: 

SH = Ru + A + B (all quantities in decibels). 

The first two factors can be determined by using one 
nomograph each; however, the third is comp lex and re­
quires both a nomograph and a graph. In fact, B has been 
so difficult to ca lcu late in the past, that it was usually neg­
lected. The effect of neglecting B can result in errors of up 
to 20 dB at lower frequencies (< 2 kHz), as shown in Fig. 1 
for two different shielding materia ls. 
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Fig. 1 - The effect of neglecting secondary reflection losses (8) 
can result in errors of up to 10 dB (Test distance = 2 in. ) in mag­
netic shield ing effectiveness. 
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Absorption losses 

Absorption losses (A) are a function of the physical char­
acteristics of the sh ield and are independent of the type of 
source field. For a given thickness, magnetic materials 
such as steel provide higher absorption losses than non­
magnetic materials (copper). When reflection losses are 
low, thicker high-permeability materials are employed to 
increase shielding effectiveness. 

The equation usC'rl to solve for A is: 
A = 3.3 34 x 10-at(µ,,.cr,.f ) 112 

where t = metal thickness in mils , 
µ,,. = material permeability relative to air, 
cr,. = material conductivity relative to copper, 

f = frequency in Hz. 
The nomograph in Fig. 2 solves this equation for A. 

Reflection losses 
The computation of reflection losses can be greatly 

simplified by considering shielding effectiveness for inc i­
dent electric fields as a separate problem from that of mag­
netic fields or plane waves. In the shielding equation , R 
thus becomes either RE" , R1,, or R1, as computed. 

Ru= 20 log, 0 [0.462/ r (µ,,.ffcr,. ) 112 + O. l36r(µ,,./fa-,.) - 1/2 
+ 0.354] 

where r is the distance between the sou rce of energy 
and the shield in inches. 

The nomograph in Fig. 3 solves the equatio·n for Rw 

Secondary reflection losses 
When absorption losses are very low (usual ly less than 

6 dB), the magnetic shielding effectiveness due to refl ec­
tion losses changes, and the equation for RH is no longer 
accu rate. The complex equation for magnetic field sec­
ondary reflection losses shown below expresses thi s 
change. The factor B can be mathematically positive or 
negative (in practice it is always negative), and becomes 
insignificant when A > 6 dB. It is usually only important 
when metals are thin , and at low frequencies (i.e. , below 
approximately 20 kHz). 

B (in dB) = 20 log10 i 1 - G~ : ~ ~:)( JQ- A/ 10 )( e-j.22111 )I 
where A = Absorption losses (dB) 

IKI = IZs/Z11 I = 1.3(µ,,.lf/cr,.) 112 

Zs = shield impedance 

ZH = impedance of the incident magnetic field 
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ABSORPTION LOSSES (A) 
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Fig. 2- How to use the Absorption Loss nomograph. Given a de­
sired amount of absorption loss at a known frequency, determine 
the required thickness for a known metal. 

1) Locate the frequency on the f scale and the desired absorp­
tion loss on the A scale. Place a straightedge across these points 
and locate a point on the unmarked sca le. (Example: A = 10 dB, 
f = 100 kHz.) 

Gold 
Chromium 
Aluminum 

Magnesium 
Zinc 
Brass 
Cadmium 

Platinum 
Tin 

10-1 

2) P-ivot the strai ghtedge about the point on the unmarked scale 
to various metals noted on the u ,Jµ, scale. A line connecting the 
u,/µ , scale and the point on the unmarked scale will give the re­
quired thi ckness on the t scale. (Example: for copper t = 9.5 mils, 
for co ld rolled steel t = 2.1 mils. 

3) The absorpt ion loss nomograph can also be used in reverse 
of the above order. 
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f SCALE 
MAGNETIC FIELD REFLECTION LOSSES 

RH SCALE 

140 
10 G r SCALE 

10 

Fig. J - How to use the Refl ection Loss nomograph . 
1) Locate a point on the u ,/µ , scale for one of the metals l isted. 

If the metal is not listed, compute <r,/µ, , and locate a point on the 
numerical scale. 

2) Locate the d istance between the energy source and the sh ield 
on the r scale. 

3) Place a stra ightedge between r and a)µ, , and locate a point 
on the blank sca le (Example: r = 10 inches fo r hot ro lled stee l). 
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10-1 10-s 

Silver 
Copper 
Gold 
Aluminum 

Magnesium 
Zinc 
Brass 
Cadmium 
Nickel 
Platinum 
Tin 

Lead 

Mone I 

Cold-Rolled Steel 
Nichrome 
Hot-Rolled Steel 
Commercial Iron 
Galvanized Steel 

Netic 

Stainless Steel 

4% Si Iron 

50 Ni-Iron 
Purified Iron 
4% Si Iron 
(grain oriented) 
45 Permalloy 
78 Permalloy 

Hypernick 

Mu Metal 
Conetic 

4 ) Place a straightedge between the point on the blank scale 
and the desired frequency on the f scale. 

5) Read the refl ection loss from the RH scale. (Fo r f = 10 kHz, 
R,, = 13 dB). 

6) By sw eeping the f scale while ho lding the point on the blank 
scale, R11 versus frequency can be obtained. (For f = 1 kHz, R

11 
= 

3.5 dB). 
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CHART FOR COMPUTING K FOR MAGNETIC FIELD SECONDARY 
REFLECTION LOSSES 
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Fig. 4 - How to find IKI. B can eas i ly-be found using Figs. 4 and 5 
as fo llows: 

Given: r = 2 inches for 0.0162 inch thick copper and A = 
1.3 dB. 

Find B at 1 kH z. 
1) Draw a line between copper on the u ,/µ , scale and r = 

(/) 

0 
_J 

UJ 

u.. 
u 
I-
UJ 
z 
(!) 

< 
~ 
a: 
0 
u.. 

~ 

Conetic 
Mu Metal 

Hypernick · 

78 Permalloy 
45 Permalloy 

4% Silron 
(grain oriented) 
Purified Iron 
50Ni-lron 
4% Si Iron 

Stainless Steel 

Ne tic 

Galvanized Steel 

Commercial Iron 
Hot-Rolled Steel 
Nichrome 
Cold-Rolled Steel 

Mone! 

Lead 

Tin 

Nickel 
Cadmium 
Brass 
Zinc 
Magnesium 

Aluminum 
Gold 
Copper 

2 inches on the "source to shield distance scale". Locate a point 
on the blank scale. 

2) Draw a line from the point on the blank sca le to 1 kHz on 
the f scale. 

3) At its intersection with the IKI scale, read IKI = 2.2 x 10- 2 

4) Now go to the graph (Fig. 5) 
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~~I= 5.0 dB 

Fig. 5 - Use graph to locate B. 
1) Locate IKI = 2.2 x 10- 2 on the horizontal scale. 

The preceeding equation was solved in two parts . A digi­
tal computer was programmed to solve for B with a pre­
selected value of A, while IKI varied between 10- 4 and 
103• The results are plotted in Fig. 5. 

The nomograph shown in Fig. 4 was then designed to 
solve the equation for I Kl shown above. Note that when 
Z11 becomes much smaller than Zs(K > 1 ), large positive 
values of B may result. These produce very large and un­
realistic computed va lues of 511 , and imply a low frequency 
limitation on the B equation. For the purposes of this arti­
cle, only negative values of B will be considered va lid. In 
practical cases, absorption losses (Al must be calculated 
before B can be obta ined. 

rermeability influences shielding effectiveness 
Magnetic shielding effectiveness calculations are highly 

dependent on the permeability (µ,) of the sh ield. It has 
long been thought that permeability decreased at hi gher 
frequencies , and that saturation due to exposure to hi gh­
intens ity magnetic fields also produced a loss of shield 
permeability. 

Recent work has shown that this is not entirely true. The 
more common building metals (i.e., cold rolled steel, ga l­
vanized steel, hot rolled steel) do not change permeability 
with frequency, and show only a 1 to 3 dB variation in 
S11 when exposed to high intensity fields (2 Oersteds). 
Higher permeability materials, such as netic or conetic, 
show both a change of permeability with frequency and a 
5 to 8 dB saturation loss in 2 Oersted fields. 

The permeabilities and conductivities shown on the 
nomographs have been measured and can be relied upon 
to provide accurate values of Sw Calculations for high 
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2) Move vertically to intersect the A = 1.3 curve (interpolate), 
and then horizontally to the left to find B = -8.5 dB. 

permeability materials may require about a 6 dB derating 
when exposed to high intensity magnetic fields of approxi­
mately 2 Oersteds. The field can be ca lcul ated for a loop 
radiator using the following formula : 

H = 0.5 Nl/ l Oersteds 
where N = number of turns 

I = peak current 
1 = magnetic path length in inches o 
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Dlgiswitcli and Miniswltcli. Still the 
biggest selling Thumbwheel switches in 
America. 
And that's the truth . The names DIGISWITCH 
and MINISWITCH are almost generic terms. 
Just to refresh your memory, the larger of 
the two types (DIGISWITCH) is a standard 
for many electrical and electronic equipment 
uses . You can buy them with 8, 10, 12 or 16 
dial positions and specify various stops to 
limit rotation. We have over 200 different 
off-the-shelf outputs, several termination styles 

\ 

including plug-in, solder holes and Wire Wrap•. 
DIGISWITCHES come in four different models. Standard, 
general purpose (Series 300), front panel mount (Series 
13000) and two sealed models . One for severe environ­
ments (Series 9000) especially excellent for industrial use 
where cutting oils, water and other contaminants are 
present. The other model (Series 19000) is considered 
"dust sealed" for less severe environmental applications. 

The MINISWITCH is essentially the same as the DIGI-

*Wire Wrap is o registered trade mark of the Gordner-Denver Co . 

\ 

SWITCH only it's much smaller. Ideal for instrumenta­
tion and computer applications where space and 

size are critical factors . The Series 8000 is the stand­
ard general purpose and the Series 200 
and 700 are the sealed versions . Both 
DIGISWITCH and MINISWITCH have a 
long service life with over 1,000,000 
detent operations. And, of course, large 
easy-to-read digits . 

So, send fo r our complete catalog. 
Or write us for technical assistance. 
We're big on service too . And that's the 
truth. 

THE DIGITRAN COMPANY 
A Division of Becton, Dickinson and Co. I B-D I 

855 South Arroyo Parkway, Pasadena, California 91105 

Phone: (213) 449-3110, TWX 910-588-3794 

CHECK NO. 21 An 



§@~ DESIGN AWARDS 

Novel clock circuit provides multiplexed display 

George Smith 
Litronix, Inc., Cupertino, Ca lif. 

There are many clock circuits using TTL cou nters to cou nt 
the 60-Hz line. The " can-count" and power consumption 
can be substantially reduced by a different MSI approach 
that yields a multiplexed disp lay suitab le for LED readouts. 

Counting is accompl ished by circul ating the data through 
a binary adder, and adding one to the digit at the required 
times. Two 9328 packages give 8 BCD digits of storage, 
and a 7483 4-bit adder is used to add one when the carry 
flip-flop N is set. 

A 9301 counter keeps track of the digit posit ion, and via 
the 9301 decoder, drives the digit-select transistors. When 
the cou nter reaches state 9, the ca rry FF is enabled, and 

then set on the next clock pulse. The incremented count is 
reloaded into the shift register and the carry FF is reset, 
unless the adder output has reached 10. In this case gate 
G, switches the data select line to Do, and a zero is loaded. 
The carry FF reset is also inhibited , so the Cin is carried 
forward to the next digit. For every other digit, Q, = 1 and 
the gate G2 forces a carry on 6 instead of waiting for 10. 
In th is way, the 10, 6, 10, 6, 10, 6, 10, 6 sequence is gen­
erated. When the count reaches 10 o' clock, flip-flop M is 
set on every cycle. Gate G,, then detects when the time 
goes to 1 3 o' clock, and asynchronously clears the shift 
register. The carry FF remains set so a 1 is loaded into the 
hours digit, and the transition from 12:59:59 to 1 :00:00 is 
accomplished. The seven segment decoder driver looks 
at the shift register output and drives the LED segment lines. 
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Digital clock scheme uses TTL MSI circuits to minimi ze package-count. A further savings in package count is achieved by multiplexing 
the LED readout. 
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The leading hours digit is blanked, using the RBI input on 
the9317. 

Using push-button switches, the carry FF enable can be 
moved to speed up the count to permit setting the hours 
and minutes. The seconds are set by inhibiting the carry 
FF and letting the time catch up with the clock. 

The 9601 one shot, in conjunction with the octal 
counter, and the diode AND gate forms a phase-lock loop 
that locks the 9601 to 480 Hz, to provide correct time. For 
a 50 Hz line frequency, the timing components of the 

9601 must be changed to give 400 Hz, and another gate 
must be added to the G1, G2 pair to force the second digit 
to cou nt by 5. 

This basic scheme makes it easy to count by a different 
base. By using a decade counter instead of the octal count­
er, and add ing two 9300 4-bit registers, and a few gates, 
the system wi II cou nt down from a 1 MHz crysta l. 

To Vote For This Circuit 
Check 150 

Digital comparator is self-adjusting 

Robert A. Scher 
Aerosonic Corp., Clearwater, Fl a. 

Magnitude comparison of two 4-bit binary coded decimal 
numbers will normally yield a "greater than," " less than," 
or "equal to" decision. But greater or less by how much? 

This circuit will ca lculate the exact difference between 
two 4-bit code lines X and Y. For thi s case Xis programmed 
with a BCD thumbwheel switch . Y is a count preset into 
the 74192 up-down counter. 

A 7485, 4-bit magnitude comparator is used to compare 
X and Y. When the NANO gates are enabled, the compa­
rator outputs on pins 5, 6 and 7 enable either NANO gate 1 
or NANO gate 2. This enables the clock to the up or down 
terminal of the counter. The counter continues to count 
until its output (Y) equals the thumbwheel count (X) . 

A separate register can be used to store the up or down 
counts necessary to reach equality. 

The " equal " signal from pin 6 of the 7485 then allows 
the next operation to be enabled, since the .difference 
computation has been completed. 

Comparators and counters may be cascaded indefinitely 
to accomodate any number of BCD digits desired. D 

PUT delivers ultra-low-power, 
Jeffrey P. Stein 

Honeywell Inc. , Ft. W ashington, Penn. 

This circuit shows how a programmable unijuncti on tran­
sistor (PUT) can be used to generate an ultra-low-power, 
very-low-duty cycle pulse. The ci rcuit has been applied in 
a battery back-up for an MOS memory system to peri­
odically refresh the internal data-node capacitors by switch­
ing the power supply on for a very short time. 

The circuit is bas ica lly a standard PUT oscillator with 
the voltage divider R2/R3 setting a threshold or tri gger level. 
Thi s voltage is such that the voltage across R2 is much less 
than the breakdown of D 1• The zener diode, D 1, should be 
about 2 volts less than the battery or supply voltage. 
Capacitor cl charges through RI until VA equals Ve + 0.7V. 
The PUT fires at thi s point and capacitor C1 discharges 
into the base of Q1 via R4 and into inductor L1• Thi s turns 
on the Darli gton driver pai r very hard, si nking large cu r-

ENABLE 
7410 

THUMBWHEEL 
B.C.D. COUNT 

A B C D 

X>Y 
5

10 12 13 15 

X =Y 6 COMPARATOR 
X ( Y 7 7485 

9 11 14 

A 8 c D 
UP 3 3 6 

DOWN 4 UP- DOWN 
COUNTER 

PRESET 

Down Counts Necessary to Reach Equality 

Equal · Go to Next Operation 

BCD comparator provi des " less th an," " equal to" or "greater 
than" comparison between thumbwheel setting and input digit, 
as usual. However, if equal ity does not exist, the circuit will then 
count up or down until equality is reached, thus calculating the 
difference between compared digits. 

To Vote For This Ci rcuit 
Check 151 

high-energy pulses 
rents from the load, and also stores some energy in the field 
of inductor L1• 

In order to complete one cycle and start the next osci I­
la tor cycle, the PUT must be turned off. Thi s is done by the 
zener diode. When the PUT conducts, the device will 
" latch-up" if the anode current IA exceeds a speci fied 
val ue, ca lled the valley current, Iv. The valley current is 
directly related to the current flowin g into the gate elec­
trode. The PUT then conducts and the gate draws current, 
pu lling the voltage at the gate down until the zener diode 
breaks down. The gate current then becomes very large 
until the point where IA becomes less than Iv and the PUT 
turns off. 

When the PUT turns off, the inductor no longer sees 
current flowing into its winding, and because of its co l­
lapsing field, generates a negative transient at the base 
of the Darlin gton, cutting it off rapidly. This generates a 
high-power pu lse with very sharp ri se and fa ll times. The 
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PUT pulse generator delivers very-high-energy pulses in an ex­
tremely-low-du ty-cycle mode. Thi s ci rcuit was developed to pro­
vide memory-refresh pulses from a standby battery to an MOS 
memory system. 

charging sequence then starts again to sustain the osci 1-
lation . 

This circuit generates a very high energy pulse of short 
duration and low duty cycle. Typica l values are: 

t,, = 1 .5 µ.sec 
T = 1.5 msec 
IL= lA Peak 
t, ::: 200 nsec 
t_r ::: 200 nsec 

Standby power is consumed only in the resistor divider 
R2/R3 and the charging resistor R, which can be very large. 
The only other currents are small leakage currents across 
the device junctions. The real key to low-power operation 
is the elimination of the interbase channel resistance 
(6k-1 Ok) of the more common UJT used in this type of cir­
cuit. Also, the zener diode allows R2/R3 to be made very 
large while still maintaining proper operation without 
" latch-up. " o 

To Vote for This Circuit 
Check 152 

IC op amp makes gated oscillator 

Frederick Madi 
North American Philips, Bri arcliff M anor, N.Y. 

This c ircuit is a gated 5-MHz relaxation oscillator with 
several unique features. Its output always starts in the 
same phase with respect to the gating signal. The major 
ci rcuit components are a gate controlled wideband ampli ­
fier, M C 1545G, and a frequency se lective network com­
pri sed of R, , R2 , and C. This network provides positive 
feedback around the amplifier. The conditions for osci ll a­
tion are controlled by varying the amplifier ga in via the 
gate input. For example, a gate signal supplied from T2 L 
logic can vary the amplifier ga in from - 70 db at logic 
" O" to +20 db at logic " 1 ". 

The selection of resistors R, and R2 should be limited by: 

where K is the amplifier ga in with a hi gh gate voltage. R, 

J 11JllL---IL J: v 

This single IC op amp makes a gated 5 MHz oscillator which al­
ways starts with a positive pulse. Adaptation for frequencies above 
10 MHz should present no problems. 
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is also limited in value by bias current considerations of 
the amplifier. The period of oscillation has been found to 
be approximately: 

T = 4(R1 + R2 ) C. 

The MCl 545G has a 3 db frequency of 75 MHz with a 
single ended voltage gain of 20 db. Thus, extending the 
operating frequencies well beyond the 1-10 MHz range 
should not be any problem. D 

To Vote For This Circuit 
Check 153 

Rules & Announcements 

Your vote determines this issue's winner. All cir­
cuits published win a $20 cash award. In addition, 
all issue winners receive a $50 U.S. Savings Bond 
and become eligible for the annual $1 000 U.S. 
Savings Bond Grand Prize. 

Vote now, by checking the appropriate number 
on the Information Retrieval card . 

Submit your own circuit , too. M ai I entries to Cir­
cuit Des ign Program Editor, EON, 22 1 Columbus 
Ave. , Boston, MA 02116. 

Readers have voted: Richard G. Sullivan winner of 
the June 1 Sav ings Bond Award. His winning circuit 
is " Test box indicates logic levels for enti re IC." Mr. 
Sullivan is with Control Data Corp. , Rochester, Mich . 
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CYCON's CY3735 is a complete 4-digit BCD-output ADC 
featuring 0.01% linearity and temperature stability of 0.003%/ C 0 

(0.001%/ C0 with external reference) . You can buy one for 
$149, . . . or 100 for less than $125 each . 

Packaged in two 2" x 3" modules, the CY3735 takes advantage 
of a unique conversion principal called "section counting " 
to achieve a combination of stability , accuracy and 200 µsec 
speed at remarkably low cost. And , for industrial control 
systems and other electrically noisy environments, the CY3735 
incorporates automatic digital correction of transient-induced 
errors. A companion unit, the CY3335, offers the same 
features with 14-bit binary output . 

Write, phone, or circle our Reader Service Number for 
detailed technical data and prices . 

~ CVCON Inc 
Exploit ing a breakthrough in analog / digital interla ce technology. 

1080E Duane Ave. / Sunnyvale, Cal. 94086 / Phone : 40S--732·8311 

CHECK NO. 32 
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PROGRESS IN PRODUCTS 

Pair of new portable scopes 
eclipse predecessors 
PROGRESS IN 
INSTRUMENT AT/ON 

"ECONOMY " MODEL HIGH PERFORMANCE MODEL 

Tektronix, Inc. , has introduced two 
leapfrog updates of its successful 453 
and 454 portable wideband oscillo­
scopes. The scope maker expects that 
the new 100-MHz 465 and 200-MHz 
475 will easily push their predeces­
sors (and Hewlett-Packard's competi­
tive models 1 707 A and 1 71 OA) out of 
the market because of their superior 
performance and lower price. 

These innovations arose out of Tek­
tronix's desire to forestall the competi­
tion growing up in the lucrative area of 
battery operated instruments for field 
servicing of computers and communi­
cation gear. The table illustrates just 
what a dramatic improvement has 
been made. At the same time Tektronix 
believes that as the prices go down, 
there will be an increased use of these 
compact field instruments in labora­
tories. These smaller instruments save 
bench space, are easier to carry and 
when operated on their battery packs, 
can eliminate ground-loop problems. 
Also, they are good antidotes for the re­
duced utility-voltage leve ls becoming 
more common during " East Coast 
brownouts." 

The wideband performance of the 
475 comes from using the same Tek­
tronix developed GHz-bandwidth IC­
transconductance multiplier amplifier 
that Tektronix used on its recently an­
nounced 350-MHz, 485 portable scope 
(EON, Mar. 15, 1972, pg. 77). This 
amplifier is a derivative of the well­
known circuit developed by Barrie 
Gilbert while he was at Tektronix. The 
signal is applied at one of the two in­
puts while a de gain-control signal is 
applied to the other. Because of the 
475's lower frequency compared to the 
485, it was possible to add a FET input 
stage (modified ground source) ahead 
of the Gilbert stage for hi gh (1 M ) input 
impedance. 

The lower prices for the new scopes 
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Old New Old New 
% % 

Feature 453A !165 
Improve. 

454A 475 
Improve. 

CRT Size Bx 10div 8 x 10 div 25% 8 x 10 div 8 x 10 div 25% 
(0.8 cm/div) (1.0 cm/div) (0.8 cm/div) ( 1.0 cm/div) 

Bar1clwidth 60 MHz 100 MHz tj/% 150 MHz 200 MHz 33% 
Deflect1on_F.actor 

at Full BW 
20 mV/div 5 mV/div 400% 10 mV/div 2 mV/div 500% 

Min. DeTiect1onTactor [OmV /dlV omV/ dlV 2 mV/div 2 mV/div 
Trigger View I NO ~es _l_UU'Yo_ J<J:o ::!"es :!UU% 
Scale-Factor Reacfout [No Yes _1UU"lo_ No Yes 100% 
Battery Operation [No 'i'es 1UU% No Yes ~O'lo 
Fastes~weep~eea l!ITµse~v lrO!JµseCTcllv bU% 0.02µsec/div O.Olµsec/ div 50% 

~---1 Weight(_~O Panel~ve'!: [2!f.3lb 22.Slb 
Cost [ $2050 $1725 

'Ui!fay T 1me"Accuracy T.53' 13' 

come from the use of the " mount­
everythi ng-on-the-PC-board" phi los­
ophy made popular of late. It is almost 
as though Tektron ix based its packag­
ing design on EDN's report on that sub­
ject ("Make it Planar," EDN, Dec. 1, 
1971 ). 

All the front-panel switching is car­
ried in mechanica lly to the electrical 
contacts on the PC boards, which puts 
the switching right at the correct points 
in wideband circuits. All the circuit­
status outputs come from LEDs on the 
boards, the indications being carried to 
the front panel via light pipes. The 
configuration both helps circuit per­
formance and reduces assembly labor. 

29.3 lb 22.8 lb 22% 
16% _$:J2 0_(l_ :!'.1500 22% 

·503 1.5% 1% bU"/o 

The PC boards are mounted in a u­
frame arrangement around the rela­
tively large CRT needed for the large­
screen d isplays in these small instru­
ments. Thi s "i nside-out" construction 
makes all the ci rcuit test points accessi­
ble and heeds the wise advice given 
to instrument designers in the 1950's 
by British medical electron ics expert, 
P. E. K. Donaldson. Donaldson claimed 
that the "i nside-out" package saved 
everybody's time because one could 
trouble-shoot an instrument while it 
was operating. 

Tektronix has solved the problem of 
providing a reasonably stable internal 
temperature environment for an instru-

EDN SEPTEMBER 1. 1972 



ment that will be operated out in the 
field . It has servo'd the speed of the 
cooling fan to a thermistor. When the 
instrument is out on an arctic ice flow, 

operating at - l 5°C, the fan motor (a de 
hall-effect type) will be running at only 
about 600 rpm ; when operating in the 
tropic sun at + 55°C, the motor will be 

High-speed IC for Data transmission 
contains four transceivers. 
PROGRESS IN 
MICROELECTRONICS 
A recently introduced quad driver­
receiver from Signetics, designed for 
use in bus oriented systems, features 
a propagation delay of less than 17 
nsec. 

IN DR IVE 
OUT 

RECEIVE 
OUTPUT 

IN DRIVE 
OUT 

running at full speed of about 3300 
rpm . Tektronix, Inc., P.O. Box 500, 
Beaverton, OR 97005. Phone (503) 
644-01 61 . 268 

RECEIVE 
OUTPUT 

BUS 
ENABLE 

Vee 
(5.0V .:!. 5%) 

The 8T26 contains four pairs of in­
verting logic gates and two buffered 
common enable lines. Each pair of 
gates consists of a driver that has a 
40-mA current sink capability, and a 
16-mA receiver. Both the driver and 
receiver gates have " three-state" out­
puts and PNP inputs. Because PNP 
inputs are used, input loadi ng is low 
less than 200 µ.A . Each driver output is 
internally connected to the input of 
its associated receiver to permit the 
8T26 to transmit and receive on a sin­
gle line. 

Fig. 1 - The 8T26 quad transceiver, a Schottky TTL device, is produced by the 3-micron 
epitaxial film process introduced by Signetics earlier this year. 

A logic ONE on the bus enable in-

put allows input data to be transferred 
to the output of the driver. A logic 
ZERO will force the output to a high 
impedance state, and it will also dis­
able the PNP, resulting in negligible 
input load current. The receiver gate 
is enabled by logic ZERO on the input 
enable pin . 

Quad op amps vie for industrial 
and automotive applications 
PROGRESS JN 
MICROELECTRONICS 
In February of 1971 Tom Frederiksen, 
then of Motorola, described a multiple, 
single supply voltage, high gain op 
amp at IEEE Solid State Circuits Con­
ference in Philadelphia. Now Motorola 
Semiconductor and National Semicon­
ductor have announced the availability 
of quad amplifiers. Since Torti Frederik­
sen is now at National , it isn' t too sur­
pri si ng that the devices are rather simi ­
lar. But there are differences. 

The quad amps all share the pinouts 
shown in the accompanying diagram. 
Motorola's MC3401 P and National 's 
LM3900 are designated for use in the 
industri al temperature range of 0 to 
+75°C. Motorola's MC330 1 Pis spec'd 
for the automotive temperature range 
of - 40 to +85°C. 

6~ 1 5 
1 + 8~ 3 9 

13 + 

3~ 2 4 
2 + 

1 1~ 
12~10 

v• = 14 GNO = 7 

3 Monolitic quad op amps from Motoro la 
and National use the sa me pinouts, as 
shown, and a single vo ltage supply. The use 
of as unique "current mirror" input results 
in a non-inverting unput rather than the 
usual differenti al inputs. 

Unity gain bandwidth is 5 MHz for 
the 3401 , 4 MHz for the 3301 and 2 · 5 
MHz for the 3900, indicating slight dif­
ferences in the internal compensat ion 
for each device . Single vo ltage supply 

The 8T26 transceiver operates on a 
single +5V supply with a typica l pow­
er consumption of 250 mW. When 
purchased in lots of 100, the " N8T26B" 
pri ce is $3.90 each. Signetics, 811 E. 
Arques Ave., Su nnyva le, CA 94086. 
Phone (408)73 9-7700. 269 

ranges are +4 to + 20V for the 3301 , 
+ 5 to + 18V for the 3401 and + 4 to 
+ 36V for the 3900. 

Open loop gai n for the Motorola 
devices is typically 2000, while the 
National amp is typicall y 2800. Slew 
rate for National 's is 0.6V/µ.sec vs Mo­
torola' s at 0.5V/µ.sec. So the tradeoffs 
have been bandwidth, ga in and slew 
rate. Choose the one that best suits 
your design . 

Pricing, the best part of the whole 
thing, is really a grabber: In 100-up 
quantities the MC3401 P and the LM-
3900 are priced at 75¢ each ! The auto­
motive version, MC3301 Pis 80¢ each. 

Motorola Semiconductor Products, 
P.O. Box 20912, Phoenix, AZ 85036. 
Phone (602) 273-6900. 270 

National Semiconductor Corp. , 2900 
Semiconductor Dr, Santa Clara, CA 
93152.Phone(408)732-5000. 26 7 
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SEMICO NDUCTORS 

7112 NSEC COMPARATOR, the Am685 was 
developed for those designers w ho requi re 
mV accu racies at nsec speeds. This com­
parator has 500µV input resolution and 
complementary ECL outputs. The circuit 
may be operated in a sample-hold mode at 
rates up to 100 MHz. Pri ce in 100-up quan­
tity is $8.95 to $22 each. Adva nced Micro 
Dev ices Inc., 901 Thompson Place, Sunny­
va le, CA 94086. Phone (408) 732-2 400. 

185 

CMOS ARITHMETIC ARRAY INTRO­
DU CED. DD4057 A provides 4-bit arith ­
meti c operations, time sharing of data ter­
minals, and full functional decoding for all 
contro l lines. Applications of the CD4057A 
inc lude parallel arithmeti c units, process 

contro llers, remote-da ta se t,, .rnd graph ic 
di splay terminals. Pri ce: $75.00 (1-99 
quantity). RCA/Solid State Div., Route 202, 
Somerville, N J 08876. Phone (201) 722-
3200. 186 

NPN PHOTOTRANSISTOR IS SPECTRALLY 
MATCHED TO INFRARED LEOS. The de­
vices may be used as a sensor and emitter 
pair. Both the new sensor and the TIL3 1 
emi tter are compatible w ith the TTL and 
DTL c ircuitry. Ri se time is typically 350 
nsec. It is pri ced at $1.75 in 100-piece 
quantities. Texas Instruments Inc., P.O. Box 
5012, Da llas, TX 75222 . Phone (2 14) 238-
2011. 187 

SUPER-BETA, MATCHED DUAL MONO­
LITHIC NPN SILI CON TRANSISTORS now 
avai lable. DC current gain is in excess of 
2000 on the MPS 301. Other notable, typi ­
ca l specifi cations are Vbe, - Vbe, = 0.2 M v 
and 11 m (VBe, - Vbe,) = 1 µ V/C. Price of 
the MPS 301 is $2.40 in quantities of 1000. 
Micro Power Systems Inc., 3 100 Alfred SI. , 
Santa Clara, CA 95050. Phone (408) 247-
5350. 188 

MONOLITHIC PHASE LOCKED LOOP 
OPERATES FROM 5 TO 26V. Frequency 
band is 0.5 Hz to 35 MHz, and it can ac­
comodate analog signals between 300µV 
and 3V. The XR-2 15 also has d igital tuning 
or multiplex ing capability. Frequency can 
be stepped by a digital control or "channel­
select" pulse. The 1 00-up pri ce of the XR-
215 is $10.00. Exar Integrated Systems Inc. , 
733 N. Pastoria Ave. , Sunnyva le, CA 94086. 
Phone (408) 732-7970. 189 

QUADRUPLE D-TYPE FLIP-FLOPS ARE 
EDGE-TRIGG ERED. S4/74 17S quad flip­

flop ICs conta in four fli p-flops w ith double 
rail outrut , buffered clock and direct clear 
inputs, and individual data input to each 
flip-flop. Max clock frequency is typ ica ll v 

21 MHz wi th a typi ca l power diss ipa tion of 
rn mW per flip-flop. Signetics, 811 E. Ar­
ques Ave. , Sunnyvale, CA 94086. Phone 
(408) 739-7700. 190 

MICROPROGRAMMABLE ARITHMETIC 
PROCESSOR SYSTEM PROVIDES most of 
the performance features of a mini-com­
puter controller at a fraction of the cost. Un­
like a mini-computer based contro l ler, 
MAPS, once programmed, is dedicated to 
a particular app li cation. MAPS includes an 
ar ithmetic unit (MMS700), a register unit 
(MMS701 ), a timing and control ci rcuit 
(MMS.702), control read onl y memories 
(MMS703 & OS), a keyboard interface 
(MMS 704), and a static data monitor 
(MMS706). A typi ca l MAPS set costs less 
than $100 in 100-up quantities. National 
Semiconductor Corp., 2900 Semiconductor 
Dr. , Santa Clara , CA 9SOS l. Phone (408) 
732-S OOO. 191 

HYBRID VOLTAGE CONTROLLED OS­
CILLATOR, the ND-SOl , is a precision, 
wide-band osci llator sealed in a fou rteen 
lead dual in-line package. The unit may be 
oper,1ted at center frequencies up to 1 M Hz 
as determined by externa l timing compo­
nents. Linearity is typi ca ll y ± 0. 1 %. Tem­
perature stabi lity is typi ca ll y 70 ppm/°C 
over the range of -SS°C to + 12S 0 C. Nova­
dyne Inc., 3SOO " B" W estminster Ave. , 
Sa nta Ana , CA 92703. Phone (7 14) 839-
53SO. , 192 
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CMOS 8-CHANNEL DIFFERENTIAL ANA­
LOG MULTIPLEXER has a 3- line binary 
decode input channel se lect ion. The mono­
lithic DGS07 features a ± 1 SV analog signal 
range with ± 1SV supp li es and r0 .v of less 
th an SOOfl. Switching action of the DGS07 
is Break-Before-Make. Price in 1-29 quantity 
is $40.00 for parts intended for industrial 
service at - 20°C to +8S 0 C. Siliconix Inc. , 
2201 Laurelwood Rd. , Santa Clara, CA 
9SOS4. Phone (408) 338-0227. 193 

SC HOTTKY TTL/MSI LOOK-AHEAD 
CARRY GENERATOR can be combined 
with four S45/74S181 arithmetic logic units 
(ALUs) to provide the fastest TTL adder/ 
subtractor ava il able. By using the Sl 82, de­
signers ca n achieve a 92% performance 
improvement over the standard 182. Time 
through the longest delay path is 6.7S nsec. 
Pri ces in 100 piece quantities are: SN74S-
182N, $7.S6; SNS4S 182N, $9.45. Texas 
Instruments Inc., 1300 N. Central Express­
way, Dall as, TX 7S222. Phone (2 14) 238-
201 1. 194 

TWO WIDE-INPUT GATES ADDED TO 
SCHOTTKY TTL FAMILY. Des ignated the 
SNS4S/74S 133 and the S134 , both circuits 
feature typica l delay times of 4.S to S nsec. 
The Sl 33 gate has a 13-wide input section 
wi th a high fan -out. The Sl 34 features a 
12-wide input section and a three-state 
output. Pri ce in 100 piece orders is $1.37 
for the Sl 33 N and $1.7 1 for the Sl 34N. 
Texas Instruments Inc. , 13SOO No. Central 
Expressway, Dallas, TX 7523 1. Phone (2 14) 
238-201 1. 195 

DUAL DARLINGTON DRIVER FOR IN­
DUCTIVE LOADS. The RCA-TA8S90 con­
ta ins two amplifiers that can each deliver 
SA with a current ga in of SOO, or 3A with a 
current ga in of 600. The amplifiers incl ude 
integral diodes for load-current commuta­
tion and are suited for driving inducti ve 
loads. The unit is priced at $4.2S in 1000-
unit quantities, and is ava il able from stock. 
RCA Solid State Div., Box 32 00, Somervi lle, 
N J 08876. Phone (201 ) 722-3200. 196 
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4.5-DECADE DVM LOGIC ARRAY con­
tains the functions of a 4.5 -decade digital 
voltmeter in a single logic array. The 3814 
DVM Logic Array, operates from de to 600 
kHz and interfaces directl y wi th TTL. It ca n 
drive multiplexed displays directl y. The 
100-999 pri ce in a 24-pin DIP is $16.25. 
Fairchi Id Semiconductor Components 
Group, 464 Elli s Street, Mountain View, 
CA 9404 9. Phone (415) 962-38 16. 197 

NUMERIC DISPLAY HAS INTEGRAL TTL 
MSI DRIVER. For application requiring BCD 
data display, the model 745-0008 readout 
conta ins constant-current dri ve for the 
LEDs. The decimal point is contro lled inde­
pendentl y with decimal-po int latch. In 
quantities of 1000 units, cost is $10.00 
each. Availability is from 4 to 6 weeks. 
Dialight Corp., 60 Stewart Ave., Brooklyn, 
NY 11 237. Phone (2 12) 497-7600. 198 

• 

LED NUMERIC DISPLAY, AD-1, IS A 
GaAsP DISPLAY WITH 0.120 IN. HIGH 
CHARACTERS. Brightness of the di splay is 
greater than 200 ft-L. at 5 mA de with a 
forward voltage of 1 .65V at a peak wave­
length of 650 nM. Power dissipation is 
160 mW, and peak pu lsed current is 150 
mA. The display is encapsulated in red 
epoxy providing better contrast for im­
proved viewing. Antex Industries, Inc., 
1059 E. Meadow Circle, Pa lo Alto, CA 
94303. Phone (4 15) 326-2441. 199 

N-CHANNEL DUAL-GATE MOSFETs OF­
FER LOW NOISE AND HIGH GAIN. Desig­
nated the 3N204, 3N205, and 3N206, these 
MOSFETs fea ture typical noise figures rang­
ing from 2 db at 200 MHz to 7 db at 900 
MHz. In 100-piece quantities, pri ce for the 
3N204 and 3N205 is $0.80 each and $0.70 
each for the 3N206. Texas Instruments Inc., 
13500 No. Centra l Expressway, Dallas, 
TX7521 3.Phone(2 14)238-2011. 200 

LONG STATIC SHIFT REGISTERS DRAW 
ONLY 28 mA at 3 MHz. The Model "2527" 
is a dual 256-bit shift register, the Model 
"2528" is a dual 250-bit register, and the 1 

" 2529" is a dual 240-bit version. All inter­
face connect ions of the circuits are full y 
compatible with standard bipolar TTL ICs. 
Pri ce is $9.20 ea. when purchased in a 
quantity between 1 00 and 999. Signetics, 
811 E. Arques Ave. , Sunnyva le, CA 94096. 
Phone (408) 739-7700. 201 

POSITIVE INPUT ANALOG SWITCHES 
PRICED UNDER $1 PER CHANNEL. The 
devices are known as the IH 5025 through 
IH5038 seri es. OFF-state leakage current 
is 50 pA max. , switching speed is less than 
100 nsec. The family is designed to be 
driven from TTL open-collector logic (15V). 
Each package contains up to four SPST 
channels. lntersil , 10900 N. Tantau Ave., 
Cupertino, CA 95014. Phone (408) 257-
5450. 202 

TWO-PHASE MOS CLOCK DRIVER PRO­
VIDES FIXED-WIDTH PULSES. The HX 
0009 features include de coupling output 
swings to 30V, output drive to 500 mA and 
repetition rates to 2 MHz. Standard TTL/ DTL 
line drivers with externa l capacitors can be 
used to set pu lse width. Pri ce is $18 ea. in 
100 qty. Ha lex, Inc., 3500 W. Torrance 
Blvd. , P.O. Box 2940, Torrance, CA 90509. 
Phone (213)772-446 1. 203 

7261 SL 7263 7264 7265 

Giga-Trim® (gigahertz-trimmers) 
are tiny variable capacitors which 
provide a beautifully straight for­
ward technique to fine tune RF 
hybrid circuits and MIC's into 
proper behavior. They replace 
time consuming cut-and-try ad­
justment techniques and trim­
ming by interchange of fixed 
capacitors . 

Applications include impedance 
matching of GHz transistor cir­
cuits, series or shunt "gap-trim­
ming" of microstrips , external 
tweaking of cavities, and fine 
tuning of crystal osci ll ators. 

CHECK NO. 23 
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CIRCUITS 

LOW-POWER CRYSTAL OSCILLATORS 
AND TIMERS IN SMALL PACKAGES. These 
subminiature CMOS timing circuits have 
frequencies between 600 kHz and 1 Hz per 
6 hours. They draw only S µ,A at 3.SV and 
are packaged in TO-S's or 1 /4 by 3/8 by 
0.07 in. flatpacks. Standard options avail­
able include a reset and provisions for ex­
ternall y tuning the oscillator to the preci se 
frequency with an external trimmer capa­
citor. Price is $36 each for SOO units. Statek 
Corp. , 1200 Alvarez Ave., O range, CA 
92668. Phone (7 14) 639-7810. 216 

A/D CONVERTER FAMILY FEATURES 
LOW DRIFT. The 160 family of 10- and 
12-bit modular A/ D converters features 
better than ± 1/ 2 LSB linearity over a tem­
peratu re range of 2S°C ± 1S0 C. Two con­
version speeds are offered for the 1 2-bit 
converters: Model 160-12 converts in 100 
µ,sec and the 161-1 2 converts in 30 µ,sec. 
The 10-bit vers ions are faster-Model 160-
10 converts in 7S µ,sec and the 161-10 takes 
only 20 µ,sec. Function Modules, Inc., 2441 
Campus Drive, Irvine, CA 92664. Phone 
(7 14) 833-8314. 217 

REGULATED POWER SUPPLIES SPAN 4 
TO 28V de. The OLV-60 Seri es provides 
1 S different output voltages from 4 to 28V 
de with current ratings of 12 to 3.SA. Speci­
fications include: 0. 1 % line and load regu­
lation, 0.1 % ripple and noise, remote sens­
ing, foldback current limiting, and electro­
statically shielded transformers. Overvolt­
age crowbar protection is optional. Price is 
$75 in 1-9 quantities. Elexon Power Sys­
tems, 186S 1 Von Karman , Irvine, CA 92664. 
Phone (2 13) 37S-9798. 218 
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D/A CONVERTERS COME IN DIP-COM­
PATIBLE PLASTIC CASE. The Series UHM­
SOO consists of complete 8- and 10-bit hy­
brid D/A converters for operation over the 
temperature range of - SS to + 12S 0 C. Con­
vers ion accuracy is better than ± 1 /2 LSB 

between -2S and +8S 0 C. The Type UHM­
S03 is a 10-bit unit with an abso lute ac­
curacy of better than ± 0.048% and a con­
version time of typically 2.S µ,sec. The Type 
UHM-S 06 is similar but inc ludes an op amp, 
for an output impedance of on ly 0.01 n. 
All units meet M IL-STD-883. Sprague Elec­
tric Co., North Adams, MA 01247. Phone 
(413) 664-4411. 219 

SOLID-STATE TIMER IS IN PLUG-IN 
MODULE. The Series 2111 generates linear 
timing per iods by providing a constan t­
current discharge path from a storage ca­
pacitor. Jn this way the repeat accuracy of 
±2% remains constant for any sensing 
voltage. The timer has 11 different time 
ranges and maximum time settings from 1 
sec to 1 S min. , minimum ti me setting of 
0.10 sec, 100 msec max imum reset time, 
designed-in transient suppression and ac 
or de input. General Time Corp. , Thomas­
ton , CT 06787. 220 

LOW-COST A/D CONVERTER ENCODES 
8 BITS IN 4 µ,SEC. The aimAD0800 pro­
vides ± 1 /2 LSB max. Linearity over the en­
tire -2S to +8S°C temperature range. An 
economy version, the aimAD0801, pro­
vides 8-bit encoding in 12 µ,sec max., w hil e 
retaining all other features of the aim­
AD0800. The unit operates w ith analog 
supplies ranging from ± 12V to± 18V; max­
imum power consumption is 1.8SW. Price 
for the aimAD0800 is $160; and fo r the 
aimAD0801, $1 10. Precision Monolithics, 
Inc., 1500 Space Park Dr., Santa Clara, CA 
95050. Phone (408) 246-9225. 221 

FREQUENCY-TO-DC CONVERTER OPER­
ATES OVER - 55 to + 85°C. The comp letely 
solid state FREQMETER wi ll linearl y convert 
frequency or repetition rate of signals to a 
proportion al de voltage. Four standard mod­
els cover the input frequency range of zero 
to 100 kHz. Model 410 covers zero to 100 
Hz; Model 420, zero to 1 kHz; Model 430, 
zero to 10 kHz; and Model 440, zero to 100 
kHz. Solid-State Electronics Corp., 1532 1 
Rayen St. , Sepulveda, CA 91343 . Phone 
(2 13) 785-4473. 222 

D/A CONVERTERS ARE DTL AND TTL 
COMPATIBLE. The 210 Series consists of 
8, 10, 12 and 13-b it binary converters and 
one 3-digit BCD converter. Each is com­
plete with a ± 1 OV, ± 40 mA amplifi er capa­
ble of driving 75!1 cables. Settling times of 
600 nsec for 8 bits and 1.2 µ,sec for 13 bits 
are standard, as is differential linearity of 
± 1 /8 LSB for 10 bits. Price for the 8-b it 
Model 21 OA-8 is $7S; for the 13-bit Model 
210A-13 , $145. Dynamic Measurements 
Corp. , 6 Lowell Ave. , Wi nchester, MA 
01890. Phone (6 17) 729-7870. 223 

8-BIT SYNCHRO CONVERSION MODULE 
COSTS ONLY $295. The 8-bit (1.4) Model 
M4000S synchro-to-binary convers ion 
modu le offers a solution to appli cations 
where extreme accuracy is not a require­
ment. An output register is included for 
computer interface. Update rate is S msec, 
and data transfer time is less than 100 nsec 
from the register. Astrosystems, Inc., 6 
Nevada D r., Lake Success, NY 11 040. 
Phone (S 16) 328- 1600. 224 

HYBRID CATV MODULES PROVIDE 
WIDEBAND AMPLIFICATION. Three hy­
brid modules for use in CATV sys tems 
provide a complete amplifier assembly. The 
input module, Type MHW560, provides 
16 dB of power ga in with a bandwidth of 
40 to 300 MHz (w ithin ±0.3 dB). The 
MHWS61 module provides an additional 
1 S dB gain . Type MHWS62, is for use as 
the output amplifi er. Prices for 2S-99 quan­
tities are: Type MHWS60, $39.00; Type 
MHWS61, $44 .SO; and Type MHWS62, 
$SO.SO. Motorola Semiconductor Products, 
P.O. Box 20924, Phoenix, AZ 8S036. 
Phone (602) 273-6900. 225 

TIME-DELAY SWITCH USES ELECTRO­
OPTICAL TIMING CELL. The Model 716 
timer has no moving parts other than a tiny 
drop of c lear liquid wh ich moves back and 
forth within a sealed capill ary tube. Stan­
dard cycle times avai lab le are from 1 S min­
utes to SO hou rs, with exact setting adj ust­
able by user. Loads up to 30V de, S mA, 
can be handled. Cost is $8. 9S in 1000 quan­
tities. Cu rti s Instruments, Inc. , 200 Kisco 
Ave., Mount Kisco, NY 1 OS49. Phone (9 14) 
666-2971. 226 
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DIP TTL PULSE OSCILLATOR HAS RISE 
AND FALL TIMES < 50 nsec. The modu lar 
unit is avai lable at fixed frequencies from 
1 Hz to 50 kHz at an accuracy of ± 0. 1 % 
over the temperatu re range + 20°C to 
+40°(, or ± 0. 25% over the range 0° to 
+50°C. Surply voltage i<; SV de ±5o/r. The 
negati ve pulse output has <1 fanout of 4 TTL 
loads with 5 mA supply current and a fa n­
out of 10 with 20 mA supp ly current. Con­
nor-Wi nfield Corp., Winfield, IL 60190. 
Phone(312)23 1-5270. 227 

A/D CONVERTER COMBINES 4-DIGIT 
BCD OUTPUT WITH 200 µ.sec SPEED. 
The CY3735 is designed for incorporation 
into hard wired and minicomputer or iented 
industri al control systems. Zero drift of the 
unit i' les<; th an 0.001 %/C0 over the fu ll 
0-70°C operat ing temperature range. Gain 
drift is less than 0.003°C over 0-70°C using 
the unit 's internal temperature compensated 
vol tage reference circuit. Cost is $125 in 
100 quantities. Cycon, Inc. , 1080 E. Duane 
Ave., Sunnyva le, CA 94086. Phone' (408) 
732-83 11 . 228 I 

LOW-LEVEL SIGNAL AMPLIFIER GENER­
ATES LESS THAN 0.1 µ.V OF NOISE. The 
MP221 chopper ampli fier is optimized for 
non-inverti ng app lications and is ga in se­
lectable up to 10,000. It generates less than 

0. 1 µ.V of noise, peak-to-peak, over the de 
to 1 Hz bandw idth , less than 0.3 µ.V from 
de to 10 Hz and less than 1 µ.V from de to 
100 Hz, w ith less th an 3 pA no ise cu rrent 
from de to 1 Hz. Offset drift of the device 
is less than 0.5 µ.V/°C max . and bi as drift 
is under 2 pA/°C max. Pri ce is $59. Ana­
logic, Audubon Rd ., Wakefield , MA 01880. 
Phone (617) 246-0300. 229 

, I 
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O VERVOL T AGE PROTECTOR PROTECTS 
ENCAPSU LATED MODULES. The Model 
COP automati ca ll y cut:s off power line trans­
ients above 18V or below 11 -12V. It cuts 
back on instantl y w hen vo ltage returns to 
the desired level. The device passes current 
from 0 to 1 / 2A of w hich it requires 25 mA 
for its own operati on. Operating res istance 

is approximately 1!1. Data Device Corp., 
100 Tee St. , Hicksville, NY 11801. Phone 
(5 16) 433 -5330. 230 

THICK-FILM VOLTAGE REGULATOR HAS 
PLUS AND MINUS OUTPUT. The LMR-11 
is housed in a standard T0-3 can and con­
contains an optional bridge rectifier fo r ac 
use. Output vo ltages are external ly adjust­
able from -8 to + 22V. Line and load reg­
ulati on is 0.1 %. Maximum output current at 
continuous duty operation is 1 A. Pri ce is 
$25 in 1000 quantity. Ledex, Inc., 123 
W ebster St. , Dayton, O H 45 401. Phone 
(5 13)224-989 1. 231 

DC REGULATED POWER SUPPLIES HAVE 
DUAL AND TRIPLE OUTPUTS. Two mod­
ule sizes are ava ilable in the PPM Seri es 
th rough the use of plug-in printed power 
ca rds. Units are regulated to ±0.01 % + 
1 mV line and load ; ripple and noise is 0.3 
mV rms and 2 mV peak-to-peak. Voltage 
output ranges are from 3 to 1 SOV, and cur­
rents are from 900 mA to 10 mA, respecti ve­
ly. Pri ces are less than $90 in single quan­
titi es. Power Pac, Inc., 24 Stage St. , Stam­
fo rd, CT 06901. Phone (203) 359-4377. 

232 

Wider Choice of Models & Types - at New Low Prices 
At LAM PS, INC., you can choose from ove r 150 different T-1 lamp models 
and types. More design vo ltage ratings {from IC levels up), more bases , more 
colors. more of eve rything - with new low price tags to make your pu rchase 
decisions easie r. Then th ere's traditional LAM PS quality to assure you long 
life and new delivery schedules to assure you a short wait. And if you don 't see 
the exact lamp for you r application , there 's ou r prototype desig n se rvice. For 
complete information on the largest selection of T-1 lamps on the market , an d 
th8 rest of th e LAM PS line , write or call ... LAM PS, INC. 19220 So. 
Normandie Ave ., Torrance, Calif. 90502 • Tel: (2 13) 323- 7578 • 
TWX : 910-346-7038 

~I 
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Five of our 16 edgewise meter models : 
1. Model 2150, ruggedized 5"-scale type 
in 22 % the space of a 6" rectangular 
type. 2. Model 1140, 4"-scale, greater 
sensitivity. 3. Model 2520, shielded dual 
movements , interchangeable scales. 
4. Model 1122, 1.24" scale, 26 std . ranges . 
5. Model 1136, 2''-scale, 1/s the space of 
3V2" meters. 

Need 
edgewise meters? 

Get relief from 
delivery 
headaches 
with International 
Instruments. 

Fast relief because you get faster delivery . All 
wanted sizes. All types. Regular . ruggedized, 
or dual-movement (an exclusive) . Quick action 
on custom designs. too. We ' ll cure your 
delivery headaches. And that's not just fast 
talk . Call International Instruments. the 
industry leader. 203-795-4711 . 

Quality Instruments since 1947. 

~ INTERNATIONAL 
\f!!)® INSTRUMENTS 
DIVISION OF SIGMA INSTRUMENTS. INC. 

88 MARSH HILL RD .. ORANGE. CONN . 06477 
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I COMPUTER PRODUCTS 

LOW-COST GENERAL-PURPOSE MINI 
EXPANDABLE TO 64k OF SC MEMORY. 
Model 980A, a 16-bit computer, has 750 
nsec cycle time, hardware multiply/divide 
with double precision instructions, pro­
grammable-memory protect and privileged 
instructions, memory biasing, memory par­
ity, power fail and auto restart , 1/0 bus with 
4 ports, a switch initiated ROM bootstrap 
loader, an auxiliary processor port, and a 
DMA channel , expandable. $3475. Texas 
Instruments Inc., P.O. Box 1444, Houston, 
TX 77001. Phone (713) 494-2168. 248 

FUNCTION KEYS ADD POWER TO 
POCKET CALCULATOR. Besides perform­
ing the four arithmetic functions, MEC/1 
and MEC/2 automatically provides percent­
ages, constants, decimal places and round­
off with an underflow abi lity that drops 
least important figures when the answer ex­
ceeds the 12-figure capacity. The MEC/2 
has a memory that stores and accumulates 
positive or negative results. MEC/ 1 = $279, 
MEC/2 = $319. Victor Comptometer Corp., 
3900 N. Rockwell St. , Chicago, IL 60618. 
Phone (312) 539-8200. 249 

MAGNETIC HEADS OPERATE IN CON­
TACT WITH FLOPPY DISCS. Available in 
read only, read/write and read-after-write 
configurations, the heads are designed for 
operation in contact with the flexible oxide 
coated plastic based discs used in floppy­
disc storage devices. Typically, the heads 
operate at a packing dens ity of 1600 bpi 
with a disc speed of 90 RPM. Applied Mag­
netics Corp. , 75 Robin Hill Rd. , Go leta, CA 
93017. Phone (805) 964-4881. 252 

LOW SPEED DIGITAL COLUMN PRINTER. 
The three-line per second, six to eighteen­
column, Model 318, uses a standard format 
of ten characters per linear in. and six lines 
per vertical in. TTL throughout, the printer 
features zero suppression, fully buffered 
memory, and serial or parallel input. $595. 
Datadyne Corp., Bldg. 37A, Valley Forge 
Ctr., King of Prussia, PA 19406. Phone (215) 
265-1793. 253 

CASSETTE TAPE DRIVES PROVIDES 8 
MILLION BITS OF STORAGE. PDC Model 
4200 features a reel-driven servo control 
using on ly two moving parts that provides 
constant tape velocity. A torque feedback 
tension servo maintains precise tape ten­
sion, even during start/stop ramping. Stan­
dard recording speed is 37.5 ips. Rewind 
and search speeds are 120 ips. Start/stop 
times are 5 msec at 75 ips. $1000. Peri ­
pheral Dynamics Corp., 1809 National 
Ave., Anaheim, CA 92801. Phone (7 14) 
871-2200. 254 

TELETYPE-COMPATIBLE TERMINAL SUB­
STITUTES CRT FOR PRINTER. The ITT 
Model 3501 Asciscope is a low-cost dis­
play terminal with a keyboard. For users 
who wish to take advantage of a CRT's 
quieter operation, faster transmission 
speeds, compact size and portability, and 
editing capabi lity, the Asciscope display is 
an ideal replacement for Teletype Models 
33 or 35. $65/month lease. ITT Data Equip­
ment and Systems Div. , East Union Ave., 
East Rutherford , N J 17073. Phone (201) 
935-3900. 255 
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CIRCULAR CALCULATOR DESIGNED 
FOR HIGH-STYLE APPEARANCE. "DE­
COR," LE 120 T, includes not only the fea­
tures of a 12-digit display but adds a new 
circu lar styling and colored decorator touch. 
The 4-in dia. unit has a beige color oper­
at ing su rface with scu lptu red design and a 
zero suppress system which elim inates all 
unnecessary zero ("0") display digits . $245. 
Busicom, U.S.A., 31 East 28th St., New 
York, NY 10016. 256 

COMPACT CARTRIDGE TAPE DRIVE 
USES SINGLE DRIVE MOTOR. Model 2021 
has a dual-gap read-while-write head and 
is avai lab le in one, two, or four-channel 
configu rations. It is capable of recording at 
800 to 1600 bpi , with read, write and back­
space speeds of 30 ips. Rewind and fast 
forward search speeds are 90 ips. The data 
transfer rate (per channel) is up to 48,000 
bps. $200-$500. Mohawk Data Sciences 
Corp., 78 1 Third Ave. , Ki ng of Prussia, PA 
19406. Phone (215) 337-1910. 257 

PROGRAMMER's KIT SIMPLIFIES COM­
PUTER PROGRAMMING. The kit has ten 
programming tools in a custom fitted, lock­
able leather briefcase. Tools included are: 
Hexadat, a calculator that adds and sub­
tracts hexadecimal (base 16) numbers , a 
decimal ca lculator, a hexadecimal to deci ­
mal and decimal to hexadecimal conver-

sion tab le, slide rule, programming flow­
chart template, and more. Radix Precision 
Co., P.O. Box 13861, Atlanta, GA 30324. 
Phone (404) 631-3942. 258 

DESK CALCULATORS FOR SCIENTIFIC 
AND STATISTICAL USES. Three 400 Series 
calculators have full-sized 16 dual-opera­
tion key keyboard and display, a comple­
ment of functions and decision-mak ing 
capabi lities, 64 steps of learn-mode pro­
gramm ing or 8 additional storage registers. 
A lso offered are 1 3 digits of accuracy or 10 
digits with exponent, two complete arith ­
metic calculators, 16 full arithmetic regis­
ters and automatic conversion to scientifi c 1 

notation. $720-$1200. Wang Laborator ies, 
Inc., 836 North St. , Tewksbury, MA 01876. 
Phone (617) 85 1-73 11. 259 

7L 
BIT BY BIT INCREMENTAL READ/WR ITE 
DIGITAL CASSETTE SYSTEM. Model 143 
moves tape incrementally at rates up to 
3 ips. Data is recorded on the tape in seri al 
complementary NRZI format using the two 
tracks, providing storage for over 50,000 
8-bit ASCII characters on a si ngle Phillips 
cassette. Electroni cs include motor drive, 
write circuits, read ci rcuits, formatter, and 
baud buffer. $875. Memodyne Corp., 369 
Elliot St., Newton Upper Falls, MA 02164. 
Phone (617) 527-6600. 260 

STEPPING MOTOR IS ONLY MOVING 
PART IN READER/SPOOLER. Model ' 
TRS9300B 7-1/2 in . reel punched tape 
reader/spooler reads tape in a standard 
search-rewind mode at 800 cps. It can stop 
on character bi-directionally at 300 cps, 
can be operated manually or by remote 
control and reads all standard 5, 6, and 8 
level tapes without adjustment. Electronic 
Engineering Co. of Calif. 1601 E. Chestnut 
Ave., Santa Ana, CA 92701. Phone (714) 
547-5651. 261 

OUTSTANDING 
THERMAL ENDURANCE 
RUNS IN THIS FAMIL V: 

ELECTRICAL 
TEMP-R-TAPE 
OF KAPTON. 
Temp-R-Tape®of Kapton* is now avai l­
able in a complete "family" of tapes­
all offering outstanding thermal en­
durance, retaining their excel lent me­
chanical and electrical properties over 
an operating range from -lOOF to 
+500F. Avai lable in thicknesses from 
.001 to .0045 " with electric 
strengths up to 10,000 volts . . . with a 
choice of pressure-sensitive silicone 
adhesive on one or both sides, or th er­
mosetting acrylic adhesive, or a flame 
retardant adhesive ... and in lf,i" , 1/2", 
%", 1", l Y2" , and 2" widths, with spe­
cial widths slit to order. 

Find your CHR distributor in the Yel­
low Pages under "Tapes, Industrial" 
or in industria l directories. Or write for 
detail s and sample. The Connecticut 
Hard Rubber Company, 
New Haven, 
Connecticut 06509. 

' "'"0 ,,.,.J CHR I. 

• T.M. of DuPont 
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EQU IPMENT 

BIDI RECTIONAL PRESET COUNTER 
TOTALIZES AND CONTROLS at 100 kHL. 
The Seri es 7714 is used as a single, se lf­
contained control , or interfaced with 
Veeder-Root Series 7700 product family to 
form a complete data acqu isition sys tem. 
Mode l variations and circuit options allow 
battery standby, mu lti plying or dividing, 
and latched and buffered BCD readout 
(DTL and TTL compatib le). Veeder-Root, 70 
Sargeant St., Hartford, CT 06102. Phone 
(203) S27-720 1. 170 

DUAL-TRACE OSCILLOSCOPE HAS SIM­
PLI FIED CONTROLS. The PM3110 offers a 
simpl ifi ed operator's panel, with only four 
signal adjustment knobs. Level and stability 
controls for tr iggering as well as de balance 
contro ls have been eliminated and repl aced 
by automatic interna l circui ts. IEC band­
width of the PM3 11 0 is 10 MHz with sens i­
tiv ity of SO mV/cm. Pr ice is $SSO. Test and 
Measuring Instruments, Inc., 224 Duffy 
Ave., Hicksville, NY 11802. Phone (S 16) 
433 -8800. 171 

ELECTRON IC SWITCHER HAS DUAL 
CHANNELS. The Mode l 2SS E electronic 
switch for the test ing of both act ive and pas­
sive devices is avai I able in both 7S and son 
impedances. The uni t may be used for com­
parative tests of frequency responses in the 
S to 1000 MHz range. It features dual­
channel input and output modules. The 
2SS E may be swi tched at ex ternal rates of 
from 0.2 to 200 Hz. Pri ce is $260. Kay 
Electroni cs Corp., 23 Maple Ave. , Pine 
Brook, N J 070S8. Phone (20 1) 227-2000. 

173 

HT-INPUT VOM IS "DROP-PROOFED". 
The Mode l 666 Solid State Circuit Tester is 
the latest in Weston 's line of " drop-proofed" 
VOMs. The 666 has twe lve current ranges, 
with a lowest full sca le range of 1 µ,A; 
eighteen voltage ranges, from 100 mV fu l l 
sca le to 1 OOOV; and fourteen ohms ranges, 
featurin g seven low-power ohms ranges for 
" in ci rcuit" measurements of semi -conduc­
tors. 400 hours of continuous operation is 
poss ible between battery chan ges. Pri ce is 
$1 32.SO. Weston Instruments, 614 Freling­
huysen Ave., Newark, N ) 17114. Phone 
(20 1) 243-4 700. 17 4 
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DIGITAL FILTER IS PROGRAMMABLE. 
Mode l 41 36 is a single-channe l di gital filter. 
Digital fil ters of up to eighth order are im­
plemented in cascade, recursive form at a 
variab le sampling rate of up to 80 kHz. All 
c lass ica l filter types ca n be programmed via 
twelve 16-bi t filter coefficients. Price is 
$8SOO and delivery is 12 weeks. Rockland 
Systems, 230 W. Nyack Rd., W. Nyack, NY 
10994. Phone (9 14) 623-6666. 175 

POWER MODULES HAVE AUTOMATIC 
CROSSOVER . The PTR automatic cross­
over power-supply modu les feature inte­
grated front ends in both the voltage and 
current control channels. They function 
from - 20 to + 71°C and can be programmed 
digitally, or with analog instructions. A 
se lection of six power units, ranging from 
0-7V at S .SA to 0-1 OOV at 0.6A, is ava i 1-
able. Pri ce is $22S. Kepco, Inc., 131-38 
Sa nford Ave., Flushing, NY 11 3S2. Phone 
(2 12) 461 -7000. 176 
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ELECTRONIC SIGNAL RECORDER HAS 
STORAGE CAPABILITIES. The Model 
70SOA Electroni c Signal Recorder (ESR) 
uses a continuous magneti c loop upon 
wh ich repetiti ve or transient signals of up 
to 20 msec duration are recorded. Band­
width of the ca rrier system is de to 100 kH z. 
The " captured" signal ca n then be dis­
played immed iately or at a later time for 
analysis on any waveform/spectrum ana­
lyzer. Price is $98S. Ballantine Laboratories, 
P.O. Box 97, Boonton, N J 0700S. Phone 
(201) 33S-0900. 177 

IC TESTER TESTS DI GITAL AND LINEAR 
CI RCU ITS. The Model 716A genera l pur­
pose IC tester, provides both parametri c 
and functional test capa bility for di gital and 
linear circuits. The tester is designed for use 
in device characteri zation app lications as 
well as moderate-volume incoming in­
spection app li ca tions. Price is $2990 and 
avai lability is 60 days. Computest Corp. , 
3 Computer Dr., Cherry Hill , N J 08002. 
Phone (609) 424-2400. 178 

POWER SIGNAL GE NERATOR MAKES 
AUTOMATI C MEAS UREMENTS. As a 
power generator, the Type SMLU delivers a 
maximum output of 2W up to S9S MHz 
and 1 W between S6S and 1000 MHz. Both 
output frequency and output power are 
programmable. Each of the frequency sub­
ranges may be extern ally swept. Internal 
and external amplitude modulation up to 
90% and external frequency modulation 
are possible. Price is $6800. Rohde and 
Schwarz Sa les Co., 111 Lex ington Ave. , 
Passaic, N J 070SS. Phone (201) 773-8010. 
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PHASE ANGLE VOLTMETER SPANS 30 
HZ to 300 kH Z. The PAV-4 series has wide 
dynamic range (300 µ,V to 300V), harmonic 
filtering and high in put impedance with or 
without input iso lation . Each of the three 
mainframes accepts a range of fi xed fre­
quency and variable frequency plug-ins. 
Either iso lated or direct inputs offer a 10 M!l 
input impedance at all frequencies. Singer 
Instrumentation , 32 11 South La Cienega 
Blvd., Los Angeles, CA 900 16. Phone (2 13) 
870-276 1. 180 

DI GITAL UNIT MEAS URES VOLTAG E O R 
TEMPERATURE. The D-2400 is a two­
range or two-function , digital , volt~ge or 
temperature measurement and di sp lay unit. 
For temperature measurement, the D-2400 
can simultaneously accept two different 
types of thermocouple modules. The voltage 
module features auto-ranging through five 
decades, plus 1 µ,V sensitivity. Esterline 
Angus, Box 24000, Indianapolis, IN 46 224. 
Phone(3 17) 244-76 11 . 181 



UNIT CHECKS OUT PCM ENCODERS. 
Bes ides checking PCM encoders, Model 
EC0-1 also operates w ith data and clock 
from a bit synchron izer. The unit is pro­
grammed by front-panel thumbwheels, is 
compatible with any IRIG bit code repre­
sentation, and sychron izes to fo rmats w ith 
up to 12 bits per word, 33 bits fo r frame 
sync, 512 words per frame, and 256 frames 
per subframe. Pri ce is $2400 and deli very 
60 days. Coded Communicat ions Corp. , 
533 Stevens Ave. , Solana Beach, CA 92075. 
Phone (7 14) 755-6540. 182 

X-Y RECORDER HAS VERY FAST PEN AC­
CELERATION . The Model 704 1 A is an 
11 in. by 17 in. OEM x-y recorder. An ac­
celeration of 3000 in/sec2 on they axis and 

2000 in/sec2 on the x axis, coupled with 
comparable deceleration, res ults in low 
overshoot, even though the slewing speed is 
a relati ve ly fast 30 in/sec. Price is $1050. 
Hewlett-Packard, 1501 Page Mi II Rd. , 
Pa lo Alto, CA 94304. Phone (4 15) 493-
1501. 183 

FUCTION GENERATOR HAS LINEAR, 
LOGARITHMIC AND GATED SWEEP. 
Model 7071 is a precision source of sine, 
square, triangle, ramp, pu lse, and sync 
waveforms with trigger, burst, pulse, linear 
sweep, log sweep, gated sweep and ramp 
hold modes. The unit has a 0.0001 Hz to 
11 M Hz freq uency range. Output voltage is 
30V P-P open circui t or 1 SV P-P into SO!l. 
Price is $1095 . Exact Electronics, Box 160, 
Hillsboro, OR 97 123. Phone (503) 648- 1 
6661 . 184 

electronic delay 
re1ayabitity 

Reliability is 
built into 

·300 different 
configurations 

offered by 
Hoagland in its 

electronic 
time-delay 

relays. 

These are solid 
solid-state-controlled 
time-delay relays 

So we coined 
a word for the 
reliability 
in our relays .. . 
relayability. 

Your choice of: time from .1 up to 300 seconds , AC or DC operating volt­
ages in seven voltages , SPOT or DPDT, transient and polarity protection . 
Prices to fit all applications from economic to high reliability. 

Write or call for our new descriptive catalog on electron ic and thermal 
time delay relays. Hoagland Instruments, 65 Chestnut Street, Red Bank, 
NewJersey07701 . Phone: (201) 741-7319. HOA GLAND 
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Miniaturized-Takes only 
5"x1-3/4" Panel Space 

astrosystems ---. 
~ 

astrosystems, inc. 
6 Nevada Drive 
Lake Success, New York 11040 
(516) 328-1600 

See us at WESCON , Booths llll -lll2 
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COMPONENTS/MATERIALS 

SHEILDING TAPES NOS. X-1245 AND 
X-1267 OFFER EMI CONTROL. The tapes 
.are ·designed to restrict radiating energy 
conveniently and effectively. Tape No. 
X-1245 has an embossed copper backing 
which permits so lder connections; tape No. 
X-1 267 is an embossed aluminum foil­
backed tape. Both have pressure sensitive 
adhesive backing. 3M Co., St. Paul, MN 
55101. Phone (612) 733-4033. 204 

PHOTON CO UPLED ISOLATORS CON­
SIST OF GALLIUM ARSENIDE LEDs opti ­
cally coupled to silicon photo transistors in 
dual-in-line packages. The Hl l Bl and 
H l l B2 are gal lium arsenide solid-state 
lamps optically coupled to silicon photo­
Darlington transistors. Types Hl lAl and 
Hl l Bl are believed to offer the industry's 
highest specified min. cu rrent transfer 
ratios ... 50% and 500% respectively and 
2500V isolation. General Electric Co. , 
Electronics Park, Syracuse, NY 1320 I. 
Phone (3 15) 456-2021. 205 

TWO REED RELAYS FIT JN THE SPACE O F 
A DIP SOCKET. GB 840 series has been de­
signed for hi-density assemblies. Available 
in Form A and B models with 5, 12 or 24V 
de coils, 1 OW contact ratings and integral 
magnetic shielding. Both models Form A 
and B offer a max. switching voltage of 
1 OOV. Pri ce is as low as $1 .43 each in 1000 
piece lots. Gri gsby-Barton Inc., 3800 Jndu .,­
tri al Drive, Rolling Meadows, IL 60008. 
Phone (3 12) 392-5900. 206 

SILICONE SEMI-GEL TRANSPARENT POT­
TING FO R ELECTRONIC APPLICATIONS. 
The silicone cures to a soft elastomer-ge l 
materia l which provides mechan ical cush­
ioning, vibration dampihg and protective 

coating of sensitive microelectronic de­
vices. The physica l properties are inter­
mediate between true gel and elastomeric 
compounds. Price is $12 per lb. Transene 
Company, Inc., Route 1, Rowley, MA 
01969. Phone (617) 948-2501. 207 

pt 

O PTOELECTRONIC INTERR UPTER MOD­
U LES INTRODUCED. This solid-s tate de­
vice ca n be used in limit-swi tch-type appli ­
cat ions and is capable of 10,000 operations 
per sec. Each plastic module contains a GE 
SSL (solid state lamp) source and sensor 
separated by a throat width of 0.125 in . 
Suggested resale prices run as low as $1.35 
for the Hl 3A2. Genera l Electri c Co. , Elec­
tronics Pk. , Bldg. #7, Mail Drop 49, Syra­
cuse, NY 13201. Phone (312) 456-2021 . 

208 

LED 90° 14-PI N SOCKET FOR D IGITAL 
DISPLAYS. The socket is molded of 30% 
glass filled nylon. Either round or flat LED 
leads are acceptable with the positive con­
tact bifurcated pin/contacts. The company 
also offers 60° vertical , 90° and 60° horizon­
tal and edge card LED sockets. Pri ce $1.00 
to $2.25. Aries Electronics Inc. , P.O. Box 
23 1, Frenchtown, N J 08825. Phone (201) 
996-6200. 209 

O PTO-ISOLATOR COUPLERS PROVIDE 
10"fi ISOLATION. The CM4-5010 has a 
breakdown voltage of l 500V de current 
transfer ratio is 10%. Breakdown voltage for 
the CM4-5020 is 2500V de current transfer 
ratir i~ 20%. Costs for the CM4-5 010 in 
I 000 quantities, i-, $ I .-lO eal h, the CM4-
5020 in I 000 quantiti es, cosh $2.95 each. 
Chicago Miniature Lamp Works, 44 33 N. 
Ravenswood Ave., Ch icago, IL 60614. 
Phone (3 12) 784-1020. 21 0 

SIX MO DELS O F DIGITAL READOUTS 
FEATURE PLUG-I N DECODER-DRIVER. 
Current limiting and non-glare viewing 
screen are standard. " Mono-digit" construc­
tion allows up to 24 digits in common array. 
Indi vidual displays featu re seven segment 
LEDs wi th 0. 270 in. character height. 
Precision Dynamics Corp. , 3031 Thornton 
Ave., Burbank, CA 91504. Phone (2 13) 
845-7606. 211 

"NO-SNAG" GOLD BONDING WIRE 
AVOIDS SHO RTS due to sagging of internal 
lead w ires in microc ircuits. " Sag-shorts " 
have been a mysteriou s, intermittent prob­
lem associated with even the most careful 
assembly methods and highest quality ma­
terials. A unique proprietary fabricating and 
heat treating process prevents these shorts. 
CRM, a Division of Consolidated Refining 
Co., Inc., 11 5 Hoyt Ave. , Mamaroneck, NY 
10534. Phone (9 14) 698-2300. 212 

FULLY SOLDERABLE FLEXIBLE PRINTED 
CIRCUIT MATERIAL. A new resin coated 
copper foil ca lled Solder Flex doesn' t iose 
its bond strength during continuous-flow 
solder processing. Bond strength is a mini­
mum of four lbs, and shrinkage after ex­
posure at l 65°C for 30 minutes is 0.8 '7<. 
Westinghouse Electri c Corp., Industrial 
Plastics Div. , P.O. Box 65 7, Bedford, PA 
15522. Phone (41 2) 45 2-5000. 214 

CAPACITOR KITS OFFER MINIATU RE 
ALUMIN UM ELECTROL YTICS, non-polar­
ized electro lyti cs, subminiature polyester 
film and metalized polyester film capaci­
tors. Electrolytic and fi Im capacito rs are 
avai lable in separa te high- or low-voltage 

kits , w ith non pol arized offered in high vo lt­
age. The array of capaci tors permits design 
engineers to have a capacitor for virtuall y 
every circuit. Thi s eliminates the problem of 
losing time waiting for the correct values. 
The kits, in plastic containers or metal cabi­
nets, contain as few as 25 capac itors for $4 
and as many as 250 capacitors for $49.50 
retail. Internat ional Components, Div. of 
IESC, 10 Daniel St. , Farmingdale, NY 11735. 
l' hone (5 16) 293-1500. 21 5 
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SUPER 
[Ili]GAGE 

• 

portable instant readout accurate to .0005" 
inexpensive, permanent measuring standard 
Measurements are made unbelievably fast by placing a 
Micro-Line 1000 lines per inch transparent sca le directly 
over work to be measured. Sharp crisp image ... viewed 
through a Bausch & Lomb 40X microscope. For use in 
the fields of inspection , drafting, electronics, tool and 
die making and photography. Optional accessories converts 
unit to an optical height gage. Write for Catalog No. 38-21. 

MICRO-LINE 
DIVISION OF BAUSCH & LOMB~ 
JAM ESTOWN . N. Y. 14701 716 / 488·1958 

CHECK NO. 29 

ZIPPERTUBING FOR ELECTROSTATIC 
AND R.F.I. SHIELDING 
for quick application and protection of 
multi conductor cables 

SHN3 for R.F.I. shielding and protection. 
Tinned copper braid attached to inside 
overlap provides gasket type seal and 
solderable termination point. SHX4 - of 
specia l knitted 4-ply compounded wire for 
highly flexible R.F.I. shielding. CPE -
conductive polyethylene for electrostatic 
protection. MS provides low frequency 
magnetic shielding. 

For full information on specialized, 
high-performance jacketing, contact 

T//tZIPPERTUBING~. 
13000 So. Broadway, Lo s Angeles, Ca 90061 , (2 13) 770-1200 
494 S. Riverview Drive, Totowa, N.J. 07512, (201 ) 256-4980 

BAL Tl MORE - BOSTON - CHICAGO -
DALLAS - NEW YORK - ORLANDO -
PHOENIX - WEST GERMANY - PARIS 

CHECK NO. 30 

looking for a .... 

LOW COST 
HIGH QUALITY 
POPULAR SIZE --
.. .• ceramic capacitor! 

·; 

I 

Well, look toward USCC/ Centralab. 

Our Mono-Kap™, a radiaflead,epoxy coated 
monolithic ceramic capacitor could be the 
answer. They're available in six sizes from 
.100 x .100 to .500 x .500 in NPO, W5R, Z5U 
and Y5V diel~ctrics. Capacitance values 
range from 4.7pF 1 OMfd in 50, 100 and 
200 voe ratings. 

USCC/ Cent.ralab has d~veloped highly auto­
mated as-s.e bly techniques for Mono-Kap 
and 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 letterhead to USCC/ 
Centralab, 2151 N . Lincoln 
Street, Bu)bank, California 

/ 91504. ·Fqr" complete techni­
cal data on Mono-Kap, and a 
FREE copy of our Ceramic 
Capacitor Catalog, circle the 
information retrieval number 
below. 

CENTRALAB 

Electronics Division • GLOBE-UNION INC. 

CHECK NO. 31 

6'i 



LITERATURE 

MICROWAVE INSTRUMENTS AND COM­
PONENTS are covered in a 72-page ca ta­
log. The catalog gives complete descrip­
tions, specifications, photographs and prices 
of PRD's broad microwave line. It also con­
tains descriptive materi al on PRD's recent­
ly introduced CAST (Computeri zed Auto­
matic Systems Tester) system. Typi ca l appli ­
cations of many products are also desc ribed. 
PRO Electroni cs, Inc., 1200 Prospect Ave. , 
Westbury, NY 11 590. 233 

ROM SIMULATOR. A free six-page bro­
chure describes equipment which si mulates 
large read-only memory subsystems. Opera­
tional advantages of the SMS Model 1 OOOA, 
Read-Onl y Memory Simu lator are di s­
cussed. The simulator has a capacity of 
65 ,536 bits and enables design engineers to 
determine instantly and accurately how a 
new read-only memory will perform in a 
system. Signetics Memory System, 740 
Kifer Rd., Sunnyva le, CA 94066. 236 

MINICOMPUTER BOOK. A new 24-page 
book entitl ed " If Minicomputers are the 
Answer, What was the Question?" discusses 
the problems of implementing mini s in new 
computer application areas. The evolution 
of today's mini is di scussed, as well as 
how the changing needs of minicomputer 
users have had a marked impact on the 
computer marketplace . G RI Compu ter 
Corp., 320 Needham St., New ton , MA 
02164. 239 

12-PAGE CATALOG ON SO LID STATE 
AC RELAYS contains complete electri cal 
and pricing information . The line inc ludes 
three phase motor starters-from frJctional 
to 10 horsepower with vo ltages to 480; 
octal-base relays; PCB relays w ith 1.00 in .­
or 1. 10 in .-pin spacing for mounting on PC 
boards and zero point swi tching relays. For 
a copy of bulletin A-00011 B write Hamlin , 
Inc. , Lake and Grove Sts., Lake Mills, WI 
53551. 234 

32-PAGE SOLID-STATE CHOPPER CAT­
ALOG includes isolated microchoppers, 
field effect choppers, bas ic choppers, 60-
cyc le chopper, 400-cycle chopper, high­
frequency choppers, high-voltage choppers, 
v ibrachoppers, and other products . All units 
utilize a miniaturized, ruggedized design 
and are recommended for military and in­
dustrial appli ca tion . Solid State Electroni cs 
Corp., 1532 1 Rayen St. , Sepulveda, CA 
91343. 237 

RESOLVERS VS. ENCODERS for numeri ca l 
control are eva luated in a new bulletin. The 
4-page bulletin gives a detailed eva luation 
of rotary synchro reso lvers vs. rotary incre­
mental optical encoders for use on all types 
of numeri ca l controls. Al len-Bradley Co., 
747 Alpha Dr. , Highland Heights, OH 
44143. 240 

.s_ 

SEMICONDUCTOR TESTING. A new 8-
page catalog/pri ce- list describes product 
lines in three areas of semiconductor test­
ing: (1) digital/ linear parametri c and/or 
functional bench-top testers; (2) integrated 
circu it handlers for all avai lable IC packages 
with handling speeds from 3600 to 7200 
devices per hour; and (3) real -time 10 
MHz semiconductor memory test system. 
Computes!, 3 Computer Dr. , Cherry Hi l l, 
N J 08002. 235 

MOS MODEMS. A new six-page brochure 
describes a new MOS modem featuring 
4800 bps fu ll -duplex operation. The model 
448/IV modem is adaptive ly equali zed, 
EIA/CCITT compatible and ava ilable in r e 
card -onl y version for OEM app lications, or 
as a compact , stand-alone modem featuring 
greater throughput and lower error rates 
than conventional modems. Ameri ca n Data 
Systems, 885 1 M ason Ave., Canoga Park, 
CA 91306. 238 

DATA CONVERSION PRODUCTS are de­
scribed in a new 14-page product gu ide. 
The guide contains detailed electri ca l and 
mechanical information on sa mple & hol d 
amplifiers, w ide band de amplifiers, de-de 
converters, A/ D-D/A converters and modu­
lar data acquisition systems. Datel Systems, 
Inc., 1020 Turnpike St., Canton, MA 02021. 

241 

A CATALOG OF SEMICONDUCTOR MINIATURE TANTALUM CAPACITORS COU RSES AN D SEMINARS. A free, 53-

CHIPS FOR USE IN HYBRID CIRCUITS 
describes a series of standard chips includ­
ing FETS, PNP, and NPN switching transis­
tors and monolithic interface circuits. These 
chips can be supplied in the fo llowing 
forms: probed chips; 100% tested , pre­
mounted ch ips temporarily mounted on 
spec ial ca rri er headers and carrier mounted 
chips. Teledyne Crystalonics, 147 Sherman 
St., Cambridge, MA 02 140. 242 

POWER RECTIFIERS. The six most frequent­
ly used circuits in the 25 A PACE/pak seri es 
are described in a new data bulletin. The 
bulletin provides complete specifi cations, 
characterist ics and ratings of the six c ircuits, 
as well as circuit diagrams for the different 
confi gurations. International Rectifier Corp., 
233 Kansas St., El Segundo, CA 90245. 

245 

66 

are described in two new 4-page data 
sheets which give information on environ­
mental capabilities, voltage rat ings, dissipa­
tion factors and all electrica l characteri sti cs 
for a new line of min iature tantalum capaci ­
tors. This bulletin also contai ns charts ex­
plaining the standard co lor code system 
and numberin g system of these products. 
Nytronics Inc., Orange St. , Darlington , SC 
29532 . 243 

ELECTRONIC TEST EQUIPMENT, over 
5000 items of it, is listed in a 64-page cata­
log. The breakdown is into pure test equip­
ment, waveguide and coaxial components, 
power supplies, environmental equipment, 
meters and electronic components. These 
categories are further sub-div ided by manu­
facturer. Baynton Electroni cs Corp., 2709 
N. Broad St., Phil adelphia, PA 191 ~2. 246 

page catalog describes courses and semi­
nars in computer, management, mathemati ­
ca l and stati stica l sc iences. The catalog 
outlines more than 55 seminars and sym­
posia, designed for management and data 
process ing professionals. Registrar, Con­
trol Data Corp. , The Institute for Advanced 
Technology, 5272 River Rd ., Washington , 
DC 20016. 244 

CERAMIC HEADS. The new 12-page LTC 
brochure describes causes of conventional 
head wear. M any of the materi als and pro­
cesses investigated are discussed and the 
applica tion of Nortronics' tough LTC sur­
face is fully described. Test results are 
shown along with a curve of hear wear vs. 
hours of operation. Nortronics Co. , Inc. , 
8101 Tenth Ave. N., Minneapolis, MN 
55427. 247 
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ADJUSTABLE RANGE: 
11 to 16 Vdc @ 0.9 Amps. 
REGULATION: 
Line . . . . ±0.25% 
Load ±0.25% 
Ripple ........... 0.1 % RMS 

PRICE1to9 $44 
DISTRIBUTORS 

Advent Elect., Rosemount, Ill. 
Angus, Inc., Moorestown, N.J. 
Arneson & Co., Minneapolis 
Arrow Elect., Farmingdale, N.Y. 
Cameradio, Pittsburgh, Pa . 
Esco, Inc., Dayton , Ohio 

Lykes Elect., Tampa, Florida 
R. S. Electronics, Detroit, Mich. 
Taylor Elect., Mequon, Wisconsin 
Rose Dist., Burlingame, Calif. 
R. V. Weatherford Co., Glendale 
and all Western Branches. 

STANDARD POWER, INC., 1140 West Collins, 

J ___ ~:=:i: :~~C:..9!~-~ -(~~~~ _ J 
CHECK NO. 33 

Profit 
Through 
Quality 

By Sidney Weinberg 

A practical guide to help production and general 
managers analyze quality and reliability policies for 
their companies. The author discusses the basic re­
quirements for a Q and R policy and shows how and 
where to use them to increase profits. 
CONTENTS: Profit in Quality and Reliability ; 
Basic Requirements of Q and R Policy; Human Con­
tribution to Quality; Increasing the Proportion of 
Good Quality ; Standardization and Specification; 
Role of Inspection; Development I : Innovation and 
Improvement ; Development II : Increase in R e­
liability ; Purchase of Quality. 
Order now. If you are not convinced that this book 
will help improve your company's profits, return 
within 15 days for full refund or credit. 

Illus. 192 pp. $10.95 

Cahners eooK 01v1s10N 
89 Franklin St., Boston, Mass. 02110 

146 MONO·KAP ™ 

Monolithic capacitor values 

MOW IMMEDIATELY 
AVAILABLE 
FROM YOU~ 
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 corri'e to expect on other 
Centralab components. 

Let your distributor prove his reliability 
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 production 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 trimmer and transmitting 
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 you need. 
Immediately! 

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

DISTRIBUTOR PRODUCTS 

CENTRALAB 
Electronics Division 
GLOBE-UNION INC. 

5757 NORTH GREEN BAY AVENUE 
MILWAUKEE, WISCONSIN 53201 

CHECK NO. 34 
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Do You Have Enougll 
The Way No One Coulc 

• GROUP TELEPHONE CONFERENCES 

• SMALL NATIONWIDE GROUPS 

• YOU'RE ON THE LINE WITH OTHER DESIGNERS, AND INDUSTRY EXPER1 

• TRADE KNOW-HOW AND GET HIGH PAY-OFF SOLUTIONS 

• SKILLED MODERATORS 

• ASK QUESTIONS, EXPLORE IDEAS, OR JUST LISTEN 

• DIAL IN FROM WHEREVER YOU ARE 

• NO LOST TIME, TRAVEL, LODGING 

• COST: PHONE CHARGES PLUS $30 FOR FULL HOUR 

• OVER 700 TELESESSIONS SO FAR. IT WORKS! 

EDN SEPTEM B ER 1, 1 972 



magination to Spend An Hour 
~ver S pend An Hour Before? 

For whichever topic you choose, 
you will be discussing problems such as: TOPICS AVAILABLE 

• Which technology is best? 

• What the specs don't say . .. 

• Hidden costs. 

• Alternate suppliers ... 

• When is making cheaper than buying? 

• Applications pitfalls. 

• Hidden effects on your system. 

• How to get a particular vendor 
to work harder for you. 

• Cost effectiveness subtleties. 

• High Speed Logic Families 

• AID & DI A Converters 

• Semiconductor Memories 

• Plated Wire Memories 

• Keyboards 

• Terminals & Displays 

CIRCLE THE READER SERVICE CARD NUMBER 
AND YOU WILL GET BY RETURN MAIL: 

• Date & Time of Your TeleSession 

• Your Group's Specific Agenda 

• List of Other Participants 

• Details on How to Dial Into Discussion 

• Tips on How to Get the Most Out of It 

Reader 
Service# 

200 

201 

202 

203 

204 

205 

§@~/TeleSess ion® 
THE DISCUSSIONS YOU DIAL INTO 

® 
TeleSession is a service mark of TeleSession Company, 475 5th Ave., N.Y., NY 10017 

EON SEPTEMBER 1, 1 972 69 



MANAGING CREATIVELY 
A VERY PRACTICAL GUIDE IN TWO VOLUMES BY TED POLLOCK 

Volume I There is no secret to working successfully with 
people , just a set of principles that have weathered 
the test of time and kooky laboratory theories. 

MANAGING YOURSELF CREATIVELY 

Ted P ollock , advisor, author 
and lecturer to American 
business on the complex 
problems of working with 
people distills the essence of 
his vast experience in these two 
volumes. 

The Right Way to 
Delegate Authority 

The Art of Making 
Decisions 

Volume II 

How to Tackle a 
Problem and Solve It 

Twenty-Four Ways to 
Save Time 

A positive approach, keyed to 
today's thinking, makes these 
volumes a must for the 
executive who has to operate 

MANAGING OTHERS CREATIVELY 

How Well Do You 
Handle People? 

How to Give 
Instructions 

with a minimum of conflicts and hang-ups. Hiring and Firing How to Size Up People 

Managing for Better 
Morale 

You can't call in a consultant for every personnel 
problem but you can turn to these volumes written 
by one of America's top personnel management 
consultants. It's like having him by your side . 

Put Your Ideas Across 
Effectively 

" The Trouble With 
You Is .. . " 

Coming to Grips with 
Employee Gripes 

Comments by readers on 
Ted Pollock's advice: 
"I read your article 'How to Use 
Tension'-your technique has 
been utilized by me and the 
rewards are not only gratifying 
hut unlimited." 

-John E. Martin, 
General Foreman 
Martin Marietta 
Corporation 

" have always been im­
pressed by the solid down-to­
earth nature of your comments 
as well as the concise and direct 
language in which you express 
yourself." 

70 

-Frederick E . Martin, 
President 
Madison Gas and 
Electric Company 
Madison, Wisconsin 

15-DAY FREE TRIAL EXAMINATION . .. 

How to Develop a 
Top Assistant 

r------------------------------------CAHNERS BOOKS Dept. EDN 
89 Franklin St., Boston , Mass. 02110 
Please send me: 
O Both volumes@ $16.50 a set~MANAGING CREATIVELY 
O Volume I @ $9.50-MANAGING YOURSELF CREATIVELY 
O Volume II @ $9.50-MANAGING OTHERS CREATIVELY 
0 Bill Me 
O Bill Company 
O Check Enclosed 

NAME~~~~~~~~~~~~~~~~~~~~~~~ 

COMPANY~~~~~~~~~~~~~~~~~~~~­

ADDRESS~~~~~~~~~~~~~~~~~~~~~­

CITY/STATE /ZIP ~~~~~~~~~~~~~~~~~~ 

L __________ !!~~~~~~~~~~~~~-----------
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DESIGN DATA 

Application Notes 

PRECISION COUNTERS AND COUNTER 
SYSTEMS are detailed in a 36-page catalog. 
In add ition to product information , the 
catalog includes a comprehens ive section 
devoted to techni ca l information and app li ­
cation tips. Hecon Corp., P. 0. Box 247, 
Eatontown, NJ 07724. 262 

" MEASURING NOISE SPECTRA WITH 
VARIABLE ELECTRONIC FILTERS" is the 
titl e of a new 12-page appli ca tion note 
(IAN-102 ). A simple, general method of 
measu ring a noise spectrum w ith a variable 
electroni c filter is described, and all the 
necessary information for measuring a noi se 
spectrum with an ITHACO Variable El ec­
troni c Filter is provided. Errors assoc iated 
wi th making noise measurements, such as 
clipping errors and sampling errors are also 
di scussed . Ithaca, Inc., 735 W. Clinton St., 
Ithaca, NY 14850. 263 

ANALOG-DIGITAL CONVERSION HAND­
BOOK. Thi s 400-page practi cal reference 
for understanding A/D and D/A conversion 
techniques is particularly relevant to de­
signers of instrumentat ion used in conjunc­
tion with computer-based systems in indus­
try and the sc iences. Heavil y applications 
oriented, the HANDBOOK explains what 
A/D and D/A converters are, what ro le they 
play in the data handling environment, how 
they are app lied in scient ific appl ications, 
and how to spec ify them. Analog Devices, 
P.O. Box 796 , Norwood, MA 02062. 264 

MICROPROGRAMMING HANDBOOK in­
cludes an expanded glossa ry of data-pro­
cess ing terms li st ing more than two-hundred 
commonly used data processing defini ­
tions. The expanded version covers the sub­
ject of microprogramming in a very practi­
ca l and comprehensive manner. In precise 
terms it tell s how to microprogram, why the 
concept is effecti ve, and when it is most ap­
propriate. Microdata Corp., 644 E. Young 
St. , Sa nta Ana, CA 92705. 265 

PROPER APPLICATION OF ATTENU­
ATORS is covered in a 6-page in formation 
kit. Discussed are attenuator appli cations 
in prec ision laboratory measu rements and 
exact power leve l communication circuit 
settings. Answers are provided for such 
questions as : (1) How can measuring tech­
niques be pulled together to ensu re uni ­
versa l accuracy and repeatabi lity? And (2 ) 
How does one live w ith less than perfect 
attenuators? Ameri can Electroni c Lab., Inc., 
M.S. 11 23 , P.O. Box 552, Lansdale, PA 
19446. 266 

POWER SEMICONDUCTOR DATA BOOK, 
an 816-page hardback publication, pro­
vides complete specifications on Tl's broad 
line of power transistors, thyristors, and 
power functions. Among the new products 
featured in the data book are power Dar­
lingtons and high-vo ltage transistors in 
popu lar plastic and meta l-ca n packages, 
SCRs and sensiti ve-gate tri acs. The Power 
Semiconductor Data Book from Tl is priced 
at $3 .95 per copy inside the U.S.A., F.O.B. 
destination. Send check or money order (no 
purchase orders) to : Texas Instruments Inc., 
P.O. Box 5012, MS/84 , Dallas, TX 75222. 
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FOR 

+ ISOLATED 

- DC TO DC - POWER 

WHEN DESIGNING YOUR 

CHECK NO. 35 

Our new jumbo 
general catalog 
is appropriately 
numbered 747. 

And it's free! 

+ 
+ 

'":'" 

SYSTEM 

This new catalog supersedes our previous Catalog 700. It 
contains 43 more pages and over 1300 new CAMBION electronic 
components. And it's been re-arranged so that it's easier to 
use. Now that we've brought the world 's standard in electronic 
hardware and accessories up to date, you can too. We'll also 
include our new Digital Products Catalog so you'll be covered 
with the fast growing area Standardize on 

of handling devices for c 
IC's. Write today for your rllaJIBIO•® 
free copy. The Guaranteed Electronic Components 

r---------------------1 
I TQ , Mr. Willia m G. Nowlin , General Marketi ng Manager I 
I J;;unlliidge Th ermionic Corpora t ion I 

/~SiQf:!. • Concord Ave nue, Cambridge , Mass . 02 138 
I Pl ease rush Cata log 747 . I 
I Name I 
I Company I 
I I I Add ress I 
I Ci ty State Zip I 
'----- --~~-~- ..,I 

CHECK NO. 36 
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the family of 

Each compact , thin , in-plane panel is packed with features 
that keep your cost down : MOS compatibility , low cost asso­
ciated circuitry (in some cases direct interface to MOS), de­
sign flexibility, long life and low display power (under 5 mw 
per segment) . All PANAPLEX II panel displays offer you 
Burroughs' assured reliability. If your products 
use numeric displays, specify the 
PANAPLEX II panel display. 

........ ft.., I.ft\ !!10 

TM 

PANEL DISPLAYS 

Now there 's more reason than ever for you to specify 
Burroughs' PANAPLEX II panel displays. We've taken our 
years of experience and come up with the best numeric 
display to fit your application . They' re low priced, as l()w as 
$1.00 per digit'. They're small in size, with a variety of 
character heights including .25", .411

, and the new .2" and 
.70". Our PANAPLEX II panel displays offer you maximum 
application versatility in 8 to 16 digits of numeric readout. 
The 7-segment characters are bright and readable. 

You ' ll get the best readout at the best price , tailored fo r 
your application from Burroughs, the leader. 

For additional information , write Burroughs Corporatio 
Electronic Components Division, P.O. Box 1226, Plainfield, 
New Jersey 07061; or call our special applications assist­
ance number, (201) 757-3400. 

'50,000 tube quantity, 12-digit panel; even less per digit, 16-digit panel. 

Burroughs m 


