


Low-cost SVP™devices can save your valuable 
equipment from destruction by voltage transients. 

You can no longer overlook the 
need for protecting your circuits. 
New sources of transients are 
cropping up every day. And any one 
of them might cause operational 
failure of your equipment. 

Now there is an easy low-cost 
way to protect your circuitry from 
these transients. It's a simple I ittle 

gas-filled surge voltage protector. 
We call it an SVP. Only this Siemens 
SVP offers high-current capability 
(up to 50 kiloamps) in such a small 
package and a high impedance 
when not conducting (1010 ohms, 
1to6.8 pF depending on model). 

Siemens is the world 's largest 
manufacturer of surge voltage 
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protectors. More engineers are 
using them every day. You can 
benefit by doing the same. 

Siemens Corporation, 186 Wood 
Avenue South, lselin, N.J., 08830. 
(201) 494 - 1000. 
Siemens. A three 
billion dollar name 
inqualityproducts. SIEMENS 



Kearfott can solve your synchro-to-digital and digital-to-synchro conversion problems 
with three production model solid state converters . All three meet MIL-E-5400. * 
TRIGAC I-A low cost synchro to digital converter, accurate to 12 minutes. 
TRIGAC 111-Synchro to dig ital tracking converter dynamically similar to an electro 
mechanical follow-up servo. 
TRIGAC IV-Digital to synchro converter, accurate to four minutes. 

Typical Characteristics 
TRIGAC I TRIGAC Ill TRIGAC IV 

Model Number C70 4773 017 C70 4773 011 C70 4773 019 C70 4773 022 C70 4773 020 
Package 2 PC cards metal enclosure 2 PC cards 3 PC cards 3 PC cards 
Input Signal 4 wire resolver 3 wire synchro 4 wire resolver 3 wire synchro 12 bit parallel 

4 channels 
Output 13 bit BCD 14 bit natural 3 wire 

parallel 11.SV 400Hz 
Resolution 6 minutes of arc 
Accuracy 12 minutes of arc 4 minutes of arc 
LQ9_ic Levels LQgiC "1"=±:5V±:10% , Logic "0"=0-0.SV 

*Com m ercia l version ava ilab le 

We can supply any of the cards shown in corrosion-resistant metal enclosures. 
Write today for new catalog . The Singer Company, Kearfott Division, 1150 McBride 
Avenue, Little Falls, New Jersey 07424. 

SINGER 
AEROSPACE & MARINE SYSTEMS 
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Thinking 
Elec-Trol 

engineers prefer 
Reed Relays 

Here's why ... 
lnte_gr~ty,{iri;t~g' ri-fo, n., and Reliability 
(re-Ii' a-b1I' 1-t1), n., are two key words in 
Elec-Trol 's vocabulary. Nowhere in the industry 
can you find a more stringent reliability test 
program than in Elec-Trol Quality Control. 

The integrity of our reed switches Is unexcelled, 
for Elec-Trol's reliability test program is 
concentrated on these switches, which are made 
by the leading U.S. manufacturers. Our strict 
tests are applied to each lot prior to their 
incorporation in relays. A sample of each lot is 
subjected to microscopic examination and a 
5,000,000 operation life test consisting of nine 
contact loads. The lot is accepted or rejected 
based on the test results. Data is kept from each 
lot tested for comparison checks to determine 
trends in reed switch integrity. 

An accepted lot of reed switches following the 
sample tests is then tested 100% fQr contact 
resistance and pick-up sensitivity ... Only reed 
switches that have passed this 100% testing 
program are used in Elec-Trol reed relays. 
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Superior performance of Elec-Trol reed relays can 
also be attributed to our conservative design 
approach. Our relays are purposely designed to 
operate well within specification limits . .. The 
safety factor goes beyond our written specs. 
Excessive heat is never encountered in our coils. 
An outstanding example of performance is our 
multiple pole relays, where we match reeds 
throughout the coil allowing all reeds to operate 
at nearly the same pick-up voltage. 

Elec-Trol has long been famous for its engineering 
leadership and manufacturing techniques used 
to protect the reed switch and coil in reed relays, 
providing the assurance of proper performance 
throughout the relay's application life. We 
pioneered the DIP reed relay. The know-how of 
precise bending of reed lead terminals, all 
welded internal construction, along with expertise 
in use of special epoxies that have similar 
temperature coefficients to the reed switch glass 
enclosure, are outstanding examples. We have 
available special packaging techniques to make 
customized relay configurations. 

CIRCLE NO. 3 

All Elec-Trol reed relays are 100% tested for 
operating parameters prior to shipment. Quality 
control records of inspection are maintained 
throughout in-process and final inspection. 

Whether your decision to buy is based on 
switching speed, long life, light weight, reliability, 
circuit isolation, pciwer handling, special 
packaging, or otherwise, one of our five reed 
relay lines: Econo-line ... Open-line ... Dip ... 
Pico ... Military . .. or a customized design 
is sure to fill the bill. Our automated production 
line guarantees high performance reed relays at 
low cost. You can be certain that Elec-Trol 
is doing a better job. 

Write, wire or call us your requirements. 

ELEC-TROL, INC. 
26477 N. Golden Valley Road 
Saugus, California 91350 
Phone: (213) 788-7292 • (805) 252-8330 
TWX: 910-336-1556 
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She's learning to test 
• 

semiconductors ... FASTER! 

With the 172 Programmable Test Fixture for the TEK
TRONIX 576 Curve Tracer, you program up to eleven 
sequential tests on FETs, transistors and diodes. This 
new fixture saves measurement time in applications 
such as . incoming inspection where you make a series 
of tests on a number of devices. 

Programming is straightforward. Inserting pins in 
holes in programming cards sets ind ividual test con
ditions. Omit the pin from a particular test hole and 
the 172 skips that test. 

Test limits can be graphed on a plastic card. This 
card is then overlaid against the 576 display area for 
comparison of test results and limits. 

Even experienced operators are likely to make errors 
in applications where repeated adjustments in con
trol settings are needed. The 172 removes this error 
source. Operators with little or no experience can 
make tests qu ickly and accurately. You ' ll save valu
able training time. 

Programmed testing frees your technically trained 
personnel to concentrate on more creative processes, 

speeds incoming inspection, saves training time, re
duces errors and decreases measurement time. 

Do you have a TEKTRONIX 7000-Series or 5100-Series 
Oscilloscope? Planning to get one? If so, you ' ll want 
to know about our new plug-in curve tracers too. For 
complete information, call your local TEKTRONIX 
Field Office and ask for the new Semiconductor 
Curve Tracer Booklet. Or write Tektronix, Inc., P. 0 . 
Box 500, Beaverton, Oregon 97005. We will send you 
complete information-immediately. 

172 Programmable Test Fixture . . . . . . . . . . . . $1400 

U.S. Sales Price FOB 

Beaverton, Oregon 

.. 
TEKTRONIX@ 

-

committed to 
technical excellence 
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Tri-Stale* logic marches on ... 

Then: Now: 
Q 

DM8093 Tri-State Quad Buffer 
DM8230 Bus Line Demultiplexer 
DM8831 Party Line Driver 
DM8551 Quad-D Flip Flop 
DM8094 Tri-State Quad Buffer 
DM8598 (SN7488 Compatible) 256-

DM8599 (SN7489 Compatible) 64-Bit RAM 
~ DM8214 Dual_ 4-Line-to-1 Multiplexer 
ca DM8093 Tn-State Quad Buffer 

Bit Expandable ROM 
DM8214 Dual 4-Line-to-1 

Multiplexer 
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DM8094 Tri-State Quad Buffer 
DM8230 Bus Line Demultiplexer 
DM8551 Quad-D Flip Flop 

DM8123 (FSC9322 or SN74157 
Compatible) Quad 2-Input 
Multiplexer 

DM8121 (SN74151 Compat
ible) 8-Channel 
Multiplexer 

DM8831 Party Line Driver 
DM8597 (SN74187 

~ Compatible) 
\\ ~ 1024-Bit ROM 
, 1DM8598 (SN7488 Com-
1 

1 patible) 256-
111111, Bit Expandable 
I ~~ ROM 

~ Soon: 
/ DM8095 Hex Buffer 

lll[ l11
11 DM8553 8-Bit Latch 

II'' DM8096 Hex Inverter 
DM8554 Binary Counter/ 

· Latch 
DM8552 Decimal Counter/ 

,,_ Latch 
"". DM74200 (SN74200 

Equivalent) 
256-Bit RAM 

DM85L51 Low Power Quad-D Flip Flop 
DMOOOO Quad Transceiver-Transmitter 

Disable 
DMOOOO Quad Transceiver-Transmitter/ 

Receiver Disable 
If what you're· doing has anything to do with 
mini computers or any digital design, why 
not deal directly with the source: 
National Semiconductor Corporation, 
2900 Semiconductor Drive, Santa Clara, 
California 95051. Phone (408) 732-5000. 
TWX:(910) 339-9240. Cable:NATSEMICON. 

•Tri-State is a trademark of National Semiconductor Corporation. 
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COVER 
Photo, courtesy of 
Electronic Arrays, Inc. , 
Mountain View, Cali f., shows 
their 1024-bit MOS RAM
the first on the market. 
See story on p. 12. 
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Everybody wants your 
components business. 

But were doing 
6 things to ear11 lt. 

1 
Extra reliability. We build 
extra reliability into our 
components to let you build 

extra reliability into your systems. 
We offer documented reliability 
from ER through industrial, from 
precision through general 
purpose. 

2 Pricing you'll like. For 
many product styles, our 
quantity resistor pricing 

is under 5c and often less than 3c. 
And that's for metal film resistors 
(including glazed resistors) that 
significantly outperform other 
metal films, wirewounds and 
carbon comps. 

3 Faster delivery. Our 
distributors can give you 
off-the-shelf delivery from 

an inventory of over 50,000,000 

components. And our "ball parks" 
are firm, real and reliable. This 
lets you keep expediting and in
ventory levels to a minimum. 

4 Production savings. Our 
unique product configura
tions greatly simplify both 

hand insertion and automatic in
sertion operations. This saves you 
money. And our QC is so stringent, 
many of our customers have t(}
tally eliminated their incoming 
QC testing of our parts. This 
saves them money. 

5 P~oduct innovations. '" 
Like our new CORD IP · 
Component Networks. 

With up to 23 discrete resistors/ 
capacitors/diodes in a miniature, 
pre-tested, plug-in package to 
save you time, money, and a whole 

lot of board space. 

6 
Sharper support. We've 
hand-picked the 30 most 
competent distributors in 

the country and built the indus
try's largest technically trained 
field force - then backed every
thing with a full team of specialists 
- to give you all the in-depth 
service you want and then some. 

We too want your busi
ness. But we're doing 6 extra 
things to earn it. 

Give us a chance to prove 
it. Write: Corning Glass Works, 
Electronic Products Division, 
Corning, New York 14830. Or call: 
(607) 962-4444, Extension 8381 

CORNING 
ELECTRONICS 

Resistors &Capacitors 
for guys who can\: stand failures 
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A line-up of input-output rack and 
panel and cable-to-ca_ble co.~mec~ 
tors with contact spacing on .r100 
centers. Elco's solut ion to the J;>ur
geoning packaging squeeze in elec
tronic circuitry. 

Let's take muster. First, the Series 
8026 R/P and cable-to-cable con
nector that's equipped with the Elco 
high-rel iabi I ity crimp-and-ins~rt 
mini Varilokn.4contact. Team a Serres 
8026 117-contact plug with its cor
respond ing receptacle, and you 
have a 117-contact connector that's 
in the same envelope as a 56-con
tact connector on .150" spacing. 
But pacl<ing more thari twice the 
contacts in the same space. 

Then, by the numbers. The 75-
contact 8026 connector will fit in 
the same space as a 38-contact 
connector on .150" spacing. And 
the 8026 33-contact connector is 
one of the smallest 33-contact R/P 

connectors you've ever seen. And 
for back-up, we offer Series 8026 
connector with 55 and 79 contacts 
on .125" square grid. 

For your 1/0 back-panel applica
tions, Elco Series 5540 connectors 
are available in the same sizes as 
the S026, but use the field-proven 
Varicon™ contact with .025" square 
wire wrappable posts. They incor
porate- as do the 8026's-a new 
female turnab le jackscrew that 
eliminates any possibility of dam
age to plate contacts in difficult or 
blind mating situations. Both series 
use standardized polarizing and 
keying hardware to prevent un
matched plugs and receptacles 
from being mated. 

And by no small coincidence, 
hardware standardization lets you 
minimize your in-house and field 

stocking requirements, and allows 
you to use the same manufacturing 
set-up to assemble all sizes. 

Besides helping you cope with 
y9ur close-order circuits, this roster 
of connectors will help you effect 
other cost economies. Like using 
your existing 8016 panel punches. 
Reducing inventory because they 
can do duty in R/P ahd cable-to
cable applications as well as be 
used as an 1/0. On a performance/ 
price basis, these high density con
nectors are your best buy because 
quality is equal to, or better than, 
and published prices are much less 
than those of their pin-~nd-socket 
counterparts. 

There's one more bonus. Im
mediate availability. Both Series. 
All sizes. Another service in keep
ing with CONNECTRONICS, Elco's 
Total Connector Capability. 

For full details on. these new 
connectors from Elco, contact: 

Elco, Willow Grove Division, ~ ~,,., 
Willow Grove, Pa. 19090 _ 
(215) 659-7000 ~'Iii '!ilJ 

Elco, Pacific Division, L 
2200 Park Place, ._ _____ _, 
EISegundo,Calif.90245 
(213) 675-3311 

Operations in USA, Australia, Belgium, Canada, Denmark, 
England, France, Germany, Israel and Japan. Sales offices 
throughout the world. In Europe, Elco Beige, 77 Blance· 
floerlaan, Antwerp, Belgium, Tel. 03-190064. In the Far 
East, Elco International, TBR Building, 2-10·2 Nagata-cho, 
Chiyoda-ku, Tokyo 100, Japan, Tel. 580-2711/5. 
Copyright © 1971 Elco Corp. All rights reserved. 
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Editorial 

It's time to start pulling together 
It's a little early to be absolutely certain, but 1972 looks like it wjll be a good 
year for business and industry. After the two-year economic squeeze we've all 
been through such a bright outlook is indeed welcome. 

How our own companies fare this year will of course depend on many things, 
not the least of which will be our personal contribution. This contribution is the 
complex result of many individual elements, such as time, effort and creativity. 
One of these elements that is frequently overlooked, because of its subtlety we 
would guess, is attitude. And this includes attitude towards others in our depart
ment, towards other departments, as wel I as towards the job itself. 

The reason that attitude is so important is because it effects not only the con
tribution of the individual involved, but the contributions made by many others. 
No one says that all members of an organization have to love each other. But 
for maximum effectiveness they all have to be working towards the same over
all goal, and respect the role played by each other in the attaining of that goal. 

In effect, an organization blessed with positive attitudes throughout its ranks 
represents synergism at its best-the old story of two plus two equaling a lot 
more than four. 

Engineers generally do have positive attitudes towards engineering and other 
engineers. There is often much room for improvement, though, when it comes 
to other departments or disciplines within their company. With this in mind, we 
offer the following impressions: 

The marketing department is not staffed exclusively with finger-snapping, 
glib-talking types who sell used cars on weekends. A salesman's job is not easy. 
He may push and prod engineering for Cadillac products at Volkswagon prices, 
but remember, he's out there competing for sales against salesmen who have 
engineering departments as good as, and possibly even better than , yours . 

The manufacturing department has to make that little widget of yours-and 
make it cheap. They have to apply modern , efficient production techniques, and 
they can't afford a lengthy tweaking of each unit as it comes off the line. If they 
can't make it cheap enough, it might as well have never been developed. 

We could go on and give similar impressions of purchasing agents and ad
ministrative management, among others. To do so, though, would belabor our 
point. Suffice to say that a little more appreciation of other departments and their 
aims and objectives ca n help us all increase our own on-the-job contributions. 

:!~~ 
Editor 

g 
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MOUNTING PADS 
for T0 -18, T0-5, duals, 
integrated circuits, lead 
converters, lead spreaders 
. . . all are contained in 
Thermalloy's new catalog . 
Complete mechanical 
drawings, materials and 
specifications included. 

Write today 
for free 

samples and 
catalog 
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Can you imagine what the signal source of the future will 
be like? 

Will it have excellent frequency accuracy and stability? 
Better amplitude characteristics? 
Systems capability with inexpensive interfacing and 

software you can handle yourself? 
And how about a reasonable price tag? 
Well, the new Hewlett Packard 3320A and 3320B 

Frequency Synthesizers give you all this-plus a lot more ! 
Both instruments give you frequency accuracy and 

stability measured in a few parts per million per year. 
That's a thousand times better than any RC oscillator. 

They both give you the signal purity of a good RC 
oscillator-a new feature for a frequency synthesizer. 

The 3320B offers you amplitude accuracy, resolution 
and frequency response measured in a few hundredths 
dB over a 100-dB attenuation range. So it is both a fre
quency standard and a very precise level generator. 

The 3320A and 3320B have optional remote control 
and the 3320B can even be controlled directly from most 
tape readers or card readers (like the new HP 3260A 
Marked Card Programmer) . 

And to top it off, the 3320 has the widest frequency 
range of any test oscillator, programmable oscillator or 

low cost frequency synthesizer on today 's market, 0.01 
Hz to 13 MHz. 

How about the price tag? 
The 3320A, priced at $1900, and the 3320B at $2400 

give you two great buys in signal sources-both today 
and in the future . 

We call the 3320 " the new price/performance bench
mark for precision signal sources. " Electron ics magazine 
called it a " pacesetter." You ' ll call it " a steal. " 

For further information on the 3320A / B, contact your 
local HP field engineer. Or write Hewlett-Packard , Palo 
Alto , California 94304. In Europe : 1217 Meyrin-Geneva, 
Switzerland . ~ 

HEWLETT It; PACKARD 

SIGNAL SOURCES 

•. l'l - - (ii ... _ 

-- -
... at $1900, 
It's a Steal! 

091 /1 8 
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Design News 

Semiconductor memories 
the speed and density gaps close 

The first pilot wafer oi Signetics Corp.'s 
1024-bit bipolar RAM is shown during waf
er probe testing. Thi s memory device em-

ploys Schottky-barrier diode clamps, is full y 
TTL-compatib le and can be operated in a 
power-down mode. 

In the hectic world of semiconductor 
memories two things were always 
clear - for speed use bipolar, for densi
ty use MOS. 

With the start of a new year comes 
the introduction of a memory that 
breaks the rules. Electronic Arrays, Inc. 
has just announced the first n-channel 
si I icon gate MOS RAM. 

Access time of the new 1024-bit 
RAM is typically 100 nsec. Electronic 
Arrays guarantee 85 nsec access time 
for the EA 1 500 if it is operated at 
± 15V. Normal operation is at ± l 2V. 

The introduction of the EA 1500 does 
not mean the end for high-speed bipo
lar memories. Just across the street 
from Electronic Arrays in Mountain 
View, Calif., both Fairchild Semicon
ductor and Raytheon Semiconductor 
are getting ready to announce 1 024-bit 
bipolar RAMs that are as fast or faster 
than the EA 1500, and as small as the 
1024-bit MOS RAMs already on the 
market. Both of these companies de
veloped new processes in 1971 that 
drastica lly reduce memory ce ll size. 
Fairchild's process is called lsoplanar 
while Raytheon's is named V-8 (for 
Vertical Ani sotropic Etch ). 

The first high-density bipolar RAM to 
be offered as a standard product wi 11 
probably not come from Fairchi Id or 
Raytheon. lntersi I, Inc. and Monolithic 
Memories, Inc. have developed 1024-
bit RAMs using standard processes. 
Both companies expect to be market
ing them before Fairchild or Raytheon . 

Two other Sunnyvale companies , 
Signetics Corp. and Computer Micro
technology Inc., are well along on the 
development of bipolar 1024-bit 
RAMs. 

ED N/E EE j AN UAR Y 1 5, 1 9 7 2 



According to Dick Eiler, Electronic 
Array's product marketing manager, 
the EA 1500 fulfills predictions that n
channel silicon gate technology would 
make MOS RAMs as fast as bipolar 
RAMs. And, he adds, with much lower 
power dissipation than conventional p
channel si licon-gate RAMs. 

Very few n-channel devices have 
appeared in the past, primarily be
cause of the processi ng problems (see 
" Making Sense Out of the MOS Mud
dle - Part I," EDN/EEE Sept. 1, 1971 , 
pp. 23-32). Electronic Arrays' sol ution 
is to " keep it simple and clear," says 
Eiler. They are using the same number 
of masks as 'for p-channel , and add a 
si licon nitride layer as a barrier against 
contamination, he reports. 

In active operation , the EA 1500 dis
sipates only 100 mW-25 to 33% of p
channel dissipation. Most of the power 
reduction is the result of new circuit 
design and low operating voltages. 

In addition, the EA 1500 can be logi-

SILICON OXIDE 

V-ATE 

ca lly turned-off between accesses by 
bringing all inputs (except power) to 
zero with single gating. This reduces 
standby power dissipation to a few mw. 

Conventional precharge is not used 
to bring the RAM out of standby and 
into active operation . Any address in
put will override the standby gating 
and the EA 1500 then turns ON in sev
eral nanoseconds. 

Refresh addressing is eliminated by a 
new storage array desi gn. All 1024 
storage cells are si multaneously re
freshed by any write pulse. (Only the 
specific cell addressed will accept a 
new data input. ) 

Conventional dynami c RAMs can
not be refreshed with a single pulse 
because they require a refresh buffer 
for each column in the array of storage 
cells. Most 1 024-bit RAMs are ar
ranged in 32 by 32 arrays, and up to 32 
refresh pulses are required . 

The n-channel silicon-gate process 

PLANAR 

developed by Electronic Arrays permits 
buffering to be incorporated in each 
ce ll . Conseq uently, it is not necessary 
to logically determi ne which co lumns 
in a memory are scheduled for refresh 
and then address refresh pulses to 
those columns. 

Refresh intervals in dynamic MOS 
RAMs depend on charge storage time 
in the storage FETs. For the Intel 11 03 
and Advanced Memory Systems 6002 , 

· thi s is 2 msec. The n-channel process 
developed by Electronic Arrays results 
in very slow charge leakage, extending 
the storage time to 5 to 10 msec, de
pending on operating temperature. 

Timing and control logic for memory 
systems built with the EA 1500 is great
ly si mplified by the elimination of pre
charge and refresh addressing. Be
cause of the long charge-storage time 
and the single-pulse refresh method, 
the memory-busy duty cycle in a typi
cal system design will be once in every 
10,000 to 20,000 cycles, says Eiler. 

For more information, Circle 260. 

c B 

ISOPLANAR 

Both the lsoplanar and V-ATE (vertical anisotropi c etch) processes, developed by Fairchild Semiconductor and Raytheon Sem iconductor 
respectively, are more complex than the standard Planar process, but they resu lt in ·reductions of as much as 60 percent in memory cel l area. 
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Twice: 

How will you choose 
your next portable scope 
... on faith, or on fact? 

Forget everything you ever knew 
about portable scopes; today's por
tables are something else entirely. In 
the last year, both major scope man
ufacturers have brought out com
pletely new lines. So, choosing a new 
portable on "blind faith" in your old 
make is about as sensible as marry
ing a girl you've never met, just be
cause her second cousin was Miss 
America in 1967. 

The only rational way to choose a 
new portable today is to make a 
head-on comparison between our 
scopes and our competitor's. And 
this means more than just a quick 
look at price tags and specs. It means 
a thorough investigation of total 
acquisition cost. Be sure you check 
these specific points: 

Initial purchase price . Are you 
getting the best price available? 
HP's Portables are priced as much 
as $200 below the competition, 
with special purchase agreements 
available. 

Ease of Use. Are the controls 
simple and logical? Or are they a 
jungle of tightly packed knobs. Ten 
minutes a day, spent in needless 
tinkering, can add up to hundreds of 

dollars a year in wasted man-hours. 
Fieldworthiness . Some scopes have 

such high power requirements that 
battery operation is impossible. HP 
feels that a portable scope should 
have "go-anywhere" capabilities, so 
our Portables all use low-power
requirement designs which permit 
battery operation. Low power re
quirements also mean lower heat, 
which prolongs component life. As 
a result, only HP's Portables elimi
nate the need for fans, or dust
admitting vent holes. 

Calibration and Service. Have you 
considered how much your scope 
will cost you after you 've pur
chased it? For example, HP Por
tables are quickly calibrated -
requiring approximately half the 
time required to calibrate our com
petitor's portable scope. This could 
save you hundreds of dollars over 
the life of your scope. And are you 
going to have to deal with one manu
facturer for scope service, and an
other for your voltmeters, signal 
sources, etc.? Or can you save time 
and money by limiting your deal
ings to one company? And don't for
get training aids; HP offers live 

CIRCLE NO. 11 

demonstrations, video tapes and 
literature to simplify conversion 
problems. 

Look into all these points, and we 
think you'll find that you'll save a lot 
of time, effort, and money - and 
avoid a lot of frustration - by choos
ing HP's Portables. But don't take 
our word for it; make the compari
sons yourself. 

For a revealing package of infor
mation on HP's new Portables, send 
for a free copy of our "No-Nonsense 
Guide to Oscilloscope Selection." 
Or contact your local HP field engi
neer for a demonstration. Check be
fore you choose. Hewlett-Packard, 
Palo Alto, Californ ia 94304. In 
Europe: 121 7 Meyrin-Geneva, 
Switzerland. 

Scopes Are Changing; 
Think Twice. 

092/2 

HEWLETT~ PACKARD 

OSCILLOSCOPES 
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New semiconductor devices promise 
efficient, economical transient suppression 
Power line transients, with their often 
insidious way of causing circuit and 
system damage, are a problem to de
signers in practically all areas of elec
tronics. Now, thanks to a new type of 
semiconductor device from General 
Electric Co., Syracuse, N .Y., protection 
against these transients may take on a 
new dimension. 

The new varistor devices are based 
on a recently-developed polycrystal
line technology, and are cal led metal
oxide varistors , trademarked GE-MOV. 

Essentially, the GE-MOV varistor is a 
voltage-dependent, symmetrical resis
tor which performs somewhat like an 
inverse series zener diode in circuit 
protective functions . 

When exposed to high-voltage tran
sients, the impedance of the GE-MOV 
varistor changes from a very high 
standby value to a low conducting val
ue, clamping the line voltage to a safe 
value. The dangerous energy of the 
incoming high-voltage pulse is thus 
prevented from passing through the 
voltage-sensitive circuit components. 

Relative performance of the new 

The GE-MOY varistors are based on a re
cently-developed polycrystalline technol
ogy for which the Japanese hold the basic 
material patents. A licensing agreement 
covering the material was signed by GE this 
year with Matsushita Electric Co. of Japan. 

devices can be seen from their alpha 
figures (fig. 1 ), which are frequently 
used as the figure of merit for devices 
of this . type. The alpha figure is the 
log/log slope of the device El charac
teristic. GE-MOV varistor alpha values 
range up to 70, with a guaranteed min
imum alpha of 25. This compares to 
alpha values of 1 for a resistor, about 5 
for a Thyrite varistor, 5 to 15 for a sele
nium thyrector and about 35 for a 
power zener diode. 

The GE-MOV varistor is fabricated 
from a ceramic powder by a pressing 
operation (fig. 2). The devices to be 
offered initially are disc-shaped , and 
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Fig. 1 -Log-log volt/ampere characteristics 
of common voltage-transient suppressors 

have metalized faces to which the 
leads are attached . The thickness of the 
disc determines the device voltage rat
ing. All GE-MOV varistors are encap
sulated in epoxy. 

In operation, the GE-MOV varistor 
usually is connected in parallel with 
the component or network it is protect
ing, stabilizing, or regulating. When a 
high-voltage transient appears, the re
sistance of the varistor changes from 
that of a good insulator to that of a 
conductor. The incoming power surge 
is thus prevented from reaching the 
protected equipment. According to 
GE, the nonconducting-to-conducting 
change in resistance can cover a range 
of 100 million to one. 

Nineteen standard GE-MOV varis
tors for use in ac circuitry are being in
troduced. They range in maximum 
energy-handling capability from 10 
watt-seconds, or joules, to 160 watt
seconds. Maximum peak current rating 
is 1 250 amperes. Ac voltage ratings 
range from 130V to 1 OOOV RMS. De
vices for lower voltage applications are 
expected in the near future. 

Prices, according to GE, will be 
comparable to those of present silicon 
carbide varistors. 

For more information circle 261 . 

show the relative performance of the GE
MOV varistor. 

BISTABLE INTERGRANULAR 
BISMUTH OXIDE 

(Insulator at low voltage 
conductor at high voltage) 

WIRE LEADS 

Fig. 2 - The GE-MOV varistor is a polycrys
talline ceramic consisting of conductive 
zinc-oxide grains with a thin, intergranular 
bismuth-oxide film that is insulating at low 
voltage and conducting at high voltage. The 
latter completely surrounds and isolates the 
individual grains of the zinc oxide. The ce
ramic disc contains literally millions of tiny 
thin-film devices at the zinc oxide grain 
boundaries, which are connected in three
dimensional , series-parallel networks. The 
voltage sensitive resistance of the thin films 
is the key to the operation. 
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Computer to help make 
typing lessons easy 

A computer is being used to redu ce 
the number of hours required to teach 
future typing students. The project is 
being carri ed out at New Jersey's 
County College of Morris County un
der the direction of R. D. Chenoweth, 
chairman of the co llege's data pro
cess ing division . 

Student programmers are compiling 
a master f ile of 7 4 ,000 words analyzed 
fo r the motions and time required to 
produce them. This is poss ible because 
the motions and strokes necessary for 
each letter or number have been coded 
into the memory of the co llege's NCR 
Century 200 computer. 

Typewriting copy being studied is 
key-pun ched, loaded onto magneti c 
tape and run through the Century 200 
at 165 words a minute. The computer 
catches misspe llings, adds those words 
not al ready there into its file, and pro
cesses the words through two or more 
sortings. 

It then measures the complexity of 
the copy in terms of the number of 
strokes and motions needed for its pro
duction. Finally, it classifies the copy 
in terms of its difficulty and the re
quired dexterity. 

Processed copy is returned to the 
Gregg Division of McGraw-Hill Inc. , 
a sponsor of the project, where it is 
used in compiling a program and text
book that aim to reduce the number of 
hours a typing student needs to spend 
in learning the skill . 

Flying clocks 
test relativity theory 

Time dilatation -the spec ial part of 
Einstein 's relativity theory that pre
dicts more time wi ll pass for stay-at
homes than for fast-mov ing space trav
elers returning to earth - underwent a 
new test recentl y. Al so tested by the 
experiment was the interaction of 
grav ity and time, a part of the General 
Theory. It was the fi rst known experi 
mental demonstration of these effects 
using actual time-recording clocks. The 
prelimin ary results seem to support 
Einstein . 

Professor Joseph C. Hafele of Wash-

Save 31 M~nutes 
Per Man Hour with 
CABLE-SCAN 
System* 

-..... ~~ 
Instantly identify any wire or connector pin by touch 

Complete the installation and get immediate verification of 
proper termination 

Now Thomas & Betts Corporation offers a totally 
new harness and cable assembly system which com
bines instant identification and testing at the point 
of fabrication in 1/ 5th the time of any present 
method of identification. 
By touching the end of any wire, the operator in
troduces a low level signal through the fingertips 
to each circuit . This causes the numerical readout 
of the wire identity. 
Write for new illustrated brochure. Cable-Scan Inc., 
1320 Miller Street, Anaheim, California 92806. 
•oocumented Case Histories 

c:::abla·Bcan Inc. 
Subsidiary of Tharna5 & Betts Corporation 
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Profit 
.Through 
Quality 

By Sidney Weinber g 

"Thi s exce l lent book deserves a place on 
the desk of any general manager who 
wants to increase the use of Q-R 
methods." Quality Progress 

A pract ical guide to help producti on and 
general managers analyze requ irements 
and establish an effecti ve, profitable 
quality and reliability policy. By one of 
the Uni ted Kingdom's most respected 
authorities, it should be read by everyone 
conce rned wi th maintaining qual ity and 
profits. Illus. 192 pp $10.95 

COMPLETE 
GUIDE TO 
PROJECT 
MANAGEMENT 
by Dennis L. Lock 

The perfect introducti on to project 
management, the technique c reated 
to deal with the complex activities of 
modern industry- planning , costing , 
controlling and evaluating projects 
so they are completed on time and 
to specs and budget. 

With over 60 illustrations and many 
pract ical examples , this book covers 
all the basics and includes explana
tions of CPM and PERT. 

Complete Guide to Pro;ect Manage
ment is essential reading for anyone 
on the technical or managerial side 
of industry , with any responsibility 
for projects . 224 pp. $9.95 

Order Today- 15-Day Free Tria/
Satisfaction Guaranteed or Money 
Back-Send check and we pay ship
ping 

..• •• •• •........ . .••••..•.•...•.•••. 
Cahners sooK 01v1s1si~· 

89 Franklin St., Boston, MA 02116 
Quantity Titl e 

NAME-------- --- -

POS ITI ON 
COM PAN Y ___________ _ 

ADDRESS ___________ _ 

___________ ZIP _ _ _ 

Send Payment and We Pay Shipping 
D Payment Enclo_sed O Bill My Company D Bill Me 

ington University, St. Loui s, Mo., and 
Ri chard Keatin g o f the U .S. N aval Ob
servatory, Washington , D . C., fl ew a 
set of four Hewlett-Packard precis io n 
ato mic c locks around the world . They 
fl ew the route once eastward and once 
w estward , measuring how much time 
the clocks recorded during their trips, 
re lative to the time observed on earth 
by the ensemble of atomi c clocks at 

the Nava l Observatory whi ch are the 
United States' offi c ial timekeeper. The 
experiment w as funded by the Ob
servatory. Preliminary, uncorrected re
sults for the experiment indi ca te a 
sli ght loss for the eastward trip and a 
definite gain for th e w estward trip, as 
Einstein 's theory would predi ct for 
paths similarly flown. 

To test the theory, the results o f the 
experiment must be compared with 
the results the theory would predi ct. 
The expected results depend on the 
actu al paths, veloc ities, and altitudes 
during the fli ghts. Fo r a total fli ght time 
of about 38 hours at 650 miles an hour, 
at an altitude of 35,000 ft around the 
equator, the predi cted results are a loss 
fo r the eastward fli ght of about 110 
nsec rel ative to the clocks on earth , 
and a ga in of abo ut 300 nsec for the 
w estward fli ght. The only quantity man 
can measure with anythin g like thi s 
prec ision is, fortun ately, time. 

Precision atomic clocks were flown around 
the world to test the time dilatation part of 
Einstein 's relati vity theory. Prof. F. C. Hafele, 
Washington Univ. (left) and Ri chard Keat
ing, U.S. Nava l Observatory (ri ght) who 
flew with the clocks, discuss the experi ment 
wi th Al Walker of Hewlett-Packard Co. 
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~eckman::J 
INSTRUMENTS, INC 

HELIPOT DIVISION 
FULLERTON, CALIFORN IA 

HELPING SCIENCE AND INDUSTRY IMPROVE THE QUALITY OF LIFE. 

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

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

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

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

lhunp In Thyristors 
IN THYRISTORS 

And we want to deal you in! 
Into one of the broadest thyristor lines 

available in the 1h to 100 A range. Backed 
by the No. 1 discrete house in the industry. 
But besides these two factors we're intro
ducing several new reasons for letting us do 
the dealing. 

A 2N number means security. Security 
that specs will play a repeat performance ; 
no alterations just to satisfy manufacturing 
purposes. 

For one, device number standardization. 
Anyone who's ever specified thyristors 

realizes the jumble of house numbers staring 
him in the face; sometimes as many as thirty 
for one single device. Yet no one's had the 
motivation to standardize the situation by 
bringing 2N numbers, in mass, to this seg
ment of the semiconductor industry. 

A second idea is our glass-passivated 
process assuring uncontaminated junctions 
to provide the reliability in thyristors you've 
learned to expect from Motorola. 

And the third idea we ' re promoting is 
really just common sense, but isn't com
monly practiced - customer satisfaction. 
Well , we'd like to make customer satisfaction 
a common rule. 

We want to supply you with every quality, 
reliable thyristor you need, whether you 
want one or thousands, when you want them, 
and at a price we're sure you 'll find very 
attractive. To do all these good things we've 
committed our widely known and respected 
" production house" capability. 

Until now. 
Motorola has begun a program of stan

dardizing its total thyristor line - SCR's, 
triacs, triggers, UJT's, and diacs - by intro
ducing 2N numbers to replace the frequent 
occurrence of house numbers. This will result 
in more useful specifications for easier device 
comparison and fast ordering procedures for 
both you and your company along with the 
peace of mind that comes with a 2N number. 

So take advantage of the offer on the 
opposite page. We know you'll draw a trump 
in thyristors. 

YOUR FRANCHISED M OTOROLA SEMICONDUCTOR DISTRIBUTORS 

ALABAMA, Huntsville . . Gulf Electronics Corp. .. .(205) 539·2731 
ARIZONA, Phoenix .. .. . .. ... Hami lton/ Avnet .. .. . .. (602) 269· 1391 
CALIFORNIA, El Segundo .. Liberty Electronics Corp .. (213) 322-8100 
CALIFORNIA, Los Angeles ... .. Hamilton Electro Sales ... . (213) 870·7171 
CALIFORNIA, Los Angeles ... .. . K-Tronics/ Wesco . .(213) 685-9525 
CALIFORNIA, Mountain View ...... Elmar Electronics .. .. (415) 961-3611 
CALIFORNIA, Mountain View .... .. Hamilton/ Avnet ..... (415) 961-7000 
CALIFORNIA, Palo Alto Kierul ff Electronics, Inc. .(415) 968·6292 
CALIFORNIA, San Diego ......... Hamilton/ Avnet . . . . .. (714) 279-2421 
CALIFORNIA, San Diego ..... Kierulff Electronics , Inc. .. (714) 278-2112 
COLORADO, Denver . .. .... Hamilton/ Avnet .. .. . .. (303) 433-8551 
COLORADO, Denver ..... Kierulff Electronics Co., Inc. .. .. (303) 343·7090 
CONNECTICUT, North Haven .. . Cramer Electronics Inc. ... (203) 239·5641 
FLORIDA, Hollywood . .. . Schweber Electronics . . . .. (305) 927-0511 
FLORIOA, Miami Springs . . ... Gulf Electronics Corp. . . (305) 885-R761 
FLORIDA, Orlando . . ... Hall-Mark Electronics Corp . ... (305) 855·4020 
GEORGIA, Atlanta ...... Jackson Electronics Co ........ (404) 355·2223 
ILLINDIS, Chicago ....... Newark Electronics Corp. . . . .(312) 638-4411 
ILLINOIS, Chicago ... Semiconductor Specialists, Inc. . . (312) 279-1000 
ILLINOIS, Schiller Park .... Hami lton / Avnet Electron ics . . (312) 678-6310 
KANSAS, Lenexa . Hall -Mark Electronics Corp. (913) 888·4747 
MARYLAND, Balt imore .... . Pyttron ic Industries, Inc. . . (301) 539-6525 
MARYLAND, Rockville .Cramer/EW, Washingt on .(301 ) 948·0110 
MARYLAND, Rockville ....... Schweber Electronics ..... . (301) 881-2970 
MASSACHUSETTS, Lex ington .... R & D Electron ics. Inc . ... (617) 861 -9200 
MASSACHUSETTS, Newton Centre Cramer Electronics. Inc. (617) 969-7700 
MICHIGAN, Detroit . . . Semiconductor Specialists. Inc .... (313) 255-0 300 

MICHIGAN, De troit . RS Electr orncs .(3 13) 491 -1012 
MINNESOTA, Ed ina .......... Lew Bonn Co. .. ...... (612) 941 -4860 
MINNESOTA, Minneapolis .Semiconductor Spec1al1sts, Inc. (612) 854·8841 
MISSOURI, St. Louis .... Semiconductor Specialists. Inc . ... [3 14) 428·6100 
NEW JERSEY, Moorestown . . ..... Angus. Inc. . . . . . .. [609) 235-1900 
NEW JERSEY, Pennsauken .... Radio Electric Service Co. . . '609) 661·4000 
NEW MEXICO, Albuquerque .. Kieru lff Electron ics Co., Inc .. :505) 147· 1055 
NEW YORK, Binghamton . . federal Electron ics, Inc. . . :607) 748-8111 
NEW YORK, Hauppauge , l.I .... Cramer Electronics. Inc. (516) 231·5600 
NEW YORK, Rochester ..... Cramer Electronics, Inc. .... '. 716) 175·0300 
NEW YORK, East Syracuse ....... Cramer/ Eastern . . .. . :315) 437-6671 
NEW YORK, Westbury. l.I. ..... Schweber Electronics . ... (516) 334-7474 
NEW YORK, Woodbu ry, LI. ..... Harvey Radio Co ., Inc. . .:516) 911 -8700 
OHIO, Cincinnati ......... Sheridan Sa les Co. . .. . .. (513) 761 ·5432 
OHIO, Cleveland . Pioneer-Standard Electron ics. Inc. 1216) 587-3600 
OHIO, Cleveland . .. Sher idan Sales Co. .. .. .. (116) 524-8110 
OKLAHOMA, Tulsa ...... Hall-Mark Electronics Corp ...... 1918) 835-8458 

n~:ty~:l~:,IA , _ Pittsbur~~ll ~~~;c~1~~~~~~rc~pc;;~lists Inc .:~:~: ~~l • ~l~~ 
TEXAS, Dallas .. Sterling Electronics . .. .... i114) 357-91 31 
TEXAS, El Paso ... Midland Speciality Co. . (915) 533 9555 
TEXAS, Houston ...... Hall -Mark Electronics Corp. . .1713) 781 -6100 
TEXAS, Houston ........ Sterling Electron ics. Inc. ....... 1713) 613-6600 
UTAH. Salt Lake City. . Cramer Electronics, Inc. ..... . 1801 ) 487-3681 
WASHINGTON, Seattle . . . Hamilton/ Avnet . . . .. 1106) 614-5930 
WASHINGTON, Sea ttle ..... liberty Electronics . . . .1106) 763-8100 
WISCONSIN, Milwaukee .... Hall-Mark Electronics Corp . ... 1414) 476-1170 

G 
Jlal. 
IN THYRISTORS 
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. Pick A Card, Ang Card-
For A Free Thgristor From Motorola 
To prove our commitment is no card player's bluff, we're inviting you 
to pick one of the following nine thy ristors, a ll direct replacements* for 
those listed , to receive free. 

Then just "Plug It In And Try It." 

*Although these devices have compar able specifications, in some instances t h ey may 
require slight modifications for t he specific app lication before being considered 
"direct replacements." 

11 You're Using 
2N2689 
2N3003 
2N3001 
2N3029 
2N3032 
2N4091 
2NA109 
2N4141 
2N4334 
2N5125 
2N5189 
2N5120 
3f100 
3G100 
31100 
3K100 
3L100 
3L1100 
3L2100 
4K100 
4L100 

r.11101 
AA108 
AA115 
B152 
BA152 
C103A 
CB202 
llR819A 
llR819B 
llR3029 
llR3032 
lSVl22C 
lSVl100C 
lSVl101S 
l\C46 
10102 
2NB19 
2NB81 
2N950 
2N2681 
2N2685 

D5E43 
D5E44 
2N4898 
5[29 

Pie\( Motorola's 
f REE 

2NS062 
100 'I soo ml\ 

10·92 pac~aged 
SCR 

\ 

Pie\( Motorola's 
f REE 

2N4852 
4 o ml\ \min) 

,, = ·c ~aged un 
l O·lB pa 

. t winning card, 
And along with thaou with an "ace-
we'll also ~~~111~~: form oi our ne':" • 
in-the-hole in Guide lo llwns· 
complete _ 35-pa~e reh ensi'le boo\<. 
tors. This c ~ p to de'lices; selec
inc\udes a guide a e outline d1m~n
tor guide~; pac~h;ristor application 
sion drawin~~k to deiinitions , sym;_ 

~~\~~;a~d g~~rmino~~g~ur~:. ~t~Y~~E 
tor cross-re~er~nhandY ' iniormatwe . 
th"ristor guide ,. "aluable reierence 

' ·se· an \O• and conc1 ' . ners . 

If You 're Using 
AOI061 
AOllOI SC141B 
A01141 SCl46B 

40668 

1·. -

~ 
JP• IN THYRISTORS 

manual ior des1g M torola thyristor 
So pie\<. out t~n i~r you , iii.I in the 
card that can ·1 ·t to your nearest 

r Tv;-;;i;-ed; 7a;d! s;ndm7°th; ~j;d thyri;t;-;.:d(o;; ;.;i'y~ - - -

coupon , an~ m~~h\sed distributor 
Motorola 'ra 

You can see thi~ 
P
layer means busd1· 

'" 
lPI. 

Ur car s ness - 0 
1 1 

are on the tab e . 

IN THYRISTORS 
tTrademark Motorola Inc. 

please) including device, data ~eekand "~g It In And Try It" button 
along with my "ace-in-the- le"': Motorola s Guide To Thyristors. 
SCR'S 

Triacs 

UJT's 

2N 5 0 62 N4442 

2N607l, 2N6 1'5 '1 
\..> 

2N6027 2N485. . 
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Don't leave 
system grounding to chance 
Put the elements of system grounding high on your system design priority lisC and 
use these broad grounding guidelines to steer clear of ground noise problems. 

Harry Brown, Westinghouse Electric 

The successful design of a modern, sophisticated electronic 
system requires careful attention to the details of its ground 
and power distribution. This need should be approached by 
first viewing the complete system and its physical environ
ment, then working down to the smallest identifiable circuit 
in the system. 

Lack of forethought in system grounding can result in 
months of " debugging" during the integration and test of 
the system, and this in turn leads to "trial and error" solu
tions. At best, these solutions are often marginal , and are 
constrained by designed-in obstacles that prevent incorpora
tion of a truly sati sfactory solution. This arti cle presents bas
ic principles that are sometimes overlooked by designers. 

Mass grounded systems and the basic proble m 
Part of a simple mass grounded system, consisting of sev

eral independent transistor stages along with a high-gain, 
high-input-impedance voltage amplifier connected to the 
output of Ql , are shown in (Fig. 1 ). Each stage has a voltage 
drop between its ground point and power source ground 
termination due to current drawn through the unwanted, 
but unavoidable, resistance existing in the path back to the 
power source. 

In addition, differential ac voltages exist across the im
pedances between each ground and power supply node in 
the system. These result from the imperfect shunting of sig
nal current by the individual sta,ge bypassing capacitors, 
and from large signal currents returned from heavy, remote
ly located loads such as RL 1. 

If the circui ts are individually grounded to a chassis 
which has currents from other sources and loads, such as 
vn , flowing through it, these other currents also prpduce 
unwanted signals between ground points. In this illustra
tion, four differential noise sources exist between AR 1 and 

,< its source Ql, assuming that the signal current to A 1 from 
Ql is negligibly small. Within a small chassis , these dif
ferential noise sources could easily be on the order of sever
al millivolts of noise while the desired signal might be on 
the order of a few microvolts. 
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In complex systems, microvolt signal voltages may have 
to coexist with signal and power currents on the order of 
amperes. Actual system measurements across power supply 
leads and subsystem grounds have shown switching tran
sients on the order of several volts resulting from fast-rising 
waveforms. 

To understand how this could occur, we only have to 
examine some typical ground conductors. One foot of 
AWG No. 20 copper wire has 0.01 fl of resistance; thus 
100 mA signal passing through it will produce a 1 mV volt
age drop. The self inductance of this same length of wire is 

0.44 µH, so a 100 mA pulse with a 20 nsec rise time (10-
90%) will produce al .75V voltage "sptke" - enough to trip 
almost any logic circuit, drive an integrator far off, and raise 
havoc in a dozen other ways. 

An 18-gauge aluminum chassis 4 inches wide by 8 
inches long has a de resistance from end to end of 56 x 
1 o-6fl. If it is ri gidly attached at its ends to a frame or struc
ture carrying large currents, such as system prime power, it 
will carry its proportional share of these currents. If this 
share is one ampere, a voltage drop of 56 µV will exist 
across the chassi s. Again , hi gh frequency signals will pro
duce even greater drops across this chassis . 

Consider also an aircraft in which prime power is distrib
uted to units which are grounded to the airframe near the 
tail of the aircraft and also to units which are grounded to 
the airframe near the nose. The potential difference be
tween the two ground points is typically greater than one 
volt rms at 400 Hz. 

From these examples, it should be obvious that the 
grounding of any reasonably complex system cannot be left 
to chance. 

Single-point gro und systems 
One approach to eliminate grounding problems is to use 

a " single point" ground system, where each stage is con
nected via its own independent ground path back to a sin
gle termi_nation point, or root, somewhere in the system. In 
this case, the ground return path from each stage contains 
the ground return current from no other stage. However, 
power supply voltage is sti II connected to the various stages 
via a common line, so some of the benefit of the power 
supply regulator's low output impedance in keeping ripple 
from one stage out of another is lost. In addition, some frac
tion of the noise voltage between each stage and the 
ground point is coupled back to each ground return 
through the decoupling networks, so the full benefit of sin
gle point grounding is not achieved. 

The problem of noise coupled through the power supply 
lines is corrected in Fig. 2 by using single point ground and 
power feeds. Here the source resistance of the power sup
ply must be sufficiently low, and RP 1 and R,,2 must be smal I 
enough so that load currents drop a negligible voltage be
tween the ground and supp ly roots. Thus it is essential that 
supply and ground roots be as close to the power supply 
regulator as possible. In both approaches, signal ground 
must be isolated from the chassis everywhere but at the 
ground root. 

In a system of any degree of complexity, a pure single
point ground down to the smallest identifiable circuit is 
physically impossible. A reasonable compromise is to pro-
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vide a sing le-point ground return and power supply for 
each plug-in assembly, and to distribute the supply vo ltage 
and ground return by one of the methods described under 
"groundin g internal to unit," which is discussed later. 

Signal transmission between units 

Signal inteconnection between various units in a single
point grounded system requires special consideration. The 
two basic requirements of interfacing between units are: (1) 

that the single-point grounding philosophy not be violated, 
and (2) that the signal being transmitted not be disturbed by 
ground potential differences. If noise caused by differential 
ground voltages between transmitting and receiving units 
will have a negligib le effect on the signal, and if noise in the 
ground path between each unit and the system ground 
node (caused by signa l-return current being drawn through 
the two ground paths) also has a negligible effect on the sys
tem, then the only precaution necessary is to assure that a 
signa l-return wire is not con nected between the two 
grounds. 

" Large signals" require special precautions to keep their 
signal-return currents and the effects of imperfect bypassing 
out of the ground system. "Small signals" may be degraded 
by the differential voltage that exists between ground legs 
and may also require special precautions to eliminate 
ground noise. To increase noise immun ity, switching 
thresholds of digital ci rcuits should be kept as high as possi
ble, provided that switching power can be kept low. Noise 
level can be decreased by keeping switching speeds as low 
as possible. Analog signals may be bandwidth lim ited at the 
source and load ends to minimize the noise power radiated 
and received. 

When a signal transmitted between two units must be 
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isolated from the ground system which exists between 
them, one of the several methods shown in Fig. 3 may be 
employed. In the case of a remote transducer such as a mi
crophone, accelerometer, pressure transducer or servo fol
low pot, the device may be iso lated from local ground at its 
source and grounded through a return wire at the load to 
which it is connected. Standard IC differential transmitters 
and receivers are availab le for transmiss ion of digital infor
mation, or special circuits may be dev ised. 

Where several signa ls are transmitted from one unit to 
another, and these signals will not intefere with one anoth
er, a separate ground return for each signal isn't necessary. 
A single wire, grounded at the send ing end, can carry the 
ground reference between units. Where electromagnetic 
isolation is required, this ground plus the signal wires asso
ciated with it should be twisted together as a group. Where 
high frequency or broadband video signals are transmitted , 
the use of coax ial cab le with the shield grounded at the 
source end only, and a transformer or other ground isola
tion device at the load is recommended . The cab le should 
be terminated in its character istic impedance at the load 
end. Insulators are avai lable for coaxial bu lkhead connec
tors, and electrostatically shie lded transformers are some
times employed in this case. 

When this method is employed for cab le lengths in ex
cess of 0.05 wave lengths (determined at the highest fre
quency of interest) , it is usually necessary to provide some 
form of overall sh ieldi ng to prevent electromagnetic cou
pling with the floating end of the cable. Triaxial cable with 
its outer shie ld tied to both chassis may be used for this pur
pose. If several coaxial cables are routed between two 
units, they may be enc losed in a single outer shield ground
ed at both ends, provided that the level of mutual interfer-
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Fig. 1 - Typical mass-ground system shows the number of noise paths that can ex ist. Each stage has both ac and de paths. 
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ence between the cables will not degrade the system per
formance. 

Where low-level, lower-frequency signals are transmit
ted, electrostati c shielding and, less often, electromagneti c 
isolati on are requ ired. Shielded wires grounded at one end 
provide good electrostati c shielding but no electromagneti c 
shielding. However, twi sted wire pairs (signal and signal 
return ), connected per one of the methods of Fig. 3, provide 
both electromagneti c and electrostati c iso lation . 

Grounding internal to unit 

Within each major chass is, each plug- in unit should be 
ti ed to the major chass is power supply and ground wires at 
one point, the single-po int ground for the assembly. Third
layer, single-point distribution is not normall y ca rri ed onto 
the plug- in unit unless large geometri es , w ide ranges of sig
nals, extremely high ga ins or other specia l situations ex ist 
whi ch canno't be resolved by a different partitioning of c ir
cuits among plug-in units. 

Care should be taken in lay ing out the ground and supply 
leads within the plug-i n unit. In general, the leads should 
proceed from the connector to the hi ghest- leve l stage fi rst, 
then work down to the lowest-level stage las t to avo id 
drawing high-level cu rrents between low -level stages. Thi s 
Is shown in Fig. 4 . Si milarl y, all grounds within a stage 
should ti e to a common point before being ti ed to the 
common ground line (Fig. 5). 

It is sometimes necessary to vio late the single-po int 
ground concept in hi gh-frequency sections of a system, 
such as 30-MH z IF strips, in order to achieve stable amplifi 
er systems. When thi s is necessary, extra care is required to 

assure adequate broadband power suppl y decoupling and 
to provide a mechanica l mounting structure which prevents 
the flow of extern al ground currents through the chass is. 

If the chass is is mounted on a frame w hich may carry sig
nificant currents, electri ca l contact between chass is and 
frame should occur only at one point. Circuits should be 
laid out to minimi ze the chass is area in whi ch any given 
high-frequency current flow s. As a minimum, single point 
power supply connecti ons should be used to each chass is. 
However, since the termin al impedance of the power sup
plies is extremel y low, differential ground noise wi 11 appear 
across the power supply inputs to the grounded unit. 

As an altern ati ve to very heavy broadband decoupling, a 
more des irable so lution is to use a multiple w inding balun 
to cance l out the di fferenti al ground noise (Fig. 6 ). In other 
cases, like amplitude modul ated systems containing class B 
or C stages, hi gh-frequency decoupling of each stage com
bined with low and hi gh frequency decoupling of the input 
power supply leads must be used. Use of shunt regulators 
for low -frequency decoupling may also be des irable. 

Decoupling considerations 
Good broadband decoupling requires ca reful considera

tion of detail s. Capac itor leads are inducti ve and exhibit a 
resonant response with the capac iti ve element. Above the 
resonant frequency, the capac ito r- lead combinati on ap
pears inducti ve and will ex hibit an antiresonant (im ped
ance max imum) point wi th any stray capac itance or w ith 
an intentionally used lower-value capac itance which ap
pears across it. Therefore, such techniques as plac ing a 
1000-pF capacito r across a 10-µJ capaci tor for broad-

POWER SUPPLY ROOT 

':' GROUND ROOT 

Fi g. 2- Single-point ground and power-feed system eliminates noise pa ths between stages th at ex ist through power suppl y and ground 
leads. The power supply source res istance and the line drops must be kept as small as poss ib le. 
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A. Ground isolation via tran sformer. Pr imary grounded 
at source onl y; secondary grounded at load only . 

v •• 

C. Ground isolation utili z ing constant current pro
perty of common emitter amp lifiers. 

~ G1 

B .. Ground isolation via balun. Permits transmission 
of de. 

Z Z. + R ---1. """' _, __ s 

z, z, 

D. Ground isolation using balanced differentia l am 
plifier input s. Permits transmi ss ion of de. 

Fig. 3-Various ground isolat ion systems can be used to iso late signals between uni ts from their common ground systems. 
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SYSTEM GROUND 
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(a) WRONG 

Fi g. 4 - Right and wrong power and ground distribut ion methods 
are shown for cascaded amp li fier stages. The impedance between 
the circuit board connector and the power supply is also shown, 
because in a typical system the distance from a printed wiring 
board connector to the power source is much greater than the dis
tance between the connector and the stage fa rthes t removed from 
it on the board. 

In A., power supply source and ground leads are connected to 
the lowest level stage first. (Fig. 4a). For simpli city, consider first the 
ac current, ich' which flows from the power supply to the highest 
level ampli fier. Ignore for the moment the components of this cur
rent which will be shunted by the decoupling networks of each 
succeed ing stage. Thi s current produces an unwanted ripple vo lt
age in the ground impedance that ex ists between each stage, which 
will affect the ampli fier chain performance to some extent - indeed 
it cou ld make it unstable. Further, un less the bypassing of the 
lower- level stages is sufficen t to keep voltages resu lting from ri pple 
currents to a very low level, ich wil l produce a large rippl e compo
nent across these stages. Each succeeding stage produces its own 
ac component on the path from its supply point to the power sup-

SYSTEM GROUND 

(b) CORRECT 

ply, so the ripp le becomes quite complex as the number of stages 
increases. In most cases, a floati ng signal return has to be used as a 
ground reference for the input signal to eliminate the effects of the 
ri pple exist ing on R,, 1. 

In B, the power-supply source and ground leads are con nected 
to the highest-level stage first, and proceed in order toward the 
lowest- level stage. With this arrangment, the ripp le current from 
any given stage does not flow th rough the ground or supply paths 
con necting it to any lower level stage. Thi s minimi zes decoupl ing 
requi rements on lower-level stages, eliminates unwanted ripple 
feedback between stages, and puts the highest de supply voltage on 
the las t stage, where it is normally needed. Since the ground im
pedan ce from the input st.1g0 10 the board connector is typ ica lly 
much less than the impedance from that connector to system 
ground, the requirements placed on the float ing retu rn fo r the input 
signal have not been made much more severe. 

One might be tempted in the circuit of B to ti e the ground from 
the lowest-level stage back to the connector ground pin, with the 
mistaken idea that thi s will improve circuit groundin g. Thi s would 
in f Jct degrade performance almost as bad ly as the circu it of A. 
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band decoupling will result in a transmission peak some
where in the "reject ion" band. 

The solution is to break-up the decoupling circu it into 
I 

two series RC sections. In applying LC sections, an· upper 
limit must be placed on the value of C for a given corner 
frequency (w 1) and load resistance to prevent excessive 
peaking and thus " ringing" on transients. For 3 dB peaking, 
C = 2/w, R where 1 /VLC = w, and R is the load seen by 
the fi lter at w1• 

Be careful with active filters 

The use of active filtering techniques should be ap
proached carefu ll y. While such techniques as active low
pass filters and local series regulators can remove the ef
fects of line noise upon the circu it in question, they provide 
no energy storage in themselves, so they can neither re
move the effects of deep sp ikes toward ground on a power 

GROUND BUS 
OTHER GROUND CURRENTS 

v,, 

CORRECT 

supply, nor can they remove the varying load cu rrents 
which ex ist in the line back to the power supply. 

Simple zener diodes or active shunt regulators, although 
inefficient, do remove the effects of varying load currents 
and noise on the power supply line but again, can furnish 
no energy when the supp ly line voltage drops below the 
leve l at which they can draw current. The only way to sup
press the effects of deep power supply sp ikes on a ci rcuit is 
to use a passive filter having sufficient energy storage to fur
nish current to the ci rcuit during the sp ike. An LC, RC, or 
RL filter can be used to susta in suffic ient current into an ac
tive filter to virtually eliminate the effects of deep power 
supply spikes. 

In large systems it is difficult to mai ntain the si ngle-point 
grounding philosophy between major units. These major 
units may be distributed throughout an aircraft or ship, for 
example, and appreciab le differential ground noise may 

c, 

GROUND BUS 

OTHER GROUND CURRENTS 

INCORRECT 

Fi g. 5- Ground connections for plug-in units are important considerations in order to prevent built-in noise paths. As shown here, all 
grounds within an y stage should be tied to a common point before being tied to the common ground line. 

+V + 
+V 

+Vb V 
GROUNDED CHASSIS -V ----r-------;;..A.>...J.n..A.l>..J--------t--- -V 

+• 

POWER SUPPLY ac NOISE COMPONENT 
Vb= -Vn f. Vc -Vn =Vc 

wnere V c ~ power supply ripple 

7 
REFERENCE 
GROUND 

Fig. 6-A 3-winding balun can be used to cancel effects of differential ground noise on a unit hav ing <l grounded chassis. 
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POWER SUPPL V 
GROUND REFERENCE 

Fi g. 7- Common power supply used with independently grounded units results in a differenti al ground noise between power-suppl y 
ground reference and each major unit ground. Thi s is caused by the ground noise differential between each major unit ground. 

develop between the locally grounded chassis or enclosure 
and the ground root of the system. Circuitry contained with
in the enclosure can suffer from severe noise pickup prob
lems as a result. 

One solution is to treat the grounds of each major unit as 
if the unit were a system in itself. Thus, a single-point 
ground is established within the unit, as close to the power 
connector as possible. Then a heavy wire is brought 
through the connector on multiple pins and attached to a 
bonding point on the frame to which the unit is mounted, at 
a point close to the connector. 

Don't rely on chassis contacts 
It is important to bring the ground through the connector, 

since the contact res istance of chass is mounting surfaces is 
essentially uncontrolled, being a function of surface finish, 
corrosion, etc. This presents no particular problem in trans
mitting signals from unit to unit provided that a ground iso
lation technique such as one of those shown in Fig. 3 is 
employed. Power supply distribution can become a prob
lem with thi s technique, however, where it is desired to use 
a central power supply for cost and packaging eff ic iency. 
The problem is that each supply vo ltage gets its return from 
the several major units, each one being tied to the frame at 
a different ground point. 

Thi s is illustrated in Fig. 7. It can be seen that this noi se 
winds up across the supply voltage at each major unit 
(E, + e,," etc.) . Although thi s could conce ivably be re
moved by heavy decoupling in the unit, the advantage of 
the power supply regulator in suppressing low frequency 
noise is lost, and the loop formed by the power supply leads 
and returns can radi ate interference to signal lines. 

One solution to the problem is to employ the multiple 
w inding balun technique illustrated in Fig. 6 for all power 
suppl ies entering the unit. The ba lun should be sufficiently 
broadband to suppress all noise in the frequency band of 
interest. Note, though , that the balun introduces some se
ries resistance in the power leads, and saturation effects in 
the balun core could render it ineffective. Therefore care 
;hould be taken to employ a balun rated for the maximum 
k current to be carried. 

An alternative approach is to use a separate power trans
former winding, rectifier bridge and regulator for each ma
jor unit, and ground the return lead only at the major unit. 
The power transformer thus provides the required isolation , 
and the regulators could be packaged in the central supply 
unit or in the major unit for which they supply power. 

Locating the regulators in the major unit has the advan
tage of lower insertion impedance between the power sup
ply and the loads. With this approach it is sometimes more 
cost effective to obtain voltages which consume little pow
er by dropping higher voltages down within the unit and 
regulating them with small series or shunt integrated circuit 
regulators. Best efficiency is obtained from a series regula
tor since it draws only its own small bias current plus 
whatever current is demanded by the load, even though 
some power is wasted by either type and the heat thus gen
erated adds to the heat load to be removed from the unit. 

A third approach is to distribute unregul ated power in the 
same manner as regulated power was distributed in Fig. 7 
and to locate filters and regulators in each major unit to 
suppress ground noise. A common power supply used with 
independently-grounded units results in a differenti al 
ground noise between power-supply ground reference 
and each major unit ground (e,,1, e,.2, etc.). Thi s is caused 
by the ground noise differenti al between each major unit 
ground (e,"', e,,b, etc.) . D 
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Call on the power of the Kokomoans 
foryoursystems ofthe70S. 

The tough breed of High Voltage 
Silicon PowerTransistors. 

Con- Maximum 
VCEX tinuous VcEO Power 

Transistor Voltage le (sus) Dissipation Typical Applications 

*le Peak=SA 
DTS 401 400V 2A* 300V Vertical magnetic CRT deflection, has good gain linearity. 

DTS 402 700V 3.SA* 32SV *le Peak= 1 OA 
Horizontal magnetic CRT deflection, features fast switching 

DTS 410 200V 3.SA 200V sow time, high reliability under horizontal sweep fault condition. 

DTS 411 300V 3.SA 300V lOOW Voltage regulator, switching regulator, DC to DC converter, 
class A audio amplifiers. 

DTS 413 400V 2.0A 32SV 7SW I *le Peak= IOA 
DTS 423 400V 3.SA* 32SV IOOW High VCBo and VcEO ratings make it practical to operate 

'\ directly from rectifier l 17V or 220V AC line. 
DTS 424 700V 3.5A* 3SOV IOOW 

*le Peak= IOA 
DTS 42S 700V 3.SA 400V IOOW High V CBO, V CEO (sus) ratings make them ideal for use in deflection 

\ circuits, switching regulators and line operating amplifiers. 
DTS 430 400V SA 300V 12SW 

12SW 
Voltage regulators, power amplifiers, high voltage switching. 

DTS 431 400V SA 32SV 

DTS 701 800V IA 600V SOW Vertical magnetic CRT deflection circuits. 

DTS 702 1200V 3A 7SOV sow Horizontal magnetic CRT deflection circuits operating off-line. 

DTS 704 1400V 3A 800V sow 
DTS 721 IOOOV 3A 800V sow High voltage DC regulators. 

DTS 723 1200V 3A 7SOV sow Very high voltage industrial and commercial switching. 

DTS 801 IOOOV 2A 700V lOOW Color vertical magnetic CRT deflection circuits. 

DTS 802 1200V SA 7SOV IOOW Color horizontal magnetic CRT deflection circuits. 

DTS 804 1400V SA soov IOOW 

2N3902t 700V 3.SA* 32SV IOOW *le Peak= I OA 

2NSl57 700V 3.SA* 400V IOOW 
Ideal for switching applications. Can be operated from rectified 
117 or 220 volt AC line. 

2NS241 400V SA 32SV 12SW For general use in electrical and electronic circuits such as 

2N2S80 400V IOA 32SV ISOW 
converters, inverters, regulators, etc. 

2N2581 400V IOA 32SV lSOW 

2N2582 SOOV IOA 32SV 150W 

2N2S83 SOOY IOA 32SV 150W 

2N3079 200V IOA 200V o• 
2N3080 300V IOA 300V ~· ( 
tMil. qualified units available. Transistors are NPN triple diffused. 

~~ 
II Delco Glectronics 

DIVISION OF GENERAL MOTORS CORPORATION, 
KOKOMO, INDIANA 
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Now available from these distributors 
in production quantities. 
ALA., BIR,MINGHAM • Forbes Distrib
uting Co., Inc. (205)-251-4104 
ARIZ., PHOENIX • Cramer/ Arizona 
(602)-263-1112 • Sterling Electronics 
(602)-258-4531 
CAL., LOS ANGELES • Kierultf Elec
tronics, Inc. (213)-685-5511 Radio 
Products Sales, Inc. (213)-748-1271 
CAL., PALO ALTO • Kierultf Elec
tronics, Inc. (415)-968-6292 
CAL., REDWOOD CITY• Cramer / San 
Francisco, (41 5)-365-4000 
CAL., SAN DIEGO • Milo of California, 
Inc. (714)-232-8951 
CAL., SAN DIEGO • Radio Products 
Sales, Inc. (714)-292-5611 
COLO., COLORADO SPRINGS· Walker 
Electronics (303)-636-1661 
COLO., DENVER • Cramer/ Denver 
(303)-758-2100 • Denver Walker Elec
tronics (303)-935-2406 
ILL., ROSEMONT (Chicago) • Kierultf/ 
F-J-R (312)-678-8560 
ILL., SKOKIE (Chicago) • Merquip 
Electronics (312)-282-5400 
IND., INDIANAPOLIS • Graham Elec
tronics Supply, Inc. (317)-634-8202 
MD., BALTIMORE • Radio Electric 
Service Co. (301)-823-0070 
MASS., NEEDHAM HEIGHTS• Kier
ulff Electronics, Inc. (617)-449-3600 

MASS., NEWTON • The Greene-Shaw 
Co., Inc. (617)-969-8900 
MICH., ROMULUS • Harvey / Detroit 
(313)-729-5500 
MINN., MINNEAPOLIS • Stark Elec
tronics Supply Co. (612)-332-1325 
MO., KANSAS CITY • Walters Radio 
Supply, Inc. (816)-531-7015 
MO., NO. KANSAS CITY • LCOMP
Kansas City, Inc. (816)-221-2400 
MO., ST. LOUIS • LCOMP-St. Louis, 
Inc. (314)-647-5505 
N.J., CLIFTON • Eastern Radio Cor
poration (201 )-471-6600 
N.M., ALBUQUERQUE• Cramer/ New 
Mexico (505)-265-5767 • Sterling Elec
tronics (505)-247-2486 
N.Y., BINGHAMTON • Harvey/ Fed
eral (607)-748-8211 
N.Y., EAST SYRACUSE • Cramer/ 
Eastern (315)-437-6671 
N.Y., NEW YORK • Harvey/ New York 
(212)-582-2590 
N.Y., ROCHESTER • Cramer/ Roch
ester (716)-275-0300 
N.Y., WOODBURY· Harvey / NewYork 
(516)-921-8700 
OHIO, CINCINNATI • United Radio, 
Inc. (513)-761-4030 
OHIO, CLEVELAND • Pattison Supply 
(216)-441-3000 
OHIO, DAYTON 
(513)-278-9411 

Kierultf / F-J-R 

OKLA., OKLAHOMA CITY • Radio, 
Inc. (405)-235-1551 
OKLA., TULSA 
(918)-587-9123 
PENN., PHILADELPHIA 
Electronics (215)-676-6000 

Radio, Inc. 

Almo 

PENN., PITTSBURGH • RPC Elec
tronics (412)-782-3770 
S.C., COLUMBIA • Dixie Radio Supply 
Co., Inc. (803)-253-5333 
TEXAS, DALLAS • Adleta Electronics 
Company (214)-741-3151 
TEXAS, FORT WORTH• Adleta Elec
tronics Co. (817)-336-7446 
TEXAS, GARLAND • Kierulff Elec
tronics, Inc. (214)-271-2471 
TEXAS, HOUSTON • Harrison Equip
ment Co., Inc. (713)-224-9131 
UT AH, SALT LAKE CITY • Cramer / 
Utah (801 )-487-3681 
VA., RICHMOND • Meridian Elec
tronics, Inc., a Sterling Electronics Com
pany (703)-353-6648 
WASH., SEATTLE Kierulff Elec-
tronics, Inc. (206)-763-1550 
WASH., TACOMA· C & G Electronics 
Co. (206)-272-3181 
CANADA, ONT., SCARBOROUGH • 
Lake Engineering Co., Ltd. (416)-751-5980 
ALL OVERSEAS INQUIRIES: 
General Motors Overseas Operations,. 
Power and Industrial Products Dept., 
767 Fifth Avenue, New York, N.Y. 
10022. Phone: (212)-486-3723. 

Ready Now for Your Systems of the 70's: The Kokomoans' new 
breed of silicon power is ready to handle your high energy switching and 
amplification circuits. Our high voltage transistors permit the design 
of simplified circuits ... without the extra weight, bulk and complexity you 
get with low voltage, higher current systems. 

Delco silicon power transistors have earned a reputation for survival 
in the most rugged applications. Their proven performance in 
solid state deflection circuits in the new, large-screen color TVs 
is but one example. 

It's because we design Delco transistors to have greater peak 
energy capability-to be able to withstand higher surges of 
voltage and current for a specified time. And we back it up with 
Peak Energy Testing to verify our safe operatmg curves. 

Designing for your new systems of the 70's? The Kokomoans 
have the silicon power you need. 

Kokom oans' Regional Headquarters. 
Union, New Jersey 07083, Box 1018, Chestnut Station, (201 ) 687-3770. 
El Segundo, Calif. 90245, 354 Coral Circle, (213) 640-0443. 
Kokomo, Ind. 46901, 700 E. Firmin, (317) 459-2175 (Home Office). 
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IC op amps 
simplify regulator design 
Regulator design can be simple if you have /Cs in your design arsenal. 
The three regulators described will make you want to design one yourself. 

With many voltage regu lators on the market today in 
clud ing discrete, hybrid and monolithic types, you are often 
able to purchase one at a fraction of the cost of developing 
it yourse lf. However, when a regu lator with the desired 
spec ifi cations is not readily ava il ab le, the on ly practical 
solution may be to design your own. 

Using op amps that are available today, this is an easier 
task than it was when discretes were the only dev ices at 
hand. A look at three simple regulators and their design 
considerations wi II illustrate thi s point. 

The basic bu i lding blocks arranged as shown in Fig. 1 
make up the feedback regulator. Several types of vo ltage 
reference sources can be used depending on the stability 
required . " Choosing a Reference Source" (see box) de
scribes fou r different types. The error-detecting amplifier 
is an integrated circuit op amp. A µA74 l was chosen for 
the regulators described because of its low cost, small size, 
high open-loop gain and high ripple rejection . Low-cost 
plastic transistors are used in the output section. Low-fre
quency devices reduce the risk of regulator osci ll ation. A 
conventional full-wave bridge recti fier w ith a capaci tor 
input filter prov ides unregulated de. 

Start with design requirements 
Several parameters must be specified in order to arri ve at 
some simple design equati ons. They are: 

1. Requi red output voltage and current, V our and fo ur· 
2. V,,v w ith regu lator under both no load and full load 

conditions. 
3. Power rating and h1e of the seri es pass transistor. 
4. Thermal res istance, junction to case, ()i c of the pass 

transistor. 
5. Zener-d iode breakdown vo ltage, V, . 

Good regulation and 
short-circuit protection too 
A good regulator with short-c ircuit protection is shown in 

AC -----+i 
INPUT 

RECTIFIER 
AND 

FILTBI NElWORK 

VOLTAGE 

REFERENCE 

Fig. 3 along with the design parameters. The reference volt
age is chosen to be slightly less than the output vo ltage to 
give a large feedback ratio and consequently a closed-loop 
gai n approach ing unity. This large feedback ratio will in
su re tight output regulation. 

A look at the parameters allows us to determine the base
drive requirements of the op amp, the heat-si nk require
ments of the pass transistor and the values of the vo ltage
divider resistors . The total output current, fo ur= lc 1 = 200 
mA. A

1 
must then provide a base drive to Q2 of: 

18 = fcJh1, = 200 mA/80 = 2.5 mA 

A safety factor of approximately two should be allowed, 
making the drive requirement 5 mA which is within the 
!-LA74 l capabilities. If we assume maximum power dissipa
tion in the pass transistor at full rated load current, then : 

Pd = (V,s - Vourl Oourl = (5V) (200 mA) = l.OW 

The maximum allowable junction temperatu re of the 
MJE520 is l 50°C. However, experience has shown that 
with plastic devices , the junction temperature should not 
exceed 100°C. Heat-sink req uirements can be determined 
from the relationship of junction temperature to di ss ipated 
power, thermal resistances and ambient temperature as fol
lows: 

Ti = Pd (8jc + ()sa + (Jes ) + Ta 
()i c = thermal resistance, junction to case = 5°C/W 
() = thermal resistance, heat sink to ambient = unknown 
o:: = thermal resistance, case to heat sink = 0.5° C/W 
T

11 
= ambient temperature = 25°( 

If we set Ti equa l to 50°( and solve for ()sa we get a thermal 
resistance-heat sink to ambient - of 20.5°C/W. This va lue 
is used to determine the required heat-sink area from Fig. 4 . 
The graph shows that a black-anodized aluminum sink with 
a total area (side 1 plus side 2) of 1.5 in2 will be adequate to 
maintain the junction at 50°C. 

~ 

I 
EIRllH>ETECTING 

AMPLIFIER 

I 
1 

OUTPUT 
SECTION 

I 
OUTPUT 

VOLTAGE 
DIVIDER 

r---<> 
r----<> 

DC 
OUTPUT 

Fig. 1 - Feedback voltage regulators are made up of these basic building blocks. An IC op amp can be used as the error detector. 
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To determine the divider resistor values , we will assume 
di vider current of 1 mA. We can neglect the small voltage 
drop at the op amp input, therefore; 

R, = VOUT - vref / 1 ma = 0.7V/1 mA = 700fl (use 680) 
R2 = Vref/ 1 mA = 4.3V/l mA = 4.3kfl 

a 

c 

The feedback ratio is approximately 0.87 and the c losed
loop ga in is 1.11. Output capac itor C

0111 
is se lected to pro

vide stab le regulator operation . 
Short-circuit protection is provided by R

3 
and Q

3
. R

3 
sets 

the point of current limiting. Its value is determined by 

l 1 d ss" ~Vd s 9oss- 1 

,__ _____ --t + 

CR1r 

b 

LM103 

d 
Fig. 2- Reference sources with greatest stability use a constant current source to minimize changes due to t:.v,., .. 

Choosing a reference source 
Various methods are avai lab le for obtaining a voltage ref

erence for the input of an error detector amplifier. They 
inc lude dividers, standard ce ll s, primary batteries and zener 
diodes. The use of zener diodes is, of course, the most 
widely used method in modern equipment requ irin g refer
ence vo ltages. Several d ifferent zener reference circuits are 
shown here in order of increas ing stability w ith respect to 
changes in input voltage. 

The simplest source, shown in Fig. 2A, consists of a zener 
and a seri es res istor. R, is chosen to supply the necessary 
current to CR, and keep it in the breakdown region. V;,, will 
vary as a function of load current in a regul ator circuit, 
therefore, v, will also vary accordin g to the express ion : 

R, 
.:lV, = .:iV,N R + R 

z I 

where R, is the dynami c impedance of the zener diode. 
Typica l va lues of R, are 30fl or more, therefore, it is possi 
ble to have undesirable changes in the reference voltage 
w ith changes in v1., .. Better resu lts can be obtained by using 
a voltage-refe rence diode such as National's LM 1 03 Series, 
in series with a resi stor. These d iodes are characterized by 
an extremely sharp knee from 10 µ,A to 10 mA resultin g in 
only a 200 mV change in the reference voltage w hen the 
cu rrent is varied from 10 µ,A to 10 mA. Diodes in the 5 to 

6 V range wi 11 provide near zero temperature coeffic ient. 
An improved c ircuit is that of Fig. 2b. Thi s combinati on 

of a constant-current source feeding a zener diode pro
duces excel lent res ults. It is characteri zed by low cost and a 
hi gh degree of immunity to changes in V1N. Th is immunity is 
the resu lt of using a FET with low output conductance as 
the current source. A 2N5670 has an l,,ss of 8 to 20 mA and 
a typica l output conductance (goss) of 35 µ,mhos. The 
ci rcuit output conductance is equa l to the g

0
, , of the FET. A 

.:lV,.v does not cause any appreciab le change in the drain 
cu rrent ldss because of the low g

0 88
. Current stability , w hich 

is equal to .:lV,,, x goss is 35 µ,A/V in thi s case. Fig. 2c is 
simil ar except that a bias resistor R

8
, is used to provide an 

adjustable current. The FET parameters 1,,.,, and V pinch-off 
are used to determine the value of R, according to the for-
mula : V /I 

R = as d 
s 

- l,,/ldss 
where V = V . As R is increased, I,, decreases which 

{JS /J S 

lower the FET g
0
,,. I,, should be somewhat less than 1,1,, for 

best regulation. 
Finally, by using a constant-current or a FET current 

source feeding a LM 103 voltage-reference diode, as shown 
in Fig. 2d, a very stable reference source is provided. With 
this circuit, 50% change in supply vo ltage will produce less 
than a 5 mV change in the reference voltage. 
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R3 = Vbellu,,,;,. As the max imum current is approached, Q,1 

sta rts to turn on, bringing the base of Q2 down to approxi
mately 1.4V. 

In the reference su ppl y c ircuit, Rs is se lected to supply 10 
to 15 mA to CR,. The hi gh input impedance of the op amp 
prevents loadi ng of the reference supply. 

Darlington output handles more power 
If more power is required, the previous circuit can be modi
fied at the output with a npn-pnp Darlington. In addition to 
increased power capabi lity, let's assume that over-voltage 
protection is requ ired in case of collector-to-emitter short in 
the pass transistor. The ci rcuit and design parameters are 
shown in Fig. 5 . 

Base drive requirement for Q6 , the pass transistor, is: 

IH, = 10 u.,.fh1e = 1 A/50 = 20 mA 

Q
5 

must be biased to supply base drive to Q6 unqer ful I load 
condit ions. R4 which biases Q5 is approx imately equal to 
the vbe of 06 divided by / C l - I/JI" Assuming 25 mA through 

0 5: 
R

4 
= 0.7V/5 mA = 140 fl (use 130) 

We can ca lcul ate the base dri ve for Q5 in the same manner 

as we did for 0 6 : 

I " 2 = lc,f h1e = 2 5 mA/60 = 0.41 mA 

It is obvious that the op amp has sufficient output to 
drive Q5 . 

If we assume that the maximum power di ss ipation of Q6 

occurs at fu ll rated load current, when the vo ltage drop 
across the transistor is SV, then Pd equals SW. In order to 
limit the physical size of the heat sink we will assume a 
junction temperatu re of 85°C. Using the method described 
in the previous ci rcu it, fo r determining the heat sink area, a 
total area of approx imately 6 in2 is found to be adequate 
with b lack anod ized aluminum. Values for the voltage di
v ider are calcu lated as they were in the previous circuit as
sumi ng approximate ly 2 mA divider current. Short-circuit 
protection is also implemented in the same manner as was 
done in the previous ci rcuit. 

+ 

Biasing of the over-voltage protection circuit is ap
proached as it was done for the Darlington output. In oper
ation, if Q

6 
shorts, V,N appears at the base of Q,. Q,, whi ch 

has been off, then turns on -clamping the base of Q2 to 
v,, + Q, Vbe or 6.2V and V1N2 to approximately the same 
value. This will protect most !Cs from failure. Under normal 
operating conditions, Q3 will have approximately 1.5 to 
2.0V from collector to emitter. When Q6 shorts, 0 3 will 
have a vo ltage drop equal to VIN! - v, , + Q, vbe divided 
by R

100
d in parallel with the zener dynamic impedance. We 

will neglect the Vbe impedance of Q,. Therefore, assuming 
maximum power di ss ipated at full load current, Q3 will be 
required to dissipate more power if Q6 shorts. Thus, proper 
heat si nking of Q3 is required. 

This method of protection provides no indication if 0 6 

does short, nor does it protect against switching of line tran
sients, because turn-on time of Q, is approximately 100 

µ,sec. 

Two-op-amp regulator gives 
balanced dual-polarity output 

A dual-polarity, tracking vo ltage regulator with a balanced 
positive and negative output is shown in Fig. 6 . This circuit 
uses two op amps and provides outputs that can be bal
anced to within millivolts of each other or can be offset as 
the application req uires. 

Thi s is a tracking regulator in which the negative vo ltage 
is regulated and the positive output tracks the negative. The 
reference supply is identi ca l to the ones used in the pre
vious c ircuits except for its polarity, which is negative. 
Amplifier A, is referenced to ground forcin g its other input 
to ground also. Thi s input (2) is ti ed between two equal re
sistors that are connected across the posit ive and negative 
outputs, thus the posi tive output is equal in va lue but oppo
site in polarity to the negative output. By adjusting these 
res istors, you can obtain a balanced or offset output on the 
positive side. Adjusting the negative output voltage divider 
ca uses the positive output to change by the same amount as 
the negative output. 

With the non-i nvertin g input of A, ti ed to ground , the 
negative V ee must be tied to a negative potential. One must 

R2 
4.3k 

03 
2N3646 

03 Vbe 
'R3=-

l 1im it 

VOUT ~ 5V 
IOUT = 200 mA 

v,N AT IOUT OF 200 mA=10V 

V1N AT lour OF OmA = 15V 

POWER RA Tl NG OF 02 = 25W 

&;c - 5'C/W 

h
10 

OF 02 = 80 AT 200 mA 

Vz =4.3V 

Short circuit protected 

Fig. 3- IC regulator ci rcuit includes short-circuit protection. The reference voltage is chosen to be slightl y less than the output vo ltage. 
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3 {Fig. 6) 

LOAD REGULATION 
115V ac INPUT 

15.003 15.006 

if able 1-G regu ation anil low ripple is provided y eacli regulator 

"LINE" REGULATION 
(VARIABLE de INPUT) 

=..........:== 
VIN(dc) -\/our 

8 5.005 

15.00 15.008 

±36 15.004 15.007 
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be careful not to exceed the maximum supply vo ltages of 
A, whi ch are ±1 SV. With a V1N of 1 OV, a negative potenti al 
of 5.1 V w as chosen. Thi s gives approximately 33 V across 
A, . No short-circuit or over-vo ltage protection is prov ided 
in th is circuit. However, it can be employed as shown in 
the other regulator des igns. 

Performance counts 

Performance of these regulators is summari zed in Table I. 
These fi gures were determined in test ing at an ambient of 
25°C and furth er testing is required to determine tempera
ture instabi lity. Exce llent performance is achieved w ith this 
type of regulator w ith very few components. Des igning is 
simple compared to des igning equivalent regulators w ith 
d iscrete components, thus custom IC regul ator design may 
be a reasonable altern ative if you can' t f ill your need with a 
standard catalog item. o 

+ 

1.5k 

VOUT 5V 

lour-1A 

VIN2 AT IOUT OF 1A, 10V 

V,N 2 AT lour OF OA, 18V 
POWER RA TING OF 06- 65W 

0
10

, 1.92°C/ W 

h,e OF 05- 60 AT 30 mA 

h,eOF 06-50 AT 1A 

V, , 4.3V 
Short ci rcuit and over 
voltage protected 

01 
2N3646 

r CR1 
5.6V 

1, , 10-15 mA I 
CR2 
4.3V 
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R, 
130 

05 
MJE340 

R, 
390 

R, 

2.2k 

\ 

07 
2N3646 

Cour 

Fi g. 5 - Darlington ci rcuits provide high current output and over-voltage protect ion if Q6 shorts. There is no ind ication if Q" does short. 

MJE520 

' 15VOUT 
AT 200 mA 

15k 
5 11 F 

BALANCE ADJUST"'-
V OUT 6.2k 

ADJUST 
'\... 

12V r 5 11F 

15k 1.5k 

-15VOUT I, 10-15 mA I 
AT 200 mA 

MJE105 680 

Fig. 6- Single reference source and feedback network to A2 provide regu lation of the negative output. The positive output tracks the nega
ti ve in this balanced regu lator. The outputs can be balanced to withi n mi l livolts of each other or can be offset. 
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(advertisement ) 

New bi-polar power-dac* solves five major 
system problems in automatic test equipment 

•rM 

A new prog rammable power source fro m the John Fluke Company solves several 
big system problems. Appropriately called a Power-DAG, the Models 4250A and 
4265A provide up to -+- 65 volts at 1 amp, with a 100 micro-second settling time to 
0.01 % accuracy. A full complement of options provide needed flexibility in 
both pri ce and performan ce. 

1. Parallel or series operation - just like batteries 
Have you ever needed just a little more current or 
voltage to test a new device? ( Probably this slight 
extra capability is only needed for a very few tests.) 
With the 4200 Series Power-DAC, you can double, 
triple or quadruple your current or voltage capability 
by a simple parallel or series connection with external 
relays. No special hardware or software protection 
features are required. With several Power-DACs in 
your system you have both single unit control and 
unlimited power configuration at the discretion of the 
programmer. 

2. AC or DC outputs provide versatility 
In addition to the standard internal de reference, an 
external reference option allows any external ac or 
de signal to be used as the reference for the bi-polar 
D-to-A ladder network. The Power-DAC can perform 
many di fferent functions within the test system. 
Operate it as a programmable amplifier, attenuator or 
multiplying DAC for either ac or de signals up to 30 
kHz. Amplitude of fixed level function generators and 
special purpose signal sources can be precisely con
trolled from microvolt levels up to 50v rms at 0.7 
amp rms. By accurately controlling the level of the 
external reference, programming resolution can be 
varied from 1 millivolt to several microvolts. Either 
the internal or external reference is selected by a 
1-bit control line. The 100 µsec settling time includes 
polarity change, range change and selecting either 
the internal or external reference. 

3. Fast programmable current limiting protects 
circuits under test 
Standard models provide a gross 1.2 amp current lim
it as an overload protection feature. One option pro
vides a programmable current limit in two ranges, 
100 ma and 1 amp. Each range is programmable in 
10 percent steps, yielding 10 ma or 100 ma resolution. 
When the overload occurs, transition from the con
stant voltage mode to the current mode requires less 

Model 4265A 

than 20 microseconds, the crossover time being a 
function of the load. The larger the overload, the fast
er the transition. This fast crossover capability mini
mizes the energy transients to the circuits under test. 

4. Programming glitch reduction 
A unique track-and-hold technique during the pro
gramming interval reduces the peak glitch and tran
sient excursions to less than 50 mv in the 16 volt 
range, and less than 100 mv in the 65 volt range. 
Transitions from computer generated waveforms or 
incremental slewing operations take place smoothly. 

5. Isolation and guarding reduces noise and 
ground loops 
Digital and analog portions of the 4200s are sepa
rated by a metal guard to eliminate both ground loops 
and digital noise which severely affect the system per
formance of conventional power supplies and D-to-A 
converters. With the isolated control logic option, 
impedance between the digital control logic and the 
analog circuits is 109 ohms in parallel with 3 pico
farads. This isolation provides significant rejection 
of system noise on the analog output. Up to 1000 
volts of common mode voltage can be applied between 
chassis ground and the guard terminal without harm
ing the instrument, or causing severe common mode 
errors. 

Prices and options 
For $1295, the basic 4250A and 4265A are equipped 
with direct coupled control logic and blank front pan

.---------------D-1G-IT_A_L_IN_P_u_T--------------.. el. The isolated control logic 

FIXED AMPLITUDE 
FUNCTION 
GENERATOR 

i__ ____ __;-

E X TERN AL 
REFERENCE 
INPUT 

~ t--- option which also contains a 
memory register for storing 

OUTPUT #1 l 0 to ± 65 VDC 
OUTPUT # 2 I 0 10 ± 1 Amp . the program command is $300. 
AC OUTPUT #1 l 0 to + 50V rms The external reference, pro-
AC OUTPUT #2 \ o to ± 0.1 Arms grammable current limit and 
PARALLEL OUTPUT, 0 to ± 65 VDC, 2 Amps front panel digital display op
SERIES OUTPUT, 0 to ± 130 VDC, 1 Amp 

"suPERIMPOSED OUTPUT, AC ON DC 

tions are priced at $200 each. 
Delivery is 30 days. For com
plete specifications on all 4200 

DIGITAL INPUT Series Power-DA Cs, write 
The 4200 Series POWER-DACs provide a wide range of automatic test system capa- Fluke, P. 0. Box 7428, Seattle, 

~b_i li_ty_. _W_it_h_t_he_e_qu_i_pm_en_t_s_h_ow_n _a_bo_v_e_, _n_ot_e_t_he_d_iff_e_re_n_t _ty_p_es_of_o_u_t_pu_t_o_b_ta_in_a_b_le_. ___ ~ WA 98133. lFLU KEl ® 
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The magnetoresistor: 
A very simple solid-state transducer 
A run-down on a useful noncontact motion and current sensor from the German 
electronics giant, Siemens. Also, a brief laboratory evaluation by EDN/EEE. 

Magnetoresistors (MRs)-semiconducto r resistors that in
crease their resi stivity in a magnetic field - have been popu
lar in Germany for several years. They are simple, two
terminal replacements for the four-terminal Hall-effect 
dev ices. Though their response is not as inherentl y linear 
and sensitive as that from Hall devices, MRs are often better 
suited to run-of-the-mill applicat ions. 

One reason for their popularity is that they produce the 
ri ght leve l of resistance variations for so lid-state circu its. 
They will produce 1 V signal swings in elementary bridge 
circu its when subjected to the fields produced by inexpen
sive permanent magnets. As they are two-terminal devices, 
they can repl ace regular res istors almost anywhere in a 
low-voltage circuit. Their two-term ina l sim pli c ity makes 
them ideal for remote probes. Another reason they are pop
ul ar is that MRs can be obtained for about $1 in production 
quantiti es. This, coupled with the fact that they need mini 
mal additional support ci rcuitry, makes them relatively in
expensive transducers. 

These qualities contrast with those of Hall devices. The 
Hall dev ices, though better sui ted to sensing and measuring 

LEADS 

SUBSTRATE (0 .1 mm thi ck) 

® 

I 

Fi g. 1 - Magnetoresistors typically are etched into serpentine pat
terns (a and b). A perpendicular magnetic field will increase their 

low- level magnetic fields, are rarely ab le to produce more 
than 10-mV signal swings - so must always be augmented 
with amplifi cati on. A lso, because Hall devices are four
terminal, they cannot be placed anywhere in a circuit but 
must be provided with a biasing network . Even some of the 
recent integrated-c ircuit H all devices (which contain both 
the H all device and its amp lifier on a single si li con chip) do 
not free the designer from these restri ct ions. 

MRs have fai rl y wide operating ranges (-40 to 150°C 
and de to 1 0 MHz) so they can be used for many types of 
noncontact sensi ng: 

• M echani cal pos ition. 
• Magnetic fields. 
• Currents. 
Like a Hall dev ice, the MR will sense steady-state as well 

as changing values. Thus the MR can be used in solid-state 
relays, keyboard switches, machinery limit switches, brush
less de motors and si mil ar app li cat ions. 

How they work 

M agnetores istors increase their res istance when a per-

+3V 

(20 1,m thick) 

@ 

resistivity. Because they are two-terminal devices they can be sub
st ituted for regular resistors in circui ts (c). 

ED N/ E EE JANUARY 1 5, 1 9 7 2 



NO MAGNETIC FIELD MAGNETIC FIELD 

(perpendi cular to page) 

SEMICONDUCTOR 
SEMI CON- - ----r------t------1------r-~ DUCTOR 
WITHOUT 9 ..... -+-+-+ -+p e:~ -- -.-. -.p 
METAL 

w1ith N~edle~ i r NEEDLES + (arrows show elec tron flow) 

a b 

R • 
if 10 

0 

' : rr 
SEMI CON- METAL NEEDLES 
DUCTOR -9 f>v.... F5 WITH 

9J'+J'+J'+J'+J'~ EMBEDDED --+l-+l-+ l-+1-+ . . ~.:;;;;Gf~[ 
METAL 
NEEDLES + 

c d 

Fi g. 2-Sensitivity of MRs can be much improved by embedd ing 
ni ckel needles that are aligned cross -w ays to the current flow. 
These low-res istance paths allow carriers th at are crowded to one 
side by the magneti c field to escape back to the other side. Thus 
the effect can be repeated many times in the MR's length . 

pendi cu lar magnetic fi eld is applied, because the latera l 
Lorentz force of the f ield upon the current squeezes the ca r
riers to one side, narrowing the effective cross section. Thi s 
is shown in Figs. 2a and 2b. It is most pronounced in certai n 
semi conductors such as bismuth and indium. 

The phenomenon has been known for some time but ear
ly MR devices were impracti ca l, either because their sensi
tivity was low and errati c or because it w as overshadowed 
by the device's high temperature sensitivity. Siemens have 
developed a way of enhancing the effect. M any small meta l 
need les are embedded in the semiconductor crossways to 
the cu rrent flow as shown in Fig. 2b with Fig. 2d. 

W hen an ordin ary MR semiconductor that has no em
bedded needles is subjected to a magneti c fie ld (Figs. 2a 
and 2b), the current ca rri ers (e lectrons are shown) are 
crowded to one side causing an opposing voltage to build 
up laterall y (the Hall vo ltage). Thi s voltage fi ghts the effect. 
But when the needles are present, as in Figs. 2c and 2d, 
they form low-resistance "escape" paths for the crowded 
carri ers. The need les typi ca ll y have two-orders-of-magn i
tude lower resistance than the sem iconductor. The very 
H all voltage created by the crowding can now return the 
ca rriers to the other side, so the Lorentz deflection can oc
cur all over agai n in the next segment of semiconductor. 
The Lorentz deflection of the carriers can be as hi gh as 80° 
in a 1 0-kG field. The process repeats aga in and aga in down 
the length of the MR, and the resu lting longer zigzag path of 
these improved devices provides a greater change of res is
tivity for a given change in magnetic field. Fig. 3 indicates 
how much more sens iti ve the MRs made with embedded 
need les are than previous ones without. Fig. 3 also shows 
that these devices have a square-law response to fi elds of 

....:.-!--+--:- : : : 
: : : ~Ratio of res istance to 
; 1 1 zero-fi eld resis tance (25 C) 

2 6 10 12 14 16 18 

Magnetic field in kG-+ B 

Fi g. 3- Response of a magnetoresistor is square- law up to about 
3 kG (cu rve D w ith pure indium antimonide materi al), and rela
tively linear from there up to very strong fields (100 kG). Magneto
res istors w ith embedded metal needl es are many times more sensi
tive to magnetic fields than those w ithout. 

up to 3- kG-and more or less linear responses from there 
on up to large 100-kG fie lds. Clearly sensitivity is much 
greater with the new version then with the o ld. 

These dev ices use indium antimonide as the semicon
ductor and nickel antimonide for the metal needles. The 
needles are lined up, as the melt is so lidified, by a patented 
process. The various curves in Fig. 3 are for vary ing sensi
ti vity-temperatu re coeffic ient tradeoffs. The most sensitive 
(upper curve D) is for pure indium antimonide semi conduc
tor materi al. The lower two curves (L and N) are for various 
extents of tellurium doping to increase the temperature sta
bility. However, it is possible to counterba lance the MR's 
temperature coeffici ent with a transistor 's TC. MRs of L 
material ca n be matched with silicon, and MRs of D materi
al can be matched with germanium. Fini shed MRs are fab ri 
cated to specifi c resistance va lues by combinations of 
grinding and etching. The resulting meandering patterns are 
then affixed to substrates for support. 

Mounting suggestions 

The art of reli ably app lying MR's hinges to a large degree 
on a proper magneti c circuit and on proper mounting. MRs 
like other transducers, can be disappointing until they are 
put in effective confi guration s. 

The fi rst step is to mount the MR secure ly and in a w ay 
that protects the delicate serpentine and its leadwire 
connections. This is parti cu larl y important for such indus
tri al app li cations as position- and motion-sensing on ma
chines. M agnetoresi stors that come mou nted on iron sub
strates can be fastened to any metal surface using a suitable 
commerc ial epoxy res in and hardener (such as RP103 and 
H 992 from Ren Plasti cs, Inc., 5656 S. Cedar, Lansing, 
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MR's work, we find 

We examined the performance of several Siemens soon 
FP 170 SOOE magnetoresistors in some elementary applica
tion circuits. The MR was mounted on a smal I ferrite " E" 
core as shown : using epoxy ("S-minute" by Devcon Corp., 
Danve1', Mass.) both to cement the device down and to 
protect the 12-leg serpentine pattern. 

IRON 
SUBSTRATE 

We found that small permanent magnets would produce 
10% increases in resistance and that stronger magnets such 
as the types used in ordinary smal I speakers would raise the 
device' s resistance from soon to 1 kn. Half an ampere 
through the approximately 100-turn coil would produce a 
3% change in resistance. It was important, we noted, to 
concentrate the magnetic flux across the MR by bringing 
the north and south ends of the magnet up close to the " E" 
core legs. 

With amplification, we showed that these MRs can be 
used to sense moderately-small magnetic field changes. We 
used a form of Schmitt trigger (right): Using magnetic pre
bias to put the MR on the sensitive part of its response 
curve, we could actuate the switch with a 1/8-inch motion 
of small PMs close by the " E" core gap, or by larger mo
tions of strong PMs several inches away. We found that just 
a few volts across the coil would tri gger the swi tch, mean
ing that we had created a true fu ll y-isolated so lid-state relay 
(see Feb. 1 S, 1970 EDN p. 22). 

Mich. 48909). It is a good idea to grind or polish the matin g 
surface to eliminate the poss ibility of magnetic fi eld discon
tinuiti es. 

In certai n cases, it may be desirable to encapsul ate the 
devi ce in sili cone rubber to sea l it aga inst contam inati on 
and improve its ability to withstand shock and stress. Elec
troni c-grade, room-temperature-vulcanizing (RTV) silicone 
rubber is recommended. Bear in mind that the elements 
mounted on iron su bstrates may be exposed to strong forces 
from the concentrated magneti c fields of many appli ca
tions. If these fields are continuously altern ating and the 
units are not fastened down secu rely, you can expect fa
ti gue failure. 

MRs mounted on nonmagnetic or plastic substrates will 
not be subjected to the physica l forces of magneti c fields , 
so are more suitable for being moved about to probe such 
fields. However, they too should be protected. Excess ive 
bending can cause their delicate leads to separate from the 
ends of the serpentine. The mounting surfaces for these 
doh 't have to be ground or polished; and as long as they are 

We also found these MRs useful for limited-range gain 
control of op amps. For this, we used the MRs as a variable 
input resistance. 

Comparing these results with those of simil ar experi
ments performed on Hall -effect devices (from F. W. Bell , 
Co lumbus, Ohio) and magnetica ll y-sensitive transistors 
(from the Hudson Corp., M anchester, N . H.), we concluded 
that the similar two-terminal MRs should be better for app li 
cations where neither extreme sensitivity nor low-level lin 
earity are important. Compari ng the Siemens units with a 
bismuth MR (one that did not have embedded crosswise 
metal need les) from Ameri can Aerospace Control s, Inc., 
Farmingdale, N.Y., we found the Siemens MRs much more 
sensiti ve. But Robert G itland of Ameri can Aerospace says 
his units are just as good at the cryogenic temperatures 
where many of them are being used. 

SOLID-STATE RELAY 

However, it may be well to remember that where onl y 
occas ional actuat ion is required, it is hard to beat a small 
reed switch actuated by a PM. Too, where there is no need 
to sense steady-state conditions, it is hard to beat a smal I 
pickup co il. 

clean, the units can be epox ied on directl y. 

Driving transistors with MRs 

In most appli cati ons, the res istance change of the MR 
must be amplified. Thi s can eas ily be done with a simple 
transistor stage by rep lac ing one of the transistor's bi as re
sistors with the MR as was shown in Fig. le. If the MR is in 
the lower bias leg, the transistor is normally cut off as long 
as the low resistance of the MR at zero field holds the base 
at ground potential. The application of a magneti c field will 
ra ise the MR's res istance and turn the transistor ON. 

If the MR is in the upper bias leg, the transistor will nor
mally be ON and a magnetic field will turn it off. Thi s latter 
circuit is the more sensi tive of the two, because the MR is 
directly controlling the base drive to the transistor, but it 
has the disadvantage of consuming more power because 
of the MR's relatively low resistance. 

Sensitivity enhancement 

Your app lication may require more sensitivity than can 
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be obtained with the basic element in low-strength fields or 
it may require bidirectional resistance changes. In thi s case 
you should consider adding a bias to raise the operating 
point from " X" in Fig. 3 to " Y", putting the MR into the 
steeper, more sensitive, portion of its response. This also 
makes the response more linear and allows you to detect 
the polarity of the magnetic field (when the MR starts from 
zero magnetic bias its resistance can only go up). 

The magnetic bias can be produced by permanent mag
nets or electromagnetics (coi Is). The permanent magnets 
are usually the eas iest to use. There is now a wide variety of 
rel atively sma ll , inexpensive PMs such as those made from 
Alnico, barium ferrite or strontium ferrite that will produce 
the necessary 5 kG or so fie lds. The simplest approach is to 
epoxy cement the MR to the end of a small ceramic magnet 
as shown in Fig. 4a. The PM field will raise the operating 
point so that sma ller field variations will produce useful re
sistance changes in the MR. Fields of the same direction as 
the bias field, will increase the MR's resi stance and fields of 
the opposite direction will decrease the MR's resistance. 
This arrangement will help you conserve power, for it raises 
the quiescent resistance of the MR (another reason for using 
a PM for the biasing since the PM itself will not use power) . 

A more efficient and practi ca l biasing ci rcuit is shown in 
Fig. 4b. Additional soft iron pieces carry the magnetic field 
around and concentrate it on the MR. This allows a smaller 
PM to be used. Figs. 4c and 4d show how the field to be 
measured, Fv would be added. 

There are, however, situations where electromagnets are 
better for this biasing. One such is where it is des ired to use 
an alternating field to cancel out temperature variations of 
the MR and other de shifts of the necessary system. In thi s 

N 

® 

MAGNETORESISTOR 

BIAS 
FIELD , F1 

F~g . 4 - Magnetic Bias for MR's improves both their sensi tivity and 
linearity. It is not difficu lt to accompli sh with either small perma-

case a so lenoid coi I is used with a soft-iron core, as shown 
in Fig. 4e. The MR is exposed to the sum of the coil-gener
ated field and the external fie ld being meas ured. The varia
tions in the MR's resistance then add and subtract from the 
ac-i nduced excursions to produce the waveform shown in 
Fig. 4e. As can be seen, the detected change will be twice 
the value that would have been obta ined with a de bias. It is 
possible to measure fields as weak as the Earth 's 1 /2G with 
thi s approach. Another reason for going to electromagnetic 
biasing would be to enable program changes in the MR's 
quiescent res istance. For example, it would be possible to 
maintain a se lf-balance on a measuring bridge by having a 
servo loop that would vary the coil current. o 
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nent magnets or ac-excited solenoid co ils. The· permanent mag
nets are usua ll y the easies t to use. 
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MARCH 20-23, 1972 

It's the big one in New York. The most impor
tant convention of its kind. Meet the influen
tial people who call the shots in the rapidly
changing· electrical/ electronics industry. "New 
Horizons for Engineering" is the theme. The 
emphasis is on tomorrow - moving careers and 
companies along ... how engineering and social 
changes will affect directions and assignments, 
create new concepts ... new products .. . new 
applications. IEEE '72 INTERCON is where 
you can set your sights on tomorrow. And it's in 
New York, the most exciting city in the world. 

OVER 80 TECHNICAL SESSIONS 

'72 INTERCON has something for every engi
neer and manager in the industry. At both the 
Hilton and Coliseum there'll be applied; state
of-the-art and socio-technological sessions cov
ering transportation, computers and systems, 
microelectronics, semiconductors, new manu
facturing techniques, packaging ... and much 
more. 

New research demonstrations. Engineers from 
leading industries and government agencies will 
display avant - garde solutions to control traffic, 
monitor pollution, increase communications, 
safeguard our health ... 

THREE GREAT SHOWS IN ONE! 

At the Coliseum you'll see the newest products 
and services offered by an international con
tingent of hundreds of exhibiting companies ... 
Production • Processing • Materials • Fabricat
ing • Packaging ... Instrumentation • Control 
• Computer • Display ... Components • Micro
electronics • Communications • Systems. 

Designed to serve you. New rapid-registration 
admits you in record time. "Tech-Talk Cen
ters" let you relax and chat in comfort. Shuttle
buses speed you between the Coliseum and Hil
ton to take advantage of the wide-ranging 
programs. Innovations in sessions and exhibits 
bring you fresh ideas in exciting ways! 

Don't miss this one. More than ever, an aware
ness of what's going on is crucial to success for 
engineers and their companies. Come to '72 
IEEE INTERCON and see what's happening 
- and what's about to happen. For full program 
and registration details write to: The Institute 
of Electrical and Electronics Engineers, Con
vention Dept., 345 East 4 7th Street, New York, 
N.Y. 10017. 

IEEE '72 INTERNATIONAL CONVENTION AND EXPOSITION 
NEW YORK HILTON AND NEW YORK COLISEUM 

~--------MARCH 20-23, 1972 ________ ____. 
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Readout m od ules in c harac ter heights from .125" to l " 

Readout packages (modules with decoder/ drivers) 

Complete readout assemblies (1-10 packages in bezel for instant m ounting) 

Readouts? 
Talk to the specialists at Dialight first. 
You won't have to talk to anyone else. 

For one thing, Dialight offers you a wider range of sizes than 
anyone else- character heights from .125" to l". Only Dialight 
can give you LED, incandescent or neon light sources. Important, 
too, Dialight gives you complete design flexibility -you can buy 
a digital module or that module packaged with a decoder/ driver 

or a complete assembly of packages ready to mount. And the 
cost per digit may well be less than you'd pay for the decoder/ 
driver alone. Finally, you get Dialight's expertise in visual indi 
cators. That doesn't cost you anything. Neither does the readout 
data we'll send you upon request. Write for it today! 

PIA/L/l/ii/lfi/ ~ 
DIALIGHT CORPORATION , A NORTH AMERICAN PHILIPS COMPANY • 60 STEWART AVENUE, BROOKLYN, N . Y. 11237 • (212) 497-7600 
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tlEI! 1124 PRl17111. 
For greater flexibility in obtaining economical bipolar read-only 
memory devices from design through volume production. 
We invented the PR<ZlM concept, 
established its reliability, and delivered 
in volume. Now we 're adding to the 
most complete line offered in the 
industry and have used the knowledge 
obtained over a year's experience to 
bring you an even more dependable 
product. The application flexibility of 
our new PR<ZlM/ ROM is achieved 
because both are electrically identical 
and pin-for-pin interchangeable with 
each other and other 1024 bit devices. 
The PR<ZlM is available with two 
outputs-open col Jector or tri-state. 
The ROM is mask programmable and 
available in standard ASCII to EBCDIC 
code converter patterns. Custom 
programming is also available. The 
reliability of both PR<ZlM devices is 
documented by 260,000,000 fuse 
hours of life test data. For further 
details see your Harris representative 
or distributor. 
Features: 

256 words/ 4 bits per word 

Fully decoded 

DTL/TTL compatible 

50 ns access time 

Expandable-"Wired-OR" outputs 
with chip select input 

Available in military and commercial 
temperature ranges 

H PRQ> M -1024A Bloc k Diagram 

Interchangeable with 
HPRQ> M-1024 and HROM-10249 . 

HROM-10248 Block Diagram 

In te rc hangeable with 
HPRQ> M-1024 and HPRQ> M -1024A . 

1024 's are also available in the innovative 
D iacon package . 

New too! 
HROM-2561 M Character Generator 
One of the highest speed devices of 
its kind, with guaranteed A.C. 
performance over the full military 
temperature range. 

Features: 
1.5 MHz over full military temperature 
range 

512 x 5 organization 

ASCII to 5 x 7 dot matrix, p-MOS 

100-999 units 
0°C to - 55°C to 
+ 75°C + 125°C 

HPRQ)M-8256 
Bipolar S 12.00 $24.50 
32 x 8 TA= 40ns 

HPRQ)M-1256 
Bipolar $14.75 $24.50 
256 x 1 TA= 35ns 

HPR<ZlM-0512 
Bipolar $27.50 $43.00 
64 x 8 TA= 55ns 

t HPR<ZlM-1024 
Bipolar $55.00 $71.50 
256 x 4 TA= 60ns 

t HPR0M-1024A 
Bipolar $55.00 $71.50 
256 x 4 TA= 60ns 

t HROM-1024B 
Bipolar $15.00* $18.75* 
256 x 4 TA- 60ns 

t HROM-2561M 
p-MOS S 19.25 $28.60 
512x5 ~= 1.5MHz 
t New • 500-999 units 

Ell 
HARRIS 
SEMICONDUCTOR 

A DIVISION OF HARRIS · INTERTYPE CORPORATION 

P.O. Box 883, Melbourne, Florida 32901 
(305) 727-5430 

DISTRIBUTORS: Schweber Electronics: 'Nestbury, New York (516) 334-7474; Rockvi lle, Maryland (301) 881-2970; Hollywood, Florida (305) 927-0511 I Harvey/ A & D Electronics: 
Lexington. Massachusetts (617) 861-9200 / Semiconductor Specialists, Inc.: Chicago (312) 279-1000; Detroit (313) 255-0300; Minneapolis (612) 884-8132; Kansas City (816) 452-3900; 
St. Louis (314) 428-6100; Dallas (214) 358-5211 ; lndianapolis (317)243-8271 ; Pittsburgh (412) 781-8120; Dayton (513) 278-9455 / A.V. Weatherford Co.: Albuquerque (505) 265-5671; 
Anaheim (714) 547-0891 ; Austi n (512) Enterprise 1443; Dallas (214) 231 -6051; Denver (303) 427-3736; Glendale (213) 849-3451 ; Houston (713) Enterprise 1443; Palo Alto (415)321-5373; 
Phoenix (602) 272-71 44; Pomona (714) 623-1261 ; San Diego (7141278-7400; Seattle (206) 762-4200. HARRIS SALES OFFICES: 'Nellesley, Massachusetts 1617) 237-5430; 
Wayne. Pennsylvania (215) 687-6680; Palos Heights, Illinois (3121 597-7510; Melbourne. Florida (305) 727-5430; Palo Alto, California (415) 321-2280; Norwalk, Connecticut 1203) 853-3646; 
Washington, D.C. (202) 337-4914; Dallas, Texas 1214) 231-9031 ; Scottsdale, Arizona (602) 948-3556; Long Beach. California (213) 428-7687. 
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Do you really need fast ladder 
switches in your D/A converter? 
Slower switches can be used in many applications with a technique that 
disconnects the output amplifier from the ladder until switching is completed. 

In digital-to-analog (D/A) converters, high-speed ladder 
switches are desirable because they help minimize the ef
fects of imperfect switching coincidence between bits of 
the converter ladder. This is important, si nce noncoinci
dence in ladder swi tching, particularly among higher-order 
bits, can produce significant errors in the converter's ana log 
output voltage. 

In some applications, though, high-speed ladder switch
es are either unavai lable or are impractical for var ious rea
sons. For these cases, a technique can be used whereby the 
output amplifier " remembers" the previous output vo ltage 
until the ladder has sett led to its new va lue. This eliminates 
the transient output error caused by noncoinc ident switch
ing and allows the use of slower-speed ladder switches. 

One way of implementing such a technique is shown in 
the illustration. In the diagram, R0 is the Thevenin eq uiva
lent output resistance of the converter's resistance ladder, 
and V

0 
is the equivalent output voltage. A

1 
is a di fferenti al 

amplifier with low input current, and A2 is a broadband 
amplifier having a gain of five. Frequency compensation is 
achieved with C1 and C2 • (Both capacitors are required in 
order to eliminate a residue with a long time constant. ) The 
result , essentially, is an inverting amplifier having a feed
back resistor, Rf' and an input resistance, R

0
, all of which 

are driven from a source, V
0

• 

Immediately before the ladder output voltage, V
0

, starts 
changing as a result of a command change, amplifier A 1 is 
disconnected from FET transistor 0 1 by MOSFETs 0 2 and 
0 3 . This is done by the HOLD signal. Because the frequen
cy-compensating capacitors have equal values, and be
cause MOSFETs 0 2 and 0 3 are identical devices, the errors 

c, 

Output amplif ier (A 1 and A2) is disconnected from the ladder out
put by the " hold " signal immediately before the ladder output volt-

caused by these swi tching signa ls are converted into com
mon-mode signals for Al' and because A 1 has good high
frequency common-mode reject ion, the programming 
noise caused by the " hold" signal is kept quite smal I ( <50 
mV). With the large output transition errors eliminated, the 
converter can be used as a complex function generator hav
ing less than 50 mV of noise at any transition point. 

Besides allowing the use of a slow ladder switch, this 
" ho lding" feature can provide other cost sav ings. For ex
ample, it elim inates the necessity fo r delay-equalizing ci r
cuitry for the command signa ls arriv ing at the ladder 
switches. This delay equaliz ing is normall y needed to pro
vide good switching co inc idence if an analog hold tech
nique is not used. 

The technique described here is used in the 4200 Series 
of Programmable Voltage Supplies developed by the John 
Fluke Mfg. Co. D 

Author's biography 

Joe Reedholm is a senior des ign engi.
neer who currently is project engi
neer on John Fluke Mfg. Co.'s 4200 
Series programmable voltage sup
plies. Prior to his 3 years with Fluke 
he was with Hewlett-Packard. Mr. 
Reedholm has a B.S.E.E. from Iowa 
State Un iv. 
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age, V
0

, begins changing. The ampli fier is not reconnected to the 
ladder until ladder swi tching is completed. 
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Front-panel magic 
sells a product 
A redesign of a functionally-important pushbutton control paid off 
where it counts - in favorable comments from potential customers. 

The "before" and "after" of a product that had a pretty 
good front panel design to begin with is shown in Fig. 1. 
The redesign centered on the pushbutton contro ls on the 
left side of the panel. The objective was to make the instru
ment's operation "obvious" to factory workers. 

Problem: The product pictured was the main conso le of 
an ultrasonic welder made by the Dukane Corp., Ultrasonic 
Div., St. Charl es, Ill. The uni t houses a transistor inverter 
that generates a 20-kHz, 350W sinewave. This is fed to a 
transducer mounted in a hand gun or press that in turn de
livers 20-kHz mechanical vibrat ions to plastic parts. The 
ultrasonic vibrations cause the plastic parts to heat where 
they touch and to fuse together. 

The product's use in the plastics industry has an impor
tant bearing on the panel redesign, accord ing to Dukane' s 
designer, Phillip C. Harwood. " If you've ever been in a 
plastic fabri cat ing shop, you'll know that our product 
would be surrounded by a lot of very noisy machines 
grinders, extrusion molders, mills, etc. The operator is hard
ly able to hear himself think and our machine's normal 
sound less, motionless operation will give him little audible, 
visual or tactile indication of what is going on. Our objec
tive is to use li ghted pushbuttons to tell the operator what 
the machine is doing." 

Solution: Dukane had worked out some successfu l m;in-

OLD 
3 LEVER-OPERATED LEAF SWITCHES 

Fig. 1 - The redesigned front panel (right) does not look much 
different than it did before the redesign (left). But the five new 

machine concepts using lighted switches in its earlier mod
el (left in Fig. 1 ). But the lever swi tches on the older des ign 
had several drawbacks. The levers stuck out beyond the 
front panel and so their light had to compete with the am
bient light in the shop. The leaf-type contacts had a soft, 
gradua l wiping action that would send a series of fa lse trig
gers to our timing circuitry and would not give the operator 
any tactile indication of when the contact was made. 

The redesign uses compact, flush pushbutton switches. 
This permits the switches to be recessed (as shown) back in 
an alcove where the li ghts sh ine distinctly. Large, 3/4- inch2 

buttons are used, with bo ld, 5/16-inch high identification 
lettering. The switches are positioned on a 45-degree slope 
angled towards the user. Now a workman standing before 
the conso le finds it much easier to see and hit the ri ght 
button. 

The switches have snap-action contacts so the workman 
now receives a positive tactile feedback when the contact is 
made, and the circuitry receives a much shorter duration of 
switching noise. 

Another desirable feature for the raucous plastics shop 
env ironment is that the recessed buttons of the new design 
are much less apt to be broken or inadvertently actuated by 
objects brushing past the face of the conso le or by heavy
handed workmen . They will withstand up to 25- lb forces-

NEW 
5 PUSHBUTTON SNAP-ACTION SWITCHES 

pushbuttons are a lot easier to use than the three older lever 
switches. 
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Fig. 2-The switches are Licon type-16 units. They have single
po le, double-throw contacts rated ai 1 OA. They snap into a subas-

or substanti all y more than the cantelevered levers. 
As a bonus, the supp lier of the switches, the Licon Div. of 

Illinois Tool Works cou ld provide up to 1 OA current ratings 
in the sty le used. Therefore Dukane was ab le to c lean up 
the design by incorporati ng the ac power contro l in the 
same swi tch lineup. 

Meaning to user: The amo.u nt of man-machi ne commu
nication that the company has been ab le to squeeze out oi 
this row of f ive lighted and labe led pushbuttons can be il
lustrated by some typ ical operating sequences. 

To start the welder, the operator pushes the ac power 
switch. Thi s is a push-to-turn-on , push-to-turn-off switch 
and it indicates ON by sh ining green. At the same time, the 
STOP button lights up shining white (for maximum visib ili 
ty) to indicate that, while the machine may be powered, 
and the inverter runnin g, its 20-kHz energy is being safe ly 
withheld from the work heaa. 

Now if the operator were using a hand gun he might push 
the RUN button. The STOP button li ght would then go off 
and the RUN button would light up red, indicati ng the 20-
kHz was being appli ed steadi ly to the transducer (via out
put relay contacts) . The RUN button actuates a momentary
contact switch that sets a flip-flop-type memory circuit 
which then holds the RUN lamp lit. The operator can re
move power from the head by pushing the STOP button . 
The STOP button actuates a master override command that 
resets the so lid-state memory and timing c ircuits that the 
other buttons trigger. 

sembl y that is mounted on a 45-degree angle in a recess in the front 
panel. 

To go to cyc ling operation, the operator first presses the 
AUTO button, which glows amber and also turns out the 
STOP button li ght. This sets the we lder up for the cyc ling 
mode. Now each time the CYCLE button is pressed, the 
RUN button will flash its red and the CYCLE button will 
flash its white. The RU N 's red flash will indicate that a burst 
of 20-kHz has been applied to the work head and the CY
CLE 's longer white fl ash will indicate the length of cooling 
dwell on each cycle. The operator can adjust the cyc le du
rations by the knobs at the bottom of the panel. 

All of these commands can be actuated remotely. The 
RUN and CYCLE commands can be initiated by triggers on 
hand guns or foot switches. The STOP commands can be 
initiated by safety interlocks. But even when the commands 
come from remote locat ions, the pushbutton lamps still 
light to indicate what is going on. 

Payoff: According to des igner Harwood, " the time we 
spent working out these man-machine detail s was just ified, 
we fe lt, by the favorable reception we've received from 
customers. Men who actuall y used these machines in thei r 
shops-foremen and operators- have to ld us, " It looks 
ni ce ... contro ls fee l good .... It lets me know what is 
happening." o 

Robert H. Cushman, New York Editor 
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CIRCUIT DESIGN AWARD PROGRAM 

Selective filter for low frequencies 
Entry by Paul Gheorghiu 

Optomechanisms, In c. , Plainview, N.Y. 

When used as a filter , a si ngle RC network usuall y exhibits 
poor se lect ivity. The popular Wien-bridge configuration 
allows an RC network to be converted into a null-balance 
bridge. But though th is configuration offers an improve
ment in se lect ivity, the improvement is not as great as 
might be expected, beca use of relatively slow phase 
changes in the vici nity of w

0
• 

The latti ce filter, shown in Fig. 1, offers a net improve
ment in performance when compared with the Wien bridge 
and other passive selective filters in thi s c lass. 

Like the Wien brid ge, the latti ce-type bridge is also a ba l
anced network with four termin als. But it is easier to adjust 
because it has more tuning elements. This configuration has 
applications in frequency measurement or as a frequency
selective fi lter. 

In Fig. 2, the response of a lattice filter is compared with 
that of a Wien bridge. We see that the lattice filter offers 

XC 

SOURCE 

0 ./'<N 0 
(X+l )R 

Fig. 1 - Lattice configuration offers better performance than 
other passive-component se lect ive fi lters. Factor X should be 1 O or 
larger. 

greatly superior se lectivity and about three times the output 
vo ltage in the pass band. 

The optimum relationship between component va lues is 
indi cated in Fig. 1. It can be shown that, for best perform
ance, the va lue of coeff icient X should be se lected to be 
equal or superior to 1 0. Notch frequency fc can then be ca l
culated using thefo llowingequation: 

2rr CRfc = 1 

As a design example, let's calculate the component va l
ues for a 400-Hz se lective fi lter. If we assume that 0.1 µ.Fi s 
a practical capaci tance value as far as size is concerned, 
then the equation yields a resistor va lue R eq ual to 39.5 k.!1. 
Then, using a value of 10 for the factor X, the other res istor 
va lues are as follows : 
(X - l )R = 35 .55 k.!1 
(X + 1 )R = 43.45 k!l 
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Fig. 2- Note the improved selectivity and greater output voltage 
of lattice filter compared with that for Wi en bridge. 

Reduce integrator transients with synchronized gate signals 
Entry by Roland J. Turner 

RCA Missile and Surface Radar Div. Moorestown, N. J. 

When new signals are gated into a hi gh-Q tank circuit ser
ving as a bandpass integrator, ac gati ng transients may cause 
adverse rin ging of the integrator. This is especially true if 
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the series signal gate is c losed when the ac input signal is at 
its peak level. When thi s happens the integrator will have a 
long settling time and will not properly represent the inte
grated value of the input until after this transient d ies out
which may take considerable time, because by definition 
the bandpass integrator has a high Q and a long memory. 

The c ircuit shown in Fig. 1 reduces ringing significantly 
by the fol lowing process: 

1. The ac input signal to be integrated is amplified in two 
broadband differenti al amplifier stages, A, and A

2
• 

2. The amplified signals are differentiated and se lected 
by diodes D, and 0 2 • 

3. The input gate pulse, P, , and the differentiated pulses 
then drive "and" logic which generates an output pulse, Ps, 
coincident with the zero crossings of the ac input signal. 
The leading edge of Ps will always occur at the first signal 
zero cross ing after P, initiates the gating action . 

The lead ing edge of the output pulse, Ps will always oc
cur at a zero crossin g of the ac input signal and will not 
cause ringing of the bandpass integrator. If pulse Ps is used 
to drive a bal anced diode bridge, both the gating pedestal 
and the ac signal transient are eliminated, and the high-Q 
bandpass integrator will have a fas t settling time and may 
be operated at a faster repetition rate. 

The timing w aveforms of thi s circuit are shown in Fig. 2. 
The NANO gates in the logic portion of the circuit are Texas 
Instruments Incorporated or Fairchild IC packages. 

+15V 

s, 0.1 µF 

Ji 

Fig. 1 - Ringing and long settl ing times - characteristic of shock
exci ted high Q tanks-are eliminated in bandpass integrators by 

s, 

53 

P, J 

To Vote For This Circuit 
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Fi g. 2- lnput signals (51) generate zero cross ing pulses (52) . Normal 
enable gate pulses (P1) are then w ithheld from integrator until 
zero crossing occurs (5

2
), at which time the zero-cross ing gate 

(P8 ) enables the integrator tank circuit. 

this circuit. Inputs are gated into the tank only at input zero cross
ings, avo iding shock excitation of the high-Q tank . 
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DTL delayed one-shot 

Entry by Ronald A. Millar 
Tri-Data Corp. Mountain View, Calif. 

This simple edge-driven one-shot employs two expandable 
DTL NAND gates. The required gates are avai lab le in a 

Your vote determines this issue's winner. Al l cir
cuits pub lished win a $25 U .S . Savi ngs Bond: A ll 
issue winners receive an addit ional $50 U.S. Sav
ings Bond and become eligib le for the annual 
$1000 U.S. Savings Bond Grand Prize. 

Vote now, by circl ing the appropriate number on 
the reader inquiry card. 

Submit your own circuit, too. Mai l entires to Cir
cuit Design Program Editor, EDN/EEE, 221 Co lum
bus Ave., Boston, MA 02116. 

Circuit Design Entry Blank 
U.S. Savings Bond Awards • $25 for all entries se lected by 
edito rs • An additional $50 for winning ci rcuit each issue, 
determined by vote of readers • Additional $1000 bond 
fo r annual Grand Prize Circuit, selected among semi
monthly winners by vote of readers. 

To Circuit Design Program Editor 
EDN/EEE 
Cahners Publishing Co. , Inc. 
221 Columbus Ave. , Boston, MA 02116. 

I hereby submit my entry for the CIRCUIT DESIGN 
AWARD PROGRAM of EDN/E EE. 

Name __________________ _ 
Title ___________________ _ 

CompanY--,-------------------
0 i vis ion (if any) ______________ _ 
Street __________________ _ 
City ___________ State ______ _ 
Circuit Title ________________ _ 

Print full name (no initials) and home address on line below 
exact ly as you wish it to appear on Bond, if entry is se lected 
for publication. 

Entry blank must accompany al l entries. Circuit entered 
must be submi tted exclusively to EDN/ EEE , must be original 
with author(s) and must not have been previously pub
lished (lim ited-distribution house organs excepted). 

Circuit must have been constructed and tested. Exclu
sive publishing rights remain with Cahners Publishing Co., 
Inc., un less entry is returned to author or editor gives written 
permission for publicat ion elsewhere. 

In submitting my entry, I agree to abide by the rul es of the 
Award Program. 

Signed __________________ _ 

Date __________________ _ 

si ngle IC package-for example, the MC961 /861. 
The circuit is useful wherever a delay is needed prior 

to transmi ss ion of a pulse to allow for the settling time of 
other circuits. This circuit costs less than conventiona l cir
cu its wh ich use two one-shots in tandem. 

Capacitors C, and C2 , connected to the expander pins, 
each cause time delays at their respective gates. 

The timing diagram shows the relationship between input 
and output signa ls. With capac itance expressed in pico
farads , the output pu lse period (T,,) and delay (T") are given 
by the fol lowing relationships: 

and 
T" = 1 .7(C, - C2) nsec 
T" = 1.7C2 nsec. 

If c, is 680 pF and C
2 

is 100 pF, for example, the ci rcu it 
produces a 1 µsec pu lse delayed by 0.17 µsec. 

Pulse delays and durations of up to 1 msec (C, = 1.2 µ,F, 
C? = 0.6 µ,F) can be obtained, but with some degradation 
of the output pulse shape. The pu lse can be sharpened, 
however, by adding a DTL inverter at the output. 

To Vote For This Circuit 
Circle 163 

MC961 / 861 
-, 

I 
I 

Vo 

Monostable mult ivibrator uses expandable DTL gates with ca
pacitors connected to expander terminals to provide required 
delay and pulse width. As shown, leading edge of input pulse 
triggers the circuit to produce delayed output pulse with delay Td 

and width T". 
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THE FIRST COMPLETE GUIDE TO FOREIGN BUYING 

Handbook of International Purchasing 

The world is fast becoming one big 
market place, and more and more 
American companies are finding that 
they can increase profits through 
foreign purchasing,. Few buyers, how
ever, know exactly how to go about it . 
Handbook of International Purchasing 
is the first complete guide for everyone 
concerned with purchasing and profits. 

Written by Paul H. Combs, inter
national purchasing specialist for Inter
national Telephone and T elegraph 
Corp., it tells all about how to get 
s tarted in foreign buying, terms of 
payment, shipping methods, trading 
associations, how to select the right 
supplier, how to negot iate with foreign 
firms, how to establish a foreign buying 
office, licensing, how to assure avail-

ORDER THESE MANAGEMENT 
GUIDES ALSO: 

COMPLETE GUIDE TO 
PROJECT MANAGEMENT 
by Dennis L . J,ock 

Systems and t echniques which can be used 
with profit in large or small plants, on 
projects worth $200 or $2 million . Costing, 
controlling, evaluating an industrial project 
so that it is completed on time, according to 
specs. within budget . Over 60 how-to-do-it 
examples, control charts , forms. illus. 224 pp. 

$10.95 

INVENTORY CONTROL IN 
PRODUCTION AND MANAGEMENT 
by Adin B. Thomas 

How to achieve big cost reductions and 
larger return on capital by efficient inven
tory management. A successful blend of 
theories by an expert who knows them all. 
illus. 224 pp. $11.95 

PROFIT THROUGH QUALITY 
Management Control ofQ and R T echniques 
by Sidney Weinberg 

Practica l product ion and genera l managers ' 
guide to analysis of quality requirements 
and establishment of effective, profitable 
quality and reliabili ty policy. 192 pp. 12 illus. 

$10.95 

ability of materials for production, how 
to cope with fluctuating curren cies and 
other risks. 

Also provided are specific aids in
cluding a glossary of export-import 
terms and actual samples of most types 
of international purchasing contracts 
and other important documents. 

Comb's Handbook of International Pur
chasing will prove an invaluable aid for 
both beginners and experts in foreign 
buying and should be required reading 
for all purchasing executives and their 
assistants, owners and managers of 
companies of all types. 

Published in cooperation with 
the editors of Purchasing. 

All books available on 15-day free trial 

,--------------------, CAHNERS BOOKS 
89 Franklin _St. , Boston, MA. 02116 

Please Send These Books: 

QUANTITY TITLE 

Handbook of International 
Purchasing $9 .50 

Complete Guide to Project 
Management $10.95 

I nuentory Control in Production 
and Manufacturing ,$11.95 , 

Profit Through Quality $10.95 

NAME----------------------~ 

POSITION ______ _ _ _____ ________ _ 

COMPANY _ ________ ___________ _ 

ADDRESS _ ________ ___________ _ 

CITY ____ __ _ STATE ______ ZIP ______ _ 
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This display writes 
as fast as 

your computer can talk. 

HP's new 1310A 19-inch-diagonal X-Y 
display is the answer to many an 
OEM's prayer .. . because it 's the first 
display ever that can keep up with 
the graphic Information output of to
day's high-speed computers. 

The 1310A has a writing speed of 
10 inches per microsecond - 10 
times faster than any other display 's. 
Its slew rate is 100 inches per micro
second. And its large-step jump and 
settle time is 1 microsecond. Thus, 
the 1310A gives you the ability to dis
play information as fast as your com
puter puts it out - in any desired 
sequence of locations, without 
" smearing. " No longer must you pro
gram outputs in a manner imposed 
by display limitations. 

The key to the 1310A's outstanding 
performance is its unique, advanced 
cathode ray tube which uses elec-

Computer·generoted graphics courtesy of The Boeing Company. 

trostatic deflection to control i ts 
electron beam. 

Also as a result of using electro
static deflection , the 1310A is smaller, 
lighter, and requires less power than 
any competitive graphic display -
only 100 watts. Because it uses the 
latest, highly rectangular CRT face 
glass, its display area is equal to that 
of many 21-inch un its. And its 0.020-
inch spot size gives you a crisp, clear 
image over that entire area. 

And performance is only the begin
ning ! With the 1310A, you also get 
plug-in-board construction for fast , 
easy servicing. Replacement boards 
are available from any of HP's service 
centers around the world , on an ex
change basis, within 48 hours. And it 
takes only minutes to remove or in
sert any board. 

Yet , despite all these advantages, 

CIRCLE NO. 401 

the 1310A costs only $3000-far less 
than competitive displays (covers 
and stand , $100 extra) . Or, for 
$2875, you can get all the features of 
t he 1310A, i n the new 14- inch 
diagonal 1311A. OEM price sched
ules are available on both the 1310A 
and 1311A. 

For further information on both of 
these new displays, contactyour local 
HP field engineer. Or write Hewlett
Packard, Palo Alto, California, 94304. 
In Europe : 1217 Meyrin-Geneva, 
Switzerland. 

081 / 14A 

HEWLETT"" PACKARD 

OSCILLOSCOPE SYSTEMS 
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What can you save if you eliminate ribbons 
and ink fountains from your printout design? 
Other manufacturers are saving 14 
to 173 of total manufacturing costs 
by using Porelon® microporous 
plastic for type inking. Porelon 
material contains its own ink supply 

. -enough for millions of impressions 
with computer printer equipment. 
So it replaces ink fountains , 
ribbons , ribbon reversing systems, 
even ink distribution rollers. 

One customer using Porelon 
material reports an inking capacity 
of 10,000,000 lines with a 32-column 
printer using a 2% inch 0.D. x 
3% inch wide Porelon roll. 
Just think what that means. 
Replacing this intricate and costly 
mechanism lets you save right from 
the drawing board through 
manufacturing. Your customers 
save, in main
tenance of the 
completed 
system, too, 
because there is 
nothing to fill or 
change for the 
life of the Porelon 
microporous plastic 
roller. And the 
impressions are always crisp, 

clear and legible 
because there's nothing 
between the metal type 

and the paper to blur 
or smudge the image. 
Porelon materials do 
all this because they're 
not just an 

ink-impregnated material. Ink is 
blended right into the Porelon 
material as it's formed, and it's held 
in interconnected, microscopic 
pores. Ink flows to the surface of 
the Porelon microporous plastic by 

capillary action as it touches the 
type metal. It flows back by the 
same type of attraction 
when pressure 
is relieved. 
Nothing is left 
on the surface 
to dry. And be
cause the inks 
in Porelon 
material 
dry 
only 
by absorption, 
nothing dries on the type -
even overnight. 
There is just one way Porelon ma
terial gives up its ink: capillary ac
tion. It doesn't dry out, even during 
long periods of storage. You can't 
squeeze it out, so contact pressure 
with the type is light and friction and 
wear are minimal. Under normal 
conditions, you can't spin the ink out 
of Porelon material by centrifugal 
force, either, so there is no misting, 
even at high rotational speeds. 
Porelon microporous plastic works 
efficiently over a broad temperature 
range of 50°to 110° F. It can be 
used at peripheral speeds of 17,000 
inches per minute. (That's 2,700 rpm 
on a 211 roll.) Porelon material is 
strong and long-wearing, with a 
standard hardness of 12 to 15 Shore 
A durometer. Ink formulations are 
available in black, blue, red, 
violet and green. 

Porelon 
materials 

are already 
at work in 

hundreds of 
print-out 
mechanisms. 

In high-speed applications on single 
and multiple column printers and key 
punch card machines, it has been 
used for direct inking and with trans
fer rolls. Its low-speed applications 
include ribbon re-inking, postage 
meters, ink transfer from pads of 
Porelon material and many others. 
All have a single common feature -
reduced cost through design 
simplification. 

There are many ways to cut design 
and manufacturing costs by using 
Porelon inking materials in business 
machines. Most are listed in a 
special booklet available from 
Johnson Wax. If you're ready to 
save by simplifying your print out 
systems, just return the enclosed 
coupon and we'll send you your 
copy. Remember, we are always 
ready to help. Just make a check 
mark in the box below and a 
Porelon engineer will contact you. 

8~-----------------------
0 Please send me my copy of the booklet, (:Johnson WAX 

PORELON "solid" inking systems for business machines. Porelon Products Dept. CH-1 
0 I'd like to talk to a Porelon engineer. s . c. Johnson & Son, Inc. 

Racine , Wisconsin 53403 
Name _________________________ TitJe, _____________ _ 

Firm'----------------------------------------~ 

Address--------------------------------------~ 
City ____________________ state, ____________ _,_ip _____ _ 

We are considering PORELON materials for the following application : 

"..;Johnson" and "Porelon" are registered trademarks . © 1971 S. C. Johnson & Son, Inc. , Racine, Wisconsin 
Adv. 11-85-84 Printed in U.S .A. All rights reserved. 

CIRCLE NO. 402 
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DIRECTIONS 

Automated checking 
of keyboards 
is a breeze 

The stead il y increasing production of 
CRT data terminals prompted Bunker 
Ramo's Business and Industry Div. to 
automate the time-consuming task of 
testing and evaluating electronic key
boards - an integral unit of each ter
minal. Their overall objectives were 
cost reduction and quality improve
ment. The quality assurance depart
ment evaluated many approaches, but 
decided that a systematic pulsing of 
each key with a smal l burst of air (sim-

CH 4 

.. . . , .. .. ' ... 
,,,.~"· , .... ~ '. 
,,~ .. 

"""'~ f - ~ ... 

ulating normal typing finger pressure) 
would be an efficient way to go. 

Three major elements make up the 
testing unit: 
- a keyboard module that holds the 
keyboards in proper position. 
-a manifold that controls the air distri 
bution with electri ca lly operated so le
noids. 
-a control unit that drives the com
plete system and provides a readout of 
any errors. 

There are three confi gurations of the 
keyboard module, designed to accom
modate three of the popular keyboard 
models now in production. Modules 
have a firm housing for the keyboard 

under test and an insulated cover for 
surpressi ng the sound of the noisy air 
jets while the test is in progress. The 
modules, simple in construction , are 
made of plywood, pipe fittings and 
plastic hoses. The photo shows a key
board being positioned in a manifold 
for test. 

The manifold accom modates 100 
electrica lly operated solenoids. Each 
so lenoid, when operated, provides a 
path for the air flow toward the key
board module. A plastic hose directs 
the jet of air toward a given key and a 
compressed air line with a variable 
pressure control connects to the mani
fold . 
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The most sophisticated part is the 
control and error checki ng unit. When 
evaluating a completed keyboard, the 
control unit activates each solenoid 
consecutively-which, in turn, directs 
a sma ll burst of air to the desired key. 
The ASCII output from the keyboard 
under test is compared with a valid 
unit and all errors are disp layed. A 
lamp panel contains one lamp per key 
and accommodates up to 100 keys. 

The test cycle continues until each 
key has been activated and checked 
ten times. Also there is a " continuous 
cycle" switch for reliability studies and 
eva luation of other keyboards . Another 
switch labeled "cycle on error" allows 
the operator to estab lish the cause of a 
malfunction. This switch causes the 
control unit to continuously pulse the 
first key that generated an erroneous 
output. Once the cause of error is de
termined, the error switch is released 
and the contro l unit proceeds with the 
testing cycle. 

A complete ly assembled keyboard 
can be fully tested with this automatic 
system in approximately three minutes. 
Previously, boards were checked 
manually, with the results displayed on 
a CRT - a technique that required up to 
20 min/keyboard . 

PRD enters 
commercial automatic 
test market 
PRO Electronics Div. of Harris-Inter
type Corp. , Syosset, N.Y. , has unveiled 
a sophisticated new commercial auto
matic test system known as CAST -
Computerized Automatic Systems Test
er. It is said to reduce testing time of a 
broad spectrum of analog, rf and digi
tal systems, sub-assemb lies, modules 
and components by 2 0: 1 . 

The CAST system is an outgrowth of 
PR D's 10 years of experience in de
veloping and building the VAST sys
tem - an automatic test system for U.S. 
Navy avionics facilities. CAST incorpo
rates an integrated hardware and soft
ware approach and is modularly de
signed, al lowing easy adaptation to 
specific testing and maintenance 
needs. 

In describing the new turnkey sys
tem, Thomas O'B ri en , Vice Pres iden t 
and general manager of PRO called it 
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YOU wanted 

Here they are in 

FEATURES 
OTHER MA•Atrms 

ONLY PROMISED 

ADTROL is an emerging company in the paper tape field. 
We have no outmoded design investments to protect .. . 
no ax to grind. So we asked engineers and users like you 
all over the country what features you wanted in a NEW 
paper tape reader. And you told us. 

As a result of this research, we now offer the most COM
PLETE line of MODULAR photoelectric tape readers and 
handlers, incorporating all of the features you wanted. 
These products provide an economical solution for virtu
ally every tape reading problem. 

Bulletin 301 describes the entire line. 
Write or call for a FREE copy. 

ADTROI. 
Data Products for Industry 

700 Abbott Drive, Broomall, Pa. 19008 • Telephone (215) 544·6900 
CIRCLE NO . 403 
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Through Any Number 
of Starts, Stops, 

Reverses or Revolutions, 
th is RESPONSYN® 

Fine Angle Stepping Motor 
will Locate to any 

Step Position 
with an Accuracy of 

+ 5 Minutes of Arc 

. RESPONSYN® 
Fine Angle Steppers 

Write today for literature 

0 USM Corporation 
Gear Systems Division 
Route 128, Wakefield, MaH1c:husetts 01880 
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A REQUIRED volume for every 
manager of an R&D laboratory , 
engineering or scientific team 

MANAGEMENT 
OF RESEARCH, 
DEVELOPMENT 
AND DESIGN 
IN INDUSTRY 

By T. S. McLEOD Technical 
Coordinator, Ptessy Co., Great Britain 

Budgeting, organization, cost effective
ness and day-to-day management prob
lems treated in a practical , workable , 
professional method based on the au
thor's experience in reo rganizing 50 lab
oratories of diverse disci plines in over 
50 different geographi cal locations and 
involving over 6,000 specialists. $12.50 

--15 DAY FREE TRIAL EXAMINATON PERIOD--

Cahners Books EON 

89 Franklin St. , Boston, Ma. 02116 
Please send me __ copies of MANAGE
MENT OF RESEARCH , DEVELOPMENT 
AND DESIGN IN INDUSTRY at $12.50 
( ) Bill Me ( ) Bill Company 
( ) Check Enclosed (We Pay Postage) 
Name ___________ ~ 

Company __________ ~ 

Address ___________ _ 

City / State / Zip ________ _ 
Mass. Residents Add 3% Sales Tax 

the cost-effect ive answer to automatic 
testing, operational maintenance and 
data mon itoring. He predicted that it 
would quickly pay for itse lf by elimi 
nating the need for redundant test sta-
tions. 

A Varian minicomputer is used as 
the subsystem, augmented by djsc stor
age. Peripherals include paper-tape 
reader/ punch capability, a Teletype 
Corp. operator terminal plus a system 
contro l panel and optional CRT display 
capabi lity. A simplified English-like 
software program (VTRAN IV) makes 
operating the CAST system an easy 
task. 

Measurement capabi liti es include: 
audio and rf power output, rf receiver 
sensitivity and signal -to-noise ratio, 
frequency response and deviation , 
phase shift, bandwidth , ga in , limiting, 
vo ltage, resistance, audio modulation , 
time interval and deviation percentage. 
These tests can be carried out at fre
quencies from 0.01 Hz to 0.5 GHz. 

The system is expected to cost from 
$125,000 to $200,000, depending on 
the complexity of testing required. 

Future memory systems: 
monolithic 
Semiconductor! 

At the NEREM '7 1 session dealing with 
future memory systems, Dr. R. F. Elfant 
(see photo) of IBM Corp. gave a sum
mary of how he sees such systems 
shaping up. Of prime importance, he 
sees monolithic semiconductor memo
ries as the driving force in all areas of 
computer design. Further, Dr. Elfant 
predicts that the CPU wi II be made up 
of local stores, writable read-only con
trol stores, distributed memory and just 



pla in larger memories in general. With 
regard to storage systems, he believes 
they will tend toward hierarchies of 
systems (EDN Computer Hardware 
Feb. 15 , 1971 p 001010) with large 
main memories, and electronic back
ing stores penetrating the mechanical 
storage area (EON Feb. 15, 1971 p. 18). 

Among the factors cited by Dr. Elfa nt 
for the realization of large SC memo
ries were : the exploitation of LSI, be
cause it is not 1/0 pad constrained, and 
regularity of the structure makes it easy 
to use; capacity; cost; performance 
and reliability. Costs will go down 
because of larger functional ly orga
nized chips, large volumes of a sing le 
part number and ease of testing. Chips 
wil l get larger because of advances in 
photolithography and semiconductor 
processing; density will improve by a 
factor 10 to 50 times because linear 
dimensions will decrease by 2 to 3 
times; the number of devices per cell 
wi 11 decrease by a factor of 3 to 6; and 
power will go down, or remain con
stant, per chip because of the use of 
pulsed power or static vs. dynamic 
cells. All this will increase reliability by 
12 to 54 times what it is today. Other 
papers at the session backed up Dr. 
Elfant's predictions with regard to 
memory hierarchies and electronic 
replacement of mechanical storage 
devices. 

Dr. C. V. Ramamoorthy of the Uni
versity of Texas discussed the theory 
behind, the needs for, and the design 
and usage cons iderations for, hierar
chica l storage organization. By distrib
uting a program over different levels of 
the hierarchy and keeping only the 
currently executable procedure and 
data in the fast memory, Dr. Rama
moorthy expects that average access 
time to a word in storage will be sur
prisingly c lose to that of the fast memo
ry within the hierarchy. 

R. J. Spain of Cambridge Memories 
Inc. and A. H. Bobeck of Bell Tele
phone Labs both described systems uti 
lizing the concept of controlled mag
netic-domain wall motion to replace 
mechanical storage devices. Cam
bridge Memories has bui It a prototype 
2-mi llion-bit mass memory using its 
DOT (domai n tip) technology (EDN 
Nov. 15, 1970, p. 35), w hile Bell Tele
phone Labs has the design of a 15 
megabit mass memory in progress us
ing its " bubble" technology. 

Pericomp 
head 

alignment 
tape. 

Our verified head alignment tape makes 
all your drives accurate and compatible. It's 
positively guaranteed because it's the most ac
curately recorded skew tape available. Also the 
least expensive. Full width recordings in choice 
of lengths. 

(617) 237-4052 

Pericomp, Corp. 
The very first in products to make your 

computer system more reliable. 

Pericomp, Corp./ Natick Industrial Park, Natick, Mass. 01760. 
CIRCLE NO. 408 
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Some straight talk 
about MECL ~r;J,r;Jr;Jr;J ••• 

Perhaps you have already evaluated MECL 
10,000 and discovered the many ways your 
system performance can be improved. Or, you 
may have questions concerning its applica
tion and you are considering various logic 
options. Here are a few answers to questions 
commonly asked. And if you don't know the 
answers, don:t worry, we'll show you how 
to become a MECL 10,000 expert. 

CH 8 

a. 
A. 

Q. 
A. 

a. 
A. 

How fast is MECL 10,000 and can it be 
adapted to very high speed systems? 

MECL 10,000 offers 2 ns gate delays 
combined with low power dissipation 
(25 mW/gate). Where necessary, MECL 
10,000 is compatible with MECL III to 
"shi ft up " for the high data rates 
required in critical timing chains. 

Are special PC boards required? 

No. Although toggle rates are as high as 
150 MHz, switching rise and fall times 
are slow enough (edge speed 3.0 ns) so 
that conventional system layouts such as 
two sided PC boards can be used. Also, 
the slow edge speeds allow the added 
flexibility of driving open wire, wire over 
a ground plane, wirewrap, or coax. 

How can MECL 10,000 improve system 
performance and cut costs? 

MECL 10,000 provides design flexibility 
in many ways. For instance, the open 
emitter outputs and high impedance in
puts allow wire-"OR"ing of several levels 
of gating, with a marked savings in gate 
and package count. Open emitter out
puts allow data "bussing" and two-way 
data transfer. Also, the open emitter out
puts allow complete flexibility in the 
choice of terminating schemes and logic 
interconnects. 

Complementary (OR/NOR) outputs 
provide simultaneous "true" and "com
plement" functions, minimizing gate and 
package count in a system. And the com
plementary outputs provide excellent 
twisted pair ( differential) line drivers at 
standard gate prices. 

OUTPUT WAVEFORMS 

INPUT WAVEFORM 

MECL 10,000 -i.!J 
GATE 

COMPLEMENTARY 
OUTPUTS 

~ ONLY ONE OUTPUT-
~D- ANOTHER GATE NEEDED 

TTL GATE l TO GET COMPLEMENT 
WAVEFORM 

DRIVE LONG TWISTED-PAIR LINES 

a. 
A. 

How many functions are available m 
MECL 10,000? 

Motorola has introduced 16 devices to 
date and now two more are available; 
the MC10116 Triple Line Receiver and 
the MC10160 Twelve-Bit Parity Gener
ator/Checker. 

ED N/E EE JANUARY 1 5, 1 9 7 2 



to help you eliminate 
the alternatives 

----tt> 
----tt> 
--t> 

MClOl 16 Triple Line Receiver - A triple 
differential line amplifier for sensing differen
tial signals over long lines. Also useful as a 
Schmitt trigger, or in applications where a 
stable reference voltage is necessary. 

MC10160 12-Bit Parity Generator /Checker. 
Useful for high speed detection or generation 
of parity on long data words with minimum 
package count. One package offers nine 
EXCLUSIVE-OR gates internally connected to 
provide odd parity checking or generation. 

Additional devices will shortly be introduced 
including: 
Multiplexers (Dual 4-to-l, Quad 2-to-1) 
Universal Counters (Binary and Decade) 
Universal Shift Registers 
Flip-Flops (100 MHz, 200 MHz, 500 MHz) 
MECL-to-MOS Interface (for memory systems) 
Buss Drivers/Receivers 
16 x 4 Fast RAM, plus other memory 

configurations 

MECL •~,~~~ eliminates 
the alternatives. Evaluate 

::~."::~.~:~.: ! If\ 
trademarks of Motorola Inc. -

Q. 
A. 

Q. 
A. 

Q. 
A. 

Is MECL 10,000 a single source logic 
family? 

Definitely not. MECL 10,000 will be 
second-sourced by Signetics and several 
others will be announced shortly. 

Are special regulated power supplies 
necessary? 

Not at all . MECL 10,000 operates over 
a wide range of supply voltages and there 
is a minimum change in operating char
acteristics within a ± 10% supply volt
age. Also, constant noise immunity is 
guaranteed over the new wide temper
ature range of -30°C to +85°C. 

What special cooling requirements are 
required? 

No special cooling is required. MECL 
10,000 low power gates eliminate cooling 
and power distribution problems and 
insure long term reliability. Operate in 
still air or forced air. 

You still have questions? We now have a new 
MECL 10,000 book covering MECL 10,000 
specifications, design rules and applications. 
Be a MECL 10,000 expert, write to Motorola 
Semiconductor Products Inc., P.O. Box 20912, 
Phoenix, Arizona 85036 and ask for "MECL 
10,000 Facts." And for immediate evaluation 
devices call your local Motorola distributor. 

NIOTOROLA . MECL 
.. . for faster computers & systems 

CIRCLE NO. 409 
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COMPUTER HARDWARE 

Conserve memory power 
through switching 
Power dissipation is one strike against bipolar memories. However, 
an old and well estab lished scheme may overcome this handicap-power switching. 

Because standby and operating power leve ls of the bipo
lar memory are approximately eq ual, power requirements 
for these systems are relatively high in comparison to their 
magnetic counterparts. This high power level grants im
proved system performance at higher speeds. But for the 
slower systems, this high-power aspect represents a signifi
cant disadvantage, especially with the total power distribu
tion system that includes fans, bus bars, large cabinets with 
long power and signal distribution systems and mainte
nance. Presently, the power levels of a bipolar memory are 
within the 1 to 10 mW /bit range, whereas the range for the 
magnetic systems is 0.1 to 1 mW /bit. 

Switching the supply voltage is one technique for reduc
ing power. This is not a new concept, especially with aero
space equipment where the standby mode requires the 
conservation of power. This same idea is applicable to 
semiconductor memories. The standby power source to the 
memory component is switched off, or at least reduced 
below its operating leve l so that the concu rrent decrease in 
current to the memory stack gives an overall net power 
reduction . Thus, a lower current power distribution system 
can be used. 

Experimentally, power switching has been used with 
both read-only (ROM) and read-write (RAM) memo
ries. Detailed aspects of applying power switching to both 
RAMs and ROMs are described in " How Good Is Power 
Switching?" (pp CH 11 -14). 

Price You Pay 

To fully appreciate the money value of power switching, 
consider the costs for assembly, test and printed-circuit 
board packaging on a cost/bit basis: 

Parts 
Assembly, Test 
PC Board Area 

Total Cost/B it 

ROM 
0.017¢ 
0.017¢ 
0.025¢ 

0.059¢ 

RAM 
0.088¢ 
0.075¢ 
0.100¢ 

0.263¢ 

Based on $1 /W for unregulated power and $2/W for regu
lated , this yields the following results on a per-bit basis for 
the ROM and RAM cases: 

Power Saved 
Uninstalled Power Costs 
Installed Power Costs 

ROM 

0.55 mW 
0.055¢ 
0.11 ¢ 

RAM 

0.40 mW 
0.04¢ 
0.08¢ 

All calculations are based on the use of standard TTL 
microcircuits for power switching and logic circuits. These 
results ind icate a payoff for the ROM case in terms of costs 
since the savi ngs in power costs is greater than the cost of 
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the power switching circuits. However, for the RAM, where 
Vee cannot be zero, the power switching mode of operation 
is more expensive. 

Another Consideration Is Speed/Power Product 

Speed/power product for memory components is the 
product of the worst-case access time and the maximum 
operating power/bit. This yields an analogous measure to 
that obtained for a switching circuit. The large RAM speed/ 
power products indicate an inefficient energy transfer 

process. 
To get some indication of the relative merit of power 

switching as compared to other systems, the speed/power 
product for the ROM and RAM systems was derived with 
and without power switchi ng. The tabulated results are: 

Speed/Power Product 
Mode in Pico-jou les 

ROM-4106 RAM-93400 

Without power switchi ng 70 540 

With power switch ing 29 720 

With power switching 
and low power TTL 37 590 

Also ca lcu lated was the operating speed/power products 
for both ROMs and RAMs using MOS and ferrite cores. 

These results are: Speed/Power Product 
in Pico-joules 

Memory Type ROM RAM 

MOS 100-300 1 00-Dynamic 
200-Static 

Ferrite Core 30-60 1000-2500 

Although it is true that ferrite-core memories can have a 
lower standby power than either bipolar or MOS, the oper
at ing mode is considered to be more important for a 
speed/power product. 

From the above results it is apparent that there is a signifi
cant reduction in the speed/power product with power 
switching for the bipolar ROM , especia ll y using standard 
TTL devices. This compares favorably with the best 
speed/power products attained for braided core systems 
and is better than that attai ned for MOS systems. In the case 
of the bipolar RAM, power switching did not improve the 
speed/power product with either low power or TTL. How
ever, the values realized without power switching are better 
than those obtained with static MOS and ferrite core RAMs. 

Let's Not Forget Options 

The power switching concept used for the above data 
was applied externally to the chi p. However, a power switch 
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circuit cou ld be added to the memory chip that would be 
enabled with the chip select input. For those chips with 
address decoders, and for data line drivers and sense ampli
fiers , a number of power switching options exist. Some of 
these options include: 

Options Chip Interface 
Circu its 

1 Vee reduced 
2 Vee OFF (zero) 
3 veeredu~ed 
4 Vee OFF (zero) 

Memory Cel Is 
(stack) 

Vee not switched 
Vee not switched 
Vee reduced 

Vee red uced 

Careful considerat ion must be given to the particu lar cir
cuit used and to the power allocation between the memory 
ce lls and the interface circuits. Interface circuits for power 
switching app lications should not change the load charac
teristics or destroy any wired logic functions when the volt
age is reduced. 

In general , the address decoding c ircuits that select the 
power switching circuits can be the same as those that se
lect the substack. However, if the power is switch

0

ed ON 
and then OFF for each memory cyc le, then many (1010 to 
1 0' 4

) thermal cycles may occur for a memory part. This 
raises an unanswered question at this time about the long 
term reliability. The number of ON/OFF thermal cycles can 
be reduced by at least a factor of 10:100 if advantage is 
taken of the usual operating mode of a program that is to 
sequence through a block of consecutive addresses. Thus a 
flip-flop can be used to store the power switch address from 
cycle to cycle and changes on ly as a new memory part is 
addressed. Also this cou ld speed up the average access 
time since the second and fo llowing accesses to the same 
memory part wou ld not have to wait for the power switch
ing circuit. One thing seems very clear: the question of the 
effect of thermal cycling on long term reliability has to be 
carefull y considered and investigated. o 

HOW GOOD IS POWER SWITCHING? 
Power switching has been applied to both ROM and 

RAM components. Detailed aspects of applying power 
switching to both types are described below, along with 
some experimental resu lts. 

Bipolar ROM 

To test the power switching concept on a bipolar ROM, a 
memory array was made up of Fairchild's Mµ.L 4106 hav
ing the fo llowing characteristics: 

Size -1024-bit , 16-lead D IP, programmed with a metal
lized base con\act. 

Organization -256 x 4, binary address decoder, open 
collector data output circuit. 

Input/Output - TTL 
Access Time - ~50 nsec 
Power Diss ipation -625 mW max (5V) 

The experimental configuration, illustrated in Fig. 1, has 
operating and standby bias points of SV, 85 mA and OV, 

POWER 
STROBE 

u 
u 

1-
z 
UJ 
a: 
a: 
:::::> 
u 
>
__J 
a_ 
a_ . 

:::::> 
(/) 

a: 
UJ 
:;;:: 

2 

POWER SUPPLY_s---t_ V 

~ cc 
POWER I cc -B-1-PO_L_A_R~ 

)-.---e1 SWITCH---~• 
CIRCUIT ROM 

' OPERATING 5V , 
85mA 

10mA/ cm 

POWER SUPPLY VOLTAGE (Ve) 0.5 V/ cm 

Fig. 1 -A power strobe enables the power switching circuit con
nected between the power supply and the Vee of the bipolar ROM 
Mµ.L 4106. Operating and standby bias points are indicated on the 
scope trace (Ice vs Vee) . 

0 mA, respectively. The power strobe enables the output of 
the switching circuit that is connected between the power 
supply and the memory chip Vee pin . 

0 TO 
255 

WORDS 

OFF 

DATA LINE WIRED 'AND" 

2 

ON 

N- 256 
TO 

N WORDS 

m 

OFF 

+V 

DATA 
OUTPUT 

Fig. 2- 0 nly one memory package operates when the data output 
line is in a wired AND connection. For example, if word 389 is 
addressed, only package 2 is in an operating mode. For this config
uration, the OFF (reset state) is a high-voltage level. 

Because the ROM is a metal-programmed memory, 
data is not destroyed w hen Vee becomes zero. Also, the 
output data pins of the memory packages are connected to 
a common bus as a logical " AND" function (positive logic 
convention , High = 1 ). Therefore, it is important that the 
output data transistors remai n OFF w hen Vee becomes zero, 
which is the case for Mµ.L 4106. Note that for thi s wired
ANO operation, the OFF or reset state is a high voltage lev
el. If the output transistors do not rema in OFF when Vee is 
zero , then isolation gates such as diodes are req uired for 
each memory package- another cost increase w hen using 
power switching. 

To verify the switch ing concept with a memory stack, a 
power switch ci rcuit was breadboarded w ith worst-case 
capacitive loading. It represented part of a 2048-word by 
48-bit stack that operates si multaneous ly with 12 meryiory 
packages to attai n the 48-bit word. The power switching 
circuit with package layout is described in Fig. 3. 

CH · 11 



SL_ 
POWER 
STROBE TTL OPEN 

COLLECTOR 

+V 

I 

Fig. 3- A 256 x 24 substrate requires six 4106 elements. Since 
maximum lr.Jdevice is 125 mA, a single pow er switching cir
cuit provides the required 750 mA. To minimi ze the inducti ve vo lt
age drop in PC board runs, they should be as wide as poss ible. A 
group of three open-collector TTL inverters in parallel generates 
both the logic input to the power strobe and the output drive need
ed to sink the base current from the power switching transistor Q l. 
Components Rl , R2 and Cl are avai lable in a DIP at about the 
same parts cost as d iscrete parts. 

For the dynamic operation of the 4106, the power strobe 
to data output delay is 50 nsec with power switching and 
30 nsec without power switching (see Fig. 4 ). In this case, 
both power switching circuit and the chip select were en
abled simultaneousl y. It is also poss ible to use the power 
switching circuit as a chip select. However, the data output 
recovery time is long because of the voltage decay time of 
Vee caused by the charge storage time in Ql. 

4V 
POWER 
STROBE 

4V 
DATA 

2V OUTPUT 

ov 

Fig. 4 - In the dynamic operation of a MJ.tl 4106, the power strobe 
to data output delay is 50 nsec with power switching (see scope 
trace) and 30 nsec without. 

If the se lect is employed to enable the chip, then the re
covery time of Vee caused by the storage and turn-OFF time 
of Ql does not control the output data recovery time but 
the chip select controls thi s time. If the chip select is always 
enabled or disabled, then the output data line function and 
timing are set by the combination of the chip-se lect state 
and the power strobe time, as shown in Fig. 5 . 

Since the output data transistor is OFF (high) when either 
the power strobe or chip select is OFF, switching the power 
adds another selection dimension for addressing memory 
packages within a memory stack. A 2-D structure as shown 
in Fig. 6 reduces the number of address drivers. 

A 2048-word by 48-bit memory using TTL with one SV 
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3V 

2V 

1V 

ov 

50 nsec/ cm 

POWER 
STROBE 

4V 
DATA 

2V OUTPUT 

ov 

Fig. 5- Data output is HIGH, as shown, when the chip-select line 
is in the OFF state. However, the voltage decay time of Vee de
creases the recovery time of the data output upon the enabling of 
the select Ii ne. 

CS1 

CS2 

PS1 PS2 

MEMORY 
SUBSTACK 

PS3 

Fig. 6 - Two-dimensional structure reduces the number of address 
drivers. Inputs PS 1, PS2 and PS3 are separate power strobes and 
CS l and CS2 are separate chip se lec ts into the memory array sub
stacks. 

power supply for a computer disk-drive control ler app lica
tion has power requirements, including address buffers and 
data registers, li sted in the following table : 

Bipolar RAM 

To apply the power switching concept to a bipolar ran
dom-access memory, the 93400 with the following charac
teri sti,cs was used. 

Size - 2 5 6-b/t, 7 6-/ead DIP 
Organization -256 x 7, 3-out-of-6 decoder, common 

input/output data pin 
Input/Output - TTL 
Access Time - 7 00,nsec at 5V 
Power Dissipation - 625 mW max (5V) 

Power switching constra ints for the RAM are: 
- Output data transistor must be kept OFF when the 

power supply voltage is reduced. 
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- Voltage cannot be reduced beyond the point where 
data is destroyed 

- There must be a significant power reduction in the 
standby mode to make this worthwhile. 

The first consideration of keeping the output data transis
tor OFF is attained with the same technique used for the 
bipolar ROM. Now two modes can be employed to reduce 
the power dissipation in the multiple emitter-type memory 
ce lls (Fig. 7). The first and most obvious is reducing the 
power supply vo ltage. Another less obvious, but also effec
tive, is to se lect (raise the vo ltage) all internal chip word 
lines in the standby state and then disable the unaddressed 
word lines for the correct address. 

When the word-line voltage is high or enabled, the de 
voltage and the data line vo ltage sets the voltage across the 
memory cell. Whereas, when the word-line is low or dis
ab led, the de supply and the low word line vo ltage sets the 
ce ll voltage. Thus in the enab led state, the memory-cell 
power is reduced as compared to the low or disabled state. 

v cc 

The scope traces in Fig. 7 illustrate this condition. 
This addressing concept can only be obtained with non

decoded chips or with chips using a decoder like the 3-out
of-6 for the 93400 which has an al I ON state. With this type 
of decoder, all word lines are selected if all six input lines 
are se lected. Note that for a binary decoder, only one word 
line is selected at a time, hence this type of power reduction 
cannot be built. 

To verify the storage and dynamic operation of a RAM 
chip in a power switching mode, a set of memory devices 
was breadboarded in a circu it similar to the one illustrated 
in Fig. 3. Only exception is that the series diode resistor 
regulator network in parallel with the power-switch transis
tor Ql is not used. The dynamic results are shown in Fig. 8. 

Two possible modes of addressing were examined. The 
al l-address high standby mode was abandoned because 
disabling the word line and recovering the bit line and the 
sense amplifiers requires a long time. Data shown in Fig. 8 
was obtained with all of the addresses low in standby. To 

10 mA/cm 

SELECT 

~--~~~W-0-RD--L-IN-E~~-+--~ 
DATA 
LINE 

DATA 
LINE 

UN SELECT 

Fig. 7- ln a multiple-emitter memory cell, the de supply word line 
and data line voltage determine the voltage across the memory 
eel I. The scope traces i 11 us tr ate the effect on the power supply char
acteristics of the 93400. Top trace represents the condition when 
all but one-word line are low, and the bottom trace is for all word 
lines high. Thus when all word lines are high (lower trace), the cell 
power is lower as compared to the first condition (top trace). For 
maximum speed, it is desirable to have more cell power during 
selection than during standby-contrary to the way most multiple
em itter cells operate. A negative resistance region occurs as Vrr is 
var ied near 2.5V. This occurs as the cell current stops flowing into 
the word line and starts flowing into the data line but at a reduced 
va lue. Operation in the negative resistance region should be avoid-

0 v 
.5V/cm 

cc 

ed because of the possibility of oscillations that could destroy 
stored data. Two operating points shown on the scope traces indi
cate that about 75 mW of power is conserved simply by selectin g 
all word lines during standby. 

In reducing the power supply voltage, both the OFF state of the 
output circuit and the nondestruction of data have to be consid
ered. The OFF state of the output data transistor limits the supply 
voltage to a lower limit of about 3V, whereas the lower limit of 
data destruction is about 2V. Thus the data destruction limit (3V) 
establishes the lowest standby voltage. A reduction from 5 to 3V 
represents a 50% saving in power supply current. If a single sup
ply is used, then only a 50% power saving occurs because of reg
ulator power dissipation. 
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OPTICAL 
SWITCH 

Photoelectric contactless switch using an 
LED & a phototransistor. 

HEI ~~~yd 
• HEI.) 

PAPER 
TAPE 

READERS 

1 - 12 channel arrays. Phototransistors 
aligned to ± 0.002". 

HEI (and 
only 

e HEI.) 

PHOTO
TRANSISTOR 

CARD READER 

12 Phototransistors on 0.25-in . ctrs for 
standard punched cards. 

HEI. (and 
only 
HEI.) 

Call Pete Spaulding Now ... (612)448-3510 

~HEiine. 
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Jonathan Industrial Center 
Chaska, Minn. 55318 

OPTI CAL SWITCH CIRCLE NO. 411 
TAPE READER CIRCLE NO. 412 
CARD READER CIRCLE NO. 413 

Yee 

4V 

3V 

2V 3V 

DATA 2V OUTPUT 

1V 

lliii._•llmlim• ov 
50 n sec/ cm 

Fig. 8-Top t race is Vee pin at the 93400 with a 2V standby, and 
the bottom trace is the input/output data line reading out a check
erboard pattern. A tester verified the checkerboard pattern accura
cy. Note that the unselected state of the data line is low because 
Vee falls below 3V in standby. Because of the power switch ci rcuit 
delay and the reduced operating va lue of V ee due to V' "' of Q l , 
the 93400 read data access time is increased by approximately 70 
nsec. 

estimate the system operation, a small (1024 x 8) buffer 
was designed with the power switching c ircuits to get a re
alistic indication of the actual power saved, and the results 
were as follows: 

Cycle and access times include the time from the address 
driver input to the data register output. The power levels 
were obtained by switching only that part of the memory 
stack (substack) being accessed. Note that a more signifi
cant power reduction is obtained by usi ng both power 
switching and low power TTL circuits. However, the access 
and cycle times increase to approximately twice those 
achieved without power switching. 
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HE CRASHED AT 50 mph. 
IN 1980, HE MIGHT SURVIVE. 

Because by late 70 's, Detroit engi
neers will have perfected a "safety 
cage." And it ' ll be standard equip
ment on new model cars . 

And in just a few years , your 
new car will have air pollution con
trols . Computers inside to control 
speed and braking. Bumpers that 
really take bumps. Air bags that will 
inflate at the moment of collision. 

It all started with ideas . Ideas 
that came from engineers, de 
signers, businessmen. 

Problem-solving ideas are 
found in the American business 
press. In its editorial pages and in 
its advertising pages, too. 

And American business and 
professional men act upon the ideas 
they find in their favorite business 
magazines . That 's what makes 
the business press such a potent 

advertising medium. 
That's what makes it 

The American Edge . For more 
information, write us at ABP. 

The American Edge 
is that competitive edge the 
business publications give you. 
When you read them. 
When you advertise in them. 

THE AMERICAN EDGE: 
THE AMERICAN BUSINESS PRESS 
205 East 42nd Street, New York, New York 10017 
The American Business Press (ABP) is an association of over 500 publications 
serving business, industrial and profess ional audiences . 



Computer graphics-who needs it? 
A lot more people than you think. 
Adding a graphical device may seem frivolous 
but the return on investment can be great. 

Computer graphics is a difficult topi c to discuss because 
it means different thin gs to different people. In part this atti 
tude is caused by the looseness of the term "graphics" . Are 
we talking about a little gadget that draws pictures or pat
terns? Are we referrin g to a line printer th at generates reams 
of data printout pages? Are we referring to a newspaper 
w hose copy is typeset by or through the assistance of a 
computer? Each of these illustrations cou ld be put in the 
"graphics" pigeonhole. 

The addition of a graphi ca l dev ice to a computer system 
seems frivo lous to many people because there seems to be 
no immediate benefit to such an arran gement. However, 
upon examining the term "graphi cs" a little more closely in 
some areas, the question " who needs it?" answers itse lf. 
The case of the newspaper publisher is an example if we 
consider his job "graphi cs". Nevertheless, there are areas 
that remain vague and a few ground rul es must be defined 
before describing how graphi c systems are effectively em
ployed. 

What is computer graphics? 

Computer graphics spans a wide range. Graphic periph
era l devi ces ran ge from simple point plotting to video de-

Three-dimensional su rface plot is an examp le of hardcopy com
puter graphi cs. Using a FOCAL-based plotting program, thi s was 
generated w ith a PDP-8/L computer. Because of the program ele
ments, thi s sort of plot is usually not performed in softcopy. If it is, 
then it is generally generated on a storage tube. 
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vices and microfilmers. A lso, these tool s vary in complex ity 
and cost as well as use. 

An obvious distinction between a permanent and a tem
µorary graphi ca l output is that the permanent unit generates 
a plot onto a sheet of paper or a trace onto a microfi Im. The 
paper plot, though destructable, is unalterable and the mi
crofi Im, once developed, is eq uall y a fini shed product. Pe
ripheral s producing this type of output are referred to as 
" hardcopy devices" and generall y their outputs are the last 
step of the compute r's process. 

By contrast, the temporary graphi ca l displays are almost 
invari ab ly designed to include a cathode-ray tube (CRT). 
Such a peripheral presents the image in the form of lines or 
po ints of li ght on a di sp lay screen. Unlike a hardcopy 
graphi ca l image, the li ght image can be altered if desi red 
because of its temporary nature. A peripheral generating 
such an image is known as a " softcopy device". Perhaps it 
is worth noting that those wishing to preserve a softcopy 
image, can often convert the softcopy to hardcopy through 
photographic techniques. 

Because of the transitory natu re of a softcopy display, it is 
se ldom that the initial image is in its final form-softcopy 
images lend themselves to manipulation. So it might be bet
ter to consider graphical outputs mainly in terms of thei r 
sign ifi cance to the computer probl em. 

Hardcopy versus softcopy 

Hardcupy devices, by their very nature, seem eas ier to 
understand in terms of 'who needs graphics?'. Obviously 
the answer is anyone who has some form of processed data 
that he desires a finished graphica l interpretation or ver
sion. Thi s includes sc ientists who need graphi ca l plots of 
finished data; cartographers who want computer-generated 
maps; and all individuals with simi lar needs for fin ished 
(and usually non-real-time) graphi cs. 

Softcopy graph ica l devices are more difficult to talk 
about because less people are familiar with them. They are 
highly useful, but frequently ignored because those who 
can use them are relatively unaware of their ex istence. 
Consequently, this discussion wi 11 emphas ize the less wel I 
known softcopy devices. 

As previously mentioned, softcopy devices employ some 
form of video display- that is a CRT with a screen face on 
which a li ght image is activated through the use of directed 
electrons. There are two basic types - refresh and storage. 

A refresh tube requ ires the image to be continuously 
updated if it is to be viewed by human eyes. This is equiva
lent to a television receiver and most osci lloscopes. Once 
the electron beam generates a pictu re, it will vanish imme
diately unless it is redrawn - actual time depends upon the 
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phosphor used but the decay period is still in terms of sec
onds or fracti ons of seconds. 

By contrast, storage tubes need only to have the picture 
drawn once with the electron beam and the image is re
tained for a long peri od of time- usuall y in minutes. Pic
tures may be created over a longer peri od of time because 
the user has no worrry about the initial image fading away 
while the later parts are being generated. 

The characteristi cs of the tube displ ays lend themse lves 
to va ri ous appl ication s. Refresh tubes lend themselves to 
environments and situati ons w here the image is in a state of 
f lux. Storage tubes are employed in stati c appli cati ons. 
There are tradeoffs but the above statements prov ide a fa irl y 
reliable guideline to fo llow. 

Point plotters offer simplicity 

A point plotter represents the simplest form of softcopy 
dev ices. As the name implies, it is a dev ice contro lled by 
the user's system that generates points of li ght on a disp lay 
sc reen. Sc ientists, techni cians and other profess ionals in 
fie lds as va ri ed as cl ini ca l medi cine and nuclear phys ics 
have need for po int-plotted data. Whether the user is a 
chemist watching the output of hi s chromatograph or an 
engineer examining the result of a mathemati ca l simula
ti on, effecti ve ly he is look ing at some form of a graph. It 
does not matter wh y he requires the po ints plotted into 
graphi ca l form, but what is important is that he needs the 
data immedi ately and w ith prec ision. 

The degree of speed and prec ision required in a graphi 
ca l terminal determines the des ign and ultimatel y the pri ce. 
Where ordin ary po int-plotting eq uipment is pri ced in the 
$1000 to $3000 range, those sati sfying the hi gh speed and 
very high prec ision requirements cost $10,000 to $12,000. 

Po int plotters are, in one sense, the ultimate graphi ca l 
devi ces, because a success ion of points can generate any 
line, fi gure, character or combination . In order to achieve 
thi s, considerable time and programming must be spent, 
parti cularl y for the complex images. In thi s respect, the 
point plotter becomes fa r from an ultimate devi ce because 
it can do v irtuall y anything graphi ca l but only w ith great 
loss in effi ciency. 

To increase the eff iciency of the graphi ca l presentations, 
other complex devices have been created. Each one, in 
essence, relieves the computer from some of the work in
vo lved in creating a display. In turn , the computer can de
vote more of its resources to the data rather than the d is
play. 

O ne such device is the alphanumeric term inal. O n the 
screen, characters, numbers and pu nctuati on marks are 
generated w ith internal logic rather than by computer. 
These units are popular in a va ri ety of fie lds, generall y 
w here textual in formati on is needed immedi ately and 
where the termin al must operate reli abl y and silentl y. 

Alphanumeric terminals have many uses 

Recent studi es indi cate that there are more than 100,000 
alphanumeri c termin als in use and that thi s number is in
creas ing by about 20 to 25 percent annuall y. Stock brokers 
use speciali zed ve rsions for the latest market quotations, 
issue orders, etc. M ajor airlines use alphanumeri c disp lays 
on-line with their reservation systems to verify airline ca
pacities, for reservati ons, and to display other passenger 
information. Hospitals are beginning to employ these sys-

Nuclear Data, Inc. 50/50 system demonstrates one of the most 
fu ndamental fo rms of softcopy computer graphics- point plot in 
three dimensions. Th is type of system usua ll y employs a small 
computer, in this case a PDP-8/L. 
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terns at their nursing stations for access to the hospital infor
mation system and to quickly and si lentl y retrieve patient 
data and dietary information -silence is espec iall y impor
tant in a hospital. 

Schools and un iversities are considering alphanumeri c 
terminal s as an instructional device. Computer-aided in 
struction is becom ing increas ingly important in education, 
for it yields a teaching system that can cope with the prob
lem of devoting suffi cient time and attention to each stu
dent while being faced with a student popu lati on that is 
expanding at a faster rate than that of the teacher popula
tion . 

Management information is another activity that is begin
ning to use alphanumeri c displays. Displays connected to 
management information systems provide the manager 
with information or actual decision gu idance in a pleasant
looking and silent form. Such systems are popular in fi
nance and industry. 

Users demands increase 
When people begin demanding more characters on a 

screen disp lay, their needs introduce many variables that 
have to be considered. A softcopy display, as noted ear lier, 
usual ly is a presentation of some intermediate step in the 
activ ities of a com puter. Usually thi s implies that a ce rtai n 
degree of interaction between the user and the process is 
desirable. Th is mi ght be as simple as merely alteri ng the 

Engineer uses a light pen for interactive design wi th a softcopy 
display device. For thi s appli cation, a refresh display is required. 
The system, Graphic 15, is bui It around the PDP-15 computer. 
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operation of an analyti ca l instrument whil e an experiment 
is taki ng place, or it may be as complex as ca rryi ng on a 
dialogue with a computer, either by words or in construct
ing an image by parts. In any case, interactive abili ties lend 
themse lves to estab lishing the parameters of a des ired 
system. 

Whenever a graphi c system is contemplated, beyond the 
point plotter of alphanumeri c stage, certai n questions be
come apparent. First , is the system to be independent (lo
ca l) or is it to be connected to a remote computer through 
some form of com muni cation lines? Added to that, other 
considerations such as the size of the establishment it is to 
servi ce, whether the disp lay is part of an overal I configura
tion or whether it is merely a subsystem or something far 
different must be taken into account. 

Remote operation develops peculiar situations 

Because of the economi cs of the equ ipment involved, 
storage tubes usua ll y are used for remote interactive work. 
Thi s is because it is usually highly impractica l -and some
times comp lete ly impossible - for a remotely loca ted com
puter to refresh a terminal display. Thus, the user has the 
choi ce of either purchasing a display with its own refresh
ing capab ilit y (for something in the neighborhood of $35,-
000 or more) or sac ri f icing some of the actual interactive 
capab i Ii ti es of the computer by usi ng a storage tube to elim
inate the image refresh req uirement. Since a storage tube 
termin al cost<; some $25,000 less than a termin al with its 
own refresh capab iliti es, some users gladly accept a red uc
tion of interactive capab iliti es for the more economical 

approach. 
Interactive displays have a variety of app lications, but 

some of them can tolerate the use of storage tubes where 
others cannot. For example, Computer Aided Instruction 
(CAI) can afford to use the storage tube approach. Thi s is 
because CAI is usually conducted in a di alog between 
computer and student. However, the dialog, whether al
phanumeric or otherwise, is usually static and requires a 
spec ifi c decision from the user. Even in the university envi
ronment, where the student may want a pictorial represen
tation of his performance, thi s approach remains valid if the 
resul ts are treated as static images. 

Image fo r your needs 
If a dynam ic image is required, a refresh di sp lay becomes 

the obvious cho ice. Computer-A ided Design (CA D), in 
ways similar to CAI, can tolerate the use of a storage tube 
only in the si mpler analyti ca l situation . Usually, CAD re
quires the length of a line to be altered or an image element 
to be reori ented or relocated on the screen face - almost 
invari ably impractical on anything but a refresh di sp lay. 

A des igner using a CAD system alters his image pictorial
ly while the computer performs the equivalent mathemati 
ca l operations and displays the results. Thi s permits analysis 
of any des ign alteration to determine whether it is feasible 
and in many cases, it allows the system to optimize the ini 
ti al des ign. 

As a result, CAD is useful to communication system de
signers in estab lishing the most efficient way to run lines 
between terminal s. Civil engineers use interactive graphics 
for road designs and ca lculate the stresses that a bridge 
would be subj ected to. Architects use CAD for des igning 
buildings and determining the optimum number of rooms, 
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their size and di stribution w ithin the building. Electronic 
firms develop circuits, determine the system spec ifi ca ti ons 
and use CAD to assist in parts layout. 

Bes ides CAI and CAD, interactive disp lays are app li cab le 
in many other areas. One of the most dynamic is simula
tion . A typi ca l appli cation of interactive graphi ca l disp lays 
is fli ght simulation . In some cases, the display is used for 
pilot training, since the student 's actions are reflected in the 
display and if he should 'crash', the only bad mark will be 
from the instructor. 

Aeronautical engineers wishing to determine if a pro
posed desi gn really works perform fli ght simulations of a 
different type. During a ' test fli ght', the engineers introduce 
stresses to the aircraft des ign and observe the resultant be
havior. Not only can they test a design's airworthiness, but 
with interactive graphi cs, they obtain an idea of what limits 
to ass ign to such a des ign. Also the test pi lot is provided 
with a better idea of what flight restri ctions apply to a new 
model. 

Computer graphics bestows many benefits 
Reflecting back upon the varied uses of interact ive soft

copy computer graphics, it is evident that there are a great 
many fields that benefit from what is referred to as "com
puter graphi cs". Until recently, many people who could 
benefit from computer graphi cs were stymied by the opera
tional costs of a system. Large organizations like NASA, 

Large computer systems such as the PDP-10 find use w ith softco
py display appl ications. Frequently, larger computers are used for 

Interactive softcopy display run on a PDP-1 2 computer is used in 
medica l waiting rooms to interview pat ients. Such a dialog en
sures that the patient's hi story is comp lete and accu rate. Using a 
v isual display permi ts maximum dialog to take place rapid ly and 
at relatively low cost. 

complex simu lation displays, network design and sim ilar applica
tions requiring high computational power. 
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Genera l Motors, Boeing or the National Institute of Hea lth 
could afford these systems, but the user with a small budget 
could not. 

Now the picture is changing. A revolution in the applica
tion of computer graphics has been initi ated with the intro
duction of inexpensive computer graphi c systems. Those 
who previously cou ld not afford a system are beginning to 
get access to their own systems. From si mple point plotters, 
remote graphics devices or inexpensive interactive graphi c 
systems (i. e. a price of under $10,000 for a terminal) have 
created a new era of computer graphi c app li cations . With 
the new inexpensive systems, the graphi c needs of studen ts, 
sc ientists, engineers and many other professional personnel 
are easi ly satisfied. D 

Data to an on-screen visual display (left) informs the Publi c Tele
vision Network audience of the latest voting developments. As 
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each delegate votes, PTV personnel loca ted near the convention 
floor transmi t this data to an operator who updates the computer. 
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FEATURE PRODUCT 

One-Chip CPU available 
for low-cost dedicated computers 
" Announcing a new era of integrated 
electroni cs." 

Thi s introduction for a new IC may 
seem immodest but Intel Corp. might 
just be correct. The IC is a single-chip 
CPU des igned fo r low-speed mi cro
programmab le appli cat ions such as 
termin als, peripherals, test systems and 
process contro l. The one-chip CPU 
w as described at the EDN/ EEE semi
nars in August. 

The CPU , Type 4004, is des igned to 
work with other members of Intel's 
M CS-4 microcomputer set. The other 
ICs in thi s kit of standard building 
blocks are the 4001 ROM, 4002 RAM 
and the 4003 shi ft register (SR). 

The minimum system con figuration 

consists of one CPU and one 256 x 8 
bi t ROM. For one-of-a-k ind appli ca
tions, an electri ca lly-programmable 
ROM can be used in place of the mask
programmable 4001. The M CS-4 mi 
crocomputer is fabri cated with sili con 
gate, low-threshold M OS technology. 

Packaged in a 16-pin cerami c DIP, 
the CPU chip consists of a 4-bit adder, 
a 64-b it (16 x 4) index register, a 48-
bit (4 x 1 2) program counter and 
stack, an address incrementer, an 8 
bit instruction register and decoder, 
and control logic. 

Forty five instructions are included 
in the 4004's repertory . All timin g, con
tro l and arithmeti c operations are im
plemented intern all y. 

Info rm ation flows between the 4004 
and the other chips thro ugh a 4- line 
data bus. A system built with the 
M CS-4 set can have up to 4k x 8-bit 
ROM words, 1 280 x 4 bit RAM char
acters and 128 1/0 lines without re
quiring any interface logic. With the 
use of extern al gates the computer size 
can be increased even further. 

The M CS-4 uses a 10.8 µ.sec instruc
tion cycle. The bas ic instruction ex
ecution requires 8 or 16 cycles of a 
750-kH z clock. Addition of two 8-digit 
numbers requires 850 µ.sec. 

Custom systems using thi s 4004 chip 
are implemented by microprograms 
stored in a RO M . The idea of mi cro
programming a processor to imple-

CH 21 



ment a special controller is not new. 
IBM's system 360 computer and HP's 
21 OOA desk calculator are two exam
ples of both large and small system<; 
that have exploited the inherent de
sign and production advantages of 
microprogramm ing. In desktop ca lcu
lators about 35% of the logic is asso 
ciated with doing arithmetic. The other 
tasks are keyboard encoding, printing 
results, displaying status and general 
control. These fu nctions can be done 
by microprogrammi ng ra ther than by 
additional random logic. Micropro
gramming can even be used for key
board switch de-bouncing and for 
converting 4-bit BCD code to 7-seg
ment lamp code. Many features may 
be added to systems using this chip by 
providing add itional ROMs. 

Thi s approach provides a flexible 
and modular technique for system de
sign in which memory dev ices are used 
instead of logic dev ices. The major 
limitation to its application is speed. 

CM-ROM 

While an IC logic can make a dec ision 
in about 5 nsec, and combinatorial 
networks al low many dec isions to take 
place in parallel, this computer chip 
performs decisions sequentially at 10.8 
µ,sec per instruction . 

l he instruction repertoire of the 
4004 consists of 16 machine instruc
tions, 14 accumulator group instruc
tions and 15 1/0 and RAM instruct ions. 
A parti al l is ting of the instruction set 
includes: 

DATA MOVES 
Regi ster to register 
Regis ter to memory 
M emory to register 

ARITHMETIC & LOGICAL 
Add 
Subtract 
Encode 
Complement 
Shift 
Rotate 

CM LOGIC & BUFFERS 

@ 
GND o---+ 

vDD o---+ 

0 

Do u-,"'"""t-1~ 

D1 O"'~H~ 

D2 Q;;l~+-1 

DATA 

BUS 

l/O 

D3 (r"""'H~ BUFFER 
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CM REG 

ACC 

4- BIT 

ADDER 

AND 

CY 

SHIFTER 

_J 

0 
0:: 
1-
z 
0 
u 

INSTR. 

DEC. 

INSTR 
REG 

--1---
0PR : OPA 

8 
TEST 

Increment 
Decrement 

CONTROL 
Conditional jump 
Ca ll 
Return 
1/0 

The MCS-4 mi crocomputer set is avai l
able from Intel Corp. 3065 Bowers 
Ave., Santa Clara, CA 95051. Pri ces 
for the individual members of the set 
are : 
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Part No. Quantity 

4001 * 
400 2 
4003 
4004 
*(exc luding 

1-24 

$60.00 
50.00 
10.00 

100.00 

mask charges) 

TIMING 

_J 

0 
0:: 

1-
z 
0 

u 

RESET 

INDE X 

REG 
16 x 4 

RAM 

PROGRAM 

COUNTER 

ANO 

STACK 

4 x 1 2 

RAM 

INCRE 
MENTER 

100-999 

$18 00 
15.00 
3.00 

30.00 

SYNC 
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Now JAN high voltage 
P.Ower switching 
transistors ... 

it's a point worth repeating. 

And they're available from Unitrode - optimized for 
the best combination of switching speed, saturation 

voltage and second breakdown to help you design more 
efficient power switching circuits. The result is 

performance features like these .. . 

Series 

2N5660 
2N5664 

le 
(max) 

2A 
5A 

Vee (susJ 
(min) 

to 400V 
to 400V 

Vee (sat) Ese toN tOFF 
(max) (min) (max) (max) 

a.av @2A 1.oomj 0.25µ5 0.85µ5 
1.0V @5A 1.25mj 0.25µ5 1.50µ5 

The 2N5660 - 2N5667 series is available in T0-5 
and T0-66 packages as JAN and JANTX power 

switching transistors to MIL-S-19500/454 and /455. 
Now that the best has been officially accepted, all that's 
needed is your approval. For fast action, call Sates 

Engineering collect at (617) 926-0404, Unitrode Corporation, 
Dept. 1 Z , 580 Pleasant Street, Watertown, Mass. 02172. 

[1W UNITRODE 

. 12 



50 

Hire a veteran. 

A veteran construction worker, 
a veteran electronics technician, 

a veteran electrician, 
a veteran draftsman, 

a veteran cook, 
a veteran aircraft mechanic, 
a veteran medical technician, 

a veteran computer programmer, 
a veteran policeman, 

a veteran · nurse, 
a veteran administrator . .. 

Veterans have experience in dozens of fields. 
And hundreds of specialties ... many of them 
hard to find . Trade skills. Technical skills . Pro
fessional and supervisory skills. 

In fact, the Services spend some $3 billion a 
year on training' And there 's over $1 billion more 
available for training through the GI Bill and the 
Manpower Development and Training Act. 

Disabled veterans receive special vocational 

rehabilitation to provide them with skills. 

Fi nd out more about how your company can 
benefit from trained, experienc.ed veterans. Or 
how you can train them-your way-in a govern
ment-supported on-the-job training program. 

For help in hiring veterans, contact your local 
office of the State Employment Service; for on
the-job training information, see your local Vet
erans Administration office. 

Hire the Veteran. Hire Experience. /l!fl!;;!lfl g 
OONG'!I 
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PROGRESS IN PRODUCTS 

Digital-readout gain-phase meter 
spans 1 Hz to 13 MHz 

PROGRESS IN 
CAIN- PHASE METERS 

Bas ica ll y thi s new instrument prov ides 

a better w ay to make simultaneous 

gain and phase measurements at audio 

and low RF frequencies. It does so 

without frequency tuning or ampli tude 

setting - and covers a w ider frequency 

range than its competito rs. 

Several features of the 3575A are of 

considerab le importance to a user. 

O ne such is its unique co rrection 

scheme to reduce no ise-caused erro rs. 

Thi s eliminates errors caused by no ise 

in some situati ons. In other cases, it 

both makes the errors smaller and 

causes them to increase less abruptl y 

with an increase in the no ise leve l. 

Effects of noise. M ost phase meters 

are subject to three types of no ise

caused problems: Ambiguity, jitter and 

offset. 

Ambiguity is the condition w here 

readings are imposs ib le because the 

input to the readout fl uctuates w ildl y. 

Thi s results in a bouncing analog meter 

reading, o r a di gital one in wh ich all 

digits are constantl y changing. It is the 
type of error that has been eliminated 

in the 3575A for any leve l. (Some com

petiti ve units require that no ise be 

from 50 to 70 dB be low the signal if 

they are to read correctl y, and w ith 

greater no ise input they can - and do -

read 180° in error.) 

Jitter caused by noise is handled in 

the usual way by filtering. Of course, 

the sample rate decreases as the 

amount of f iltering is increased. 

Offset effects from no ise are a result 

of prefiring in the zero-cross ing ci r

cuits. Band-limiting fi ltering w ill re

duce offset errors, but the H-P scheme 

for minimizi ng the ambiguity problem 

is also quite effective aga inst the off

set error. 

A direct compari son of meas uring 

ability w ill show that both the 3575A 

and competitive units usuall y are free 

of no ise-caused reading errors if the 

noise level is 60 dB down. At 40 dB 

down, some competiti ve units are al

ready in trouble, but the 3575A w ill 

have only about 1° error. 

Key specs of the 3575A 

- Its 1 Hz to 13 MH z range is consid

erab ly greater than that covered by 
other similar instruments. Phase accu-

CHANNEL A FREQUENCY 
RA...c.E Ht 

'"' ""' ,. 
' ""' 0"'" r::« ~ 

'"!• - i.. 1;1'-1 

• • """""" 

racy is specified as ± 0.5° fro m 1 Hz to 

20kH z and ph ase reso lution is 0 .1 °. 

- Its dynami c amplitude span is 80 dB, 

permittin g ranges of 200 µ,V to 2V, 

2 mV to 20V and (with divider probe) 

20 mV to 200V. Amp litude accuracy 

is ± 1 dB from 1 Hz to 1 MHz, with 

0.1 dB reso lution. 

- Its digital readout uses li ght-emi tt ing 

diodes for a cri sp, compact displ ay. 

- It provides Log A/ B, or dBV A or 

dBV B (reference 1 vo lt). 

- It has automati c intern al ranging 

about 0°. 

- Overload indi cati on is incl uded. 

- The opti on choice is w ide, and in-

cludes either one- or two-DPM uni ts; 

the same plus programming; or units 

w ithout DPM . 

- Pri ces range from $2 1 00 for the 

bas ic one-DPM version wi thout pro

gramming to $2820 for the two- DPM 

version with programming. 

Some applicat ions 

Because a gain-phase meter is such 

a versatil e instrument it can be used 

advantageously in a multitude of situ

ations. For looking at transfer func
ti ons, for example, it offers a very use-

AMPLITUDE PHASE O~ANfl<Et. 8 

"""''KlN RH"ERENCE . e•re . ,. .:.: • • '"""°"" 

Hewlett-Packard Model 3575A Gain-Phase Meter is the firs t such unit w ith LED d igita l display to operate w ithout requiring user tuni ng. 
Its operating frequency range is from 1 Hz to 13 MHz, and the dynami c amplitude span covered is 80 dB. 
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ful intermedi ate choice that avoids 

many of the problems inherent in using 

the osci 1 lator-voltmeter method - and 
that costs a lot less than going to a 
network analyzer. 

Phase lock loops, predi cted to have 

such a bri ght future, are readil y 

checked with a gain-phase meter. It 

lets the user determine the effects of 

adjusting controls such as those for 

filter response, phase offset and center 

frequency. After all , phase determines 

fl atness in PLLs. 

Group delay situati ons are often 

readil y assessed by phase compari son 

techniques-so the 3575A offers an 

attracti ve too l here, too. 

Both complex admittance measure

ments (even in acti ve circuits wi thout 

regard to exc itati on) and return loss 

measurements are relatively easy to 

make with a gain-phase meter. 

Summing up 

The new 1 Hz to 1 3 MHz Model 

3575A Gai n-Phase Meter provides, at 

these frequencies, much the same ca

pability as the analog- readout Model 
8405A Vector voltmeter did from 1 to 

1000 MHz. 
It has an 80 dB dynami c range, mea

sures Log A/ B or dBV A or dBV B, w as 

des igned for unusual no ise-i mmunity 

and does not require either frequency 

tuning or amplitude setting. 

Various versions are offered, at 

pri ces ranging fro m $2 100 for a one

DPM unit without programmabil ity to 

$2820 for a programmable two-DPM 

unit. 

It is a new basic too l w ith many uses, 

for it measures two of the three major 

characteri sti cs of w aveforms (ampl i

tude, phase and frequency). Hewlett

Packard Co., 1601 Ca li forni a Ave., 

Pa lo A lto, CA 94304. 151 

Versatility of the gain-phase meter is well-illustrated by its ratio-measuring capabi li ties. It 
can measure, in dB, the log ratio of two signals. Further, these signals need not be of the 
same frequency, which increases the instrument's usefulness. 

Phase measurements of noisy signals are readily made with the new 3575A gain-phase 
meter. Even the high-frequency noi se present on the lower trace does not preclude a useful 
phase measurement, for it on ly results in a phase offset of 2.5° - and the measurement is 
free of jitter or bobble in the readout. 
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Norden Encoders perform for you! 
Look at these new 1971 additions to Norden's line. More are on the way. 

Total Revolutions for 
Count Full Count Diameter" Model Number 

NEW! Optical Absolute 10,000 50 2.25 OADC-23 / 4/ BCDQ-200L 
NEW! Optical Absolute 1,000 1 2.25 OADC-23 / 3/ BCD-lOOOL 
NEW! Optical Incremental: 
Series now available with shaft seal- permits drenched operation. 
NEW! Contact Size 11 8,192 32 or 64 1.06 ADC-11 /13/ BNRY-256L 
NEW! Contact Size 11 Altitude Reporting Encoder 1,280 16 1.06 ADC-1 l-ALT-1280 
NEW ! Contact Size 11 10,000 100 1.06 ADC-11/ 4/ BCDX-100 
NEW ! Contact Size 11 3,600 36 1.06 ADC-11 I 4-36 I BCDX-100 

NEW! Rugged Industrial Grade Optical Incremental Encoders 
All ava ilable wi th quadrature and 2,000 Pulses 1 3.500 OADC-35/2000/ INC 
internal squaring circuit options 1,500 Pulses 1 3.500 OADC-35 I 1500 I I NC 

1,250 Pulses 1 3.500 OADC-35 / 1250/ INC 
1,000 Pulses 1 3.500 OADC-35/ 1000/ INC 

600 Pulses 1 3.500 OADC-35 I 600 I I NC 
500 Pulses 1 3.500 OADC-35 I 500 I I NC 
300 Pulses 1 3.500 OADC-35 / 300/ INC 
200 Pulses 1 3.500 OADC-35/200/INC 
100 Pulses 1 3.500 OADC-35 /100 I I NC 

Optlcal Incremental Encoders 
All ava ilable with index marker, 100 Pulses 2.250 OADC-23/100/INC 
quadrature outpu ts and internal 250 Pulses 2.250 OADC-23 / 250/ INC 
squari ng ci rcuit options. Other 256 Pulses 2.250 OADC-23/256/ INC 
counts on special order 336 Pulses 2.250 OADC-23 /336 / INC 

500 Pulses 2.250 OADC-23 I 500/1 NC 
512 Pulses 2.250 OADC-23/ 512 / INC 

1,000 Pulses 2.250 OADC-23 / 1,000/ INC 
1,024 Pulses 2.250 OADC-23 / 1,024/ INC 

IC-Compatible Encoders. For direct interface with TTL & OTL circuits 
Binary 128 1 1.750 ADC-ST7-BNRY-E/ L 

8,192 64 1.750 ADC-13-BNRY-E/ L 
524,288 4,096 1.750 ADC-1 9-BNRY-E/ L ----------------------------------------------------- ----------- -- ---------------------------· 

Binary-Decimal Code 100 1 2.250 ADC-ST2-BCD/ L 
1,000 10 2.250 ADC-3-BCD I L 

10,000 100 2.250 ADC-4-BCD I L 
100,000 1,000 2.250 ADC-5-BCD I L 

1,000,000 10,000 2.250 ADC-6-BCD I L 
360 l 2.250 ADC-3-36BCD-E-360L 

3,600 10 2.250 ADC-4-36BCD-E-360L 
36,000 100 2.250 ADC-5-36BCD-E-360L 

360 l 3.250 ADC-ST3-36-BCD IL 
3,600 36 2.250 ADC-4-36-BCD/ L 

36,000 360 2.250 ADC-5-36-BCD I L 
360,000 3,600 2.250 ADC-6-36-BCD I L 

External Logic V-Scan Binary Encoders 
128 or 256 l 1.750 ADC-7 /8-BNRY-XB 

8,192 or 16,384 64 1.750 ADC-13/ 14-BNRY-XB 
524,288 or 1,048,576 4,096 1.750 ADC-19/ 20-BNRY-XB 

Single Turn Gray Code Encoders 
Available with various 256. l 1.066 ADC / 11 /8/ GRAY 
levels of RFI suppression 256 l 1.750 ADC-ST8-GRAY 

512 l 2.250 ADC-ST9-G RAY 
1,-024 1 3.062 ADC-STIO-GRAY 

------------------------------------------------------------------- ---------------------------
Multiturn Gray Code Encoders 
Availab le with various 1,024 4 1.062 ADC-11 /1 OGRA Y256 
levels of RFI suppression 1,024 16 1.062 ADC-11 /lOGRAY 64 

Low Cost Ma1netic Noncontactin1 Encoders 
Incremental 128 l 1.750 MADC-18/ 128/ INC 

Binary 128(V scan) 1 1.750 MADC-18 /7 / BV 
Binary 8, l 92(V scan) 64 1.750 MADC-18/13/BV 
Binary 524,288(V scan) 4,096 1.750 MADC-18/19/BV 

For more information and detailed specs, write Norden, Att: Com - u 
ponents Dept., 100 Helen Street, Norwalk, Conn. 06856. Phone Norden DIVISION OF UNITEO AIRCRAFT CORPORATION 

(203) 838-447 1- TWX: 710-468-0788. A® 
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COMPUTER PRODUCTS 

CORE MEMORY MODULE, Model 620, is a 
1024-word by 10-bit confi gurati on that ful 
fills desk-top computer and similar small 
memory requi rements. Operational modes 
are full -, half- and split-cyc le. Access time is 
350 nsec and the cyc le time is 1 µ.sec. The 
un it operates over the 0 to 60°C temperature 
range and is nonvolatile. Fabri -Tek, Inc., 
5901 S. County Rd. 1 B, Minneapo li s, MN 
55436. 154 

VIDEO-DISPLAY TERMINAL, Model 401, 
features a 132-character di splay consisting 
of four lines of 33 characters each. A 5 x 7 
dot matri x forms a 63-character USASCl l 
code. There are indi cators for operator con
tro l and six special functi ons. The basic unit 
is adaptable to a vari ety of off- line and on
line confi guration s. Single unit pri ces begin 
at $1495. Centroni cs Data Compu ter Corp., 
1 W all St. , Hudson , NH 0305 1. 155 

DUAL-CHANNEL OPTICAL ISOLATOR 
Model Bl 4 has ·20 to 30 nsec ri se time and 
provides total system iso lation by eliminat
ing potenti al differences and ground loop 
currents. This 2-channel system comes in a 
24-pin DIP and both input and output are 
TTL compatib le. Each channel consists of a 
ga l li um arsenide emitter, PIN diode, high
gain ampl ifier and an output dri ve r. Q uadri 
Corp., 2950 W . Fairmont, Phoeni x, AZ 
B501 7. 156 

MAGNETIC TAPE HEADS are avai lable for 
open reel or cassette drives. The need for 
f lux gates has been eliminated yet there is 
< 5 % cross feed through read amplifiers. 
Both NRZI and phase-encoded versions are 
avail able fo r 7- or 9-track read/write units. 
Quantity pri ce is < $500 for open reel heads 
and <$50 fo r cassette heads. Ampex Corp., 
1303 1 W. Jefferson Blvd., M arina del Rey, 
CA 9029 1. 157 

DYNAMIC, 500-BIT MOS/ LSI SHIFT REG
ISTER, TMS3402 , operates from 500 kH z to 
5 MH z. At 1.0 MHz, power di ss ipation is 10 
mW. The device can be directl y interfaced 
with TTL/ DTL logic and is designed for ap
plications requ iring storage lengths in 100-
bit multi p les. It is ava i lab le in 16-pin plast ic 
DIP or 10- lead T0-100 metal packages at 
$9.60 each. Texas Instruments Incorporat
ed, Box 5012 , MS/3 0B, Dallas, TX 75222. 

158 

HAND-OPERATED MAGNETI C TRANS
DUCER ca lled Mag-Pen reads magneti ca ll y 
coded cards, tags and ox ide-coated stri pes. 
An unusual feature permits 45° tilt or az i
muth misa li gnment w ithout affecting read
ing ability. Data transfer rate is from 1200 to 
12,000 flux reversa ls/sec. Ava i lab le un its 
are Model MP-200-A (includes interface 
electroni cs) and MP-200-X (less amplifier). 
Keon ics Inc., 1600 Vi ctory Blvd., Glendale, 
CA 91201. 159 

COMMUNICATIONS CONTROL MOD
ULES, LI NE-CONTROL MODULE, Model 
906013, and " handshake" module, Model 
90600B, can be employed in either tone 
(DTMF) or rotary dial pu lsing applications. 
Both modules are on a 5.5- by B- by 1-inch 
card. For small quantity orders, unit pri ces 
are $155 and $11 2 respecti ve ly. G-V Con
tro ls, Div. of So la Basic Industries, 101 
Okner Pa rkway, Li vingston, N J 07039. 160 . ~ ......... . 

; ., . ,, ., ,, . . , 

THR EE COMPUTERS, 1210, 1220 and B20, 
are the latest members of the Nova fa mil y. 
The 12 10 costs $4350 w ith 4k of core 
memory and $5750 with Bk words. The 
1220 w ith low-cost expansion capability is 
pri ced at $5250 w ith 4k memory and $6650 
w ith Bk. Both have cycle time of 1200 nsec. 
The B20 wi th an BOO nsec cyc le time is 
pri ced at $6450 (Bk memory) and $7B50 (Bk 
memory). Data Genera l Corp. , Southboro, 
MA01772 . 161 

INCREMENTAL DI GIT AL CASSETTE RE
CORDER Model UIW-101 is a unidirection
al, write onl y true bit-by-bit unit that has an 
unusual sli p-c lutch drive system (patent 
pending). The unit handles NRZI data at 
random rates from 0 to 300 bps. Packing 
densi ty is 120 bpi , thus a standard Philli ps 
cassette has 432 k bit capacity. Single unit 
pri ce is S 1 B9 (OEM quantity, $99). Memo
dyne Corp., 49 Po llard St. , N. Bi lleri ca, MA 
01B62 . 162 
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COMPUTER-BASED MULTICHANNEL AN
ALYZER ND4420 is designed for si ngle, 
dual and multiparameter analysis. Features 
inc lude 32 software-contro lled functions; 
facilities for generating alpha-numeri c or 
graphi c di sp lays and a compiler. Nuclear 
Data, Inc., 100 W. Go lf Rd., Palatine, IL 
60067. 163 

DISC FORMATTER for the SOOO-Seri es disc 
dri ves requires only 3.S- inches of rack 
space and has internal card space to accom
modate the user's coupler interface. The 
unit provides comprehensive data and hard
ware error check ing, and can be confi gured 
using a programmable ROM. The logic is 
made up of easil y- interfaced DTL/TTL de
vices. Pertee, 10880 Wilshire Blvd., Los 
Angeles, CA 90024. 164 

A BUMP STORAGE feature has been added 
to the 360 CORE plug-compatible add-on 
main memories for IBM System/360, Mod
els 30, 40 and SO. The BUMP capab ility is a 
standard feature ava il able without cost on 
all 360/CORE units. Cambridge Memories, 
Inc., 28S Newtonville Ave., Newtonville, 
MA 02 160. 165 

MAGNETIC TAPE DEVICES are 1600 bpi 

phase-encoded units that have reading 
speeds up to 200 ips, and IBM compatibility 
with error check ing and correction . Con
struction uses all so lid-state logic and a 
TTL/ DTL-compatible control interface. 
Macro Products Corp. , Box 2807, Culver 
Ci ty, CA 90230. 166 

OPTICAL CABLE (OPTI CAB LE), Model 1 S, 
represents a new concept in logic signal 
transm iss ion. The cable, TTL compatible, 
requires SV for operation and is a complete, 
se lf-contained system inc luding connectors 
and drivers. Up to 48 channels come in a 
0.3S-inch diam bundle, and a variety of 
predetermined lengths are ava ilable. Quad
ri Corp., 29SO W. Fairmont, AZ 8S017. 167 

KEYBOARD ARRAY designated EB se lls for 
as little as $0.40/switch in quantity. Specifi
ca tions inc lude key travel of 0.1 S inch, SO
mA contact rating at 30V, 0.1 S6-inch edge 
board pad termination and contact res is
tance of 0.1 l1 (plus circuit board). Chomer
ics, 77 Dragon Ct., Woburn, MA 01801. 

168 

MAGNETIC TAPE SUBSYSTEM ST3400/ 
3800-111 , is plug-to-plug attachab le to the 
standard channel interface of either IBM 
system 360 or 370. Subsystem diagnosis 
is contained within the system and does 
not require the CPU for initi ation or opera
ti on. Storage Technology Corp., 2270 S. 
88th St. , Loui sville, CO 80027. 169 

GRAPHIC SUBSYSTEM Model 2020 pro
vides the ca pability of entering data from 
maps, charts or even handwriting using a 
pen-like stylus. Availab le in either a desk
type conso le or as a desk blotter type, and in 
both 10- by 10-inch and 20- by 20-inch 
models, they exhibit resolution of SO or 100 
lines/ inch. Compuneti cs, Inc., 1100 Elda 
Rd., Monroeville Industria l Park, Monroe
ville , PA 1 S146. 170 

LINE PRINTER, Model 101A, prints a 9 x7 
dot matrix to form characters at speeds 
up to 16S cps. Standard features are paper 
runaway control, manual line spacing, 
full 64-character set, hardware code se
lect and SO or 60 Hz multivoltage. Cen
troni cs Data Computer Corp., 1 W all St. , 
Hudson, NH 030S l . 171 

;, SCIENCE• OPTICS• ELECTRONICS 

,. NEW PROOUCTS • NEW MATERIALS • NEW METHOOS 

Amazing new development-Encapsulated 
Liquid Crystals-appear like liquids but 
have orderly molecular structures similar 
to so lids. Solutions contained in tiny 
(20-30 microns) capsules coated onto sides 
or six 6• x i 2• Mylar sheets with 6 dtrr. 
temp. ranges. Surrace changes color ac
cording to temp.-cover 66° to I20°F 
09°-49°C). Use lndertni te ly 'WITHOUT 
mess. contamination. 
Stock No. 71,143AT ....... . $10.00 Ppd. 

~~\ 
c:r~9 

GLASS FIBER OPTICS KIT 
Low-cos t kit perfect ror experimenting. 
Variety or pieces, item s, accessories. 
Contains 9" bundle or unjacketed. 2.5 mil 
rtbers (about 600); twelve 6"' plastic 
fibers (20 mil ); 5 rt. x 0.087"' dla . coll 
of PVC jacketed (about 200, 2.5 mil 
fibers); lft. light guide w/ poltshed ends 
& heat-shrink tips; coherent, hex. , rod 
(11,~ X %" dia.); Ph"' rod; heat-shrink 
material (5,..); 'h,.. dia. X . 110"' thick , 
polished face plate; %"' dia . glass plate; 
51h " penlight & adapter (needs 2 A cells , 
not incl.) ; planoconvex lens; instr. 
Stock No. 71 ,285AT ........ $10.00 Ppd . 
PLASTIC FIBER OPTICS KIT 
Stoek No. 70,855AT .. $10.00 Ppd. 

This 2.3 x 1.8 x 1-i nch module has tracking 
outputs of ± 15 V @ 25 ma with regulation of 
±0.1% and ripple of 1 mv. It costs $14.00 in 
1,000 lots and only $24.00 for one. Requisition 
Model 015-03. (For ± 12 V @ 25 ma, order 
Model 012-03.) Three-day shipment guaranteed. 

NEW LIGHT-EMITTING-OIODE KIT 
Bargain kit ideal for economical experi
menting with amazing L.E .D. s, the tiny. 
solid state monochromatic lamps that use 
low voltage D C. last up to lMM hrs. 
Used in ca rd - tape readers, character re 
cognition , hi -speed detectors, all kinds 
or electro-optical appllcations. Kit incl s 
3 L. E.D. s: galli um arsenide CMLED 
600, MV 50, MLED 940) ; 2 visible red 
emi t ting (6600 A 0

) ; 1 inrra -red emitting 
(9000 A 0 '; 6 resis tors ; 1' 20mm plastic 
rtbre optic 11ght pipe ; instrs. 

Acopian Corp., Easton, Pa. 18042 
Telephone: (215) 258-5441 

CIRCLE NO. J 1 

Stoek No. 41 ,597AT ... . . . . . . $5.95 Ppd , 

Completely new 1972 ealtion-148 pages. 
Bargains galore! New categories, items, 
illustrations. l ,OOO 's or buys ror Industry 
-Optics, Ecological and Physical Sci 
ences, Electronics. On-the-Job helps, 
<iuality control aids. Optics fo r r esearch 
labs. design engineers, experimenter s. In
struments ror checking, measuring : im 
prove quality, cut costs. Hard - to-get 
surplus bargains. \Vrite ror catalog " AT " 

EDMUND•; 300 ECSCORP BLOG. 
SCIENTIFIC CO. ·- BARRINGTON , NEW JERSEY 08007 

O•DU BY STOCK NUM!U Q Pf,.. ACC OUNT TO IATID f l.MS· MONEY IACK GUAIANTU 
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TELEVISION: 
KEY m A BLIND BOY'S FUTURE. 

Before too long, this child may be 
able to see his mother. 

Through television eyes. 
For right now, research is 

being conducted on a small TY 
camera that he· can wear on his 
forehead . (And the hope is that the 
camera can be miniaturized to fit 
into an eye socket.) 

The idea started with the 
space program. With electronic en
gineers, scientists, designers . 

Problem-solving ideas are 

found in the American business 
press. In its editorial pages and in 
its advertising pages, too. 

And American business and 
professional men act upon the 
ideas they find in their favorite 
business magazines. That's what 
makes the business press such a 
potent advertising medium. 

That's what makes it 
The American Edge . For 
more information, write 
us at ABP. 

The American Edge is that 
competitive edge the 
business publications give you . 
When you read them. 
When you advertise in them. 

THE AMERICAN EDGE: 
THE AMERICAN BUSINESS PRESS 
205 East 42nd Street, New York, New York 10017 
The American Business Press (ABP) is an association of over 500 publications 
serving business, industrial and profess ional audiences. 
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keep working at it 
Now that you've seen the January 1 

issue of EDN/EEE, you're probably working 
hard on your entry. Keep at it! 

How to enter 
Any reader of EDN / EEE may en
ter this contest . All you need do is 
study the January 1, 1972 issue 
of EDN/EEE very carefully ... then 
set your imag ination at work on 
designing a new device or circuit 
using the products advertised. 
Send schematics, drawings, dia
grams, etc. to : 

EDN / EEE 
Design Contest 
221 Columbus Avenue 
Boston , Mass. 02116 

Your entry must be sent by March 1. Technical competence and 
1st, 1972. , , utility 

~ -·' ~ ·, Is the design real . .. will it work? 't' L,_, -., r:f _-
( ,), I\• 

' _r -

(C 

How your entry will be judged 
All entries will be judged by 
the Publisher and editors of 
EDN / EEE on the basis of 3 
criteria : 

2. Creative imagination 
How unique and original is your 
idea? Does it perform a much 
needed function? Is it a source of 
fun! Will other designers get a 
real charge out of it? 

3. Number of different 
advertised products used 

Have you really studied the Jan
uary 1st, 1972 issue of EON/ EEE. 
Have you imaginatively used com
ponents throughout the design? 
The more advertised products 
your design uses, the greater is 
your chance of winning. 

Here are the prizes 

1st prize : 
$1 ,000 cash money 

10 2nd prizes : 
Portable 
electronic 
calculators 
worth $400 each. 

Contest details 
Any reader of EDN/EEE may 
enter. Contest is not open to 
employees of Cahners Publishing 
Co. or their families. All entries 
become the property of EON/ EEE. 
YOUR ENTRY MUST BE POST
MARKED NO LATER THAN 
MIDNIGHT, MARCH 1, 1972. 
Results will be announced and 
winning entries described in a 
later issue of EDN/EEE. 

0 

[ED NJ /EEJEJ Cahners Publishing Company, Inc. j ~ 221 Columbus Avenue, Boston, Mass. 02116 

0 
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COMPONENTS/MATERIALS 

GAASP LED READOUTS, Types 745-0003, 
0004 and 0006 have 0. 2 70- i nch characters. 
Each is available with a seven-segment digit 
or w ith a ± 1 symbol. They are rated for 30 
mA continuous forward current/segment. 
M ax imum reverse vo ltage is 6V and peak 
li ght emi ss ion is at 650 nm. In orders of 
1000 or more they are pri ced at $7.50 each. 
Di ali ght Corp., 60 Stewart Ave., Brookl yn, 
NY 11 237. 172 

TERMINAL BLOCK accepts PC cards. Mul
ti -tap printed circuit edge connector accepts 
0. 062-inch-thi ck single-s ide printed circuit 
cards at base and prov ides terminal block 
connections for wiring on top. It is avail able 
in 14 or 16 position sizes with conductors 
on 0.375- inch centers. AMP Inc., Harris
burg, PA 17105. 173 

REAR PROJECTION READOUT provides 
48 di screet messages. The unit is about 3 
inches long by 1-1 /3 by 3/4 inches and 
weighs just over 3 oz. The readout, desig
nated Series 1002, has resolution adequate 
to permit messages of up to four lines of 
eight characters each to be projected in 
seven point type size. Q uantity pri cing of 
the Seri es 1002 is $82 each. Industri al Elec
troni c Engineers, Inc., 7720-40 Lemona 
Ave., Van Nuys, CA 91 405 . 174 

ONE-PIECE INDICATOR LIGHTS, Seri es 
2900, are avail able in six standard lens 
shapes, four body sizes and vari ous lens 
co lors. The units come with bare leads, in
sulated leads, or so lder lugs; and can be 
ordered with neon or incandescent lamps. 
One-piece design eliminates sockets and 
spring contacts, and speed-nut mounting 
reduces assembly time. Industri al Devices, 
Inc., Edgewater, NJ 07020. 175 

I 
PHOTOMULTIPLIER SHIELDS ass ure opti 
mum gain in magneti c environments. These 
standard shields cover over 90% of the pho
tomultiplier tubes currentl y manufactured. 
Modifi cations of shield lengths are ava il ab le 
on special order. Perfection Mica Co., 740 
Thomas Dr. , Bensenvi lle, IL 60106. 176 

DIGITAL DISPLAY designed for direct 
connection to current and voltage transmit
ters is available in 3-.1/2- or 4-digi t versions. 
For appli cations where transmitter output is 
not linear w ith respect to the input, a nonli 
nea r A/ D converter is available. Standard 
TTL-compatible BCD output is accessible at 
the rear panel. Pri ce is from $169 up, de
pending on confi guration. Digilin Inc., 
1007 Air W ay, G lendale, CA 91201. 177 

SIX-DIGIT IMPULSE COUNTER that fea
tures snap-in mounting, requires only 1.2 by 
2 inches of panel space. Reli ability is rated 
at up to 250 mi Ilion counts. Standard op
tions include manual or electri ca l reset, 
internal illumination and reverse-color 
wheels. Count speeds are up to 100/sec. 
Pri ce is $2 1.30 each in lots of 100. Kess ler
Ellis Products Co., Atl anti c Highlands, N J 
07716. 178 

COMPONENT HOLDING PIN for matri x 
board programmers increases programming 
options and reduces expense of changing 
hardwired components. Replacing the 
shortin g pin , the type 0762-5 16 pin electri 
ca ll y interposes a diode between the ma
tri x's electrica l cross points. Sea lectro 
Corp., 225 Hoyt St. , M amaroneck, NY 
10543. 179 

THERMAL-RIBBON TEMPERATURE SEN
SORS provide sensing of temperatures from 
-328 to +500°F. Two bas ic sensor types 
are avail able: Platinum or ni ckel-iron ele
ment res istance thermometers, or lower cost 
thermocouples. Suitable for sensing of air, 
gas, liquid or solid surface temperatures, 
Hiey are ava il able with or without a se lf
adhesive stri p for press-on install ati on. M in
co Products, Inc., 7300 Commerce Lane, 
Minneapo lis, MN 55432. 180 

ED N/E EE JAN U ARY 1 5, 1 9 7 2 



CIRCU ITS 

OPTICAL RECEIVER, Model 2030, is in
tended for wide-band communication links 
and instrumentation systems. It is an all -so l
id-state unit with a silicon PIN diode as the 
light-detector element and a 70 MHz band 
transimpedance amp lifier as the ga in stage. 
Spectral response range is 0.4 to 1.1 µ.m . 

Prices are from $72 (1-9) to $64.50 (10-29), 
with 2 weeks delivery. Opti ca l Communi 
cations Technology, Box 262, Goodyear, 
AZ 8533 8. 181 

MULTIPLEXER-A/D CONVERTER, Model 
812-4A, handles 12 differential analog in
put signals and is expandab le in 32-channel 
increments to a max imum of 256 dif
ferenti al channels. Signal recognition and 
conversion occurs at rates up to 10,000 sig
nals/sec in either the random access or se
quenti al mode. Conversion resolution is 11 -
bits plus sign. Resea rch, Inc., Box 24064, 
Minneapo li s, MN 55424. 182 

CURRENT MODULE for transducers oper
ates with a source voltage range from 12 to 
45V de and has a standard 4 to 20 mA out
put range. Thi s module functions with most 
standard bridge-type transducers. Transduc
er operation is not affected by input voltage 
changes or transmission line resistance vari 
ations. The unit se lls for $60 to $95, de
pending on type and quantity, with 3 week 
delivery. Electroni c Modules , Inc., 2500 E. 
Foothill Blvd. , Pasadena, CA 91107. 183 

T0-5' HYB RI D RELAYS, Type 3SBS, are 
avai lable in single- or dual-diode versions. 
Both versions contain diode chips w ithin 
the relay enclosure for co il suppression . In 
addition , the dual version protects against 
accidental applicat ion of reverse polarity. 
They may be ordered ca librated to either 
voltage or current standards, and with a 
choice in headers and coil resistance. Gen
eral Electri c, 777 14th St., N.W . W ashing
ton , DC 20005 . 184 

DUAL-OUTPUT POWER SU PPLY, Model 
DRD 15-5, provides ± 1 SV dv at SA, each 
output. Input requirement is 105 to 125 V ac 
at 60 Hz. Other specifications inc lude 
0.02% line or load regulation and 500 µ.V 
rms ripple. Pri ce from 1 to 9 units is $96 
each. Kit forms are avail ab le at considerable 
saving. Universa l Electroni cs Co. , 1781 1 
Sky Park Circ le, Irvine, CA 92664 . 185 

AID CONVERTERS, Models ZD470 and 
ZD471, have 8- and 10-bit resolution, with 
conversion times of 15 and 30 µ.sec respec
tively. Linearity is :!:0.05% of ful l sca le and 
quanti zing error is :!: 1 /2 LSB . The 0.4- inch
high modules are DIP-compatib le with most 
PC boards. Data coding is either binary or 
2's complement with output data in ei ther 
NRZ serial or para llel binary bits. Prices are 
$79 (ZD470) and $99 (Z D471). Ze ltex, Inc., 
1000 Chalomar Rd ., Concord, CA 945 20. 

186 

CONTROL MODULES 906003 and 906004 
make it possib le to program additional tele
phone numbers in any of several comb ina
tions. They can be programmed to dial any 
telephone number up to 14 rligits . Models 
are reprogrammab le by means of an unu
sual slide-bar arrangement. Prices va ry from 
$60 to $75 per morlule, depending on 
quantity and morlel de<; ired . G-V Controls 
Div . of Sola Basic lnrlustries, 101 Okner 
Parkway, Livingston , NJ 07039. 

187 

LOW-NO ISE TRAVELING-WAVE AMPLIFI
ERS, WJ -3066 Series, span the 4 to 18 GHz 
frequency range. Overdr ive characteristics 
are 4 dBm output power at 4 dBm input for 
the fu ll range. Normal power level is 10 
dBm. Dimensions fo r the units are 2.375 by 
2.375 by 10.375 inches and they weigh 5 
lbs. Watkins-Johnson Co., 3333 Hillview 
Ave. , Stanford Industrial Park, Palo Alto, 
CA 94 304. 188 

POWER SUPPLY MODULE Model 2198 

provides an isolated, regulated ~V de out
put from a 11 SV ac, 400 H1 source with 
1 % regul ;ition . Temperature coefficient is 
0.025%/°C over the temperature range of 
- 55 to 125°C. The Morlel 2198 is provided 
w ith 12-inch leads. Model 2199 is electri 
ca lly identical, but <;upplied with so lder
term inal header. Unit prices are $75 (1-9) 
and $40 (lot<; of 100). Me lcor Electroni cs 
Corp., 1750 New Highway, Farmingdale, 
Long Island, NY 11 735. 189 
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Wh en Astronauts Shepard and Roosa re turned 
fr om their hi stor ic Ap o l lo- t4 fl rg ht . they were 

as c lean-shaven as when they left 9 days 
earl ier . (M itche l l decided to grow a beard I) 
The rea son? Th e W ind -Up Monaco shave r , 

selected by NASA to ke ep them comfortable 
and c lean-sha ve n on thei r long journey. 

• Th e f irst secre t of th e M onaco's marve lous 
pe r form ance lies 1n its shavi ng head . Three 

cont inuously se lf-sharpening b lades revolve 
at such a fas t c l ip that they ac tually give 

72,000 cu tt ing strokes pe r minute And the 
guard rs so unbel ievabl y thin (S/100 of a mm

abou t the thickness of a cigarette paper) 
that pressure is unnecessary . Just touch the 
sha ve r to your face and guide 1t in circular 

mo ti ons fo r th e smoothest shave ever. 
• Th e second sec ret rs the power plant. The 

palm-shaped body of th e M onaco is f rl led wit h 
a huge mainspr ing , made of the same 

Swedish super-steel used rn the most expen
sive watch movements. Just w ind 1t up and 

the M onaco shave s and shaves . Fro m ear to 

the 
shaver 
that vvent 
to the· 
Moen 

ea r . from nose to neck , and ma in
tai ns fu l l speed to the end-long 

enou gh to do the com plete j ob . 
W e could go o n about the v irtues 
of the Monaco, bu t (as w ith so 
many thin gs) you have to try it 
to really believe rt. • Send for your 

Monaco today in fu ll conf idence. 
Put 1t to the test for two weeks . 

You ' ll be delighted wi th the comfort , 
speed and convenience-and the inde-

pendence 1t w i l l g ive you f ro m water , soap , 
batteries, el ectrici ty, stypt ic penci I and al l 

other pa rap hernalia of conven t ion al shav ing . • 
If you decide the M onaco isn' t th e bes t shaver 
ever, sen d it bac k to us for prom pt refun d. 
If the Monaco serv ed th e Apo ll o-14 astronauts 
so we ll , th ink wha t it can do for yo u under 
much less tryi ng co nd it ions. Once you've 
trred it yo u' ll never let rt go. 
Please send me: 
0 Monaco Shaver-Standard Mode l $19.9S 
0 Monaco Deluxe-M ode l-Anatomique $21 .95 
O Special Tri mming Head (opt ional) $4 .95 
M y chec k , p lus $1 for post. & ins . is encl. 
(Calif. re s. ad d tax.) Guaranteed I year . 

Name-------------~ 

Addre ss --- ---- - - - ---

EDN/EEE 
221 Columbus Avenue 
Boston, Mass. 02116 

Now get a 
firm grip on your 

lead-mounted semi's and 
heat problems, too 

IERC retain er s I heat sinks 
hold le ad-mounted semi 's 
w hile controlling heat to im
prove reliability or let you operate at 
higher power levels. Our TXB's for Mil
spec environments are excellent retai ners 
on p-c boards or serve as efficient ther

m al links between case and heat sink. BeO 
washers are available for electrically-hot
case applications. Use our staggered-fi nger 

LP Series for power i n
creases of 7 to l in still 

air and 12 to l in forced air 
no increase in j unction tem-

perature. And, if your semi's are already 
mounted, slip on a Fan Top and get higher 
wattages for just pennies. Send for catalog. 
IERC, 135 W. M agnol ia Blvd., Burbank, 
Cali f. 9 1502 , a Corporate Division of 
D ynamics Corporation of Am erica. 

f IERC f ~ I Heat Sinks 
CIRCLE NO. 21 
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CIRCU ITS 

ABSORPTI VE PIN DIODE ATTENUATOR, 
Model M 189, covers the 200 MHz to 18 
GHz frequency range and provides up to 70 
dB of attenuation. VSWR is <2. 0 through 
12.4 GHz and < 2.3 through 18 GH z. Gen
eral Microwave Corp. , 155 M arine St. , Far
mingdale, NY 11 735. 190 

WIDEBAND DATA AMPLIFIERS A-205, A-
206 and A-207, offer eight internall y-pro
grammed ga in ranges from -10 to 60 dB. 
Ca in ranging is accomplished either auto
mati ca ll y or manually. Input impedance is 
100 M!l and the passband is from de to 10 
kHz. lntech, Inc., 1220 Coleman Ave., San
ta Clara, CA 95050. 191 

OEM POWER SUPPLIES, LS Seri es, feature 
high MTBF (to 173,000 hrs) and consist of 
four models: LSS-4 (SV), LS6-3.6 (6V), 
LS l 2-2.4 (l 2V) and LSl 5-2 (l SV). A ll units 
are enclosed in anodi zed aluminum cases. 
In quantity of 1 to 9 pieces, the pri ce is $82 
each with deli very from stock. Dynage Inc., 
133 1 Blue Hills Ave., Bloomfield, CT 
06002. 192 

V-BAND DETECTOR Model 4480H 
achieves a l SG Hz bandwidth over the 50 to 
75 GHz range through mechani ca l tuning. 
Unit pri ce is $525, and the detector is avai l
ab le on a 45-day deli very. Hughes Electron 
Dynami cs Di v., 3100 Lomita Blvd. , Torr
ance, CA 90509. 193 

DIGITALLY PROGRAMMABLE A TTENUA
TOR PA-53 spans the frequency range of de 
to 500 Hz w ith a total attenuation of 1.5 dB 
in 0. 1 dB steps. Avai lable in 500, the un it 
< omes w ith any of the fo llowin g connec
lors: BNC, TNC, N and SMA. Pri ce is $250. 
Texscan Corp., 2446 N. Shadeland Ave., 
Indianapoli s, IN 462 19. 194 

TRANSDUCER AMPLIFIERS, CYl 011 , 
1010, 1020 and 102 1, feature ga in linearity 
of ±0.05% and adjustable gain from 0. 1 to 
10,000. Single un it, prices are $2 4 
iCY l 010), $39 (CYl 01 1 ), $29 (CYl 020) 
and $49 (CYl 021). Cycon , Inc. , 1080 E. 
Duane Ave., Sunnydale, CA 94086. 195 

THREE- AND FOUR-PORT QUADRATURE 
DIRECTIONAL COUPLERS, Models 1536, 
1537, 1538 and 1539, are for son systems 
and span the 0.95 to 13. 1 GHz range. All 
have either 10 or 20 dB coupling. Units will 
be ava i lable from stock in late January at 
pri ces ranging from $425 to $475. W ein
schel Engineering, Box 577 , Ga ithersbu rg, 
M D 20760. 196 
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New management techniques help 
executives streamline operations . 
bOOSt profits. Keep up with the latest developments 

from here and abroad with these important books from Cahners 

• • 

INVENTORY CONTROL IN PRODUC
Tl ON AND MANUFACTURING by 
Adin B. Thomas. Efficient inven
tory management can lead to big 
cost reductions and larger return 
on investment, yet many com
panies still rely on old, inefficient 
methods. Important reading for 
anyone concerned with making 
stock control work efficiently and 
smoothly, this book provides a 
comprehensive look at stock con
trol theories and practices based 
on the author's actual experience 
as a leading expert in the field. 
Illustrated. 224 pp . $11.95 

DISTRIBUTION AND TRANSPORTA
TION HANDBOOK by Harry J. Bruce. 
A completely new "bible" for any 
executive involved in the physical 
distribution and transportation of 
goods. Author is director of dis
tribution for Jos. Schlitz Brewing 
Company and has, in his impres
sive career, been responsible for 
transportation research, market 
development functions, manage
ment information systems, and 
advertising and public relations. 
Topics discussed include transpor
tation and distribution terminol
ogy, warehousing, bills of lading, 
transport demurrage, shipper-ca r
rier agreements, transportation 
equipment directory, business dis
ciplines related to distribution and 
transportation, transportation ag
encies, sources of transportation 
research material, international 
transportation and distribution and 
standard transportation abbrevia
tions and symbols. $25.00 

-,.,? 

HANDBOOK OF INTERNATIONAL 
PURCHASING by Paul H. Combs. A 
complete guide to foreign pur
chasing . Expla ins how to get 
started in foreign buying, terms of 
payment, shipping methods and 
terms, trading associations, how 
to select right suppliers, how to 
negotiate with foreign firms, how 
to establish a foreign buying of
fice, licensing, how to assure avail
ability of materials regardless of 
circumstances or developments, 
how to cope with fluctuating cur
rencies and other risks. Includes 
country-by-country list of special 
requirements, glossary of export
import terms, samples of most 
types of international purchasing 
contracts and all other important 
documents. 160 pp. $9.50 

PLANNING AND MANAGING MA
TERIALS FLOW by E. Ralph Sims, 
Jr., P.E. Since materials handling 
only adds to the cost of manufac
turing, distributing and marketing, 
every dollar saved goes right into 
profits. This book is a practical 
guide that shows, step-by-step, 
how to cut costs immediately. 
Based on author's experience, it 
approaches the materials handling 
function as an integral part of to
tal management and examines the 
relationship between materials 
handling and materials manage
ment. Covers work simplification, 
ope rations research and other re
lated tools, as well as every phase 
of materials handling, and ties it 
all together into a practical sys
tem. Illustrated. 440 pp. $17.50 

COMPLETE GUIDE TO PROJECT 
MANAGEMENT by Dennis L. Lock. 
Systems and techniques which can 
be used with profit in large or 
small plants, on projects worth 
$200 or $2 million. Cost ing, con
trolling, evaluating an industrial 
project so that it is completed on 
time, according to specs, within 
budget. Over 60 how-to-do-it ex
amples, control charts, forms. Il
lustrated. 224 pp. $10.95 

PROFIT THROUGH QUALITY by Sid
ney Weinberg. A practical guide 
to help production and general 
managers analyze requirements 
and establish an effective, profit
able quality and reliability policy. 
Written by one of the United King
dom's most respected authorities, 
it should be read by anyone con
cerned with maintaining quality 
and profits. Illustrated . 192 pp. 

$10.95 

r----------------~ 
I ALL BOOKS AVAILABLE ON FIFTEEN-DAY FREE TRIAL EXAMINATION I 

SEND CHECK AND WE PAY SHIPPING SATISFACTION GUARANTEED 

: Cahners Books 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

89 Franklin St., Boston, MA. 02116 
Please send me the following books. I understand that if any 
book does not meet my needs, I may return it within fifteen days 
and owe nothing, or obtain an immediate refund. 

Check Enclosed O Bill Firm O Bill Me 0 

Position _________________ _ 

Firm __________________ _ 

Address, _________________ _ 

City/State / Zip ______________ _ 

Quantity Title 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L Mass. Residents Add 3% Sales Tax EDN / EEE .J 
----------------
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NEW SCs 

TTL Q UAD 2 NAN O BUFFER ICs drive 
highly capaci ti ve loads. The "7437," can 
drive three times the load of a "7400." Sim
i lar to the " 7403 ," the " 7438" has open
co llector outputs to permit " w ired-AND" 
appli cati ons. Propagati on delay time is less 
than 15 nsec low to high. The plasti c 
N7437A costs $0.78 each , and the S5438F 
(KOVAR DIP) $5.04 each in 100 quantit ies. 
Signeti cs Corp., 811 E. Arques Ave., Sunny
va le, CA 94086. 197 

HYBRID RF AMPLIFIERS, TVl 001 and 
TVl 003 , measure only 0.41 cubic inches, 
including heat sink. TV l 001 has a frequen 
cy range of 40 to 300 M Hz (±0.5 dB) and 
minimum gai n of 29 dB. Price is $100. 
TVl 003 has a frequency range of 2 to 130 
MHz (± 0.5 dB) and gain of 17 dB. Price for 
the TVl 003 is $80. Raytheon Co., 350 Ell is 
St., Mounta in View, CA 94040. 198 

MOS STATIC SHIFT REGISTERS are orga
ni zed hex-32 and hex-40 bits fo r EDP appli 
cati ons. The hex-32 " 25 18B" and hex-40 
"25 19B" are sili con p-channel enhance
ment-mode devices. Typi ca l clock rate is 
3MHz, and supply current is 16 mA. The 
units operate from sou rces of +5 and 
- 12V. In quantities of over 250 pieces the 
price is $6 each. Signetics, 811 E. Arques 
Ave., Sunnyvale, CA 94086. 199 

CENTER-GATE, GLASS PASSIVATED TRI
ACS are rated at 30 and 40A, and pro
vide improved dv/dt and di/ dt characteri s
ti cs. Passivati on is done wi th a very dense, 
vo id-free sodium-free glass th at provides a 
hermeti c sea l and eliminates " punch
through" . They are avail able with V onoM rat
ings from 50 to 600V, and in press-fit, stud
mount and T0-3 packages or chip fo rm. 
Hutson Industries, 2019 W. Valley View 
Lane, Da llas, TX 75234. 200 

INFRARE D DETECTOR featu res response 
time of < 1 nsec. This 10.6 micron detector 
operates at room temperature and utili zes 
the photon drag principle. Radiation pass
ing through a doped germanium crystal 
creates a longitudinal voltage diffe rential 
whi ch can be monitored by osci lloscope. 
Oriel Corp. of Ameri ca, 1 Market St., Stam
fo rd, CT 06902. 201 

P-CHANNEL FETs models PF510 and 
PF511 , feature reduced capacitance. C15s of 
12 pF is achieved by a new p-channel man
ufacturing process. The PF510 is a 30V, and 
the PF511 a 20V, devi ce. Both have max. 
VGSIOf'f' ) of 1 ov and R/)S of 200 n. The PF510 
is pri ced at $1.50 each, the PF5 l 1 is $1.00 

each, in 100-up quantiti es. National Semi
conductor Corp., 2900 Semiconductor Dr., 
Santa Clar, CA 95051 . 202 

BIDIRECTIONAL ONE-SHOT IC, Type 
N8T20B, tri ggers on either positive or nega

tive pul se edge, or both . Designed for pro
cess ing of high-speed, low-level digital sig
nals, it functions as a zero-cross ing detector 
with thresho lds of ± 4 mV. O utput pu lse 
width can be set from 10 to 800 nsec, 
± 1.0%. Pri ce is $5 per unit in orders of 
more than 100. Si gneti cs, 811 E. Arques 
Ave., Sunnyva le, CA 94086. 203 

IC Q UAD CURRENT SWITCH , Model 
AD550 , is offered in sets of 2 or 3 switches 
designed for 8- or 12-bit D/A converters. 
Switching time is 500 nsec, and settl ing 
time (to ± 1 / 2 LSB) is 1.8 µ,sec for 12-bit 
sets. Pri ce is $6.00 for the 8-bit set in quanti 
ti es of 1000. Analog Devices, Inc., Route 1 
Industria l Park , Box 280, Norwood, MA 
0206 2. 204 

MOS READ-ONLY MEMORY Type 25 16SR 
generates " ASCII " alphanumeri c font. Thi s 
high-speed, 3072-bit stati c IC is ava i I able 
for use in verti ca l-scan CRT displ ays, printer 
character generators and panel di splays. 
Util iz ing " Sanderson-Rabbet! channel" 
techno logy, the 251 6SR is suitable for code
conversion and microprogramming appli 
cati on. Signeti cs 811 E. Arques Ave., Sunny
va le, CA 94086 . 205 
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Don't just take our word 

Readwhat ~ 
independent, a,aslCS 
authoritative fol 
sources say. bllfJS 

· "It's a practical handbook written for the working pros -
not the bosses, but the people who get the job done. We 
don't usually plug competitors. But good is good and 
BASICS FOR BUYERS is." John F. O'Connor 

Managing Editor 
PURCHASING WEEK 

" . . . an eminently practical handbook of purchasing 
fundamentals. Dowst is an experienced purchasing agent 
as well as a first rate journalist." 

Paul Farrell 
Edi tor / Publisher 
HEALTH INSTITUTION PURCHASING 

by 50rf1eP•"""'"' 
td•to'· 

s-,,101 ~ ~. 

is good 
Jmpetitors . 
BUYERS." 
1ley 
resident 
TION COMPANY 

designed 

" . .. it seems like a fresh approach to a subject that has 
become somewhat stereotyped as far as textbooks are 

. '" readable, concise and informative to all . .. " 
THE NEW YORK TIMES 

concerned. " G. w. Howard Ahl 
Executive Vice President 
Nat ional Assoc. of Purch. Mgmt. 

"I will be recommendi ng it to new employees .. . It should 
be read by every new buyer." 

" ... the first book on the subject designed primarily for 
junior and middle level members of purchasing 
departments." 

James M. H ill, Jr. 
Director of Procurement 
RAYTHEON COMPANY 

"The real place BASICS FOR BUYERS earns, however, is on 
the desk of every buyer throughout industry ." 

THE JOURNAL OF COMMERCE 

" . . . a sound handbook for industrial buyers . . . " Arnold D. Finley 
Contract Administrator 
Sander s Associates THE WALL STREET TRANSCRIPT 

Table of Contents: 
I. THE BASIC PURCHASING CYCLE 
Stock Control and Inventory Records 
The Purchase Requi sition 
Better Bids Make Better Buys 
History Cards Tell the Story 
Vendor Records Keep Facts on File 
The Purchase Order: Basic Buying Document 
Negotiate From Strength 

II . BACK-UP AIDS AND SIMPLIFIED SYSTEMS 
How to Set Up a Catalog File 
How to Plan an Interview 
Traveling Requisitions : 1st Steps to Systems 
Requ isition / Orders Save Everybody's Time 
Don 't Sweat Small Orders 
Telephone Orders and Other Shortcuts 
Special Forms for Special Needs 
Do-It-Yourself Forms Design 

111 . PURCHASING COMMUNICATIONS 
Purchasing Newsletters Pay Off 
The Buyer as Public Relations Man 
How To Write A Report 
Informal Correspondence Gets Results 
Keep Requisitioners on the Ball 
How To Close the Back Door 
Stay Friendly With Your Sales Force 
Forecasts and Futures 
Get Into Your Plant 
The Buyer and Quality Control 

IV. SUPPLIER RELATIONS 
Key Questions to Ask About Suppliers 
Vendor Vi sits: There 's a Lot to Look For 
How to Hand le Problem Salesmen 
25 Steps to Better Supplier Relations 
Don 't Get Caught in the Sample-Trample 
When You Can't See What You're Buying 
Exped iting Is the Buyer's Job, Too 
Vendor Rating Made Easy 
Ask Production to Help Rate Suppliers 
Suppliers' Ideas Pay Off 

V. TRAINING AND SELF-DEVELOPMENT 
Buyer Training Is the Buyer's Job 
The Buyer and Self-Development 
Make the Most of Your Time 
Getting Ready for EDP 
Purchasing by Objective 
Materials Management and the Buyer 
What Makes a Good Buyer 
The Practical Side of Ethics 
Management Skills Bring Management Status 

15-day FREE trial examination . Satisfaction Guaranteed. Price $10 .95 r----------------------------------

Please send me __ copies of BASICS FOR BUYERS @ $10.95 each. I 
understand that I may examine the book FREE for 15 days and if not 
satisfied , I can return it . Otherwise, I'll send you my check. 

0 Bill Me O Bill Company O Check Enclosed (We pay Postage) 

City / State /ZiP------------------------

(Add any applicable State Tax) 

----------------------------------~ 
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EQUIPMENT 

DPMS FOR OEM USE feature automatic 
polarity detection , 0.6-inch gas-discharge 
display tubes and standard TTL-compatible 
BCD output. Measuring range is 0 to 
± l .999V includi ng overrange. Model 1352 
(without case) is priced at $125 and Model 
2352 (with case) is $159. BCD option is $15 
extra. Digilin , Inc. , 1007 Air Way, Glen
dale, CA 91201. 206 

FREQUENCY COUNTERS with 10 Hz to 80 
MHz range employ superspeed Schottky 
TTL and li ght emitting diodes. Model SM-
104A provides a 1 MHz crystal time base 
with ± 1 ppm/year stability. Model SM-
1 OSA is similar but with time-base accuracy 
of ± 1 0 ppm. Both count to 80 MHz with 
on ly 0.25V input. Price, assembled and test
ed, is $350 for SM-1 05A and $500 for SM-
104A. Heath/Schlumberger Scientific In
struments, Benton Harbor, M l 49022. 207 

MICROWAVE COUNTER with single input 
measures from de to 18 GHz with - 35 
dBm sensitivity. Operation of Model 5340A 
is entirely automatic. Display is eight digit, 
and reso lution is switchab le from 1 Hz to 1 
MHz. Price is $5300, w ith delivery in May 
1972. Hewlett-Packard Co., 1601 Califor
nia Ave., Palo A lto, CA 94304. 208 

DC VOM has five ranges of de volts with 
100 µ,V resolution , and five ranges of ohms 
with resolution of 0.1 n. Basic accuracy is 
0.1 % of reading. Model 26 1 has both self
check zero and ca libration front-pane l con
trols. It is available with battery pack for 
complete portability. Price is $279 and 
availabi lity is stock to eight weeks. Un ited 
Systems Corp., 918 Woodley Rd. , Dayton , 
_O H 45403. 209 

STRIP CHART RECORDER uses fan-fold 
paper. Mode l GRZ-70 features front paper 
loading, rectilinear hot-stylus record ing and 
a choice of one to four speeds. Primarily 
intended for OEM use with electrocar
diograph and fetal monitoring equipment, 
the unit is available with single and dual 50 
mm channel configurations as well as a 
dual channel of 50 and 80 mm. General 
Scanning Inc., 80 Coolidge Hi ll Rd. , W ater
town , MA 02172. 210 

PULSE AND TEMPERATURE MEASURING 
DEVICE comp letes both counts in about 20 
sec/patient. The Model TP-1 02 is availab le 
with either disposab le or rechargeable bat
teries and with several plug-in interchange
ab le temperature probes. AMI Medical 
Equipment, Div. LMC Data, Inc. , 116 E. 
27thSt. ,NewYork , NY10016. 211 

PULSE GENERATOR/POWER SUPPLY was 
expressly designed fo r display and TTL cir
cuit checkout. Power output is 5V at 2.5A 
de, regulated and short-circu it proof. Pu lse 
output is ei ther positive or negative pu lse 
tra ins from 30 Hz to 10 MHz. Size of the 
unit is 3-1 /2 by 7 by 7 inches. Star Displays, 
Inc. , 1655 W. 11th Ave., Eugene, OR 
97402. 212 

= 

ONE WATT, 12 GHZ MICROWAVE RA
DIO for CATV CAR band distant signal re
lay use, Model MA-12G, is entirely solid
state. The un it is intended for wid~band 
video use in the 12.7 to 12. 95 GHz band. 
Transmitter sect ion features a 2 GHz crystal 
oscillator with 0.005% stabi lity, wh ile the 
receiver is a super-heterodyne with 70 MHz 
IF and a GUNN-diode local osci l lator. Mi 
crowave Associates, Inc., Burlington, MA 
01803. 213 

§ ,. .. tttw ... o;.. orrm 

PULSE GENERATOR features ± l 5V output, 
4 nsec rise time, dc-to-50 M Hz operation 

· and a price of $395. Mode l PG-11 A mea
sures 4 by 8"1 /2 by 9-1 /2 inches and rack 
adapters are available as an option. Avail 
abil ity is 30 days ARO. Chronetics, Inc., 
500 Nuber Ave., Mt. Vernon, NY 10550. 

214 
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EQUIPMENT 

TWT MICROWAVE AMPLIFIER, Model 
11 77H03F-OOS, covers all common ca rri er 
bands in the 3.7 to 11 .7 GHz range. Mid
band ga in and power output exceed SO dB 
and 1 OW respectively. Weight is 24 lbs, 
price is $6200 and de li very is 60 to 90 days. 
Hughes Electron Dynamics Div., 3100 W . 
Lomita Blvd., Torrance, CA 90S09. 215 

TEMPERATURE MEASURING BRIDGES of 
the 21 OS Series provide accuracy of ±0.2% 
or ±0.2S to ±0.S0 C, depending on model 
and range. Values are read from an 11 -i nch 
ci rcu lar scale. Both single and dual temper
ature range models are ava ilab le with pri ces 
starting at $398. Special Instruments and 
Machinery Co., 6 Lamesa Ave., Eastchester, 
NY 10707. 216 

BOAT COMPASS with digital readout, Se
ri es 1290, comes comp lete with compass 
head, readout module and a va ri ab le con
tro l unit to permit operation on 12, 24 or 
32V battery. Availability is end of 1971 and 
estimated price is $4SS. Arc Industries Inc. , 
Box 3498, Indialanti c, FL 32903. 217 

LOCK-IN AMPLIFIER with completely auto
matic reference tracking and 1 µ,V sensiti vi
ty is ava il ab le at $129S. Model 128 requires 
onl y signal connecti on and phase-shifter 
adj ustment before use. Signal channel re
sponse is flat from 0.S to 100 Hz. Princeton 
Applied Research Corp., Box S6S, Prince
ton , NJ 08S40. 218 

POWER SIGNAL GENERATOR, Model 
SLRD, covers from 6.7 to 12.7 GHz with 
output power between 0.2S and 3W, de
pending on frequency. Features include 
si ngle tuning range, linear frequency tuning, 
intern al 1 kHz sq uarewave modulation or 
external pulse modulation. Price is $872S. 
Rohde & Schwarz Sa les Co. (USA) Inc., 111 
Lexington Ave., Passaic, NJ 070SS . 219 

HIGH VOLTAGE SUPPLY operates from SO 
to 400 Hz Ii nes and provides 0 to SOOOV de 
at 0 to 1 S mA. Line or load regulation is bet
ter than 0.01 %. Model SV6 1 S weighs 27 
lbs Prices range from $61 S to $S2S de
pending on quantity. Delivery is 30 days 
ARO. ERA Transpac Corp., 67 Sand Park 
Rd , Cedar Grove, NJ 07009. 220 

more than just a telescope more than just a microscope 

emoskon 
a complete 
vestpocket 
OPllCHI system 

We went to Wetzlar, Germany (world capital of fine optics) 
to find such perfection at such a price. Remove the 
EMOSKOP from its fitted leather case and it is a 30x 
microscope. A twist of the wrist converts it to a 3x tele 
scope (ideal for theater, field or sky) or a unique 3x 
telescope- loupe. Another change and you have your 
choice of 5x, lOx or l 5x magnifying glasses. The perfect 
vest-pocket companion for exacting professionals and 
scientists and all those who wish to observe anything 
closely and clearly. A most discreet opera glass. If you 
make a fetish of quality, the EMOSKOP will do you proud. 
Coated lenses, fully achromatic , absolutely flat field . 
Modern Photography Magazine calls the EMOSKOP 
" . .. the only magnifier worthy of the name. " 
D Send me the EMOSKOP. I enclose $17.95 ($16.95 

plus $1 postage and insurance). Calif. residents add 
53 tax. Refund within 2 weeks if not delighted . 

Name~~~~~~~~~~~~~~~~~~~~~ 

Address~~~~~~~~~~~~~~~~~~~~ 

221 Columbus Avenue ED N / EJ[ElE Boston, Mass. 02 116 
EE0901 

~~ 

RANDOM-ACCESS AUTOMATIC CIRCUIT 
ANALYZERS of the 700 Seri es that now in
cludes Models 701 through 704 offer a wide 
selection of switching and a range of test 
speeds up to SOOO tests/min at pri ces start
ing under $20,000. Dit-Mco International, 
S612 Brighton Terrace, Kansas City, MO 
64130. 270 

AUTOMATIC TESTER, the TESTPAC II , is a 
second-generation testing and checkout 
system. It can simultaneously control and 
interface up to 20 or more programmable 
test instruments. A computing analyzer per
forms ar ithmeti c operations and includes 
multiple data storage registers. Base price is 
$2 1,S OO. Zehntel, Inc., 14SO Sixth St. , 
Berkeley, CA 94710. 271 

INTEGRATING DIGITAL VOLTMETER, 
Model S2 1C, measures from 10 mV to 
1 OOOV full sca le while integrating 92 read
ings/sec. Accuracy is better than 0.01 % of 
full sca le. Guarding and bipolar averaging 
reduce common-mode noise more than 1 SO 
dB. VIDAR Corp., 77 Ortega Ave., Moun
tain View, CA 94040. 272 

RESISTIVITY MEASURING INSTRUMENT 
operates by the de 4-point method and dis
plays res ults directly in !1-cm. Model VR-4 
is useful for measu ring the res isti vity of bulk 
sli ces, thin wafers, epitax ial layers and dif
fused layers of all semiconductor materi als. 
Features inc lude both 0.2S and 1 mm point 
spaci ng probes. Measurement range is from 
0.001 to 1000 !1-cm. Price is $292S. Si I tee 
Corp., 37 17 Haven Ave. , Menlo Park, CA 
9402S. 273 

EMERGENCY AC POWER SOURCE, Model 
EPl 00, has an average power rat ing of 100 
VA square wave output. Capacity is 4 hrs at 
100 VA. Recharge time is less than 8 hrs. 
Size is approximately 1 ft" ; weight is 30 lbs, 
excl uding battery; and price, without bat
tery, is $21 S. ERA Transpac Corp., 67 Sand 
Park Rd., Cedar Grove, NJ 07009. 274 

GRAPHIC RECORDER, Model 77S4A, is a 
compact 4-channel unit that uses hot-tip 
styl ii to make high-contrast traces on Z-fold 
paper. Response time is as short as S msec, 
and plug-in preamplifiers permit recording 
a wide range of physiologica l data. Z-fo ld 
paper is used. Price is $4SOO, with signa l 
conditioners at ex tra cost of $12S for a sig
nal coupler to $700 for a bioelectrical pre
amplifier. Hewlett -Packard, Medica l Elec
troni cs Div., 17S Wyman St. , Waltham, MA 
021S4. 275 
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LITERATURE 

"TEFLON" and its physical, thermal and 
chemica l properties is the subject of two 
bulletins, T-2D and T-3 D. Included in the 
14 pages are detai Is on the unique proper
ti es of FEP fluorocarbon fil m and its bonda
bility. DuPont Company, 1542 Farmers 
Bank Buildin g, Wilmington , DE 19898. 

227 

PERMANENT MAG NET catalog contai ns 20 
pages listing all standard items including 
cast and sintered Alnico, " Lodex" and "Ge
cor". Informati on is also included on a se lf
contai ned magnetizer and a portable de
magneti zer. General Electri c Co., 99 Neff 
Rd., Edmore, Ml 48229. 228 

... .; ..... :-""" 

LOCK-IN AMPLIFIER, Model 126, is de
scribed in the four-page specifi cation sheet 
T-291. Three charts and eight graphs de
scribe the instrument's operation. Also di s
cussed are five plug-in preamplifiers that 
provide sensitivity to 1 nV. Princeton Ap
plied Research Corp., Box 565, Princeton, 
NJ 08540. 229 

DESIGNING SC MEMORY SYSTEMS with 
the Intel 1103 MOS RAMs is made easy by 
this 28-page handbook of instructions. Pi c
tured and described are three completed 
systems that illustrate the design techniques. 
" 11 03 H andbook" is avail able without 
charge. Intel Corp. , 3065 Bowers Ave., San
ta Clara, CA 95051. 230 

HEATHKIT'S 1972 CATALOG contains 
more than 350 do-i t-yourself electroni c pro
jects. Some of the new items inc luded are a 
waste compactor for the kitchen, the AR-
1500 AM/FM/FM-Stereo receiver, a tab le
top road racing layout and modular elec
troni c workshops for youngsters. Heath Co., 
Benton Harbor, Ml 49022. 231 

REAL-TIME SPECTR UM ANALYZERS that 
require only 7 inches of panel height are the 
subject of a 12-page brochure tha describes 
their features , specifi cati ons and app li ca
tions. Federal Scienti fic Corp., 615 West 
131 st St. , New York , NY 10027. 232 

..... . __ ..... .,.._,... 

DIGIT AL MULTIMETERS of the Seri es 53 00 
are described in a fqur-page data sheet that 
li sts the major features of two models, and 
inc ludes inst rument photos and descriptions 
of the instruments' bas ic operating capabili 
ti es. Dana Laborator ies, Inc., 2401 Campus 
Dr. , Irv ine, CA 92664. 233 

. -... ·---.. .. 
DIGITAL PANEL METER brochure describes 
a line of small de meters in 2-, 2-1 /2-, 2-3/4-, 
3-, and 3-1 /2-d igit units. A 3- 1 /2-digit ac 
model is also described. Complete descrip
tions, specifi cations, dimensional info rma
tion and pri ces are included. Triplett Corp., 
DPM-PR Dept, Bluffton, O H 45817. 234 

SUBMINIATURE COAXIAL CONNEC
TORS are described in a 24-page catalog. 
Line drawings for the SMA Seri es are inc lud
ed, and a section both explains va ri ous ca
b ling procedures and illustrates an assort
ment of cr imping assembl y too ls. Kings 
Electroni cs Co., Inc., 40 Marbledale Rd .:' 
Tuckahoe, NY 10707. 235 

PRECISION IN STRUMENTS AND 
BRIDGES, including both a new portable 
bridge and a new self-balancing bridge fo r 
capacitance/diss ipation factor are the sub
ject of a six-page short form catalog. Special 
Instruments & M achinery Co., 6 Lamesa 
Ave., Eastchester, NY 1 0707 236 

DRAFTING SUPPLIES AND EQUIPMENT, 
plus those for arti sts, engineers and techni 
ca l illustrators, make up the content of a 
212-page general cata log. Such features as 
graphi c i llustrations and a qui ck- reference 
index make it a useful reference. Alvin & 
Co., Inc., 615 Pa lisado Ave., Windsor, CT 
06095. 237 

CONNECTORS AND SWITCHES are 
covered in a 28-page catalog. It describes 
standard and mini atu re-pin connectors, re
lay and switch connectors, PC connectors 
and termina ls and li ghted push-button 
sw itches. Informati on on crimping tooling is 
inc luded. Molex Inc., 5224 Katrine Ave., 
Downers Grove, IL 605 15. 238 
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the grabber. 
Our plunger action Mini-Test Clip 
is designed specifically for reaching 
into densely packaged miniaturized 
circuitry to make rapid, reliable tests. 

• Gold plated copper contact hook makes positive 
connection, and won't damage lead wires. 

• Specially designed tip slides down over square 
Wire-Wrap*pins for solid contact. 

•Integrally molded wire assures greater reliability 
and eliminates time-consuming assembly. 

• Molded nylon probe provides complete insulation 
to point of connection. 

• Four models offer widest selection of connecting 
plugs. Write for complete information and prices. 

POMONA ELECTRONICS 
1500 E. Ninth St. , Pomona, Calif. 91766 ·Telephone : (714) 623-3463 
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CIRCLE NO. 23 

No kidding around - I'm new, 
I'm fast, 'n' I'm good lookin'! 

Auro/!::S'&AN 
200 

AUTOMATIC CIRCUIT VERIFIER 

The AUTO/ /SCAN 200 is a fixed sequence circuit verifier ideal for testing printed 
circuit boards, substrate circuits, cables, and wire-wrapped backplanes - at speeds 
up to 8,000 tests per minute! Four times faster than comparable verifiers, the 
AUTO//SCAN 200 operates manually or automatically. With automatic point-to-point 
stepping, self programmable multiple circuit capability and simple controls, the 
AUTO//SCAN 200 requires no special training to program or operate. 

E/D~ 
Contact Walt Frey at: 

EYENETT/ &'HAILES. INC . 

2806 METROPOLITAN PLACE , JfOMONA, CALIFORNIA 91767 
PHONE: (714) 593 -2541 

CIRCLE NO. 25 

LITERATURE 

"POWER TRANSISTOR DIRECTORY", 
publication PTD-187C, contains informa
tion on new product programs as well as 
new product data. Epitaxial -base power 
transistors and monolithic Darlington types 
are included. RCA Sol id State Div., Box 
3200, Somervi lle, N) 08876. 239 

PLOTTING TECHNIQUES are studied and 
compared in " Reprint A/1 " that is intended 
to help decision-makers utilize computer 
data in a selective, speedy and more mean
ingful manner. The special ized capabilities 
of some key inventor/manufacturers are 
detailed and relatively compared to com· 
peting processes. Data via graphs, pictures, 
maps and 3-D models are explored. Re· 
quest a copy by writing directly to Spatial 
Data Systems, Inc. , J)2 Aero Camino, Go
leta, CA 93017 . 

"PURE BINARY SWITCH" bulletin de· 
scribes the Series B29 thumbwheel switch 
that converts any decimal input from zero to 
99 ,999 to its binary equivalent. The bro· 
chure includes specifications, photos and 
installation data. The Digitran Co. , 855 S. 
Arroyo Prkway, Pasadena, CA 91105. 240 

SOLID-STATE CATALOG describes several 
relays, controls and assemblies including 
tubular time-delay relays, hybrid time-delay 
modules and "zero crossover" switches. 
Guardian Electric Manufacturing Co., 1550 
W . Carroll Ave., Chicago, IL 60607 . 241 

NOMOGRAPH that provides a fast means 
of calibrating a real-time power spectral 
density system in terms of PSD level using a 
sine-wave calibration signa l is offered free. 
The8-1/2 · by 11-inch nomograph is useful 
to those analyzing random data such as 
noise, vibration or underwater acoustic sig
nals. It applies expressly to the company's 
" Ubiquitous" Series of real-time spectrum 
ana lyzers with 200- to 2000-line resolution. 
Write directly to Federal Scientific Corp., 
615 West 131 st St. , New York NY 10027. 

TABLETOP ELECTRON MICROSCOPE is 
described in Bulletin 2400. Photos, an oper· 
ating diagram and basic specifications of 
the instrument are given along with repre
sentative photomicrographs. Ultrascan Co., 
18530 S. Miles Parkway, Cleveland, OH 
44128. 242 
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SYNCHRONOUS DC MOTORS of the Se
ri e> 3000 are covered in a two-pJge produL I 

sheet. It lists appl ications and feat urL'S of the 
motors w hich operate over a range oi 30 lo 
3000 rpm with direct-dri ve torques up to 

128 oz-in. Sequenti al Informati on Systems, 
Inc., 249 N. Saw Mill River Rd. , Elmsford , 
NY 10523. 243 

MODULAR COMPONENT ENCLOSURES 
th at permit customi zed enclosing at produc
ti on pri ces are described in a brochure " IF 
Can Enc lose Your Hardware in a Custom 
Case at a Standard Pri ce!". The brochure 
exp lains how components ca n be modular
ized, and fea tures a multipurpose specifica
tion chart to enab le qu ick, easy ordering. 
Industri al Fabri cating Div. of Axe l Elec
troni cs, Inc. , 820 Woodend Rd., Stratford , 
CT 06497. 244 

EPOXIES AND REACTIVE RESINS are con
venientl y tabulated in a four-page brochure 
that lists electri ca lly-conduct ive and qui ck
cure epox ies, and materi als fo r potting, 
encaps ulating, bonding, casting and sea l
ing. Keni cs Corp., O ne Southside Rd., Dan
vers, MA 01923. 245 

ELECTRONIC ENCLOSURES are featured in 
a 12-page catalog that contains photo
graphs, exploded views, dimension tab les, 
and pri ces. The items included are ava il able 
for immediate shipping. Techmar Corp., 
2232 S. Cotner Ave., Los Ange les, CA 
90064. 246 

FET-INPUT OP AMP that is laser trimmed 
for offset vo ltages less than 1 mV is de
scribed in two data sheets. O ne covers the 
AD506 w ith CMRR of 90 dB and the other 
covers the ADS 16 w hich slews at 50 
vo lt/µ.sec, w ith gain-bandwidth of 30 M Hz. 
An alog Devi ces, Inc., Rte. 1 Industri al Park , 
Box 280, Norwood, M A 02062 . 247 

OFF-LINE PRINTING w ith the company's 
off- line print station that fea tures data com
press ion is described and illustrated in a 4-
page brochure. Tall y Corp. , 8301 South 
180th St. , Kent, W A 9803 1 . 248 

RELAYS AND TIMERS are the subject of a 
24-page catalog that provides in formation 
and appli cation data on industri al, mercury
wetted, electroni c time-delay, RF coaxial, 
magneti c latching and power relays. Syn
chronous motor timers are also included. 
Midtex, Inc., 10 State St. , M ankato, MN 
56001. 249 

SALES OFFICE 

E. Patrick Wiesner 
Publi sher 
22 1 Co lumbus Ave. 
Boston, M ass. 02116 
(61 7) 53 6-7780 

Hugh R. Roome 
National Sales Director 
205 E. 42nd St. 
New York City, New York 1001 7 
(2 1 2) 689-3 250 

NEW YORK CITY 10017 
Gerry Haberman, Di stri ct M anager 
Ri chard Mill ar, Di stri ct M anager 
205 E. 42nd St. 
(2 12) 689-3250 

BOSTON 02110 
Ri chard Parker, Di stri ct M anager 
H al Short, Distri ct M anager 
89 Franklin St. 
(61 7) 482-6 786. 

PHILADELPHIA 19103 
Steve Farkas, Distri ct Manager 
Penn Towers 
181 9 John F. Kennedy Blvd . 
(2 15) 569-2424 

CHICAGO 
John Huff, Regional M anager 
Terry McDermott, Di stri ct Mariager 
15 Spinn ing Wheel Rd . 
Hinsdale, Illinois 6052 1 
(3 12) 654-2390 

DENVER 80206 
John Huff, Regional Manager 
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(3 03) 388-4511 

SAN FRANCISCO 94103 
William J. Healey, District Manager 
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(2 13) 933 -9525 

Highest 
Speed 
A/D 

in Its 
Class! 

(2 J/S for 12 bits) 

Designed to provide an excep
tional speed/performance ratio, 
units in Phoenix Data 's new ADC 
900 Series offer fast, accurate, 
successive - approximation con
version with excellent repeat· 
ability , linearity, and mono
tonicity . 

FEATURES: 

High Speed Conversion 
2 Microseconds for 12 Bits. 
1 Microsecond for 10 Bits. 
800 Nanoseconds for 8 Bits. 

Accuracy 
±0.025% of Full Range - ADC912. 

Versatility 
Binary, pin-compatible with 700 
and 70 series. 

Self-Contained 
Including precision reference voltage. 

Repairable 
No potted active circuitry. 

Call or write today for the complete 
ADC 900 Series story. 

JW. 
PHO EN IX DATA,INC. 

3384 West Osborn Road 

Phoenix, Arizona 85017 

Ph. (602) 278-8528. TWX 910-951-1364 
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A 
Johanson 

Variable 
Capacitor 

for 45¢ 

45C each in 
quantities of 1,000 

A We are pleased 
to introduce the 

9300 series . You will 
find t he unit is truly 
micro-miniature ( .315 
high with a .230 di- -i-----------1 

ameter and .200 pin 
spacing) . Its rotary 
assembly is designed 
with special ceramic 

9312 2.8 - IO -350 PPM /° C 300 

9313 3.2- 18 - 550 PPM/' C 300 

materials which pro
vide longer life and 
complete environmen
tal stability. Capaci 
tance values are 
available up to 70 pf . 
For immediate deliv
ery, please phone 
(201) 334-2676. 

MANUFACTURING CORPORATION 

ROC KAWA Y VALLEY ROAD 

BOONTON . NEW JERSEY 07005 

CIRCLE NO. 28 

A REQUIRED volume for every 
manager of an R&D laboratory , 
engineering or scientific team . .. 

MANAGEMENT 
OF RESEARCH, 
DEVELOPMENT 
AND DESIGN 
IN INDUSTRY 

By T. S. McLEOD Technical 
Coordinator, Plessy Co., Great Britain 

Budgeting, organization, cost effective
ness and day-to-day management prob
lems treated in a practical, workable , 
professional method based on the au
thor 's experience in reorgan izing 50 lab
oratories of diverse disci pl ines in over 
50 different geographical locations and 
involving over 6,000 specialists. $12.50 

--1s DAY FREE TRIAL EXAMINATON PERIOD--

Cahners Books EON 

89 Frankl in St. , Boston, Ma. 02116 
Please send me __ copies of MANAGE
MENT OF RESEARCH , DEVELOPMENT 
AND DESIGN IN INDUSTRY at $12.50 
( ) Bill Me ( ) Bill Company 
( ) Check Enclosed (We Pay Postage) 
Name ____________ _ 

Company~----------

Address~-----------
City / State / Zip ________ _ 

Mass. Res idents Add 3% Sales Tax 
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Transducers, Magnetic . ... . ........ .. . . .. .. . .. .... 54 

SPECTRAL DEVICES 
Cables, Optical . .. ..................... . . . .... .. . . 55 
Isolators, Optical ..... ... . . .. . ............. . . . .. . . 54 
Lights , Indicator ......... ..... ......... . . . ....... 58 
Readouts, LED ... ........ . ......... . ... . . . .. . .. . . 58 
Readouts, Rear Projection ...... ... . .. .. . .......... 58 

SYSTEMS/SUBSYSTEMS 
Cable Assembly and Test Systems . . .. .. . . .. . .. . . . .. 17 
Magnetic Tapes . . .......... . ..... . ... . ........... 55 
Meters, Digit al Panel . ...... ..... ... . .. .. .. . . .. .... 67 
Readouts .. . .. . ..... .. ....................... . .. 41 
Switches, Binary Output . . . . ........... . .. .. ...... 68 

TEST EQUIPMENT 
Analyzers .... . ...... . ............. ... ...... . . . .. 55 
Analyzers, Circuit ....... .. . . . . . . ............ . .. . . 66 
Bridges . ..... . .... .. . . ........ . . ... ... . .... .. .... 67 
Bridges, Temperature ... . . . .. . ....... . ... .. ..... . . 66 
Counters . . . ....... . .......... .. .. .. ...... . ... . .. 64 
Generators, Pulse .. .. .... . . . . ... . ... . ........ .. .. 64 
Kits . . .. .. ... . .......... . ... . . .. ........ . ....... 67 
Meters, Ga in-Phase ..... . .. . ..... . . . . . ... . .. .. . ... 51 
Meters, Panel ............. . . . ..... ..... . . ...... . . 64 
Multimeters, Digital ...... . ... ......... . ....... 64, 67 
Oscilloscopes ..... . . .. ..... .. ..... . . . .. . ... . .. 14-15 
Signal Sources .. .. ........ . ..... . ........ . . ... . . . 11 
Spectrum Analyzers .. . ... . . . ..... ..... . ......... . 67 
Test Instruments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Testers, Automatic ..... . ..... .. . ... .... . •..... . .. 66 
Testers, Semiconductor . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Voltmeters, Digital . .... . .... . . . ... . .... . . . ........ 66 
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DESIGN DATA 

Application notes 
SCR MOTOR CONTROL is the topi c of the 
second article in a two-part series dealing 
with the control of shunt motors. It is inc lud
ed in Motorgram (Vo l. 51 , No. 5). Bodine 
Electri c Co., 2500 W. Bradley Pl., Chi cago, 
IL 60618. 250 

" THE ADVANTAGES OF DIRECT DIGITAL 
FREQUENCY SYNTHESIS" is the title of 
Application Note AN-14. Thi s two-page 
note compares the various approaches to 
synthesi s and describes the advantages of 
using direct digital methods over direct and 
indirect analog techniques. Rock land Sys
tems Corp. , 131 Erie St. East, Blauvelt, NY 
10913. 251 

DIGITAL 300 SERIES OF APPLI CATION 
BRIEFS contains seven notes on the use of 
hi gh-noi se- immunity logic. Topi cs include: 
el iminat ing internally generated noise, sec
ond level gating, BCD-to-decade decoder, 
master-s lave flip-f lop and others. Teledyne 
Semiconductor, 1300 Terra Bella Ave. , 
Mountain View, CA 94040. 252 

DC SECO NDARY VOLTAGE STANDARD 
USE is the topi c of a six-page note that gives 
i 11 ustrations of 31 ways to use the AN 31 00 
secondary voltage standard . Ana logi c Corp., 
Audubon Rd. , Wakefield, MA 01880. 253 

ANALOG M ULTIPLIER PRINCIPLES, along 
with 14 application circu its, is the subject of 
Technical Bulletin AD530 that also details 
the ci rcuit operation of the monolithic 
AD5 30. Inc luded are operation, error analy
sis and appli cations as well as a compre
hensive bibliography. Analog Devices, Inc., 
Rte. 1 Industri al Park, Box 280, Norwood, 
MA 02062. 254 

" BIBLIOGRAPHY ON TRACKING CO N
TROLS" is a 24-page booklet that lists 668 
books, reports and arti cles on such human
engineering problems as continuous track
ing, contouring and discrete positioning by 
the human operator. Measurement Systems, 
Inc., 523 West Ave., Norwalk, CT 06850. 

255 

MO S CO U NTER DECODER APPLICA
TIONS note contains eight pages with illus
trations, performance graphs and ways of 
using the MK 5002 four-di gi t decoder with 
numeric displays. Mostek Corp., 1400 Up
field Dr. , Carro llton , TX 75006. 256 

ELECTRICAL TAPES for transformer and coil 
appli cations are the subject of an eight-page 
guide that defi nes electri ca l, thermal and 
mechani ca l characteristi cs of specialty 
electri ca l tapes. Inc luded are charts that 
cover major co il applications and indi cate 
the tape best su ited for each application. 
Permacel , Box 671, New Brunswick, N J 
08903. 257 

MINIATURE FEED-THRU FILTERS are 
covered by Data Sheets 730-1 and 731-1 
that describe the available units and ' thor
oughly discuss their performance. Jn addi
tion, several typica l appli cations are de
scribed and illustrated. CAPITRON Div. of 
AMP Inc., 1595 S. Mt. Joy St. , Elizabeth
town , PA 17022. 258 

Free copies available in this issue are as follows : 

R.S. NO. TITLE PAG E NO. 

L61 Don't leave system grounding to chance .. .......... .......... .. . .... ..... .. ... .. 22 
L62 IC op amps simplify regul ator design ......... .... . .... .. . ... . ..... . . ... .... ......... 30 
L63 Magnetoresistor: a very simple solid-state transducer ... .. ... .... ............ . ........... 36 
L64 Do you real ly want fast ladder switches in you r OYA converter? ...... .. . . ... .. ...... ...... 43 
L65 Front panel magic sel ls a product ... ... .. ... ....... . . .... .. ... .... . . .. .. .. .... . .... . 44 
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CHRONOMATIC 
unveils the New 
nTotal-Contacf 
MICROBRUSH TM 

(Patent No. 3,579,822) 

A real improvement 
over old-style contacts ... 

OLD-STYLE 
SEGMENTED 

SHEET-METAL 
CONTACT 

A fully self-conforming contact like MICRO
BRUSH provides -

• Reduction of electrical noise 
• Increased area of contact 
• Mechanically independent "fingers" 

to conform to surface irregularities 
• Zero spacing for maximum number 

of contacts per unit width 

• Infinite variety of configurations, in
cluding strip-form 

• Better spring characteristics than 
stamped parts 

Where reduced noise level or maximum 
contact is a major consideration, we can 
apply the economics of high volume pro
duction to meet your design problems. 

NEPCON '72 West Booth No. 539 

II CHRONOMATIC 
m DIVISION ILLINOIS TOOL WORKS INC. 

110 West Providencia Avenue, Burbank, Calif. 91502 (213) 849-4216 

"INNOVATORS in Precision Miniature Manufacturing '{M 
CIRCLE NO. 30 



powerful 
film 

The widest range of resistive 
functions in the industry will 
be even wider 
in '72. Watch 
for important 
announcement. 

Pulse and trigger trans
formers are among the stand
ard lines we're adding and 
broadening this year. What 
else is ready in volume? 
Circle 94 to find out. 

new networks 
Your thick film design or ours goes from 
substrate to state of the art as fast as 
our laser can trim. DIP, SIP, Chips. It's 
a great year to get acquainted. Circle 90. 

exceptional wirewounds 
Still the greatest resistor for your high power, tight 
tolerance needs. Even better since we've broadened 
values and shrunk sizes on important styles . Need a 
DIP network, a fuse function or anything special . 

,_ ___ w_e_s_t_il_I have the edge. Circle 91 . 

Help us celebrate our 21st Anniversary ... 
We 'll send a box of 4 of Nebraska's best prime sirloins to 25 of you who 
complete and send us your opinion on what we do we ll and on what we 
should do better . Answer frankly . Use additional space if you wish . Steaks 
will be sent to first 25 names picked randomly at a notarized drawing . 
No obligation . No one will call. Mail before February 28, 1972. 

My job is : 
, Design 

Development 
, Testing 

lJ Procurement 

NAME 

COMPANY 

ADDRESS 

The Dale product 
most important 
to my job is : 

___ [, None 

The thing about Dale that impresses me most favorably is : 

Dale can improve or expand its role as a supplier to my kind 
of company by: ____ _ 

_ CITY_ _ STATE _ ZIP 

Return to: N. Roeder, Notary Public , 1222 P St., Lincolh, Nebr. 68SOB 


