




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." Electronics 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 vyrite Hewlett-Packard , Palo 
Alto , California 94304. In Europe : 1217 Meyrin-Geneva, 

Switzerland . -

HEWLETT. PACKARD 

SIGNAL SOURCES 

-- -

... at $1900, 
It's a Steal! 
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The little Initiator. He's new in town. Don't be 
fooled by his size. He packs a 1 Amp-1 Watt, No 
Fire, 5 minute punch equal to one twice his size. 
And watch it, he's fast, like ... . All-Fire at 3.5 
Amps within 20 milliseconds. Although he is re­
ported to operate normally between - 80 degrees 
and + 160 degrees Fahrenheit it is said he main­
tains peak performance after 200 hours at 300 
degrees. Another known characteristic is stub­
borness. Even when subjected to an electrostatic 
discharge jolt of 25,000 VDC . .. . he Will NOT 
fire. 

1 Amp - 1 Wall No Fire 

Actual Size 

Meet his friends, a rugged and compact group, currently 
active in many high reliability applications, in~luding several 
major U.S. missile programs : 

Microminiature Squib Switches (Single Pole). 
Squib Switches (4, 6, & 8 Pole. Instant and Time Delay). 
Time Delay Relays. Time Delay Cartridges. 
Actuators (Jlellows & Piston). lgniters. 
Explosive Bolts. Miniature Detonators. 

Find out all about the little Initiator and his friends. Call or 
write today. 
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New Celanex-917. It has the best of 
thermoplastics and thermosets. 

New Celanex-917 is the first 
thermoplastic polyester to com­
bine dimensional advantages 
of thermosets with processing 
advantages of thermoplastics. 
It's the most processable poly­
ester on the market. By far. 

That's part of the reason 
Raritan Engineering, Millville, 
N.J., is using Celanex-917 for 
pump components and electric 
motor domes on their new 
marine heads. 

in the dome because of its supe- Celanese9 
rior combination of electrical, 
thermal and mechanical prop-
erties. Celanex-917 also elimi-
nated the problems of poor 
finish, cracking, poor uni­
formity, and tool wear during 
drilling and tapping of holes. 

Celanex-917 is outstandingly 
machinable for a glass-rein­
forced plastic. It's rigid, won't 
crack or become brittle, doesn't 
distort or creep. 

During development, 
Celanex-917 was called X-917. 
But by any name it's a strong, 
tough plastic that can do things 

Just as important, Celanex-
917 completely resists strong 
chemical decontaminants 
mixed with sea water in the 
pump. In this part Celanex re­
places brass. It replaces phe­
nolic and polyester thermosets 

no other thermoplastic can. Celanese Plastics Company, 
Write on your letterhead for Dept. X-601, 550 Broad Street, 
more detailed information. Newark, N.J. 07102. 

Celanese Plastics Company is a division of Celanese Corporation. Canadian Affiliat e: Chemcelt Resources. Ltd. Eic:port: Amcel Co., Inc., and Pan Amcel Co., Inc., 522 Fifth Ave ., New York 10036 . 

. · ·~· .... ~--
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-----..,/ 
MoldeFs: A. L. Hyde Co., Grenloch, N.J., Rapid Tool & Mfg. Co., Newark, N.J. 
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~de, volts, amps, ohms 
25 ranges 
0.01% de aeeuraey 
$650 eomplete 

Systron-Donner's new all-function 7004 Digital 
Multimeter. Measures everything-de and ac 
voltage, de and ac current, and resistance. Built-in 
shunts for current measurements. Fully guarded 
input for highest common mode isolation. Dual­
slope integration design. 1 ,000 megohm input 
impedance on three lowest ranges. Optional 
battery pack with recharger ($95) mounts 
internally. For lab, field or systems use (with 
DTL/TTL compatible BCD outputs $45). Ask your 
local Scientific Devices offices for technical data 
or contact: Concord Instruments Division, 888 
Galindo St., Concord, CA 94520. Phone (415) 
682-6161. 

SVSTRCN DONNER 

Another S-D h1strument first! Electronic counters / Digital voltmeters / Pulse generators/ Data gen­
erators I Time code generators I Sweep generators I Spectrum analyzers I Digital panel meters I Digital clocks I Signal generators 
Oscillators I Laboratory magnets I Precision power supplies I Analog & analog -hybrid computers I Data acquisition systems. 
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Everybody wants your 
components business. 

Butwere doing 
6 things to ea111 lt. 

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

purpose - we give you documented 
reliability. You'll find our tin oxide 
resistors outperform metal film, 
wirewounds, carbon comps and 
metal glaze resistors. And our 
Glass-K'" capacitors outdistance 
monolithic ceramic capacitors 
on all counts. 

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

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

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

inventory of over 50,000,000 

components. And you'll find our Our F AIL-SAFE'"flame proof 
''ball parks" are the most accurate resistors give you an economical 
and dependable in the industry. replacement for non-inductive and 
You benefit in reduced expediting semi-precision power wirewounds. 
and inventory costs. But ours open - never short-

4 Better QC. Enough better under overload. 
so that many of our custom- 6 Better support. We've built 
ers find they can totally the largest technically 

eliminate incoming QC testing of trained field force in the 
our parts. Couple this with our industry. And have contracted 
unique product configurations that with the 30 most competent and 
cut component insertion costs and service-oriented distributors in the 
you'll find it costs you less to do country to give you in-depth 
business with Corning even when assistance whether. your needs are 
our per unit price is the same. big or small. 

5 Better new products. Our Just let us prove it. Write 
CORD IP'" Component Net- for full details to: Corning Glass 
works let you replace most Works, Electronic Products Divi­

of the outboard discretes you can't sion, Corning New York 14830. 
design into an IC. With a pretested, Or call: (607) 962-4444. Ext. 8381 
dual-in-line package of up to 23 QQR NI NQ 
discrete resistors/ capacitors/ diodes. 

ELECTRONICS 

Resistors &Capacitors 
for guys who can\ stand failures 

CIRCLE NO. 6 

7 



Here·s enough 
to put you onto 
flat fleHible cable. 
Now you can have all the benefits of flat cable-weight, density and flexibility­
to use it, everywhere. Our full line of connectors, specifically designed to take 
advantage of what flat flexible cable offers, will take you wherever you want to 
go-cabl e-to-cabl e. cable-to-wire , cable-to-post and cable-to-printed-circuit 
board . Now with the addition of our newest one-piece connector, we can also 
offer cable-to-printed-circuit board with a card-edge connector. 
Once you decide on how to go, AMPECONOMATION , our unique automated 
termination technique, makes getting there fast, reliable and easy. No need 
to prepare the cable. Just cut to length and the machine terminates up to 3400 
connections per hour . . . automatically. Four areas of contact, made with our 
exclusive insulation displacement crimp technique, assures the utmost in reliability . 
We can supply connectors and application machine for flat cable assembly 
production in your plant, or provide finished assemblies to your specificat ions, 
ready for your equipment. For complete information write: 
AMP Incorporated, Industrial Division, Harrisburg, Pa. 17105. 

AMP 
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INCORPORATED 

Two-piece 
board-edge 

wi th retention c l ip 

Pre-cu rl ed 
" wi ndow shade " 
opti on on cable 

Cable-to­
strip 

receptacle 
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One-piece 
board-edge 
connector 
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Editorial 

Wages and Prices 
Aren't the Only Things 
That Can Be Frozen 

President Nixon's wage and price freeze 
will be over soon and the full extent of its 
effectiveness in controlling inflation will 
be debated for some time to come. 

The thought occurred to us recently that 
a similar freeze on specsmanship might be 
just what the doctor ordered for the elec­
tronics industry. In other words, for 90 
days, or maybe 6 months, engineering ef­
forts could not be aimed at what might be 
termed "spec stretching." 

Development. of the "fastest" arialog 
switch, or the "smallest" thermal relay, or 
the potentiometer with the "lowest" tem­
perature coefficient would have to wait. 
And instead, engineers would concentrate 
on improving things like the life, reliability 
and safety of existing products. They 
would also have considerable time to in­
vestigate ways to manufacture existing 
products cheaper, with the resultant 
savings passed on , hopefully, to users. 

The benefits of such a freeze are obvi-

ous, particularly nowadays, when shifts in 
emphasis in the electronics industry have 
made things like price, life and safety more 
important than they ever were. This was 
brought home sharply at a recent trade 
show where the big crowds were at the 
booths featuring mundane selling points 
like price and delivery. Traffic at booths 
featuring products that were pushing the 
state-of-the-art, on the other hand , was 
generally light. 

Some will argue that the very purpose or 
essence of . engineering is technological 
progress-and that a freeze of this type 
would be counter to basic engineering 
goals. We wonder, though, whether these 
people are forgetting that technological 
progress must have a practical and useful 
purpose if it is to be meaningful. 

All of these are moot points, of course, 
since no one is going to impose a freeze on 
engineers. A lot could be learned, though, 
by just thinking about the possibility. 

EDITOR 
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Three new GE SSL's 
to put more energy 

in yourwork 

I I 

SSL-S4 

I I 
SSL-SSB 

I I 

SSL-SSC 

We've just come up with three lens-end 
infrared solid state lamps with more 
useful energy than before. 

Typical ratings for the SSL-54, SSL-
55B and the SSL-55C are l.OmW, 
4 .8mW and 6.0mW, respectively. 

SSL-54 has more power in the narrow 
20° cone than its sister lamps, SSL-4 
and SSL-34. And you still get the same 
fast rise time. 

They're just right for "mark sense" 
applications , detection systems, and 
computer-related uses like BOT and 
EOT sensing. 

SSL-55B and SSL-55C, in a 20° cone, 
generate almost twice the mW per dollar 
than any other GE SSL. So you can use 
less expensive detectors than before . 
Or place them farther away than before . 

1000 lamp prices : SSL-54- $1.21 
SSL-55B-$2.26, SSL-55C-$2.52 ea. 

Complete technical information on 
the new SSL 's - previously called light 
emitting diodes - is free . Just write. 

and seven other ways 
to make your job 

a little easier. 
NEW NEON GLOW LAMP 
#3AG-F. New circuit component lamp with 
tinned leads, and a special silicone Dri­
Film® coating that increases leakage re ­
sistance to 1,000 megohms minimum. Use 
with MOSFET, matrix or time delays. 

NEW RED NUMERIC DISPLAYS 
SSL-140 SSL-190. Red, easy-to-read seven 
segment solid state readouts with character 
heights of .140" and .190". Wide segments 
for each viewing. 

All products shown actual size. 

® Trademark of 
General Electric Company . 

NEW WEDGE BASE INCANDESCENT LAMPS 
(low-cost, all-glass construction) 

558 

#74. New smaller size 
wedge base lamp for auto­
motive and aircraft indi­
cator and electronic appli ­
cations, where space is at 
a premium. T-1 % bulb 
size, 14V, 0.IA, .75cp. 
#557. First wedge base 
flasher lamp. For attention ­
getting warning lights on 
instrument panel. The 

657 

ratings: 14V, .42A, 2.Scp. 
#558. Lens end wedge base 
lamp beams light for fiber 
optics illumination, instru­
ment panels, and warning 
lights. 14V, .27 A. 
#657. New 28-volt wedge 
base lamp for indicator 
applications. It completes 
GE's line of 6.3-, 14- and 
28-volt ratings. 

For General Electric's 2-part SSL manual on theory, characteristics and applications 
- 106 pages in all - send $1.00 for each set to: General Electric Company, Miniature 
Lamp Department, #382, Nela Park, Cleveland, Ohio 44112. 

CIRCLE NO. 20 SSL; 21 RED NUMERIC; 22 WEDGE BASE ; 23 NEON GLOW 
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Most designers specifying copper for a component are satisfied 
to get through a single brazing run with no hydrogen embrittlement. 
That wasn 't good enough for the assemblies in the new Los Alamos 
Scientific Laboratory 800 MeV linear proton accelerator. Many of them 
had to go into the furnace six different times. Without hydrogen em­
brittlement, without jeopardizing previously brazed joints, and without 
affecting conductivity. 

In addition the parts were forged, extruded, or welded ; and machined 
numerous times. 

Certified OFHC copper measured up to all the requirements. It is vir­
tually immune to hydrogen embrittlement when being brazed. Outgassing 
is held to a minimum. There are no gaseous inclusions or oxide pockets. 
Purity is 99.99+ 0/o . Conductivity is 101% IACS. And workability is ex­
cellent. 

You may not need to braze copper half-a-dozen times, machine it 
to a couple of thousandths, or stamp it, forge it, extrude it, or draw it. 
But aren 't you glad to know it can be done with OFHC copper? 

Specifying copper that can be 
brazed six times without hydrogen embrittlement 

is easy as OFHC: 

The story starts with purity. Ask how it ends. 
COPPER, INC. 
A BUBSIClll,FlV QIO AMERIC • N METAL CLIMAX. INC 

~-~ 11it? O AVENUE OF T ... E AMEF'l>C A S. NEW vo<>o< N v 1CXJ:IZO 
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Optoelectronics and Micropower 
Halt Hospital Hazards 

Hospital patients who now are instru­
mented to medical electronic equip­
ment have gained a new friend . Ter­
rasyn, Inc. of Longmont, Colorado has 
completed the design and evaluation 
of a new shock-preventing isolation 
amplifier for use with EKG monitors 
or chart recorders. Named "Lifewa­
fer," it uses opto-electronic isolation 
and operates at very low power levels. 
Circuit Design. Isolation is accom­
plished with a soon-to-be announced 

optoelectronic coupler (gallium-ar­
senide emitter, glass fiber optics and 
silicon sensor). Specs for this coupler 
include 10-kV isolation, de resistance 
of 10140 and less than 0.3 pF of ac 
coupling. 

By employing a voltage-controlled 
oscillator to pulse the gallium-arse­
nide emitter at 1 % duty cycle, and by 
using some very careful circuit de­
sign, the dissipation of both transmit­
ter and receiver portions of this am-

LIFEWAFER 

plifier was held to 150 µ W. Output 
impedance is a low 5 kfl . Such ex­
tremely low total power dissipation 
was necessary because a decision had 
been made in favor of throw-away 
batteries. Before selecting the throw­
away type , comparison was made 
with rechargeable batteries, but the 
latter's cost and physical size preclud­
ed their use in this application. Also, 
since hospital personnel use this 
amplifier, both convenience and 

EKG MONITOR OR RECORDER 

115V l~ 
60Hz ·~ 

Shock protection in patient monitoring systems is af forded by the "Lifewafer." 
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Design News 

training were major design criteria. 
Much care was taken in the input 

circuit design. Because the normal 
0.1- to 5-mV patient input signals to 
the amplifier occur in the presence of 
up to 200-mV offsets, the input cir­
cuitry must ignore these offsets. Also , 
input impedance must be high, yet 
the unit must function in a high-level 
60-Hz noise environment. 

In this device there is no reference 
to earth ground. Instead, differential 
signal inputs are referenced to their 
own return, resulting in a virtual 
common-mode rejection of better than 
100 dB. This provides adequate rejec­
tion of 60-Hz pickup while achieving 
100-Mfl input impedance in each leg 
to insure that maximum patient cur­
rent will be kept well below 10 µ,A. 

When operated near such items as 
electric razors , drills or microwave 
ovens, this amplifier is completely 
insensitive to stray pickup. Also, the 
input circuitry will withstand, with 
no damage to the internal electronics , 
a 7-kV defibrillator discharge on any 
combination of input leads. 

Packaging Design. It is common­
ly agreed that for maximum patient 
safety, current limiting should be 
done as near to the patient site as 
possible. This new amplifier comes 
ready to meet this need with no user 
training required. 

For three reasons - to permit a 
sealed case, to avoid any need to in­
struct the user to turn the unit on and 
to keep the patient from having any 
control over the amplifier - biased 
reed switches are used to connect the 
batteries to the circuit. When the unit 

The "Lifewafer" is connected to its battery power by biased reed switches which are 
controlled by magnets mounted inside the case. The reed switches close to energize 
the unit only when it is removed from the case. 

is in its carrying case, these switches 
are biased open by magnets mounted 
inside the case. When the amplifier is 
removed from the case, the internal 
reed switches close and the unit 
starts to operate. 

Double duty is performed by the 
"Lifewafer." It can replace, directly , 
the cable that now connects from a 
patient to a bedside monitoring sys­
tem. When used this way, outputs are 
floated with respect to system moni­
tor ground. In its other application it 
performs as a single-ended output 
amplifier , raising the millivolt pa­
tient signals for sending over long 
lines to a remote EKG monitoring 
system. Used either way, it provides 
complete isolation for the patient. 

The package has no sharp corners or 
edges that could cause injury. Also , 
the GE "LEXAN" plastic used for the 
case is impervious to acids and other 
external body fluids , contains no toxic 
dyes and is easily sterilized. 

Inside the unit, the PC module is 
sealed against moisture, and there is 
no metal on the package surface. 
Even the printing is done with a die­
lectric ink to insure against conduc­
tive paths. 

This amplifier will update yester­
day's equipment to meet the strin­
gent demands being imposed today. 
To put it to use, all that is required is 
to remove it from the case, plug it in 
to replace the old cable and mark the 
battery change date on the case. 
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"Instrument on a chip" is a step closer to reality with 
a new concept in ICs introduced by Harris Semicon­
ductor. Actually, instruments (plural) would be more 
accurate because this DIP building block (called the 
HA-2400 PRAM) can be used to construct a variety of 
circuits. The significance of this development is not in 
the complexity or in the amount of circuitry packaged 
on a chip, but in the versatility provided by the pack­
aging concept and design. 

Consider what you might do with a package consist­
ing of four input preamplifiers, an output amplifier 
and a means of digitally connecting one of the four 
input amplifiers to the output amplifier (Fig. 1). Ac­
tually you can do anything you could with a conven­
tional op amp. Then throw in the advantage of pro­
grammability, and you can do much more. 

For example, by connecting similar feedback net­
works from the output to each of the four input chan­
nels, the device can select and condition several input 
signals. Conversely, by connecting different feedback 
networks to each of the inputs, various op amp func­
tions can be performed on a single input signal. 

Although programmability is a key feature, it does 
not necessarily have to be utilized. The PRAM can be 
used with one channel as a high-performance op amp. 
A Look Inside. The actual circuit (Fig. 2) consists of 
four preamps whose outputs are connected in parallel 
to the output amplifier. Operating current is fur-

Design News 

Programmable Analog Module 
Provides Design Versatility 

IC contains 4 input preamps, an output amplifier and de­
code/control circuitry in 16-lead hermetically-sealed DIP. 

Do o, ENABLE CHANNEL 1 CHANNEL 2 CHANNEL 3 CHANNEL 4 

L L H ON OFF OFF OFF 

H L H OFF ON OFF OFF 

L H H OFF OFF ON OFF 

H H H OFF OFF OFF ON 

Lor H L or H L OFF OFF OFF OFF 

OV ,,; l ,;; +O.SV +2V ,,; H ,,; +5V 

Table I - Digital input truth table. 

nished only to the selected input channel by the de­
code/control circuitry, thus switching that channel to 
the output amplifier. Input terminals of the OFF chan­
nels are effectively open circuits. 

Digital inputs , D
0

, D1 and enable, control the input 
channel selection according to the truth table (Table 
I). These inputs can be driven with any DTL or TTL 
circuit that uses a standard 5V supply. 

Frequency compensation for closed-loop stability is 
recommended when closed-loop gains are less than 10. 
A single external capacitor across two pins does the 
job. When different feedback networks are used, the 
channel with the lowest closed-loop gain governs com­
pensation requirements. 
Putting It To Use. Obviously, the PRAM is not just 
another integrated-circuit op amp with improved spec­
ifications. It is a building block that should provide 
economical solutions to designers' problems and per­
haps stimulate the development of improved products. 

A few applications suggested by the manufacturer 
include: programmable gain amplifier (inverting or 
noninverting), programmable adder/subtracter, phase 
detector and track-and-hold/sample-and-hold- to men­
tion just a few. Design engineers, ingenious as they 
are, will undoubtedly find a host of other jobs for the 
PRAM to do. 

For further information, contact Harris Semicon­
ductor, Box 883, Melbourne, FL 32901. 
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ASYNCHRONOUS DATA COMMUNICATIONS 

ON ONE MOS/LSI CHIP THAT REPLACES 
OVER so TTL'S IN YOUR PRESENT SYSTEM. 

16 

TR1402A PROGRAMMABLE ASYNCHRONOUS RECEIVER/TRANSMITTER 

DATA RATE 
DEVICE (BAUD) INTERFACE 

Fully DTL/TTL 
TR1402A 12.5K Compatible 

All Inputs 
TR1402A-01 12.5K And Receiver 

Outputs TTL 
TR1402A-02 25K Compatible 

Fully DTL/ TTL 
TR1402A-03 25K Compatible 

1-24 

•AUTOMATIC START BIT AND STATUS FLAG GENERATION 

•TRl·STATE RECEIVER AND STATUS FLAG OUTPUTS 

•SILICON GATE STATIC CIRCUITRY 

I 
WORD LENGTH 

•PROGRAMMABLE PARITY/INHIBIT 
STOP BIT LENGTH 

We're in volume production. 

Order your MOS/ LSI devices now. 

PRICE 

25-99 100-999 AVAILABILITY 

$50.00 $43.75 $37 .50 Nov. 1 

$38.00 $33.25 $28.50 Stock 

$60.00 $52 .50 $45.00 Stock 

$75.00 $65.65 $56.25 Nov. 1 

WESTERN 15 DIGITAL 

c D R p D R A T I D N 

19242 RED HILL AVENUE BOX 2180 NEWPORT BEACH, CALIFORNIA 92663 (714) 557.3550 TWX-910-595-1139 
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Retraining Studies 
Employ 
Aerospace 
Engineers 

Two federally-assisted programs are 
under way to find methods for aero­
space and defense technical personnel 
to apply their experience in solving 
today's social and ecological prob­
lems. 

Both programs use unemployed en­
gineers and scientists to do the work, 
but their emphases are slightly dif­
ferent. 

In Atlanta, Georgia, the combined 
efforts of the citizens of Cobb County, 
Emory University and the National 
Science Foundation have resulted in 
employment of 21 people in the Part­
ners for the Advancement of Cobb 
Economy (PACE) Corporation. They 
will determine research needs in 
areas such as waste disposal , health 
care, transportation and water pollu­
tion, and then design research pro­
jects aimed at solving problems in 
these areas. 

Projects will be reviewed by a com­
mittee to select appropriate ones for 
further development either by Emory 
University or by PACE. The study 
program will provide a certain 
amount of retraining by placing un­
employed technologists in a new kind 
of problem solving situation. 

The other program, involving the 
NSPE and six other professional en­
gineering societies, is funded by the 
Department of Labor. Study teams 
will be set up in Seattle and Los An­
geles initially, with teams to follow in 
12 other areas of high professional 
unemployment. These teams will be 
assigned specific industries for study 
with the following objectives: 
1. Identify skills needed in the near 
future in specific fields . 
2. Identify specific skills of unem­
ployed professionals that can be used 
to fill the need. 
3. Create a base of information iden­
tifying skills that are transferable, 
under what conditions and to which 
alternate occupations. 
4. Develop a mechanism for effecting 
the conversion, including training, 
reorientation and job identification. 

Th!'.se programs recognize the need 
· for the unemployed engineer or scien­
tist to make a living during his re-

training phase, and to be retrained in 
an area where there is actually a need 
and employment opportunity. Both 
are examples of the type of realistic 
thinking needed to solve the problems 
of the engineer today. 

Minicomputer 
Controls 
Radiotherapy 
Treatment 

A minicomputer-controlled radiother­
apy system is now treating patients 
on a day-to-day basis with a 20-30% 
reduction in setup time at University 
of Wisconsin hospitals. 

The new system, called CART 
(Computer-Assisted Radiation Ther­
apy), consists of a Varian 620/i mini­
computer and a Varian "Clinac" 4 
linear accelerator in a single hard­
ware/software package. 

Increased efficiency in the treat­
ment of patients on a day-to-day basis 
is possible because dosage prescrip­
tions and treatment regimens are pre­
served on a single personalized 1/8-
inch tape cassette. Each cassette con­
tains information that provides auto­
matic regulation of the 4 MeV Cli­
nac's beam size, direction, patient 
couch position and other important 
treatment parameters. 

Design Briefs 

Faster and more efficient handling 
of records and other medical adminis­
trative data is provided by immediate 
printout of each patient's treatment 
history from cassettes. 

Valuable safety features , such as a 
collision-avoidance system and a re­
dundant identification check before 
treatment, are provided to insure that 
the proper cassette is regulating the 
proper patient's treatment. In addi­
tion, the system verifies automati­
cally that the treatment setup is as 
the therapist prescribed. Daily thera­
py patient load can be significantly 
increased without an increase in cost. 

After placing a patient's cassette 
in CART's cassette reader, the tech­
nician enters the patient's identifica­
tion number on the control room dis­
play. If the l.D. number matches that 
on the tape, the complete patient 
record is entered into the minicom­
puter. The minicomputer then pro­
ceeds automatically to the next step, 
which is a visual display of the ac­
cumulated monitor dose for each por­
tal, the total accumulated monitor 
dose, the total number of treatments 
in the plan, the number given already 
and the next portal number to be exe­
cuted. 

The computer then compares pre­
scribed treatment parameters with 
actual settings of the Clinac 4 and its 
control console and indicates discrep­
ancies on the video monitor. The in­
formation which the minicomputer 
has received from the cassette is then 
used to control gantry position, beam 
size, couch position and size and an­
gulation of the beam. When the com­
puter determines that the setup cri­
teria have been met, an appropriate 
ready light is turned on. This tells the 
X-ray technician that he may now 
turn on the beam. When treatment is 
finished, the "Teletype" automati­
cally prints out the treatment param­
eters. 

Besides substantial reduction of 
the possibility of human error, one of 
the chief advantages of the CART sys­
tem is the ability to gather a good 
data base for retrospective studies at 
periodic intervals to upgrade treat­
ment modes. For further information 
write to Dr . Richard Levy, Radiation 
Div. , Varian Associates, 611 Hansen 
Way, Palo Alto, CA 94303. 
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High energy silicon for the 70S. 
Switching Regulator 

MONOSTABLE 
MUL TIVIBRATOR 
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Delco announces two new 
1000-volt transistors 

for hi h power regulators 
· in small packages. 

Our new DTS-721 and DTS-723 1000-volt silicon 
transistors permit you to design solid state circuits for 
industrial applications with capabilities previously re­
served for tubes. Now you can think small. 

application tests from production lots by prospective 
users with stringent reliability requirements. 

And their energy handling capability is verified 
by Delco Pulse Energy Testing. 

These two new silicon devices were developed 
specially for instrumentation and power supply builders, 
as well as for computer and military applications. They 
can operate from DC inputs of 1200 volts to 1500 volts. 
With 1 % regulation at full load. 

These new high voltage silicon transistors make it 
possible for you to take advantage of reduced size, 
weight and component costs in designing circuits-and 
get far greater reliability. 

In a switching regulator, they can operate direct­
ly from a 220-volt line or from rectified 440-volt single 
or polyphase sources. 

The circuits shown are explained in detail in our 
application notes nos. 45 and 46. 

Call the Kokomoans or your Delco Distributor 
for more information. 

Both devices are NPN triple diffused, packaged 
in Delco's solid copper T0-3 cases. They are mounted to 
withstand mechanical and thermal shock because of 
special bonillng of the emitter and base contacts. 

The DTS-721 and DTS-723 have been proven by 
Available from these Delco distributors: 

E Delco Electronics 

ALA., BIRMINGHAM • Forbes Distribut­
ing Co., Inc. (205)-251-4104 
ARIZ., PHOENIX • Cramer /Arizona 
(602)-263-1112 Sterling Electronics 
(602)-258-4531 
CAL., LOS ANGELES • Kierulff Elec­
tronics, Inc. (213)-685-5511 •Radio Products 
Sales, Inc. (213)-748-1271 
CAL., PALO ALTO• Kierulff Electronics, 
Inc. ( 415)-968-6292 
CAL., REDWOOD CITY • Cramer/San 
Francisco, (415)-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 Electronics 
(305)-935-2406 
ILL., ROSEMONT (Chicago) • Kierulff/ 
F-J-R (312)-678-8560 
ILL., SKOKIE (Chicago) • Merquip Elec­
tronics (312)-282-5400 
IND., INDIANAPOLIS • Graham Elec­
tronics Supply, Inc. (317)-634-8486 
MD., BALTIMORE• Radio Electric Service 
Co. (30 I )-823-0070 
MASS., NEEDHAM HEIGHTS • Kierulff 
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 Electron­
ics Supply Co. (612)-332-1325 

DIVISION OF GENERAL MOTORS CORPORATION, KOKOMO, INDIANA 

MO., KANSAS CITY• Walters Radio Sup­
ply, 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 Corpora­
tion (201)-471 -6600 
N.M., ALBUQUERQUE • Cramer/ New 
Mexico (505)-265-5767 • Sterling Electronics 
(505)-247-2486 
N.Y., BINGHAMTON • Harvey/ Federal 
(607)-748-8211 
N.Y., EAST SYRACUSE• Cramer/Eastern 
(315)-43 7-667 1 
N .Y., NEW YORK • Harvey/ New York 
(212)-582-2590 
N.Y., ROCHESTER • Cramer/ Rochester 
(716)-275-0300 
N.Y., WOODBURY • Harvey/ New York 
(516)-921-8700 
OHIO, CINCINNATI• United Radio, Inc. 
(513)-761-4030 
OHIO, CLEVELAND • Pattison Supply 
(216)-441-3000 
OHIO, DAYTON Kierulff/F-J-R 
(513)-278-9411 
OKLA., OKLAHOMA CITY• Radio, Inc. 
(405)-235-1551 
OKLA., TULSA• Radio, Inc. (918)-587-9123 
PENN., PHILADELPHIA • Almo Elec­
tronics (215)-676-6000 
PENN., PITTSBURGH • RPC Electronics 
(412)-782-3770 
S.C., COLUMBIA • Dixie Rad io Supply 
Co., Inc. (803)-253-5333 
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TEXAS, DALLAS • Adleta Electronics 
Company (214)-741 -3151 
TEXAS, FORT WORTH • Adleta Elec­
tronics Co. (817)-336-7446 
TEXAS, HOUSTON• Harrison Equipment 
Co., Inc. (713)-224-9131 
UTAH, SALT LAKE CITY• Cramer/ Utah 
(801)-487-3681 
VA., RICHMOND• Meridian Electronics, 
Inc., a Sterling Electronics Company 
(703)-353-6648 
WASH., SEATTLE • Kierulff Electronics, 
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.,q 
767 Fifth Avenue, New York, N.Y. 1, 
10022. Phone : (212)-486-3723. 

Regional Headquarters. Union, New Jersey• 
07083, Box 1018 Chestnut Station, (201 )-
687-3770 • El Segundo, Calif .. 90245, 354 
Coral Circle, (213)-772-5181 
• Kokomo, Ind. 46901 , 700 
E. Firmin, (317)-459-2175 
Home Office • • 0 ffice includes 
field lab and resident engineer 
for application assistance. MARK OF EXCELLENCE 
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Eight for One 
ROM Sale 

Introducing the world's first 
8K bit bipolar read only memory. 

Sooner or later someone was bound to do 
good things with bipolar memories. We did 
it sooner. Think about it. That's a lot of 
memory on one little chip. Even MOS can't 
touch it . With our new MM6280 you can 

replace eight lK ROMs or 32, 256 Bit 
ROMs. Quite a savings when you consider 
one masking charge vs. eight, reduced P.C. 
card area, fewer interconnections, lower 
power requirement, lower insertion costs, 
and so on and so on. 
On top of all that, it's got 100 nsec access 
time and nibbles only 60 microwatts per bit 
of power. It has four enable lines so you 
can go to 16K words without adding 
additional decoding. And no clocks are 
required because it is static. 

What can you do with this big bipolar 
ROM? Plenty. You can use it to store the 
full 128 ASCII character set, row or column 
scan, put multiple trig functions in one 
package (including sine, co-sine, tangent 
and co-tangent); build a mighty powerful 
microprogrammed CPU or achieve high 
accuracy look-up tables. 

A few detail specs: 

1024 words by 8 bit 
60 microwatts per bit 
100 nsec access time 
4 enable lines 
160 microamps address input current 
DTL/TTL compatible 
Fantastic price: . 7¢/bit in hundred quantity 

Pick a winner, write, call, TWX or 
telex for full data. Do it quick! m 
Monolithic Memories 
Monolithic Memories, Inc., 1165 East Arques Avenue, Sunnyvale, Ca 94086 
(408) 739-3535 TWX: 910-339-9229 Telex 346 301 

U.S. REPRESENTA TIVES: ALABAMA: Col-Ins-Company, Inc., H u ntsville (205) 881-1835; ARIZONA: Howe & H owe Sales, Inc., P hoenix (602) 
264-7971 ; CALIFORNIA: DeAngelo , Rothman & Company , Whittier (213) 945-2341 ; W illiam J. P u rdy, Burlingame (415) 347-7701; COLORADO: William 
J . Purdy, Littleton (303) 794-4225; FLORIDA: Col-Ins-Company, Orlando (305) 423-7615; ILLINOIS: Carlson E lectronic Sales, Chicago (312) 774-0277; 
INDIANA: Robert 0. Whitesell , Indianapolis (317) 359-9283; KENTUCKY: Robert 0. Whitesell , Louisville (502) 893-7303; MARYLAND: J . R. Daniel 
& Company , Lutherville (301) 825-3330; MASSACHUSETTS: Circuit Sales, Inc., Lexington (617) 861-0567; MICH IGAN: Robert 0 . Whitesell, Detroit 
(313) 358-2020; MINNESOTA: HMR, Inc., Minneapolis (612) 920-8200; NEW JERSEY: R. T . Reid Assoc., Teaneck (201) 692-0200; NEW YORK : M ar­
Com Associates, Syracuse (315) 437-2843 ; NORTH CAROLINA: Col-Ins-Company, Raleigh (919) 834-6591; OHIO: Robert 0 . Whitesell , Cincinnati (513) 
521-2290; PENN SYLVANI A: J . R. Daniel & Co., Glenside (215) 887-0550; TEXAS: Data Marketing Associates, Dallas (214) 358-4646; Data Marketing 
Associates, Houston (713) 686-9627 . 

INTERN A TIONAL REPRESENTATIVES: ENGLAND: Analog Devices, L td., 59 Eden Street, Kingston-Upon-T hames, Surrey, London. 
Phone: 01-546 6636, Telex: 27383. FRANCE: Radio Equipments, 9 rue Ernest Coganaco, 92 Levallois, Peret. Phone: 737-54-80, T elex: 62630. GERMAN Y: 
Neumuller & Co. GmbH, 8 M unchen 2, K arlstrasse 55. Phone: 592421 , Telex: 0522106. INDIA: Flash Enterprises, 72-B, Miller Road, Bangalore-lB. Phone : 
72660, Cable: Flaent . ISRAEL: S .T .G. International Lid., 52 Nachlat Benyamin St., P . 0. Box 1276, Tel-Aviv. P hone: 53459, Telex: 033-229 Tel-Aviv. 
JAPAN: Marubeni-Iida Co., Ltd., 3, Hommachi 3-Chome, Higashi-ku , Osaka 530-91. P hone: Osaka (271) 2231, Cable: M ARUBEN I OSAKA, T elex: 
OS-3261, OS-3262, OS-3297; Marubeni-Iida Co., Ltd., 6-1, Ohtemachi 1-Chome, Chiyoda-ku, Tokyo. Phone: TOKYO (216) 0111, Cable: M AR UBENI 
TOKYO, Telex: T K 2326, TK2327, TK2328 . NORWAY: Henaco A/S, Cort Adeleers Gate 16, Oslo . Phone: 56 51 85. SWEDE N : AB Svensk T eleindustri, 
Valla torg 53, 121 69, Johanneshov. Phone: 08-91 0440. SWITZERLAND: Omni Ray AG, Du!ourstrasse 56, 8008 Zurich. P hone: (051) 47 8200, T elex: 53239. 
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CONTROL MOS/LSI YIELD 
BY DESIGN 

To gain an edge in today's competitive marketplace, many firms are con­
verting their system designs into MOS/LSI. Consequently, today's de­
signer must understand MOS/LSI yields as well as he does Ohm's Law. 
Equipment manufacturers must go a step further-they must develop an 
understanding of topological designs within their engineering ranks. 

MEL PHELPS, Nortec Electronics Corp. 

During the '60s, the electronic equipment designer had 
to relegate the entire process of semiconductor design 
and production to the semiconductor manufacturer. 
Typically this manufacturer ran the show. He decided 
what components to design and what risks to take, and 
customers who wanted more participation were forced 
to the sidelines. 

MOS technology, with its 2-D design simplicity and 
relative standardization of processes, has changed all 
that. With MOS, performance is proportional to source­
to-drain widths and lengths. No longer is there an air of 
mystery surrounding topology and layout. This has en­
abled equipment manufacturers to become actually 

ENTER WITH 
LOGIC DESIGN 

LARGE-SCALE COMPOSITE DRAWING 
OR DIGITIZED EQUIVALENT 

PN>DUCTION MASKS 

TESTED WAFERS 

CIRCUITS ON WAFERS 
OR IN PACKAGES 

Yield milestones during development of a 
custom MOS/LSI integrated circuit. For the 
MOS/LSI approach to be economical, the 
designer must know what factors contribute 
to yield loss during each of these milestones. 
For maximum cost savings and contributed 
value, he should consider assuming full re­
sponsibility for one or more of these steps to 
a complete development. 

engaged in the design process. 

TOPOLOGICAL 
DESIGN 

TOPOLOGICA 
COMPOSITE 

CIRCUITS 

CIRCUIT 
TESTING 

EMERGE WITH 

LARGE-SCALE COMPOSITE DRAWING 
OR DIGITIZED EQUIVALENT 

MASTEi! SUBMASTER AND 
PRODUCTION MASKS 

CIRCUITS ON WAFERS 

CIRCUITS ASSEMBLED 
INTO PACKAGES 

TESTED MOS/LSI CIRCUITS IN DIE 
OR PACKAGED FORM 

FOR A FREE REPRINT OF THI S ARTICLE, CIRCLE NO. L61 

(Co1'tinued) 

(Continued) 
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MOS/LSI Yield (Cont'd) 

Designers accustomed to printed-circuit board topo­
logy are now turning directly to silicon as the intercon­
necting substrate instead of using glass-epoxy lami­
nants surmounted by standard IC packages. As these 
designers swing to MOS/LSI, they must become much 
more knowledgeable about yields. This article will ex­
plore the factors that determine these yields and will 
detail how to maximize them. 

'Think Yie lds' at t he O utset 

When we speak of integrated circuit yields, we are 
referring to the percentage of good devices that emerge 
from process , assembly and testing steps. Naturally, it 
is desirable to maximize yields at every one of these 
steps, because as the final yield goes up the cost per de­
vice goes down. As we shall see, several variables affect 
the final yield of an IC. Each of these variables must be 
optimized if maximum yield and minimum cost per de­
vice are to be achieved. 

OL.J 
CLOCK PULSE 
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Fig. 1-Improper desl1n always causes low yield. If 
the capacitive voltage divider for the MOS clocked in­
verters is not designed properly from a topological 
standpoint, marginal performance will result. For 
example, when the clock tine goes negative, a nega­
tive charge is added to nodes A and B; when the 
clock line goeli positive, a positive charge is added. 
As clock amplitudes vary, the added or subtracted 
charge can cause the logical "l" values to become 
marginal. 

Start with the Topological Design 

Planning for maximum yields must begin with the 
genesis of a circuit idea. Among the more important 
criteria to consider during the circuit design stage are 
the following: 
Provid e ad equate noise m argins for the expected 
range of process parameters. This can be achieved by 
insuring that inverter ratios are sufficient, that ground 

lines are solid and that gates and inverters are capable 
of driving their loads at the correct speeds. 
Design capacitive voltage divid ers properly. In 
dynamic MOS logic, capacitive voltage dividers are al­
ways present. If these dividers aren't properly designed, 
the noise margins will be inadequate and the circuit 
will not function as it should. This anomaly is detailed 
in Fig. 1. There are several ways to cope with this prob­
lem. One is to add extra capacitance to the divider net­
work. A simpler solution, however, might be to use the 
vendor's standard cells, providing that they meet your 
design requirements. 
Avoid NAND gates with more than four inputs. 
The active gate area is directly proportional to the 
number of gate inputs squared. Consequently, each 
additional gate input contributes substantially toward 
increasing the chip area- and the bigger the chip, the 
fewer the potential circuits and the lower the overall 
yield (see Fig. 2). 
Use dynamic instead of static logic to minimize 
power dissipation and keep junction temperatures 
down. High junction temperatures cause increased 
leakage which in turn causes poor yield. 

CAD Can Do Topological Desig n 

Thanks to computer-aided design (CAD), the topo­
logical design of an IC need only take a few hours in­
stead of several weeks. The accuracy of CAD is general­
ly very good once the program conversions to the XY 
coordinates are complete. However, there is a tradeoff 
- CAD does not use the chip real estate as efficiently 
as a manual layout. 

One of the more popular CAD programs uses stan­
dard cells as the starting point in the design. By stan­
dard cells, we mean already-designed geometrical cir­
cuit arrays of transistors, resistors and capacitors. This 
standard-cell approach has two major advantages: it 
gives the designer a quick reading on the topological 
layout of his circuit, and it allows him to ignore the 
basic physics and chemistry of the device fabrication 
(i.e., he need not compute parameters such as junction 
depth, sheet resistivities, etc. ). 

When using the standard-cell approach, the designer 
has access to hundreds of cells within the cell library. 
Typically, the cell library will accommodate any of the 
designer's electrical or functional requirements. By 
calling up the coordinates associated with the desired 
cell, the designer can immediately see his topological 
layout via a computer-driven plotter or a CRT display. 
If the proper circuit is not available within the cell li­
brary, it's easy to have the computer program provide 
a window in the program whereby the designer can 
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Fig. 2-Chip size vs yield is shown for both a loosely­
packed and a densely-packed complex MOS circuit. 
Maximum yields are 80% and 40%, respectively. Yield 

drops off sharply for the loosely-packed device at about 
160 mil2 -whereas the yield for the tightly-packed de­
vice drops off at approximately 120 mil•. 

!Continued) 
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MOS/LSI Yield (Cont'd) 

add the necessary customized circuit. Aside from pro­
viding a fairly comprehensive cell library, such a CAD 
program also contains routing and folding instructions 
that describe how to interconnect outputs, inputs, 
power supplies and grounds. 

Once a simulation or transient analysis is performed 
on a CAD topological design, the designer may want to 
go back and do some circuit customizing. Customizing 
to minimize chip area is always ~ecommended if the 
circuit is to go into high-volume production. 

If an !C's topological design is to contribute toward 
maximizing the device's final yield, these guidelines 
should be observed: 
Avoid tight spots. In an attempt to maximize use of 
chip area, a designer is inclined to squeeze together 
parts of a circuit. This practice often leads to failure 
caused by aluminum breakage or shorts, p-p shorts, 
severe oxide steps, etc. Preventing such failures is easy 
if the vendor's design recommendations are followed. 
Typically, these recommendations provide for human 
error and tooling tolerances and are not as conservative 
as they may appear. 
Avoid pinholes. Mask defects give rise to pinholes in 
the oxide which in turn cause p-p shorts, metal-sub­
strate shorts and oxide ruptures. Pinholes are often 
traced to dust particles present during the photography 
performed for the mask-making or actual masking 
steps. Higher yjelds in large chip sizes are largely at­
tributed to improved mask quality and to care taken 
during the masking steps of the process. 
Reduce lateral pnp action. If a junction is forward 
biased, the substrate will clamp the p-region voltage at 
0.7V above the substrate voltage by emitting minority 
carriers into the substrate. These carriers can then be 
diffused through the substrate and collected by the 
reverse-biased junction. And in dynamic MOS circuits, 
this can cause discharge of the data-storage capacitors. 
Following the vendor's design rules will usually pre­
vent this lateral pnp action. However, the designer 
should strive to keep critical junctions isolated from 
any other junction that can be driven into forward bias. 
Reduce surface inversion leakage. When the silicon 
surface is inverted by potentials at the surface of a 
thick oxide, surface inversion leakage will occur. This 
effect connects two p-regions from different transistors 
with a conductive path. Two ways to reduce this leak­
age are: 1) keep critical junctions away from high­
voltage runs, and 2) isolate high-voltage runs such as 
V cc supply with a diffusion connected to a lower po­
tential (for example, lay out a diffused ground line be­
tween the V cc supply and the rest of the circuit). 
Minimize reach-through. When two adjacent dif-

fusions get too close together, the depletion region from 
one reaches over into the depletion region of the other. 
Consequently, unwanted conduction occurs between 
the two regions. To minimize this "reach-through," the 
p-p material spacing should never be less than that 
recommended by the vendor. 

Artwork Needs Real Care 

Neat and accurate artwork goes a long way toward 
producing the precision masks necessary for maximiz­
ing an IC's final yield. Though machine-generated art­
work c~n be created more quickly, the value of hand­
cut artwork should not be underestimated. Hand-cut 
artwork can usually be made slightly more accurate 
than machine versions and is easier to modify for small 
changes. In either case the artwork should be made as 
large as possible, because the larger the artwork the 
greater the accuracy. Furthermore, larger artwork is 
easier to peel and check. 

When peeling opaque "Mylar" or "Rubylith" ma­
terial for the gate and/or contact layer, it's best to 
avoid positive-form artwork where the gates and con­
tact!3 appear as small red spots on a clear background .. 
When artwork in this form is rolled up for transport to 
the first reduction camera, it's very easy for one of 
these spots to fall off without being noticed. The result­
ing circuit, which almost ~orks, causes frustration, 
lost time and added development budget expense. To 
preclude this sort of difficulty, it's best to use negative­
form artwork where the gates and contacts appear as 
clear spaces on a dark background. 

Once the artwork is cut to the required dimensional 
tolerances, there's no guarantee that these tolerances 
will be maintained unless certain precautions are 
taken. From the time the artwork is on the cutting 
table until the time it is photographed, it should always 
be stqred flat and never subjected to violent changes in 
humidity. Finally, using high-intensity reproductions 
nets greater tolerance in light levels during mask 
reproduction-which also helps to hold dimensional 
tolerances. 

Conversio n of Artwork 
To P roduction Mask s 

The following are some common errors encountered 
regularly in masks being used and delivered today: 
- Magnification error: Die image is not the same from . 
one mask to another. This can be avoided if the mask 
ma~er carefully checks dimensions at each reduction 
stage. 
-Rotation error: Die image is rotated with respect to 
the X and Y axes of the mask. 
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SYSTEM 
COST 

DUE TO LOWER 
HANDLING AND 
ASSEMBLY COSTS, 
SMALLER, MORE RELIABLE 
EQU IPMENT AND REDUCED 
OVERALL MATERIAL COSTS. 

1971 

I 
OPTIMUM DESIGN POINTS 

EDGE LENGTH OF DIE 

RISING COSTS DUE 
TO LOWER YIELDS 
AS DIE GETS TOO LARGE. 

1972 

I 

I 

REDUCTION IN OPTIMUM 
LSI SIZE AS MOS 
TECHNOLOGY IMPROVES. 

Fig. 3- 0ptimum chip size depends on cost per function. 
Cost per function depends hot only on yield, but also on 
the handling and assembly costs of the good chips. In­
creasing the chip size can decrease the handling and as-

sembly costs, but at the sarne t ime it can raise costs be­
cause of yield losses. The optimum chip size, therefore, is 
one that minimizes the sum of these two cost factors. 

(Continued) 
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- Stepping error: Distance between rows or columns of 
devices differs from desired spacing. Best equipment 
for avoiding this is a fully-automated stepping ma­
chine. 
- Runout: Gradual and cumulative increase in the 
size of a row or column of devices occurs. Even though 
mask alignment can be achieved over existing devices 
at the center of the wafer, increasing misalignment can 
be seen as the microscope is moved toward the edge of 
the wafer (for the same mask position). 

In the Homestretch 

You migh t think once your brainchild has gone 
through the wafer processing and testing- and is 
n icely ensconced in its final package-that your yield 
worries are over. Not true! Yield loss can still occur in 
the final testing stage. 

For example, packages with open pins can cause 
device fail ure. Of course, such bad packages can quick­
ly be detected by a pin-check test, in much the same 
way that a probe-check test is performed during wafer 
testing. 

One of the easiest ways to lose devices during final 
testing is by bending their leads while inserting them 
into a test socket. Bent leads can cause open pins and 
may damage the package. Though package carriers can 
reduce the occurrence of bent leads, it's more important 
to establish a correct operating procedure and provide 
regular supervision. 

Unquestionably, MOS/LSI is the only way to go if 
an equipment designer wishes to maximize his contri­
bution to his product design. But for MOS/LSI to be 
simple and economical , the equipment designer must 
understand as much as possible about the economics of 
making semiconductors. In short, the designer must 
always, from initial concept through final testing, 
"think yields." Today's $10 to $15 custom MOS/LSI 
circuit that can replace several PC boards full of cir­
cuits is well worth the effort. o 

M el Phelp s is vice president in 
charge of marketing and sales at 
N ortec Electronics Corp., Santa 
Clara, Calif. He came to Nortec 
after 1-1/2 years as Vice Presi­
dent of Marketing with Fabri­
Tek Corp. and 7 years with Fair­
child Semiconductor, i ncluding 
3 years as Product Marketing 
Manager for Fairchild !Cs. 
Phelps is a graduate of Case In­
stitute with a B.S.E.E . 

Yields ... 
at the Wafer Level 

MOS/ LSI wafer processing can be divided into four broad 
areas : maski ng , diffusion, testing and assembly. Each of 
these processes is discussed below in terms of yield . 

Masking. In most well-established processes , masking is 
the principal factor controlling yield . Furthermore, the 
incidence of mask defects determines to a large extent 
the size of die that can be used. A process that averages 
one defect every 150 mil2 will generally have poor yield. 
However, that same process could , with reduction in 
mask defects, produce 75% yields on a 750 mil2 chip . To 
obtain good yield , one should strive for the following 
mask-making goals : 

Maintenance of all mask dimensions through photore­
sist and etching. 

Perfection of the photoresist process. This includes : 
-Good edge definition 
- Freedom from pinholes , particles, scratches and dis-
torted patterns 
-Complete and adequate resist coverage (over high 
oxide steps , etc.) 

Cleanliness of masks. Clean masks in a clean environ­
ment can sti ll pick up photoresist particles from contact 
with slig htly sticky wafers , and these particles are not 
easily removed from emulsion masks. Masks with hard 
surfaces are less likely to pick up such particles. 

Perfection of etching. This includes : 
-Complete removal of oxide without excessive under­
cutting 
- Freedom from bubble effects 
- Freedom from lifting 

Maintenance of reg istration patterns between mask 
levels. Regist ration imperfections include both misalign­
ment by operator and wafer warpage. 

Diffusion. Diffusion failures lead to threshold voltages, 
breakdown voltage and p + sheet resistances that do not 
meet specifications. Unlike masking defects which are 
localized, a diffusion failure usually ruins an entire wafer. 
Though diffusion failures occasionally cause an entire 
run to be rejected , they have less of an impact on yield 
loss than masking errors. In the diffusion process, di­
electric deposition and metallization are the major factors 
that affect yields ; these are discussed below : 

Dielectric deposition. In dielectric deposition processes , 
non-uniform deposition and particle formation can be 
significant yield loss factors and can make masking steps 
more difficult. 

Metallization. There are several factors in metal evapora­
tion (the metal is generally aluminum) that influence 
yield . 
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-Probably the most important metal problem is inade­
quate coverage of oxide steps. In MOS processing , the 
relatively high oxide steps give rise to shadowing effects 
which can cause metal discontinuities. To minimize fail­
ure over these steps, one can use elaborate evaporation 
systems, substrate heating (which increases the surface 
mobility of the aluminum atoms) and oxide step tailoring . 
- Metal masking problems related to the evaporated 
aluminum include : difficulty of defining patterns in the 
thick aluminum that is used to assist step coverage, varia­
tion in etching characteristics, missing spots and lumps. 
Of all the masking steps, the metal masking step probably 
has the most influence on final yield. Thus careful atten­
tion to the perfection of the aluminum layer is well worth 
the effort. 

Testing. Significant yield loss is still possible during the 
testing phase. Some of the ways to minimize it at this 
stage are discussed below : 
-Use a tester that performs both parametric and func­
tional testing . By eliminating the need for double testing 
(i.e., testing once for function and once for parameters) , 
you can halve the amount of handling required and thus 
halve the possibility of probe damage or contamination . 
- Make sure that only highly skilled and properly trained 
operators are employed. Employing incompetent person­
nel often results in trouble from misaligned probes, im­
proper loading , probe bounce and similar causes of 
lowered yields. 
- Probes must be properly aligned. A misaligned probe 
can produce open or short circuits and result in a low or 
even zero yield. Poss ible misalignments should be 
avoided by including a probe test at the beginning of the 
electrical test sequence. Such a test checks for open and 
shorted pins, and alerts the operator when an excessive 
number of opens or shorts is encountered. 
- Probe pressure should be properly adjusted. If the pres­
sure is too light, the probe will be unable to do the 
job for which it was designed ; if the pressure is too heavy, 
the probe can gouge the aluminum pad or even break the 
die. 
-During wafer testing, chips are electrically sorted, and 
the rejects are " inked-out" so that at a later step they can 
be vi sually identified and removed. It is important at this 
stage to avoid ink splatter, because the operator charged 
with removing " inked-out" chips may remove good chips 
that have been accidentally splattered. 
- The wrong program in the tester or wrong loading of 
the device under test can lead to device failure at the 
wafer sort. It is necessary to check the program and load­
ing at the start of each shift by testing a standard wafer 
(a wafer with a known number of chips on it). The number 
of indi cated good chips on the standard wafer should be 
the same as when previously tested. If it is different, the 
tester should be examined for defects. 
- Keep the tester accurately calibrated . A calibration 
error can result in failure owing to small parasitic cur­
rents. This is especially true when measuring low currents 
(such as leakage currents on the order of 1 O nA). 
- Unwanted transient voltages and rough waveforms 

can cause good units to fail. The driver pin output should 
be periodically checked with an osci ll oscope to see if 
such transients or waveforms are present. If they are, they 
can be eliminated by terminating the affected lines at the 
probe head. 
- Keep the test area clean. Wafer contamination can re­
duce both yield and reliability . Always use tweezers­
never touch a wafer with your hands. Wafers not being 
tested should be stored in closed boxes. 
Assembly. There are many wafer assembly techniques , 
such as flip-chip, beam lead , chip and wire, etc. Each 
technique requires unique assembly equipment-hence 
each technique has unique yield problems. For discus­
sion purposes, we will focus on the most popular as·sem­
bly method : preformed die attach followed by wire bond­
ing. Causes of yield loss during this type of assembly are 
discussed below : 
- Wafer Scribing. If the tool gets dull or out of alignment, 
chipping or scratching of the die may occur. Losses of up 
to 10% from scribing errors are common for LSI chips. To 
prevent such losses, only properly trained operators 
should be used and tools should be inspected regularly. 
- Die Attach. If the machine is not correctly adjusted, 
there may be extra preform flaking , stressing and die 
damage or even no die attach at all. Th erefore special 
attention must be given to the setting up and checki ng of 
the machine. Once set up, the machine should be checked 
at least once a day. Operators must be monitored con­
stantly to make sure that they are not scratching the die, 
that they are " scrubbi ng " the die into place in the correct 
manner and that they are, in general , putting out quality 
work. Visual inspection of the finis hed work should be 
made once a day on a random basis . If good visual aids 
and well-written specs are not provided, or if the opera­
tors are incompetent, many good units may be discarded 
by mistake. 
- Lead-Bond. If the machine is improperly adjusted, there 
may be loss of bond strength . An inspection should be 
made immediately fol lowing the start of each shift. Five 
to ten wires per device should be checked for bond 
strength . If the quality level is not high enough , the ma­
chine should be shut down and repaired . Bonding dia­
grams are essential to insure good continuity from unit to 
un it. The bonding tool must touch the bonding pad ac­
curately. If the operator is moving too quickly or is not 
watching , the bond may be smeared or deformed, caus­
ing lower yield . Daily checks should be made to insure 
that the operator is building to the correct bonding dia­
gram and that bond placements are correct. 
- Inspection Criteria. Visual inspection tends to be sub­
jective. Thus there should be photographs and drawings 
that depict various types of failure. Otherwise, an inspec­
tor might throw away good units in the belief that they 
were faulty. Even for a well-controlled process , a yield 
loss of 5 to 10% is common at this step. 
- Final Seal. To insure a proper seal, sample units should 
be pulled off the sealer during the initial setup of th e 
machine. Continuity of the weld or glass-ceramic seal 
should be inspected, and the entire un it should be tested 
to determine whether o r not the hermetic seal is adequate. 
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Will The Designer Who 
Ordered Plastic Silicon Power 
In More Than One Package Size, 
Power Rating and Lead Form, 

Medium Large 
10 to 40 W 30 to 90 W 65 to 100 W 
100 mA to 5 A 100 mA to 10 A 5 A to 15 A 
30 to 350 V 30 to 350 V 40 to 80 V 

Isolated 
Mounting S crew Mounting S crew 

Please Drop It Right Into 

*TRADEMARK 
MOTOROLA I NC. 
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It's Ready! 
Thermopad * plastic power - now available 
in just about any size, power rating and lead 
configuration you require ... for immediate 
drop-in into any metal-device socket you 
might have: T0-66, T0-5 or PCB, for ft.at 
or flag-mounting, with or without heat sinks 
... in high voltage, complementary EpiBase* 
and Darlington technology! 

And you've got over 120 types to do it 
with: 33 registered and 90 house-numbered 
units that ensure your getting exactly what 
you need . .. eliminating over or under­
design ... without costing more than you 
want to pay! 

You have your choice of 40 "small" case 
77 types offering the most compact design 
possibilities . .. available in either E-C-B or 
B-C-E pin styles ... readily replacing T0-66 
units and furnished in 10 different lead forms . 

Use the newest, "medium-sized," case 
199 to directly replace T0-66s and other 
plastic types with unformed leads where 

direct , metal-to-metal mounting screw 
attachment is desired. Like the case 77 and 
case 90, the 199 provides the most intimate 
heatsirtk-to-header contact seal in the indus­
try and offers superior hermetic case integ­
rity in high humidity environments. Power 
dissipation is also greater because of its 60% 
bigger heatsink area. 

"Large" in every way, the case 90's mini­
mum, .032" thermal path length provides 
essentially the same 0.1c as a copper T0-3 in 
spite of the fact it has only one-fourth the 
heatsink surface area! You also get Darling­
ton/ complementary capability and up-to-
100 W performance! 

Get the whole story on Motorola plastic 
silicon power - write Box 20912, Phoenix, 
AZ 85036 and receive data sheets plus a copy 
of the new LEADFORMS brochure ... it 
details dimensions, styles and applications 
of Motorola's unique capability to fit plastic 
power devices to any of your sockets. It's 
right now! 
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CASE 77 

Standard Straight Pin 
E-C-B Pin Style 

CASE 77 

T0-66 Sockets 
Standard Lead Length 

CASE 90 

Standard Straight Pin 
E-C-B Pin Style 

CASE 77 

Standard Straight Pin 
B-C-E Pin Style 

CASE 77 

~ 
T0-66 Sockets 

Long Lead Length 

CASE 90 

Flat Mounting On Heatsink 

CASE 77 

T0-5 PCB Pin Circles 
(Heatsink Optional) 

Collector Bent 
Away From Heatsink Surface 

CASE 77 

PCB Mounting 
Trimmed Leads 

CASE 90 

PCB Or Heatsink Mounting 
Long Collector Lead 

CASE 199 

CASE 77 

T0-5 PCB Pin Circles 
(Heatsink Optional) 

Collector Bent Toward 
Heatsink Surface 

CASE 77 

~ 
PCB Mounting 

Heatsink Surface Down 

CASE 90 

PCB Or Heatsink Mounting 
Short Collector Lead 

CASE 199 

His Sockets. • 
CASE 199 

T0-66 Sockets 
Trimmed Collector 

CASE 199 

PCB Sockets 
Flat Mounting 

Without Heatsink 

CASE 199 

Popular Plastic 
Flag Mounting 

Standard Straight Pin 
B-C-E Pin Style 

CASE 199 

PCB Sockets 
Flag-Mounting, 

Trimmed Collector 

3 Different Sizes, 

T0-66 Sockets 
Electrically Integral Collector 

CASE 199 

T0-66 Sockets 
Optional Center Lead Connection 

19 Different Lead Forms To Choose From! 

ltllOTOROLA POllVER 
In The First Place, It's Easy. 

CIRCLE NO. 13 
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Introducing the Fluke 8120A, the first 
low cost complete universal multimeter 
measurement system. Ask your local 
Flukeman for a demo today. Call him 
now or write us directly for literature. 

Up a pole, 
u 

on the bench, 
or in the boonies, 
Fluke's new 
universal 
multimeter 
measures more. 

• five ranges, f ive modes, 41/2 digits, $795 
• voltage from 100 mill ivolts to 1000 volts 
• current from 100 microamps to 1 amp 
• resistance from 1000 ohms to 10 megohms 
• published ove rload and environmental specs 
• fully guarded circuits 
• guaranteed range , accuracy and resolution specs 
• field installable options 
• push button convenience 
• single mainframe option structure 

IFLUKEf 
Fluke, Box 7428, Seattle , Washington 98133. Phone : (206) 
774-2211 . TWX : 910-449-2850 I In Europe, address Fluke Neder­
land (N.V.), P.O. Box 5053, Tilburg , Holland . Phone : (04250) 
70130. Telex : 884-52237 I In the U.K., address Fluke 
International Corp., Garnett Close, Watford , WD2, 4TT. Phone : 

___ , Watford , 33066. Telex : 934583. 

CIRCLE NO. 14 
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Design Features 

UNIVERSAL 
SPEED-POWER NOMOGRAPHS 

To fully engineer modern digital systems, you should know the re­
lationship between your logic circuits and the power they'll need. 

CHESTER W. YOUNG 

Here are three nomographs that will help designers 
balance their choice of logic type against the size and 
weight of the system power supply. As more and more 
variations of bipolar and MOS logic families are of­
fered, it is easy to get bogged down by the tedious cal­
culations needed to properly compare them. These 
charts reduce the effort required to relate a logic cir­
cuit's power dissipation to the circuit's parameters. 
Also, after a particular logic fami ly has been selected, 
they can help determine what voltage level and clock 
frequency to use. 

The first two nomographs are concerned with the ba­
sic components of dissipation, static and dynamic, and 
the third nomograph is helpful for determining power 
consumption in whole systems, such as LSI chips. 

Total Gate Power 

The total power dissipated by a gate operating at a 
given speed is the sum of its static and dynamic dissipa­
tion: 

P,o, = P, + p d 
where: 

EQUATION 
TERMS 

Vpow 

(V I 2 
pow 

p s R 

= l\{iow )2/ R 

CL 

v sig 

pd 1Vs; 9 12 

f 

= CL IVs; g l 2r 

p = p + 
to t s pd 

1/ fc= RCL 

f = 1/ RCL c 

fcross = (Vpow l Vsig I 2 f c 

P. = the static dissipation that 
goes on whether the gate is 
handling a signal or not 

UNITS BIPOLAR 

-~ ~ 
ECL TTL DTL 

v 5 5 5 

25 25 25 

kO 0.36 1.25 2 

mW 70 20 12.5 

pF 5 15 10 

v 0.7 2 3 

0.49 4 9 

MHz 100 50 10 

mW 0.245 3 0.9 

mW 70.25 23 13.4 

nsec 1.5x10 -9 18.75 200 

MHz 670 53 5 

MHz 3400 330 135 

Table 1-TJplCll llte Pow9r 

Pd = the dynamic power dissipat­
ed in switching as the gate 
handles the signal 

This and other equations that follow are from Ref. 1. 

Static Power Nomograph 

The static term, P,, is a direct function of the power­
supply voltage and an inverse function of the gate's 
supply-to-ground resistance: 

where: 

p = (V,'"")2 
s - R--

P, = gate static power dissipa­
tion 

vpow = power-supply voltage 
R = effective supply-to-ground 

resistance of the gate (which 
may be different for the ON 

and OFF states) 
Nomograph 1 solves this equation. It is a three­

scale alignment chart that has a very wide range of val­
ues on the R and P. scales to encompass the complete 
range of both current and expected bipolar, MOS and 
CMOS logic families . The power supply voltage scale 
goes from 1 to 50V, which should cover both the new 

(Continued) 

MOS 

2BV DTL Low Leve l P-Channel Complementary 

28 2.5 12 10 6 

784 6 .25 144 100 36 

7 1 . 25M 300 10100 10100 

112 511W 0.5 10 nW 3.6 nW 

10 5 0.2 50 10 2 

27 0 . 3 12 10 10 6 

730 0 . 09 144 100 100 36 

0.01 0.3 1 1 0.001 100 Hz 

73 µW 0.1 µW 0.03 5 1 µ W 7 nW 

185 5.1 µW 0.53 5 1 µW 11 nW 

70 6.25x 10- 6 60x10- 9 1 10 - 1 0.02 

14 0. 16 16 1 10 50 

15 11 16 1 Hz 10 Hz 50 Hz 

(frontRlf. 1). 

(Continued) 
FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. L62 

31 



32 

Speed-Power Nomographs (Cont'd) 

lower-voltage MOS wristwatch-type circuits and the 
higher-voltage industrial logic. 

Example: ECL bipolar would have the following val­
ues (taken from Type 1 in Table I): 

POWER 
SUPPLY 

VOLTAGE 

v po w 

(V ) 

50 

40 

30 

5 

4 

3 

2 

(Vpow ) 2 
p =---

8 R 

STATIC 
DISSIPATION 

POWER 

1W 

100 mW 

1 mW 

10011-W 

100 nW 

10 nW 

1 nW 

100 pW 

Nomograph No. 1-Stltlc Gate Di11lpltlon 

V pow = 5V 
R = 3600 
Ps = 70 mW 

GATE 
SUPPLY - TO - GROUND 

RESISTANCE 

R 
(0) 

100 

E D N/E E E 0 c t o b e r 1 5, 1 9 7 1 



A straight line drawn between the first two values 
(on the outside scales) intersects the center power scale 
at 70 mW, which agrees with the value shown in the 
table. 

Many of the newer bipolar and MOS families have re­
duced static dissipation. Using this nomograph, it is 
easy to check the improvement in dissipation and to 
make comparisons between various brands. It is also a 
simple matter to see what benefit comes from operating 
a given logic at some other supply voltage. For exam­
ple , in MOS memories the voltages are often reduced 
during standby to save power. 

GATE GATE 
LOAD SIGNAL 

CAPACITANCE SWING 

CL Vsig 

(pF) . (V) 

0.1 100 

0.2 50 

20 

10 

5 

2 

' 10 ~ 
' 

' 

" 20 0 .5 
' 

~ 

-50 0 .2 

100 0.1 

Dynamic Power Nomograph 

The dynamic term, Pd, is a function of the capacitive 

loading at the gate's output, the voltage swing of the . 
signal at the output and the switching frequency: 

where: 
Pd = C1.<Vsirlf 
Pd = gate dynamic power dissipation 
C,, = load capacitance at the gate 

output 
v sig = signal swing 

f = operating frequency 
Nomograph 2, which solves this equation, is a five-

GATE GATE 
OPERATING DYNAMIC 
FREQUENCY DISSIPATION 

pd 

(Hz) (W) 

10 Hz 10 nW 

100 Hz 

1 MHz 

100 MHz -----
-----

---_,__....-- ------
1 GHz 

(Continued ) 
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line alignment chart with four calibrated scales. It has 
one scale for each of the four terms in the equation, and 
a turning line in the center. A solution is generated 
by drawing a straight line through the values of the 
two parameters on the left-hand scales and extending 
it to the center line. From this intersection with the 
center line, a new line is drawn through the operating 
frequency and extended until it intersects the gate dy-

namic dissipation value on the far right-hand scale. 
Example: For a typical ECL gate (Logic Type 1 in 

Table I ), the pertinent value would be: 
C1, = 5 pF 

V,;g = 0.7V 
f = 100 MHz 

Drawing the lines (labeled 1) through these values 
gives a Pd of 245 µ.W . 

~ B- POIBll'EllCB.L 

A- EFfECT OF CLOCK VARIATIONS C-TOTAL 

SPEED -
NUMBER TOTAL CLOCK POWER SLICE TOTAL 

OF CLOCK DELAY INTERVAL PRODUCT POWER POWER 
INTERVALS nsec nsec - W (W / SLI CE) (W) 

104 10 

5 

4 
103 

3 

2 

A 
102 

0.5 
0.4 

10 0.3 

0.2 

0.1 

0.05 
0.04 

0.1 0.03 

0.02 

0.01 0.01 

Nomograph No. 3- System Speed-Power Product. 
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As can be seen from this nomograph, it really pays 
to keep the signal swing down if you want speed with­
out using inordinate amounts of power. 

Speed-Power Product for Systems 

The third nomograph is for assessing the speed­
power relationships in complete systems or subsys­
tems. It helps you determine how close your system 
performance comes to the state-of-the-art. For example, 
it will help you compare a discrete IC implementation 
with a LSI version of the same system. 

It assumes that you can break the system down into 
identical cells and that you know the power dissipation 
of each. It also assumes that you know the number of 
clock intervals to carry a signal through the cell and 
the time duration of each interval. 

This nomograph is really three overlapping nomo­
graphs (A, B and C) side by side. Separate calculations 
can be made on either section and then extended, if 
desired, to the others. 

On the left side (section A), the total delay is deter­
mined by multiplying the time of one clock interval by 
the number of clock intervals. On the right (section C), 
the total power is determined by multiplying the pow­
er-per-slide by the number of slices. This assumes that 
slice power is identical, or at least similar, from slice 
to slice. The examples are drawn from Ref. 2, which 
discussed a computer developed from general-purpose 
LSI arrays that had the uniformity implied by this no­
mograph. 

Example: Here we compare a discrete IC implemen­
tation with a cellular LSI design. The discrete IC sys­
tem has performance values of: 

Clock Interval = 125 nsec 
Slice Power = 1.4W 

The speed-power product is determined from group B 
(middle). These values are located, plot A, on the third 
and fifth scales, and the line between them locates the 
speed-power product of 175 nsec-W on the center scale. 

The total delay is determined from group A (left). If 
10 clock intervals are assumed for this system, a line 
from 10 on the leftmost scale of A to the point on the 
clock-interval scale intersected by the previously­
drawn line crosses the total delay scale at 1.25 µsec. 

The total power is determined from group C (right). 
If the number of slices or cells (right-hand scale) is 
assumed to be five, then the total power scale is inter­
sected at 7W. 

Now you want to find out if you would benefit from 
going to some LSI scheme such as the "Uni-Cell" con­
figuration discussed in Ref. 2, 'Y-here all the silicon 
wafers are made up of repeating general-purpose cells. 

Because all circuitry is now compactly located on the 
same wafer, the clock interval or delay is reduced. At 
the same time, cell power is reduced because of the pos­
sibility of operating at lower voltages on chip and the 
decreased capacitive loading. The values for the LSI 
circuit are: 

Clock Interval = 60 nsec 
Slice Power = 0.75W 

These LSI parameters reduce the speed-power prod­
uct to 45 nsec-W (plot B), which is an appreciable im­
provement over the 175 nsec-W of the original discrete 
IC implementation. 

Obviously, many questions must be answered about 
particular discrete and LSI circuits before you can come 
up with the values to plug into this nomograph, but 
the nomograph helps you get started by making clear 
which information you need. 

Summary 

With these nomographs it is easy to compare the dif­
ferent device families. Such nomographs are especially 
valuable for comparison of new, improved, logic fami­
lies as they are introduced. The new low-power TTL, 
the Schottky-clamped super-speed TTL, the ultraspeed 
ECL and the many new variations of MOS can all read­
ily be compared for power dissipation by using these 
first two nomographs. 

It is also possible to obtain some idea of how a given 
logic type will change with changing operating condi­
tions. For instance, if you want to compare a number of 
alternative implementations of a logic equation with 
respect to power dissipation, you can draw the line for 
each variation on the chart and visualize the pros and 
cons. In this case, one of the principal variations will 
be the change of output capacitance with changing 
fanout. D 

Databank 
1. "Micropower: An Answer to the Power-Speed Trade-Off in 
Digital Systems," EDN, Aug. 1, 1969, p. 51. (Corrected version 
can be had as reprint L62 for that issue.) 
2. "Fourth Generation Here Now," EDN, Nov. 1, 1969, p. 20. 
News story about a 4-bit computer register Raytheon built 
using Sylvania LSI "Uni-Cells." 

Chester Young has worked for 
General Dynamics, Submarine 
Signal Co. and most recently, 
Walter V. Sterling, Inc. He says 
he has none of the usual hobbies 
like skiing or stamp collecting, 
but tends to spend a lot of his 
own time "exploring and reading 
about management techniques." 
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You name it-we have the exact 
cermet resistor network size 
and characteristics you need. 
Here's the choice you get right 
now: our 750 line includes: .100" 
centers with 4, 6 & 8 pins; .125" 
centers with 2, 4, 6 & 8 pins; 
and .150" centers with 4 through 
13 pins. And we're working on 
new designs right now! 

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

ACTUAL SIZE 

• c TS CORPORATION"'"" ,,,;, .. 
A world leader in cermet and variable resistor technology. 
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From HP-Three new dimensions in 
"pulser power" ... 

1 Multiphase 
• MOS Testing 

2. 125 MHz 
Capability 

3. Digital 
Programmability 

Hewlett-Packard 's 1900 System, the 
pacesetter in pulse generation , now 
has three new capabilities that put it 
even farther ahead of all competi­
tive pulsers. 

1 Multiphase MOS Testing-The 
• new 1934A Multiphase Clock 

plug-in lets you use the 1900 System 
to design and test MOS circuits with 
a minimum of effort. It gives you four­
ph~se outputs to 12.5 MHz, or two­
phase to 25 MHz ... with variable 
phase pattern and variable phase 
overlap. The 1934A can be used with 
either high-threshold drivers (the 
1915A) or low-threshold drivers (the 
1917A) ; but the 1934A's price is 
strictly low-thresho ld ... only $775. 

CIRCLE NO. 24 

2 125 MHz Capability - Now, 
• there are two 1900-System 

plug-ins that let you generate pulses 
at rep rates up to 125 MHz. The new 
1921A (for positive pulses) and 1922A 
(negative pulses) are designed for 
testing fast PL and ECL logic- in 

38 

computers and high-speed digital 
communications. Both have a fixed 
transition time of < 2 ns, variable 
amplitude to 5 V, and variable ±5V 
offset. Both have switch-selectable 
complement capability, plus feed­
through pulse-add ing capabilities 
and pulse shaping capabilities. And 
both are compatible with other 1900-
System plug-ins such as the 1930A 
PRBS generator . Yet you can get 
either the 1921A or the 1922A for only 
$950. 

CIRCLE NO. 25 

3 Digital Programmability 
• Now, your 1900 System can be 

computer-controlled , for high-speed 
automatic testing applications ... 
thanks to HP's new 6936S Multipro­
grammer. Its 16-line parallel input 
lets you interface your 1900 System 
to a computer quickly and easily, 
using only one 1/0 slot ... and the 
result is a fully programmable pulser 
system suitable for almost any test­
ing or control purpose. 

To tie together your 1900 System 

and the 6936S, HP provides an inter­
facing package (Option 005) , which 
includes cables, program cards and 
software. This lets you assemble the 
combination of capabilities best 
suited to your own particular needs. 
For exam~~e . you can get the 1900 
with three popular plug-ins (1905A 
rate generator , 1908A delay gen­
erator, and 1917A variable-transition­
time output) plus the 6936S Multi­
programmer and interfacing option 
005, for $5950. 

CIRCLE NO. 26 

For further information on any 
aspect of the pace-setting 1900 Sys­
tem , contact your local HP field 
engineer. Or write Hewlett-Packard, 
Palo Alto , California 94304. In Europe: 
1217 Meyrin-Geneva, Switzerland. 

081 / 15 

HEWLETTFPPACKARD 

SIGNAL SOURCES 
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Design Features 

TESTING 
ANALOG MULTIPLIERS 

Testing a multiplier is a difficult task because it is a 
nonlinear device. Here are some straightforward tests to 
determine just how close your multiplier comes to XY/10. 

JIM H. PEPPER, Zeltex, Inc. 

Analog multipliers have been essential to analog com­
puters for years, but only recently have they gained 
popularity in the instrumentation and control field. 
The primary reason for the increase in usage has been 
the introduction of the low-cost small-package multi­
plier with reasonable accuracy. 

Not only is specifying a multiplier difficult because 
it is a nonlinear device, but also industry-wide stan­
dards are lacking. This article points out the specifica­
tions that should be looked for and methods for testing 
such specifications. 

BASIC SPECIFICATIONS 

The most important specifications for a multiplier are: 
1. Static or DC Accuracy 
2. Dynamic Accuracy 
3. Frequency Response 
4. Step Response 
5. Feedthrough Error 
6. Input/Output Impedance 
7. Tempco 
8. Noise 
9. Power Supply Voltage Coefficient 

10. Differential Phase Shift 

t y 

I STATIC 
ERROR 

- • t ~-----r--------71 t . t 

2 

3 4 

STATIC I 
ERROR 

_y 

Fig. 1 a - Basic error plot. 

Additional specifications will be covered for the mul­
tiplier when it is used as a divider (or square root 
extractor). 

Static Error 

The analog multiplier should be a four-quadrant de­
vice that accepts time varying signals on inputs that 
have both positive and negative values with a maxi­
mum restricted to some reference voltage level. To 
specify the errors associated with all input values 
would be a difficult and costly procedure. In addition, 
temperature changes can modify the error pattern so 
that an entirely new set of information is required. 

Static error can best be displayed on a 3-D plot of the 
error curve that can be represented on a 2-D plane. 
Fig. la shows such a plot. Fig. 1 b shows the curve for 
an actual device. This display shows at a glance the 
effect of errors on static accuracy; it also allows extrac­
tion of linearity or other errors. If the error is displayed 
on such a plot, one can approximate the error at any 
input and also determine what quadrant or quadrants 
produce the smallest error. 

Fig. lb is an error plot for multipliers with smooth 
error curves, such as the pulse width/pulse height mul­

!CnntinuedJ 

t 100 mV 

t y 

I t 100mV 

STA TIC 
~-----,;..=---..z::7Jll ERROR 

- 100 mV 

I STATIC.~;::-----~~~~~~/) 
I ERROR 

- 100 mV 

- y 

Fig. lb-Typical error pattern for G
111 

multiplier. 

(Continued) 
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Testing Multipliers (Cont'd) 

tiplier or the variable transconductance type. The 
quarter-square multiplier that uses diodes and resis­
tors to generate the square-law curve would have an 
error pattern of hills and valleys. The error of this type 
of multiplier may be as great when the inputs are close 
to zero as when the inputs are maximum values. The 
PW/PH and the Var Gm type have error patterns that 
become smaller as the foput signals are reduced. 

Note that the error for either input being zero and 
the other varied produces an error curve that reduces 
as the signal approaches zero. 

Basic Test Setup 

The circuit used to generate the 3-D plot is shown in 
Fig. 2. Although the above curve could be plotted by 
taking the errors at various points and plotting them, 
the use of the Circuit in Fig. 2 provides a better under­
standing of the 3-D plot. 

Amplifier number 2 is needed when the output of the 
multiplier is negative because one input or the other 
is negative. All combinations of inputs should be tested 
at both zero and maximum values. The error curve can 
now be plotted, using this information, on the plot 
shown in Fig. la. By extrapolation, errors in regions 
other than maximum signal or zero can be approxi­
mated. 

A check of the output error when both inputs are 
varying can be made, but the output must be compared 

S1A 
OSCILLATOR 

I 2 

I 
I 

":' L 

+10V 

(1) X· O 
- 10V 

(2) Y·O 

(3) X· +10 S1B 

(4) X·- 10 

(5) +10 ·Y 
":' 

(6) - 10 · Y +10V 

- 10V 

6 

to a device that is at least an order of magnitude more 
exact than the unit being tested. This test, known as 
the square-law test, is nonlinear. 

With the information obtained from the above tests, 
the error in the divide mode can be approximated. The 
divide error is equal to the reference voltage divided 
by the Y signal level times the error of the multiplier 
at the point of operation (not the maximum multiplier 
error). 

External Adjustments 

In order to keep static error to a minimum, some 
manufacturers provide for external adjustments. It is 
very important that provisions be made for external 
adjustments if the multiplier is to be operated at any 
temperature other than that at which it was calibrated 
(Usually 25°C). The Var Gm type multiplier typically 
has a spec of 3 to 5 m V /°C, and a 10°C variation could 
produce an additional error of 0.5%. An offset adjust­
ment is of particular importance, since any error at 
zero times zero represents an infinite absolute error. 

Adjustment capabilities for offset, X null, Y null and 
gain should be provided to take care of parameter vari­
ations in special situations, such as obtaining optimum 
results in divide, even though they may not be used 

10k 

0 
":' 

6 

Fig. 2-Circuit for multiplier error plot. 
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Fig. 3 - Phase measurement. 

Fig. 4-Amplitude error. 

when multiplying. 

Dynamic Error 

The dynamic error includes both amplitude and 
phase error. In many applications, the static error is of 
secondary importance to errors at frequencies other 
than zero. Since the output of the multiplier is a prod­
ui;t of two signals, to check its accuracy it is necessary 
t9 compare its output with a device that is at least one 
order of magnitude better than the device under test. 
The Var Gm type could be compared to a widepand high­
accuracy, quarter-square multiplier up to aRout 5 kHz. 
Above this frequency it is difficult to determine the 
source of errors. A digital computer comparison falls 
apart at a much lower frequency. A 1-µ.sec propagation 
or calculation time is equivalent to a 1° phase shift at 
5 kHz. An alternate to the above method is to convert 
the multiplier into a linear device by hqlding one of the 
inputs constant and varying the other. 

Given 
XY 

Eo = lo 

let y = 10 
then E 0 = X 

and the output can be compared directly with the input 
for all frequencies of operation. 

The circuit used to determine the static error (Fig. 2) 
can also be used to generate dynamic statistics. 

If the multiplier is operated at full amplih1de on one 
input and the other input is peld at plus or minus the 
reference voltage (generaqy lOV), the phase error can 

TOTAL VECTOR ERROR 

AMPLITUDE ERROR 

PHASE ERROR 

Fig. 5-Amplitude-phase error. 

ii w 
> 

10 100 1000 
FREQUENCY (Hz) 

1 Ok 100k 

Fig. 6- Error vs frequency. 

be measured in the following manner. 

Phase Measurement 

The phase angle (Fig. 3) can be obtained by 

<P = E 57 
VRef 

if E is in volts (good for phase angles less than 10°). 
If the error pattern exhibits no phase shift but is tilt­

ed from the horiwntal as shown in F!g. 4, the error is 
an amplitude error. 

If the pattern exhibits both phase and amplitude er­
ror, the measurement should be made as in Fig. 5. The 
vector error can also be measured from this pattern. 

These tests should be made for all combination!! of in­
puts and should qe plotted as shown in Fig. 6. 

It will be noted in such tests that the predominant 
error at low frequencies is amplitude error with a typi­
cal crossover point about 10 kHz. This test should be 
made under no-load and full-load conditions. 

The above technique can be used for amplifiers as 
well as multipliers since the multiplier is operating as 
a linear device. 

Frequency Response 

The frequency response of the full power output sig­
nal is of importance, because it indicates where the am­
plitude error starts to increase rapidly. To give the 
small signal -3 dB point is of little importance unless 
the total frequency response curve is given. It is quite 
possible to produce a wideband multiplier by including 
peaking jn the response curve. The single specification 

(Continued) 
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Testing Multipliers (Con t'd) 

of the - 3 dB point is then insufficient. Peaking in the 
response curve introduces instabilities ifthe multiplier 
is inside a feedback loop or is used as a divider. 

Also, large overshoots caused by step function inputs 
will be produced. Peaking may also indicate poor capac­
itive load capability. Frequency response measurement 
can be made with the circu it shown in Fig. 7. Phase 
shift data taken previously can also be plotted on the 
same sheet. 

The multiplier is a four-quadrant device and there­
fore should be evaluated for all combinations of inputs. 
When both inputs are being varied, the output is twice 
the input frequency plus a de offset. 

Step Response 

Considerable information about frequency character­
istics of a multiplier can be obtained by applying a 
square wave signal to the input. The response to the 
step function can give information on peaking as well 
as settling time. Here again, the various combinations 
of inputs should be evaluated. The circuit of Fig. 7 can 
be used with a square wave signal substituted for the 
sine wave. 

Various levels of square wave input signals should 
be supplied since excessive overshoot will probably oc­
cur only on small sign'al inputs. 

At this time, the ability of the multiplier to drive a 
capacitive load can also be tested. A set of capacitors 
ranging from 100 to 1000 pF (a capacitor decade box is 
not always a good checking device because of induc­
tance) can be applied to the output and the resultant 
square wave response noted. This test should also be 
made for various levels of input signals. 

Feedthrough Error 

Feedthrough error, sometimes called null error, de­
termines the ability of the multiplier to reject a signal 
if the other input is held at zero as shown in F ig. 8. 
Ideally, the output should be zero when either one or 
both of the input signals are zero regardless of the fre­
quency of the applied signal. Naturally if both signals 
are zero, frequency is of no concern. The typical Var 
G,,, type multiplier varies from 50to100 mV peak error 
at 10 kHz when one of the inputs is maximum and the 
other is at zero. 

Input/Output Impedances 

This information is generally given but information 
about the driving impedances is usually lacking. It 
may not be simply a case of requiring a low driving im­
pedance because of a low input impedance. A simple 
test is to ground both inputs and check the ou tput volt­
age. Then open one input or the other and note any 

change in output. If large changes occur, the input 
must be driven from a low impedance source. For best 
results, it is considered good practice to drive the multi­
pliers from outputs of amplifiers rather than through 
potentiometers or resistances. 

Temp co 

The Var G,,, and pulse width/pulse height multi­
pliers, being solid-state devices with some portions of 
the circuit operating open loop, depend upon tempco 
matching to reduce effects of temperature variations. 
Two specifications are generally given: 
1) The zero times zero tempco in mV/°C 
2) The gain tempco in %/°C 

The latter is given as a percentage because the error 
of the multiplier is usually given in percent. To elimi­
nate any possible misunderstanding, voltage should be 
given for this specification as well. 

The measurement of the de offset as a function of 
temperature simply requres an oven and a voltmeter. 
The inputs are tied to ground, and the change in output 
voltage as a function of temperature is measured. 

The gain error (which includes offset error) should be 
measured at all input conditions and the offset error 
should then be removed. Fig. 9 shows circuit configu­
ration for TC measurement. 

Noise 

Noise is a random error that restricts the lower level 
of operation of the multiplier. This specification is gen­
erally given in rms volts. Again, noise should be mea­
sured with various inputs to obtain the maximum 
figure . 

Power Supply Coefficient 

The solid-state electronic multiplier may be very 
sensitive to voltage variations unless internal regula­
tion is provided. This parameter variation should be 
performed with various inputs to X and Y to determine 
the exact sensitivities. 

Differential Phase S hif t 

If the multiplier is to be used as a phase detector, the 
error introduced by the multiplier should be held to a 
minimum. The product of X sin wt and Y (sin wt + (}) 
produces an output of (XY/2) [cos (} - cos (2 wt + (})] . 
The first term is the useful or de term. The second is 
twice the input frequency and can be easily filtered out. 

Testing a multiplier for this specification for small 
angles is not easily accomplished. A differential volt­
meter used as shown in Fig. 10 should be adjusted to 
5.000V for a signal input to the multiplier of lOV peak. 
(E0 = (X 2/20) cos(} where Cos(} equals 1 for zero degrees 
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Fig. 7 - Frequency response 
measurement circuit. 
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Fig. 8-Feedthrough error circuit. 
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Fig. 9-Temperature measurements. 
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Fig. 10-Differential phase shift measurement. 
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Testing Multipliers (Cont'd) 

giving a multiplier output of 5V.) Amplitude variations 
from the oscillator and from the multiplier restrict the 
method to a small range of frequencies. One degree of 
phase shift is equivalent to a 0.01 % change in input 
amplitude, thereby making it difficult to resolve any­
thing less than this. In addition, the cos (}changes very 
slowly in this region rendering measurement even 
more difficult. 

Divider Operation 
Tests that can be performed in the divide mode of 

operation are: 
1) X divided by Y where Y = max andX is varied from 
plus to minus reference voltage 
2) X divided by Y where X = Y 
3) Frequency response 
The static tests of (1) and (2) can be performed by the 
circuit in Fig. 11: Another method is to use the horizontal and vertical 

inputs of an oscilloscope. Care must be taken to assure 
that both channels have identical phase shift charac­
teristics or this will lead to inaccuracies. The pattern 
generated will be a square-law curve. 

Position A Test 1 
Position B Test 2 

The error of Position A should be small regardless of 
the value of X . The error of Position B will increase as 

+10V r----------, 
I I 

>---~.---C:>4----0--~I-~ I c:::==::J 
I >--t-1 ---KJ DIFFERENT IAL 
I I VOLTMETER 
I I 

+ 10V---l---(')+--0--+-L-' __ ~~~- _ J 

Fig. 11 - Divider testing. ":" 

+10V 0 

the 
Bundle. 

If you need an LSI part for your new system, 
bring us your logic. In about 16 weeks, for 
as little as $15,000, we'll deliver a working 
MOS/LSI circuit. That's The Bundle, NORTEC 
Electronics' way of helping you get your 
feet wet in LSI. We will even bore you with the 
gory details of how we do it if you like. 

But ponder this: When you've bought 
The Bundle, you own the tooling. You have a 
jump on the competition. You've saved 
money and stand to save a lot more when you 
get into volume production by putting your 
parts out for bid. 

And nobody will know what you're up to. 
We won't even ask. Interested? Write. Now. 
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the value of X and Y approaches zero and go to infi nity 
(limited by saturation) when X and Y are zero. During 
this test a scope can be used to observe the noise level. 
A plot of this error might appear as shown in Fig. 12. 
The error follows the relationship Edivider = V,1•

1
/Y 

E multiptier as previously indicated. 

Frequency Response in Divide 

Because of the method used to obtain a divider con­
figuration, the bandwidth reduces as the ampli tude of 
the divisor reduces. 1 The method of test ing BW is 
shown in Fig. 13. When Y is reduced, the multiplier 
acts like a feedback resistor that is increasing in value. 
The combination of internal C and the equivalent R 

+10V 

ERROR 

5 
INPUT (V) 

X=Y 

Fig. 12-Divide error curve. 

10 

of the multiplier thereby reduces the bandwidth. Note: 
The peak value of the X input must be held equal to 
or less than the value of Y. o 
'S ee Multiplier Applications Bulletin No. 10638 , Zeltex. 

Jim P epper came to Zeltex, 
Inc., Concord, Calif., with 
over 14 years of experience 
with analog computers. He is 
currently an applications en­
gineer. A graduate of the 
University of Cali fo rnia, 
Berkeley, Pepper holds a 
B.S.E .E .. has one patent to 
his credit and is a member of 
IEEE. 
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Fig. 13 - Divider frequency response test. 

the 
Unbundle. 

If you've already moved into MOS/LSI , 
you may have found out that there are areas 
where you could use some help. We helped 
start this MOS/LSI thing, and want to share 
our wisdom for a modest price: We want 
to make your parts. 

Here are the six steps we go through 
to get working parts (after you 've thought out 
your system needs): 

1. Logic design 

2. Topological layout 

4. Wafer fabricat ion 
and test 

3. Tooling fabrication 5. Device packag ing 

6. Final test 

The Unbundle lets you start at 1 and end 
at 4, if you like. Or start at 3 and end at 5 or 6. 
Or any other permutation which suits your 
skills, capabilities, and timetable. The only 
thing you may want us to unbundle for you , 

for example, could be 5. Great. But we 're sure 
that your 6 will be a lot simpler if you let us 
build in your functional tests at 1. 

The point to remember is this: NORTEC 
Electronics started out as a custom MOS/LSI 
wafer process house. We are st ill a custom 
MOS/LSI manufacturer, but we've also lined 
up a lot more capability to help us build 
your parts more efficiently and economically 
than you can any other way. 

Give us a call ; we 'll shoot back a quote for as 
much or as little of The Unbundle as you need. 

ELECTRONICS CORPORATION 
369 7 Tahoe Way, Santa Clara. Californ ia 9505 1, (408) 732-2204 

TELE X : 348-359 

CIRCLE NO. 17 
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Check these other flame 
retardant materials. 

"SCOTCH" BRAND TAPES. 
No. 69 - glass cloth, thermosetting 
silicone adhesive . 
No. 66 - vinyl , UL recognized 105°C 
meets MIL-1-7798-A. 
No. X-1264 - epoxy web solvent­
resistant wire and cable ID tape. 
"Temflex" Brand No. 2585 - non­
adhesive vinyl plastic, flexible , self­
extinguishing . · 
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"SCOTCHCAST" BRAND RESINS. 
No. XR-5192 - arc and track-resistant 
130°C, liquid epoxy. 
No. XR-5126 - room-curing two-part 
epoxy, 130°C, semi-flexible. 
No. 255 - thermal and mechanical 
shock-resistant, 130°C, meets MIL-
1-16923E. 

TUBINGS. 
"3M" Brand 3001, 3002, 3003, 3008 
- extruded vinyl , general purpose , 
105°C rated . 
" Scotchtite" No. 3028 - heat shrink-

Dielectric materials ~m 
E Sgstems Division ~comPAHY 

CIRCLE NO. 18 

able, clear or colors, thin wall. UL 
recognized 105°C, meets MIL-1-631 
and MIL-1-23053B. 
COPPER CLAD. 
"Cuflex" Brand Flexible Laminate 
6540 - copper-clad epoxy polyester 
web for printed wiring . 
MICA. 
"lsomica" Brand - silicone bonded 
mica for high temperature use. 

For complete information, write: 3M 
Co., DM&S Div., 224-64, St. Paul, 
Minn. 55101. 
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Designer's Bonan~a! 
F ~ 

SELECT lHE EPICAP* TUNING DIODE 
THAT'S JUST RIGHT FOR YOUR DESIGN 

e l!Wtde p.~fkage variation, .. Jn plasHc, 
e~ramic or glass - in T0·92, Minf:L, 
00·7, D0-14 and Case 45 outlines. ' 

• . Broad capacitance ranges a.nd ratios -
IMth nomtrial values from l ii<t:l pF to 5ij0 
pF and a selection of maximum working 
voltages 'from 12 to 60 volts. 

• ~ery high Q witp minimum values 
guarant~ed. 

• EXTRA values . . . like a wide variety 
of abrupt and hyper-abrupt junctions, 
and hot-carrier diodes for VHF and Utif 

'{mixer an'.d detect,~r appli cat ions and 
miscellaneous plcosecond switching 
requirements. 

.Write* for 'our FREE 
Designer's Manual today! 
"fhls comlJ,rehen:si~e .. .newfat':t ·book wrh show y111u 
Q, tuning ratio and' nominal capacitance for each 
device. It will give you working voltages, package 
types, prus significant series highlights. It also 
¢:optainsi:,,jetailecf. data sheets covering all bf 
Motorola's extensive tuning diode lines. 
ln addition, there's a new cross-reference guide 
and four enlightening application notes of 
Lnusual~nterest%"tb circuitr'designers; 
To get your copy, write for "Designer's Manual 
for WC Tuning Diodes" to Motorola Semicon­
ductor Pr2ducts Lfi., P. 0. Box 20912, Phoenix, 

&WAriiona *i~.036. 

•Trademark of Motorola Inc. 

I I 
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E 

for vvc tuning diodes 
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If\ MOTOROLA TUNING DIODES 
W - The Designer's First Choice I 
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Hewlett-Packard believes that design engineers doing 
digital IC work should have a scope that's intended for 
digital IC work. You shouldn 't have to face a makeshift 
adaptation of a scope that doesn 't really " have what it 
takes," or an " overkill " unit with lots of capabilities you 
don 't need and can 't afford. 

That's why we 've developed two new additions to the 
HP 180 Scope System. 

The first is a new mainframe, the 180 CID. Like our 
180 A/ AR, it's compatible with all 180-System plug-ins 
to 100 MHz real time, plus the easy-to-use 1 GHz sampling 
plug-in and the 12.4 GHz sampling/TOR plug-in . 
. In addition, the 180 C/D incorporates new circuitry 
advances that allow optimized CRT performance. A 15 
kV accelerating potential now gives you greater bright­
ness and higher writing speed . Thus, photographic 
writing speed is several times faster-1500 div/µ.s (1 
cm/div) with the standard P31 phosphor. These ad­
vanced capabilities make the 180 C/D fully compatible 
in single-shot response with the 180 System 's fastest 
plug-ins. 

The second bright idea is a new 75-MHz vertical plug­
in -the 1808A. This bandwidth capability makes the 1808A 
ideal for testing digital circuits using PL or ECL, yet 
saves you a tiealthy amount in comparison with a 100-
MHz system. 

Two bright new ideas 

As you 'd expect, the 1808A gives you the usual selec­
tion capabilities found in scopes of this class-deflec­
tion sensitivity (5mV/div to 5 V/div) and polarity. In 
addition , however, the 1808A also gives you a new first­
selectable input impedance (50 0 and 1 MO)! 

And despite all these advantages, both 180 CID and 
the 1808A are priced very competitively. The 180C is 
under $1 ,000 ; the rack-version 180D is slightly higher. 
The 1808A is $880 - $800 without probes. Compatible 
time bases range from $450 to $700. 

For further information on either of these new add i­
tions to the " more-to-come" HP 180 System, contact 
your local HP field engineer. Write Hewlett-Packard, 
Palo Alto , California 94304, for data sheets. In Europe: 
1217 Meyrin-Geneva, Switzerland. 

Scopes are changing. 
Are You? 

081 /17 

HEWLETT. PACKARD 

in digital IC testing 
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Hone)'Well 
Data Acquisition News 

HONElWELrs X-Y RECORDERS: 
available built to our 
specifications ... 
or your specifications. 
Our version. If your X-Y recorder re­
quirements are pretty standard or just 
a little unique, try one of our standard 
X-Ys. We offer one of the broadest 
lines around. Which means you can 
probably pick one designed to fit your 
exact needs, yet still enjoy the off-the­
shelf benefits of fast delivery and 
lower cost. These standard Honeywell 

full -scale response time of less than 
0.75 seconds and the option of selec­
ting sapphire-tip pens, fiber-tip car­
tridge pens or both . 

recorders accept a wide range of in- Your version. If your X-Y needs are 
put voltages and exhibit greater ac- more than a little unique, try us any­
curacy than 0.2%. Each one also way. We can custom-tailor one of our 
gives you high input impedance, a instruments to give you the precise 

HONElWELrS ACCUDATA 118: 
quite simply the best strain gage signal 
conditioner available. 
Our Accudata 118 doesn 't just give 
you strain gage excitation and control 
in one package. It gives you excitation, 
control and amplification. All in one 
single, easy-to~plug-in module. What's 
more, the high-gain amplifier comes 
as an option. So you can buy it now 
or add it later. The choice is yours. 

This highly-versatile signal condi­
tioner also gives you all the controls 
necessary for excitation, balance and 
calibration of strain gage-type trans­
ducers. Which means you can use it 
to measure force, pressure, accelera­
tion , displacement, etc. Each Accu­
data 118 has a precision internal gage excitation . It also has two-level 
power supply to provide selectable positive and negative calibration , a 
constant voltage or constant current provision for double shunt calibration , 

specifications you require. For exam­
ple, any of our X-Y s can be easily 
modified by simply changing the num­
ber of input ranges . Or by altering the 
front panel configuration. We can even 
add special artwork or your company 
logo. All at minimum cost. 

For more information on Honeywell 
X-Y recorders, built to our specifica­
tions or yours , simply fill out and mail 
the coupon. 

a connection for two- to eight-wire 
systems and excitation and monitor 
jacks on the front panel. Plus much, 
much more. 

For additional information on the 
best strain gage signal conditioner 
available, Honeywell's Accudata 11 8, 
cli p and mail our coupon. 

--------------
SEND COUPON TO 

Honeywell 
TEST INSTRUMENTS 
DIVISION 

P.O. Box 5227 
Denver, Colorado 80217 
Attn : MS 218 

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



THE ATTACHE CASE 
DATA SYSTEM 

When you choose Honeywell's Digi­
test 500, you don't just get the world's 
lowest-costing digital multimeter. You 
also get the world's smallest multi­
meter. Wh ich means you can actually 
toss it in your attache case, add signal 
conditioning and the necessary trans­
ducers ... and have your own port­
able, single-channel data system. 

You'll also be happy to know that, 
despite its size, Honeywell 's Digitest 
500 is a very sophist icated instrument. 
In fact, it delivers five times the ac­
curacy you'd get from any conven­
tional VOM . The Digitest 500 also pro­
vides a choice of 17 range.s and five 
functions : resistance , AC and DC volt-

--------------YES, I WANT: 

D Your free Statham Transducer 
catalog 

Additional Information on: 

D Standard X-Y recorders 
D OEM X-Y recorders 
D Honeywel l Accudata 118 
D Digitest 500 and accessories 
D Attache Case Data System 

ED-10 

Name __________ _ 

Firm __________ _ 

Position _________ _ 

Address _________ _ 

City __________ _ 

State/Zi p, _________ _ 

- - - - - - - - - - - - - -1 

ages, AC and DC currents. Just as 
important, our Digitest 500 can be 
operated from a 117V 50-60Hz line, 
from an external 12V source or from its 
own self-charging battery pack (op­
tional). It even has polarity indication, 
a moving decimal point, an overload 
indicator, built-in calibration check 
and overrange up to 100% (on all 
ranges except 300VAC). Other Digi­
test 500 accessories available (in ad­
dition to the battery pack) include: 
AC-DC current shunts and a high­
voltage probe connector. 

For complete details on the Digitest 
500 and its accessories, mail the cou­
pon below. 

Al I products mentioned 
above are available 
on GSA contract. 

Honeywell 
The Automation Company 

FROM STATHAM: 
the first totally goof­
proof transducer. 
Our Universal Transducing Cell offers 
all the reliability you'd expect from 
Statham. But the thing that makes this 
transducer so unique and so goof­
proof isn't the Cell itself. It 's the six 
accessories with interchangeable 

ranges we have available to the Uni­
versal Cell. For example, our load cells 
are available in a wide variety of 
ranges , from 0-0.5 pound , all the way 
up to 0-1,000 pounds. Which means 
you can choose the exact range you 
need for the job at hand . Other func­
tions available include: tension, com­
pression , displacement, pressure , 
force, even linear displacement. So 
what you end up with is goof-proof 
range selection , plus maximum flexi­
bility, both at a fraction of the price 
you 'd expect to pay for such a system. 

Statham transducers meet measure­
ment needs in many areas, too: edu­
cation , research and development, in­
dustry, biomedical and environmental 
studies. 

FREE! 
Statham 
Transducer 
Catalog. 

Order Honeywell 's Statham Trans­
ducer catalog free. Model descriptions 
of all transducers and readout acces­
sories, as well as notes on industrial, 
research and scientific applications! 
Mail the coupon today. 



Design Ideas 

IC Phase Meter Beats High Costs 
Need i3 low-cost way to make Bode plots? This IC phase meter provides better 
than 2% accuracy over most of its 100 Hz to 1 MHz bandwidth. 

DON KESNER, Motorola Semiconductor Products Inc. 

Most electronic designers working 
with audio amplifier or general oper­
ational circuitry would like to have a 
phase meter cover ing the audio to l 
MHz range for making Bode plots; 
but the cost is usually prohibitive. 

A general purpose meter is de" 
scribed here that has reasonable ac­
curacy for most Bode plots and an IC 
cost of about $16. 

Making Square Waves 

Phase shift between two sine waves 
can be accurately determined if their 
zero crossing points can be found and 
compared on a time base. The equiva­
lent of this is to square the waves, 
Fig. 1, and compare the amount of 
overlap T2 to the total period T,. This 
gives directly the amount of phase 
difference between the wave trains. 

I 
v 

(a) SIGNAL 1 

1 
v 

(c) SIGNAL 2 

Fig. 1-Theory of operation. 

T 
In the limit T2 = -f which yields 

the maximum phase difference of 
180°. 

Rather than measure periods, 
which can be tedious and time con­
suming, it is easier to integrate the 
period T2 over the total period T,. 
This gives an average of ON to OFF 

times, with suitable circuitry, which 
can be read on a voltmeter. A block 
diagram of the system used to accom­
plish this is shown in Fig. 2. 

ICs Make It Work 

Although the fundamental ap­
proach is simple, there are a number 
of difficulties in implementing the 
design. If the design goal includes 
detecting · at levels as low as 1 m V 
rms, then present day comparators 

1 ~0 ______ [1 
~r,-j 1 -

(b) SIGNAL 1 SQUARED 

il n D [ 
1 -

(d) SIGNAL 2 INVERTED AND SQUARED 

11 D D 
~T,_j t --+ 

(e) OVERLAP OF (b) & (d) 

of the 710 variety exhibit too much 
offset and insufficient gain to func­
tion properly. Additional preamplifi­
cation before the comparator solves 
the sensitivity problem and mini­
mizes offset but introduces a whole 
new set of possible inaccuracies. 
These stem from the fact that as the 
amplifiers are driven into saturation, 
the duty cycle may vary considerably 
from the expected (and necessary) 
50%. A good amplifier for the preamp 
and squaring functions is the Motor­
ola MC1430G op amp because its 
speed and gain suit the application 
very well. 

A second and equally important 
consideration when choosing the am­
plifier/squaring circuit is that no 
small-signal poles or zeros fall within 
the bandwidth of interest. These sin­
gularities cause phase shift at linear 
amplification levels, but may cause 
little or none at saturation levels. 
Even if the two channels are identi­
cally matched for small-signal phase 
shift, the overall error will increase 
greatly if one channel goes into satu­
ration and the other does not. 

The basic amplifier circuit used in 
the design of this meter is shown in 
Fig. 3. A Bode approximation for the 
linear response of this circuit (Fig. 4) 
shows that for frequencies above 
w = A v0 / RC, the gain is essentially 
the amplifier's uncompensated open 
loop gain. However, if we are to abide 
by the rule that no poles exist below 
100 Hz (lowest design frequency) then 
the RC time constant needed would 
be: 

A 
__..!!!!{ = 100 ( 2'1T ) 
RC 

A vol 

RC = 100 (2'1T ) 

(Continued) 

FOR A FREE REPRINT OF THlS ARTICLE, CIRCLE NO. L64 
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IC <I> Meter (Cont'd) 

Bias current considerations limit the 
value of R to about 100 kf!. Open loop 
gain is about 5000. Using these val­
ues to calculate C: 

A vol 
C=--~-

lOOR (27T ) 

C = 79.6 µ.F 
If C were chosen to be just this min­

imum value, phase shift at f = 100 
Hz would be 45° (Avot = 5000) and 
therefore the maximum possible er­
ror, assuming widely different levels, 
could be 45°. Input saturation level 
for the MC1430 at the supply voltage 
indicated is about 2 mV. Above this 
input level the phase shift should be­
gin to disappear. To test this phase 
shift in the meter, a 100-µ.F capacitor 
was used as the feedback capacitor 
and a plot of error (degrees) vs fre­
quency was taken for two input levels, 
10 mV and 50 mV, with 20 dB atten­
uation between channels. At 10 m V 
one amplifier was in saturation and 
the other was not, and an error of 22° 
was realized at f = 100 Hz. When the 
input level was raised to 50 m V, how­
ever, both amplifiers produced close 
to zero phase shift and the error was 

CHANNEL 1 
SIGNAL 
INPUT 

CHANNEL 2 
SIGNAL 
INPUT 

Fig. 2- Block diagram. 

only 6.3°. For low levels, it's clear that 
a relatively large valued, low voltage 
unit is needed for C. 

The dual comparator used (to cut 
parts count) has adequate speed when 
overdriven as it is nearly all the time. 
Likewise the TTL AND gate performs 
the "overlap" function very well and 
leaves three unused gates for other 
purposes. Package count could have 
been reduced if the strobe capability 
of the MC1414 had been used, but it 
has the undesirable property of a 
small output level shift when being 
strobed OFF. This integrates into a 
small error angle. Output of the 
MC3001 is relatively undisturbed un­
til both inputs are high . 

An ordinary two-section RC fiiter 
is used as the integrator, Fig. 5, and 
is followed by a noninverting ampli­
fier stage with a gain of about 3. All 
offset trimming, primarily necessary 
due to the MC3001 OFF state, is done 
at this amplifier. A variable resistor 
is the coupling element to the output 
buffer. The output may be measured 
either directly with a voltmeter 
or with a milliammeter connected 

INTEGRATOR 

through a resistor. In this mode the 
second amplifier is operated as a cur­
rent buffer. 

Setting It Up 

Initial setup adjustments are neces­
sary for offset trimming the MC1430s 
and the MC1414 to insure that high 
level zero crossings are the same as 
low level. Secondly, the TTL gate out­
put is balanced to zero in the de am­
plifier to represent zero degrees, and 
thirdly, the gain factor is set so 
that the output coincides with some 
conventional scale (for example, 
V 0 = 1.8V for a phase shift of 180°). 
A step-by-step procedure is as follows: 
1. Set an audio generator to 1 kHz, 
2 m V rms and connect to the input of 
channel 1. Attach an oscilloscope to 
test point 1 and adjust R 1 until the 
duty cycle shows equal ON to OFF 

times. 
2. Attach oscilloscope to test point 2, 
audio generator to input of channel 2 
and vary R 2 until an approximate 
50% duty cycle is obtained. (Note: It 
is advisable to connect the input of 
the unused channel to ground when 

Fig. 3- Basic preamplifier circuit. 

TABLE 1 A voL - - - - - - - - - - - - - - - - - - - - - - - -~---
SPECIFICATIONS 

Effective Input Voltage Range: 2 mV to 1V rms 

Power Supply Voltages Required: ±6V, ±10% 
+12V, ±10% 

Phase Range : ±180° 

Accuracy : Error <3--,,- I <2%) 

V1 + V2 - 5 mV 

Error <3 ° forV
1 

- 20 mv 

V
2 
~ 2 mV 100 Hz to 100 kHz 

Error <10° (5%) for V
1 
~ 20 mV 

V
2 

- 2 mV 100 Hz to 1 MHz 

50 

IAvl dB 

0 1-----" 

I 
Rc W---

Fig. 4-Bode response for Fig. 3 circuit. 
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performing these adjustments.) 
3. With the oscilloscope in the "add" 
function, connect scope probes to both 
test points and audio generator to 
both inputs. Minimize pulse width 
(overlap) by adjusting the offset in 
channel 2 (R 2 ) such that only slight 
spikes if any remain. See Fig. 6. 
4. Adjust gain potentiometer (R4 ) to 
maximum gain and set S, to position 
1. Trim offset adjust (R,) until output 
is zero. Turn S, to position 2 and ad-

CHANNEL 1 
1 INPUT 

+12V 

AUDIO 

GENERATOR 

t 6V 

f e lkHz 

V
0

= 2mVrms 

just R 4 to read desired full scale at 
180° of phase shift. 
5. Repeat steps 3 and 4 while increas­
ing the spike width until output is 
about 1 % of full scale to insure that 
no "dead" zone exists. 

Performance specifications are 
summarized in Table I. Channel 
matching for equal input levels is 
quite good owing primarily to the 
high gain which rapidly ·drives the 
devices into saturation. 

+12V 

240 
lW 

Fig. 5- Phasemeter schematic. 

3.9k 
10k 

Of equal importance is performance 
when input levels between channels 
are different. Fig. 7 shows error for 
20 dB attenuation between channels. 
Large shunt feedback capacitors 
(1000 µ.F) are used in the preamps to 
minimize error at low frequencies . 

High frequency error (> 100 kHz) is 
largely attributable to the differences 
in device switching speed vs voltage 
drive level. Even at several hundred 
kilohertz, however, error is still with-

(Co111inued! 

3.9k 

ceo 
00 ADD00 

(J) 

r , TPl ~ttt 
PHASE . 

L 2 METER 

TP2 

Fig. 6 - Test s~tup matching channel duty cycles. 

(Continued) 
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Delays: 2 to 180 seconds* 
Actuated by a heater, they operate on A.C .. D.C .. or 
Pulsating Current ... Being hermetically sealed, 
they are not affected by altitude, moisture, or cli-
mate changes . .. SPST only - normally open or 
normally closed ... Compensated for ambient tem-
perature changes from -55° to +80°C .... Heat­
ers consume approximately 2 W. and may be ope­
rated continuously. The units are rugged, explosion­
proof, long-lived, and inexpensive! 
TYPES: Standard Radio Octal and 9-Pin Miniature. 

List Price, $4.00 
*Miniatures Delays: 2 to 120 seconds. 
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All Amperite Delay Relays are recognized under 
component program of Underwriters' Laboratories, Inc. 

for all voltages up to and including 115V. 

PROBLEM? Send for Bulletin No. TR-81. 

AM PE RITE 
BALLAST REGULATORS 

CIRCLE NO. 77 

IC <I> Meter (Cont'd) 

in bounds for some measurements, as 
illustrated by Fig. 8. 

It is quite easy to determine the 
3-dB point from the phase plot (for 
minimum phase networks) by locat­
ing the 45° point. 

The meter's high input impedance 
of 100 kD will not load most circuits 
to be tested. o 
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Fig. 8-Measured phase shift with a single-pole network. 
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• 1n 
Being the first 1024-bit MOS RAM, the 
1103 was quickly designed into many 
systems. (A big reason we wasted little 
time second sourcing it.) 

At the same time, we (along with 
many others) felt that there was plenty of 
room for improvement in terms of cost and 
performance on an overall system level. 

Hence, we're now building our 
very own 1024-bit MOS RAM, the vastly 
superior MM 5260. 

Like the 1103, our MM 5260 
comes with chip-select. 

Unlike the 1103, the thoughtfully 
designed MM5260 features a Tri-State 
logic common data I/O structure with 
TTL-compatible on-chip decoding and an 
internal sense amplifier. Plus precharge 
decoding to reduce system power dis­
sipation significantly. 

On a system level, the results 
speak for themselves: A power dissipa­
tion savings of almost 66% (two standard 
supplies versus three supplies); a 100% 
reduction in the number of overhead 

e 

circuits; and a 200% savings in overhead 
costs. All without sacrificing system 
speed or performance. 

Finally, the new MM 5260 comes 
in a 16-pin dual in-line package and is 
available for immediate delivery. 

(Realizing the hard-core realities 
of phasing out an existing format, we 
will also continue to act as a volume 
supplier of the MM 1103.) 

All of which means that there's 
now only one place you need to write, 
phone, TWX or cable when it comes to 
1024-bit MOS RAMs: 

National Semiconductor Corp., 
2900 Semiconductor Dr., Santa Clara, 
California 95051. Phone (408)732-5000. 
TWX: (910)339-9240. Cable: NATSEMICON. 

(Hot-off-the-drawingboard Dept.: 
In a blatant attempt to become the most 
respected name in RAMs, we will soon 
announce a couple of highly interesting 
2048-bit MOS RAMs.) 

National 
CIRCLE NO. 70 
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P&B engineers left nothing 
out to make these the most 
flexible and economical 
miniature dry reed relays 
for logic circu itry, instru­
mentation, and other low 
voltage applications. 
1 through 6 cavity bobbins 
cover virtually all circuitry 
requirements . Contact 
configurations are Form A 
(SPST-NO), Form B (SPST­
NC) and norm C (SPOT us­
ing an A and B Forms). 
. 100" x 1.00" grid-spacing 
is compatible w ith the 
modern printed circu i t 
board design. 
In-line termination con­
forms to industry trend . 
And JRC series coil leads 
are designed to terminate 
at any of four corners. 

AneW' reed 
of reed 

P&B introduces 
a whole new family of reed relays. 

Low profile construction 
allows for stacking pc 
boards on 1/2 11 centers (only 
.36" high x 1.14" long). 
Low cost. Open style de­
sign offers considerab le 
cost savings over enclosed 
types. And JRC series is 
available with or without 
magnetic shield ing. 
Staked terminals f o r 
strength. Terminations are 
supported by the bobbin. 
Stresses are transmitted to 
the standoff flanges instead 
of the reed extensions, to 
protect the glass seals of 
the capsules. 
Operating Specifications . 
Total operate time@ 25°C 
is 1.0 ms at nominal volt­
age. Pickup 75% or less of 
nominal voltage. Coil volt­
ages: 3V DC to 24V DC. 

New, too! JRD series with 
.150" x 1.00" grid-spacing 
Similar to JRC series ex­
cept for size. 1, 2, 4, and 6 
cavity bobbins. True Form 
C contact arrangement 
available. 
New JRC and JRD dry reed 
relays are available from 
leading electronic parts 
distributors. Or call your 
P&B representative. For a 
214-page relay catalog, 
write Potter & Brumfield 
Division, AMF Incorpor­
ated, Princeton , Indiana 
47670. 812 385 5251. 

A~ F I POTIER & BRUMFIELD 
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UNEARSFROM 
~HEON 

SEMICONDU OR. 
OP AMPS 

702 Wideband Amplifier 

709 General Purpose 

725 Precision 

741 General Purpose 

747 Dual 741 

7 48 Uncompensated 7 41 

4 709 Dual 709 

101 General Purpose 

107 Compensated 101 

108 Precision • 

4558 Dual 741 (Available in mini-DIP) 

4531 High Slew Rate 

4131 Precision 

4132 Micropower 

INTERFACE ELEMENTS 

71 O High Speed Comparator 
711 Dual High Speed Comparator 
9622 Dual-Line Receiver 
7520 Series Core Memory Sense 

Amplifiers 

4431 Dual-Line Receiver 

1414 Dual 71 O with strobes 
1488 Quad Line Driver I EIA 

Compatible* 
1489 Quad Line Receiver I EIA 

Compatible* 

VOLTAGE REGULATORS 

723 Precision Positive I Negative 

109 + 5V Voltage Regulator* 

RAYTHEON LINEARS ARE AVAILABLE 
IN ALL POPULAR PACKAGES: 

Plastics - 8-pin mini DIP; 14 and 16-
pin DIPS 

T Pak - T0-3 ; 8 and 10-pin T0-5 

Ceramic -14 and 16-pin DIPs; 10 and 
14-pin flat packs 

When you need a linear IC of any kind, 

give us a call. We've got what you want. 
We're stronger than ever in both proprie­

tary and off-the-shelf linear circuits . 

And that's not our only strength. 

Raytheon Semiconductor has changed . 

Our new technical team is deeply 

involved in development programs to 

provide new design tools. New digital 

analog interfacing· that allows active 

switching and amplifying. Greater inte­

gration of external parts in voltage regu­

lators. Super Beta process for precision 

op amps. 

If you haven't been keeping up with us 

lately you 've got a surprise coming . Write 

for more LIC information and see. 

Raytheon Semiconductor , 350 Ellis 

Street, Mountain View, California 94040. 

(415) 968-9211. 

RIP THIS PAGE OUT 
AND TACK IT ON YOUR WALL. 

YOU CAN USE IT. 

*Avail ab le fourth quarter 1971. 
CIRCLE NO. 29 



56 

101A, 201A, 301A 
in T0-99, T0-116 and T0-91 packages 
also in volume production 709, 7 41, 7 48, 107, 723, 
747, 1537, 1558 families and the ML6503/7503, 
microsystems' unique single-chip dual 7 48. 

Microsystems International adds the 101A 
family of high-performance operational 
amplifiers to its ever-expanding line of 
Selected Li nears- produced in all popu­
lar packages, at competitive prices, and 
available to the exacting requirements of 

MIL-std-883. Also available is a compre­
hensive line of MOS LSI silicon-gate 
RAM's, ROM's and Shift Registers; as 
well as telecom and datacom standard 
and custom Hybrids-thin and thick film 
circuitry. 

lllllmicrosystems 
international 

For further information- call or write your nearest Microsystems sales office or distributor. 

U.S.A. 
Microsystems International Limited. 
Palo Alto Calif . 415-493-0848, 
Orange Calif. 714-637-2330, 
Union N.J. 201 - 964-3131 , 
Andover Mass. 617 - 762-8298. 

~~~~~r;~u~r81~~,!~~c-;~s4- 1sso; 
San Carlos Calif. 415-592-1614 ; 
Rlcal Associates, 
Santa Ana Calil . 714-557-6543; 
Arrow Electronics lnc.1 

Farmingdale L.I . N.Y. 212-526-0300, 
Baltimore Md. 301-247-5200; 

Mllgray Electronics Inc., 
Freeport L.I . N.Y. 516-546-6000 ; 
Sterling Electronics. 
Watertown Mass.617-926 -9720; 
Hall-Mark Electronics Corp., 
Dallas Tex. 214-231-6111 , 
Minneapolis Minn. 612-925-2944; 
Gerber Electronics, 
Dedham Mass. 617-329-2400 ; 
ABC Electronic Sales, 
Williston Park N.Y. 516-747-6610, 
Philadelph ia Pa. 215-464-2275; 
Geartner Assoc., 
Orlando Fla. 305-299-1000, 

Miami Beach Fla. 305-861-3661 ; 
Stan Pierce Inc., 
Norwood Mass. 617-762-3164; 
James Semple Assoc., 
RochesterN .Y. 716-342 - 1413, 
Liverpool N.Y. 315-457-1188; 
R- J Inc., 
Minneapolis Minn. 612-922-1425; 
W. Pat Fralla Co. Inc., 
Fort Worth Tex. 817- 738-2394 ; 
Tom Mulligan and Associates, 
Columbus Ohio 614-457-2242; 
Lou Bacher and Associates, 
Itasca Ill. 312 - 773-1810 : 

CIRCLE NO. 30 

PEM Sales Co., 
St. Louis Mo. 314-427- 7200; 
L. H. Kolman, 
Baltimore Md. 301- 752-8756. 

CANADA 
Microsystems International Limited, 
Monlreal Que. 514-875 - 2814. 
Ottawa Ont. 613-828-9191 , 
Toronto Ont. 416-366- 7721 ; 
Casco Electronics Ltd., 
Montreal Que. 514- 735 - 5511 ; 
A. W. Bleue, 
Vancouver B.C. 604-685- 7914. 
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Design Ideas 

Determining Subminiature Lanip Life 
Accelerated life tests of subminiature lamps can lead to unrealistic average 
life ratings. Here's some good advice on pitfalls to avoid 
in testing, and a filament volt-ratio equation that provides realistic life values. 

OTTO J. FORSBERG, Chicago Miniature Lamp Works 

Life ratings of miniature and submin­
iature lamps are usually determined 
by accelerated testing at higher-than­
rated voltages when life ratings ex­
ceed 5000 hours. A simple equation is 
then used to determine average ex­
pected life at the rated voltage. Tests 
show that very optimistic ratings re­
sult when the usual formula is used if 
there are large differences between 

. test and rated voltages. 
Converting the average hours to 

burnout in an accelerated life test to 
the average life at design voltage or 
any other lower applied voltage is 
usually done with the following for­
mula: 

(v )'2 
LDV = v: x LTV 

L 0 v = Life in hours at design 
voltage. 

VT = Accelerated test volt­
age. 

V0 = Design voltage. 
L Tv = Life in hours at test 

voltage. 
To test the validity of the exponent 

12 in this equation, an accelerated 
life test on the CM-6833 lamp, rated 
at 5V, 0.06A in a T-3/4 bulb, was 
made at two different fixed voltages 
of 7.2 and 8.0V. 

It is important in accelerated life 
testing to select a filament voltage 
such that only recrystallization and 
evaporation rates for the tungsten 
filament are increased without over­
heating the glass envelope with the 
possible initiation of the "water 
cycle." When that occurs, free H20 
molecules move about continuously 
in the vacuum and attack the fila-

ment, creating the possibility of 
complete burnout of all lamps in a 
test lot in less than 6 months or 4380 
hours. 

The test consisted of nine lamps 
each. At 8V, burnouts ranged from 
546 to 2536 hours, with an average 
o( 1692 hours. At 7.2V, burnouts 
ranged from 1128 hours to 7056 
hours, average 3293 hours. 

Using the 12th power exponent for 
both tests we arrive at unbelievable 
average life figures of over 475,000 
hours from the 8V test and over 
262,000 hours from the 7.2V test. 
These figures , 54 and 30 years re­
spectively, are not realistic and show 
the runaway characteristic of this 
equation when used with a relatively 
large volt ratio. 

Because of the inevitable recrystal­
lization growth change of all tungsten 

2.0 3.0 6.0 

FILAMENT VOLTAGE 

Fig. 1 -
Average life curve -CM-6833 T-3/4 lamp. 

filament lamps over many thousands 
of hours, the actual life performance 
falls far short of that calculated by 
using the 12th power formula on volt­
age ratio. During the many thou­
sands of hours of incandescent opera­
tion, the long fibrous interlaced 
tungsten crystals gradually change 
into relatively short stocky crystals, 
forming segments throughout the 
length of the filament. Gradually, 
the interfaces of the larger crystals 
will extend across· the body of the fila­
ment, creating cleavage regions 
where the filament will eventually 
fail upon application of some small 
shock force. 

How can we then arrive at some 
meaningful value of average life per­
formance when we derate the voltage 
applied to these lamps and still use 
the simple volt ratio method? 

Determining a New Exponent 

It is logical to assume that if we 
were to run two or more tests as 
above, the resultant life (L 0 v) should 
have the same or nearly the same val­
ue in hours for either volt ratio when 
the same exponent is used. 

Therefore, we will equate both life 
test expressions and solve for the ex­
ponent X. 

(8 ov)x (7 2v)x s:ov 1692 hours = s:ov 3293 hours 

X log 1.60 + log 1692 = X log 1.44 + log 3293 
0.2041X + 3.2284 = 0.1584X + 3.5176 

0.0457X = 0.2892 

x = 6.33 

It is important for the exponent to 
be calculated to three significant 
figures to yield errors of less than 2% 
on average life calculations. 

(Continued) 

FOR A FREE REPRINT OF THIS ART ICLE, CIRCLE NO. L65 
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Lamp Life (Cont'd) 

Solving the original equation with 
the exponent 6.33 yields: 

(
8.0V)G.33 
5.0V 1692 hours 

= 33,146 hours for the 8V test 

(
7.2V)6.33 
5.0V 3293 hours 

= 33,128 hours for the 7.2V test 
The average life performance at 5V 

would be ·33,000 hours for this test. 
To determine what the average life 

would be at 4.5 instead of 5V, the 
above equations are solved using 4.5V 
as V v· Calculations yield 63,957 hours 
for the 8V test and 64,477 hours for 
the 7 .2V test. 

These are practical common values 
of approximately 64,000 hours that 
we can accept. They also include the 
fragility factor' of a tungsten fila­
ment after operating for many thou­
sands of hours at incandescent tem­
peratures. 

Solving for 6V operation, which is. 

higher than the design voltage for 
this lamp, we obtain 10,456 and 
10,439 hours. 

Fig. 1 is a graph of filament volt­
age vs average life for the CM-6833 
lamp using the 6.33 exponent. It indi­
cates that life performance could be 
extended indefinitely simply by low­
ering the operating voltage. Checking 
the curve, we find that at 4.2V the 
average life would be 100,000 hours. 
Unfortunately, there is no positive 
record of any miniature lamp types 
that have reached this value of 11.4 
years of constant burning at any in­
candescent operating temperatures. 

We have shown only one type of 
lamp on accelerated life test, but the 
same method can be used for any 
other type of tungsten-filament mini­
ature lamp. Two or more tests should 
be made on a given type of lamp, and 
the proper exponent obtained using 
the formula given for the CM-6833 

lamp. 
The voltage used in the life test 

should be in excess of the design volt­
age, but as a rule not high enough to 
cause life values to be below 500 
hours. If life tests on long life lamps 
are too short, erratic test results will 
be obtained which will give doubtful 
values for average life at design volt­
age. 

Time to First Burnout 

It is practically impossible to accu­
rately determine when the first burn­
out or failure will occur on a given 
group of lamps at some specified fila­
ment voltage. However, a close ap­
proximation can be made. 

In the life test of 18 CM-6833 
lamps, the life span to burnout of the 
first lamp was 546 hours at 8V and 
1128 hours at 7.2V. Ifwe derate these 
two lamps to 5V using the 6.33 expo­
nent, we have: 

~ ~lo ll l§~~;~~~~~ffll'll~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ l~ 
0.: 
u 

z 
0 
>::: 
<I: 

~ 20%1-+-+--.+~+4-+-r+_of--l-_,... 
lb 
0 

10,000 

HOURS 
15,000 20,000 25,000 30,000 40,000 

PERCENT OF MEAN SPHERICAL CANDLE POWER DEPRECIATION VS ELAPSED TIME IN HOURS 

Fig. 2- Useful life matrix. 
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LAMP RA TINGS BY MODEL 

MODEL VOLTAGE CURRENT MSCP BULB 

CM 715FI 5V 0.125A 0.22 T-1 
CM 7152 5V 0.115A 0.147 T-1 
CM 6833 5V 0.060A 0.053 T-14 
CM 7153 5V 0.115A 0.147 T-14 

Table I 

(
8.0V)6

·
33 546 hours= 

5.0V 10,702 hours at 5V 

(
7.2V)6

·
33 1128 hours= 

5.0V 11,350 hours at 5V 

These were aged and selected 
lamps that show good agreement for 
first burnout or failure. Bear in mind 
that the time to the first failure in 
each of these two test lots of 18 lamps 
does not have a definite value. If 100 
lamps were life tested from this same 
lot, one or two lamps would probably 
have failed in less than 10, 700 hours 
on 5V operation. 

We can use 10,000 hours as a maxi­
mum value to first burnout for the 
type CM-6833 under the most favor­
able end-use operating conditions for 
clear lamps. 

Where lamp confinement causes 
heat build-up of the glass envelope, 
or where the lamp is subjected to 
more vibration or shock due to close­
in mechanical devices, the average 
life of these lamps as well as the time 
to first burnout will be less than the 
figures derived from the preceding 
test values. If these conditions will be 
encountered, accelerated life tests on 
two or more lots of lamps should be 
made under actual end-use conditions 
to arrive at a new exponent value. 
This value should then be used to 
determine average life at some lower 
filament voltage. 

Light Output Depreciation 

Failure due to burnout is not the 
only failure mode to be considered in 
life testing. There is also a measur-

function of time which provides an 
entirely different basis for evaluation. 

Fig. 2 shows a matrix pattern of 
"useful life" that is used in determin­
ing the amount of mean spherical 
candlepower loss at a given number 
of operating hours for specific lamps 
listed in Table I. The diagonal lines 
represent the rate of depreciation and 
not the life-to-burnout values. 

Where these small lamps are used 
as indicators or for localized illumi­
nation, the depreciation in light out­
put that can be tolerated may be any­
where from 10 to 50% and depends on 
the end use of the different lamp 
types. 

Summing Up 

Average-life data from accelerated 
life tests, when calculated as de­
scribed, should provide more mean­
ingful results than those obtained 
using the old 12th power relationship 
- because the exponent used in the 
new volt ratio equation is derived 
from actual test data. 

It should be remembered that use­
ful life may be different from average 
life to burnout. Lamp darkening dur­
ing use may reduce light output be­
low an acceptable level before burn­
out occurs. o 
1The term "fragility factor" as used here is an overall 
coverage of the "notching" characteristic of the filament 
surface as it recrystallizes after prolonged operation at 
temperatures used in these lamps. ("Observation of 
Electromigration and the Soret Effect in Tungsten" by 
Dennis O'Boyle, Journal of Applied Physics, Sept. 1965, 
pp. 2849-2853.) 

Otto J. Forsberg, 
at 79 years of age, 
is chief design engi­
neer with Chicago 
Miniature Lamp 
Works, Chicago, 
Ill. , and is present­
ly in charge of de­
velopment of al­
phanumeric read­
outs. Among his 
many accomplishments is a 1927 inven­
tion of a device to tell utilities linemen if 
a cable is "live" or "dead." Undoubtedly 
many linemen owe their lives to this de-

able depreciation in light output as a vice. 
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Your copy 
of the best 

de power supply 
catalog 

in the world. 
• Forty-two informative pages 
• Specifications 
• Drawings 
• Photos 
• Selection guide 
• Prices 
To get your copy, write Acopian Corp., 
Easton, Pa. 18042, or call (215) 258-5441. 
And remember, every power module you 
order from it will be shipped with the 
best tag in the world .. . 
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Watch for EDN/EEE's fifth annual Caravan 
tour, October-November 1971. A traveling 
exposition of products and ideas visiting 

r ED NJ
J leading computer and peripheral equipment 
. manufacturers throughout the U.S.A. 

[E]EJEJ MAGAZINE PRESENTS 

Featuring new products, ideas and 
applicatfon assistance from: 

Advanced Memories Systems. Inc. 
Beckman Instruments, Inc. 

Belden Corp. 
Borden Chemical Mystik Tape Div. 

Cinch Mfg. Co. 
Cornell-Dubilier Electronics 

Dale Electronics , Inc. 
Data Products Core Memories , Inc. 

Instrument Specialties Co. , Inc. 
NASA Headquarters 

Raychem Corporation 
Semiconductor Electronic 

Memories, Inc. 
Torin Corporation 
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EDN/EEE CARAVAN ROUTING 

DATE / DAY / TIME 

Monday, Oct. 18 
9:00 - 12 :00 noon 
1 :30 - 4:30 p.m . 

Tuesday, Oct. 19 
12:00 - 5:00 p.m. 

Wednesday, Oct. 20 
9:00 - 11 :00 a. m. 

Thursday, Oct. 21 
9:00 -1 2:00 noo n 
1 :30 - 4 :30 p.m. 

Friday, Oct. 22 
1 :30 - 4 :30 p.m . 

Monday, Oct. 25 
9:00 -12:00 noo n 

12:30 - 4 :30 p.m . 

Tuesday, Oct. 26 
9:00 - 12:00 noo n 
1 :30 - 4:30 p.m. 

Wednesday, Oct. 27 
9 :00 - 12:00 noo n 

Friday, Oct. 29 
9:00 -1 2:00 noon 
2:00 - 4 :30 p .m. 

Monday, Nov. 1 
9 :00 -11 :30 a. m. 
1 :30 - 4:30 p.m. 

Tuesday, Nov. 2 
9:00 -12 :00 noon 
1 :30 - 4:30 p.m. 

Wednesday, Nov. 3 
9 :00 -12:00 noo n 
1 :30 - 4:30 p.m. 

Thursday, Nov. 4 
9 :00 - 11 :30 a.m. 
1 :30 - 4:30 p .m. 

Friday, Nov. 5 
9:00 - 12:00 noon 
1 :30 - 4:30 p.m. 

Monday, Nov. 8 
9:00 - 11 :30 a.m. 
1 :30 - 4:30 p.m. 

Tuesday, Nov. 9 
9 :00 - 12 :00 noon 
1 :30 - 4:30 p.m . 

Wednesday, Nov. 10 
9:00 -12:00 noo n 
1 :30 - 4:30 p .m. 

Thursday, Nov. 11 
9:00 - 12 :00 noo n 
1 :30 - 4:30 p.m. 

Friday, Nov. 12 
9:00 - 11 :30 a.m. 
1 :30 - 4:30 p.m . 

Monday, Nov. 15 
9:00 -11 :30 a.m. 
1 :30 - 4 :30 p.m. 

October 18 November 15, 1971 

AREA 

Linco lnwood, Ill. 
Sko ki e, Ill. 

Ft. Wayne, Ind. 

Dayto n, O hi o 

So uthfie ld , Mich. 
Pl ymout h, Mich. 

Galion , Ohio 

Rochester, N. Y. 
Rochester, N. Y. 

Owego, N.Y. 
Endicott, N.Y. 

Bi nghamto n, N.Y. 

Kingston, N.Y. 
Poughkeepsie, N.Y. 

Nashua, N. H. 
Tewksbury, Mass. 

Maynard, Mass. 
W. Conco rd, Mass . 

Burlington , Mass . 
Need ham, Mass . 

Foxboro, Mass. 
Stone ham, Mass. 

Norwood , Mass. 
Framingham, Mass . 

Pl ainview, L.I. , N.Y. 
Syosse t, L.I ., N.Y. 

Piscataway, N.J . 
Pl ainfie ld , N. J. 

Camde n, N.J. 
W ill ow Grove , Pa. 

Lan sdale, Pa . 
Paoli, Pa. 

Waynesboro, Va. 
Sa lem, Va. 

Boca Raton , Fl a. 
Ft. Laude rdale, Fl a. 

SITE 

Bell & Howe ll 
Teletype 

(Co rp. Office 11 - 1 :00 
Magnavox (B ueter Rd. 1 :30 - 3:00 

(Ind . Park 3:30 - 4:30 

NC R 

Bendix 
Burroughs 

No rth Electric 

Eastman Kodak 
Xe rox 

IBM/Federal Systems 
IBM 

General Precision/Link 

IBM 
IBM 

Sa nde rs 
Wang Labs. 

Digital Equipme nt 
Gene ral Radi o 

RCA 
Sy lvani a 

Foxbo ro Co. 
Mohawk Data 

Raytheo n 
Honeywe ll 

Potte r 
Fairchild 

Burroughs 
Lockheed 

RCA 
Phil co- Ford 

Phil co- Fo rd 
Burroughs 

General El ect ric 
General Electric 

IBM 
Systems Engrg . Labs. 



UNUSUAL CIRCUITS 0 Designed by readers 0 For use by 
readers D Voted on by readers. 
Your vote determines this issue's winner. All circuits published 
win a $25 U.S. Savings Bond. All issue winners receive an 
additional $50 U.S. Savings Bond and become eligible for the 
annual $1000 U.S. Savings Bond Grand Prize. 
VOTE NOW ... by circling the appropriate number on the 
reader inquiry card. Submit your own circuit, too . Mail entries 
to Circuit Design Program Editor, EDN/EEE, 270 St. Paul St., 
Denver, CO 80206. 

Readers have voted J. V. Sastry winner of the July 1 
Savings Bond Award . His winning circuit was called 
"Gated Clock Generates Pulse Train or Single Pulse." 
Mr. Sastry was formerly with Westinghouse Electric , 
Pittsbu rgh, Pa. 

Crystal·controlled relaxation oscillator 
To Vote For This Circuit 

Circle 141 

by Robert D. Clement 
and Ronald L. Starliper 
Wes tern Electric Co. 
Burlington, N.C. 

In a conventional relaxation oscilla­
tor, operating frequency is deter­
mined primarily by the circuit's RC 
time constant. But any variations in 
resistance, capacitance, ambient tem­
perature or power-supply voltage will 
cause the oscillator s frequency to 
change. 

Frequency stability of a relaxation 
oscillator can be improved, however, 
by adding a crystal in the frequency­
determining circuit. Since the crystal 
controls oscillator frequency, the cir­
cuitry is therefore less susceptible to 
power-supply variations and compo-

62 

+20Vdc 

R, 
100k 

100kHz C=::J 
CRYSTAL T 

FT242 

Fig. ! - Crystal-controlled relaxation 
oscillator is similar to RC oscillator 
except that a crystal replaces the 
capacitor. 

+150Vdc 

1N3304 
RJ 

1 OOkHz c::=:J IC' 
1k 

75pF 
CRYSTAL T 

':' ':' 

':' 

Fig. 2-Alternative type of relaxation 
oscillator uses four-layer diode. Resis­
tor R, controls oscillator frequency 
which can be the fundamental fre­
quency or a subharmonic of the crys­
tal. 

(Conti nued) 
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Garrett has a new 
family of minimum 
weight, highly 
flexible MOS/ LSI 
general purpose 
computers -the 
"ADAPT" series. 

The first application of the "ADAPT" G. P. Computer 
concept has been the air inlet control system for the 
Navy's F-14. It meets all the requirements of 
MIL-E-5400, Class 2 and is in quantity production. 

Some of its obvious advantages are the direct result 
of MOS/LSI technology. Models in the "ADAPT" 
series weigh as little as 8 pounds, measure 4 % " x 
7" x 8", and run on 20 watts of MIL-STD-704 
power. At low cost. With high reliability. No cooling 
is required. 

Even more remarkable is the flexibility of the 
"ADAPT" series, achieved through 

• microprogramming 
• bus orientation 
• the "bit-slice" building block concept. 

Contact : Sales Manager, Garrett AiResearch 
Electronic Systems, 2525 West 190th Street, 
Torrance, California 90509 

one of The Signal Companies [I] 

.. 

AiResearch Manufacturing Co. 

Cl RCLE NO. 35 
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Award Program ( Cont'd) 

nentdrift. 
The circuit shown in Fig. 1 is a fair­

ly conventional unijunction-transis­
tor relaxation oscillator in which the 
charging capacitor has been replaced 
by a 100-kHz quartz crystal (Texas 
Crystals Type FT243 or equivalent.) 
The output waveform at base 2 of the 
UJT is a distorted sine wave which is 
produced when the crystal capaci­
tance discharges through the UJT. 
The signal at the emitter of the UJT 
is a damping-type discharge as 
shown. The circuit shown yielded a 

measured output frequency of 99,925 
± 1 Hz. A version with a 1-MHz crys­
tal had an output frequency of 
999,663 ±1 Hz. 

Another type of crystal-controlled 
relaxation oscillator is shown in Fig. 
2. This version uses a four-layer diode 
as the active element. 

Capacitor C, is needed across the 
crystal because the crystal capaci­
tance alone cannot supply enough 
energy to sustain oscillation. Vari­
able resistor R1 allows adjustment of 
the RC time constant so that it is 

Digital pbase•locked loop with 
loss·ol•lock monitor 

To Vote For This Circuit 
Circle 142 

by Charles A. Herbst 
Comfax Communications 
Garden City, N.Y. 

circuit has the disadvantage that it 
becomes a free-running oscillator if it 
goes out of lock. 

The digital PLL, shown in Fig. 1, 
includes a monitor circuit. This pro­
vides an alarm, or disables other cir­
cuitry, when phase lock is lost or 
when the phase error between the in-

close to the crystal's resonant fre­
quency, thus allowing the oscillator 
to lock to the crystal frequency . Note 
that this resistor can be adjusted so 
that oscillation occurs either at the 
crystal's fundamental frequency or at 
half the fundamental frequency. 

For the circuit shown in Fig. 2, 
measured 'fundamental- and subhar­
monic-mode output frequencies were 
99,934 ± 1 Hz and 49,966 ± 1 Hz, 
respectively. The output pulse ap­
pears across R:i each time C1 discharge 
through the four-layer diode. o 

cy. This VCO drives a two-stage, 
switch-tailed, ring counter that pro­
vides a two-phase internal clock sig­
nal. 

The "B" phase of the clock is com­
pared with the incoming sync signal 
in an exclusive-OR phase detector. 
When the two signals are locked 90° 

ternal clock and the external sync out of phase with each other, the 
A phase-locked loop (PLL) can pro­
vide a convenient method of synchro­
nizing the clock frequencies of two 
pieces of equipment. But this type of 

vco 

7404 

PHASE DETECTOR 

® 
CLOCK >-t--<-----t 

0 
CLOCK>----------t__J 

signal exceeds a predetermined limit. 
The voltage-controlled multivibra­

tor (VCO) in the circuit operates at 
four times the desired clock frequen-

C5 
0.02 µF 

COARSE 
FREQ. 

C
3 

ADJUST 

0.1 µF CONTROL D--../l.too/'-e-11 VOLT AGE Rs 
10oa 

"':' ":" 

phase detector produces a "zero'.' 
error voltage of about 2V (see Fig. 2) 
which forms the control voltage for 
the VCO. As the phase difference be-

DIVIDER 

7473 

J Q l--_....__1--1 

I c. 
- 10 µF 

CLOCK OUTPUT 

a~--® 
T 

"x:l ..... -+ LOSS-OF - LOCK 
SIGNAL 

Fig. 1-Modified digital phase-locked loop includes a second phase detector 
which provides an alarm signal to indicate when the loop gets out of lock. 
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tween the two signals varies ±90° from the normal lock 
condition, the control voltage swings approximately 
±2V from the "zero" value and in a direction which 
tends to reduce the phase error and bring the loop into 
lock. 

A second exclusive-OR gate compares the "A" phase 
of the clock with the incoming signal. This "loss-of­
lock" phase detector determines when the two signals 
are in step with each other. When they are in phase, 
the output of G, stays at a high logic level, indicating 
an "in-lock" condition. As the two signals begin to get 
out of phase with each other, small negative-going 
pulses (whose widths indicate the magnitude of the 
phase error) begin to appear at the output of G,, caus­
ing C, to commence discharging through R, and CR, . 
If the pulses get wide enough to discharge C, below the 
trigger point of the Schmitt trigger (G2 and G

3
), then 

an "out-of-lock" condition will be indicated. Failure 
of either the VCO or sync signal will also give an "out­
of-lock" indication. 

The network R1 and C4 provides a power-on clear cir­
cuit which ensures that the ring counter starts in the 
correct state. The network R,, R~, C2 and C3 is a low­
pass filter which determines the dynamic response of 
the loop and removes carrier ripple from the control 
voltage. Capacitor C5 sets the VCO center frequency, 
while C, sets the trigger point for the phase-error 
alarm. D 

+4JlJLJlJlJUlJlJU 

VCO OUTPUT 0 

PHASEDET. +
4 n n n n r 

OUTPUT 0 J LJ LJ LJ LJ 
~g~+~g~ +g------------. 

+4 

G, OUTPUT 

RELATIVE CONTROL VOLTAGE 

- 2V 0 +2V 

DIFFERENCE ERROR 
so· 0° 

PHASE 1ao· / +s:HASE 

E syn c- " 8"¢ 

+2V +4V 
CONTROL VOLTAGE 

-so· 

Fig. 2- Timing diagrams (upper) and phase-detec­
tor characteristics (lower) for the digital PLL. 

Save 31 Minutes 
Per Man Hour with 
CABLE-SCAN 
System* 

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 poin t 
of fab r i cation 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. 
• o ocumen ted Case Histor ies 

C:.ble·Scan Inc. 
Subsidiary of Tharnas & Be!;t.S Car,3aratian 
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Your key to MOS performance - today! 
Our revolutionary production process, 
ion implantation, has quietly come of 
age. Today it's the most uncomplicated 
method for achieving such sophisti­
cated benefits as low threshold 
voltages for TTL compatibility and 
depletion mode devices for state-of­
the-art performance. Want proof? Then 
take a look at some examples of the 
advantages offered by MOSTEK's ion­
implanted product line: 

(1) Threshold Adjustment. Take our MK 
1007 P 4x80-bit dynamic shift register, 
for instance. Ion implantation makes 
possible a low threshold 
d ' f M OSTl!;K /, ev1ce or ~'!,Z007 11 
full TIL A 

compatibility 
without the 
need for interface JJ MK 1001 P 
components or 4xBO -bit Shift Register 

high voltage, high power clocks. Our 
clock is single phase, low capacitance 
and TIL compatible. 

(2) Depletion Mode Devices. With ion 
implantation we have replaced en­
hancement type load resistors found 
in all MOS/ LSI to date with constant 
current, depletion devices. Results? 
See for yourself: 

Low power over a wide supply range 
for memories such as our MK 4007 P 
RAM is illustrated by the constant 
current drain versus 
supply voltage 
shown in 
Figure 1. 
Power remains 
low with the 
depletion loads 
compared with 

2) MK 4007 P 
256xl -bit RAM 

the enhancement loads of the com­
petitive 256-bit circuit. 

FI G URE 1 

Single SV supply operation. MOSTEK's 
MK 5002 P 4-digit counter/ display 
circuit for instrumentation purposes 
can operate from a single + 5V logic 
supply, drawing less than 25 mW, or 
from any supply from 4.5 to 20V! Ion 
implantation is the only processing tool 
capable of delivering this performance 

Sales Offices: 

from otherwise conventional , cost­
effective P-channel LSI. 

Counter / Display Circuit 

Find out how easy it is to use the 
products and processes of the leader 
in MOS-MOSTEK. Call our home 
office at (214) 242-1494 . and ask for 
marketing or applications assistance. 
Or contact your nearest MOSTEK sales 
office listed below, or your local 
Sprague office or distributor. 
Ask for our new catalog! 

mOSTEK 
CORPORATIOO 

An affiliate of Sprague Electric Company 
1400 Upfield Drive 
Carrollton, Texas 75006 

12870 Panama Street. Los Angeles. Calif. 90066. (213) 391 -2746 
515 S. West Street, Jackson. Michigan 49203, (517) 787-0508 

60 Turner Street. Waltham. Mass 02154. (617) 899-9107 
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Design Interface 

.Team design . . . Individual Responsibility 

Shifting From One Industry 
To Another-

Hovv Transferable Is the Engineer? 
The director of engineering for a large commercial division of a 
major company tells how five engineers fared in their transfers 
from different industries and different specialties to his division. 

NATHANIEL ROBBINS, JR., Honeywell, Inc. 

I am responsible for a 450-man engineering team. 
You are probably familiar with some of our products­
the heating controls in your house or apartment may 
very well have been made by our division. Our design­
ers have been traditionally electromechanical, but now 
we are also working on much more sophisticated elec­
tronic systems for the residential heating and cooling 
systems of the future. 

My division's steady push towards broader product 
lines, increased product sophistication and improved 
product reliability has made us ever on the alert for 
new engineering talent. In the past few years we have 
taken men from both similar and different industries 
and from similar and different technical specialties. 
As the value of my operation depends on the quality of 
our engineers, I have followed with great personal in-

terest the career of each man we have hired. I have 
been especially interested to see what factors really 
count. 

In analyzing specific case histories-such as the five 
· I'll be discussing- I have come to realize that it is 
usually the nontechnical factors that make or break a 
man. An engineer's technical knowledge is easy to 
judge in advance, but the man's work style is almost 
impossible to predict. I have seen evidence that it may 
be better to hire a man from a different industry- such 
as aerospace in our case-if you can predict that he 
has the adaptability and willingness to learn your 
group's ways, than to hire a man from your own indus­
try who does not have these qualities. The catch is that 
it is very hard to judge these personality factors in 
advance. 

(Continued) 
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Three Successful Transfers 

Some of our best finds in recent years have been 
from the aerospace and computer industries . During 
the interviews, some of these men did not look too 
promising with respect to their understanding of our 
industry or our group's way of operating, but it turned 
out they could learn quickly. 
Successful Case No. 1 was a man 27 years of age from 
the aerospace field who found that he not only quickly 
adapted to our different way of doing things, but that 
he liked it much better. His experience was about as far 
away from our business as you can get- he had been 
working on missile systems, establishing their aero­
dynamic coefficients. 

The first assignment we gave him was to do an anal­
ysis of the degrees of freedom of a simple bimetal actua­
tor that was part of a furnace safety switch. He accom­
plished this, and was very readily able to tell us the 
ranges of satisfactory performance. 

His next assignment was to develop a control system 
for residential heating and cooling systems. This he 
also accomplished to our satisfaction. 

Both of these assignments were somewhat related 
to the man's earlier aerospace work in that they in­
volved analog and digital computer simulation and 
analysis. But the similarity ended right there. The 
cost and performance constraints on our designs were 
far different. 

The real difference, however, was in the working en­
vironment. We don't usually put more than one en-

Commercial: One man responsible for many projects. 

gineer on most of our design and analysis tasks. Al­
though he will have support from our drafting, model­
making and compi.tter groups, it is up to him to get the 
job done on schedule. He must interface efficiently with 
the support groups, giving them the direction they 
need to help him. 

This man neither overworked the assigned problems 
nor underworked them. He bored right into them and 
produced results on schedule . . . just the sort of per­
formance that makes an engineering manager like my­
self happy. I attribute this success to a good academic 
grounding in engineering analysis plus the fact that he 
could adapt quickly to our style of operation. 
Successful Case No. 2 was a man of 37, with a B.S. in 
electrical engineering and working on his masters. He 
had been involved with defense and computers at both 
the systems and the component level. We liked the 
fact that he was an EE with electromechanical experi­
ence, but we did have reservations about the fact that 
all his experience had been on low-volume items. 

His first assignment was to develop a new electro­
mechanical control for starting an oil burner. If you 
own a home, you'll know this as the unit that starts 
your furnace, checks the flame and shuts it down if 
proper ignition has not occurred. This control may look 
simple enough to you, but if you ever had to produce it 
at our mass volume you'd know it can be quite a design 
challenge. 

This man had to work very closely with the produc­
tion-engineering support group to achieve the lowest 



Aerospace: Team of men responsible for one system. 

possible cost and the highest possible producibility. 
This he did and he gave us results on schedule. 

He did have one thing working for him though. As 
a transfer from Honeywell 's ordnance department, he 
already knew something about how our company oper­
ates. He was fully aware that he was expected to pro­
vide leadership to the production-engineering support 
group. 
Successful Case No. 3 was more typical of the type 
of man we hired before the aerospace depression (back 
when many engineers turned up their noses at our pro­
saic product lines despite our truly long-term stability). 
This man's background almost exactly ma.tched what 
we needed. He came from manufacturing, and that was 
where we needed him. He was familiar with the eco­
nomics of our high-volume production. His academic 
degree was, appropriately, in mechanical engineering. 

About the only things, he needed to learn were our 
communication and personnel procedures. These "peo­
ple problems," as I have said, can be rough stumbling 
blocks for newcomers, but he was able to comprehend 
our "style" right away and immediately began to con­
tribute. 

Unsuccessful Transfers 

Some of the cases where the man did not work out 
equally well reinforce my thesis that adaptability to 
work styles may be more crucial than specific techni­
cal experience. Each of the following unsuccessful ex­
amples appeared, when hired, to have ideal technical 
experience. Both came from commercial companies and 

from technical specialties either closely aligned with 
or identical to what they were to do with us. Yet each 
had difficulty in adjusting to our way of doing things. 
Unsu ccessful Case No. 1 came from a very similar 
industry-he had been designing copying and printing 
machines. These electromechanical devices might not 
have had quite the same production volume as our 
products, but they were basically the same technology. 
Moreover, this man had an excellent academic back­
ground: a B.S. in mechanical engineering topped off 
with a masters in math. 

He was very personable, and appeared to be mature 
and highly motivated-the type of person who is very 
responsive to your questions. He was a very hard work­
er- the type you never find standing around in hall­
ways. 

But in the 2-1/2 years he worked with us, he never 
achieved the performance we expected. 

Our organization, as I have said, gives each engineer 
sole responsibility on projects. To help him succeed, 
we back the man up with large, well-organized service 
groups like drafting, model making and testing. The 
individual project engineers must give clear, unambig­
uous direction to these support groups. 

This man couldn't seem to work effectively with the 
support · groups. He'd give them vague instructions, 
things would go wrong and they would have to be re­
done. You can imagine how this irritated the support 
groups and how the blame would fly back and forth. 
His projects would start slipping behind schedule. 
Little problems would build into bigger problems un-

(Continued) 
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til his projects became major "panics" to his superiors 
We had to let this man go. 

Unsuccessful Case No. 2 was similar to No. 1. Here 
was a man who looked "right on" technically, yet who 
turned out to be "all wrong" psychologically. 

We wanted to start a new product line in a type of 
relay we had never produced before. This man was 
with a competitor who had produced that type of relay 
We hired this "expert" thinking he would start our re 
lay line without any problem. 

Well, things went according to schedule right up to 
the last moment. That the project ran into trouble 
wasn't in itself unusual; all engineering programs can 
do that. But what was wrong was the way this man 
tried to correct the trouble. 

We tried to give him extra help from the support 
groups, but like the first unsuccessful man, he couldn't 
seem to make use of them. His former work style had 
been a one-man show. No doubt because of lack of such 
support groups, he had been forced to be designer, 

Salary Picture 

I don 't think the salary difference among 
various ind ustries is as much of a problem as 
it is made out to be. We have both defense 
and nondefense divisions at Honeywell , and 
the difference in engineer's salaries between 
these groups has not of itself been an obsta­
cle. I think the only engineers in aerospace 
who were really overpaid were the extreme 
specialists, and in a way you can consider 
their high salaries compensation for the risk 
they took in specializi ng . 

I feel that if a man from another industry is 
making 10% more than you normally pay, you 
should take him on anyway and hope he 'll 
catch up . But if he is making 15% more, you 
might hesitate. 

draftsman, model maker and test engineer all rolled 
into one. 

You might say, why not let the guy do his own thing 
and operate the way he likes? That may be all right in 
some smaller companies or in situations where you 
don't have customers hollering for the product you've 
promised them, but it isn't enough for our organiza­
tion. We can't afford the uncertainty of waiting around 
for a one-man show to do it all himself, especially when 
we've got expensive support groups who've proven they 
can help in such emergencies. 

The upshot of this transfer was a mutual parting of 
the ways, and a temporary abandoning of that new pro­
duct line. 

Conclusion: Be Sensitive to Work Style 

The table summarizes how the five transfers checked 
out on five different factors that I judge important in 
hiring. Right away you'll note the danger of placing 
blind faith in any simple checklist. The man who 
checked out highest-the last man-actually was our 
worst choice, and the two who checked out lowest ­
the first two - actually were two of our best choices. 

All of this points up a valuable lesson for ex-aero­
space engineers (and conversely for engineering mana­
gers). Be very sensitive to the work styles of companies. 
Try to learn in advance what the work style is and to 
consider whether or not you will like it. o 

Nathaniel Robbins has been 
director of engineering for Hon­
eywell's Residential Division, 
Minneapolis, Minn. , for the past 
9 years. This division, which 
specializes in "home comfort 
controls," is very definitely non­
military. But in his 23 years 
with Honeywell, he put in 6 
years with the Aerospace and 
Ordnance divisions, so he knows 
"that side of the fence" also. 

TABLE 1-FACTORS vs CASE HISTORIES 

FACTOR TRANSFER CASES 

SUCCESSFUL UNSUCCESSFUL 

_ -~o.:_1__~-~·-2__l__!:!_o_:_~- _!:!~ _2._ +-~~~----
1. SIMILAR EXPERIENCE? No No I Yes Yes 1 Yes 
-------------------- _____ ...L ____ +----------,-------
2. APPLICABLE ACADEMIC BACKGROUND? Yes I No I Yes Yes Yes 
-------------------+----.!------i---- ____ L _____ _ 
3. FAMILIARITY WITH WORK STYLE? No . I Yes I No No I No 
------------- ------I-- - - ---t- ---1---- ----+------
4. KNOWLEDGE OF MARKETS AND CUSTOMERS? No I No I Yes No I Yes 
----- ----- ------- 1-----t-----,---- ----t--------
5. ADAPTABILITY AND WILLINGNESS TO LEARN? Yes I Yes I Yes No I No _____________________ .........__ __ _,__ ____ - _ _...__ ____ _ 
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"ESP rectifiers. 
· They're new from Unitrode. 

"Typical recovery time is 15 nano­
seconds in any circuit. And that's the 
fastest available in a power rectifier. 

Forward voltage drop is as low as .av at 
20A. That's efficiency. And, as 

you can see, they're in extremely 
compact packages having continuous 

ratings of 2.5A to 20A in 50V, 75V, 
'10ov and 125V types. And with many 

thousands of hours of life tests behind 
them, you can be sure of a state-of-the-art 

product with demonstrated reliability. Unitrode 
has the statistical test data to prove it. 

"With ESP rectifiers, you can design high current, 
high frequency power supplies to 500 KHz with 

very low diode losses and at very low cost. 
They're available off-the-shelf in three series. 

UES 101-4 for 2.5A, UES 201-4 for 6A, 
and UES 301-4 for 20A applications. Now 

you know what ESP stands tor:· 

"You mean Efficiency, Speed and Power. " 

"That's very perceptive of you :· 

For fast action, call Sales Engineering collect 
at (617) 926-0404, Unitrode Corporation, 

Dept.10A , 580 Pleasant Street, 
Watertown, Mass. 02127. 

[JJJJUNITROOE 
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multiply 
your 
computer 

output 
controls 

Get up to 240 low-cost 
control outputs from one 1/0 channel 
Meet HP's new computer-stretcher, the Multi­
programmer . . . ready to help you solve the many 
problems encountered in designing automatic test 
and control systems - at minimal cost. 
Minicomputers just don't have sufficient 1/0 channels 
and adding more is expensive. What's ,more 
important, many devices used in automatic test 
and control systems require control signals in 
forms other than the computer's binary output. This 
is why HP designed the Multiprogrammer System. 
It's a computer-controlled data distributor and 
converter that allows you to simultaneously or 
independently control up to 240 analog (or 2,880 
digital) outputs . . . from a single computer 
1/0 channel. 
The Multiprogrammer houses a variety of plug-in 
cards that provide programmable resistance, 
voltage, contact closure, or TTL outputs. You 
" custom design" your own system by simply 
plugging in these cards, and you have the ability 
to change the system any time you want. There's an 
additional saving with reduced computer program­
ming time. All outputs are automatically set to a 
safe state at power turn-on. Digital storage on each 
output card eliminates the need to refresh each 
output channel. Special circuits simplify event 
timing and sequencing. And, because you' ll be 
operating the Multiprogrammer in rugged industrial 
environments, HP designed and built it to eliminate 
problems with noise transients, ground loops, 
and broken cables. 
You need one master Multiprogrammer, Model 6936A 
{$1 ,300), which has 15 channels. You can expand 
th is capability at any time by adding on up to 15 
Multiprogrammer Extenders with no changes in 
computer hardware or operating software. Each 
Multiprogrammer Extender, Model 6937A ($800), 
has 15 channels. Programmable output cards now 
available are: Resistance Output ($345), Low Speed 
DI A ($385) , High Speed DI A ($420), Relay Reg i"ster 
($370), and TTL Output ($200). 
A detai led brochure on the HP MUL TIPROGRAMMER 
SYSTEM including system description, specifica­
tions, and applications is yours for the asking. 
Just contact one of the 220 HP Sales/Service offices. 

HEWLETT · 

100 Locust Avenue 
Berkeley Heights, N. J. 07922 • (201) 464-1234 
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AIRPA8 
TYPE203 

ELECTROMAGNETIC 
~IT PROIE 

Type 203 front 1c circ ·t protectors 
are designed e in computers, putor pen rals, 

L----------c-o_p_y..,.in_g_ m--achines, ers, marine contro~ls~.-----

Delays 40, 50, 60 

and other high-quality industrial and military equipment 
where accurate, reliable protection is demanded. 

FEATURES 

• Snap-in front panel mounting for fast , economical installation 
• Optional flush mounting available 

• Single rocker actuator for 1, 2 or 3-pole assemblies 
• Selection of color combinations 

• SOV DC and 250V AC (50/60 or 400 Hz) 
• Current ratings from 0.020 to 20 amperes 

• Choice of inverse time delay or instant trip 

Trip Time vs Percent Rated Current@ 25°C 

1000~-~--------

Delays 41, 51, 61 
1000 

Delays 42, 52, 62 
1000 

~100+--+++--+--+--+---+--+--4---< 100 ..___....__j_....__,__.____,_-----+--< 100+----+1--<l---+--+--+---+----+-4 

I 
~ 10 +---+l+--jl---+--+--+---+----+--4 

~ 
~ 

~ f' 
a. 1'-t-- 1---- -
~ m+-----W--l--+----=:+=::::t:==t::::::i=~ t-- - -.01 +---+l-1---+--+--+-=""'"'-..--+-4 .... __ _ 

.001 .001 .001 +----H---<l---+--+--+---+----+--4 
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PERCENT OF RA TED CURRENT PERCENT OF RATED CURRENT PERCENT OF RA TED CURRENT 

Delays 40, 41 and 42 are for use in 400 Hz systems; delays 50, 51 and 52 are for use in DC systems; 
and delays 60, 61 and 62 are for use in 60 Hz systems. 

For complete details, specifications and application examples, call or write: 

AIR PAX· 
AIRPAX ELECTRONICS I CAMBRIDGE DIVISION I Cambridge, Maryland 21613 I Phone (301) 228-4600 I TELEX 8-7715 I TWX 710 865-9655 
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Introducing: "The Portables" from HP 

1 V cal ibrator connected internally.* 

The 1707A-Fastest in Its Class 
If you're looking for speed in a 

$2000 portable scope, then the new 
dual-channel HP 1707A is your baby. 
It gives you 75 MHz bandwidth (< 4.7 
ns risetime)-more than any other 
scope in its class . And you get 10 
ns I div sweep speed, delayed sweep, 
and 10 mV I div over the full band­
width . With this capability , you can 
measure PL or ECL pulse timing and 
propagation delay. Yet the 1707A 
costs only $1925. 

And, you get this performance in a 
truly portable scope . The 1707A 
weighs only 24 lbs. And it can be 
powered from an internal , recharg­
able battery pack ($200)-or from any 
de source from 11 .5 V to 36 V, as well 
as any standard ac outlet. 

Its low power requirement not only 
allows battery operation - but also 
eliminates the need for fans, or even 
dust-admitting vent holes . And 
although the 1707A is small and light, 
you still get a large 6 x 10 cm CRT 

viewing area-larger than competitive 
scopes. Compare the display bright­
ness, too! 

If you need even more measure­
ment capability, a $125 option gives 
you our " lab package" which in­
cludes mixed sweep , calibrated de­
lay, and external trigger input for 
delayed sweep . It also includes ex­
ternal horizontal input, and cascad­
ing capability at reduced bandwidth. 
(How's that for a bargain?) 

Our new 1700 Series of portable 
scopes begins as low as $1680-for 
the dual-channel , 35 MHz 1700A 
(< 10 ns risetime). Add delayed sweep, 
and you 've got our 1701A, for only 
$1800. 

The philosophy behind the 1700 
Series is simple-providing the max­
imum in useful capability per dollar. 
The 1700A, 1701A, and 1707A offer 
wide flexibility , giving you everything 
you need for digital field service 
work. And they won 't cost you a for-

CIRCLE NO. 402 

tune . Compare them with anyone 's 
competitive models-prove to your­
self that the HP 1700's are the best 
values in portable scopes today. 

For further information on " The 
Portables" -HP's new 1700 Series 
scopes-contact your local HP field 
engineer. Or write Hewlett-Packard , 
Palo Alto , California 94304. In Eu­
rope : 1217 Meyrin-Geneva, Switzer­
land. *Opt ion 020 Shown. HP"s lab version of the 
1707 A. $2050. 

Scopes are changing . 
Are you? 

081/12A 
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Press, swing, remove 
Augat drawer assembly provides extra flexibility 
in packaging - saves time, space and money. 

Panel frames with positive pin lock hinges are easily 

installed and removed- no tools or fasteners required. 

2-way swing action of hinges permits greater in-the-drawer 

accessibility for making changes on top and bottom planes. 

Fits standard 1911 rack. 

Space-saving assembly-only 3112
11 

high-accommodates 

up to 4 panels or 720 IC's. Provides maximum density. 

Proper ventilation assured by perforated front and fan cut 

out in rear. Solid front and rear plate available for special 

component and connector mounting. Top and bottom 

cavers supplied . 

A standard off-the-shelf drawer assembly with two frames 

costs less than $100.00. Quantity discounts available. 

Panel frames can be purchased separately for special 

mounting applications. 

Our representation is nationwide and international. 

Let Augat show you how to get more for your 

"packaging dollar". Call us, 

(617) 222-2202 or write Augat Inc., AUG AT 
34 Perry Ave., Attleboro, Mass. 02703. Al.NC. 
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computer hardware 
EXCLUSIVELY FOR DESIGNERS OF COMPUTER MAINFRAMES, PERIPHERALS AND SYSTEMS 

cover 
Cover by Ray Lewis, EDN/EEE Art Director, depicts 
semiconductor memory tester at Monolithic Systems, 
Inc. Just as important to memory design is "refresh." 
See article on page CH 13. 

direc11ons 
DOT gets lift from Navy . . .. .. ... ................. . . ....... .. .. . ... ............. .. .... CH 7 
DEC announces large computer systems ... sculp, 
ture by computer ... computer in bond .. hot typ­
ing head speeds computer printout ... first magnet­
ics, then semiconductors-now ceramics . new 
company looks at $100 million market . . computer 
terminal "speaks" Braille 

features 
"refresh" is simpler than it appears . ... . .............. .. . . .. . . .. ... . ................... CH 13 
Semiconductor memories consisting of dynamic 
storage elements offer the most advantages in size, 
cost and power. In order to take advantage of these 
memories, the refresh requirement must be dealt 
with . 

commutating filter separates valid data from noise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . CH 17 
Here is a design that not only discriminates between 
low baud signals with differing data rates, but is also 
conservative in both size and power-an advantage 
over the narrowband crystal filter. 

push, click click-BCD . .... ..... .. . .. ......... . . ....... ...... .. ...... ... . .... . .. .. .. CH 22 
Digital-to-BCD conversion within keyboard design is 
achieved by many techniques. The unique design 
described in this article uses no electronic circuitry 
or power source. 
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tures solid-state main memory 
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POWER WIREWOUND -4•m=if!=f'-~~ 
MIL-R-26E/MIL-R-390078: RW20V to 24V, 29V to 33V, 
35V to 38V, 47V, 67V to 69V, 70U, 74U , 78U , BOU, 81 U. 
RWR71 , 74, 78, 80, 81 , 82, 84, 89 (including both " S" & " W" suffixes). 

POWER WIREWOUND HOUSED <8:i 
MIL-R-185460/MIL-R-39009A: REGO, 65, 70, 75, 77, 80 IC>·~-~~~~~~t;i 
(including both " G" & " N" suffixes) ; RER40, 45, 50, 55, 60, 
65, 70, 75 (includes " F" suffix). 

PRECISION WIREWOUND 
MIL-R-930/MIL•R-390058: RB52CE to 56CE, ·.:....;..;:_ ___ ~ 
RB71CE ; RBR52 to 55. 

ADJUSTABLE POWER WIREWOUND 
MIL-R-19365C: RX29V, 32V, 33V, 35V, 36V, 37V, 38V, 47V. 

FIXED FILM 
MIL-R-10509F/MIL-R-55182D: RN50 (C&E) , 55 (C, D, E), 
60 (C, D, E), 65 (C, D, E) , 70 (C, D, E, F) , 75 (B), 80 (B). 

RNA, RNC & RNN50, 55, 60, 65 (H, J , K) , to·;_·~· R:":f~a~ilu~r~e'__!r~at~ei:._. ---'4ii!ii~---ll 
FIXED FILM INSULATED 

MIL-R-226848: RL07S, 20S. 

VARIABLE WIREWOUND 
MIL-R-27208C/MIL-R-39015A: RT10, 11 , 12 (C2P, C2L suffixes) ; 
RT22, 24, (C2P, C2L, C2W, C2X suffixes); RTR12DP, RTR12DL. 
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DOT gets lift from Navy-
DOT (magnetic domain tip) technology (EDN Nov. 15, 1970, p. 35) has moved 
another step closer to reality as a rugged nonrotating mass storage system 
with the recent award of a $95 ,000 Navy contract. The Navy wants a low-cost, 
highly reliable , block-oriented RAM developed for future use aboard various 
warships and aircraft. The contract calls for two 16-bit 2k systems to be de­
livered to the Naval Air Development Center, Johnsville , Pa., by mid 1972. 
As reported in EDN, DOT is well suited for design specifications which call 
for the memory system to be insensitive to shock and vibration, to be nonvol­
atile and NDRO and to be compact and lightweight. The ultimate goal is a 
nonmoving mass memory capable of storing millions of bits at $0.01 to $0.03 
per bit. 

DEC announces large computer systems-
In a move to enhance its large computer systems image, Digital Equipment 
Corporation introduced five new major large scale computer systems called 
the DEC system-10 family . Based on its PDP-10 line, the system has a new 
memory, high-speed swap drums and software that provide a virtual memory 
system, multi-processor configurations and multi-computer networks that 
include DEC's minicomputers . The new systems are claimed to be the only 
ones in the industry that provide real-time, batch, remote-batch and time­
sharing capabilities under one operating system and using a single command 
language. The systems offer all languages and are hardware and software 
compatible so that users can readily upgrade their systems as the need 
arises . 

sculpture by computer -
Victor Pickett, sculptor and Associate Professor of Art at a Virginia universi­
ty, teamed with a computer to produce 1000 sculptures for an advertising 
campaign. Charies B. Clark, Art Director for Lawler Ballard Little advertis­
ing agency in Norfolk, conceived the idea and commissioned Pickett. One 
thousand of the computer-duplicated pieces will be mailed to chief executives 
of leading American corporations. 

The computer sculpting plays a key role in a national campaign under­
taken by Lawler Ballard Little to attract new industries to Virginia . The 
agency and its client, the Virginia State Division of Industrial Development, 
feel that the space-age art piece conveys their message well. Mr. Pickett en­
thusiastically agreed that it would represent Virginia as a state which com­
bines craftsmanship and advanced technology. 

Technical assistance and production support were lent by Newport News 
Shipbuilding. In full swing, their tape-controlled Milwaukee-Matic Ils were 
producing one sculpture every four minutes. The machines were programmed 
in APT (Automatic Programming for Tools) language and reproduced the 
sculpture from an aluminum cube by metal removal. 

Technically described, the sculpture is "a cylinder 3-i/2 inches in diameter 
cut by two solid parabolas , the formula being Y2 = 2.30X. The axial plane of 
the one parabola is tilted 6° and its origin displaced 0.50 inch to the cylinder's 
axis. The other parabola is tilted 10° and its origin displaced 0.07 inch to the 
cylinder's axis, also rotated 72° opposed to and with its origin extended into 
the first parabola by approximately 0.22 inch." 
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computer in bond -
When the Meinecke-Johnson Construction Co. , Fargo, N.D., decided to install 
an IBM System/3 Model 10 last December, the only space available was a 12 
by 14 ft fireproof vault. After redocorating, carpeting and installing air condi­
tioning, the computer and operator were moved into their new quarters. 

Dennis Olson, secretary of Meinecke-Johnson, commented, "A large gener­
al contractor may have as many as 200 labor codes representing the variety 
of work categories on a number of construction projects. The computer simpli­
fies the job of classifying and summarizing these codes and their entries to 
provide data on actual and projected costs of a project." 

"Although we weren't thinking of record security at the time," Mr. Olson 
said, "the room serves that purpose well. I have a secure feeling when I shut 
the door at night , and I don't worry about fire or theft." 

hot typing head speeds computer printout -
Low noise level and 300 words a minute are the major advantages of NCR's 
new 260 data terminal. By eliminating the conventional ink-and-impact 
printout concept, NCR has made a significant reduction in ambient noise 
that should be welcome in computer rooms. 

In place of type heads, the 260 uses a 5 x 7 dot matrix of heating elements. 
Cycle time of these heaters is 10 msec (cold-hot-cold) per character and print­
outs are achieved at a 40 msec per character average. 

The 5 x 7 dot configuration prints two font sizes, simulating upper and 
lower case. In conjunction with NCR thermochromic-dye paper, the printhead 
produces blue characters on a background of any of eight colors , including 
white. The NCR 260 is compatible with ASCII, Baudot or CCITT codes. 

first magnetics, then semiconductors - now ceramics 
One square inch of a ceramic material, developed by Honeywell Ceramics 
Center in Golden Valley, Minn., conceivably could hold a 2-million-bit com­
puter memory. This 0.005-inch-thick chip could also be a picture tube for a 
miniature color TV. 

"New ceramic materials with unique electromechanical and electro-optical 
properties are finding numerous applications in advanced electronic sys­
tems," said John Huff, manager of the Ceramics Center. Chips from Honey­
well are currently being used in experiments at Bell Telephone, Sandia, 
Sylvania and Westinghouse research laboratories. 

According to Clyde A. Parton, vice president and general manager of the 
Government and Aeronautical Products Div., industry records show that to­
tal U.S. ceramic production has doubled in the past 5 years-from $1.3 to 
$2.6 billion. The section that Honeywell is concerned with is a $40-million 
market. 
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directions 

new company looks at $1 DO-million market -
Xincom Corp. a fledgling company in Chatsworth, California, hopes to grab a 
hitherto unexploited segment of the $1.5 billion computer-instrumentation 
market. The company sees a virtually untapped market vein which lies in 
between the market now served by low-cost module manufacturers on one 
side and lab-type instrumentation companies on the other side. 

Brian Sear, Xincom's president, expects this market gap to be filled by what 
he calls "maxi modules and mini instruments." He estimates that the market 
for this type of product will grow to over $100 million within the next five 
years. 

Though Xincom's proposed packaging approach is modular, most of the 
company's products will have either greater complexity or better performance 
than existing low-cost modules. Thus the new modules will offer performance 
hitherto available only from expensive and bulky laboratory-quality instru­
ments. According to Sear, Xincom's products will sell at prices in the $100 to 
$800 range. 

Sear downplays possible competitive threats to his company's attempt to 
grab this market. He says "Potential competition is still very much en­
trenched in the basic standard laboratory instrument approach, and in many 
cases the products are not easily interfaceable with the latest computer tech­
nology. Special systems companies are not experienced in the engineering 
discipline required to develop and market standard products. And existing 
module companies are targeting OEM sales with low cost/complexity prod­
ucts which have a low margin and short life cycle. We believe that by the 
time these potential areas of competition become acutely aware of these prob­
lems, Xincom will have several hundred standard products which should 
keep us well in front." 

computer terminal "speaks" Braille -
Computer terminals that converse in Braille may hold the key to an expand­
ed world of learning and job opportunities for the blind. This idea is the basis 
of a study being conducted by Norman C. Loeber, an IBM engineer with an 
interest in putting computers to work for the blind as well as the sighted. A 
user enters his requests using a standard keyboard and recieves his answers 
in the raised-dot language of Braille at a special terminal printer. 

According to Loeber, some 400 blind computer programmers in the U.S. 
could be the first to profit. Like their sighted colleagues, they would be able 
to analyze and debug programs faster through real-time communications 
with a computer. 

More important, Loeber feels, is the terminal's potential to take the frus­
tration out of learning for the blind school child. Today, few parents can af­
ford the cost or space at home for even an abridged dictionary that, in Braille, 
fills 36 volumes and several library shelves. For these children, remote access 
to computerized libraries means more time to learn and less time seeking 
Braille reference works for help on homework assignments. 

In addition, a system of this type offers the possibility of bringing "dial-up" 
daily news bulletins and other specialized services into the home over tele­
phone lines-providing the blind with still another communications link with 
the sighted. 
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NEW .. and so simple any genius could have designed it. 

HE RYelectronic data entry 

KEYBOAR 

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



A EW KIND OF KE 
with gold "crosspoint" contacts that eliminate the 

REST POSITION 

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

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

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

provides high force per 
unit of contact 

area and 
virtually 

eliminates 
contact 
closure 

interference 
from foreign 

particles. 

MPORTANT 
OST W TED" 

FE~ URES 
1 Low cost 2 Long life 

3 Low profile 4 Inherent 2 key rollover 
5 Wire"OR"able output 

Low power (1.5 watt max.) 7 Custom designs 
8 True typewriter sequencing 

9 Only one power level input High reliability 

Gold crosspoint 
contacts 

Nylon enclosure 

Terminals 

OPERATED POSITION 

Gold "crosspoint" 
contacts for 

unexcelle~ reliability 

Mechanical life in excess of 
10 Million operations 

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

H CHERRY ELECTRICAL PRODUCTS CORP. 
3622 Sunset Avenue, Waukegan, Illinois 60085 

Makers of patented Leverwheel/Thumbwheel Switches, Matrix Selector Switches, Snap-Action Switches and Keyboards. 
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Greater RFl/EMI shielding in 
new, narrow-width contact strips 
from Instrument Specialties 

Latest addition to slit:l'1rJ[.(l[JJCJlfYf5• line! 

Instrument Specialties now offers Sticky-Fingers self-adhesive, beryllium copper contact 
strips in three variations to solve your most critical RFl / EMI problems. 

Comparable to the shielding effectiveness of the original Sticky-Fingers, our newest 
series 97-520* offers shielding effectiveness of 92 dB at l 0 GHz plane wave or greater 
than 92 dB at l MHz magnetic, and has a dynamic range of 0.1 O". Yet, it measures a 
scant 3/s" wide, and lf2" at maximum deflection. 

Supplied in standard 16" lengths, series 97-520 is ideal for metal cabinets and electronic 
enclosures where variations exist in the space to be shielded, and where high 
shielding effectiveness must be maintained in narrow spaces, even with frequent opening 
and closing of the cabinet. 

Select the exact series that fits your application best. Write today for a complete 
catalog, list of fin ishes available, and our latest Independent Shielding Evaluation Report. 
Address: Dept. Cr)-68 

Series 97-500*-the orig inal %" wide Sticky-F ingers. 
Specify when you require greatest possible shielding 
and where space permits . Also, supplied as 97-510 with 
Magnifil® for optimum magnetic shielding. 

For those all-purpose applica tions where economy and 
space are both factors, specify the %" wide single­
twist series 97-555, or 112" wide double-twist series 
97-560 Sticky-Fingers. 

• 
~ Specialists in beryllium copper springs since 1938 

•Paten ted 

INSTRUMENT SPECIALTIES CO., INC. 
little Falls, New Jersey 

Phone 201-256-3500 
CIRCLE NO. 407 
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Volatility and refresh requirements of the dynamic storage cell are two 
characteristics that make semiconductors significantly different from 
their magnetic counterparts. Volatility designers have learned to live with, 
but the best approach for refreshing remains a subject of varied opinions. 

Designing a semiconductor memory into production 
equipment is becoming a common occurrence which 
continues to gain ground on other technologies. Vari­
ous advantages of these memories are becoming ap­
parent. For example, they are now almost cost-competi­
tive for capacities up to 500k bits. Physical size is 
another factor. Size reduction for a semiconductor 
memory is at least a factor of 2, compared to their 
magnetic counterparts. In addition, power dissipation, 
reduced by one-half, provides another reduction in sys­
tem size by a factor of 1.5 because of smaller power sup­
plies. Besides cost and size, speed and performance are 
characteristics that are motivating designers toward 
the use of semiconductor memories. 

For all practical purposes, the interfacing of semi­
conductor memories to the outside world is identical 
to the systems comprised of square-loop magnetic ma­
terials. However, two factors are considered to be sig­
nificantly different and command special attention: 
volatility and refresh requirements of the dynamic 
storage cells. Volatility seems to be more or less ac­
cepted. Dynamic elements pre&ent the most advantages 
in size, cost and power. Therefore, the refresh require­
ment must be dealt with. 

Why Refresh? Refresh requirements exist because 
the dynamic cell uses the substrate capacitance as 
the storage medium. Charge on this capacitance de­
fines either a "l " or a "O." After a write operation, the 
charge begins to leak through a high impedance. The 

(A) 
INPUT DATA OUTPUT DATA 

READ ENABLE 

l. 
03 rc1 

':" 

WRITE ENA BLE 

(B) 
READ ENABLE 

03 

WR ITE ENABLE 

Fig. 1-Three-transistor dynamic cell makes use of 
a parasitic capacitance to hold data. Configuration 
(A) has separate input and output data lines and 
(B) has common input and output data bus. 
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1 'refresh' (Cont'd) 

discharge rate is such that the cell must be rewritten 
or refreshed at least every 2 msec. 

The chip designer initially defines the refresh re­
quirement. A popular concept is dividing the cells to be 
refreshed into 32 different groups, addressable by the 
five lower-order bits. The requirement is that all 32 
locations must be activated at least once every 2 msec 
or less. 

Dynamic Memory Cell. A memory element of the dy­
namic storage type requires less silicon area, and in 
most configurations, it is less complex to process. Avail­
able cells range in area from 2 to 10 square mils, com­
pared with 39 square mils minimum for a static cell. 
Numerous arrangements have been described, but the 
most prevalent is the simple three-MOS transistor con­
figuration. 

Presently, there are two concepts of the three-tran­
sistor cell, shown in Fig. 1. Both configurations operate 

"' !: 
:::i 
(.) 
a: 
(3 
t.? 
!!!: 
Cl 
0 
u 
UJ 
Cl 
31:: 
0 
a: 

on the same principle- absence or presence of a charge 
on the parasitic capacitor represents the stored bit. To 
write, the desired data level is applied to the input 
data line and the write line is activated, making Q3 
conduct. Capacitor Cl, connected to the input data 
line, assumes a charged condition, dependent upon the 
state of the input data line. When the write line is de­
activated, the capacitor Cl holds the data in the form of 
a charged or uncharged condition. 

When the read line is activated, Ql is connected to 
the data output line through Q2 and data is read from 
the storage cell. Whereas Cl establishes the state of 
Ql, the data output line will either be connected to 
ground or appear to be open. The status of this line re­
presents the data bit. 

There is a leakage discharge associated with the 
parasitic capacitor and the substrate. Characteristics 
of this discharge and associated circuitry gain require 
the capacitor to be recharged at least once every 2 msec 

CELL CELL CELL 

l 1 2 ____ L" 
I I ' 
I ' I I . 
I I 

Cf LL CELL CELL 
961 962 992 

~------------I 
CELL I 

I 
I 
I 

I 
I 
I 
I 
L-----

I 
I REFRESH 

! AMP 1 I 
L.-------- _.,: __ --- _J 

CELL 
994 

REFRESH 
AMP 2 

COLUMN DECODING CIRCUITS 

CELL 
1024 

REFRESH 
AMP 32 

Fig. 2- Basic cell arranged 
in a matrix form. DATA IN DATA OUT 
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' r 
ADDRESS 

INPUT ADDRESS 

MULTIPLEXER MEMORY ADDRESS 

' r r--EXTERNAL CONTROL SIGNALS 

1------j 
CONTROL REFRESH 

CLOCK CIRCUITRY ADDRESS COUNTER 

INTERNAL CONTROL SIGNALS ) 1 REFRESH TIMING TO MEMORY 

Fig. 3- Block diagram illustrates basic arrangement for refreshing a dynamic memory. 

- basic refresh requirement for a dynamic memory. 

Dynamic Memory Arrays. The basic storage cells are 
arranged in a matrix form as illustrated in Fig. 2. 
Presently, the popular organization is a 1024-bit chip 
arranged in a 32 x 32 matrix with row and column lines 
interconnecting the cells. The column lines represent 
the data input/output lines and the row lines are the 
read and write. Data is entered into the memory by 
decoding the row and column lines with a write enable. 
Data is read out of any cell by selecting a row and a 
column with a read enable. The data, on the column 
line, is connected to the output line through a sense 
amplifier and associated decoding circuitry. 

With this matrix arrangement, a refresh operation 
is initiated with a readout by row decoding. Conse­
quently, 32 cells insert information onto 32-column 
lines. The refresh amplifiers (32) invert this informa­
tion and apply the results to the 32 cells associated 
with the enabled row. A write command re-enters the 
information, thus 32 cells are refreshed simultaneous-· 
ly. The matrix is cycled through the refresh operations 
under control of the five least-significant bits (LSBs) 
of the address word. This arrangement represents the 
basis for the address-oriented refresh requirements of 
a dynamic cell memory array. 

Timing Consideration. Timing characteristics for re­
freshing a chip become very important when used in a 
memory system. Timing can be considered in two cate­
gories - the timing required for a refresh cycle on a 
specific location and the refresh period or time between 
refresh cycles. All chips have a refresh cycle that per­
mits the chips to be refreshed in a parallel operation. 
However, it is also important to consider the refresh 

action (if any) during a read or write operation. For ex­
ample, Intel 's 1103 refreshes the selected chip during a 
read or write cycle. The unselected chips are not re­
freshed. For a serial refresh , this limits the array size 
that can be used. 

On the other hand, a device such as the Mostek 4006 
refreshes both selected and unselected chips on a write 
operation only, but not during a read. In both the Intel 
1103 and Mostek 4006 refresh is address dependent. 
In Electronic Array's EA1500 the refresh also occurs 
only as a write cycle operation, but it is not address de­
pendent. One refresh cycle on the EA1500 will refresh 
the entire array. 

System Refresh. Design in regard to t he refresh re­
quirement of a system depends almost entirely on the 
application. Basic techniques fall into one of four cate­
gories- serial , cycle steal, burst and hybrid. The block 
diagram in Fig. 3 illustrates the recluired circuitry for 
building nearly all refresh schemes. 

Serial Refresh. Using a serial refresh depends entirely 
upon the application. The application must have serial 
addressing and the address cycle time must meet the 
chip refresh requirements. For example, if the address 
cycle time is 60 µ,sec, the five LSBs of the address can 
be scanned in 1.92 msec-time enough to refresh lk 
words using the Intel 1103. Again, the chip operation 
influences the allowable storage capacity. With proper 
chip and associated circuits and an address change rate 
of less than 60 µ,sec, almost any storage capacity is 
possible. 

Cycle Steal Refresh. This mode is the most versatile. 
It provides an interface timing that appears like a 

(Continued) 
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l 
MODULE #1 

BURST REFRESH 

' / REFRESH CONTROL 

ADDRESS AND COMMANDS r 

static cell if the available data and cycle complete time 
are set to include a refresh cycle. However, if the ele­
ment is to be employed at nearly its full speed capabil­
ity, the stolen cycle will present a periodic delay in the 
access and cycle time. In asynchronous operation where 
the system operates on a request response basis, there 
are no problems. The equipment merely pauses for an 
extended data available and cycle complete function 
periodically. If this pause presents a timing problem 
between the input and output, another method will 
have to be used. 

Circuitry for the cycle steal mode consists of a timing 
oscillator, address counter, address multiplexer and 
refresh timing logic. The oscillator generates a timing 
pulse every 55 µ.sec. This pulse initiates the refresh 
cycle if the memory is inactive. If the memory is ac­
cessed during the refresh cycle, the request is accepted 
and processed upon completion of the refresh cycle. The 
equipment making the request must wait until it re­
ceives a delayed data available signal. If a read opera­
tion was requested, this delay will equal the memory 
access time plus the refresh cycle time. For a write op­
eration, the delay is memory cycle time plus refresh 
cycle time. In the event that the system operating the 
memory has a clock cycle, an interrupt or a delayed 
time period can be conveniently accommodated and the 
request for a refresh cycle is treated as an interrupt 
or a specific clock interval. This mode can provide re­
fresh under processor control. 

Burst Refresh. This approach is useful where the 
memory operates with a high-speed device at full speed 
and random addressing for a time period not to exceed 
2 msec. The memory then switches to burst refresh and 
32 cycles or more are performed. Then the memory is 
returned to service the device. This method is favorable 
for high-speed data acquisition applications that re-

MODULE #2 

BURST REFRESH 

J 

' 

DATA OUT 

DATA IN 

Fig. 4-Block diagram indicates 
Hybrid Refresh scheme. 

quire the full speed of the memory and random access 
operation. 

Hybrid Refresh. By using a combination of serial, cycle 
steal and burst refresh in single and multiple system 
arrangements, more powerful forms of refresh may be 
constructed. The characteristics of these systems are 
again mainly influenced by the application. Presently 
available arrangements allow no refresh delay for 
normal computer operation with random addressing. 
Systems for use with high-speed data acquisition com­
bine multiple modules, serial operation and burst re­
fresh . The result is MOS dynamic cell systems with 125 
nsec access and 200 nsec cycle times. 

In Conclusion. Dynamic cell provides the semiconduc­
tor manufacturers with the necessary storage element 
to develop competitive memory systems. In using the 
dynamic cell, the refresh requirement has been a chal­
lenge left for the memory system designer and user to 
solve. Arrangement of chip arrays and the timing re­
quirements for refreshing the chip are important con­
siderations in chip selection. Also the arrangement of 
the circuitry for the memory interface offers numerous 
refresh techniques in system application. • 

Hugh De Vries, one of the founders 
and vice president of engineering of 
Monolithic Systems Corp., Denver, 
Colo., previously was chief engineer 
for the Denver Systems Div. of Fer­
roxcube where he directed memory 
and computer system design. De Vries 
received his B.S.E .E. from the Uni­
versity of Nebraska. He has two pat­
ents pending and is a member of 
IEEE. 
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commutating tilter 
seuarates valid data trom noise 
To discriminate between low-baud signals whose baud rates differ slightly, a narrow­
band crystal filter may be sufficient- if size is unimportant. However, from the 
standpoint of both power and size, a commutating filter may be a better answer. 

A digital communication receiver must detect the in­
formation bearing wave-train and simultaneously re­
ject all spurious signals. Also, the detecting device 
should discriminate between signals arriving at the 
data rate and those with a baud rate that is slightly 
different from the desired rate. A narrowband crystal 
filter accomplishes this. At low baud rates, however, 
the device can be bulky-a big disadvantage if size is 

INPUT SIGNAL 

.!_Q_± M 
2 

RECOVERY 
CIRCUITRY 

TIMING REF . 
PULSE GEN. 

important. Another approach employs a commutating 
type filter designed with low-power complementary 
symmetry metal-oxide semiconductors (COS/MOS). 

One such filter, shown in Fig. 1, sequentially 
switches 3-section RC networks into the circuit to pro­
duce a sharply tuned bandpass response. The switching 
rate determines the center frequency for the filter, and 
the RC networks determine the filter bandwidth and 

(Continued) 

PEAK-TO -PEAK THRESHOLD OUT 
DETECTOR DETECTOR 

CRYSTAL 
OSCILLATOR 

4f0 VREFERENCE 

COUNTER 

Fig. 1 - Commutating filter system has a 20 kHz center 
frequency with a 3-dB bandwidth of 7 Hz for periodic 
input signal, 5 Hz for random. Attack time is 20 msec 

SWITCHES AND RC SECTIONS 

and dropout time is 100 msec. System logic was built 
with RCA COS/MOS devices. This system is actually 
functioning in a digital rece iver. 
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commutating f ilter (cont'd) 

roll off. Thus, the transfer function of this commutating 
.filter has the form: 

where N = number of Networks 
% = switching frequency 

This transfer function indicates a lowpass-to-band­
pass transformation with the midband frequency % 
depending solely on the switching frequency. The 
selectivity, like the bandwidth of the filter, is deter­
mined by the lowpass network transfer function H(jw). 

A Working System. The system in Fig. 1 uses a stable 
square-wave crystal oscillator operating at 4f0 for the 
local clock. The output from the oscillator drives a 
counter comprised of two flip-flops (CD4003). A set of 
NOR gates (CD4001) decodes the flip-flop outputs to 
produce four sequential switching pulses. 

A binary input signal at a frequency of f0/2 first 
passes through a recovery circuit that detects the bits 

AMPLITUDE 

SWITCH IN 
PULSE 1 f-'--.L.J'----'-.L--~-'--......L_L...---L-1..-....J__L __ LJ_ 

SWITCH IN 
PULSE 2 i'-'-'---L-L--.L.JL--..L..L---L...L-- .....L_L..._.....J._L. _ __JLJ 

SWITCH IN 
PULSE 3 t-.....__._ _ ___._._ _ __.L...J..--.l_l'--- -'-'--- ..L..L-- ....L...L...- -

SWITCH IN 
PULSE 4 t-_...._..__.....__._ _ __.__._ _ __._.__~L-L--.L.J---'-L--

~~~g~l~~V'.1-----'--
0UTPUT f---.L----'------ _._ _____ __J ___ .__ 

TIMING 
RE FERENC 

PULSES 1---'-- -'-__.l.- -'--.JL-----L- -L--- -......IL__L_ L_LJ 

FILTER 
OUTPU 't-__._ ...___._ ....__,__ ___ __.__-'-----L-_.__"--___. 

TIM 

Fig. 2- Waveforms illustrate timing relationship of synchro­
nous and in-phase signals (input and local clock) generated 
by the system in Fig. 1. 
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to "clean up" the pulses issuing relatively noise-free 
serial data for further processing. The recovery circuit 
consists of a lowpass filter for excluding out-of-band 
noise and a " l " or "O" decision-making device such as 
a crossover amplifier. Then a timing reference pulse 
generator produces a 50% duty cycle pulse at each 
transition (0 to 1 or 1 to 0) of the incoming data, be­
cause in a truly random NR Z (nonreturn to zero) bit 
stream there are no discrete frequency components 
present. Specifically, no component is at the bit rate. 

Data transitions contain the frequency information. 
If a series of unidirectional pulses is generated to mark 
transition times, there will be a discrete component of 
the bit frequency f0 in the generated pulse train. 

The timing reference pulse train is applied to the 
commutating filter and switched through under control 
of the sequential pulses. Each time a pair of switches 
is closed, one-fourth of the input wave is entered into 
one of four RC networks. The voltage across the capac­
itors will equal the average value of one-fourth of the 
input wave. Since this occurs in all four RC networks, 
the filter output is. similar to the input but somewhat 
truncated. When the input frequency differs from f0, 

the accumulated capacitor charge or voltage will be 
less than that for the synchronous case. Therefore, the 
filter has a symmetric bandpass characteristic centered 
at f0 - the switching rate. The frequency where the 
filter response is 3 dB down is: 

f = 1 [2 ~- 1]1 /2 
3 

du 27TN (RC ), 

where N = number of networks 
n = number of RC sections/network 

(RC\ = section time constant 
To illustrate, assume N = 4, n = 3 and (RC), = 7.92 
x 10- 3 yielding f3 dJJ = 2.56 Hz, and a filter bandwidth 
of approximately 5 Hz. 

A peak-to-peak detector converts the filter output 
signal to a de voltage which is then compared with a 
reference voltage. When the output of the peak-to­
peak detector is greater than the reference setting, the 
received signal is considered valid (below the threshold 
represents no signal). System bandwidth and the mini­
mum S/N ratio at which the filter detects information 
are a function of this threshold setting. Both the 
peak-to-peak detector and threshold detector are IC 
operational amplifiers. 

A COS/MOS 4-channel multiplexer (CD4016) is 
used to switch the digital input signal. The ON resis­
tance for each channel is 425!1. The 3-stage RC net­
works exhibit approximately 15 dB/octave rolloff, thus 
improving performance with wideband noise input. 

System waveforms in Fig. 2 represent data input 
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Fig. 3-Measured output voltage of the peak-to-peak detector vs input frequency 
for both random and periodic input signals . 
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Fig. 4-0utput of the threshold detector (fig. 1) set for large 
S/N ratio operation. 

and local clock signals which are synchronous and in­
phase. For the asynchronous and out-of-phase cases, 
the average output voltage will be a truncated signal 
instead of an exact replica of the input signal. 

System Characteristics. For the commutating filter in 
Fig. 1, the center frequency is 20 kHz with a measured 
3-dB bandwidth of 7 Hz for a periodic input signal , 5 Hz 
for a random input. A resonant circuit with an equiva­
lent bandwidth and center frequency has a Q-factor 
greater than 2500. However, the selectivity of the 
commutating filter is greater than the equivalent reso­
nant circuit because the rolloff rate is greater. The 
measured filter peak-to-peak detector output voltage 
is plotted against input frequency for both random and 
periodic input signals in Fig. 3. 

Threshold detector output, set for operation at large 
signal-to-noise ratios, is shown in Fig. 4. In this case 
the system bandwidth is 10 Hz, with a high output 
level occurring when the desired input signal is pres­
ent, a low output indicating absence of a signal. For 
lower S/N ratio operation, the system bandwidth is in-

creased. Reliable signal detection of a random binary 
input signal has been demonstrated at a -3 dB SIN 
ratio measured within the bandwidth of the input 
signal. 

Typical response times for the commutating filter 
are 20 msec (attack) and 100 msec (dropout). Increas­
ing the minimum S/N ratio at which information can 
be detected will reduce the dropout time. 

The system logic is developed with COS/MOS de­
vices. At relatively low clocking rates ( < 1 MHz), COS/ 
MOS circuits exhibit a substantial reduction in power 
dissipation compared to other types of digital circuits. 
In addition, these units offer high noise immunity and 
high fanout capability. Operating from a 9V de supply, 
the filter and decision circuitry require less than 50 
mW of power. This approach grants a considerable 
savings in both size and weight compared to the popu­
lar crystal filter. Also the commutating filter lends 
itself to microminiaturization through the use of hy­
brid techniques. • 
The effort described in this article was accomplished on 
the Bancroft program, Contract No. DAAB07-67-C-0263 
from the United States Army Electronics Command, 
Fort Monmouth, N. J. 

David A. Johnson is a senior engi­
neer with the Electronics Div. of Avco 
Corp. , Cincinnati, Ohio. His duties in­
clude designing and developing analog 
and digital electronic systems. Johnson 
attended the University of Kentucky, 
where he received B.S.E.E. and M.S. 
E.E. degrees. 
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The 
masked ROM 

has had ii. 
The future of the masked mem­

ory is being cut short by a 2nd­
generation ROM of a different color : 
lntersil 's 256 -bit (32 x 8) 50-ns 
programable IM5600. 

It's a fully decoded T2L mem­
ory, housed in a 16-pin ceramic or 
plastic DIP or flatpack. 

It comes in full military or com­
mercial ranges , with a choice of 
open-collector or tri-state outputs. 

The difference is that every 
IM5600 is delivered with log ic 
" zeros" in all 256 locations. When 
you need a particular ROM , you 
yourself can program-permanently 
and very simply-the logic " ones" 
wherever your truth table dictates. 

And by every standard , the 
completed ROM measures up to 
and beats what 's previously been 
available. 

Price 

Mask charge 
Inventory costs 
Availability 
Delivery 
Reliability 

BIPOLAR INTERS IL 
MASKED ROM IM5600 ROM 

Down to 1¢ 
per bit 
$500 typical 
High 
In quantity 
5 to 12 weeks 
Excellent 

Below 1¢ 
per bit 
Zero 
Minimum 
In quantity 
Immediate 
Excel lent 

The 
price is right. 

In any quantity, the IM5600 
costs less than the masked ROM . 
That 's less than a penny a bit in 
volume. 

But you save other ways , too . 
For instance, you can cut your in­
ventory and service costs because 
you only have to stock one kind of 
memory, instead of a different 
masked ROM for every variation of 
your truth table. 

Get a 
orouramer 

tree. 
But here 's the biggest bargain . 

Get a free programer box with your 
first order of IM5600s totaling 1,000 
pieces or more. 

This suitcase-mounted unit 
automatically tests each ROM , pro­
grams it and then verifi es the ac­
curacy of the completed memory. 
All at a rate of better than two RO Ms 
per minute. 

ReliabililY 
is a auaMer-billion 

bit hours. 
And do they last? You bet. A 

constantly monitored study has 
logged well over 1,000,000 device 
hours of high temperature operating 
and storage life testing without a 
single failure . Send for full details 
cover ed in IM5600 Reliability 
Report. 

lntersil 

CIRCLE NO. 408 

Br the carload, 
quick as a wink. 

The IM5600 is in volume pro­
duction right now. Ask for what you 
need and get it when you need it. 

It can be computer-programed 
at a millisecond a bit, or one girl 
can program a thousand memories 
a day usi ng an lntersi l Portabl e 
Program er Box. Ord er th em pre­
programed from your lntersil distrib­
utor and you still get off-the-shelf 
delivery. Or buy quantities of blank 
RO Ms, mount them on your own PC 
cards and stock them . When you 
need it, program a complete card 
at a time, plug it in and go! And 
lntersil guarantees 100% program­
ing yield . From lnters il , the one to re­
member when it comes to memories. 
10900 North Tantau Ave. , Cupertino, 
CA 95014. 

Get 'em here. 
lntersil stocking distributors. 
Schweb er El ec tron ics; Century 
Electronics ; Semiconductor Spe­
cialists ; DeMambro Electronics ; 
R. V. Weatherford Co. 
lntersil area sales offices. Los 
Angeles (21 3) 370-5766 ; Metro­
politan New York (201 ) 567-5585 ; 
Minneapolis (612) 925-1844 ; San 
Francisco Bay Area ( 408) 257-5450; 
Singapore, Telex RS 21607. 
Overseas representatives. Clichy, 
France : Tranchant Electrqnique. 
Amsterdam , Holland : Klaasing 
Electronics. Tokyo, Japan : lnternix. 
Zurich , Switzerland : Laser & Elec­
tronic Equipment. London , U. K.: 
Tranchant Electronique. Munich , 
West Germany: Spezial Electronics. 
U.S. sales reps in all major cities. 
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' 
CONTACT 

(B) 
LOCKOUT SLUGS 

KEY PLUNGER 

DECODING NOTCHES 

4 

(C) 

Fig. 1-Side view (A) shows the binary encoded switch (Pat. 
No. 3472973) and part locations. When the switch is pushed, 
the pair of contacts on the end will close if the notch is 
cammed. 

View (B) illustrates the keyboard lockout capability. A 
selected key displaces the lockout slugs as shown, thus po­
sitioning the raised portion underneath the other keys. When 
the switch is released , the lockout slugs return to their 
normal posit ions. 

Four actuating bars are required to perform BCD encoding 
for digits 1to15, as shown in (C). Each notch represents one 
bit (0 or 1) of any binary code. In this example, bars 1 and 3 
would close their respective sets of contacts to generate a 
binary 5 (0101). 
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No electronic circuitry or power source 
is required for digital-to-BCD conversion 
in this unique keyboard. When a key is 
depressed, notched bit bars perform all 
of the necessary encoding. 

Multiple-position and multiple-contact switches either 
of the rotary or ganged pushbutton type are the usual 
choice for most keyboard designs. A pattern of individ­
ual switch contact closures represents either the key's 
function or location- achieved by converting digital 
data into a binary code. Because of the number of con­
tact closures normally required, the problems of wiring, 
solder connections and even the switch structure itself 
can place severe restrictions on the final design. The 
encoding switch to be described uses only a single con­
tact to generate a binary bit at the output. 

Obviously, a single contact conversion offers many 
advantages, mainly a reduction in solder connections 
and associated hardware such as wire. The concept is 
based on a set of notched bars or sliders (see Fig. 1). 
When a key is selected, the sliders respond and operate 
a pair of contacts. With multiple contact switches, 
the generation of 15 individual digits requires four 
switches and four actuating structures. Using the slider 
concept, however, only four actuating structures are 
needed. Thus substantial reductions in the number of 
switches, hardware and maintenance cost are realized. 

How It Works. Several views of the switch structure are 
illustrated in Fig. 1. For converting digital informa­
tion to binary, this structure operates a mechanical or 
actuating bar that closes a set of contacts located on 
the end of each bar. Each bar has a specific pattern of 
notches representing the desired output code. 

There is a plurality of notch configurations (Fig. 2), 
each corresponding to a switch position. Whether the 
bar slides depends on the shape of the notch-square 
or cammed. If the notch is square, the bar will not slide 
when the switch is depressed. The caroming surface 
will force the bar to slide and in turn, close the con­
tacts. No motion defines a binary "O" and motion, a 
binary "1." Complete binary codes can be generated by 
logically combining the output contacts. The electrical 
interface for the encoding of 4-bit BCD is shown in 
Fig. 3 . • 
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Fig. 2-Cam surfaces indicate binary "ls" 
and square notches "Os" in the actuating 
structure shown in (A). Diagram (8) illus­
trates the notch requirement for the BCD 
format of 15 keys. 

Fig. 3-Encoding switch not only simplifies 
the mechanical structure, but reduces the 
electrical interconnection. Diagram (A) illus­
trates the popular approach for generating 
a binary code through switch contacts as 
compared to (8) based on the encoding 
switch concept. Digit input positions 1 
through 8 require various switching configu­
rations and a number of contacts. For the 
encoded switch, four contacts provide a 
complete binary output for any number from 
1 to 15. 

• • 

Fig. 4-Using the encoded key concept, Maxi­
Switch Co., Minneapolis, Minn., developed 
the 1400 Se.ries keystrips. A single keystrip 
accommodates up to 20 keys. 

(A) 

(B) 
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1971 FJCC preview 
Approximately 200 exhibitors are 
expected to participate at the Las 
Vegas Convention Center on Novem­
ber 16-19. Ralph R. Wheeler, confer­
ence general chairman, projects that 
approximately 25,000 computer spe­
cialists, user representatives, manag­
ers, educators, officials and students 
will attend FJCC. In spite ofless than 
favorable general economic condi­
tions, the conference exhibit program 
shows every sign of being one of the 
largest and most diverse ever assem­
bled. Displays of virtually every area 
of computer technology, including 
hardware, software and systems, will 
give the attendee a unique opportuni­
ty to evaluate and compare the latest 
offerings within the computer field. 

"The jobs of engineers and scien­
tists will be very different in the fu­
ture. We will be responsible for great­
er degrees of planning, greater 
appreciation of consequences of our 
work and greater awareness of hu­
man values. Hopefully, we will lead." 
This theme will be examined by the 
keynote speaker, Dr. Arthur G. An­
derson, IBM vice president. Com­
menting on the keynote session, Mr. 
Wheeler states that Dr. Anderson's 
recent studies and work at the Center 
for the Study of Democratic Institu­
tions, combined with his managerial 
and research positions with IBM, 
provide him with unique credentials 
in assessing the broad potential of 
computer technology in improving 
the quality of life. In particular, Dr. 
Anderson's recent efforts at the Cen­
ter have included traveling around 
the country to talk with university, 
government and industrial leaders in 
an effort to pursue ideas and propos­
als for bringing industry and aca­
demia closer together. 

Dr. Frank Ryan, director of Infor­
mation Systems for the U.S. House of 
Representatives , will deliver the 
luncheon address on Thursday, No­
vember 18, in the main ballroom of 
the International Hotel. Dr. Ryan , 
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who as a quarterback led the Cleve­
land Browns to the National Football 
League Championship in 1964, is on 
leave from his position as Associate 
Professor of Mathematics at Case 
Western Reserve University. In his 
address , Dr. Ryan will describe the 
activities that are currently going on 
and that are anticipated in data pro­
cessing for the House of Representa­
tives. Special attention will be given 
to changes in traditions and to the 
adjustments the Representatives face 
in using new technologies. 

In the technical sessions, approxi­
mately 67 papers will be presented 
during the three day conference. The 
papers cover a wide range of areas 
important to computer professionals 
and to others vitally concerned with 
the application of present and future 
computer technology. Included is cov­
erage of such diverse sessions as 
"Computers in the Electoral Process ," 
"Computer Assisted Instruction" and 
"Simulation of Computer Systems." 
Sessions involving computer hard­
ware are: 
SESSION I-Data Communica­
tions. (Nov. 16, 10:30 a .m.) Chair­
man: F . D. LaRiviere, Control Data 
Corp. 

Noncomplementary approaches to 
the same problem, i.e., cyclic redun­
dancy checking in data communica­
tions systems. A panel discussion will 
provide critical analysis of the con­
cepts presented. While it may be im­
possible to conclude which approach 
is the "best" or the most universal to 
the varying data communications 
environments, it might be possible to 
determine those areas in which one of 
the techniques is preferable over the 
other and why. 
SESSION 2-Applications of Com­
puters in Emerging Nations. (Nov. 
16, 10:30 a.m.) Chairman: David 
Wilkinson , Hewlett-Packard Interna­
tional. 

The rapid growth of EDP technol­
ogy in the emerging nations is indica­
tive of the importance placed on it by 
local governments. The uses to which 

this technology is placed and the 
manner in which state-of-the-art 
technology is transferred to the 
emerging nations are the subjects of 
this session. The questions to be 
covered include: How are computers 
now being used? How is the use of 
computers affecting the technical 
community? How should computers 
be used? What help is required in 
implementing computer technology 
in emerging nations? 
SESSION 4-Terminals (Nov. 16, 
1:30 p.m.) Chairman: M. T. Nigh, IBM 
Corp. 

Cognizable advances in computer­
supported terminals will be dis­
cussed. Experimental and original 
applications for terminals are empha­
sized covering experimental Picture­
phone, vocal data machine interface 
systems through plain paper printing 
and Braille terminals for the blind. 
The topics presented are in keeping 
with the advances being made in the 
computer application field through­
out the technical and business world. 
SESSION 6-Images and Patterns 
(Nov. 16, 1:30 p.m.) Chairman: Jo­
seph Kuney, American Chemical So­
ciety. 

Three topics will be presented with­
in the area of graphic information 
processing. The first paper presents a 
new scheme for defining and generat­
ing images in parametric form. This 
approach involves a minicomputer 
controlling a photocomposing ma­
chine. 

The second paper discusses the ap­
plication of syntactic techniques to 
the problem of recognition of line 
drawings and patterns. The author il­
lustrates his approach , using his own 
interactive system, called PARSE. 

Of special interest is the third pa­
per: an application of the computer 
and graphic information processing 
techniques to an area that has re­
ceived little attention-music. The 
paper describes a system that recog­
nizes and encodes printed music in 
machine language. The end result is 
the automatic rendering of printed 

0 c t o b e r 1 5, 1 9 7 1 



events 

music in a form suitable for machine 
processing. 
SESSION 7-Large Scale Integra ­
tion (Nov. 16, 3:30 p.m. ) Chairman: 
Donald H. Weiss, IBM Corp. 

Large scale integration into today's 
EDP equipment is mainly memories. 
They offer the distinct advantage of 
low cost and as the technologies de­
velop, smaller and smaller sizes. The 
papers deal with approaches of sys­
tems implementation. Dynamic (FET) 
shift registers, ROMs and storage 
cells will be discussed. To some, LSI 
offers a panacea for logic develop­
ment, to others , LSI is just another 
term in the technology vocabulary. 
The session will discuss some new 
aspects of LSI and will conclude with 
a panel discussion. 
SESSION 9-The User Interface 
for Interactive Search (Nov. 16, 
3:30 p.m. ) Chairman: John L. Ben­
nett, IBM Research Laboratory. 

The theme for this panel discussion 
will be "what goes on in front of the 
terminal" - what facilities the user 
requires , what services the computer 
can provide and how the user re­
sponds to data display. Understand­
ing the exchange of data between the 
user and the computer at the inter­
face during search will enable the 
designers to build systems truly re­
sponsive to search needs. 

Each panel member has researched 
the topic and will relate his own expe­
riences. The discussion will highlight 
currently ~vailable findings that will 
help in the design of the link be­
tween the user- who understands the 
search results he wants - and the sys­
tem designer - who can provide the 
means for achieving those results. 
Though the emerging interface tech­
nology is only roughly defined, we 
can begin to outline now the research 
and development issues to be resolved 
if interactive search is to achieve 
widespread user acceptance. 
SESSION 10-State of the Comput­
er Art in Biology. (Nov. 17, 8:30 
a.m.) Chairman: Carol Newton, Uni­
versity of California, Los Angeles. 

(Continued) 

MinifBus 
by Rogers 

For noise and 
cost reduction 

A small, voltage-d istributing 
busbar for PC card application, 
each Mini / Bus gives you built-in 
capacitance ... noise-cutting 
capacitance that means more 
reliable, compact circuit 
packaging at a fraction of 
multilayer prices. Write for data. 

Rogers Corporation I Rogers, Conn. 06263 
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Law Enforcement Information Retrieval 
Our low cost Scan Conversion 

Memory Unit works with video, 
graphics, and alphanumeric 
displays. 

It provides data storage and 
refresh memory for TV / CRT output. 

Applications : CATV / CCTV, 
education, computer graphics, 
medical electronics, process 
control, document retrieval, 
command and control, navigation, 
scientific scanning instruments, and 
business data. 

Write or call for the w hole 
story and our brochure : 

Hughes Industrial Products Division 
2020 Oceanside Boulevard 
Oceanside, California 92054 
(714) 757-1200 

r------------------, 
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: HUGHES : 
I I L __________________ J 

HUGHES AIR C RAFT COMPAN Y 

INDUSTRIAL PRODUCTS DIV. 
OCEANSIDE, CALIFORNIA 
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LAMB ELECTRIC OFFERS 
COMPUTER-ORIENTED 
PRECISION 

7!!1~® blowers 
for quiet, "working air" ... 
Motorized centrifugal blower systems 
provide pressure or vacuum, or both­
economically. Wide range of operating 
characteristics can be obtained by 
modular "stages" of fan system. Units 
function in any position, are easy to 
install. APPLICATIONS: tape decks, 
office copiers, data terminals, and vir­
tually any type of equipment utilizing 
"working air". 
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... DC SERVO MOTORS for 
thoroughly reliable 
control. 
Lightweight and compact, Lamb servos 
respond quickly, smoothly. Design as­
sures cool motor operation despite 
heavy cycling over prolonged periods. 
Armature diameters are small in rela­
tion to field, minimizing inertia and al­
lowing for greater extremes in cycling 
of rotation, torque and speed. Available 
in wide range to suit your torque re­
quirements. APPLICATIONS: magnetic 
tape drives, paper tape handlers, 
closed-loop servo systems, variable 
speed drives, etc. 

400 800 1200 1600 2000 

TORQUE - OZ. IN. 

For additional information, 
contact AMETEK/Lamb Electric, 
Kent, Ohio 44240 
Telephone: (216) 673-3451 

.\METEK / Lamb Electric 
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CH 26 

1971 FJCC (Con't) 
Eminent biological investigators 

known for their creative use of com­
puters in research will evaluate the 
present roles of computers in biologi­
cal research ranging from molecular 
to population levels. Having proposed 
priorities for further development of 
computer hardware or software sup­
port in their fields, they will describe 
their current research efforts. The 
audience is encouraged to challenge 
these priorities and to suggest addi­
tional hardware or software develop­
ment needed for biomedical research. 
SESSION 16-Computer Struc­
tures: Past, Present and Future 
(Nov. 17, 1:30 p.m.) Chairmen: C. Gor­
don Bell and Allen Newell , Carnegie­
Mellon University. 

Since 1959, speeds of computer sys­
tems have steadily increased. These 
increases are the result of improved 
hardware, new computer structures 
and new computer applications. Still, 
one can observe that with the excep­
tion of the ILLIAC IV and the CDC 
STAR, most of the change appears to 
have resulted from the evolution of 
ideas that have been with us since the 
beginning of computing. Today, we 
can see that computer systems are 
still changing- witness the phenome­
nal growth of minicomputer installa­
tions. New memory and circuit tech­
nologies are on the horizon. 

All of these considerations pose 
some challenging questions about the 
computing future: 

- Are any of the new technologies 
revolutionary in their effect on com­
puting? 

- What will the computer struc­
ture be in 5 to 10 years? 

- What additional technology de­
velopments will be required to get 
there? 

- What science, at the computer 
structure level , is needed to get us 
there? 
SESSION 17 - Computers In Sports 
(Nov. 17, 3:30 p .m.) Chairman: 
J. Gerry Purdy, TRW Inc. 

Sports and computers - an unusual 
interest forms the basis of a panel 

session. Experts in the field, includ­
ing both developers and users , will 
discuss computer sports application 
areas such as football play analysis, 
ranking of football personnel for the 
college draft, auto racing timing, dis­
play systems, training modeling, etc. 
Analysis of these sytems will ask: Are 
they really useful? Other comments 
will be made to describe the future of 
sports systems and the application of 
the capabilities acquired through 
current systems to other fields. Pan­
elists will a lso give their views on 
possible new application areas and 
answer questions about current sys­
tems. 
SESSION 18 -Twenty Years in 
Passing (Nov. 17, 3:30 p.m. ) Chair­
man: Warner King, IBM Corp. 

Twenty years have passed since the 
first "JCC," held in Philadelphia. 
From then until now the world has 
witnessed the phenomenal growth of 
the computer industry. We have al­
most reached the point of no return in 
our dependence on these machines. 
What were the participants of that 
first conference thinking about as far 
as future computer use was con­
cerned? What were the problems they 
saw ahead in computer technologies? 
What surprises and disappointments 
have they experienced? This session 
is aimed at obtaining answers to 
these questions by having some of the 
original participants address these 
matters and others that may arise 
concerning the past 20 years. 

SESSION 23 - P lanning and De­
signing of High Perform a n ce Sys­
tems (Nov. 18, 10:30 a.m.) Chairman: 
Charles Warlick, University of Texas. 

The theme of this session is high 
performance requirements and sys­
tems. The first paper discusses strate­
gies for selecting service alternatives. 
Three major alternatives are out­
lined, based on three different 
strategies: minimum risk, minimum 
change and integrated center. The 
second paper deals with real-time 
multiprogramming and the use of a 
new hardware monitor to provide 
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time scheduling and real-time data 
interface. Linking of data processing 
systems via communication lines to 
achieve improved operational effi­
ciency and lower costs for the inte­
grated resource is the subject of the 
third paper. 

Full conference fees for those who 
preregister, including both technical 
programs and exhibits , are $20 for 
AFIPS members and $50 for non­
members. Registrat ion at the time of 
the conference is $30 for members, 
$60 for nonmembers. Students and 
military personnel in uniform may 
register for $5. For further informa­
tion on the conference, including reg­
istration and housing forms, write to: 

1971 FJCC, c/o AFIPS, 210 Summit 
Aue., Montvale, N J 07645. 

coming soon ... 
FIRST NATIONAL CONFER­
ENCE OF THE SOCIETY FOR 
COMPUTER MEDICINE , Nov. 18, 
Chicago, Ill. Society members plus 
guest will provide a cross section of 
association, academic, industr ial and 
private practice interests in computer 
medicine. Preliminary activit ies for 
the O"e-day program include: keynote 
address, character member constitu­
tional convention and assembly and 
special interest workshops. Cost for 
charter luncheon and conference 
manual is included in the registra­
tion fee of $20 for members, $30 for 
nonmembers. Preliminary program 
and advance regist ration forms are 
available from: Society for Computer 
Medicine, 3839 26th St. N., Arlington, 
VA22207. 

SOCIETY FOR INFORMATION 

DISPLAY (SID) 4TH ANNUAL 
CONFERENCE, Nov. 12, Dallas, 
Tex. Invited papers describe advances 
made in display hardware and soft­
ware techniques, devices, systems 

Prevent semiconductor failures . 
with a circuit breaker? 

• • 

Send us $20 and see for yourself. 
What you 'll get back is a sample 
of our JA / Q® electronics pro­
tector, which is no ordinary circuit 
breaker. 

It's a circuit breaker with a built­
in hybrid microcircuit crowbar. 
And that's where the failure pre­
vention comes in. 

When a dangerous transient or 
overvoltage occurs, the crowbar 
fires and shunts the load within 
500 nanosec. Vulnerable semi­
conductors are never exposed to 
a condition which might destroy 
them. 

The circuit breaker sees the 
shunted load as a dead short, and 
electromechan ically disconnects 
the equipment within 10 millisec, 
thus providing protection for the 
crowbar. 

Normal overcurrent protection is 
in no way affected by the presence 

of the crowbar. You can still order 
precision current ratings, job­
matched time delays, and all the 
other options normally offered with 
our standard Series JA breakers. 

The whole protection package is 
remarkably economical. In fact, 
we can provide the crowbar for 
less than yoµ can build an equiva­
lent circuit in-house. And there are 
related savings in space, and in the 
ability to use lower-rated semi­
conductors. 

To evaluate the performance of 
the JA/ Q for yourself, send a 
check for $20, along with your 
name, department, and company 
letterhead to: Richard Kurtz, Heine­
mann Electric Company, 2808 
Brunswick Pike, Trenton , N.J. 
08602. Please specify 6.5, 14, 17, 
26, 32, or 38-volt firing level; and 
2, 5, or 10-amp current rating . 

<@P HEiNEMANN 4775 
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and applications, including the fol­
lowing topics of interest: human fac­
tors , computer graphics , command 
and control , information systems and 
symbol generation. This conference 
is not restricted, but open to everyone 
interested in the display of informa­
tion, The conference is sponsored 
,by the Southwest Chapter, Society 
of Information Display (SID). For fur­
ther information, contact: D. R. 
Nance, Conference Chairman, Box 
6015, M.S . 525, Dallas, TX 75222. 

coming courses ... 
COMPUTER-ASSISTED IN­
STRUCTION SYSTEMS, Nov. 1-
12, Los Angeles , Calif. This course 
involves nearly 100 hours of comput­
er laboratory and classroom instruc­
tion. About 40% of the time is spent 
on-line using a remote time-shared 
computer system. Each participant 
produces and debugs a lesson using 
CAI techniques. Programmed texts 
for 40 hours of premeeting activity, 
all course materials and on-line com­
puter time are included in the $650 
fee. 

Knowledge of mathematics or com­
puting theory is not required. De­
tailed course outlines and registra­
tion forms may be obtained from: 
David P. Beyer, Professional Div., 
ETC, Box 49899, Los Angeles, CA 
90049. 

10-WEEK COMPUTER INDOC­
TRINATION COURSE. This modu­
larly constructed course , based on 
GTE Sylvania's experience is com­
puter usage, covers all aspects of 
computer management and use of 
specific IBM equipment and program­
ming via a variety of languages in­
cluding BAL, PL/1, COBOL and 
FORTRAN. Other segments of the 
course deal with debugging tech­
niques, use of decision tables and 
program documentation. The course 
is conducted on a periodic basis at the 
company's Data Processing Center or 
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arrangements can be made for the 
course or segments of it to be present­
ed at client locations. Additional de­
tails may be obtained from: Joseph 
Rasmussen, GTE Sylvania Data 
Processing Center, 5700 W. Genesee 
St., Camillus, NY 13031 . 

SEMINAR ON DATA COMMU­
NICATIONS SYSTEMS, Nov. 15-
17, Washington, D.C. This introduc­
tory seminar is for the individual 
preparing for an on-line, real-time or 
other system that involves data 
communications. The presentation is 
designed as an overview to orient the 
potential user in system design as­
pects, hardware considerations and 
software organization and imple­
mentation. Further information is 
obtainable from: R egistrar, The Insti­
tute for Advanced T echnology, Con­
trol Data Corp., 5272 River Rd., Wash­
ington, DC 20016. Telephone: 301-
652-2268, Ext. 245. 

call tor papers 
IEEE REGION III CONFER­

ENCE , April 10-12, 1972, Univ. of 
Tennessee, Knoxville, Tenn. Both 
tutorial and state-of-the-art papers 
that "scan the spectrum" of electrical 
engineering in theory and practice 
are solicited. Topics of interest in­
clude: Digital Signal Processing, 
Minicomputers , Electronics, Comput­
er Applications, Systems Engineer­
ing, Computer Hardware and Com­
munications. A 500-word summary 
and a 50-word abstract should be 
submitted in triplicate no later than 
Oct. 20, 1971. Papers should be 
planned for an oral presentation of20 
min. Authors will be notified of accep­
tance by Dec. 1, 1971, and the final 
paper should be submitted by Feb. 1, 
1972. Technical Program Chairman 
is Walter L. Green, Electrical Engi­
neering Dept., Uni v. of Tennessee, 
Knoxville, TN 37916. 

events 

1972 INTERNATIONAL SYMPO­
SIUM ON FAULT TOLERANT 
COMPUTING, June 19-21, 1972, 
Boston, Mass. Topics of interest in­
clude Fault-Tolerant System Archi­
tecture and Design; Testing, Fault 
Location, Diagnosis and Recovery; 
Applications of Error Coding Tech­
niques; Methods of Design Verifica­
tion; Measures of Reliability and Re­
lated Parameters; Mathematical 
Modeling of Fault-Tolerant Comput­
ers; Error Control in Computer Net­
works; Graceful Degradation of Mul­
t iprocessor Systems; System Pro­
grams for Testing and Diagnosis; 
Operating Systems for Fault-Toler­
ant Computers; Hardware and Soft­
ware Aspects of Software Reliability; 
Redundancy Methods in Logic De­
sign; and Current Fault-Tolerant 
Computing Practice. Prospective au­
thors must notify the Program Chair­
man before Nov. 1, 1971. Papers 
(2000 to 4000 words) are to be sub­
mitted for review by Dec. 1, 1971, 
with a statement (less than 500 
words) explaining the nature of the 
contribution. Program Chairman is: 
Prof Gernot Metze, Coordinated Sci­
ence Laboratory, Univ. of Illinois, 
Urbana, IL 61801 . 

lOTH INTERNATIONAL CON­
FERENCE ON MAGNETICS , 
April 10-13, 1972, Kyoto , Japan. 
Papers are solicited in all areas of 
applied magnetics, related magnetic 
phenomena and superconductivity. 
Digests must be received no later 
than November 20 , 1971. A digest is a 
condensation of a paper into a two­
page summary that contains an out­
line of the analysis or experimental 
work to be presented, including as 
much as possible the final results. 
Please quote numerical results when­
ever available. Figures and tables are 
encouraged. Digests should be sent 
to: Professor Eiichi Goto, c/o INTER­
MAG 72 Secretariat, KDD Research 
& Development Lab, 1-23 Nakamegu­
ro 2-chome, Meguro-ku, Tokyo, Japan. 
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another boost for credit cards -
Nortronics Company, Inc. will intro­
duce their newly-developed Digi­
Wand-a pencil-sized, azimuth-inde­
pendent magnetic reader for use with 

computer line 

point-of-sale digital systems- at the 
1971 Fall Joint Computer Confer­
ence. DigiW and reads encoding for­
mats presently established as stan­
dards by the American Bankers Asso­
ciation and the International Airline 
Transportation Association. 

The key feature of the new mag­
netic reader is a circular gap config­
uration that sharply reduces digital 
error rate. Errors occur when the 
operator improperly passes the reader 
instrument over the magnetized 
stripe. With prior state-of-the-art 
techniques, the relationship between 

features solid-state main memory -
Cogar's main memory system is the 
first MOS main storage for a comput­
er-the ICL 1904S system. Organiza­
tion of each main memory system 
module is 32,768 words by 25 bits or 
96k bytes. System access time is 
< 17 5 nsec worst case and cycle time is 
275 nsec. Each ICL 1904S computer 
employs at least two modules . 

The top unit in Fig. 1 has the front 
test panel open to show the power 
control circuits located on the back 
side of the front panel, 1/0 cable sock­
ets and the nine-card positions for 
three logic and six memory cards. The 
bottom unit portrays the system with 
the test panel in a closed position. 
Three logic cards provide self-test log­
ic, interface logic and timing circuits 
as well as line drivers. The six memo­
ry cards offer a storage capacity of 
32,768 words by 25 bits or 96k bytes. 
The power supplies and blower as­
semblies are behind the front grill 
panels. Two units, mounted on a trol­
ley, roll into the ICL system cabinet. 

The memory card (Fig. 2) has a 
16,384 word by 9 bit configuration. 
Each storage module contains 2048 
bits , organized as 2048 words by 1 
bit-two n-channel MOS 1024-bit 

storage chips. The storage cell, a 4-
device design, represents the storage 
cell and each storage chip contains 
the necessary input decoders. Also , 
the chip is designed so that all bits in 
the chip are refreshed simultaneous­
ly. At the card level , access time is 

< 150 nsec and cycle time is 275 nsec. 
Power dissipation is 0.3 mW/bit and 
sequency voltages are 10, 5 and -6V. 

--------~ ""-1 - -lillllllllltlBlllllllll !llllllllllllilllllli VJllJI - ----- - .. ---... lllllllllllllllllllllllll!lll Vlllli llllll!tlJll - ------- - -c..-u m 1lllllllllllllllllllll!l!IVll!lllllllll Ullll!W~lll! Wllll - ... 
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reature products 

the linear head gap and magnetic 
stripe had to be close to or at 90°. How­
ever, DigiWand permits the operator 
to tilt the pen approximately 20° in 
any direction without sacrificing 
reading accuracy. 

Typical specifications include 10-
kHz read bandwidth, 250-bpi record­
ing density, 15-ips wiping speed and 
inductance of 100 MHz. With a re­
cording medium similar to 3M 777 
tape, a read output of 2 MV pk-to-pk 
is obtained with a resolution of 85%. 

Nortronics Company, Inc., 8101 
Tenth Ave., Minneapolis, MN 55427. 

420 

Fig. 1-Two Cogar main memory system 
modules (above) located one on top of 
another. 

Fig. 2- Basic memory card has 16,384 
word x 9 bit organization. 422 
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New Armature Design Reduces 
Relay Response Time 

PROGRESS IN 
MERCURY-WETTED RELAYS 

Typical response time between 0.8 and 1 
msec and reliable operation at 500 Hz are 
achieved in C. P. Clare's new HGQM Se­
ries of mercury-wetted relays. 

Designed for switching low-level, sen­
sor-based analog signals in process con­
trol , data logging/acquisition applica­
tions, the HGQM provides reliable opera­
tion with as little as 135 mW drive power 
at nominal coil voltage. The new relay is 
capable of switching 50 VA within its lim­
its of 500V max and lA max, and the 
transfer period is typically 100 msec. 

A unique "T"-shaped hinged armature 
is both contact wetted and bearing lubri­
cated by mercury (see Fig. 1) and replaces 
the conventional cantilever armature. 
According to C. P. Clare, this new arma­
ture is responsible for the significant 
improvements of the HGQM Series over 
other mercury-wetted relays. 

Contact noise, as plotted in Fig. 2, is 
significantly reduced by elimination of 
spring type contact and the reduced mass 
of the new "T" -shaped armature. 

• J 
~ 

SUPPORTING 
LEADWIRES 

FIXED 
CONTACTS 

ARMATURE 

MERCURY 
POOL 

Fig. 1- Low-mass, "T"-shaped pivoted 
armature moving on a mercury lubricated 
bearing replaces the conventional stiff 
spring element in the new HGQM relay. 

The form T relay, with random make­
before-break or break-before-make action, 
is available in single and dual capsule 
modules and with single-side-stable or 
bistable adjustments. It also comes with 
single and double-wound coils, and with 

Double-Balanced Mixer Offers 
Low Price, High Performance 

PROGRESS IN 
DOUB LE- BA LANCED MIXERS 

A price/performance breakthrough in 
connector-version double-balanced mixers 
is the result of high-volume production 
techniques brought on by an in-house 
development program at Mini-Circuits 
Laboratory. 

Selling for $19.95 in quantities of 100, 
the Model ZAD-1 offers performance 
equivalent to units costing approximately 
twice the price. Well-matched, hot-carrier 
diodes are utilized to meet the unit's high 
performance standards that include: range 
of de to 500 MHz, conversion loss of 5.5 
dB throughout most of its frequency range 

(loss typically decreases to only 6.5 dB at 
500 MHz) and isolation greater than 45 
dB over the lower portion of its range fall­
ing to 30 dB, typically, at 500 MHz. 

Standard connectors are either BNC or 
TNC with 3 mm SMA available for an ad­
ditional $10. The units are double shielded 
and housed' in a die-cast aluminum case 
with baked enamel finish. 

Every production run is 100% tested to 
assure high reliability and the units carry 
a 1-year warranty. 

Mini-Circuits Laboratory, Div. of Sci­
entific Components Corp., 2913 Quentin 
Rd. , Brooklyn, NY 11229. 150 

TYPICAL CONTACT NOISE ENVELOPE COMPARISON 
@100 kHz. BANDWIDTH 

500 1 
" 
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TIME AFTER COIL ENERGIZATION, (mSECJ 

Fig. 2-Contact noise .settling to 5 µ,V 
in 2 msec represents a significant im­
provement in electromechanical relays. 

rated nominal coil voltages of 5, 6, 12 or 
24V de. Manufacturer-rated life is over 2 
billion operations. Cost, in OEM quanti­
ties is $5 to $6/pole. 

C. P. Clare & Co., 3101 Pratt Ave., 
Chicago, IL 60645. 149 
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Automated Test Station Provides 
Maximum Flexibility 

PROGRESS IN 
INSTRUMENTATION 

The Fluke Terminal/10 automatic test 
terminal series offers many advantages 
besides automation of a test station. Most 
noteworthy perhaps is that the computer 
is not dedicated to the Terminal/10. The 
computer, as supplied by Fluke or by the 
customer, is left in standard configuration. 
Because a ll interfacing is done in the 
Terminal/10 , the CPU is available for 
other tasks in addition to monitoring and 
controlling the test station. Other advan­
tages include: 

Expansion - Instruments can be added 
to the system at any time without influ­
encing the CPU core size requirements. 

Self check-All systems are supplied 
with self-check routines. These programs 
provide a rapid means of verifying system 
performance. 

Manual programming -All instru­
ments are manually programmable from 
either the interface programmer or the 
CRT terminal. 

The Terminal/ IO automatic test termi­
na l is the direct result of Fluke's own need 
for automated testing. The need arose in 
1969 when they introduced new products 
in the digita l voltmeter and computer-in­
terfaced instrumenta tion fie ld. To be cost­
competitive, production verification tests 
and final calibration had to be automated . 

1200A/10 (rack mounted) or 1200B/10 
(surface mounted) switch matrix units for 
the analog to UUT interface. 

The 1200A/10 rack-mounted switch 
matrix is responsible for system self-check 
switching, accuracy enhancement and 
switching required to make nonpro­
grammable instruments programmable 
(instrument synthesis). The 1200A/10 also 
handles applications switching in the ab­
sence of the optional 1200B switch matrix. 

The 1200B/10 is a surface mounted 
switch matrix for applications where sev­
eral varieties ofsubassemblies and instru­
ments are to be used. It is responsible for 
a nalog applications switching and also 
houses any custom UUT fixturing. 

Both the 1200A and the 1200B will 
house up to 10 switch modules (called 
"blocks"). Each block contains 10 three­
wire channels . Two of the three wires in 
each channel are "high" and "low"; the 
th ird is "guard." Any block may be con­
verted to a 5-channel (4-wire plus guard 
channel) module for making Kelvin type 
connections. Alternately, any block may 
be replaced with a multibranch switch 
module. These general purpose, multi­
branch switch modules may be plugged , in 
any combination, into any 1200A or 1200B 
switch matrix mainframe. The primary 

COMPUTER 
UTILITY 

application of a multibranch switch is to 
provide completely random analog connec­
tion between any combination (up to 10) of 
instruments and each of four terminals in 
a UUT. Thus, a mainframe containing 10 
multibranch switch modules would allow 
random connection between 10 system 
instruments and 40 UUT terminals. 

The multibranch switch module is orga­
nized into four branches of 10 channels 
each. Each branch is available to connect 
to a terminal of the UUT. Any combina­
tion of the 10 channels in a branch may be 
latched closed in a single programming 
step. Calls for combinations of contact clo­
sures in each branch may be programmed 
without closing any contacts, and a com­
mand to close all selected contacts within 
that switch module may then be issued to 
close all selected contacts simultaneously. 

Each channel consists of a "low" termi­
nal (not switched) which runs through the 
switch module from the system side of the 
switch matrix to the UUT side of the 
switch matrix, and a "high" terminal 
which runs from the system side of the 
switch matrix through the channel contact 
onto the "high" bus for that terminal on 
the UUT side of the switch matrix. Also, 
on the UUT side of the switch matrix, a 
UUT common terminal is provided to al-

!Continued! 

TERMINAL 10 
Since January of this year, Fluke's DVMs 
and 4200 Series power sources have used 
the Terminal/10 for both subassembly and 
instrument level testing. 

1100A 
INTERFAC E PROCESSOR 

The system architecture consists of 
three main elements as detailed in Fig. 1. 
The first of these is a computer. Termi­
nal/IO is compatible with most BASIC pro­
grammed computers . A typical computer 
used would be a DEC PDP-8 or PDP-11. 
With no wiring changes , the Terminal/10 
can utilize non-BASIC engineering lan­
guages . With "16 USER BASIC" a PDP-11 
can service up to 16 Termina l/10 test sta­
tions or any combination (up to 16, total) 
ofTerminal/10 test stations and other ter­
minals dedicated to other company needs. 
The second hardware element is a na log 
instrumentation, usually built around 
Fluke instruments. The third element is 
the unit under test (UUT), and this can be 
anything from components to complete 
instruments. 

To tie these three hardware elements 
together , two interfaces are required. 
These are the llOOA/10 interface proces-
sor for computer to system elements , 

POPS OR 
PDP11 

COMPUTER 

shown in more detail in Fig. 2, and the Fig. 1-System block diagram. 

ANALOG INSTRUMENTS 

II 
1200A AND/ OR 

12008 
SYSTEM SWITCH 

MATRIX 

-·-- -1 
UNIT 

UNDER 
TEST 

(Continued) 
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Bodine offers a complete 
line 'of fractional hp motors, 
gearrnotors and 

SPEED CONTROLS for 
Adjustable Speed Drive Systems: 

A Bodine SCR-type speed con­
trol (chassis or encased) con­
verts 50/60 Hz A-c to nearly 
pure D-c for shunt-wound drives. 
Makes possible smoother speed 
control of a Bodine drive (motor 
or gearmotor) over a wider range 
of speeds. For single source re­
sponsibility and maximum per­
formance, insist on a perfectly 
matched Bodine motor-Bodine 
control system. A wide selection 
in the 1/50 to 1/4 Hp range is 
available. 

speed controls 

The Bodine line, within its horsepower range, is 
unusually complete. There are over 3500 standard 
motors and gearmotors, with horsepower ranging 
from 1 /2000 to 1I4. Bodine also builds custom and 
special motors to your design requirements. Our 
engineers will be happy to help you pinpoint the 
right one for your specific application need. 

N-1D Gearmotors: Parallel shaft 
helical and spur gearing. Ratings 
to 25 Lb~in. Ratios to 900:1. Only 
3.41 " square. 

N-3RJ . . . double reduction 
right angle worm gearmotors for 
transmitting high torques at low 
speeds. Stock ratings over 200 
Lb-in. 

Type N Motors: Three basic 
sizes; 3.36", 4.50" and 5.68" In 
diameter. Stock ratings from 
1t125 to 1/4 Hp. Almost any type 
of winding. 

N-1 R ... single or double re­
duction worm gearmotors. Stock 
ratings to 5 Lb-in. range. Many 
ratios. 

N-5RH ... single reduction right 
angle worm gearmotors. Heavy 
duty reducer for continuous driv­
ing of heavy loads. Ample re­
serve for overloads. Stock rat­
ing's over 200 Lb-In. 

Encased Controls: Nine models 
are stocked . Some with ex­
tended speed range and/or 
torque control. 

Type K Motors : Permanent-split 
capacitor instrument motors. 
Normal slip , high slip and syn­
chronous windings. Stock ratings 
to 2.4 Oz-in , On ly 2.405" square. 

N-1 RG . . . double reduction 
worm gearmotors. Stock ratings 
to 40 Lb-in. range. Many ratios. 

Chassis Control Kits : Four 
models stocked. Unlimited 
adaptability. Install in your own 
enclosure . 

Type K Gearmotors: Perma­
nent-split capacitor instrument 
gearmotors. Parallel shaft, heli­
cal gears. Stock ratings: 2.9-120 
Oz-in. at 300-0.9 Rpm. Only 
2.405" square. 

Single reduction, right angle 
worm gearmotors. 5 frame sizes 
with stock ratings to 70 Lb-in 
range. Ratios to 60:1. 

Call or write for your free copy of Catalog S. 

Bodine Electric Co., 2512 West Bradley Pl ., Chicago, Ill . 60618 

BODINE 
fractional/ horsepower 

MOTORS /SPEED CONTROLS 
.. . the power behind the leading products 
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Test Station (Cont'd) 

low electrostatic shielding of each channel 
from adjacent channels. Since no stimulus 
or measurement instrument currents flow 
through this shield, it resides at the same 
potential as the UUT common point. 

Remote sensing may be accomplished 
by using two branches: one for "high" and 
one for "high sense" for each UUT termi­
nal requiring such connections. The low 
terminal sensing is accomplished by hard­
wiring separate "low" and "low sense" 
lines out to the UUT common point. 

Terminal/10 can be configured to vir­
tually any function required. Capabilities 
and accuracies obtainable when confi­
gured as a precision-analog-instrument 
test-terminal (an example would be pro­
duction line testing of precision multime­
ters) are tabulated in Fig. 3 . 

One of the most adaptable features of 
Terminal/10 is the operator's console, 
Model 1300A-Ol. This is an abbreviated 5-
button keyboard. This keyboard (Fig. 4) 
simplifies technician-to-computer inter­
facing, bypassing the need for the full 
keyboard during most test and calibrate 
procedures. 

In its simplest form- basically a data 
acquisition station consisting of a 100-
channel scanner, a DVM and interface­
Terminal/10 prices start at $15 ,000. More 
sophisticated systems range upward to 
$75 ,000 (plus a computer). From the basic 
configuration , the capabilities of Terminal 
/10 systems can be expanded and custom 
fitted to the customer's particular need. 

John Fluke Manufacturing Co., Inc., 
Box 7428, Seattle, WA 98133. 151 

Stimulus Capabil ity 

de volts : 0-1 kV 
de current: 0-100 mA 

ac vol ts : 0-1 kV 
10 Hz-100 kHz 

!l: 1!1-10 M!l 

Accuracy 

± 0.003%. 
± 0.006% 

± 0.02% 
± 0.005% 

Measurement Capabili t y Accuracy 

de volts: 0-1 kV .. ... . . . 
ac volts: 0-1 kV 

10 Hz-100 kHz 
!l: 10!1-10 M!l .... . ... .. . 
de ratio · .. ........... . . . . 
ac ratio .. .. .. . . ... . 

± 0.005%. 

± 0.05% 
± 0.01 % 
± 0.005% 
± 0.05% 

·can be improved to ±0.001 % by accuracy 
bootstrapping routine. 

Fig. 3- Capabil ities of the Terminal/ 10 
when configured for verification and cali­
bration as a precision ana log test termi­
nal. 
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Terminal/10 is available in 3 standard systems and with custom engineering, if re­
quired. Five-button console shown in Fig . 4 (inset) hand les most technician/computer 
interfacing. 
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Model 2300A ... 
the Latest in this Unique 
Series of Solid State 
AM/FM Modulation Meters 

FM MEASUREMENTS 
on carriers to 1 GHz (2.5 GHz 
with external oscillators). FM 
deviation, 6 ranges ± 1.5, 5, 15, 
50, 150, and 500 KHz. Modula­
tion frequencies 30 KHz to 200 
KHz. Xtal controlled oscillator 
for low noise, low deviation mea­
surements. Suitable for commu­
nications, particularly mobile, 
telemetry , FM stereo, etc. 

AM MEASUREMENTS 
Two ranges of 30% and 100% . 
Peaks or troughs switch se­
lected. Modulating frequencies 
30 Hz to 15 KHz. 

AM Rejection when making FM 
Measurements less than ± 1 
KHz additional FM deviation er­
ror with 80% AM superimposed. 

L.F. OUTPUT 
Low distortion , low noise de­
modulated signal derived from 
FM or AM carrier. Switchable 
de-emphasis 50 µ.sec and 75 
µ.sec. Level 0 dB into 600 !1 
feeds distortion or wave analy­
ser or external voltmeter for 
deviation measurements down 
to the order of 10 Hz. 

Write tor Detailed·catalog Sheets 

• Model 2301 
Completely 
programmable 
version 

•MARCONI ml INSTRUMENTS 

CIRCLE NO. 40 

DIVISION OF ENGLISH ELECTRIC CORPORATION 

111 CEDAR LANE 0 ENGLEWOOD . NEW JERSEY 07631 

TELEPHONE : ( 201 ) 567-0607 

728 
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Head positioning system, Model 44, has 
been designed to position read/write heads 
on the IBM 5444, 2310 and similar car­
tridge disc drives. Track-to-track access 
time is 8 msec. One-third stroke (67 
tracks is accessed in 50 msec, and full 
stroke (202 tracks) in 80 msec. Constant 
force stroke length is 2 inches, and total 
travel is 3.5 inches. Information Magnet­
ics Corp., 5743 Thornwood Dr., Goleta, CA 
93017. 160 

Disc-based small computer system, Model 
2120A, combines the Model 2100A com­
puter and Model 7900A moving-head disc 
with sophisticated software, including ex­
tended disc file management capability. 
Storage capacity is further increased with 
the addition of the Model 2883A disc drive. 
Hewlett-Packard Co., 1601 
Ave., Palo Alto, CA 94304. 

California 
161 

Keyboard, Model MK-29 , offers L-shaped 
keys and deep-dished "home position" keys 
for added operational ease and efficiency. 
Standard features include 51 keys (MK-
29/2011), encoded and function keys, two­
key rollover, error and data lockout and 
DTL/TTL compatibility. The keyboards 
are insensivive to RFI and electrostatics. 
Typical power requirements are 5V, 180 
mA. Data Electronics Corp., 12 Cambridge 
St. , Burlington, MA 01803. 162 

·~ 

Sixteen-track flying magnetic head for 
head-per-track disc memories features a 
ceramic housing and flying height that 
can be adjusted to as low as 25 1-Linches to 
meet customer's performance require­
ments. Track width is 0.007 inch spaced 
on 0.06-inch centers. Inductance is 12 
1-LHlwinding leg and gap length is 110 I-L­

inches. External dimensions are 1 by 0.468 
by 0.187 inch. Applied Magnetics Corp., 
75 Robin Hill Rd., Goleta, CA 93017. 163 

Logic status indicator LL-4D provides four 
bits of logic status in a DIP. Light-emit­
ting diodes give visible indications, low 
profile, long life and high reliability. In­
puts are TTL/DTL compatible, and each 
input represents one unit load. In quanti­
ties of 1000, the price is $6.97 each. Unique 
Devices Co., Box 70, Bountiful, UT 84010. 

164 

Cassette tape drive IC/2500 features a 
single servo-controlled capstan motor and 
a pair of individual reel motors for pre­
cise tape velocity and tension control. Re­
cording rates are either up to 9600 bps 
synchronously or from one character at a 
time up to 30 cps incrementally. Available 
are a single-gap-head write/read unit for 
$995 and a dual-gap-head read-after-write 
configuration for $1200. Interdyne, 14761 
Califa St., Van Nuys, CA 91401. 165 

Computer terminal, Model CD 3000, is a 
10/15/30 cps system with full alphanumer­
ic input/output, 132-character line, mul­
ticopy printout capabilities and an acous­
tic coupler. Full operation requires only a 
telephone and a 115V ac power outlet. 
Transmitted frequencies for mark and 
space are 1270 and 1070 Hz, respectively. 
Received frequencies are 2225 and 2025 
Hz. Compudata Corp., Inc., 100 Manton 
Ave., Providence, RI 02909. 166 

Direct-access data set, Design 101, is a 
300-baud system that operates with "Tele­
types" as a functional equivalent of the 
Bell System 101C. Five versions are avail­
able. A built-in DAA function makes the 
unit adaptable to many applications. 
Prices range from $500 to $750. Design 
Elements, Inc., 1356 Norton Ave., Colum­
bus, OH 43212. 167 

Disc drive 3665 uses a new recording tech­
nique to provide 480 million megabytes 
on-line. The bits/track are doubled and 
the rotational speed is reduced to 1200 
rpm, thus maintaining 312 kbits transfer 
rate compatibility with the System/360. 
The 3665 consists of a 661 controller with 
a 665 (double density) adapter and from 
one to eight 665 drives plus spare. Unit 
accepts standard 2316 disc pack. Memorex 
Corp., San Tomas at Central Expressway, 
Santa Clara, CA 9~052. 168 
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Computer Products 

Eight-channel optical mark sense card 
reader, Model 3260A, detects pencil marks 
or punched holes on hand fed cards. Each 
card has a maximum of 32 words and read­
ing time/card is typically 1.5 sec. Unit 
price is $750. Hewlett-Packard Co ., 1601 
California Ave., Palo Alto, CA 94304. 169 

Shift register pack, Type SL-9, is a 1-bit, 
5-zone circuit mounted in a ruggedized 
plug-in module. Frequency response of the 
device is 50 kHz max, and voltage require­
ment is ±20V de. Square D Co. , Dept. SA, 
Milwaukee, WI 53201. 170 

Disc surface test system ST-100 performs 
dynamic testing of 14 by 0.05 or 0.075 inch 
discs that are compatible with IBM disc 
packs. ~imultaneous measurement of all 
parameters yields test times of 20 sec/sur­
face. Three Sigma, Inc., 3 Computer Dr., 
Cherry Hill , N J 08034. 171 

A/D converters, 5000 Series, are high­
speed units capable of 6-, 7- and 8-bit reso­
lution at random or periodic word rates 
from de through 10 MHz. The series con­
sists of three models-5610, 5710 and 
5810. Accuracy for this series is 0.2% ±1/2 
LSB. Computer Labs, Inc. , 1109 S. Chap­
man St., Greensboro, NC 27403. 172 

Dual-channel 128-bit programmable word 
generator, Model WG-116, provides both 
true and complement of either NRZ or RZ 
formats. Individual patterns are select­
able from the front panel. Bite rate range 
is up to 15 MHz. Tau-Tron, Inc. , 685 Law­
rence St., Lowell , MA 01852. 173 

Digital cassette, Model 8123, combines 
use-proven high performance magnetic 
computer tape with a precision designed 
cassette case. The case-tough, high im­
pact plastic and sonically sealed-is fitted 
with precisely-machined shims, guides, 
posts and pressure pads. In quantities of 
12 to 47, unit price is $6.50 (quantity dis­
counts are available). 3M Co., Magnetic 
Products Div., 3M Center, St. Paul, MN -
55101. 174 

Electronic calculator, Model SC, is a desk­
size machine with an 8-digit readout, full 
four function keyboard, constant key, 
overflow and minus signs and both fixed 
and floating decimal point. Unit price is 
under $200. Eldorado Electrodata Corp., 
601 Chalomar Rd. , Concord, CA 94520. 
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ncn 
Electronic 
Components 

YOUR READOUT 
EQUIPMENTS ARE EASIER 
TD SELL WITH RCA 
DIGITAL DISPLAYS 
Even in direct sunlight, the numerals of RCA's 
NUMITRON Digital Display Devices are sharp and 
clear. And , under normal indoor lighting conditions, 
numerals are legible to 40 feet or more with almost 
any color-filter. Here's why: 
• High-contrast viewed against a dark background 
• Controllable brightness 
• Wide-spectrum light emission permits unlimited 
filter-color selection 

RCA has two NUMITRON families-the DR2000 
series (0.8" mounting centers) and the compact 
DR2100 series (0.5" mounting centers) . Their 4 .5 V 
operation makes them compatible with most inte­
grated circuit drivers for low-cost digital-display 
system designs. And, their advantages are demon­
strable sales features for your equipments. 

For price, delivery and technical information on 
these devices, see your local RCA Representative 
or RCA Distributor. For a copy of Application Note 
AN-4277, " Description and Application of NUMl­
TRON Digital Display Devices," write: RCA, Com­
mercial Engineering, Section50k-1 5/CN5, Harrison, 
N.J. 07029. International: RCA 2-4 rue du Lievre, 
1227 Geneva, Switzerland, or P.O. Box 112, Hong 
Kong. 

Cl RCLE NO. 41 
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our 
little 

DUNCAN ELECTRONICS 
SUBSIDIARY 

SVSTRDN DONNER 
2865 FAIRVIEW ROAD O COSTA MESA, CALIFORNIA 92626 

PHONE: C714l 545-8261 0 TWX 910-595-1128 

CIRCLE NO. 42 

Computer Products 

Modem DVM 1300 transmits significant 
quantities of data (:!.300 bps) as well as a 
quality voice channel on a single tele­
phone channel. Unit operates in full­
duplex mode over tie lines and half-duplex 
mode over dial-up network. Phonplex 
Corp., Subs. oflnstrument Systems Corp., 
410 Jericho Tpke. , Jericho, NY 11753. 
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Paper tape reader, Model ARIO, reads all 
standard paper tapes in either direction at 
speeds to 75 cps and mounts in a 5- by 6-
by 5-inch space. Unit employs photoelec­
tric reading sensors with LEDs as the 
light source. Adtrol , Inc. , 700 Abbott Dr., 
Broomall, PA 19008. 177 

Heavy duty perforator, Model P-1200, is a 
120 cps unit that uses specially designed 
punch pins for extending the life of the 
mechanism. Prices are $1500 with quanti­
ty discounts available. Tally Corp. , 8301 
S. 180th St., Kent, WA 98031. 178 

Multiple channel recorder, Type 4211A, 
provides up to 50 hours of multiple chan­
nel capacity in one record pass. Both FM 
and direct versions are available from de 
to 3 kHz. PCM units provide up to 8000 
bps. Tele-Dynamics, Div. of AMBAC In­
dustries, Inc. , 525 Virginia Dr., Fort 
Washington, PA 19034. 179 

BOT/EDT sensor SS 403 for magnetic tape 
drives provides a "balanced" tape signal 
output, eliminating detection errors. Each 
of two channels in the assembly uses a 
LED and phototransistor pair. Spectron­
ics, Inc., 541 Sterling Dr., Richardson, TX 
75080. 180 

Synchronous tape reel drive maintains 
constant tension from 25g to 8 oz for uni­
form reels and longer tape life. For in­
creased throughput, tape speeds up to 200 
ips are available. FDC, 2560 W. Barberry 
Place, Denver, CO 80204. 181 

Automatic diagnostic system for data 
transmission network performs fast, ac­
curate, end-to-end testing and can be op­
erated by nontechnical personnel. Des­
ignated "Detect," the unit isolates faults 
in commonly used Bell-type data modems 
and in any terminal device or CPU having 
standard ET A interface. Data Products 
Corp., Telecommunications Div., 17 Ame­
lia Pl., Stamford, CT 06904. 182 
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who brought you 

the first DAC for only 

SPEC! FICATIONS: ELECTRICAL 
Digital Inputs 

in singles 

Resolution . . . . . . . . . . • . . . . . 8 binary bits 
Coding . . . . . . . . . . . . . . . • . . . . straigh t binary, eight para llel 

lines 
Data inputs . . . . . . . . • . . . . . . . OTL or TIL compatible, 

positive logic 
Loading: one standard TIL load 
IL max.= 1.6 ma @ Vin = 0.4V 

Update rate . . . . . . . • . . . . . . . 5MHZ 

ANALOG OUTPUT 
Type of output . . . . . . . . . . . . . current 
Output current . . . . . . . . . . . . . + 2.6 ma 
Output voltage comp liance . . . 1.2v max. 
Output settling time . . . . . . . . 1 µsec to ± 0.4% of FS 
Resolution . . . . . . . . . . . . . . . . 10 µa 
Linearity . . . . . . . . . . . . . . . . . . ± l/2 LSB 
Temperature coefficient . . . . . ± 100 ppm/" c of FS 
Input power . . . . . . . . . . . . . . . + 15 vdc @ 10 ma 
Operating temperature ra nge . o • c to+ 70 ° c 
Storage temperature range . . . - 55 • c to + 85 •c 
Size . . . . . . . . . . . . . . . . . . . . . . 2"W x l " L x 0.4" H plug-in 

module 
We ight . . . . . . . . . . . . . . . . . . . 2 oz. 

FEATURES : 
Fast settling time . .. 1 !'sec. 
Small size •. . 0.8 cubic inches 
DTL/TTL compatible 
Ultra linear . . . ± Y2 LSB 
Low power consumption • . . 15 milliwatts 
Complete .. . simply apply DC power 

ORDERING INFORMATION: 
DAC-9-88 
PRICE: $9.95 each 

Clip out and mai l to VARADYNE SYSTEMS • 1020 Turnpike Street, Canton, Massach uset t s 02021 

·----------------------------------------------------------------
Something old / something new I nothing borrowed 
Send today for your Free New 1971 Fall /Winter Catalog giving the 
complete details and specifications on 100 models, 30 of which 
are brand new. D/A's from $9.95. A/ D's from $69.00 

company ___________________ _ 

street ___________________ _ 

city ________ state ________ zip __ _ 

V..A..RAI>YN.E 

S'YSm-E l'V1 S 
A DIVISION OF VARAO Y N E . I N C. 

1020 Turnpike Street 
Canton, Massachusetts 02021 

or phone 
(617) 828-6395 
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NewLOw cosr 
INSTRUMENTATION 

AMPLIFIERS 

l/!J 
B+ 

SALIENT FEATURES ... 

• FET-and-BIPOLAR Inputs 

• Low Input Current: 3 pA(±lOV) 

• High Input Impedance: 1011 ohms 

• Gain Range : 1-1000 

• CMR: 96 dB 

82 

Two new instrumentation amplifiers , 
Model ZA702M1 and ZA703M1, offer 
low cost and excel lent general purpose 
performance to industrial, commercial , 
and military users. High input impedance 
virtually eliminates input loading when 
using sensing devices such as strain gauges 
and bridge amplifiers. It also allows ac­
curate measurement of low-level signals 
produced by thermocouples, photocel Is, 
and magnetic pi ckups. Amp lification of 
these signals is accomplished with mini­
mal ground loop effects. 

Each amplifie r includes CMR and out­
put level adjustments and can be operated 
with or without voltage offset trim resis­
tor. Low profile module measures only 
0.4" high and total board space is less 
than 1.27 square inches. 

Send for data sheet describing complete 
specifications. 

Units in stock! 

Call, TWX, or write today! 
TEL: (415)686-6660 
TWX: 910-481-9477 

A SUBSIDIARY OF REDCOR CORP. 
1000 Chalomar Road Concord. C<1ldorn1.J 94520 

CIRCLE NO. 44 

Computer Products 

Programmable timer/counter, Series 71 , 
is basically a timer with each channel 
having a timing capability of 0 to 99.9 sec. 
A simple modification converts the unit 
to a counter of pulses rather than time. 
Struthers-Dunn, Inc., Systems Div., Bet­
tendorf, IA 52722. 183 

Data generator SQ 320 performs function­
al testing of digital circuits, arrays and 
systems at repetition rates up to 25 MHz. 
A 12-bit parallel/32 word sequential for­
mat can be stored and presen ted on com­
mand. Frequency range is from 0.25 kHz 
to 25 MHz in six intervals. Adar Associ­
ates, Inc., 85 Bolton St., Cambridge, MA 
02140. 184 

Tape perforator PER-820 operates at 20 
cps asynchronously and mounts on a stan­
dard rack panel. Unit accepts logic input 
signals and comes complete with power 
supplies and tape handling. Data Special­
ties Inc., 1548 Old Skokie Rd ., Highland 
Park, IL 60035. 185 

Add-on core memory for the PDP-15 com­
puter, Model DMS-15, operates with an 
800-nsec (max) cycle time and is avail­
able as either a 16 or 65k 18-bit memory. 
Unit recognizes an 18-bit address a llow­
ing indexed registration to 131k of core. 
Dimensional Systems, Inc., Subs. of Astro­
systems, Inc. , 393 Totten Rd., Waltham, 
MA 02154. 186 

Decoding unit converts standard telephone 
two-tone signal to 16 mA, 5V TTL outputs. 
A companion circuit delivers constant sig­
nal levels to the decoder. Both circuits re­
quire 5V supplies. Kenics Systems Corp., 
125 Harvard St., Cambridge, MA 02139. 

187 

Cartridge tape system is plug-to-plug com­
patible with the NOVA family of minicom­
puters. Designated MiniDek, the system is 
complete with transport, controller, 1/0 
cables and comprehensive system soft­
ware. Complete system is priced at $2900 
with OEM discounts avai lable.Tennecomp 
Systems, Inc., 795 Oak Ridge Tpke., Oak 
Ridge, TN 37830. 188 

Digital current meter, Model 801AR, mea­
sures and displays peak magnitude of 
pulse currents (7 nsec wide) in the range 
of 0.01 to over lA. Basic input sensitivity 
is mV/mA, input impedance is 1 k!l and 
minimum bandwidth is 50 MHz. Scien­
tific Measurement Systems, 351 New 
Albany Rd., Moorestown, NJ 08057. 189 

e L•E•D DISPLAY 

e HI SPEED OPERATION -
100 CONVERSIONS / SEC . 

e DIGITAL SAMPLING 
A / D CONVERTER 

e BUFFERED BCD OUTPUT ­
STANDARD 

e COMPLETE SYSTEM CONTROL 
PROVISIONS 

;f!el//o,{Digit Panel Volt 
Meter for high speed use 
wit h computer con trolled 
systems . Dig ital sampling 
technique provides high 
reliability and improved 
performa nce specs in both 
accuracy and stabi lity ; 
.0 5% accuracy at room 
temperature, .1 % from oo C 
to 50° C operating ambient. 

Rugged all aluminum case, 
polarized lens and L·E·D 
di s play ... a premium 
instrument at a moderate 
price • • . $180 

Design compatibility with 
all ERC Digital instruments­
Cou nter-Clock- Stop Watch 
- Calendar Clock-Preset­
Remote Display-Compara ­
tor-Frequency Meter. 

call o r w r ite B ob Rush 
for technical data 
Phone 913, 631-6700 

<§>· '""~' "°""'"' 
electronic research co. 
Box 913 • Shawnee Mission, Kansas 66202 

CIRCLE NO. 45 

E D N/E E E 0 c t o b e r 1 5, 1 9 7 1 



1 -• / ._. 
Wash away spacers, called Remov-A­
Pads, are temporary devices for locating 
and spacing transistors, !Cs and other 
components used in PC board assembly. 
Made from polymeric material, the spac­
ers are noncorrosive, nonconductive and 
nontoxic. They dissolve easily in warm 
water as well as other organic solvents, 
and are not affected by soldering temper­
atures. They do not char, brown or distort 
and leave no residue. Dynaloy, Inc., 7 
Great Meadow Lane, Hanover, N J 07936. 
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Electrically conductive coated windows, 
Type ECTC, are available with conductive 
coating with a nominal resistivity of 
14.0!l/square and 75% transmission of visi­
ble light. This coating may be applied to 
nearly all ceramic or plastic optical mate­
rials. Edges are terminated with pure sil­
ver resin buss bar borders for connection 
to mounting frame . Tecknit, 129 Dermody 
St., Cranford, N J 07016. 191 

Protective spray coating, Silitect-2, may be 
used on either polished si licon wafers or 
glass photomasks to protect both from sur­
face scratches. When applied and allowed 
to dry into a pliable film, about 30 sec, 
wafers or masks may then be stored with 
less attention to their protection. Removal 
of the film is made with a piece of trans­
parent adhesive tape on one edge of the 
unit. The spray is available at $6/8-oz can 
or $60 for 12 cans. Controlyne Inc., Box 
502, Allwood Station, Clifton, N J 07012. 
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Step wedge accurately measures film 
thickness from 0 to 450 nm. With this 
scale, consisting of a calibrated color-step 
wedge (color vs thickness steps) and a 
quantity of precolored mirror plaques, 
visual color matching of initial and final 
colors on coated mirror plaques determine 
coating thickness to within 5 nm. Mate­
rials of any index of refraction, or degree 
of hardness (i.e., soft coatings and liquids) 
can be accommodated. Millis Research, 
Dover Rd. , Millis, MA 02054. 193 

IC-compatible incandescent 5V readout 
modules provide 7000 fl brightness. The 
Dip 1050-Digital is a 7-segment device 
which mounts on a 0.300 inch, 14-pin dual 
in-line socket. The Dip 1050A-Alpha­
numeric is a 16-segment device which 
mounts on a standard 0.600 inch, 24-pin 
dual in-line socket. Pinlites Div., REFAC 
Technology Development Corp. , 1275 
Bloomfield Ave., Fairfield, N J 07006. 
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Monolithic capacitor arrays in 14- and 16-
pin DIP packages employ multilayer chip 
capacitors and are available in prototype 
quantities with standard chip capacitors. 
For production quantities, the entire ar­
ray can be fabricated as a single mono­
lithic structure. Chip capacitors are pro­
vided in voltage ratings of25, 50 and lOOV 
de and in capacitance ratings from 1 pF 
through 1 µF . Temperature characteris­
tics available as standard are NPO, X7R 
and Z5U. Aerovox Corp. , New Bedford, 
MA 02741. 195 

Components/Materials 

Miniature preset thermostats, "Tiny­
Stats," are snap-acting thermal switches 
available for off-shelf delivery. The small­
est snap-acting hermetically sealed ther­
mal switch produced, they are available 
preset to operate in a temperature range 
from 150 to 275°F and are rated to switch 
up to l.OA for 10,000 cycles. Devices out­
side this temperature range can be fur­
nished/customer requirement. Texas In­
struments Incorporated, 34 Forest St., 
Attleboro, MA 02703. 196 

Universal component sockets, Type El , al­
low interconnection with solid wire from 
22 to 26 gauge. Each terminal has five tie 
points, one for component lead, three for 
input/output wires and one for test probe. 
Contacts are spring loaded beryllium cop­
per, heat treated and nickel plated. Cost 
is $18. El Instruments Inc., 61 First St. , 
Derby, CT 06418. 197 

"Photobar" is a new line of cadmium sul­
fide and cadmium sulfo-selenide photo­
detectors. Three basic materials are of­
fered with peak spectral responses at 515, 
575 and 625 nm. On resistance, with re­
spect to material, is 200, 500 and 1000!1 
when measured at 10 fc. "Dark" resis­
tance values are typically above 1 M!l. 
Standard length is 1 inch; other lengths 
are available on request. Price is $9.20 
each in 500 quantities. Allen-Bradley Co., 
1201 S. Second St., Milwaukee, WI 53204. 

198 
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EASTMAN 910® ADHESIVE 
FROM EMERSON & CUMING 

"'" EASTMAN 910® "instant-set" cyanaacrylate ad-
hesive is naw marketed by E&C. One drop bonds 
almost anything to anything - initial set takes 
place in seconds. Several types' 910 is general 
purpose; 910FS fast set; 910MHT high temp; 
910EM for plastics bonding . Packaging as 
illustrated; send for new literature . 

@Registered trademark of Eastman Kodak 

CIRCLE NO. 46 

STYCAST® 
CASTING RESINS CHART 

COMPLETELY REVISED 

~~~· r~.. ~., ~. 
• • "'"" .. tfl ... 
~ ~ ~ ~ ITYC4~1 - ' .... , 

1W--
~ 

This chart for notebook or wall mounting has 

just been brought up lo date . It contains 

comparative property data on over 20 Sty­

cast® epoxies and urethanes. 

CIRCLE NO. 47 

NEW -- FREE -- DATA 
PLASTIC / CERAMIC FOAMS 

ECCOFOAM® is the broadest line of plastic 
and ceramic foams for electronics. Foam-in­
place; sheet stock; pourable syntactic; artificial 
dielectrics all described and properties tabu­
lated in new booklet. Send for copy. 

CIRCLE NO. 48 

Emerson & Cuming, Inc. 
CANTON, MASS. 
GARDENA, CALIF. 

NORTHBROOK, ILL. 
Solos Ollicos 
in Prin,ipol Cities 

EMERSON &. CUMING EUROPE N,V., Devel, Belgium 
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Components/Materials 

Sheet graphite for EDM electrodes, called 
Poco, is isotropic and flows current equally 
in all directions. Available in five grades , 
including copper-impregnated types, the 
new graphite material is flexible at room 
temperature and can be obtained in rods 
from 1/16-inch diam, sheets from 0.005-
inch thickness and blocks up to 2 by 4 by 
18 inches. Electrotools, Inc., Box 33 , 
Broadview, IL 60153. 199 

Thin-film chip resistors are available with 
resistance values from 0.5 to 10!1. Three 
sizes provide power dissipation of 50, 75 
and 100 mW. Standard temperature co­
efficient is ±100 PPM/°C from - 55 to 
150°C; ± 50 and ± 25 PPM are available on 
special order. Prices range from $0.37 to 
$1.45 per chip. Film Microelectronics, Inc. , 
17 A St., Burlington, MA 01803. 200 

Incremental shaft encoders, TRU-ROta 
Series designed specifically for English­
metric measuring systems, may be con­
sidered as two dual-channel encoders in 
one package. One system provides 100 and 
254 pulses/revolution, the other 500 and 
1270. Electrically the units operate up to 
15V de from a single power supply at fre­
quencies up to 50 kHz. Prices start at 
$256.90. Trump-Ross Industrial Controls , 
Inc., 265 Boston Rd. , North Billerica , MA 
01862. 201 

Modular terminals are snapped into steel 
rails to provide a space saving of at least 
33%. This complete line of terminals ac­
commodates wire sizes from 27 gauge 
through 4/0 with wire wrap, screw, solder 
or clip connections. Hathaway Instru­
ments, Inc., 5250 E. Evans Ave., Denver, 
co 80222. 202 

PC board plug/receptacles are available in 
17, 19, 23, 29 , 35 , 47, 49 and 51 contact 
sizes. The 42 Series plug assembly re­
quires no secondary staking, and the 
single leg per contact eliminates 50% 
of the PC board hole requirements. Mating 
receptacles, Series 40, are available with 
or without card guides. Prices are $1.99 to 
$4.91 for 19-contact version. Methode 
Electronics, Inc., 7447 W. Wilson Ave., 
Chicago, IL 60656. 203 

NEW 
memory 
film 
substrate 

Gadoliniutn 
GaUiuirn Garnet; iooo· 

SINGLE CRYSTAL StJBSTR.\TtS J 

Write for your copy 127 

rn LAMBDA / A111T110• 
LITTON 200 EAST HANOVER AVENUE 
MORRIS PLAINS, NEW JERSEY 07950 • (201) 539-5500 

CIRCLE NO. 49 
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Components/Materials 

Fast curing structural adhesive chemically 
cures at room temperature. Type 3532, a 
new easy-to-use, two-component struc­
tural adhesive that starts curing at room 
temperature in 7 to 10 min, provides flex­
ible high strength bonds on metals, 
plastics and wood. The adhesive develops 
25% of its strength in 3 hrs and 100% in 
24 hrs. Mild heat will accelerate the cure. 
3M Co. , 3M Center, St. Paul, MN 55101. 

204 

FEP Teflon film with silicone adhesive of­
fers excellent dielectric characteristics 
a nd can withstand up to 8500V ac. Series 
2355 pressure-sensitive electrical tape 
comes in standard 18- or 36-yd rolls, has a 
total tape thickness of 3 mils, breaking 
strength of 6 lbs/inch width and a temper­
ature range of - 100 to 400°F. Dodge In­
dustries, Inc., Hoosick Falls, NY 12090. 

205 

Dielectric and thick-film glass coatings for 
screen printing are available. Materials in 
this new series are colored with perma­
nent dyes and can be used for optoelectron­
ic devices. ESL 4770B (black opaque), 
4770BC and 4771BC (translucent blue) 
low-temperature dielectrics and over­
glazes can be used on soda lime glass sub­
strates. 4608 (black) a nd 4608C (black) 
are compatible with gold cermets and may 
be used on alumina ceramics. Electro­
Science Laboratories , Inc. , 1133 Arch St. , 
Philadelphia, PA 19107. 206 

Miniature tantalum capacitors have an av­
erage cost of $0.10 each in production 
quantities. The DIT Series is made from 
high grade tanta lum pellets with epoxy 
coatings. Values range from 0.1 to 100 
µ.F with ratings from 3 to 35V de. Ca paci­
tor Div., International E lectronics Corp. , 
Melville, NY 11746. 207 

Bus bars for high-current capacity have 
either copper or aluminum conductors 
with a fused and bonded epoxy insulation. 
Connecting tabs are placed at each end for 
end-to-end connection. Threaded connect­
ing studs are provided for wire connection, 
and a series of reach-through uninsulated 
pads allows mechanical or solder connec­
tions. Methode Manufacturing Corp., 1700 
Hicks Rd. , Rolling Meadows, IL 60008. 

. 208 

We've got 'em in cards. 
Or cased. 
For off-the-sheU 
deliverJ 
Kearfott can solve your conversion problems with two 
production model solid state synchro/resolver digital 
converters. Both meet MIL-E-5400. 

TRIGAC I-A low cost, successive approximation 
converter, accurate to 12 minutes. 

TRIGAC Ill-Using demodulators, integrators, inverters 
and zero crossing detectors, this converter offers high 
accuracy at moderate cost. 

Model Number 
Input Signal 

Output 

Resolution 
Accuracy 
Logic Levels 

Typical Characteristics 
TRIGAC I 
C70 4773 001 
3 wire synchro 

13 bit BCD code or 
13 bit natural 
parallel 

TRIGAC Ill 
C70 4773 013 
11 .8 V line-to- line 
400 Hz 
14 bit natural 
parallel 

6 minutes arc LSB-1 '9" 
12 minutes arc ± 2 LSB 

Logic "1" ±5V ± 10% 
Logic " O" = 0-0.5 V 

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

SINGER 
AaN08flAC• A MA .. IH• aY8T•Ma 
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new d-c motor 
speed regulated with variable-speed control 
Introducing the Typ e FYQM, a new 1.3-inch dia, subfractional hp, 
comme rci a l d-c motor. Speed control c ircuit board and built-in tachometer 
generator permit speed adjustment whil e motor is running, with close 
regulation at selected speed . Available with or without speed control. Gear­
heads also available. For details, ask for Bulletin F-14652. 

BARBER-COLMAN COMPANY 
Electro-Mechanical Products Division 
Dept. V, 12106 Rock Street, Rockford , Illinois 61101 BC-m-4 

CIRCLE NO. 51 

N() [)ESl~N T~A'1 

Who wants to go " out of bounds" on space allowed in the design. With 
MDI chips that have greater capacitance, life is greener ... more volumetric 
efficiency with fewer "strokes". 

Also , imagine teeing up with "Qs" of 1000 and greater in the KHz-MHz 
range. And higher IR ... greater than 1000 megohm Microfarads @ 30 ppm 
... traceability of course. 

Contact your local MDI pro, or call Jim Bruce direct for product infor -
ation and a free handy reference, "Capacitor termination in a nut shell." 

Monolithic-­
Dielectrics --Inc. 

CIRCLE NO. 52 
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Phone (213) 848-4465 

P.O. Box 647 

Burbank, CA 91503 

Components/Materials 

High-temperature heaters utilize all in­
organic, inert materials to create a semi­
flexible heater capable of operating in the 
1000°F range. A new process a llows the 
heaters to be manufactured in thicknesses 
< 0.02 inch. Thermo-0-Lab Corp., 6940 
Farmdale Ave. , North Holly.wood, CA 
91605. ~ 209 

Alkaline immersion cleaner for printed cir­
cuit boards, called Enplate PC-453, pre­
pares both single and multi-layer printed 
circuit boards for electroless plating and 
uniform thru-hole plating. For more com­
plex cleaning operations it can be used 
electrolytically. It is supplied as a liquid 
concentrate which is diluted with water 
and operated at 170 to 200°F. Enthone, 
Inc., Box 1900, New Haven, CT 06508. 

210 

Compact time-delay relay, Type 613, is a 
delay-on-operate relay with either 5 or 
lOA DPDT contact output. Ranges are 1 to 
100 sec as specified on fixed delays. Exter­
nal resistor-adjustable delays over the 
same range are feasible. Midtex, Inc., 10 
State St., Mankato, MN 56001. 211 

Photovoltaic infrared detectors for opera­
tion in the 8-12 micron region, IR101 A 
and B, feature high detectivity and re­
sponse time of less than 15 nsec. The units 
are lead tin telluride and are comparable 
to copper or mercury doped germanium in 
detectivity but do not require cooling to 
low temperature. The basic model is priced 
at $1995. Raytheon Co., Foundry Ave., 
Waltham, MA 02154. 212 

Time delay module, Series 300, is a solid­
state unit with an operate time delay of up 
to 5 min determined by external resistors. 
The module is designed to mount with a 
class E relay in an EIN socket, but it may 
also be used with a separately mounted 
relay or rotary stepping switch. GTE Auto­
matic Electric, Inc., Northlake, IL 60164. 

213 

Lithium formate harmonic generation crys­
tals are suitable for efficient second har­
monic generation of laser radiation. The 
second harmonic efficiency of lithium for­
mate has been found to be approximately 
twice that of lithium iodate and 20 times 
that of KDP for 1.06 nm fundamental 
power. Crystals are available in apertures 
up to 2 by 2 cm and lengths up to 4 cm. 
Isomet Corp. , 103 Bauer Dr. , Oakland, 
NJ 07436. 214 
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Voltage tunable active filters , Series 300, 
are 2-pole devices with cutoff frequencies 
that vary linearly over 20:1 range by ap­
plication of a 0.5 to lOV control signal. 
Five models cover the 0.1 to 20 kHz fre­
quency range. Specifications include ±0.2 
dB passband gain, ±2% cutoff frequency, 
1 % linearity and 0.02 dB distortion. Cus­
tom modifications are available. Frequen­
cy Devices, Inc., 25 Locust St. , Haverhill, 
MA01830. 215 

Instrumentation amplifiers, Models 4251 
and 4252, are gain programmable over the 
1 to 1000 range using one resistor. Other 
specifications include 2 µ.V /°C input off­
set voltage drift, < 1 nA/°C bias current 
drift and 30 M!l common-mode input im­
pedance. Price in 100 quantities is $62 
each. Teledyne Philbrick, Allied Drive at 
Rte. 128, Dedham, MA 02026. 216 

Eight-bit D/A converter, Model MN 316H, 
has guaranteed specifications for the full 
military temperature range. The unit pro­
vides a bipolar output of 5 to - 4.961 V 
with 1/2-bit linearity. Slewing rate is 
0.5V/µ.sec , and settling times are 3 µ.sec 
for typical voltage output changes and 
< 1 µ.sec for incremental changes. Prices 
range from $79 (1-4) to $67 (25-99) each. 
Micro Networks Corp. , 5 Barbara Lane, 
Worcester, MA 01604. 217 

D/A converter, Model 310-12, is a 12-bit 
device developed for the graphic market. 
The unit includes the multiplication func­
tion and features < 5 µ.sec settling time 
full scale. Full-scale output is 2 mA with 
up to 1.25V available. Linearity is 
±0.05% max, full scale and drift with 
temperature is approximately 15 PPM/°C. 
The unit sells for $145 (1-9). Hybrid Sys­
tems Corp., 95 Terrace Hall Ave. , Burling­
ton, MA 01803. 218 

Solid-state time delays, TSR and TSS, are 
of the fixed and adjustable type for indus­
trial and commercial applications. The 
TSR has a dpdt, lOA output and the TSS 
has an spst, 2A output. Both are available 
for 12 to 230V inputs and time ranges 
from 0.1 to 480 sec. Syracuse Electronics 
Corp., Box 566, Syracuse, NY 13201. 21 9 

O.S....SC. · ·~u T ,_1"'~ 
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Differential FET op amp F A530 features 
0.5 µ.sec settling time to 0.01 % in either 
inverting or noninverting modes. Other 
parameters include 10 MHz gain-band­
width product, 60V I µ.sec slewing rate, 
20,000 CMRR, 50,000 open-loop gain, 
50-pA input bias current and 20-mA out­
put current. The unit sells for $36 in single 
quantity and comes in a 1.125- by 1.125-
by 0.4-inch case. Intronics, 57 Chapel St. , 
Newton, MA 02158. 220 

Circuits 

Modular power suppli es, Models ZM15100-
K and ZP51000K, feature 220V ac (60 to 
400 Hz) operation with no derating from 
- 25 to 71°C. Model ZM15100K supplies a 
dual , regulated output of ±15V at 100 mA 
and ZP51000K a single output of 5V at 
lA. The same supplies are available for 
12V ac operation. Prices (1-9) are $49 
(ZM15100K) and $73 (ZP51000K). Zeltex 
Inc. , 1000 Chalomar Rd. , Concord, CA 
94520. 22 1 

Amplifier, Model MWDH-20G-12, features 
20 dB gain (at 10 MHz) and low intermod­
ulation distortion in a plug-in package. 
Unit operates from 500 kHz to 100 MHz 
with a frequency response that is flat to 
0.5 dB. Typical noise fi gure is 4.5 dB at 
30 MHz, 5 dB at 60 MHz. Anzac Electron­
ics, Div. of Adams-Russell Co. , Inc. , 39 
Green St. , Waltham, MA 02154. 222 

Power supplies of the E Series now in­
clude models with up to 50V and up to 
500 mA outputs. More than 400 single and 
dual output models make up this series, 
all with trimming adjustments. Regula­
tion for most models is ±0.05%, ripple 0.5 
mV rms. Standard input is 105 to 125V 
ac, with provision for 210 to 250V ac in­
puts available as an option. Prices range 
from $30 to $78 each. Acopian Corp., 
Easton, PA 18042. 223 
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UI • 
Those are strong words. 
But we can back them up. The 

reliability of these famed Franklin 
digital list printers is no myth. 
And no accident. 

They're all built on heavy 
aluminum castings. And use TTL 
circuitry throughout. With just 
two moving parts - the drum 
and the hammer- there's not 
much opportunity for wear. 

The hammer design is simplicity 
itself. Only two pieces, instead 
of the usual four, five or six. 

Franklin Electronics - now 
part of Mohawk Data - started 
making these printers almost a 
decade ago. The bugs have Jong 
since been worked out. And re­
finements worked in. 

The Mohawk 2016, 2017 , 
2018 and 2019 printers are com­
pletely buffered. They come 
standard with parallel or serial 
interface. With widths up to 20 
columns. And speeds up to 
1200 !pm (1800 optional). 

You get format control and 
switch programmable zero sup­
pression at the standard price. too. 

Compare that price with any 
other. At any quantity. Often 
you'll save from $700 to $900/ unit. 

Call us collect or write 
for prices and full specifications. 
Then see for yourself. 
You not only get more for what 

you pay-you ~· 
also pay less for S 
what you get. • 

Mohawk Data Sciences Corp. 
Phone (215) 337-1910 

MDS OEM products. You get more for your money. 

OEM MARKETING: P.O. Box 406. Allandale Road and Third Ave .. King of Prussia. Pa. 19406 

Power amplifier (lOOW) covers the fre­
quency band of 405 to 450 MHz. This am­
plifier features power output control over 
a 23-dB range, flatness of ±0.2 dB over 
the frequency range and an input VSWR 
of 1.5:1. Microwave Power Devices, Inc. , 
556 Peninsula Blvd., Hempstead, NY 
11550. 224 

Solid-state chopper NS8000A comes in a 
T0-5 enclosure. The unit has transformer 
isolation and operates from de to 1.5 MHz . 
Applications include low-level and high­
speed modulation, demodulation, commu­
tation and switching. Solid State Electron­
ics Corp., 15321 Rayen St. , Sepulveda, CA 
91343. 225 

Reflective and absorptive variable atten­
uators, 504N and 554N Series, find use in 
applications requiring attenuation ranges 
of 100 dB . These units come in octave 
bandwidths from 0.5 to 18 GHz. Hyletron­
ics Corp., Newtown Rd., Littleton, MA 
01460. 226 

Double-octave hybrid coupler, Model ED-
80, features amplitude balances of ±0.4 
dB from 2 to 4 GHz and ±0.5 dB from 4 to 
8 GHz. Power handling peak is 8 kW 
with an average of 200W. Unit meets 
MIL-E-5400 and MIL-T-5422 Class II 
specifications. Microwave Products Group, 
Sanders Associates, Inc., Grenier Field, 
Manchester, N H 03103. 227 

DC-to-de converter, Model 2033, provides 
±5 or ±2.5V de output at 100 mA max 
with 28V de input. Combined regulation 
is better than 10 mV for line and load 
changes with typical TC of 0.01 %/°C. 
Prices are $85 (single quantity) to $79.50 
(25-49). B. H. Industries, 5794 Venice 
Blvd. , Los Angeles, CA 90019. 228 

High-voltage silicon bridge rectifiers have 
peak-inverse-voltage ratings of 1000 to 
6000V at 50 mA. True rms voltage is 700 
to 4200V. Dimensions are 0.75 by 0.75 by 
0.25 inch, and the terminals are solder 
lugs. Computer Diode Corp., Pollitt Drive 
S., Fair Lawn, N J 07410. 229 

Optical isolator FPLA 810 has coupling 
efficiency of 10%, typical isolation resis­
tance of 1011 !1 and minimum voltage iso­
lation between input and output of 750V. 
Prices are $2 .55 (1-99), $1.70 (100-999) 
and $1.55 (1000+ ). Fairchild Camera and 
Instrument Corp., Microwave and Opto­
electronics Div. , 3500 Deer Creek Rd., 
Palo Alto, CA 94340. 230 

• CIRCLE NO. 53 
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Circuits 

High-voltage CRT supply, Series 700, is de­
signed for display system application. 
Available output voltages are 10, 12, 15, 
18 and 20 at low max. Price ranges are 
$100 to $,120 (1-9) and $70 to $82 (500). 
Walden Electronics, 223 Crescent St., 
Waltham, MA 02154. 231 

Up/down counter and decoder, Model 
U-4000, is a panel-mounted module, with 
fluorescent readouts that are visible for 
over 40 ft. Behind-panel depth is 1.2 
inches, and there is one mating connector. 
Price in quantities of 25 is $126 each. 
Display General Inc. , 241 Crescent St., 
Waltham, MA 02154. 232 

Frequency-to-de converter, Series ST2000, 
features 1-5 mA, 4-20 mA, 10-50 mA or 
1-5V de outputs, 0.2% accuracy and ad­
justable alarms. Unit accepts inputs as 
low as 0 to 10 pulses/sec. Price is $135 
each (OEM). Dynalco Corp., 4107 N.E. 6th 
Ave., Ft. Lauderdale, FL 33308. 233 

Broadband, low-pass EM! filter series, 2-
and 3-wire types, offers a selection in the 
120/208 and 250/440V ac standard rat­
ings. Available configurations include 
"PI", "L" and "Double L" for 10 to 50A ap­
plications. Prices start at $10 each. The 
Potter Co. , Div. of Pemcor, Inc. , 500 W. 
Florence Ave., Inglewood, CA 90301. 234 

Picket generator, Model 6050, provides 
pickets having -33 dBm minimum output 
power levels spaced 25 MHz apart over 
the 250 to 1000 MHz frequency range. The 
unit comes in a 4.5- by 1.6- by 1-inch all­
metal housing weighing 6.5 oz. Zeta Labo­
ratories, Inc., 616 National Ave. , Moun­
tain View, CA 94040. 235 

Hybrid amplifier CA601 exceeds - 66 dB 
intermodulation distortion. Typical gain 
of 30 dB covers the frequency range of 40 
to 300 MHz with ±0.5 dB response flat­
ness. In 100 quantities, the price is $65 
each. TRW Semiconductor Div., 14520 
Aviation Blvd. , Lawndale, CA 90260. 

236 

Twelve-bit D/A converter DAC-12QZ is a 
pin-for-pin replacement of its predecessor, 
Model DAC-12QS, and lists for $49 in 100 
lots. Key characteristics include ±1/2 LSB 
linearity and 30 PPM/°C temperature co­
efficient. Output settles to 0.0125% in 5 
µsec. Analog Devices, Inc., Rte. 1 Indus­
trial Park, Box 280, Norwood, MA 02062. 

237 

180 WATTS - $22.00 EACH 
90 WATTS - $15.00 EACH 

DCR Series Power Regulators 

• VARIABLE OUTPUT • SIX MINI-PACKAGED MODELS 
• VOLTAGES UP TO 24VDC • CURRENTS UP TO 12 AMPS 
Again, Powertec leads the industry in cost/performance 
ratios with this new series of power regulators. 
The DCRs are complete DC voltage regulators - no ex­
ternal components required. They are specifically designed 
for use in custom DC power supplies or as point of load 
regulators in industrial/commercial applications. Also, they 
are completely wired units containing all necessary small 
signal and power components. 
So why pay twice as much to get 1/2 the power when you 
can specify our new DCRs? Get your power from The 
Power People at The Powerhouse - Powertec. Request 
free application and catalog. 

ALL MODELS DELIVERABLE FROM STOCK IN 24 HOURS. 

180 WAJT DC OUTPUT 90 WATT DC OUTPUT 
MODEL VOLTS AMPS MODEL VOLTS AMPS 

1 C5-12 4.5-6.5 12.0 185-6 4.5-6.5 6.0 
1C15-12 11 .5-15.5 12.0 1815-6 11 .5-15.5 6.0 
1C24-8 17.5-24.5 8.0 1824-4.5 17.5-24.5 4.5 

SPECinCATIONS: Input Voltage (max.): 40 VDC; Regulation: 
Line ± .075%, Load ±.075%; Input-Output Differential (min.): 
4.5 VDC; Output Ripple (max.): 4mVP-P (2.0VP-P Input Ripple). 
Operating Ambient Temperature: -5 to +75°C. Transient Re­
sponse: 25µsec. (50% load change). Temperature coefficient: 
.007% •c typical; Power Dissipation (max.): 90/180 watts (heat 
sink@ 25°C); Ripple Reduction (120 Hz): 80 db typical. 

POWERTEC INC. 
an Airtronics subs idiary 

9168 De Soto Ave., Chatsworth, California 91311 (213) 882-0004 TWX 910-494-2092 
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TANTALUM 
CAPACITORS? 

• 

• 

~ ~ 
-\ \~ 

DICKSON OFFERS MORE! 
As a specialist in solid tantalum specialization naturally leads to 
capacitors, Dickson offers more more quality in every device pro-
types . .. more package sizes . . . duced - not just in hi-rel units . 
more lead conf igurations than you And, more technical support to cus-
expect. From Mi l -C-39003 hi-rel tomers. Whatsmore, computerized 
units to low-cost, commercial and production -inventory control and a 
industrial devices , Dickson offers nationwide network of 30 stocking 
more than 4000 standard tanta - distributors helps us make sure we 
lums - not counting the range of have more of the units you need ... 
tolerance levels available in every when you need them. All the more 
series. The selection includes reason why you should rely on the 
d i pp e d epoxy, "Th S _ 1. t ,, solid tantalum spe-
m o Ide d epoxy , e pecta IS s cialists at Dickson. 
epoxy end-filled, her­
m et i ca 11 y sealed 
metal, and ultra ­
miniature types. 

At Dickson, one of 
the industry's most 
modern facilities is 
devoted exclusively 
to the design and 
production of solid 
tantalums. This 

"Where Quality 
Makes The 
Difference" 

90 

NEW 6-PAGE SHORT 
FORM CATALOG 
For your copy of a 
new short form cata­
log containing details 
on the more popular 
Dickson Solid Tant­
alum Capacitors, call 
your Dickson Engi­
neering Representa­
tive or Dickson. 

.DICICSOitT 
ELECTRON/CS CORPORATION 

PHONE (602) 947-2231 TWX 910·950·1292 TELEX 667-406 
P. 0 . BOX 1390 • SCOTTSDALE , ARIZONA 85252 
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Circuits 

Optical coupler provides ±3 kV or more 
isolation between output and input. Inter­
nal light source is an LED with a drive 
current of 50 to 100 mA and a cutoff fre­
quency of about 290 kHz. Unit is housed 
in a standard 14-pin DIP. M7, Inc., 210 
Campus Dr., Arlington Heights, IL 60004. 

238 

Temperature-compensated oscillator gen­
erates frequencies from 3 to 10 MHz . 
Power consumption for the 1.5- by 1.5- by 
0.8-inch unit is < 120 mW. Unit price in 
quantities of 1000 is $42.50. CTS Knights, 
Inc., Sandwich, IL 60548. 239 

Audio filters, Series 7000, are active/ 
octave bandpass type and have narrow 
skirts, a flat response, steep attenuation 
slopes and high rejection out of the pass 
band. The units are epoxy encapsulated 
and designed for PC board mounting. 
Prices for one to four pieces are $240 to 
$350. Polyphase Instrument Co., E. 4th 
St., Bridgeport, PA 19401. 240 

High-voltage power supplies, Series AUC, 
feature adjustable output from - 50 to 10% 
of nominal in 10% steps. Two models cover 
1 to 5.5 kV at a nominal 10 mA, and the 
output is floating. Quantity prices start at 
$35 each. High Voltage Co., Inc., North­
ridge, CA 91324. 241 

AC line regulators, PEC Series, attenuate 
low-frequency (below 1 MHz) line noise 
and transients over 50 dB in OEM appli­
cations. Units are rated from 60 VA to 1 
kVA and come in 60- or 400-HZ versions. 
The 60W unit measures 9 by 4.25 by 4 
inches and weighs 9 lb. Wanlass, Div. of 
AMBAC Industries, 525 Virginia Dr., 
Fort Washington, PA 19034. 242 

DC-to-de converters, D Series, provide con­
tinuous operation over an input range of 
18 to 56V de. Eighteen models are avail­
able with 5, 6.3, 12, 15, 24 and 28V de 
outputs. Prices range from $155 for 25W 
to $225 for lOOW units. Aaron-Davis 
Power Conversion Systems, 1150 S. Bev­
erly Dr., Los Angeles, CA 90035. 243 

A/D converter, Model 1010, is a bipolar 
4-1/2-digit unit that achieves 0.015% ac­
curacy operating with a single input. Con­
version speed is 40 msec. A selection of 
four input voltage ranges and four output 
code formats is available. Unit price is 
$255 in 1 to 10 quantities. Libra Systems, 
Box 161, Collegeville, PA 19426. 244 
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Silicon voltage regulator zeners with lo~ 
dynamic impedance and low bias current 
requirements are presently being pro­
duced with a nominal voltage of 30 to 
120V for 1, 3 and 5W applications. The 
zeners exceed military and aerospace spec­
ifications, and are of noncavity monolithic 
construction with a fused metal hermetic 
seal. Semtech Corp., 652 Mitchell Rd., 
Newbury Park, CA 91320. 245 

High voltage planar power transistors, the 
700V SDT 500 Series, are packaged in 
JEDEC T0-3 case and are 100% planar 
construction. Hi-rel mounting (gold-plated 
molybdenum pedestal) and low leakage 
levels at elevated temperatures (10 µ,A at 
150°C, 400V c.-xl are features of this series. 
These devices have multiple gain ranges 
with beta from 40 to 120, 1 to 5A and all 
are Si02 passivated. Solitron Devices, Inc., 
1177 Blue Heron Blvd., Riviera Beach, FL 
33404. 246 

High output phototransistors, STPT-260P 
"Opto-Paks," mount on O.OS7-inch centers 
for high-speed punched tape or 96-column, 
SO-column and standard punched card 
reading. Packaged in a plastic housing 
measuring O.OS5 by 0.105 by 0.045 inch, 
the device provides an output of 2 mA at 
1 mW/cm2 , switches at 6 µ,sec speed and 
has a peak spectral response of SOO nm, 
typical. Sensor Technology, Inc., 71 lS 
Gerald Ave., Van Nuys, CA 91406. 247 

Silicon bridge rectifiers, called "Mini­
bridges," are approximately 1.125 inch2 

by 7/16 inch high with 0.193-inch-diam 
centers for convenient mounting to a heat 
sink. Rectifiers feature beam lead con­
struction. Universal 3-way terminals 
make wiring and mounting easier. Typical 
of these rectifiers is the PA05 rated at SA 
and 50 PIV. Electronic Devices, Inc. 
21 Gray Oaks Ave., Yonkers, NY 10710. 
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Plastic PUTs, Types P13Tl and P13T2, are 
functionally equivalent to standard UJTs 
and provide the added advantage of versa­
tile programming. The latter enables the 
designer to add external resistors to meet 
his needs in programming Eta, R,, 11 , I,, and 
Iv functions. Packaged in a T0-92 plastic 
case, the devices are fully planar passi­
vated. Prices are as low as $0.55 in 1000 
quantities. Unitrode Corp., 37 Newbury 
St., Boston, MA 02116. 249 

Ultralow-noise low-voltage avalanche ze­
ners, the "LNA" Series, are available with 
voltages ranging from 2.S to lOV. Built 
with extremely sharp knee and tight leak­
age specifications, they operate at low cur­
rent levels. Standard devices come in 
hermetically sealed DO-7 packages and 
can be supplied in much smaller micro­
epoxy package if desired. CODI Semicon­
ductor, Div. of Computer Diode "Corp., 
Pollitt Dr. S., Fair Lawn, NJ 07410. 250 

NewSC's 

Newly qualified silicon rectifiers, JAN and 
JAN TX 1N4245 through JAN and JAN 
TX 1N4249, are available in monolithic 
glass packages and are totally unaffected 
by severe moisture or temperature condi­
tions. Compact packages offer weight and 
space savings for high-density designs. 
Sensitron Semiconductor, Div. of R.S.M. 
Electron Power Inc., 221 W. Industry Ct., 
Deer Park, NY 11729. 25 1 

Microwave PIN diodes feature low inser­
tion loss and second and third harmonic 
levels of 90 dB below fundamental and 
intermodulation products as low as 60 dB. 
Applications for PIN diodes include TR 
switches, duplexers and commercial two­
way communications systems. They are 
also widely used in AGC loops and tumble 
filters in CATV systems. Cost of these 
diodes ranges as low as $0.90 in large 
quantities. Unitrode Corp., 37 Newbury 
St., Boston, MA 02116. 252 

Dual power driver MCH 2S90 permits driv­
ing of high-current loads directly from 
logic level devices. This new device trans­
lates logic voltage levels to high power 
outputs. Inputs can be DTL or TTL and 
loads can be either resistive or inductive. 
Applications requiring high current pulses 
that are digitally controlled can now be 
interfaced with a single package. Motorola 
Semiconductor Products Inc., Box 20912, 
Phoenix, AZ S5036. 253 
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Five MHz pulse generator with 20V output 
is priced at $300. Model 5105 covers from 
0.1 Hz to 5 MHz and provides three simul­
taneous pulse outputs: positive, negative 
and current sinking 4.5V. Other features 
include 100% duty cycle, pulse or square 
wave output and pulse widths from 10 
nsec to 10 sec. Data Dynamics Div., 240 
Humphrey St., Englewood, N J 07631. 
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Electronic thermometer features platinum 
sensing element, no adjustments and fully 
interchangeable factory-calibrated sen­
sors and electronics. Output is 10 m V /0 for 
use with digital voltmeters, recorders and 
loggers. Temperature range is - 60 to 
200°C with ±0.05°C repeatability. Prices 
for the Model 911 start at $195 each (in­
cluding sensor). Stow Laboratories, . Inc., 
110 Kane Industrial Dr. , Hudson, MA 
01749. 255 

Ultrasonic pulser-receiver, Model 5050PR, 
is a broadband, high-resolution ultrasonic 
instrument that covers the frequency 
range from 0.1 to 30 MHz. It is used with 
an oscilloscope and ultrasonic transducers. 
Panametrics, Subs. of Esterline Corp., 221 
Crescent St., Waltham, MA 02154. 256 
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Television-microscope system, Model MV 
9000, is a fully coordinated CCTV system 
for microscopic examination up to 600 
power. It includes a high-resolution cam­
era, a solid-state monitor, complete optical 
system, adjustable camera platform and a 
fiber-optic illumination system. Circon 
Corp., Santa Barbara Airport, Goleta, CA 
93017. 257 

"Data recording and transmission termi­
nal in a briefcase", Model 2002, has full 
alphanumeric capability, a strip printer 
and (an option) provides two way commu­
nication with EDP center. A cassette re­
corder, the communications module and a 
rapid recharger for the nickel cadmium 
battery are fitted into the briefcase. Both 
recorder and keyboard can be removed for 
des~-top operation. MSI Data Corp., 1381 
Fischer Ave., Costa Mesa, CA 92627. 258 

IC test system combines an automatic digi­
tal IC tester with a semi-automatic han­
dler. Designed for small- to medium-quan­
tity users, the system uses shipping tubes 
for both input and output containers. Price 
is less than $2000. Electrodata Concepts, 
Inc., 69 Connecticut Ave., Norwalk, CT 
06854. 259 

Equipment 

Portable photometer priced at $295 each is 
available with a selection of four different 
probes with sensitivity to 0.0002 footcan­
dles. Features of the Model 3100 include 
sensitivity from 0.001 to 10,000 foot­
candles, 5% full-scale accuracy, 3% lin­
earity and a recorder output of 1 V to 1 mA. 
Vactec, Inc., 2423 Northline Industrial 
Blvd., Maryland, MO 63043. 260 

Phase sensitive detector features a digi­
tally derived square-wave reference oscil­
lator output with a linear phase adjust­
ment control. Model ESE3000 has its 
oscillator and amplifier-detector units 
completely decoupled and isolated from 
chassis ground. Frequency range is 10 Hz 
to 10 kHz with 100 k!l/50 pF input im­
pedance. Price each is $2660. Advanced 
Research Instrument Systems, Inc., 6500 
Tracor Lane, Austin, TX 78721. 261 

Portable TOR, Model 1501, has a plug-in 
recorder that permits high resolution re­
cordings at the touch of a button. Its X-Y 
output is suitable for most oscilloscopes. 
Step pulse risetime is 1.3 nsec and ampli­
tude is 1 Von battery and lOV on ac power. 
Price is $1900. Tektronix, Inc., Box 500, 
Beaverton, OR 97005. 262 
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NEW 

snap 
Case dimensions of our new 4900 Series MIN I-MITE switches 
are less than .250" by .300" by .100". Ratings are 2 amp . 125-
250V AC; 2 amp. (Res.) and 1 amp. (Ind.), 30V DC. Meet MIL-S-
8805 specs. Available with 4 types of term inals , pin plunger and 
various lever type actuators. 

new Our new 4800 Ser ies sub-miniature 
sub-miniature switches are rated 5 amp. 125-250V AC 
switches with 5 amp. resistive and 2Y, amp. induc-

tive ratings at 30V DC. Case dimensions 
are approximately .400" by .800" by .250". 
Ava ilable with 6 terminal types, a variety 
of lever actuators and optional bifurcated 
or dua l gold contacts . Meet MIL-S-8805 
specs. McGill Manufacturing Co., Inc., 
El ectrica l Division, Va lp ara i so , 
Indiana 46383 

Available from 
Authorized McGill Electrical 
and Electronic Distributors 

Cl RCLE NO. 56 

ENGINEERED SWITCHES 

FOR 
PRINTED 
CIRCUITS 

Designed specifically for wave-soldering app li ca ti ons, Kulka's 2500 
and 2600 Series feature rotation resistant terminal pi ns in widths of 
.062 or .093 to fit standard printed ci rcu it board ho les. Rated at 20 
AMPS, 1100 VOLTS RMS the Series is avai lable in a vairety of 
molded material s, termination s and surface hardware including 
Kulka 's quick-connect Kliptitern terminals. 
Specifications and ordering information are listed in Kulka's Printed 
CircuitTerminal Board Catalog. Send fo r a copy today. 
Kulka Electric Corp ., Mt. Vernon , N.Y. 10551 Tel. 914 664 4024 

AUTHORIZED INDUSTRIAL DISTRIBUTORS LOCATED THROUGHOUT U.S. AND CANADA 

CIRCLE NO. 57 

Beckman 
simplifies time-sharing, 

data acquisition 
and display. 

Auto-Pro 3500 
Digital Plotter 

Costing about $1000 
less than most other 
plotters and de­
signed for the sci­
e n ti fi c user, the 
AP-3500 is simple 
to use with either 
time-share or small 
computers . The 

combination of a digital-to-analog converter Y axis and 
an incremental stepper-driven X axis removes paper size 
restrictions and affords complete capability for 90% of all 
plotting/recording applications . The AP -3500 displays 
computer-calculated digital data or analog information 
directly. As a time-share plotter, information is accepted 
serially in ASCII arrangement at either standard or high­
speed rates ; as a minicomputer peripheral , data is accepted 
in bit parallel form , permitting even higher plotting speeds. 

Plotting is in continuous form - forward or reverse - on roll 
chart paper, with only one data word and control character 
required to uniquely position the pen. Usable with modern 
high-speed data terminals, the AP-3500 plotter has overall 
accuracy of better than ± 0.25% and is an ideal analytical 
tool in most scientific applications , ranging from bio­
chemistry to circuit design. Request Bulletin AP-2402 for 
complete details. 

Auto-Pro lntercouplers 

Designed as a com­
plete data system , 
Beckman's AP-3111 
lntercoupler takes an 
analog input, converts 
the information to dig­
ital form , then prints 
and punches the data 
on an ASR-33 tele­
typewriter. Companion 
unit to the AP-3111 is 
Beckman 's Auto-Pro 
3109 which accepts 
up to 16 BCD data bits 

0 

• 

... -· 
D ·D D 

--
in place of the analog input. Paper tape outputs of both 
instruments are directly time-share compatible and include 
automatic line number update and special control charac­
ters. Other features are local or remote control ; preselectable 
reading interval and number of readings per sample. Request 
Bulletins AP-2400 and AP-2401 for complete details. 

Beckman" 

INSTRUMENTS, INC. 

AUTOMATION PRODUCTS ACTIVITY 
2500 Harbor Blvd., Fullerton, Calif. 92634 

HELPING SCIENCE AND INDUSTRY IMPROVE THE QUALITY OF LIFE 

CIRCLE NO. 58 
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Pulse laboratory amplifier, Model 4313-P, 
has typical risetime of 1 nsec at ±6V into 
50!1. Droop is less than 1 % at 100 nsec, 
and typical linear output is ±6.5V. Dy­
namic range is greater than 70 dB at all 
gain settings. Prices begin at $1195. 
C-COR Electronics, Inc. , 60 Decibel Rd. , 
State College, PA 16801. 263 

Circuit verifier, the "Auto/Scan 200," is a 
low-cost, high-speed, automatic, fixed­
sequence circuit verifier. Training is mini­
mized by point-to-point stepping and sim­
ple controls. Everett/Charles, Inc., 2806 
Metropolitan PI., Pomona, CA 91767. 264 

TV cameras give a usable picture with 
only 0.003-footcandle illumination on the 
image tube. They can be aimed di;ectly at 
the sun without damaging the silicon­
diode-array vidicon. Model 4250 for se­
vere environments and Model 4350 for 
normal environments give horizontal cen­
ter resolution of 650 lines with 350 lines 
vertical center. Cohu Electronics, Inc. , 
Box 623, San Diego, QA 92112. 265 

Programmable system for checking con­
tinuity and short circuits is expandable 
up to 10,000 wires or connections in mod­
ules of 50. Prices start below $3000, and 
expansion costs less than $10/channel. 
A. D. Automation, 830 Linden Ave., Roch­
ester, NY 14625. 266 

Thermally controlled platforms for chip, 
wafer and hybrid circuit testing provide 
accuracy ±1°C and stability of ±0.3°C. 
Model TP3003 is an accessory to the 
TP2000 ThermoSpot and covers the - 30 
to 95°C range. Temptronix Inc., 591 Hill­
side Ave., Needham, MA 02194. 267 

PLO/synthesizer is a data processing unit 
for extremely precise timing or frequency 
measurements in signal analysis of mag­
netic tape recordings. Model 1-1001 has 
tuning range from 1 to 20 MHz and can 
accept any reference frequency off the 
tape in the range between 100 Hz and 20 
MHz. Price is $5850. Pfobe Systems Inc. , 
655 N. Pastoria, Sunnyvale, CA 94086. 

268 

Acoustic monitor, Model AR-2, continu­
ously records the peak sound levels of 
noise. Ranges available include 50-90, 
70-110, 90-130 and 110-150 dB. Features 
include linear scale, battery power and 
portability. Dallas Instruments, Inc., Box 
38189, Dallas, TX 75238. 269 

One-kilowatt amplifier is flat from 10 kHz 
to 220 MHz. Model M406L has 60-dB 
power gain with flatness of better than 
±1.5 dB. Rise and fall times are 7 nsec. 
Price with all options is $22,000. Instru­
ments For Industry, Inc., 151 Toledo St., 
Farmingdale, NY 11735. 270 

DC instrumentation amplifier, the wide­
band differential Model 117, amplifies sig­
nals from floating or grounded low-level 
transducers and supplies lOV output at 
100 mA. Spe<;:ifications include gains to 
1000, bandwidth from de to 100 KHz, CMR 
of 100 dB at lOV and drift less than 
5 µV/°C. Price is $350. Incor Instrumen­
tation, Inc. , 29 Newton Rd., Plainview, 
NY 11803. 271 

a lot of pot; 
cheap it's not 
There's nothing quite like it: the ESI 
DEKAPOT®. You build it into your system or 
instrument because you want honest-to­
Kelv in-Varley wirewound precision with 
long term stability : 20 ppm linearity to be 
precise. Three or two decades and a 100-
position potentiometer on a single panel 
dial. Wide value range. Off shelf delivery. 
$105 -$180 and your customer will never 
regret it. 

(Want a custom assembly? Ask.) 

Save production costs 
with the new Automatic 
Continuity Verifier (ACV) 

es 

0 Checks all types circuitry - back plane wiring, cables 
and harnesses, Printed Circuit Mother Boards. 

0 Automatic operation reduces time, increases profit. 

0 Automatically checks up to 128 points - finds shorts 
and opens. 

• • Write for brochure. 

r.:1:11 SCI ELECTRONICS, INC. 1:.\:1.1 8330 BROADWAY o HOUSTON. TEXAS 77017 
713 / 641-0211 

CIRCLE NO. 59 

ELECTRO 
SCIENTIFIC 
INDUSTRIES 

Park Drive 
Portland , Ore. 97229 
Phone : 503 /646-4141 

CIRCLE NO. 60 
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Paper winder for teleprinters, Model 2012, 
mounts directly on a Model 28 or 35 Tele­
typewriter in minutes. Adapter plates are 
available for mounting to other teleprint­
ers such as Model 33. Single unit price is 
$74.50. Logic Systems Corp. , 1567 Cypress 
Dr., Jupiter, FL 33458. 272 

Strain gage simulator (decade resistor), 
Model 40, has steps of0.01, 0.1, 1.0, 10 and 
100!1 each and features ±0.02% accuracy 
of setting. Price is $225. Vishay Instru­
ments, Inc., 63 Lincoln Hwy. , Malvern, 
PA 19355. 273 

Laboratory differential amplifier, Model 
4333, has both a 400 VI µ.sec slew rate and 
3-dB bandwidth ofdc to 20 MHz. The unit 
is designed for both CW and pulse use. 
Options include differential or single end­
ed input, gain of 26 or 20 dB and various 
impedances. Prices for this half-rack-size 
instrument start at $650. C-COR Elec­
tronics, Inc., 60 Decibel Rd., State College, 
PA-16801. 274 

Charge amplifiers for all piezoelectric sen­
sors are priced at only $79.95. Model 4101 
has dynamic measuring capability of bet­
ter than ±1 to ±10,000 pcmbs at the in­
put. It can be used with over 1000 ft of 
cable. Columbia Research Laboratories, 
Inc., MacDade Blvd. & Bullens Lane, 
Woodlyn, PA 19094. 275 

Resistance bridge module covers seven 
decades and has 5 PPM accuracy. Model 
1104 has a resistance range from H1 to 1 
Mf1 using a Kelvin bridge. Price is $1275. 
Vishay Resistor Products, 63 Lincoln 
Highway, Malvern, PA 19355. 276 

Temperature recorders are inkless, avail­
able for various temperature spans be­
tween 0 and 2000°F and 0 and 1000°C and 
offered with chart speeds from 1/8 inch to 
480 inches/hr. There are models for both 
iron-constantan Type J and chromel-alu­
mel Type K thermocouples. Price, without 
thermocouple, is $130. Omega Engineer­
ing Inc., Box 4047, Stamford, CT 06907. 

277 

Introducing the Series 29000. 
Digitran's new low cost 
Thumbwheel Switch. 

It has the quality and the price 
you1ve been asking for. 

Equipment 

Measuring microphotometer has accuracy 
of 0.001 mm over a 254-mm range. Op­
tional printout equipment includes punch 
paper tape, line printers, mag tape and a 
time-sharing terminal interface. System 
price is less than $20,000. Rank Precision 
Industries, Inc., 411 E. Jarvis Ave., 
Des Plaines, IL 60018. 278 

Real-time programmer permits accurate 
control of 25 functions for up to 1 week in 
advance. Model 5025 time gate features 
accuracy of ±2 sec/year and can also 
serve as a master clock. Broadcast Prod­
ucts, Inc., 660 Lofstrand Lane, Rockville, 
MD 20850. 279 

Bit error rate tester, Model 2350 "Bert," 
furnishes pattern choices of 1:1 (reversals) 
plus a choice of 63, 511 and 2047-bit 
pseudorandom test patterns for test and 
eval uation of modems and data/telegraph 
transmission systems. Internal crystal­
controlled clock speeds from 50 to 2400 
baud are provided. Digitech Data Indus­
tries, Inc., 66 Grove St., Ridgefield, CT 
06877 . 280 

Each switch module is only 0.350 inches wide and 
1.21 inches high . And, of course, any number of 
switch modules may be grouped together and 
quickly assembled by using our new stainless steel 
snap-on strap. Other features include: Large 0.200 
inches high dial characters for an easy-to-read 
inline display, a newly designed case that protects 
the contact area from dust and other contaminants, 
and an optional pin-terminal arrangement for dip 
or wave soldering the switch to a printed circuit 
board. 

at 25 ° C, and the operating temperature 1s 0 ° C 
to +55°C. 

Contact resistance is only 0.1 ohms. The electrical 
load rating is 28vac (or 28vdc> at 50 milliamps 

Codes Available: BCD. BCO (10 posit ion with 
stops>. BCD plus complement. Single pole decimal. 
Single pole, double throw, repeating . 

So, call your local Digitran representative now. 
He'll be glad to show you samples and give you 
complete technical and application information. 

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

SSS S. Arroyo Parkway, Pasadena, Calif. 9110S 
(213) 449-3110 • TWX 910-SSS-3794 

CIRCLE NO. 61 
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"Programming Systems" is a 41-page cat­
alog that describes various patchboard 
programming systems. A product descrip­
tion section provides specifications and 
dimensional information. Patchcords and 
accessories are also included. Virginia 
Panel Corp., Box 1106, Waynesboro, VA 
22980. 28 1 

Stepping motors are covered in Catalog 
P-431. Four motor models and two trans­
lator cards are described with specifica­
tions, diagrams and dimensional data. 
Warner Electric Brake & Clutch Co., 449 
Gardner St., Beloit, WI 53511. 282 

Digital computer brochure describes the 
COMP-16 and COMP-18 minicomputers 
and peripheral equipment. The fast 
Fourier-transform processor is also fea­
tured in this 16-page brochure which in­
cludes illustrations, specifications and 
engineering drawings. UniComp, Inc., 
18219 Parthenia St., Northridge, CA 
91324. 283 

Multichannel recorder with up to four 
40mm-wide channels is described in Bulle­
tin 934-19. This four-page brochure covers 
detailed specifications, outline dimen­
sions, ordering information, accessories 
and supplies and descriptions of compati­
ble signal conditioners. Gould Inc., Instru­
ment Systems Div., 3631 Perkins Ave., 
Cleveland , OH 44114. 284 

Spectrum analyzers, sweep generators, 
programmable attenuators and lumped­
component miniature lowpass and band­
pass filters are described in this 20-page 
catalog. Physical and electrical character­
istics are given a long with applications 
and prices. Texscan Corp., 2446 N . Shade­
land Ave., Indianapolis, IN 46219. 285 

Ceramic substrates are covered in Techni­
cal Bulletin 712. Information provided in­
cludes material descriptions, design infor­
mation and a list of stock substrates. 
American Lava Corp., Laurens, SC 29360. 

286 

Linear variable differential transformers 
are discussed in this eight-page catalog. 
Some applications for LVDTs are given 
along with a comparison chart of various 
types of transducers. Measurement and 
price ranges of typical units are included. 
Schaevitz Engineering, Box 506, Camden, 
NJ 08101. 287 

Custom-engineered potentiometers includ­
ing conductive-plastic, wire-wound pre­
cision and special potentiometer combina­
tions are described in Brochure CEC-1. 
Potentiometric pressure transducers and 
miniature snap-action pressure switches 
are also included. Amphenol Controls Div., 
Bunker Ramo Corp., 120 S. Main St., 
Janesville, WI 53545. 288 

Pulse generator brochure describes a com­
plete line of generators, including plug-in 
and non plug-in types and a computer con­
trolled pulse generator system. A selection 
guide allows easy comparison of perfor­
mance specifications. Hewlett-Packard 
Co., 1601 California Ave., Palo Alto , CA 
94304. 289 

Template catalog lists over 475 types to 
meet the needs of architects, engineers, 
designers and draftsmen. A complimen­
tary all-purpose template is also supplied. 
Alvin & Co., Inc., 609 Palisado Ave., 
Windsor, CT 06095. 290 

SCR and triac catalog contains complete 
specifications, case drawings and perfor­
mance curves of over 300 standard de­
vices, including SCRs from 25 to 800V, 5 
to 60A and triacs from 50 to 600V, 1 to 
40A. Centralab Distributor Products, 5757 
N. Green Bay Ave., Milwaukee, WI 53201. 

291 

• 
Digital cassette recorder catalog provides 
typical applications, advantages of bit-by­
bit incremental recording vs continuous 
buffered incremental recording, funda­
mental descriptions and specifications for 
a wide range of continuous and incremen­
tal digital cassette recorders. Memodyne 
Corp., 369 Elliot St., Newton Upper Falls, 
MA 02164. 292 
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Literature 

Electronic test equipment is featured in a 
48-page catalog that provides specifica­
tions and prices for signal generators, Q 
meters, frequency converters, power sup­
plies, counter-timers, microwave compo­
nents and other electronic test equipment. 
Baynton Electronics, 2709 N. Broad St. , 
Philadelphia, PA 19132. 293 

Miniature solid-state electronic buzzer for 
devices requiring audible signals at low 
power is described in Bulletin GAlOO. 
Projects Unlimited, Inc. , 1926 E. Sieben­
thaler Ave., Dayton, OH 45414. 294 

Connector condensed catalog lists eight 
different series and provides pertinent 
specifications. Types included are: printed 
circuit, removable contacts, center screw 
lock, rack and panel , power, terminal 
blocks, test point and special designs. Con­
tinental Connector Corp., 34-63 56th St., 
Woodside, NY 11377. 295 

DIP reed relay Bulletin No. 688 lists 40 
versions of the DIP line of 8-pin reed re­
lays. Magnecraft Electric Co. , 5575 N. 
Lynch Ave., Chicago, IL 60630. 296 

Modular optical linear encoders are cov­
ered in a two-page product sheet describing 
the Mod-Coder/L encoders. The brochure 
lists features and applications and pro­
vides a photo and outline drawing. Se­
quential Information Systems, Inc., 249 
N. Saw Mill River Rd., Elmsford, NY 
10523. 297 

Solid-state laser, Series 104A, is featured 
in a 12-page brochure covering more than 
40 different ruby, glass and YAG systems 
and accessories. Included are instructive 
data on laser principles and applications. 
Hadron, Inc., 800 Shames Dr. , Westbury, 
NY 11590. 298 

Thumbwheel switches are described in 
four-page brochure CS901-Rl. Specifica­
tions, circuit diagrams , truth tables and a 
complete selection guide are provided. 
A. W. Haydon Co., 232 N. Elm St., Water­
bury, CT 06720. 299 

Thermistor catalog provides a brief intro­
duction to a broad variety of thermistor 
sensors and sensor assemblies. Included is 
a description of a variety of thermistor 
types and an extended line of experimen­
tal thermistor kits. Fenwal Electronics 
Inc. , 63 Fountain St. , Framingham, MA 
01701. 300 

r:;:1 VE.C!A~~-!0~KA!~B~~~L~~~~!A~T~~L~~!~!~L~D~ROBLEMS E:J • NEW EASY-TO-ORDER NUMBERING SYSTEM. 
• BUILT IN ADJUSTABILITY AND FLEXI BILITY TO SOLVE YOUR 

PACKAGING PROBLEMS •. -

-~~> 
--· ----· .---:;;..--~ 

RI New " NIM '" Bins and Modules for cost saving interch~ngeability - exclusive 
~ Vector Card Mount ing Syst em. 
@ Rugged all alumin um Vector-Pak Card Cages with extruded guides loc ated at 

.50" or .750" spacing - easily adjusted. 
@Dozens of new Plugbords for building Plug-In Cards - IC and discrete types. 

© Multi -Mod Cases - sleek fun ction al aluminum cases for instruments and 
other c irc uitry. 4 slotted interior surfaces f o r c a rds , mounting plates. 

@ Front Panel Card Mount Plates supplied ready for cards , " pots" and switches-
Mount pl ates in Vector-Pak Cages. 

Send /or new specification sheet:-,·. 

VECTO R ELECTRONIC CO., I NC . 
12460 Gladstone Ave ., Sylmar, California 91342 
Phone: (213) 365-9661 • TWX (910) 496-1539 
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law lab·auaHIY lnstrumantallon at famous 
HEATHKIT dO·ll·YOUrsall savings I 
(AJ New Heathkit solid-state digital multimeter. A true lab-grade 
digital multimeter at about half the cost of comparable DMMs! 5 
overlapping DC voltage ranges, 100 uV to 1000 V; AC ranges, 
100 uv to 500 V; 10 ranges measure 100 nanoamperes to 2 am­
peres on AC or DC; 6 resistance ranges, 0.1 ohm to 20 megohms. 
Automatic polarity indicators. Automatic decimal point, over-range 
light. Precision DC cal ibrator furnished plus transfer 11ethod for AC 
calibration. Solid-state with cold cathode readout tubes & "mem­
ory" circuit for stable, non-blinking operation. Assembles in 
about 10 hours. Kit IM-1 02, 9 lbs .... 229.95* 
New Heathkit 175 MHz scaler & counter combo ••• for less than 
$300! (BJ The Heathkit IB-1 01 counts from 1 Hz to over 15 
MHz. Hz/kHz ranges & over-range indicator let you make an 8-

~\~\~ ~;l~~~~~::'o~~t ~~~~u~~ ~~~r!~!1~~0~-ll!!!l!!(C!!!)~~!'!!l~I 
input triggering .. . less than 30 mV at 100 
MHz; all solid-state with 26 ICs, 8 !ran- Pl~~li!~l!iiliiiilij~ 
sistors. (C) Heathkit IB-1 02 scaler ex- n 
tends capability well into the VHF range 
at a price far below a 175 MHz counter. 
Compatible with virtually any counter. 10:1 
& 100:1 scaling ratios give resolution down~--••••• 
to 10 Hz . . . 1:1 ratio provides straight-through 
count ing. Solid-state, fully regulated supplies. Carrying handle/ tilt stand. 
Kit IB-1 01 , 7 lbs ... .... .. 199.95* Kit IB-102, 7 lbs ... . . . . . . 99.95* 
(D) New Heathkit DC-15 MHz dual trace solid-state oscilloscope •• • 
$399.95* Features rock-solid triggered sweep; full bandwidth in both 
automatic & normal modes; complete dual trace capability - Ch. 1, Ch. 
2, chop, alternate; X-Y mode with 5% or less phase shift; 24 nsec rise 
time; 9-position 1, 2, 5 sequence vertical attenuator; 8 x 10 cm rectan­
gular flat-face CRT with mu-metal shield. Kit 10-105, 35 lbs .•.• 399.95* 

(A) 

r; E~;H -c~,;P~;v ~ .;;,;t~ 5;;2~ - - - ' llr::31!!nllll!llJll~llf!ll~ 
Benton Harbor, Michigan 49022 
O Rush my new Heathkit Catalog 

Exciting '72 
Catalog 

Yours 
FREE 

for the 
Asking 

O Enclosed is $------------· plus shipp ing. 
Please send model(s) ______________ _ 

Name-------------------~ 
Address ___________________ _ 

City State Zip ____ _ 
Prices & specifications subject to change without notice. 
*Mail order prices; F.O.B. factory. TE-249 
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LED and Phototransistor/Photodarling-
ton/Photodiode isolators. 

HEI (and 
only 

e HEI.) 

OPTICAL 
SWITCH 

~ - - . .-o --...,, 

I 
;I 
I 

i 

Photoelectric con tactless switch using an 
LED & a phototransistor . 

HEI (and 
only 

• HEI.) 

SHAFT 
ENCODER 
SENSORS 

Matched 
LED/ 
Phototransistor 
arrays. 

HEI. (and 
only 
HEI.) 

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

~ HEiin~. 

98 

Jonat ha n Industrial Center 
Chaska, Minn. 55318 

Isolators-C ircle No. 31 
Switches-Circle No. 32 
Sensors-Ci rcle No. 33 

Closed-cell polyolefin foam , "MACmount 
9760 ," is coated on two sides wi'th a pres­
sure sensitive adhesive. A technical bulle­
tin describes its use for critical fastening, 
assembling and permanent bonding appli­
cations. Morgan Adhesives Co. , 4560 
Darrow Rd., Stow, OH 44224. 301 

Hermetic high-reliability metallized plas­
tic DIPs for MSl/LSI circuits are detailed 
in Technical Bulletin No. 175. Perfor­
mance and costs of this package are com­
pared to ceramic and encapsulated types. 
A list of standard packages is provided, 
along with notes on low cost assembly. 
U.S. Electronic Services Corp., Holgar In­
dustrial Park, Clifton Heights, PA 19018. 

302 

Wire, cable and cordset catalog, No. CEC­
MC-571 , contains 92 pages of product data 
and includes comparison charts of differ­
ent types of insulating materials, copper 
wire specifications, estimating charts and 
current ratings. Columbia Electronic Ca­
bles, 11 Cove St., New Bedford, MA 02744. 

303 

Custom-designed de motors and prong­
mounted power supplies are the subjects 
of a 16-page brochure that lists the entire 
motor line by horsepower, output rpm and 
torque according to dimensional and 
weight requirements. Performance curves 
for all products and a conversion table for 
power supplies are included. Rowe Indus­
tries , Inc., Bridgehampton Tpke., Sag 
Harbor, NY 11963. 304 

Semiconductor diode catalog provides de­
tailed information on specifications and 
dimensions of voltage-variable capacitors, 
low. current zeners and TC reference di­
odes, logarithmic, high voltage, multi­
junction, noise and ultra-low leakage 
diodes. CODI Semiconductor, Div. of Com­
puter Diode Corp., Pollitt Dr. South, Fair 
Lawn, NJ 07410. 305 

Trimmers, potentiometers and turn-count­
ing dials are featured in short form cata­
log CSF-2. Specific performance character­
istics are provided for wirewound and 
_infinite resolution trimmers, 1-, 3- and 
10-turn precision potentiometers and cus­
tom-engineered components. Amphenol 
Controls Div., Bunker Ramo Corp., 120 S. 
Main St. , Janesville, WI 53545. 306 

Literature 

Silicon bridge rectifier pocket guide pro­
vides comparative information on units 
supplied by various manufacturers. Com­
plete electrical ratings plus outline draw­
ings are included. General Instrument 
Corp. , 600 W. John St., Hicksville, NY 
11802. 307 

Teflon terminals catalog provides a full 
listing of all standard terminals types in­
cluding stand-offs, feed-thrus, metal base, 
test jacks, test probes and transistor sock­
ets , in miniature, subminiature and micro­
miniature sizes. A schedule of suggested 
resale prices and quantity discounts is 
a lso included. Herman J. Smith foe., 812 
Snediker Ave, Brooklyn, NY 11207. 308 

Absolute shaft encoders for industrial and 
scientific applications are described in 
Bulletin 67-21A. Specifications, physical 
details and options are given for the en­
coders which feature three to six digits of 
range in several codes. Theta Instrument 
Corp., Fairfield, NJ 07006. 309 

Silicon resistors with positive tempera­
ture coefficient are described in Data 
Sheet CP 5-1-71. Construction features 
are illustrated, and environmental per­
formance is presented in a table. Resis­
tance vs temperature curves are provided 
for 40 standard resistor values. Ward 
Leonard-Hagerstown Div., Angstrohm 
Precision, Inc., Box 1827 , Hagerstown, 
MD21740. 310 

Automatic range expander that enables 
strip chart recorders connected to labora­
tory instruments to record off-scale data 
without attenuating or decreasing instru­
ment sensitivity is described in a data 
sheet with specifications and applications. 
Cahn Instruments Div., Ventron Corp., 
7500 Jefferson St. , Paramount, CA 90723. 

311 

Test equipment for electronic serv1cmg, 
school, laboratory and industrial applica­
tions is featured in Catalog BK2. This 24-
page catalog encompasses a wide range of 
equipment from a 100% mutual-conduc­
fance tube tester to a de to 100 MHz trig­
gered sweep oscilloscope. Dynascan Corp., 
1801 W. Belle Plaine Ave., Chicago, IL 
60613. 312 
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it takes guts 
to be a good connector 

The kind that can hold without appreciable change in contact 
resistance through 50,000 cycles and more. And that's the kind of 
guts you get.with CAMBION cage jacks. Permanently swaged 
inside a precisely machined brass body, these beryllium copper 
cages come in jacks ranging from .016"-.080" in a wide variety of 
shapes and types for mounting components, patching, plugging. 
Complete range of mating pins also available. Our latest catalog 
has a complete selection - it's free for the asking. 

The next time a salesman tries to sell you a connector, ask to see 
the insides - it it isn't caged, it's not a CAMBION. 

Cambridge Thermionic Corporation, 445 Concord Ave., Cambridge, 
Mass. 02138. Phone:(617l 491-5400. In Los Angeles, 8703 La Tijera 
Blvd. 90045. Phone: (213) 776-0472. 

Standardize on 

c,._.,,BIO.~ 
The Guaranteed Electronic Components 

CIRCLE NO. 64 

•1 ... \ I ~ 

\ \ I I _) "- / I 

D. c. / 
I J\MPF. f~ f· !::> 

The newest in panel meters 

from /lo'/f- M213S
0 

• Modern blend of 
bakelite and glass 

• Smooth satin fini sh 
• Rugged case- no plasti c 

• Long wide sca le 
• Fast two stud mount 
• Available with complete 

line of movements 

Write or phone for complete quotation and specifications. 

HOYT ELECTRICAL INSTRUMENT WORKS, INC. 
BURTON-ROGERS COMPANY Sales Division 

556 TR APE LO ROAD BELMONT. MASSACHUSETTS 02179 · 1617) 489-1520 

Cl RCLE NO. 65 

Dialight­
super~arket for 

solid-state 
(LED) readouts. 

Dialight's DIODE-LITE<TMJ line gives you complete design 
flexibility with LED re liability. Start ... or stop ... wherever 
you like. Choose from DIODE-LITE readout modules ... these 
modules incorporated in readout packages with IC-compat­
ible decoder/ drivers . . . or complete display assembl ies of 
1 to 10 readout packages mounted in a bezel frame with 
window. Three character heights : .125", .205" and .600" . 
Supermarket pricing and availabi lity too. 

Wri te for the DIODE-LITE Data File. It spans the entire 
LED spectrum ... light sources, cartr idges, indicator lights, 
illuminated pushbutton switches and readouts . Just what 
you'd expect from Dialight. 

DIALIGHT CORPORATION , A NORTH AMERICAN PH ILIPS COMPANY 
60 STEWART AVENUE, BROOKLYN , N. Y. 11237 • (212) 497-7600 
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Operational 
Amplifiers 
-Design 
and Applications 

Burr-Brown; McGraw-Hill; 1971; Over 
500 pages; $15.00. 

Written by the applications and engi­
neering staffs of Burr-Brown, this book 
presents a complete treatment of the de­
sign and application, as well as the theory 
and testing, of operational amplifiers. 

To treat the major aspects of op amp 
technology, the book is divided into two 
parts and two appendices. Part 1 considers 
the design of op amps, discusses factors 
which determine performance characteris­
tics and outlines the techniques available 
for their control. Part 2 presents practical 
op amp applications. Appendix A reviews 
basic theory of op amps, and appendix B 
gives definitions of performance param­
eters used to characterize them and pro­
vides associated test circuits. Order with 
check or money order payable to Burr-

CIRCLE NO. 28 
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Brown Research Corp., International Air­
port Industrial Park, Tucson, AZ 85706. 
Outside of U.S. and Canada add $1.80 
postage. 

"Printed Wiring 
Design Guide" 

A manual for users and designers of rigid 
and flexible interconnection printed wir­
ing structures. It is divided into 10 major 
sections covering such topics as: design 
considerations; fabrication information; 
single-sided and double-sided rigid printed 
wiring boards; rigid multilayer boards; 
flexible printed wiring; considerations for 
mounting circuit components and mechan­
ical parts; documentation; testing; and 
information on the state-of-the-art con­
cerning computerized techniques used to 
assist in the design of printed wiring. Price 
is $100 which includes all additional infor-

Design Dataline 

mation for one year. Buyers have the op­
tion of having their guides maintained at 
an annual cost of $25. Institute of Printed 
Circuits, 1717 Howard St., Evanston, IL 
60202. 

Also Worth Noting 

"Environmental Science-Challenge for 
the Seventies" is the third annual report of 
the National Science Board. The report, 
which examines the present status of envi­
ronmental science, concludes that "Envi­
ronmental science today is unable to 
match the needs of society for definitive 
information, predictive capability and the 
analysis of environmental systems as sys­
tems." To meet this crisis, the report rec­
ommends a course of action in terms of a 
national program, priorities, organization 
and manpower. Copies are available from 
the Superintendent of Documents, U.S. 
Government Printing Office, Washington, 
D C for $0.40 per copy. 

This unit makes the output 
typewriter in the Facit 3851 - the conven· 

tional typewriter with input/ output. It is also 
available in two other versions - output only and input 
only. All three provide full utilization of the 7-bits code. 
There is further interesting information on the new Facit 
3851 in this publication . ~ 

Facit 3851- the conventional typewriter ,-: . 
with input/output 

For further informaticn, contact 
in US : Facit-Odhner Inc., 501 Winsor Drive , SECAUCUS, New Jersey 
outside US : Facit AB. Albygatan 102. 171 84 Solna, Sweden 

CIRCLE NO. 66 
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EON 

Sales Offices 
E. Patrick Wiesner 

Publisher 
270 St. Paul St. 

Denver, Colorado 80206 
(303) 388-4511 

Hugh R. Roome 
National Sales Director 

205 E. 42nd St. 
New York City , New York 10017 

(212) 689-3250 

NEW YORK CITY 10017 
Gerry Hoberman, District Manager 

Richard Millar, District Manager 
205 E. 42nd St. 
(212) 689-3250 

BOSTON 02116 
Richard Parker, District Manager 

Hal Short, District Manager 
221 Columbus Ave. 

(617) 536-7780 

PHILADELPHIA 19103 
Steve Farkas , District Manager 

Penn Towers 
1819 John F. Kennedy Blvd . 

(215) 569-2424 

CHICAGO 
John Huff , Regional Manager 

Terry McDermott, District Manager 
15 Spinning Wheel Rd . 
Hinsdale, Illinois 60521 

(31 2) 654-2390 

DENVER 80206 
John Huff, Reg ional Manager 

270 St. Paul St. 
(303) 388-4511 

SAN FRANCISCO 94103 
William J. Healey, District Manager 

1111 Hearst Building 
(415) 362-8547 

LOS ANGELES 90036 
Ed Schrader, Regional Manager 
Harry Fisher, District Manager 

5670 Wilshire Blvd. 
(213) 933-9525 

GETTING 
THE MESSAGE 

ACROSS! 

That's our job at IEE and, we 've been at it for close to two decades. 
Whatever your message: Letters, words, numerals, colors, etc., 
you tell us and we 'll put it all together, and, in any size-subminia­
ture, standard or jumbo 3" high displays. For every type readout 
we also have a compatible J.C. or hybrid Driver/Decoder series 
with a wide range of features and options. When it comes to "man to 
machine commun ications" and demanding display requirements 
contact IEE. After all , one message certainly deserves another. 

Industrial Electronic Engineers, Inc. 7740 Lemona Ave .. Van Nuys, Calif. 
Telephone: (213) 787-0311 • TWX 910-495-1707 
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Page R.S.# 
CIRCUIT MODULES/CARDS 
Ampl ifiers ...... . . ... . .... ... Anzac Electronics ......... .. .•... . 87 222 
Amp/ ifiers ............ . .. .... TRW Semiconductor Div. . .. . .• . .... 89 236 
Amplifiers . . . . . . . . . . . . . . . . Zeltex, Inc .... ... . . ......•..•.... 82 44 
Ampli fiers, Instrumentation Teledyne Philbri ck ...... . ... .•.... 87 216 
Attenuators . . . . . . . . . . . . . . . . . . Hyletronics Corp. . ...........• . ... 88 226 
Choppers .........•...... . . .. Solid State Electronics Corp ......... 88 225 
Converters, A/D . . . . . . . . . . . . . . . Libra Systems ................ ... . 90 244 
Converters, A/D . ... .• . ....... Singer Company, The Kearfott Division 85 50 
Converters, D/A .. . . ... . ... .. . . Analog Devices, Inc .... . . ... ....... 89 237 
Converters, D/A ... ... • . ... .. . . Hybrid Systems Corp ..... ..•..•. . . . 87 218 
Converters, D/A .... • .. • ..... .. Micro Networks Corp ......... .•.... 87 217 
Converters, 0/A . . . . . . . . . . . . Varadyne Systems ....•.... 81 43 
Counters, Up/Down .. .. . .. .... Display General Inc ... . . .. . .. ...... 89 232 
Couplers, Optical ....• ........ M7, Inc. . ................. .. . . . . 90 238 
Filters ......... . . . . .. .. . .... The Potter Co. , Div. of Pemcor, Inc .... 89 234 
Filters, Active . ............. . . Frequency Devices, Inc. . ..... ...... 87 215 
Filters . . . . . . . . . . . . . Polyphase Instrument Co. . . .. .•.... 90 240 
Isolators, Optical ........... .. Fairchild MOD ....... .... . . ...... 88 230 
Isolators, Optically-Coup led . . . . HE/ , Inc. . . . . .. .. . ......... ..... . 98 31 
Mixers, Double-Balanced Mini-Circuits Laboratory, Div. of 

Scientific Components Corp . . ..... 73 50 
Op Amps . . . . . . . . . . . • . . • . . . lntronics . . . . ... . . . . ............. 87 220 
Oscillators, Crystal . . . • . CTS Knights, Inc. . .... .. .. .... . . .. 90 239 
Rectifiers, Bridge . . . . . .. General Instrument Corp. . .. 98 307 
Regulators , Power . . . . Powertec Inc. . . . . . . .. .. ...... 89 54 
Sensors, Shaft Encoder HE/, Inc. . .. ... . ...... ... • .. • ... . 98 33 
Shift Registers Square 0 Co. . ... ... . .. .. .. . . .... 79 170 
Switches, Optical ... .• . .. ..... HEI, Inc. . .... . . ....... ......... . 98 32 
Time Delays . . . . . . . . . . . . . . . . . Syracuse Electronics Corp .... . . ... .. 87 219 

COMMUNICATIONS EQUIPMENT 
Amp I ifiers, Power .. .......... . Instruments For Industry, Inc . ..... .. 94 270 
Generators, Picket Zeta Laboratories, Inc. . .. ......... . 89 235 
Modems .... ....... ...... . Phonplex Corp. . . ........... ... . . . 80 176 

DATA HANDLING EQUIPMENT 
Calculators ..... ... ......... . 
Card Readers . . . .. . . • .. • ..... 
Cassettes 
Computer Systems ... . .. .... . . 
Computers, Digital ... • ..•..... 
Converters, A/0 ... . .. . .. . .... . 
Counter/Timers . ... . .. . •..• ... 
Data Sets .. .......... ... •. 
Data Terminals ...........•. . . 
Decoders .. 
Drives, Di sc .. .. . . ...... . 
Equipment, Data Acquisition 

& Display ..... . . .. ... . 
Equipment, Data Handling ... .. . 
Keyboards ... ... . .. . . . 
Memories, Core .. ...... . .. . 
Memories, Scan Converter 

Eldorado Electrodata Corp . . . . ...... 79 175 
Hewlett-Packard Co. . . .. . .. ........ 79 169 
3M Co., Magnetic Products Div ..... .. 79 174 
Hewlett-Packard Co. . .... 78 161 
UniComp, Inc ....... . .. . . • .. ...... 96 283 
Computer Labs, Inc. . ....... . ...... 79 172 
Struthers-Dunn, Inc .. ... •.•..•..... 82 183 
Design Elements, Inc . ........ . ... .. 78 167 
MS / Data Corp ....... . .. .......... 92 258 
Kenics Systems Corp .............. 82 187 
Memorex Corp. . . . . . . . . . . . 78 168 

Beckman Instruments, Inc., APA Div. . 93 58 
Hewlett-Packard Co. . ....... .. .... 72 39 
Data Electronics Corp. . ... .... ..... 78 162 
Dimensional Systems, Inc .... ...... . 82 186 
Hughes Aircraft Co., /PO/Storage 

Tubes . . . . . . .. . .. . CH 25 413 
Minicomputers . . . . . . . . . . Garrett Corp., Inc .. AiRe search 

Mfg. Div. . . . . ..... .. . 63 35 
Printers, Digital .. . . .. . .. . .... Mohawk Data Sciences Corp. . .. 88 53 
Programmers ........ , ........ Broadcast Products, Inc. . ..... ... .. 95 279 
Recorders ....... .. . . . .• .. . .. Tele-Dynamics, Div. of AMBAC Industries, 

Inc ... .. . ..... ............ .. . . 80 179 
Recorders, Cassette . . . . . . . . . . . Memodyne Corp. . . . .. • ....• . .. . ... 96 292 
Terminals . .. ... . .. . ....... . . Cotnpudata Corp . .. . .. . ...•..... . . 78 166 
Typewriters, Computer 1/0 ...... Facit-Odhner, Inc. . .... .... . . .... 100 66 
Winders, Paper . . . . . . . . . . . . . . . Logic Systems Corp ...... .. . .. ..... 95 272 

DISCRETE SEMICONDUCTORS 
Diodes . . . .. ....... . ......... COO/ Semiconductor . .. .. . . . ....... 98 
Diodes, PIN Microwave ...•. . ... Unitrode Corp. . ........ .. . . •..... 91 
Diodes, Rectifier ...... ..•. .... Sensitron Semiconductor .....• .... . 91 
Diodes, Rectifier .. .. • .. •..... Unitrode Corp. . . ....... .... ...... 71 
Diodes, VVC . . . ....... .. .. .... Motorola Semiconductor 

Products Inc ..... . .... . ........ 47 
Piodes, Zener . . . . . . . . . . . • . . COOi Seimconductor ... .......... .. 91 
Diodes, Zener .. . ......... . .. . Semtech Corp. . ...... . . .... •..... 91 

Boldface type denotes advertisers in this issue. 
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Page R.S.# 
Phototransistors ... • ..•....... Sensor Technology, Inc. . .... ... .. .. 91 247 
SCRs ............•..•.. •. .. . Centralab Di stributor Products .. . .. . 96 291 
Transistors . .. ....• . .. .. ... .. Delco Electronics ............. 18-19 11 
Transistors ..... .. ...... . Motorola Semiconductor 

Products Inc ................. 28-29 
Transistors, High-Frequency . . ... Avantek, Inc . .. .......... . ....... 104 
Transistors, Power . . . . . . . . . . Solitron Devices, Inc ............... 91 
Triacs ............. . . . . ..... Centralab Distri butor Products ...... 96 
UJTs, Programmable Plastic .... . Unitrode Corp. . ... . ........ .. ..... 91 

ELECTROMECHANICAL COMPONENTS 

13 
315 
246 
291 
249 

Blowers & Fans . . . . . . . . . Torin Corporation . . . . .. ..... . CH 4-5 404 
Blowers & Motors .. . ..•.. . ... Ametek/lamb Electric Div ... .... CH 26 410 
Cassettes . . . . . . . . . . . . • . . • . . . lnterdyne . ..................... . 78 165 
Circuit Breakers . .. .. . ........ Heinemann Electric Co . ....... . CH 27 411 
Drives, Tape Reel . . .. . . . .... . . FDC . . . . . . . . . . . . . . . . . ...... 80 181 
Encoders ..... . .. . .. . . ....... Theta Instrument Corp. . . .. . ....... 98 309 
Encoders, Linear . . . . . . . . Sequential Information Systems, Inc. . 97 297 
Heads, Disc .......... . ...... . Applied Magnetics Corp. . . . ..... . .. 78 163 
Head Positioning, Disc Drive .... Information Magnet ics Corp . .. ...... 78 160 
Motors . . . . . . ... . .. . . . .. Barber-Colman Co . ....... . . . .. .... 86 51 
Motors, DC .................. Rowe Industries, Inc . .............. 98 304 
Motors & Motor Controls ....... Bodine Electric Co . . ... . . ......... 75 69 
Motors, Stepper ... . .... .... . . Warner Electric Brake & Clutch Co. . . 96 282 
Perforators, Paper Tape . . . .. . Tally Corp. .. .. . .. . . .. .. . . ....... 80 178 
Perforators, Tape ............. Data Specia lties Inc .... ..... . ..... 82 185 
Readers, Paper Tape .... •. .. ... Adtrol , Inc. . ... . ..... . . .......... 80 177 
Relays .. . ..... . . ........ . ... Amperite Co. . ... . .. . ..... . ... ... 52 58 
Relays . . . . . . . . . . . . . . . . . . . . . . Potter & Brumfield Div., AMF Inc. . .. 54 28 
Relays, Mercury-Wetted . . . C.P. Clare & Co ............. .... .. 73 149 
Relays, Reed . . . . . . . . . . . . . . . . . Magnecraft Electric Co. . .. . .. . ..... 97 296 
Relays, Time-Delay .. . . ........ Midtex, Inc . ... . .... .. . . .. .. ...... 86 211 
Sensors, EDT/ BOT . . . . . . • . . . . . Spectronics, Inc ..... . ............. 80 180 
Switches . ... . .. . .. ........ . . Alco Electronic Products Inc ....... 100 27 
Switches ............... . . ... Alco Electronic Products Inc . ..... . 100 28 
Switches . . . . . . . . . . . McGill Mfg. Co., Electrical Div. . .... 93 57 
Swi tches, Time-Delay . . . ... •... GTE Automatic Electric, Inc . . .. ...... 86 213 
Switches, Thumbwheel A.W. Haydon Co ..... ..... ...• . .... 97 299 
Switches, Thumbwheel . .. ...... The Oigitran Co . .. ............ .... 95 61 
Switches, Squib . . . . . . . . Networks Electronic Corp. . . . . . . . . . 2 3 
Tapes, Cartridge Tennecomp Systems, Inc .. .. ... ... .. 82 188 
Transducers Schaevitz Engineering ... .. ..•. .... 96 287 

ENGINEERING AIDS 
Templates 

INSTRUMENTATION 

Alvin & Co., Inc ..... .•. .• .. •. . .... 96 290 

Amplifiers, Charge . . . Columbia R~search Laboratories, Inc .. 95 275 
Amplifiers, DC . . . . . . . . . . lncor Instrumentation, Inc. . ...... .. 94 271 
Amplifiers, Differential ......... C-COR Electronics, Inc. . ... .. . . .... 95 274 
Amplifiers, Pulse ............. C-COR Electronics, Inc. . .... . ...... 94 262 
Data Generators . . . . . . . . . . . . . . Adar Associates, Inc. . .......... . .. 82 184 
Detectors, Phase Sensitive ...... Advanced Research Instrument 

Systems . ....... .... .......... 92 261 
l116trumentation . . . • . . • . . . . Honeywell , Inc., Test 

Instrument Div . ... . . .. . . . .. . 48 A-B 
Lasers .............. , . . . . . . . Hadron, Inc. . ........... . ........ 97 298 
Microphotometers .....•..... . . Rank Precision Industries, Inc. . ..... 95 278 
Multiprogrammers ... . •....... Hewlett-Packard Co. . . ... .. ..... .. 38 26 
Phase Meters . . . . . . . . .. . . . . . . Wiltron Co. . . . .. .. .. ........... . 104 321 
Plug-Ins, Clock ....... .. .. .. . . Hewlett-Packard Co. . ...... ..... .. 38 24 
Plug-Ins, Pulse ............... Hewlett-Packard Co. . .... ... ...... 38 25 
Pulser-Receivers, Ultrasonic ..... Panametrics, Subs. of Esterline Corp .. 92 256 
Range Expanders . . . . . . Cahn Instruments Div., Ventron Corp . . 98 311 
Recorders . . . . . . . . . . . Gould Inc., Instrument Systems Div. . . 96 284 
Synthesizers, Frequency Hewlett-Packard Co. . . . . . . . . . . . . . . 1 2 
Thermometers, Electronic Stow Laboratories, Inc. . . ..•. . . ... . 92 255 

MATERIALS/HARDWARE 
Adhesives . . . .. . .. . .. ....... . 
Adhesives, Fast-Curi·ng ........ . 
Bus Bars ......... . . . . ...... . 

Cable Assembly Tester . 
Cable Systems .. . ........... . 
Cleaners, PC Board ........... . 
Coatings, Protective Spray ..... . 
Compositions, Thick-Film . ... . . . 

Emerson & Cuming, Inc. . .......... 84 
3M Company . .... .... .. .......... 85 
Methode Manufacturing Corp . . .... .. 85 
Thomas & Betts Co. . . . ..... 65 
AMP, Inc. . . . . . . . . . . • . . • . . . . . . 8 
Enthone, Inc ................. . .... 86 
Controlyne Inc. . . . . ... .. ........ .. 83 
Electro-Science Laboratories, Inc. . ... 85 
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Connectors 
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ADolication Notes 
" High-Frequency Transistor Primer" is de­
signed to familiarize the microwave de­
signer with terminology used in describ­
ing the characteristics of high-frequency 
transistors. It also discusses the capabil­
ities and limitations of these devices. 
Avantek, Inc., 2981 Copper Rd., Santa 
Clara, CA 95051. 315 

" Advantages of Dual-Metal Components in 
a Miniature Interconnection System" is 
an eight-page note illustrated with dia­
grams, graphs and microphotographs to 
compare dual-metal and single alloy con­
struction techniques in connector design . 
Berg Electronics, Inc., New Cumberland, 
PA17070. 316 

" Solvent Compatibility and Electronic 
Cleaning" is a four-page technical report 
describing the properties that determine 
the compatibility of electronic grade sol­
vent cleaners with electronic components 
and the parameters to follow in selecting 
an appropriate solvent. Alpha Metals, Inc., 
56 Water St., Jersey City, NJ 07304. 

317 

R.S. No. Title 

L61 Control MOS/LSI Yield by Design 

Monolithic IC audio amplif ier that is short­
circuit protected is described in a specifica­
tion and application report illustrated 
with circuit diagrams, performance curves 
and recommended PC layouts for various 
applications. Plessey Electronics Corp., 
170 Finn Ct., Farmingdale, NY 11735. 

318 

Dielectric properties of Teflon TF,E and 
FEP resins for microwave engineers is de­
tailed in a 17-page booklet with numerous 
graphs containing electrical and elec­
tronic design data. Du Pont Co., 1542 

. Farmers Bank Building, Wilmington, DE 
19898. 319 

Power voltage regulators are the subject 
of a 16-page application bulletin that dis­
cusses circuit arrangements providing ex­
cellent stability vs temperature, load and 
input voltage variation. Performance 
curves for several monolithic regulators 
are included. European Electronic Prod­
ucts Corp., 10180 W. Jefferson Blvd., 
Culver City, CA 90230. 320 

L62 Universal Speed-Power Nomographs 
L63 Testing Analog Multipliers 
L64 IC Phase Meter Beats High Cost 
L65 Determining Subminiature Lamp Life 
L66 Shifting From One Industry to Another-How Transferable 

Is the Engineer? 

104 

Design Data 

" Audio-Video Phase Meter with High Sen­
sitivity and High Accuracy" is an article 
that discusses the operation of phase 
meters of the zero-crossing detection type 
together with some of their capabilities. 
It is featured in Vol. 2, No. 1 of Technical 
Review. Wiltron Co., 930 E. Meadow Dr., 
Palo Alto, CA 94303. 321 

"Thermoelectric Handbook" contains 
background history of the theory and de­
velopment of the Peltier and Seebeck ef­
fects along with their applications in elec­
tronics, medicine and research. Cambridge 
Thermionic Corp., 445 Concord Ave., 
Cambridge, MA 02138. 322 

Electrically-conductive epoxy is compared 
with eutectic chip bonding in a 20-page 
test report. Mechanical and electrical 
tests were conducted on several types of 
epoxy bonds after they underwent en­
vironmental stress. The report is avai lable 
by writing on company letterhead to 
Epoxy Technology, Inc., 65 Grove St., 
Watertown, MA 02172. 
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The need: compact R/ C net­
works in DIP's for terminator 
applications in new generation 
computer designs. To meet the 
circuit board space crunch , 
Allen-Bradley combines resis­
tors and capacitors in a package 
compatible with automatic in­
sertion equipment. These cer­
met networks save space and 
attachment costs. Packaged in 
dual in-line molded packs that 
lock out the environment and 

EC71 ·4 © Allen- Bradley 1971 

match your IC's. Lead frames 
with built-in stand-offs are weld­
able or solderable. Volume pro­
duction available . 

S ELECTED S PEC IFICATION S 

TO LER A NC ES 

TR AC KIN G 

RE S ISTAN C E 
RAN G E 

CAPAC ITA N CE 
RA N GE 

TC R 

CA LIBRATI O N 

LEAD S PACI N G 

A bso lute to ± .5% 

Exce lle nt 

10 o hm s to 10 megs, 
sta ndard ; 1 o hm to 
100 megs. spec ial 

To 60,000 pF pe r c m 2 

As low as ± 100 ppm/° C 

Abras ive o r laser 

100 m il stand ard 

Investigate the advantages of 
Allen-Bradley cermet R/ C net­
works. For information write : 
Marketing Department, Elec­
tronics Division , Allen-Bradley 
Co., 1201 South Second Street, 
Milwaukee, Wisconsin 53204. 
Export office : 1293 Broad St., 
Bloomfield , N. J. 07003 U.S.A. 
In Canada: Al len-Bradley Cana­
da Ltd. , 135 Dundas Street, 
Galt, Ontario. 

N EW DIMENSION ELECTRONICS 

ALLEN-BRADLEY 
CIRCLE NO. 67 



... all available now from Dale. 
Nothing new in resistors? Forget it! Dale has just opened an entire 
new area of cost-saving, stability-improving metal film technology. 
From basic MIL-R-10509 configurations, you can get a multitude 
of broadened functions. They're standard , not special. .. and 
they' re available now. Check today. No other metal film source can 
meet all your requirements as fast as Dale. 

T.C.'s as low as 10 PPM -10 PPM/°C standard for 1110 to 112 watt 
(0 to +B0°C), 100 ohms to 400K ohms. Broader ranges in 15 & 20 PPM. 
Complete 26-model line available w ith 25 PPM/°C (- 55°C to + 175°C) ; 
15 ohms to 5.11 megohms. 

Tolerance as low as .01%-ln models from 1/10 to 112 watt with 
values from 49.9 ohms to 2 megohms, depending on size. Made on 
established reliability (MIL-R-55182) line. 

Values as low as 1 ohm and as high as 1800 megohms-
1110 thru 1/2 watt = 1 ohm (150 PPM) ; .25 thru 5 watts = 80 megohms to 
1800 megohms, depending on size (1000 PPM) ; 1/10 thru 1/2 watt = 50 
megohms (150 PPM). 

Power as high as 10 watts -coated and molded styles (2.188" L 
x .375" D max.) deliver 10 watts at 25°C, 5 watts at 70°C. Permit more 
power in less space and excellent stability and T.C. control. 

To get more functions with less fuss, call 402-564-3131 today 

DALE ELECTRONICS, INC. In Canada : Dale Electronics C!lnada, ltd:-. ------rr 
1300 28th Avenue , Columbus, Nebr. 68601 A subsidiary of The Lionel Corporation 
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