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Electronics is invading sports. The giant animated displays of
From scuba diving to ski racing, these megabuck marvels have
engineers are rolling up points. thousands of incandescent lamps
But their biggest gains are in that pose stringent problems in
computer-operated scoreboards. solid-state control. See page 36.




Collins
connects
with Dale

Edgeboards

Here's a better .156” edgeboard. Proven in dozens of applications —
including Collins’ high performance MX-106 Radio Carrier System
shown here. Specify the EBT 156 for single readout 1/16" card
applications where you must blend low cost with worry-free performance.
Special protected entry aligns and straightens board before contact is
made. Prevents contact damage and makes it easier to handle out-of-
tolerance boards. Withstands 250 insertion/removal cycles... <1 usec.
discontinuity during vibration and shock tests per MIL-C-21097B.
Dale’'s EBT 156 is available in six models—8 to 22 contacts. Wirewrap,
eyelet or dip solder terminals. Need higher densities? Check Dale’s
.050” Thinline series. They're both in our complete new catalog.
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DALE ELECTRONICS, INC. m

Box 180, Yankton, South Dakota 57078 A subsidiary of The Lionel Corporation
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A wave analyzer with a
10,000-second sweep time?
Why?

...because, in low-frequency spec-
trum analysis work, you need to use
a narrow-bandwidth window. The
narrower the window you use, the
slower you must sweep it across the
frequency range to be analyzed. And
the slower you sweep, the smaller a
frequency range you can cover in any
given time. Thus, until now, your
choice has been either accuracy or
range but not both.

The new HP 3590A/3595A system
solves that dilemma. The HP 3595A
plug-in is a sweeping local oscillator

with 10,000 seconds of sweep time
available. By using it with the HP
3590A Wave Analyzer mainframe, you
can scan the entire three-decade
audio frequency range at 2 Hz per
second, inone sweep. And, by adding
an HP X-Y recorder, you can see the
results on a single 11 x 17-inch graph.

In addition to extended sweep time,
the 3590A/3595A combination also
gives you a choice of five sweep rates
(from 1 Hz to 1,000 Hz per second)
and four filter bandwidths (from 10 Hz
to 3,100 Hz), an 85 dB dynamic range

I (W] 29944 SWEEPNG LOCAL OSCH.LATOR
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over either of two frequency ranges
(20 Hz to 62 kHz and 200 Hz to 620
kHz), 3 wV to 30 V sensitivity, and
built-in autoranging for ease of
operation.

The result is a systems-analysis
tool ideally suited for work in the
lower frequency ranges, with the
capability to work in higher frequency
ranges as well!

The 3590A Wave Analyzer main-
frame is $3200; the new 3595A plug-
in with the 10,000-second sweep time
is $1250. Other plug-ins available for
the 3590A are: the 3592A slave and
program unit, for use with a second
mainframe, $80; the 3593A with
3-digit mechanical display and 620-
second maximum sweep time, $1100;
and the 3594A with 5-digit electronic
counter frequency display and 620-
second maximum sweep time, $1600.

To get complete information on the
HP 3590A and the various plug-ins,
contact your local HP field engineer.
Or, write to Hewlett-Packard, Palo
Alto, California 94304. In Europe:
1217 Meyrin-Geneva, Switzerland.

l
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"":under extremely adverse conditions. It is lightwelgh,
enough to be carried in the pocket of a flight jack
stand impact and immersion in salt water without |

Essential to meeting these requirements is Alle
- G variable resistor. It’s rugged. It's compact. |
necessary seal against water. This particular Type G has two 0"
rings—one between the bushing and shaft, and one between the
bushmg and mounting panel. This dual seal prevents water enter-
ing the enclosure, as well as the control. ’

The Type G variable resistor features the AIIen Bradley solid,
hot-molded resistance track. It gives long life—less than 10%
resistance change after 50,000 complete cycles. The noise level is
extremely low, and the smooth adjustment provides virtually in-

variable b
finite resolution. Low inductance permits operatlon across a broad LT ' :
Vfrequency spectrum. shown :

For complete details and immediate delivery on this Y-inch di- actual size

ameter Type G ls-watt variable resistor, call your authorized A-B :
industrial electronics distributor. Or write: Marketing Dept., Elec-  syjyania AN/PRC-90 dual channel rescue transceiver
tronics DiV-, AHen~Brad|ey CO., 1201 South Second Street, Mil- permits two-way voice communication, the transmis-
waukee, Wis. 53204. Export Office: 1293 Broad St., Bloomfield, sionofMorse codeorthe sendingofa homing beacon. Yl

N.J., U.S.A. 07003. In Canada: Allen-Bradley Canada Limited.
(D) ALLEN-BRADLEY

© Allen-Bradley Company 1969  EC69-11A w QUALITY ELECTRONIC COMPONENTS

R
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Decimals: Autopoint and scientific notation.

crsrrs JIFIIIrY  FEEERER

Automatic entry of e and 7.

Ten directly addressable
storage registers

nnnnnnn

Programming: Up to
128 steps. Conditional
branching and
automatic entry of
programs with card reader.

Model 1655. Size: 13" x 13V2" x 6'2".

Announcing an important break-

through for engineers and scientists.
Calculators based on the latest MOS/LSI
technology. In both printing and display models.
Available in over 350 cities coast to coast.
Supported by more than 3,300

ELECTRONIC DESIGN 11, May 24, 1970



Dynamic range: 10~%to 10*%°

EEEEEE O RRRRRRNNawaens

Automatic special functions:
a*, Log,e/Loge, SIN/COS,
SIN-'/COS™1, x!,1,
Radians to Degrees,

Single key 2x, 2x2 N,
Rectangular to Polar Conversion.

nnnnnn

Just plug in
and put it to work.

Weight: Twelve pounds.

sales and service technicians.

Monroe men who know everything

there is to know about calculators.
Because calculators are our only business.
That's how we got our name.

Monroe. The Calculator Company

A DIVISION OF LITTON INDUSTRIES
550 Central Avenue, Orange, New Jersey 07050
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When you need a high-performance operational
amplifier that combines low input current and high
slew rate, and is internally compensated, what's
your first choice?

Q.

A MC1556G
® « 2.0 nA (max) input offset current.
» 15.0 nA (max) input bias current.
¢ 4.0 mV (max) input offset voltage.
e 40 kHz (typ) Power Bandwidth
o 2.5V/uS (typ)[UnityGain] slew rate

When your design calls for an op amp with maxi-
mum slew-rate capability plus other high-perfor-
mance characteristics; and, a hermetic package at
a realistic cost, what would you choose?

A MC1539/MC14396
Wi Slew Rlagg — 34 V/uS (typ) at

Q.

linearity.

e 20V p-p output swing at 10 kHz
(min).

e 2.0 mV (typ) input offset
voltage.

2 \ Ay =
\ » (Class AB output for excelient

What’s the best all-around, internally-compensated,
general-purpose op amp available today? Hint:
Same pin configuration as the MC1709.

A MC1741/Mc1741C
= « Offset voltage-null capability.

¢ Wide common-mode and
differential voltage ranges.

¢ Low-power consumption.
¢ No latch-up problems.

Q.

For optimum economy — where high gain is re-
quired with excellent stability — what’s your ideal
op amp choice?

Q.

A MC1437
® « Two op amps onone chip
(Dual MC1709) — for very little
more than the cost of one.
» High-performance open-loop
gain.
o Low temperature drift.

Q Suppose you want to avoid cascading packages and

® have some rather severe economic restrictions in
addition to high-performance specifications. Obvi-
ously, a dual op amp is the answer. What's your
best bet?

The NEW MC1558G/MC14586G

A' . Internal frequency compensa-
tion.
¢ Short-Circuit protection.
¢ Dual MC1741
e Only $4.50 (100-up) MC1458 G

What is the “industry-standard”, general-purpose
® op amp? Probably, the one that has been specified
more often than any other.

A MC1709/MC1709C
® ¢ 150 ohms (typ) output
impedance.

¢ Large output-voltage swing.
¢ Low Temperature drift.
¢ High open-loop gain.

Q If none of these op amps fit your specific applica-
" tion, what do you do next?

A

Select one of the others from Motorola’s
" “broadest of all” op amp lineup:
MC1520
differential output/wide bandwidth
MC1530/1430
uncompensated
MC1531/1431
low input currents
MC1533/1433
Vio adjustable
MC1535/1435
Dual Op Amp
MC1712
Wide Bandwidth

If you scored 100%, it’s probable that you are
already benefitting from Motorola’s wide range of
op amp types. If not, you should write for our
Application Selector Guide — to P.O. Box 20912,
Phoenix, Arizona 85036.

We may ask more questions, later!

MOTOROLA

INTEGRATED CIRCUITS
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the decade and its capability

» Application of the versatile Veeder
Decade is limited only by the designer’s
. ¢ imagination, and ...

you'll find that its tremendous flexibility produces ever-
widening vistas of possibility. A module that's easily stacked
into a compact, multi-digit counter package, the Decade

is the ideal unit for high-speed count accumulation, storage
and transfer in data processing, control equipment
systems, and . . . well, about the only thing we can’t count

is the number of applications for this unique product.

The Series 1969 is a single wheel electric counter with
electric read-out (BCD or decimal), transfer and reset, and
2400 cpm speed. It combines large figure readability with

Veader-Roat Warld . Wida: Arcantina: Ritennc Airec . Aiictralia: Melbourne « Rrazil- Sao Paulo « England*

narrow width for space economy. Another Decade model,
the Series 7266, offers wheel configurations for recording
time and counting dozens and denominations of money.
The 1969 is only one of the many performers in Veeder-
Root’s total capability lineup of counting, recording, and
controlling instruments—mechanical, electrical, electronic.
For information about our complete line, write: Veeder-Root,
70 Sargeant St., Hartford, Conn. 06102. (203) 527-7201.

VEEDER-ROOT \/

-
INNOVATORS IN NUMERICS: COUNTING/RECORDING/CONTROLLING a

New Addington Surrev « Scotland: Dundee « West Germanv: Neuhausen/Filder «. Canada* Toronto
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PROBLEM SOLVERS

General Electric helps you solve the tough ones

GE has the broadest line of electronic
components in the industry. From the
tiniest integrated circuits to powerful
high performance motors, GE compo-
nents help you solve your tough prob-
lems . . . in design, in performance, in
economy. Take a look at these GE
problem solvers.

General Electric delivers
19 new epoxy TO-18
transistors for demanding applications.
GE’s encapsulated devices are per-
formance-proved, reliable. And they
cost less than metal-case devices.
The new epoxy transistors include
PNP types, PNP/NPN complementary
pairs, and low level amplifiers. They
offer breakdown voltages as high as
60V with excellent beta linearity and
dissipate up to 500 mW. They handle
collector currents up to 1 amp. Get
spec sheets on GE’s new epoxy tran-
sistor lineup. Circle number 211.

GE meter relays put

accurate dependability
into critical new medical systems. A
new heartbeat monitor, for instance,
uses GE meter relays to indicate the
heart beat visually. And they have the
added capability to sound an alarm
when preset limits are reached.

Either the easy-reading BIG LOOK®
or the low profile HORIZON LINE®
styles feature solid state control for
precise accuracy. Put GE dependability
into your critical circuits. Circle 212
for details.

Forget capacitor leak-

age problems with GE
military-type tantalum wet slugs. The
special GE design incorporates a dou-
ble elastomer seal that maintains per-
formance even through the 35 tempera-
ture cycles required by MIL-C-3965E.
And life tests show a capacitance
change of less than 5% in 2000 hours
operation.

GE wet slugs come in 4 case sizes
for applications up to 125 volts dc; 1.7
to 1200 uf. GE’s 20 years experience
is your assurance of dependability. For
complete information, circle 213.

GE Microwave Circuit

Modules save up to 60%
in size and weight for critical commu-
nications and radar systems. GE MCM'’s
may be used as oscillators, amplifiers,
multipliers, detectors, mixers, inte-
grated isolators and circulators. And
they are extremely stable even in ad-
verse environments.

The GE C-2003E, for example, is
used in pulsed transponder applica-
tions. It operates dependably from
—54 to +125C and withstands vibra-
tions at 15G from 20 to 500 Hz. Fre-
quency stability is +=3MHz with mini-
mum life of 500 hours operation. Get
GE’s MCM catalog. Circle 214.

New magnetic material

gives 6% increase in
residual flux density . . . resists demag-
netization. GE's new Alnico 8C was
developed for applications requiring
high resistance to demagnetization
plus a higher flux output than other
Alnico 8 alloys.

Alnico 8C is the latest development
in GE’s complete line of Alnico perma-
nent magnets. It's another example of
the technical expertise you get when
you specify General Electric to solve
your magnet problems. For details on
the entire GE Alnico family circle 215.

Get more capacitance

in less space with GE
computer-grade capacitors. These alu-
minum electrolytic units deliver up to
540,000 nf at 5 VDC (34,000 nf at 100
volts) . . . highest capacitance per
case size available. They are rated for
continuous duty at 65C or at 85C



with the broadest line of electronic components

with proper voltage derating.

GE computer grades feature high
ripple current capability with low
equivalent series resistance. Nine case
sizes are available. Circle 216.

Rechargeable GE nickel-
cadmium batteries give
you longer operating life. Proved GE
reliability puts longer battery power into
your application at an economical price.
Nominal ratings range from 0.1 amp-
hours to 4.0 amp-hours in sealed cells
and up to 160 amp-hours in vented
types at the one-hour rate. Put de-
pendable GE power in your circuit.
Circle reader card number 217.

Programmable UJT lets

you control the key
parameters with just two resistors.
That’s right. You control %, Rs, |, and
lv so that you design your own unijunc-
tion as you design the circuit.

Low leakage and peak point currents
make GE’'s D13T programmable UJT a
natural for long interval timers. High
breakdown voltages, fast trigger pulsing
and low voltage operation add versa-
tility. And the plastic TO-98 case helps
solve economy problems. Get full de-
tails. Circle number 218.

Let General Electric help solve your component problems. Call your nearest Elec-
tronic Components Sales Operation Office. Or check with one of the many author-
ized GE distributors. P.S. Problems? General Electric has solutions. 285-64

GENERAL @3 ELECTRIC




INTRODUCING NEW RCA SUPERSWITCH:

Choose any medium-speed application that uses a
light sensor. You'll find the circuitry easier to design
when you use the RCA-CA3062—because there’s less
to design. The CA3062 consists of two parallel-con-
nected photosensitive Darlington pairs which drive a
differential power amplifier to provide a normally-off
and a normally-on output in response to a light input.
Turn-on time is typically 38 us. Turn-off time is 43 us.
Available in a compact, window-ended TO-5 style
package, the CA3062 has 100 mA output current capa-
bility, and can be operated at supply voltages in the

THINK ABOUT IT

INFORMATION RETRIEVAL NUMBER 8
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range of 5 to 15 volts dc. It is compatible with RCA’s
40736R infrared emitter. Use it for counter and posi-
tion sensors, optical tachometers, limit detectors,
level scanners, paper web sensors, wheel balancers,
and similar devices.

For further details, see your local RCA Representative
or your RCA Distributor. For technical bulletin, File
No. 421, write: RCA Electronic Components, Commer-
cial Engineering, Section E52-2/CA26, Harrison, N. J.
07029. In Europe: RCA International Marketing S.A.,
2-4 rue du Liévre, 1227 Geneva, Switzerland.

RGN Grevis
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Elco rack-and-panel connectors give you a better head start.

And a choice of tails.

The head start is the connecting end of
an Elco connector: the patented
Varicon™ contact that fully meets

the requirements of MIL-E-5400. The
four mating surfaces of this unique
contact are coined to an exceptional
hardness and wipe clean with each
make. Once the contacts are joined,
the inherent springiness of the gold/
nickel-plated phosphor bronze and the
fork-like design make a superior, gas-
tight fit.

Because the contacts are free
floating, they align perfectly. A few
contacts or 100 or more, all fit precisely
together every time, over a long service
life. There’s no contact chatter.
Nobody else gives you a contact head
quite like the Varicon.

And nobody else gives you the
choice of tails you get with Varicon.
You can wire-wrap, crimp, clip, stake,
or solder them. Whatever terminating
technique or combination of techniques
your assembly lines are set up for,
we’ll furnish the appropriate tail. If
staking or crimping is your style, we

.078” Taper Tab

Solder/.098” Taper Tab

|

Wire Wrap Tail
.024” x .050” x .567”

|

Wire Wrap Tail
.024” x .050” x .760”

|

Crimp (Loose contact)

can supply the equipment too. Manual
or automatic. Purchase or lease.

Elco rack-and-panel connectors
come in standard rectangular models,
or as miniature connectors, or in
modular units. You can have them
with 2 Varicon contacts, or up to 140,
or anything in between.

In short, our line of Varicon rack-
and-panel connectors has a lot going
for it. Except price. Though it’s a
precision component, the Varicon
contact is easily produced in high
speed progressive dies. There’s no
expensive machining, no waste. When
you can turn out millions of Varicons
a week, you don’t have to charge a
fortune for them.

There’s a lot more to be told about
Varicon connectors. It’s all in our 28-
page rack-and-panel connector guide,
and we'll be happy to send you a copy.
Just write, wire, call, or TWX us.

Elco Corporation, Willow Grove,
Pa. 19090. :

(215) 659-7000. @
TWX 510-665-5573.



Sﬁrntbolic %Iegtll;on'i_ic sign;lsgnﬁisto;ted by EMI —
When you want radar as pure and coherent as a laser beam... e

bring ERIE in early.

ERIE TECHNOLOGICAL PRODUCTS, INC.
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For further information on meet-
ings, use Information Retrieval Card.

June 24-26

Joint Automatic Control Confer-
ence (Atlanta, Ga.) Sponsors:
IEEE, et al. D. Lyons, Dept. of
Textile Science, Clemson Univ.,
Clemson, S. C. 29631.

CIRCLE NO. 447

June 28-July 1
Consumer Electronics Show (New
York City). Sponsor: Electronic
Industries Association. Jack Way-
man, EIA, Consumer Products
Div., 2001 Eye St., N. W., Wash-
ington, D. C. 20006.

CIRCLE NO. 448

JULY 1970 =
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July 14-16

International Electromag-
netic Compatibility Symposium
(Anaheim, Calif.) Sponsor: IEEE.
Jim Senn, Lectro Magnetics, Inc.,
6056 W. Jefferson Blvd., Los An-
geles, Calif. 90016.

CIRCLE NO. 449

July 21-23

Conference on Nuclear & Space
Radiation Effects (San Diego,
Calif.) Sponsor: IEEE. Richard
Thatcher, Battelle Memorial Inst.,
505 King Ave., Columbus, Ohio
43201.

CIRCLE NO. 450
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When You Buy a Power Supply,
Why Not Get the Best?

BL1D-27.6A
(109,890 Hrs.)

U2DS-22A
(73,585 Hrs.)

S$3D-115A-400
(61,387 Hrs.)

Abbott’s New Family of 100°C Units—

are designed to operate in the strin-
gent environment required by mili-
tary and aerospace systems — (per
MIL-E-5400 or MIL-E-5272C)
from —54°C to +100°C.

RELIABILITY — MTBF (mean time
between failures) as calculated in the
MIL-HDBK-217 handbook can be
expected in excess of 50,000 hours
at 100°C for many of our power
modules. The hours listed under the
photos above are the MTBF figures
for each of the models shown. Addi-
tional information on typical MTBF’s
for our other models can be obtained
by phoning or writing to us at the
address below.

QUALITY CONTROL — High relia-
bility can only be obtained through
high quality control. Only the high-
est quality components are used in
the construction of the Abbott power
module. Each unit is tested no less
than 47 times as it passes through
our factory during fabrication —
tests which include the scrutinizing
of the power module and all of its

Please write for your FREE copy of this new
catalog or see EEM (1968-69 ELECTRONIC
ENGINEERS MASTER Directory), Pages 1727
to 1740.

abbott transistor l

LABORATORIES, INCORPORATED

5200 W. Jefferson Blvd./ Los Angeles 90016
Cable ABTLABS

(213) WEbster 6-8185

component parts by our experienced
inspectors.

NEW CATALOG — Useful data is
contained in the new Abbott Catalog.
It includes a discussion of thermal
considerations using heat sinks and
air convection, a description of
optional features such as short circuit
protection and remote output adjust-
ment as well as operating hints for
power supplies and a listing of envi-
ronmental testing costs.

WIDE RANGE OF OUTPUTS — The
Abbott line of power modules
includes output voltages from 5.0
volts DC to 10,000 volts DC with
output currents from 2 milliamperes
to 20 amperes. Over 3000 models
are listed with prices in the new
Abbott Catalog with various inputs:

60 to DC, Regulated
400~ to DC, Regulated
28 VDC to DC, Regulated
28 VDC to 40045, 14 or 3¢
609 t0 4004, 1¢ or 3¢

TO: Abbott Transistor Labs., Inc., Dept. 67
5200 West Jefferson Blvd.
Los Angeles, California 90016
Sir:
Please send me your latest catalog on power
supply modules:

NAME DERISSE—
COMPANY
ADDRESS
CITY & STATE

INFORMATION RETRIEVAL NUMBER 11
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This is the
fastest printer around.

It also produces both
alphanumerics and graphics.

And printout is 132 columns

wide on an 11x8-1/2 format!

The practical continuous

speed of the standard line printer is

600 lines per minute. But the new Gould
4800-11 will deliver 4800 lines per

minute. And it’ll produce both
alphanumerics and graphics —
simultaneously — directly from any source
of digital input as data transmission by
telemetry, radio microwave,

and/or land line.

There’s a new character

generator, too. With an ultimate capability
of three 128 character fonts with dot
matrices up to 15 x 15.* And because

it has a 132 character buffer, you don’t
have to burden your computer’'s memory
banks. The input control lines are

built-in, too. Which makes it
comparatively simple to interface
the 4800 with almost any
computer you have in mind.

The 4800 provides
programmed control for a

variety of output forms. .. line

and letter spacing, paragraphing,
columns and so forth. Plus a
convenient capability to translate bit
mode input into generalized graphics.
But speed and versatility

are just part of our story. Because

it's electrostatic, the 4800 is infinitely
quieter than line printers. Because

it has fewer moving parts, it's more
reliable. And because it's a lot simpler,
it's priced well below printers that
can’t come close to the performance.
So there you have it: the Gould

4800 electrostatic hardcopy printer.
Isn’t it time we talked? Graphics Division,
Gould Inc., 3631 Perkins Avenue,
Cleveland, Ohio 44114.

*Supplied standard with unit:

One 64 character font with

5 x 7 dot matrix.

COULCLEVITE

The Gould 4800. The next generation
of high-speed printers.

INFORMATION RETRIEVAL NUMBER 12



A significant advance
in silicon rectifier
power handling capacity

3 new series of silicon rectifiers from Tung-Sol permit
designers to meet extremely high power requirements.

* Reverse voltage ratings to 5000 Volts

e Average forward current to 500 Amperes
e Surge overload ratings up to 8500 Amperes

Controlled avalanche characteristics provide transient handling
capability that results in increased reliability.

All units feature ceramic-to-metal seals, mount in any position
and are supplied in either polarity.

1511 SERIES

Max. av. forward
current at 120° C—
420 Amperes

Surge overload
rating, 1 cycle—

1621 SERIES

Max. av. forward
current at 120° C—
500 Amperes

Surge overload
rating, 1 cycle—

1611 SERIES
Max. av. forward
current at 120° C—
470 Amperes
Surge overload
rating, 1 cycle—

6000 Amperes 8500 Amperes 5200 Amperes
Controlled Controlled Controlled
Avalanche Avalanche Avalanche
Voltage—1250- Voltage—1100- Voltage—2600-
3500 Volts 2300 Volts 5000 Volts

Write for technical data bulletins—

Tung-Sol Division, Wagner Electric Corporation
630 West Mt. Pleasant Ave., Livingston, N.J. 07039
Twx: 710-994-4865 « Phone: (201) 992-1100; (212) 732-5426

TUNG-SOL
High Power Silicon Rectifiers

Trademark TUNG-SOL Reg. U. S. Pat. Off. and Marcas Registradas
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We’ve just advanced
the Q-meter 17 years.

For lab and production-line work, our
new Model 4342A Q-meter measures Q
faster and easier than its classic
predecessor, HP’s Boonton 260A.

It measures Q values from 5 to 1000
in a frequency range of 22 kHz
to 70 MHz.

Automatic leveling of oscillator
source eliminates need for Q-Multiplier
controls. '

Speedy GO/NO-GO selector reduces

component testing time.
High impedance voltmeter virtually

eliminates frequent zero reset.

New solid-state circuitry eliminates
unreliable thermocouple.

Pushbutton controls give fast
frequency and Q range switching.

All this means shorter measurement
time and a big boost for high-volume
testing and lab use.

It's versatile, too. You can detect
extremely small changes in Q. Or
measure coil, capacitor and resistor

parameters. And the price? Just $1500.

Okay. You want to measure up to

IMIEADAL ATIAARI BETYRIFI\ZALI Allisanrn

peak production. Dial your nearby
Hewlett-Packard field engineer. He'll
give you all the specs on HP's newest
Q-meter in 17 years. Or write:
Hewlett-Packard, Palo Alto, California
94304; Europe: 1217 Meyrin-Geneva,
Switzerland.

' PACKARD

HEWLETT |

INSTRUMENTS
18002

IMPEDANCE



.. .want a tantalum capacitor with proven performance?

‘Buy TYPE 150D TANTALEX
SOLID-ELECTROLYTE
CAPACITORS

® Hermetically-sealed in metal cases e Four case sizes, ranging from

V4" to 3" length @ Value-packed performance characteristics—
low impedances at high frequencies, low dissipation factor, minimal
capacitance drift with temperature, practically no change in
capacitance with life @ Low leakage current limitse New higher
INFORMATION RETRIEVAL NUMBER 884 capacitance ratingse Request Engineering Bulletin 3520F

4SC-9144R3

Now...new, lower capacitance valuves!

Type 192P PACER
& FILMITE ‘F’
CAPACITORS

® Low-cost film capacitors with one-third the size of conventional
tubulars ® Eight new low-capacitance values (100 pF thru 390 pF

(@ 200V) added to broad range of standard ratings ® Special
construction—extended foil sections terminated in metal end caps,
assuring positive contact with every turn of the electrodes ® End caps are

also effective moisture barriers ® Entire assembly protected by special sleeve
INFORMATION RETRIEVAL NUMBER 885 of high dielectric strength ® Request Engineering Bulletin 2066B

4SC-0105R1

SPRAGUE

For Engineering Bulletins as noted above, write to:
Technical Literature Service, Sprague Electric Co., 347
Marshall Street, North Adams, Massachusetts 01247,

THE MARK OF RELIABILITY

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

“Sprague’ and ‘(2)" are reg t of the § Electric Co
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‘Are you bored with engineering?
Are you in favor of an engineer-
ing union?

Would you change your job title
to match the work you do?

How much more money do you
think you should be earning?

How much responsibility do you
think your employer should assume
for your continued education in
technology ?

ELECTRONIC DESIGN has answers
to these questions and many others
as the result of a management sur-
vey conducted among a random
sampling of 1000 of the magazine’s
subscribers.

Page 96
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INSTANT  pepray

S AL A j
Electronic aids are infiltrating
the world of sports—from specta-
tor events like football and horse
racing to field and stream activi-
ties like fishing and dog training.
The most spectacular are the huge
stadium scoreboards, ranging from
a $600,000 computer-operated ani-
mated football -scoreboard for the
San Diego Municipal Stadium (see
cover photo) to a new $4-million
system now being installed at the
Ontario (Calif.) Motor Speedway.

In addition, electronic timing
systems have either completely
taken over or are being used as
backups in many sporting events.

Page 36

THE ISSUE

Two new monolithic arrays form
a unique family of memory prod-
ucts known as content addressable
memories (CAMs).

In content addressable memories
data can be associated. That is any
data placed at the input of the

memory is matched against the
memory’s stored data. The memory
responds with a match or mis-
match answer.

With these two new CAMs, data
can be written into them just like
any other read-write memory and
they then provide the association
of input to stored data.

Page 117



Why Ragen Semiconductor tests C/MOS
with a Teradyne J259

When you're testing complemen-
tary-MOS devices with twoor three hun-
dred transistors on a chip, you'd better
be sure of your test equipment. Ragen
Semiconductor, an acknowledged
leaderin C/MOS, has good reasonto be-
lieve in its computer-operated test sys-
tem: With thousands of C/MOS IC’s
tested and shipped, returns have been
virtually nil.

Ragen’s test system? A Teradyne
J259.

Ask Ragen President Al Medwin
what he likes about his J259 and he
may tell you that its high-impedance
measurement system is perfect for the
low-current measurements he has to
make. Or he may tell you about the
strong software Teradyne supplies with
itssystems. He may well mention speed
because each Ragen device sees 450
parametric tests almost as soon as it's
placed inthe test socket.

He might also tell you some things
the J259 doesn’t do.

It doesn’t force you tostop produc-
tion once a week for recalibration ad-
justments.

o—=+¢ § %

B v J Y
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It doesn’t break down every time
someone insultsit. Ragen’s J259 down-
time has been less than one percent.

It doesn’t leave you high and dry
when your test load changes. When you
expand, it expands, through the easy
addition of multiplexers, magnetic-
tape units, line printers, and all the soft-
ware you need to go with them.

The J259 makes sense to Ragen
Semiconductor. If you're in the busi-
ness of testing circuits —integrated or
otherwise — it makes sense to find out
more about Teradyne computer-oper-
ated test systems. Just use the reader

service card or write Teradyne, 183
Essex St., Boston, Mass. 02111.

Teradyne makes sense.

INFORMATION RETRIEVAL NUMBER 16



Mini-machines and mini-firms
marked this year's SJCC

Minicomputers, minicomput-
er peripherals, and graphic termi-
nals were conspicuous among ex-
hibits at the 1970 Spring Joint
Computer Conference held in At-
lantic City, May 5-7. Inexpensive
digital cassette tape recorders and
magnetic dises were also well repre-
sented. :

Exhibitors, too, showed a trend
to the small in size, according to
David T. O’Brien, district manager
of General Automation, Inc., Ana-
heim, Calif.

“The small people,” he said,
“gain credibility from attending
shows. They can demonstrate to a
dubious customer that they do, in
fact, have working hardware avail-
able. The large companies have
made their mark and their show
expenditures are not returned in
increased sales.”

Some 360 exhibitors displayed
computer hardware in 980 booths
at Convention Hall. Among the
missing were several manufactur-
ers of large computers: CDC, XDS
and Burroughs, for example. And
software houses were not as heavi-
ly represented as in the past.

An informal survey of exhibitors
showed that about 409% of those
making inquiries at the booths were
from upper levels of management
or engineering management. About
209% were computer professionals
—engineers and programmers. Fif-
teen to 209% were university affili-
ated, and some of the remainder
were interested in investing oppor-
tunities.

The usual technical recruiting
associated with trade shows was
evident at the SJCC although at a
much reduced rate. Two reasons for
this were offered by Dick Wana-
maker, who was managing the Ca-
reer Center.

Wanamaker said, “The job seek-
ers are not here in Atlantic City
because it is relatively remote, and

ELEcTRONIC DESIGN 11, May 24, 1970

the jobs are not being offered by
the employers.” He added, “The
market for computer professionals
has only recently begun to soften.
Large companies are now recruit-
ing on a corporation-wide basis in-
stead of the division basis in the
past.”

Wanamaker had another com-
ment on today’s applicants. He said,
“They are waiting for agencies to
call—they are not dropping in to
look for jobs. They were spoiled
by the booming demand for their
skills in the past.”

Some 27,000 attendees paid
registration fees of $20 for spon-
sor AFIPS (American Federation
of Information Processing Socie-
ties) members, and $40 for non-
members. The previous $5 ticket
for admission to exhibits only was
not offered, thus making attend-
ance comparisons to past joint
computer conferences inconclusive.

Growing market seen
for test equipment

The $260-million-a-year Govern-
ment market for automatic test
and checkout equipment will double
by 1975, Frost & Sullivan predicts.

The New York market-research
company also forecasts that non-
computerized systems for testing
and checkout, now a $490-million-a-
year Government market, will stay
the same.

The biggest buys in automatic
equipment will be to support air-
craft, Frost & Sullivan reports.
The B-1 manned strategic aircraft
system will have a central, inte-
grated test system as part of its
avionics package. The Air Force’s
F-15 fighter plane will require from
15 to 20 field shops to maintain
it, with $50-million worth of elec-
tronics in the shops.

The Army will buy automated

equipment for the field to reduce
personnel. The Navy, which also
wants to reduce personnel, needs
automated systems on board a ship
—not only electronic equipment but
everything that operates.

Eventually, the Frost & Sullivan
report says, built-in test equipment
will monitor each subsystem so it
can be repaired with redundant
components when something breaks
down. The built-in equipment rep-
resents only 5% of the market
now, but is expected to build up
substantially by 1980. Built-in
monitoring units for the space
agency are expected sooner.

The findings, presented in a 175-
page report, are available for $245
a copy from Frost & Sullivan, 106
Fulton St., New York City.

New ceramic promises
to be useful in devices

Practical devices made of ferro-
electric ceramics may soon be
available, according to two techni-
cal papers, presented at last
month’s meeting of the American
Ceramic Society in Philadelphia.

The peculiar electro-optic proper-
ties of ferro-electric ceramics have
been studied for several years, but
their application to specific devices,
such as information storage and
display systems, has been limited
by materials problems.

An improved electro-optic ceram-
ic material-—lead lanthanum zirco-
nate titanate (PLZT)—discovered
at Sandia Laboratories, Albuquer-
que, N.M., was described at the
Philadelphia meeting by a Sandia
researcher, Cecil E. Land.

The ceramic differs from earlier
materials in that it is more trans-
parent, producing black-white con-
trasts of as much as 1000-to-1 and
a complete range of colors.

In optical ferro-electric ceramics,
voltage is applied across a portion
of the plate to establish an elec-
trical polarization vector and align
(pole) minute dipoles within the
material along this vector. Polar-
ized light directed at the plate is
modified as it passes through the
ceramic, the degree of modification
varying according to the wave-
length of the light. The ceramic
therefore separates colors much
like a prism.

These optical effects remain even
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News
sconeCONTIN UED

after the electrical field is removed,
giving the material a true “memory”
capability. The image display may
also be viewed directly or projected
like a photographic slide.

The second paper, by A. H.
Meitzler of Bell Telephone Labora-
tories, Murray Hill, N.J., described
a number of experimental image-
storage and display devices using
fine-grain ferro-electric ceramics.
Thin plates of lead zirconate-lead
titanate in combination with trans-
parent conductive and photocon-
ductive films, are used to form de-
vice structures capable of storing
high-contrast images under the
control of electrical voltages.

Meitzler said that experimental
devices had demonstrated a resolu-
tion of about 50 lines/mm in 50
pm thick ceramic material and had
been able to hold the image with
no apparent change for several
months.

Motorola optimistic
about MOS and ECL

“One-half of the ICs used in
1975 will be either MOS memory
or ECL devices,” according to Mil-
ton Laflen, group manager of digi-
tal IC product marketing for
Motorola Semiconductor Products,
Inc.

Speaking at a Motorola seminar
on digital ICs, the Phoenix engi-
neer said that emitter-coupled
logic would be attractive to design-
ers because of its high speed, while
complementary MOS would offer
low-power operation. Laflen saw
the TTL market continuing to grow
until 1972 or 1973, when he ex-
pects it to level off at high con-
tinued usage.

Another Motorola expert, Mi-
chael Callahan, agreed that MOS
and ECL were headed for major
growth. Callahan, who is operations
manager for IC research and de-
velopment ‘in Phoenix, said that
any semiconductor concern that
wanted to be a leader would have
to be involved in at least nine tech-
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nologies. He listed them as follows:
complementary MOS, silicon-gate
technology, high-frequency bipolar
circuits, multilayer metalization,
beam-leaded chips, beam-lead lami-
nates, computer-aided design, radi-
ation hardening, and fusible-link
ROMs.

Callahan said that future MOS
products would have to be low-
threshold circuits to be successful.
Complementary MOS will give very
low quiescent power dissipation, a
feature much appreciated by de-
signers, the researcher said, and
the silicon-gate technology will
yield smaller devices, lower Miller-
effect capacitance and higher fre-
quency of operation.

“Multilayer metal will be invalu-
able in random logie,” Callahan
said, “where interconnection layout
problems are most difficult.” And
computer aids will be mandatory.
“Any vendor that is not willing to
invest in CAD will not be in a lead-
ership position in the semiconduc-
tor industry of the future,” he
said.

Callahan predicted that fusible-
link ROMs—which are program-
med easily by the customer—would
offer an easy way around the prob-
lem of system design errors. “Sys-
tem designers often make errors,”
he said, “and are faced with a
three-month wait for new ROMs if
a mask change is neecssary. The
new programmable ROMs will make
changes in memory programming
easy.”

And, surprisingly, the IC R&D
expert saw a good future for the
old RTL logic. “Motorola will in-
troduce new RTL products in
1970,” he said.

Laser radar to pinpoint
details of moon’s surface

Accurate mapping of the moon’s
topology from a spacecraft will be
possible for the first time with a
pulsed ruby-laser radar altimeter
that measures altitude to within
6.6 feet at 60 nautical miles. The
laser transmitter produces a 10-ns,
2-MW peak value. The system, be-
ing designed by RCA Aerospace
Systems Burlington, Mass., under
a $1.7 million NASA contract, is
a special version of RCA’s AN/
GVS-1 portable Army range finder.

Measurements of the moon’s sur-

face using the new altimeter will
be made from the orbiting Apollo
16 command and service module.

British urged to merge
computer software firms

Within a few years, the expendi-
ture in Britain on software will be
twice that of hardware, according
to Dr. Ernest Davies, Joint Parlia-
mentary Secretary to Britain's
Ministry of Technology.

In addressing the Computer
Services and Bureaux Association
in London last month, Davies
stated that the computer software
industry “could be strengthened by
some grouping together of soft-
ware houses to create more viable
organizations.”

The Ministry of Technology has
been responsible for implementing
a number of mergers of British
firms over the past three years.

Last year in Britain the cost of
software was $72 million while the
hardware was worth $77 million.

Canon and Tl develop
LSI pocket calculator

A battery-powered calculator, ap-
propriately called ‘Pocketronic,”
has been unveiled by Canon, Inc:
Aimed for the mass consumer mar-
ket, the -calculator evolved from
a joint development program be-
tween Canon and Texas Instru-
ments. MOS/LSI helped achieve the
small size—4 by 8-3/16 by 1-15/16
inches. The unit weighs 1.8 pounds.

The calculator will be available
for sale in Japan later this year,
and in the U. S. in January, 1971.
Initially, prices are expected to be
under $400, with production start-
ing at 10,000 units per month.
Eventually, it is rumored, the price
may drop to $100.

The Pocketronic performs a full
range of addition, subtraction,
multiplication, division, credit bal-
ance and other manipulations of
numbers as large as 12 digits.

All calculations are performed
by three LSI chips built by TI.
Total logic complexity for the
three chips is 371 gates (with an
average of 4.2 inputs per gate),
203 shift-register bits, and 10 flip-
flops. A paper tape is used to pro-
vide the readout for the calculator.

INFORMATION RETRIEVAL NUMBER 15 P



Introducing Potter & Brumfield's unique

~ dud thin-ine

ary reed rElays

An entirely new magnetic structure makes possible
an exceptionally low seated height of only 0.275
inch for high density board packaging. Circuit
boards employing JDT relays may be spaced on
0.5 inch centers.

This design minimizes magnetic flux dispersion,
resulting in a very efficient magnetic circuit. This
decreases coil power requirements and often per-
mits direct operation of JDT relays in low-power
semi-conductor logic circuits. An interfacing am-
plifier may be eliminated in many applications.

Terminals are similar to those on IC packages,
permitting spot testing on either side of a circuit
board. The dual in-line terminals on 0.1 inch
centers simplify circuit board design. The reed
switches are rated at 10 watts maximum resistive
(50V or 0.5A DC maximum) switching.

Mounted height

is only 0.275"

Power requirements:
only 75mw per pole
Combinations of Forms
A, B and C are available

Single Lot Prices:

JDT 4000 Series (4-pole) $ 7.65
JDT 8000 Series (8-pole) $12.95
Quantity discounts apply.

A solid state time delay circuit may be incor-
porated in this small package. Or a Darlington
amplifier can be included to compensate for low
current applications. However, the number of
available poles for switching is reduced by the
addition of either of these circuits.

The JDT is completely encapsulated in epoxy,
giving protection against environmental contami-
nation. The Series is presently available in many
combinations of Forms of A, B and C.

Get full information today by calling your local
P&B representative or call direct to Potter &
Brumfield Division of American Machine & Foundry
Company, Princeton, Indiana. 812-385-5251.

Check 15
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he sé\ién day ghtch kler

Every seven days we put another run of new Fluke digital
voltmeters in the Fluke “hot box.” Here, by continuously
cycling the input voltage and “baking in” the instrument at

122°F, we catch the glitches and bugs caused by long term Model 8100A 0.02%
operation in a hot environment. Digital Multlmete.:l_' with
The ‘“‘seven day glitch killer” is, of course, only one of the gzlrg%lgégportabuhty for

many check-out steps we go through. We control the critical
parts by manufacturing all of our own resistors and printed
circuit boards and by 100 percent dynamic testing of all active
components.

Further, the new Fluke DVM’s are designed from the ground
up to give you long trouble-free life, low maintenance, and
outstanding technical performance. For instance, the Model
8300A has only one-fifth as many components as comparable
DVM'’s. And it’s built to work in an 80 percent relative humidity.

In other words, the glitches go before you get the instrument. Model 8300A Digital Voltmeter with total
Another typical Fluke trick. built-in systems capability for only $1295.

FLUKE

Fluke, Box 7428, Seattle, Washington 98133. Phone: (206) 774-2211. TWX: 910-449-2850/In Europe, address Fluke
Nederland (N.V.), P.O. Box 5053, Tilburg, Holland. Phone: (04250) 70130. Telex: 884-50237 /In the U.K., address Fluke
International Corp., Garnett Close, Watford, WD2 4TT. Phone: Watford, 27769. Telex: 934583.

®
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NEWS

Invisible, corner-turning IR detects thieves

Solid-state laser system employs repeaters to ring
an industrial area with a beam—for miles, if needed

Jim McDermott
East Coast Editor

Infrared-laser repeaters that can
project an invisible beam around
a corner and spot a burglar before
he gets to work are making it high-
ly unlikely that industrial crime
will pay.

The solid-state repeaters—
unique combinations of laser re-
ceivers/transmitters—are the main
elements in a new security system
that can wrap a protective beam
around a building for miles.

Unlike most laser systems, pre-
cise alignment of the transmitter
with the receiver is not critical.
Also, the beam energy is Ilow
enough to be safe for the human
eve—Iless than 10-7 joules/ecm=.

Interruption of the beam at any
point sends a coded signal to a
monitor station, locating the point
where the beam was intercepted.

The transmitters in the system,
developed by Holobeam, Inc., Par-
amus, N.J., use a gallium arsenide
(GaAs) laser diode, driven by 30-
A, 150-nsec pulses at a 30-Hz rate
and radiating in the invisible re-
gion at 9050 A. For maximum
sensitivity, the receivers use a sili-
con photodiode that peaks close to
the same wavelength.

INDUSTRIAL FENCE

_—
PULSED LASER BEAM T =qare

MASTER o '

R

1
UNITS

LASER
REPEATERS

(R-RECEIVER

T- TRANSMITTER)

1. Transmitters and receivers of the
IR security system are small units—
only a few inches long.
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For a typical fence system (Fig.
1), a master transmitter is placed
at some control point, such as a
factory gate. From here, the beam
is projected along the fence to the
receiver of the first repeater.

The receiver amplifies the pulsed
signal and applies it to the repeat-
er transmitter, sending it out at
the same power level as from the
master transmitter. The beam is
thus passed on from repeater to
repeater to the master receiver.

The output of the receiver is
passed on to a master alarm and
display panel, which, upon inter-
ruption of the beam, gives an
audible or visual alarm and also
indicates the interrupted repeater.

The most sensitive system spans
50,000 feet reliably in clear weath-
er. There are also 5000-foot and
500-foot systems. Under heavy fog
conditions, the capability of all

systems is reduced.

Brief interruptions of the beam
caused by birds or leaves do not
trigger the alarm, since the laser
pulse rate has been specifically
chosen to minimize this. In addi-
tion the master receiver signals an
alarm only after a preset number
of pulses have not been received.

If the beam is interrupted ahead
of any receiver, a beam-interrupt
detector triggers a local repeater-
identification oscillator, which then
sends pulses through the remainder
of the system at a rate unique to
that station. These pulses are de-
coded by logic that indicates where
the interruption has occurred.

The system developed originally
for the military, maintains a con-
stant transmitter diode power out-
put from —30° to 130° F through
regulation of the laser-diode drive.
This is accomplished by feeding
back a signal from a subminiature
thermistor, mounted on the diode,
to the driver-regulator (Fig. 2).mm

MASTER TRANSMITTER
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2. Attenuation of the laser beam is overcome in each repeater by amplifying
the received signal and projecting the new transmitted beam at the original
system level. Receivers and transmitters are separate units.



NEWS

Process squeezes out wire like toothpaste

high pressure does the squeezing.
Known as continuous hydrostatic

The first major change in wire
making since jewelers in ancient
Egypt began drawing gold wire extrusion, the new process is said
through drilled stones is reported to offer a number of advantages
by Western Electric’s Engineering | over conventional wire drawing
Research Center in Princeton, N.J. techniques. These include lower

Instead of drawing the wire, as equipment costs, cheaper mainte-
has been done for nearly 4000 nance, greatly reduced space and
years, the new process squeezes it power requirements, less wire
out like toothpaste. Fluid under | breakage and reduced labor. There

PRESSURE INTENSIFIER

‘VISCOUS DRAG FLUID
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WIRE FORMING FLUID

PRESSURE INTENSIFIER

A viscous fluid, such as beeswax, drags the wire rod through the chamber in
the direction of the die. There, another fluid under very high pressure reduces
the wire rod’s diameter.

Scale model of continuous hydrostatic extrusion machine will be able to ex- 1
trude aluminum wire at up to 4000 feet-per-minute in sizes as small as 0.02
inch (24 gauge). The actual machine being built by Western Electric will
be about 14 feet long. Wire rod will be continuously fed into the rear of the
machine (right) and will emerge from its front end (left) as wire.
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are also indications that wire made
by hydrostatic extrusion is stronger
than drawn wire of the same
gauge, according to Western Elec-
tric researcher, Frank Fuchs, Jr.

Fuchs notes that engineers have
been intrigued with the idea of
using the process to manufacture
wire for many years, but until now,
nobody knew how to feed wire into
a high-pressure chamber on a con-
tinuous basis.

Western Electric researchers,
headed by Fuchs, solved the prob-
lem by “viscous drag feeding”—a
method of using a fluid to force
wire rod through the high-pressure
chamber and out of the die. A
fluid, such as warm beeswax, is
pumped through the chamber in the
direction of the die. Under high
pressure, this fluid becomes suffi-
ciently sticky to adhere to the rod
and drag it along.

Another fluid is pumped into one
end of the chamber under very high
pressure to reduce the wire rod’s
diameter in the “die.” Strictly
speaking, Fuchs notes, this is not
actually a die, since it serves only
as a shaped container for the high
pressure fluid. There is no metal-
to-metal contact as there would be
in a true die.

A prototype production machine
incorporating all of these features
is presently being designed and
built by Western Electric for in-
stallation in their Atlanta, Ga.,
facility by the end of the year. The
machine is designed to produce
aluminum wire at speeds up to
4000 feet-per-minute in sizes as
small as 0.02 inch (2 gauge).

Fuchs says that only one pass
through a single “die” will be re-
quired, regardless of the size of
wire being made. Conventional wire
making, he notes, requires drawing
the wire through as many as 24
dies in tandem on two different
machines.

Although the process will initial-
ly be restricted to the manufacture
of aluminum wire, it is ultimately
expected to be used in the produc-
tion of copper wire as well. mm
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BOURNS

_bridges the generation gap in...

PANEL —
CONTROLS §

P S—

...withCERMET

Bourns introduces a new generation of Panel Controls
with cermet resistance elements for top performance
in high-grade commercial, industrial and RV4, RVS5,
RV6 type applications.

- The hang-up of the hot molded carbon element control
(that’s the older generation) is it weakens, can't stand
the heat.

Bourns found a way to cool it . . . with cermet!

What you get is stability, a better temperature co-
efficient, a higher power rating in a smaller package.

One %2" and two 3" diameter units constitute the basic
model line which covers all RV4, RV5 and RV6 type
applications. Their profiles are the thinnest in the in-
dustry. All models show excellent high frequency char-
acteristics, extremely low noise and good setability.

COST? Less than a dollar for Model 3859 in production
quantities. Then subtract the price of rejections, com-
plaints and delays common with the older generation.
Delivery is off the shelf.

Turn on with Bourns. Send for Data Packet on cermet
Panel Controls or call your local Bourns sales office
for a sample.

Model 3862, V2" dia., ¥a” standard or locking bushing with
or without panel seal, 1 watt at 125°C. Model 3852, 3" dia.,
standard or locking bushing — %" with or without panel seal
for Mil Spec type uses, 3” for industry; 2 watts at 70°C.
Model 3859, %" dia., 3" tough plastic bushing; also snap-in
version; 2 watts at 70°C.

BOURNS, INC., TRIMPOT PRODUCTS DIVISION « 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507



NEWS

Coming: portable thermoelectric power

For a long time, the Army has
been looking for a quiet, light-
weight, high-endurance power
source, so its troops on patrol can
operate portable radar, communica-
tion, data-terminal and other
equipment without telltale noise.

Now, with a few modifications, it
may have just what it has been
waiting for. A manpack thermo-
electric generator—a developmental
model, temporarily designated PP-
6311—has been built by the Minne-
sota Mining and Manufacturing
Co. in Saint Paul, under contract
with the Electronic Components
Laboratory, U. S. Army Electronics
Command, Fort Monmouth, N. J.

The generator was described last
week by two Army laboratory men
—Joseph P. Angello and Stuart J.
Shapiro—at the Power Sources
Symposium at Fort Monmouth.

The manpack generator is only
12 inches high, 12 inches long and
5-1/2 inches wide. It weighs 15
pounds without fuel. And it oper-
ates 12 hours on one refueling.

Other points the Army likes:

m ]t starts easily—10 minutes
after it’s turned on, the system
produces rated power.

m It has multi-fuel capability—
diesel or jet fuels or combat gaso-
line can be used.

Manpack thermoelectric generator
weighs 15 pounds. Top portion
contains all electrical and electronic
circuits for the power source. Bottom
section contains the thermopile,
burner, fuel, cooling systems and
the battery (not visible).

m [t operates quietly. The
Army’s goal of “inaudibility at 100
feet” hasn’t been reached yet, but
with more effort it will be, the two
laboratory men say.

The generator produces power
output by direct conversion of heat
energy of the fuels to electrical
energy. The process takes place
within lead telluride thermoelectric
couples that are contained in the

thermopile. Heat is applied to one
side of the thermopile by burning
liquid fuel in a burner mantle. The
other side of the thermopile is kept
cool by forcing air, by means of a
fan, across a row of heat-dissipat-
ing fins.

The fuel is fed to the burner
from an internal tank by an elec-
tric pump. Fuel is conditioned for
combustion by an ultrasonic atom-
izer.

The airflow necessary for com-
bustion is supplied by a blower in
the lower burner assembly.

Ignition is initiated with a glow
coil, also in the lower burner as-
sembly. The thermopile provides
power for all accessory components
as well as the external load.

To get the generator started,
battery power is needed. But be-
fore three minutes have passed, the
thermopile has sufficient power to
support the operation alone.

More work on the generator is
needed, the Army says. For ex-
ample, heat from the combustion
chamber is so intense it could
ignite dry grass, or other flam-
mable materials. Another problem
is that the unit’s 6-volt level is too
low. The Army would like 24 to 28
volts de, “to be consistent with
Army equipment.” mm

Contactless magnetic

A magnetically settable counter
that will produce any combination
of precisely timed electrical pulses
on command has been developed at
Sandia Laboratories, Albuquerque,
N.M. :

The device is set without the
need for electrical contacts and
therefore is said to be more re-
liable and accurate than similar
counters.

The output pulse combinations
are set simply by moving a cali-
brated knob, which moves a mag-
netic coil, to various positions along
a helical winding of nickel-iron
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counter has high accuracy

wire. When voltage is applied to
the coil, a magnetic reversal
(domain) is stored in that particu-
lar part of the wire.

When the counter is set there-
fore, the nickel-iron wire contains
one or more domains that may be
arranged at linear or logarithmic
intervals as binary numbers or as
a predetermined code.

The counter’s memory is “read”
by activating a two-phase clock.
The clock applies alternating elec-
trical pulses to a series of paired
conductive metal elements, which
move the domains along the nickel-

iron wire toward an output coil. The
coil senses the arrival of each do-
main and produces an electrical out-
put pulse.

The inventor of the device, Gor-
don R. Bachand, supervisor of
Sandia’s Advanced Test Instru-
mentation Development Div., says
the number and complexity of
pulses that can be stored by the
counter is limited only by the
length of magnetized wire.

Reliability and accuracy are
high, he says, because there are no
ohmic contacts, whose character-
istics would change with time. mm
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ID 100 Series

Anode current rating 500mA @ 100°C Case. |
Voltage ratings to 200V. | |
200ua max gate trigger current. |
Peak On-Voltage 1.7V max @ 1 Amp.
TO-18 can with 0.5” leads.

(SSPI Product Group)

B Sensing types start at 24c each in 100K lots.
Comparably low prices on control types and
smaller quantities.

B Typical Unitrode quality . . . from the people
who introduced the first lead-mounted SCR's
12 years and millions of SCR'’s ago.

245

ID100 and ID200 Series

INDUSTRIAL

SCR’s

Only last month
you couldn’t touch
an SCR in a

metal package

for anywhere near
the price of plastic

i
|
;

ID 200 Series

Now you can el Anode current rating 1.6A @ 70°C Case.

Voltage ratings to 200V.

200ua max gate trigger current.
Peak On-Voltage 2.2V max @ 4 Amps.
TO-5 can with 0.5” leads.

(SSPI Product Group)

B Electrically equivalent to most widely used
plastic devices.

B Used for lamp or relay driving, sensors, pulse-
generators, timing circuits, motor controls, and
process controllers.

IN STOCK READY TO DELIVER NOW e SEND FOR YOUR FREE SAMPLES AND COMPLETE SPECS

For Fast Action call Pete Jenner collect . . . today!

A PRODUCT OF THE WIDE RANGING SEMICONDUCTOR TECHNOLOGY OF ‘

LINI RO DE &

580 Pleasant St., Watertown, Massachusetts 02172 =+ (617) 926-0404
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The 1971 watch: No hands, no moving parts

John F. Mason
News Editor

Press a button on your all-elec-
tronic, solid-state wristwatch, and
the time appears on a face that
looks like a miniature TV screen.
‘An array of small dots, called the
dot matrix, lights up to form the
numbers for the hour and minutes.

By touching the button once, the
wearer programs the hour and min-
utes to remain visible for 1 1/4
seconds. If pressure is maintained
on the button, the hour and min-
utes disappear, and seconds appear
and continue to count off time for
as long as the button is depressed.

Release the button, and your
wristwatch screen goes dark.

Prototype models of this watch
without hands or moving parts
have been developed jointly by the
Hamilton Watch Co. of Lancaster,
Pa., and Electro/Data, Inc., of
Garland, Tex. Production units are
scheduled to hit the market next
year.

There’s no problem about seeing
the numbers in poor light. A built-
in light sensory mechanism detects
ambient light conditions and auto-
matically adjusts the intensity of
the dot matrix through four levels
of brightness. On a sunny day the
light is eight times brighter than

when the time is displayed in a
poorly lighted room.

Development of the watch was
made possible by the recent avail-
ability of ICs that draw only 18
microwatts of power and a high-

energy, rechargeable silver zinc
battery.
Hamilton’s research director,

John M. Bergey, alluded to the need
for ultra-low-power ICs and the
high-energy battery in an interview
earlier this year with ELECTRONIC
DESIGN (see “Time Marches On—
but Electronically Now,”
April 1, 1970, p. 25).

ED 7T,

Digital display in all-electronic watch
that will sell for $1500.

[ ser reser |
!

LOGIC

}.__,m

2" DIVIDER

OSCILLATOR

RECHARGEABLE
BATTERY

QUARTZ
CRYSTAL

The battery in this solid-state watch stimulates a quartz
crystal, which passes pulses through the time-computer
module to the time-display stations. Components in photo
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DEMAND
SWITCH
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logic side.

Hamilton will distribute the new
wristwatch for $1500 retail.

Logic circuitry used

Called Pulsar, the watch computes
and displays time electronically
utilizing computer logic circuitry
and gallium arsenide phosphide
light-emitting diodes. The unit con-
sists of three major components:
a time computer module with
microminiature logic and display
circuit substrates, a 3-cell, 4-1/2-V
battery and a high-frequency,
quartz crystal time base.

The operation begins with the
battery stimulating the quartz
crystal, which vibrates at precisely
32,768 cycles a second. The vibra-
tions are then reduced to one pulse
a second by a multi-stage, inte-
grated circuit binary counter,
which passes the pulses through
the time computer module to time-
display circuitry.

“The high rate of vibration, or
frequency, is four times greater
than in electro-mechanical quartz
crystal watches and enables us to
achieve an unprecedented degree of
accuracy,” says Bergey. “Units
we’ve been wearing have not devi-
ated more than three seconds a
month.”

are (from top to bottom): the battery, the display side of
the computer module, quartz crystal and the module’s

ELEcTRONIC DESIGN 11, May 24, 1970



So far only six of the wrist-
watches have been built.

“We not only had to create our
own battery,” Bergey says, “but to
reduce it to operable size, we
equipped it with a demand button,
so that time would be displayed
only on request.”

This was done to conserve
energy.

Supplying the power

The high-energy main battery,
occupying 80% of the volume of
the case, performs the dual func-
tions of exciting the quartz crystal
and maintaining the charge in a
similar, internal sustaining battery
—actually a capacitor—that con-
tinuously drives the logic circuitry
of the computer module. The main
battery is 1.035 by 1.4 by 0.196
inches. It operates for six months
and can be recharged 50 times.

Spent batteries are replaced by
unscrewing the back of the case
and inserting a fully charged spare.

“No accuracy is lost during the
exchange,” explains George Thiess,
president of Electro/Data. “We
have equipped the timepiece with
a second energy source, perma-
nently located on the underside of
the logic ecircuit, to supply suffi-
cient power to operate it during
this brief period.”

The watch contains 44 comple-
mentary-symmetry, metal-oxide
semiconductor (MOS) integrated
circuits. The circuitry, equivalent
to 3474 npn and pnp transistors, is
thousands of times more conserva-
tive of power than the more con-
ventional bipolar and noncomple-
mentary MOS-ICs, says Hamilton’s
president, Richard J. Blakinger.

The logic circuitry consists of
seven individual hybrid circuits on
alumina oxide substrates 0.020-
inch thick.

The ICs, the hybrid-circuit logic
substrates, display substrates and
all wiring are utrasonically bonded
and mounted on separate gold-plated
shim plates of 0.015-inch-thick
beryllium-copper. The shim plates,
with their circuitry, are screwed
together back-to-back and consti-
tute a fixed-program computer ap-
proximately 1/10-inch thick. The
computer and its internal sustain-
ing battery are potted in epoxy and
cannot be jarred out of order,
Hamilton says. um
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LINEAR AMPLIFICATION
OF LOW LEVEL SIGNALS

OUTPUT

High impedance
(10"'2) FET differential input
Adjustable gain of 1 to 1000

Intronics’ model FA601 instrumentation amplifier is the optimum
selection for transducer applications requiring precision, small
size, and economy. Featuring a FET differential input with a
high impedance of 1011Q, the FA601 offers programmable gains
of 1 to 1000 independent of the input circuit by means of a single
resistor, a low input current of 100 pA, and a large unity gain
bandwidth of 1 MHz. Special attention has been made to mini-
mize noise generated by the input stage.

The combination of high input impedance, a high CMRR of
86 dB, and low noise make the FA601 ideally suited to:

® biological probes — thermocouples — strain gages

® current sensing

® servo amplifiers

® multiplexer buffering

The FA601’s modular package, 2 x 2 x .625 inches, and light
weight, 272 oz., allows convenient location near low level signal
sources thereby eliminating cable noise and unwanted signals.
The unit operates from =15 to =18 volt supplies and is easily
connected to etched circuit boards or plugged into a mating
socket. Price (1-9): $65.

For technical data or applications assistance on model FA601
or Intronics’ broad line of specialized analog products write

or call Intronics, 57 Chapel Street, Newton, Mass. 02158, Tel.
(617) 332-7350; TWX: 710-335-6835.

* Scope trace demonstrating rejection of common mode noise reproduced
from actual Polaroid scope photo.

) intronics
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Laser makes air visible to aircraft designers

Fog moving past model plane in a wind tunnel at
4000 mph is illuminated to reveal the turbulence

Strange things happen to air
rushing past an aircraft at six
times the speed of sound. To de-
sign aircraft to travel at such
speeds, aerodynamic engineers have
long needed to ‘“see” the airflow
and turbulence clearly.

To help them examine both,
wind-tunnel operators have often
introduced smoke and water vapor
into the air-stream and illuminated
the area around the model air-
craft with high intensity lights
while photographs were taken. The
airflow becomes visible under these

|

conditions because areas of low
temperature contain more water
particles, which in turn reflect
light. Hotter areas contain less
water particles and are therefore
less visible.

Now, using essentially the same
principle—but with the big addi-
tion of a laser—engineers are get-
ting better results.

Laser illuminates moisture

A continuous-wave, helium-neon
gas laser was installed on one side

CW LASER

NG

WAKE
PATTERN

PLANE OF ILLUMINATION

CAMERA

Laser and camera collaborate to show aerodynamic engineers shock waves
when wind rushes past a model aircraft at six times the speed of sound.
The turbulence behind the tail structure here is so pronounced that it looks
like a vertical steel rod emerging from a horizontal layer of smoke.
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of a wind tunnel and a camera on
the other. The laser illuminates the
natural moisture in the air—which,
when the air is pushed to speeds of
4000 mph, turns to fog—and the
camera records the whole show.

The results with the laser are
superior to those obtained with
conventional lights, according to
engineers at the Air Force Systems
Command’s Arnold Engineering
Development Center at Tullahoma,
Tenn. The work is being carried
out by ARO, Inc., for the System
Command’s Flight Dynamics Labo-
ratory, Wright-Patterson Air Force
Base, Ohio.

The laser-painted picture has
much more resolution than the one
illuminated by the high intensity
light, the test engineers say. And,
by placing the laser on one side of
the tunnel and the camera on the
other, they are obtaining a better
perspective.

“When the laser looks back at
the model aireraft from an angle of
less than 90 degrees and the
camera on the opposite side does
the same, you get an almost three-
dimensional effect,” one engineer
notes.

Portability a feature

The laser is also portable. It can
be moved around to provide vary-
ing perspectives.

The laser was built by Spectra
Physics, Inc., Mountain View,
Calif. Using 15 milliwatts of power,
it operates at 6328 A. It is mount-
ed on a swivel arrangement that
permits it to beam through a
verticle slit and across the test
section, scanning the model from
nose to tail.

Besides the laser tests, an oil-
film technique is also used to study
the flow of air over the surface of
the model. This involves painting
the model with viscous oil. As oil
flows over the surface, the oil
shapes itself to the airflow.

The oil stays in place even after
the model is removed from the air
stream. mm
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Gircuit Design

MICROWAVES
How microstrip designs solve microwave problems.

We've spent over four years in research and development to come up with some
very interesting solutions to microwave miniaturization problems.

Our microwave people have spent a lot of time developing techniques for miniaturizing microwave circuitry. They have
done microwave projects for both military and commercial applications and

have the experience to turn your microwave project into a hybrid package
that will fulfill your demands at minimum cost and in minimum size.

We have pioneered the development of beam-lead technology to give us a
new and powerful technique for mounting semiconductor devices on
microstrip circuitry. For example, we use Sylvania-developed low-
noise, beam-lead silicon Schottky diodes in mixer applications, and
we use beam-lead PIN diodes for many switch and phase-shifter ap-
plications. All of these devices meet the stringent military environ-
mental specification.

To give you an example of our capability, we can list at least
three microwave systems that have been developed around our
hybrid microwave capability.

These developments include an integrated
man-pack radar, an integrated K, band trans-
ceiver and an integrated mixer assembly
for a highly specialized application.

For the integrated man-pack
radar system we developed a
lightweight X-band system
almost completely in hybrid
integrated circuit form.
The radar transmits a
pseudo-random phase-coded
CW signal. All functions
of the radar, including

This issue in capsule

CRTs —Get high speed
printouts with these monoscopes.

Hybrid Microelectronics —Diode matrix modules
give you design flexibility.

Television—We've squared off the color bright 85® tube for 1970.

Microwaves—Millimeter wave source puts out up to 50 mW CW.

ICs—How to use programmable dividers as pulse-train gates.

Diodes—TV high-voltage diodes minimize x-radiation.

Manager's Corner—Will the real Schottky barrier please stand up?
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the low-frequency analog and digital circuitry, with the
exception of a miniature coaxial avalanche oscillator and
the antenna, are made in microstrip integrated form.

These units include an RF phase modulator, high speed
RF switches, an oscillator that uses a Sylvania silicon ava-
lanche diode, a balanced mixer using a beam-lead Schottky
barrier diode, ferrite circulators and other passive trans-
mission line components.

The hybrid integrated Ku band transceiver is in develop-
ment under Air Force sponsorship (Contract No. 33616-
67-C-1896). In this project we are developing techniques
for integrating a large number of functional components
on a single alumina substrate at 13.3 GHz. The system, de-
signed to operate as a doppler navigator transceiver, in-
cludes : master oscillator using a varactor-tuned avalanche
diode that is frequency-stabilized by an integrated phase
discriminator; a cascade of avalanche diode power ampli-
fiers producing 100 mW CW output at 13.3 GHz; a fre-
quency shift-key modulator using beam-lead Schottky
barrier diodes; T-R switch using beam-lead PIN diodes;
a balanced mixer using beam-lead Schottky barrier diodes;
and an IF amplifier having a 1.5 dB noise figure at 120
MHz. The third project that demonstrates Sylvania’s capa-
bility in miniaturized microwave circuitry is an integrated
mixer subassembly designed and developed for a highly

specialized military application. The subassembly consists
of a bandpass filter, 3 quarterwave contradirectional
couplers, and four balanced mixers. All of the units are
integrated on four alumina substrates. The individual
substrates are interconnected with gold ribbons.

Design goals included minimum cross coupling between
mixers, and packaging design that minimizes damage from
shock and vibration. Semiconductor devices used in the
subassembly include beam-lead Schottky diodes in the
mixer circuits.

This integrated subsystem, specially packaged to with-
stand stringent environmental requirements, is now in
volume production.

Among the other components that can be integrated by
Sylvania into complex subsystems are limiters, detectors,
circulators and isolators.

Circuits can be supplied unpackaged for assembly by the
user, or can be packaged by Sylvania in rugged, hermeti-
cally sealed enclosures with coaxial connectors or other
types of input-output connections.

If you have a microwave design problem, why not talk
to our experienced microwave design engineers? You may
be surprised at what they can do for you.

CIRCLE NUMBER 300

CRTs

Get high-speed printouts with these monoscopes.

Simple CRT system can generate over 30,000 characters

per second from magnetic tape.

A monoscope is simply a cathode-ray tube which converts
digitally coded information into video type signals. Be-
cause of this, it is a very valuable interface between com-
puters and output display devices. And because we can
tailor the target characteristics to the users’ specifications,
there is no problem in generating special symbols for chart,
diagram and map displays as well as alphanumeric char-
acters.

In its simplest form, a monoscope resembles a conven-
tional CRT with electrostatic focus and deflection, with the
exception that a solid metal disk replaces the phosphor
screen. A typical monoscope of this type is shown in Fig. 1.

The metal disk has a surface which possesses good sec-
ondary emission characteristics. The alphanumeric charac-
ters or symbols are printed on the disk with a material
having poor secondary emission characteristics.

When the electron beam scans a single character in a
raster-like pattern, a video signal corresponding to the
shape of the character is produced. An identical raster
scans the display tube. The beam intensity of the display
tube is modulated by the monoscope’s video output and the
character is produced on the phosphor screen. Used in this
manner, the monoscope can produce up to 30,000 symbols
per second.

The cathode of the monoscope is generally operated at
1200 to 1800 Volts below ground so that the anode can be
run at or near ground potential. This simplifies the design
of character selection circuitry from the information
source.

A second type of monoscope is shown in Fig. 2. This type
uses a stencil-type target where the characters have been
chemically etched through the disk. The principle of opera-
tion is exactly the same as the first type described.

However, the stencil provides some advantages. Since
the beam proceeds unhindered through the stencil open-
ings, it can be displayed on a phosphor screen deposited on
the face of the tube. This provides an easy means of visu-
ally checking what is being scanned and is very useful in
setting up the tube for operation.

The third type of monoscope is shown in Fig. 3. It also
makes use of a stencil target, but it is used in a different
manner. In this case, surface condition of the stencil is not
important. We only use that part of the raster that gets
through the stencil and impinges on the front plate. This
type of monoscope has many advantages. No target surface
preparation is required. It can be mass produced at low cost.

A typical monoscope target format is shown in Fig. 4.
An 8 x 8 matrix is fairly standard, but 8 x 12 or 10 x 10
formats can also be used to obtain both upper and lower
case characters.

Targets can be custom-designed to meet your require-
ments and can be fitted to any of the three types of mono-
scope tubes. Some of the applications for these monoscopes
include computer display, airline status boards, stock quo-
tation boards, teaching machines, address label printers,
command control center displays, or anywhere that a high-
resolution electronic information readout system is re-
quired. CIRCLE NUMBER 301
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HYBRID MICROELECTRONICS

Diode matrix modules give
you design fiexibility.

Our semiconductor and hybrid microelec-
tronics groups team up to offer a wide range
of module designs.

Because Sylvania is both a manufacturer of semiconductors
and a maker of hybrid microelectronic assemblies, we can
offer you a wide range of diode types packaged to your
specifications. Using our thick-film packaging approach we
can design diode arrays incorporating precision thick-film
resistors.

Take, for example, our diode array module. This module
is a 13 x 32 diode array containing both pull-up and load
resistors. The diodes are high-speed, low-capacitance types.
The thick-film resistors are stable cermet elements having
low temperature coefficients. These resistors can be trimmed
to a tolerance of 0.29 for weighted-network applications.

Other matrix forms are available that will let you in-
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crease the efficiency of your logic system design without
getting involved in the use of more complex monolithic
structures.

Up to 512 diodes can be provided in a single package.
The custom matrix design can provide address arrays in
20 x 25, 16 x 32, or in any subcombination that the design
might require.

The diode matrix and resistor module can be used in
many applications including: code-to-code conversion,
multilevel gating structures, AND/OR gating, decoding
networks, nondestruct permanent memories, and weighted
networks. Some typical applications are shown in the dia-
grams.

The wide flexibility of our design approach allows us to
offer you any combination of diode arrays with or without
resistor elements. The final package configuration can be
determined by the system application. Flat packs and dual
in-line packages can be provided as well as hermetically
sealed or encapsulated modules.

You’ll be surprised at what our semiconductor hybrid
microelectronics teams can come up with to meet your logic
system needs.

CIRCLE NUMBER 302
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TELEVISION

We've squared-off the
color bright 85° tube for 1970.

New color-tube design gives more usable
area with a 3 x 4 aspect ratio.

Here’s your chance to become a real “square’” in your next
color TV set design. We’ve come up with a new family of
color bright 85 picture tubes that give you squared cor-
ners and straighter side lines. The new tubes also feature
a 3 x 4 aspect ratio which closely matches the configuration
of the transmitted TV signal.

The new tubes are available in 19”7, 21” and 25” sizes
and, of course, all of them feature Sylvania’s new improved
MYV phosphor system that is 309 brighter than previous
designs. An outline drawing of our new squared-corner 25”
tube is shown in comparison with a conventional 23” tube
in the illustration. Note that screen area is increased to 315
sq. in. in the new tube as compared to 295 sq. in. in the
conventional design.

As in other color bright 85 picture tubes, the new
squared-off line features an aluminized screen for highest
brightness. In addition, these tubes are available with a
system light transmittance of 51%. The face panel is a
neutral gray filter glass to improve picture contrast.

The new tubes also have a new front panel and funnel
design that increases X-ray absorption. When tested in ac-
cordance with standard JEDEC procedures, the X-radia-
tion of these tubes does not exceed 0.5 mR/hr. for the

25" v
(3x4)

23"v
(3.13x4)

25" v | 23"v

gy.aee’_ L. .. MAJOR — - _ 21.501
i 8 1 £ S s MINOR - —— _ _17.263"
26.202"_ _ _ _ DIAGONAL . __24.566"

315 SQ.IN. _ _ SCREEN AREA ___295 SQ.IN.

Faceplate outline of new squared-off 25" color picture tube as compared
with conventional 23" picture tube.

useful life of the tube even when operated beyond the
design-maximum ratings of the tube.

As with all color bright 85 tubes, a temperature-compen-
sated shadow mask is a standard feature to prevent loss of
purity by uncontrolled thermal expansion. A sharp-focus
electron gun that achieves tighter beam bundling, and in-
tegral kimcode implosion protection are also features that
make the new squared-off color bright 85 the tube to plan
your next color set around. CIRCLE NUMBER 303

DIODES

TV high-voitage diodes
minimize X-radiation.

Solid-state diode tripler and quadrupler as-
semblies cut down on radiation from high
voltage section of TV sets.

One of the major sources of X-radiation in color TV sets
is in the high-voltage cage. You can minimize this radia-
tion by switching over to our high-voltage silicon diode
multipliers.

In addition, you’ll save money by eliminating the high-
voltage cage and its associated hardware. High-voltage
regulation is also improved since the loosely-coupled terti-
ary flyback winding is eliminated.

Since each application of these high-voltage multipliers
is unique, we don’t offer them as off-the-shelf items. Our
engineering staff will work with you to tailor a unit to fit
your design needs.

One of our typical designs is shown in the illustration.
It’s a tripler circuit that takes an 8.5 kV input from the
flyback transformer and puts out 25 kV DC to the color
tube anode. Loading can be as high as 2.5 mA with minimal
drop in output voltage. This circuit also provides a tap for
the focus supply voltage.

The diode stacks used in our high-voltage multipliers are
all carefully matched. They are then molded into a plastic
package along with their associated capacitors. The plastic
package will more than meet the environmental require-
ments of solid-state and hybrid color TV sets.

These requirements include such things as over-voltage

Typical high-voltage tripler delivers
25 kV to color tube anode.

25KV DC
o OUTPUT

SUPPLY

surges, arcing and ambient temperature conditions.
Why not discuss your high-voltage requirements with
our diode engineers. They’ll show you how to reduce radia-

tion and save money at the same time.
CIRCLE NUMBER 304
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INTEGRATED CIRCUITS

How to use programmable
dividers as puise-train gates.

Simple circuit can be programmed to pro-
videcli\l consecutive output pulses on com-
mand.

Here is an application of our functional arrays that
shows the flexibility of these devices. The SM-143 and SM-
153 are both programmable, synchronous down-counters
with a built-in decoder that gives a logic “1” output when
the counter is in the 0000 state. These programmable di-
viders are identical in operation except that the SM-143 is
programmed by binary numbers and the SM-153 accepts a
BCD input.

These dividers are ideal for use as programmable pulse-
train gates. The strobed data entry (SET ENABLE)
makes it easy to program the counters without adding ex-
ternal logic circuits. The four-input clock gate reduces
clock loading and allows logic flexibility. The internal de-
coder gate and single output cut down on package count
and, in addition, power drain is significantly reduced since
the four flip-flop outputs are not brought out of the pack-
age. A four-bit counter with similar features would use
about 100 mW more power.

The circuit diagram and timing waveforms for a pro-
grammable pulse-train gate are shown in Fig. 1. For pur-
poses of illustration we are assuming that there is a binary
17 on the input lines.

Grounding the CLEAR input resets the counters to 0000
and causes their decoded outputs (A and B) to go high.
(The CLEAR pulse must be at least 150 ns wide.) The high
outputs from the counters are applied to the NAND gate
(G1) whose “O” output now inhibits the CLOCK input to
the system, thus maintaining a static condition.

When the START input is raised to a logic “1”’, the bi-
nary number (in this case, 17) is set into the proper coun-
ter flip-flops and decoded outputs A and B go low. The
output of G1 now goes high and enables the first SM-143.
(The second is still inhibited by decoded output A.) The
START pulse must occur when the CLOCK input is low.

The system now allows 17 clock pulses to go through G2
in the following manner: The output of the first SM-143
(output A) goes high as the first clock pulse counts it from
0001 to 0000. This high input enables the clock gate of the
second SM-143. The second clock pulse causes the second
SM-143 to go from 0001 to 0000 thus setting output B high,
at the same time changing the count in the first SM-143
from 0000 to 1111 and causing its output (A) to go low.

The logic “O” at A now inhibits the clock gate of the
second SM-143 so that it remains at 0000 while the first
SM-143 is counted down from 1111 to 0000 by the next 15
clock pulses (pulses 3 through 17). At this point output A
goes high again. Outputs A and B are now both high, forc-
ing the output of G1 to go low inhibiting the entire system.
The system is now in the same condition that occurred after
the CLEAR pulse. It will remain in this condition until
another START pulse occurs.

If an asynchronous START pulse is desired, additional
logic can be added as shown in Fig. 2. In the static condi-
tion, both counters are at 0000 and their outputs A and B
are high, setting the output of G1 low. Gate G1 now in-
hibits the output gate G2 and the inputs to both counters.

When the start input goes high it allows the programmed
number to enter the counters. This will cause the counter
outputs A and B to go low. The high START input is in-
verted by G4 which resets FF1 and disables the J and K
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Fig. 1. Programmable pulse-train gate with timing waveforms
for a binary 17 input.
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Fig. 2. Circuit of programmable pulse-train gate for use
when an asynchronous START pulse is required.

CLOCK

inputs. The Q output of FF1 then maintains the inhibit
condition on G2 and both counters. This condition is static
as long as the START input remains high.

When the START input goes low, G4 output goes high.
This enables FF1. The first positive clock edge to ocecur,
after the START input goes low, is inverted by gate G3 and
clocks FF1. The Q output goes high, enabling the output
gate G2 and both counters. This and succeeding clock pulses
are gated and counted as explained previously, the Q out-
put of FF1 which is now low is connected to the K input,
thereby preventing resetting of the flip-flop by the clock
pulse output from G3 until the next START pulse re-initi-

ates the cycle. CIRCLE NUMBER 305
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MICROWAVES

Millimeter-wave source puts out up to 50 mW CW.

Fixed tuned, high efficiency source is available in

frequency range from 52 to 70 GHz.

<

Solid-state millimeter-wave source.
Optional half-frequency output port is
visible on side.

i o
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DIRECTIONAL OuTPUT
0c | AVALANCHEL | rRipLER COUPLER _[—] DOUBLER FErEr |—»SMWMIN,
P POWER; | OSCILLATOR (OPTIONAL) (oPTIONAL)| ~ 52770GHz
AUXILIARY
OUTPUT
AT Foyt/2

Block diagram of SYG-2040 showing the basic options available.

Our SYG-2040 series solid-state millimeter-wave source is
a new component that is particularly suited to applica-
tions including local oscillators, paramp pumps, and low-
power transmitters where long life is required. It also
comes with a number of options that make it easy to fit it
into a specific system requirement.

Basically, the SYG-2040 uses a high-power avalanche
diode oscillator to drive an efficient tripler-doubler multi-
plier chain. The output frequency may be specified any-
where in the 52 to 70 GHz range.

Among the options available are a low-loss cavity output
filter for applications requiring minimum noise sideband

power, and an optional sampling port that provides a 5 mW
(min.) signal at half the final output frequency. In addi-
tion, the fundamental oscillator can be modified to enable
either phase or injection locking techniques to be employed
where frequency stability is important.

The basic SYG-2040 solid-state source comes in a 2”7 x
2” x 6” package. Models with the optional attachments are
housed in a slightly larger package. A constant-current DC
supply between 70 and 100 V and 60 to 110 mA (10 W
max.) is required to drive the avalanche oscillator.

CIRCLE NUMBER 306
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MANAGER'S CORNER

Will the real Schottky barrier
please stand up?

Several years ago, when Schottky barrier diodes using
evaporated metal contacts were introduced, many engineers
began to call the older point-contact types “the poor man’s
Schottky”. Now that we have had time to compare both
types, we wonder if it is entirely fair to use the connotation
“poor man’s” in referring to point-contact diodes.

Both diode types have really come of age within the past
two years. Only now are we really beginning to find out the
true differences between them in laboratory circuits and in
operating radar systems. And strangely enough, the point-
contact mixer/detector, with its tungsten whisker wire
and pressure contact to epitaxial silicon, does not always
come out as the underdog when compared to the more so-
phisticated Schottky barrier types. Perhaps even more
significant, several distinct advantages and disadvantages
of each type of diode can now be clearly seen.

Both types of devices are now made to cover the fre-
quency bands from L to Ka. Point-contacts do have a
slight edge in being commercially available to meet re-
quirements up to 100 GHz.

Generally speaking, in mixer applications, Schottky bar-
rier diodes are available with up to 0.5 dB improvement in
noise figure over equivalent-frequency point-contact types.

Above X-band, however, this advantage disappears and
the noise figures are equal. For other important param-
eters such as RF and IF impedances, somewhat tighter
controls can be maintained for Schottky barrier types.

If you consider local oscillator power level degradation
with time, or situations where local oscillator power must
be varied, you should take a careful look at the Schottky
diode. In general, you’ll find it is not the better choice of
the two. On the other hand, the dynamic range of the
Schottky barrier device is better than that of the point-

contact diode, making it the device of choice where this is
an important parameter.

Also, in Doppler radar systems using the homodyne
principle, the inherent low audio-frequency noise of the
Schottky barrier device gives it an advantage over the
point-contact diode in noise figure. In addition, micro-
phonics are almost nonexistent in Schottky barrier devices.

Possibly one of the most important eriteria to be con-
sidered when choosing between Schottky and point-contact
diodes is resistance to “burnout” or degradation caused by
external pulse power, spike energy, or CW power. Here the
data are not sufficient to fit every circuit but, generally
speaking, point-contact types are certainly to be favored
under these conditions.

With rare exception, point-contact diodes made by the
latest fabrication techniques can withstand 38 to 10 dB
more incident power than an equivalent Schottky type. On
the other hand, where burnout resistance is not a problem,
the Schottky device has sufficient advantages to be the
leading contender for new circuit designs.

Although it was originally assumed that the Schottky
barrier diode would be superior to the point-contact type
in environmental tests, such as shock/vibration, this has
not proven to be true. Point-contact devices have passed
the most stringent MIL-STD tests successfully. Here we
have equality but no superiority.

Although we’ve been working hard to replace the grand-
father of all diodes (really, of all semiconductor devices)
the point-contact is not yet ready to retire. At the age of
27, he still has many good working years left. The Schottky
barrier, by comparison, is still a baby and is just beginning
to face the world.

We, as manufacturers, still have a long way to go before
we can announce that a choice no longer exists between
Schottky and point-contact devices.

¥/ b0 10 g

Manager, Microwave Products

This information in Sylvania ideas is furnished without assuming any obligations.
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Centralab gives transistor circuits
longer, more reliable performance
with NEW 16, 25 & 50 volt Ultra-Kaps®

Centralab engineers have achieved a new degree
of temperature stability in semiconductor type,
low voltage ceramic disc capacitors with their
development of temperature-stable Ultra-Kaps.
The 16 and 25 volt units can hold a maximum
capacitance change of *=4.7%; 50 volt units

as little as =7.5%.

Ultra-Kaps also exhibit other superior
performance characteristics, such as low
impedance; high capacitance density; and
I operation to temperatures as high as 150°C,
as low as —=55°C. In 50v ratings average

| dissipation factor is as low as 1.5%o;
leakage resistance of 1000 megohms, min.

stable ones

Ultra-Kaps are ideal for use in transistor circuits
because they are operable to a frequency of

1 MHz. And they’re still low cost units that
replace more expensive mylar and ““Hi-K”
ceramic capacitors. On quantity orders, they’re
priced as low as 2'/2 cents each with delivery as
short as 4 to 5 weeks. We can send you
samples immediately for your evaluation.

Don’t let your design plans melt away because
of inferior capacitor performance. Get
the ultimate, Centralab’s stable Ultra-Kaps.

16 volt 25 volt 50 volt
Max. Max. Cap.| Min. l.R. | Max. Cap. | Min. L.R. | Max. Cap. | Min. l.R.
Diameter MFD Megohms MFD Megohms MFD Megohms
.290 .02 5.0 .015 65.0 .01 1000
.390 .033 3.0 .022 45.0 .015 1000
405 .05 2.0 .033 30.0 — —
485 — — — - .022 1000
515 .068 1.5 .05 20.0 .033 1000
.590 0.1 1.0 .068 15.0 .047 1000
.690 0.15 0.65 0.1 10.0 .05 1000
.760 — — — — .068 1000
820 0.2 0.5 0.15 6.5 — —
CENTRALAB 920 0.3 0.33 0.2 5.0 0.1 1000
Electronics Division *Thickness: .156 inches maximum
GLOBE-UNION INC. Lead spacing: Discs less than .500” diameter, nominal I.ead.spacin,g is .250”
5757 NORTH GREEN BAY AVENUE Discs .500” and larger, nominal lead spacing is .375

MILWAUKEE, WISCONSIN 53201
M-6901

FOR MORE INFORMATION AND/OR DESIGN ASSISTANCE, WRITE CAPACITOR SALES MANAGER, CENTRALAB.

INFORMATION RETRIEVAL NUMBER 21
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a do-it-yourself

BIPOLAR RO

512 bits (64 x 8)

6b ns access time

0° to +75°C, $47.00% ||
_55° to + 125°C, $61.50% B A A g N N B

*¥ 100 — 999 unit price

I
1

34 ELEcTrRONIC DESIGN 11, May 24, 1970



ONE PROM FOR ALL ROMS

*(ﬁrogrammahle Read-Only Memory)

It's made for a complete range of applications:
e Microprogramming
 Combinational Logic
e Sequential Logic
e Code Conversion

...or any application requiring many ROMS of differing patterns.

HERE'S HOW YOU GET IT!

1. Order the ROM-0512 off the shelf.

2. Generate the truth table.

3. Electronically program each PROM, yourself.
4. Plug it in!

HERE'S WHAT YOU GET!

e Custom programmed ROMS

65 ns access time

DTL/TTL compatibility

Wired “or’’ output

24-lead dual in-line or 24 lead flat pack

...And we haven’t even scratched the surface!

Lexington, Massachusetts (817) 862-1056

Norwalk, Connecticut (203) 853-3646
Frederick, Maryland (301) 662-5400
Oaklawn, Illinois (312) 423-6010
Dallas, Texas (214) 231-9031

Albuquerque, New Mexico (505) 268-3549
Palo Alto, California (415) 321-2280 RADIATION
Long Beach, California (213) 426-7687
P. 0. Box 37, Melbourne, Florida 32901 (305) 727-5430 Sl = Ao LR =

SUBSIDIARY OF HARRIS-INTERTYPE CORPORATION

EXPORT SALES, DAGE CORPORATION, STAMFORD, CONNECTICUT
INFORMATION RETRIEVAL NUMBER 22

MICROELECTRONICS DIVISION

ELEcTRONIC DESIGN 11, May 24, 1970
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Electronics scores

Ignition noise, corrosion and vibration are enemies
of marine electronics. So the electronics on the con-
trol bridge of this Christ-Craft Commander Fiberglas
yacht has noise-suppression circuitry and water-
tight, gold-plated avionics connectors. The equip-
ment includes: a depth sounder, AM (2-5 MHz)
and vhf-FM (156-162 MHz) radiotelephones, auto-
matic pilot, automatic direction finder (200-1500
kHz) and radar. Special grounding is also provided.

The newest electronics in small-boat navigation is
a space-age version of an aircraft unit, by Radon,
Inc., Cos Cob, Conn. It uses vhf (108-118 MHz)
Visual OmniRange (VOR) stations for obtaining
bearings, Traditionally, boat owners favor 200-kHz-
to-1500-kHz direction finders, which are subject to
a variety of errors caused by static, interference
and propagation-effect fading. Vhf eliminates
these, but the signals from coastal VOR stations
to boats are usually attenuated by intervening
terrain. Borrowing aerospace phase-lock and digital-
filtering techniques, Radon has produced a hundred-
fold increase in sensitivity over standard VOR
receivers. The new equipment reaches

down into the noise to extract a useful
navigational signal.

Jim McDermott
East Coast Editor

Electronic aids are infiltrating the world of
sports—from spectator events like football and
horse racing to field and stream activities like
fishing and dog training. The most spectacular
are the huge stadium scoreboards, ranging from
Cubic Corp.’s $600,000 computer-operated, ani-
mated football scoreboard for the San Diego
Municipal Stadium (see cover photo) to a new
$4-million system now being installed at the
Ontario (Calif.) Motor Speedway. The latter will
be the world’s first all-electronic timing, scoring
and display system for keeping track of up to
50 autos in a 500-mile race.

Cubic’s scoreboard, 29 feet high and 80 feet
long, has 31,400 lamps, each 40 W and dc-ener-
gized. The board is organized in a matrix of 110
rows by 310 columns and employs silicon con-
trolled rectifiers. The design of heat sinking and
cooling is critical in these systems, because the
fully illuminated board consumes over a million
watts. An advantage of the SCRs is that they are
essentially a dec memory element, remaining on

ELEcTRONIC DESIGN 11, May 24, 1970



in sports

once triggered. But to update information, all
conducting SCRs must be cut off and re-energized
as new information is inserted.

Electronic timing systems have either com-
pletely taken over or are being used as backups
in many sporting events traditionally timed by
stop watch, such as ski, ice-skate and bobsled
racing, track events, swimming competitions,
horse and dog racing, and automotive events.
These timing systems can be simple or complex
versions of a time base operating a mechanical
or electronic counter and display. The time-base
output is counted down to provide an accuracy of
hundredths or thousands of a second.

For the time base, Heuer Time Corp. of New
York City uses a 2000-Hz tuning fork, while
Bulova Watch Co. depends on its Accutron. The
Longines Watch Co.’s equipment for use with
TV pickups has a quartz crystal time base with
an IC binary countdown. Instead of requiring a
separate TV camera to monitor the time display,
the Longines system generates the numbers elec-
tronically and feeds them into the raster of a
camera scanning the sports activity.

Conversation 100 feet down, without earphones and
using only milliwatts of power, is like talking on
the beach, thanks to a unique speaker-transducer
design in Yack/Yack scuba diver communication
sets (orange in the photo). The manufacturer, Y
Square, Inc., of Santa Ana, Calif., says the trans-
ducer is exceptionally efficient because of an oil-
filled chamber that produces a very close imped-
ance match between the driving element and the
water around it. Sound is transmitted by vibrating
the entire case of the unit.

By building a plastic case and then designing the
electronics to fit the case, Hartmann, Inc., of
Newark, N.J., has cut costs on four products: a

fish finder (top), a hand-held direction finder with

a compass (center), a wireless tachometer (bottom)
and a depth sounder with a meter indicator (not
shown). The Cycolac plastic is substantially

superior to an aluminum case for withstanding abuse.
By using the same case for all four products,
Hartmann has reduced packaging costs from $3 to $5
for each item to about 75 cents.
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Courtesy ABC TV

For timing sports events, special systems have been
designed. They include the Accutron Phototimer,
developed by Bulova Watch Co. for track meets.
Above, Bob Richards, Phototimer crew chief, mans
a special slit camera at a Madison Square Garden
track event. The slit is focused on the finish line,
while the film moves by at a speed that freezes the
racer's motions. Figures on a digital counter inside
the camera are strobed by a flash lamp and ex-
posed on the film, as at left. Digital timing is con-
trolled by a time base driven by an Accutron tuning
fork, accurate to 1 part in 10° Timing starts when
a photocell transducer attached to the starter’s
pistol is triggered by the infrared energy of the fired
blank. The photocell output is radioed to start the
time-base counters at the camera.

ELECTRONIC DESIGN 11, May 24, 1970
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Cubic Corp.’s giant football scoreboard (see cover
photo, as well as this block diagram) is divided
into three ‘‘game-in-progress’’ areas and an “‘ani-
mation’’ area. All sections can be controlled either
independently or simultaneously by the operator.
The system has a special computer with a 4-k, 30-
bit word structure and double-addressing for words.
Double-addressing allows the updating of informa-
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tion on one line while another is held constant. In
operation, every location on the board does not cor-
respond to a location in memory. Instead, the in-
formation is placed on the board in a column of
lights and moved across the board in shift-register
fashion. All data that flows through the system goes
through the computer main frame, and in this fash-
ion can be constantly up-dated.

The world’s first electronic timing and scoring

system for auto racing, complete with a giant display
board and four 50-foot pylons that show the numbers
of the top 10 cars, is a $4-million installation now being
completed at Ontario (Calif.) Motor Speedway. For timing,
radio transmitters are installed in up to 50 cars
(compared with the present method at Indianapolis

of sending hundreds of timers scrambling over the
track with stop watches, eying assigned cars).

Loop antenna arrays in the new system are buried

at the start/finish line and at the entrances and

exits of the pits. As a car passes over the loops,

the receiver tuned to its frequency passes a signal

to identification logic and to a controller clocking

its time to 1/1000th of a second. Two IBM computers
control the entire operation. Computer No. 1

receives all the timing data, verifies it and

stores it as a complex file, which computer No. 2

then searches to obtain updated race statistics.

The statistics are available as a paper printout,

on CRT monitors, or on big-board displays in any

of a number of formats.
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Now race-track fans can watch what once only the
racing stewards saw—photo finishes and film play-
back of races to determine if any fouls were com-
mitted. TV monitors are placed in the clubhouse,
stands and other points within the parks—Iike the
closed-circuit color TV system shown here at the
Aqueduct track in New York City. These systems,
engineered and installed at leading tracks through-
out the country by Video Projects, Inc., of New Hyde
Park, N.Y., use five to 10 cameras. Still photos of
close finishes are transmitted directly from the
track’s photo-finish room to 23-inch TV monitors
within 30 seconds after the race is run. The video
tape of a race—unlike the camera film, which takes
five to 10 minutes to process— can be played back
for immediate viewing by the judges and fans.
Special-effects equipment allows the system director
to add such touches as split screens, lap dissolves
and the insertion of text across the bottom of the
TV picture.

Color TV coverage of sports brings the thrills home,
particularly with close-ups from the backpack
camera. But behind the scene, problems are crying
for solution, according to LaVerne Pointer, director
of broadcast engineering for the American Broad-
casting Co. For example, the cables for field color
cameras have 82 conductors and weigh a pound a
foot. Golf matches require two or three mobile vans
with up to 16 cameras and 2000 feet of cable. For
field use, the cable is made up in 200-foot sections.
Connector reliability is a headache, particularly
when the cable lies buried under roads or fairways
for days. If it is laid in the open, it is subject to
rain, moisture and golf spikes. A much smaller and
lighter cable, possibly with use of a multiplexing
scheme or some other reliable method of camera-
to-van transmission, is needed. ABC uses microwave
links between the backpacks and field stations, but
only when cable can’t be used. The microlinks (12-
13 GHz) suffer from multipath interference and
random, variable attenuation.

ELEcTRONIC DESIGN 11, May 24, 1970

A coded modulation signal is the key to success of
a radio-controlled dog trainer, by Tri-Tronics, Inc.,
Tucson, Ariz. The dog wears a ‘‘shock collar’” with
a woven antenna, plus a receiver and shocking
circuits that produce 5000-V pulses across two neck
electrodes. In use, the dog is allowed to pursue an
undesirable behavior pattern. For example, a setter
to be trained for pointing birds may chase a deer,
with the trainer observing. When the trainer presses
his transmitter button, the shock halts the dog in
his tracks. The dog associates the shock with deer
and then avoids those animals. The biggest problem
with this type of equipment is accidental shocks
due to random interference picked up by the dog’s
receiver from Civilian Band transmitters, auto-
ignition systems or power lines. This can ruin a
$500 hunting dog in short order. To avoid this,
the Tri-Tronics transmitter is modulated with a
coded signal that is decoded in the collar unit.
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Ifyoure designing
frequency-sensitive circuits,
aren’t these the measurements
you should be making?

Oscillator Output Spectrum  Spectral Purity center frequency: Frequency Drift center frequency:

Frequency scan: 0-100 MHz. Log display (LOG 100 MHz. Scan width: 5 kHz/div. IF bandwidth; 800 MHz. Scan width: 10 kHz/div.

REF = 0 dBm). 300 Hz. Log display (LOG REF = 0 dBm). Scans are triggered at 10 second intervals and ,
Oscillator output is flat at — 10 dBm, 20 to 30 Major noise sidebands are approximately stored on CRT. Drift = 42 kHz in 2 minutes.

MHz2. Second harmonic is 35 dB down and flat; 55 dB below carrier.

third harmonic goes from 50 to 55 dB down.

Conversion Efficiency center AM Modulation Index center Harmonic Distortion rrequency
frequency: 50 MHz. Scan width: 5 MHz/div. frequency: 60 MHz. Scan width: 10 kHz/div. scan: 0-50 MHz. Log display (LOG REF =
Log display (LOG REF = —10 dBm). Log display (LOG REF = +10 dBm). 0 dBm).

Double-balanced mixer with 0 dBm drive Low level 10 kHz modulation of 60 MHz Harmonic content of —16 dBm 5 MHz
at 50 MHz and —30 dBm at 5 MHz. Display carrier shows sidebands 40 dB down, i.e., signal is displayed: 2nd harmonic —50 dB,
shows 45 and 55 MHz sidebands at —36 dBm; 2% AM. Sidebands as low as —70 dB or 3rd harmonic —40 dB, others << —60 dB.
i.e., 6 dB conversion loss. (Display also shows 0.06% modulation can be measured. Harmonic content as a function of absolute
signal feed-through at 50 MHz and harmonic fundamental level can be observed.

distortion products at 40 and 60 MHz.)



Amplifier Response Frequency
scan: 0-500 MHz. Log display (LOG REF =
410 dBm).

With flat input at —20 dBm, gain and
frequency response are read directly from
CRT (20 dB gain, =2 dB to 200 MHz,

0 dB gain at 320 MHz).

M Distortion Center frequency: 60
MHz. Scan width: 100 kHz/div. Log display
(LOG REF = 410 dBm).

Two-tone test using 59.95 and 60.05 MHz
signals at 4+ 5 dBm each shows third-order
sidebands 30 db down. Higher order IM
products can also be measured.

Transmission Bandwidth

Center frequency: 800 MHz. Scan width:
0.5 MHz/div. Log display.

Spectrum of pulsed 800 MHz carrier shows
2.2 MHz frequency range between —40 dB
lobes, which is bandwidth required
to pass 99% of energy.

Filter Response Frequency scan:
0-100 MHz. Log display (LOG REF = 0 dBm).
With 0 dBm test signal, passband insertion

and stopband rejection of 50 MHz bandpass
filter are displayed. Insertion loss is 3 dB,

3 dB bandwidth approximately 4 MHz and 60
dB bandwidth is 36 MHz (Shape factor = 9).
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There’s only one lab tool that

gives you the complete, accurate
picture of measurements in the
frequency domain: HP’s series of
fully calibrated spectrum analyzers.
One covers 1 kHz to 110 MHz; the
other goes from 500 kHz to 1250
MHz. Either is a convenient, easy-
to-operate basic instrument for
general circuit design that enables
you to make all the measurements
you see on these pages, plus many
more. Use it as a tuned voltmeter, a
wave analyzer, distortion meter,
frequency meter and power meter.
Its absolute amplitude calibration,
low distortion, high sensitivity, wide
sweep capabilities and wide dynamic
range make it a true multi-purpose
frequency domain measuring
instrument.

The analyzer displays absolute
signal levels both in dBm and volts
from 410 dBm to < —120 dBm
(0.8V to 0.1 xV). And > 70 dB
distortion-free dynamic range
permits exceptional accuracy in
measuring complex signals.

Sweep the entire frequency range,
then reduce the scan width for a
closeup view of any portion down to
.0002% of the initial sweep.
Selectable bandwidths let you get
down to 50 Hz resolution with the
lower frequency RF unit and to 300
Hz with the 1250 MHz unit. A
variable persistence display shows the
full trace even at the slow sweeps
necessary to achieve high resolution.

You can perform all these measure-
ments as easily as you operate your
bench scope. Using HP's lab
spectrum analyzers is simple and
results are easy to interpret. The
cost of the 8553B 110 MHz RF
section is $2100; the 8554L 1250
MHz RF section is $3300. Either
can be used with the basic 8552A
IF section ($2050) and 141T
Variable Persistence Display section
($1700). There’s a normal persistence
display unit available, too. Your
Hewlett-Packard field engineer
has the complete details; or write
to Hewlett-Packard, Palo Alto,
California 94304; Europe: 1217
Meyrin-Geneva, Switzerland.

HEWLETT ﬁ PACKARD

SIGNAL ANALYZERS
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Letters

You will be the ones
out of step—not us

Sir:

Mr. Jack Jones, in Letters, in
the March 15, 1970 issue (ED 25),
represents the myopic, narrow-
minded sort of individual who, I
fear, typifies the over-30 engineer.
People like this, who can’t see be-
yond the end of their slide rules,
are precisely the reason why the
engineering community has such a
bad reputation among a talented,
socially aware younger generation.

The United States is today in the
midst of a revolution which must
succeed if America or, for that
matter, humanity itself is to sur-
vive. Whether this revolution is
peaceful or violent, orderly or
chaotic, will to a large extent de-
pend on how well established insti-
tutions respond to the crying need
for extensive change. Recent ex-
perience, however, indicates that
our established institutions—the
electronics industry among them—
either cannot or will not respond
to this need.

Despite the ballyhoo over token
efforts to attack real problems, the
electronics industry remains heavi-
ly committed to weapons develop-
ment. The reign of terror inflicted
upon the Vietnamese people in the
name of freedom is a direct result
of American technology’s eager-
ness to supply the Pentagon with
every conceivable engine of de-
struction—at a handsome profit, of
course. As long as the electronics
industry insists on maintaining
its current cozy relationship with
an arrogant, mindless military es-
tablishment, it will become in-
creasingly difficult to recruit tal-
ented young people into the
engineering profession.

Yes, Mr. Jones, today’s youth is
idealistic. And, as you suggest,
we're also out of step. We are out
of step with a war-based economy
that squanders billions of dollars
annually on useless, unreliable
weapons systems for the Pentagon
sandbox. We're out of step with
so-called professional magazines
and societies that glorify this toy-
soldier nonsense as being good
business, or with the limp excuse

44

that it furthers scientific and tech-
nical “progess.” We're out of step
with an economic philosophy that
recognizes conspicuous consump-
tion as the only valid measure of
national success. I could go on, but
I think you get the idea.

Gentlemen, the days of ‘“What’s
good for General Motors is good
for the country” are numbered. The
revolution is coming, and when it
does it will be you who are out of
step and not us.

Douglas Abboit

University of California
Berkeley, Calif.

Patent is pending—
we hasten to say

Sir:

A minor, though urgent prob-
lem, occurred with the release of
your feature article in Evaluation
Samples, ED 6, March 15, 1970, p.
268, on our new packaging system.
Our intent with this article was to
go on record that the product was
exclusive and that we had patents
pending in the United States and
many countries outside the U. S.
as well.

It would be a great help if you
could publish something as soon as
possible, making it clear that the
product line and product concept
are exclusively that of Circuit-
Stik, Inc., and that a world-wide
marketing line is planned.

Donald E. Harper
Marketing Director
Circuit-Stik, Inc.
Gardena, Calif.

He calls attention
to a lack of inversion

Sir:

With regard to the article “Dia-
gram sequential logic on a cube” in
the 1 Mar. 1970 issue, page 55, I
believe you DID FORGET to jaeaut
the rear-left “A” CONSTANT in
your D cube in Fig. 3.

Wayne E. Snow
Member Technical Staff
North American Aviation
Columbus Division
North American Rockwell Corp.

From 31 components
you can make over

25,000 different

switches or indicators

Flexible, building block concept
means low inventory investment.
Arrow-Hart’s name means top quality.
And Authorized Specialty Switch Dis-
tributors (below) mean ready
availability.

Arizona

ELECTRO COMPONENTS
DISTRIBUTORS

1641 E. McDowell
Phoenix, Arizona

California

T. V. WEATHERFORD
6921 San Fernando Road
Glendale, California

ELECTRO COMPONENTS
DISTRIBUTORS

122 So. Mission Road
Los Angeles, California

FISHER SWITCHES, INC. 408/244-6182
3381 Edward Avenue
Santa Clara, California

FISHER SWITCHES, INC. 213/746-3740
3400 S. Broadway
Los Angeles, California

ELECTRO COMPONENTS
DISTRIBUTORS, INC.
1667 Industrial Road

San Carlos, California

CONSOLIDATED PARTS
180 E. Gish Road
San Jose, California

ZACK ELECTRONICS
1422 Market Street
San Francisco, California

Colorado

ELECTRONICS PARTS
COMPANY

1277 Broadway
Denver, Colorado

Telephone

602/258-2665

213/849-3451

213/386-1611

415/592-3030
408/294-2302

415/626-1444

303/266-3755

IH O
ARROW-HART, INC.
nie I HARTFORD, CONN.
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Meanwhile, back on earth.
Arrow-Hart scores a
breakthrough in lighted push-
button switches. Snap-on
contact blocks make up to
4-pole double throw
form Z switches. 31 stock
components = 25,344 different
variations. Six colored
lenses in three shapes. Is your
imagination beginning to run
away with you? Write or wire
for folder. We call all this
Adapt-a-Switch. You'll
call it ingenious.

]

=l
e r |
ARROW-HART, INC. |

W8  HARTFORD, CONN.




Z‘,"v\*wy—-"—-—-\q Al AT AOVAITI IFAQI Y™
) 2=4Vi= i — SYRN u =Y VA = 5

160 MHz for $5900

Buying a frequency synthesizer has been something like buying a
car. There’s a confusion of models, options, and price ranges. Except —
there has never been a so-called “intermediate’”-model synthesizer.
That’s because price and performance ranges of synthesizers have
tended to cluster just at both ends of the spectrum. The choice was be-
tween lower-cost, limited-frequency-range models and those with
everything, including a sky-high price tag. So, the buying decision was
one based on either trade-off or over-capability.

This is not true any longer! GR has filled the price-capability gap
with the new 1165 Frequency Synthesizer. Frequency range is wide,
0.01 to 160 MHz in 100-Hz steps. The price is only $5900, less than half
the price it used to cost to get 160 MHz. If you can furnish your own fre-
quency reference signal (5 or 10 MHz), you can get a model for only
$5300. In the $5900 model, frequency accuracy is maintained either by
an internal precision 10-MHz oscillator (1 x 10 ° per day) or by an ex-
ternal drive or lock source. Output is 0.1 to 1 V into 50 ohms. Both fre-
quency and level can be externally programmed; the 1165 is ideal for
applications requiring remotely-programmed local oscillators. Harmon-
ics are typically down 30 dB (at maximum output into 50-() load); spur-
ious, discrete non-harmonic signals are typically down 60 dB.

For complete information, write General Radio, West Concord,
Mass. 01781; telephone (617) 369-4400. In Europe: Postfach 124, CH
8034, Zurich, Switzerland.
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DON BYRNE, WASHINGTON BUREAU

Destroyer contract delayed again

House votes

Bath Iron Works and Litton Industries, which have been expecting
for months to hear that one of them won the award to build six DD-963
class destroyers, may have to wait two more months for their answer.

The House approved $506.8-million for the ships but a rider was at-
tached to the overall $20-billion defense authorization bill requiring that
the ships be built by two ship yards instead of one. The provision may
be removed—as it was last year—by the Senate or later in joint House
and Senate sessions. Meanwhile, the rider is holding up the contract
award.

Action on the authorization bill may not be completed before late June
or July because it includes money for the Safeguard ABM, a program
that will undoubtedly be delayed by a filibuster.

$200-million for Lockheed ‘contingency’

The House has approved $544.4-million for the C-5A program, $200-
million of which is to be used by Lockheed to cover expenditures during
the next fiscal year. Lockheed told the Defense Dept. several months ago
that it would need $600-million over the next three years to meet ex-
penses. The House Armed Services Committee recommended the $200-
million for the coming year, stating that it was “doubtful” that Lockheed
could cover these expenditures.

Deputy Defense Secretary David Packard told the committee that if
the money was not approved, the C-5A program would have to be termi-
nated under confusion and uncertain circumstances, without any clear
picture of just what the Government would get for its large investment
in the program.

Safeguard streaking toward trouble in Senate

The planned expansion of the Safeguard antiballistic missile system is
in deep trouble in the Senate—and perhaps the entire ABM program
along with it.

Senate supporters of the ABM system are not sure they can salvage
any of the the program, let alone the $404-million earmarked for extra
Safeguard sites. The House passed a $1,026,000,000 authorization for
Safeguard in fiscal 1971, which included $305-million for construction of
a new site at Whiteman AFB, Mo.; $35-million for additional Sprint
missiles at Grand Forks, N. D., and Malmstrom, Mont.; $40-million for
long-lead-time preparation of five additional sites, and $24-million for
related work.

Last year deployment of the ABM squeaked through the Senate on a
tie vote. This year proponents feel they will be lucky if they can even
get a tie vote. One Senate supporter told ELECTRONIC DESIGN: “If
they get us on the run, they’ll kill the whole program.”

Proponents point out that Sen. Everett Dirksen, a supporter, is dead
and that Sen. Karl E. Mundt (R-S.D.), another supporter, is hospitalized
and not expected to be on hand for a vote. In addition there is little be-
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Washington Report...

lief in the Senate that Chinese attack capabilities call for extra ABM
spending at this time. The plan within the Senate Armed Services Com-
mittee at the moment seems to be to bring out a modified bill that would
kill the expansion but keep alive the basic program. Hopefully, say the pro-
ponents, this would get through the Senate and give the House a bill that
it could live with.

Better planning sought in earth satellite program

The Senate Space Committee has instructed NASA to undertake im-
mediately a study of other Government agency needs in the proposed
Earth Resources Technology Satellite Program. The Committee told
NASA it would like to see a formal agreement between Government
agencies to improve planning and coordination. The recommendation came
in the report of the Space Committee on NASA’s fiscal 1971 authoriza-
tion. The committee chopped $284.9-million from the $3.6-billion the
House had approved. The bulk of the cut was in the manned space pro-
gram, where the House had added almost $300-million more than the Ad-
mistration had requested.

AWACS contractor selection delayed

A contract award for the Airborne Warning and Control System
(AWACS), expected in early June, has been postponed four to six
months, Defense Dept. sources:say. No reason was given for the delay.
But it’s believed that a contractor for AWACS can’t be selected until one
is chosen for the B-1 advanced manned strategic aircraft. Announcement
of the B-1 contract is imminent, and several of the bidders are involved
in both contracts. Boeing and General Electric, for example, are both
very much in the running for both contracts, and it’s highly unlikely that
one company would get both awards.

Capital capsules: The Federal Aviation Administration (FAA) is taking a look
: at a proximity warning device for general-aviation planes that costs less
than $400 and weighs only two pounds. The device, manufactured by
General Aviation Electronics, Inc., of Indianapolis, reacts to the trans-
ponders normally installed in military and airline aircraft . . . . Adm.
Thomas H. Moorer, Chief of Naval Operations, has revealed that two
North Vietnamese MIG fighters were knocked down in 1968 by Talos
missiles. Both planes were outside the 65-mile range of Talos. News of
the downings was held up for security reasons, Moorer said . . . . The
Australian Parliament has agreed to lease U. S. Phantom F-4E fighters
as stand-ins for the 24 F-111C planes it has on order, pending tests on
the grounded F-111s. The U. S. Air Force has announced, meanwhile, that
the F-111 wing under test at General Dynamic’s San Diego facility failed
at 3,000 hours—1,000 hours short of its life expectancy. The Air Force
says, however, that the test has proved that the aircraft has many years
of use during which a fix can be devised . . . . The leading candidate for
the director of the new Office of Telecommunications Policy is said to be
William A. Niskanen, 37-year-old Pentagon economist and former director
of program analysis in the Institute of Defense Analysis. His deputy may
come from the communications industry. '
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SUB-PIGOAMP |,
FOR DIFF AMPS
WITH FETS

Are these your requirements?— Less than 1 pA Iin and low
noise (for electrometer, Op Amp, or diff amp) or high slew rate
(for sample and hold). Use FETSs at the input in either
long-tailed pair or differential source follower circuits. Another
possibility —the temperature compensated source follower

for unbalanced circuits.

+15¢ e, <15nV/ |/Hz @ 10 Hz o6 I, <1pA +12¢
A, >23dB A, >0.36
OFFSET <5mV OFFSET <5mV

2N5906

f3dB ~ 100MHz
A, >098
OFFSET <10mV

Siliconix assumes n sponsibility fo cuits shown, nor does it represent or wi nt that they do not infringe any patents

Which FETs to use? = General Purpose 2N5196-99; m Low
Noise: 2N5515-24;m Low Leakage: 2N5902-09; = Wide Band
and/or High Gain: 2N35911-12.

For more information and applications assistance write or call
any of the numbers below.

New York: Sy Levine (516) 796-4680

New England: Al La Croix (617) 762-8114

Ft. Worth/Dallas: Charlie Williams (214) 231-8151 S . ' . . s

St. Louis: Jim Spicer (314) 291-3616 Hconix in cnrpora‘red

Minneapolis: Ed Koelfgen (612) 920-4483 2201 Laurelwood Road <+ Santa Clara -+ California 95054
Southern California: Dave Ferran (213) 420-1307  Telephone (408) 246-8000 Extension 201 + TWX: 910-338-0227
Northern California: Chuck Brush (408) 246-8000 In Europe: Siliconix Limited, Saunders Way, Sketty, Swansea, Great Britain
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New
Infrared

Detectors
and

Emitters.

Lead-Tin-Telluride
Detectors for 8-14
micron radiation.
Optimum perfor-
mance at 77°K.
Peak spectral
response can
be selected.
Available
in various
configura-
tions.

PbSnTe
Detector

Also available —a new family
of high power, high efficiency
gallium arsenide emitters. 150
milliwatts continuous outpuf
at better than .
10% efficiency.
Substantially
higher outputs
achievable by
cooling the
diodes.

GaAs Emitter

Raytheon produces IR
detectors covering the
spectrum from 2 microns
to 8 mm. Both single
elements and
arrays have
been pro-
duced.

Assembly
and Cryostat

Special Microwave

Devices Operation
130 Second Avenue
Waltham, Mass. 02154

(617) 899-8080

INFORMATION RETRIEVAL NUMBER 26
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Shoot golf with pros — by computer

How’d you like to play an 18-hole round of golf on
the famous course of your choice—without leaving your
hometown ? Our East Coast Editor, Jim McDermott, came
across such an invention, called Golf-O-Tron. (Golf-O-
Tron Corp., New York, N. Y.) while gathering material
for a story on the use of electronics in sports (page 36).

An interesting hybrid—digital/analog—computer is
used to control the practice game. The fairway is
projected in color on a large screen in front of the player,
who drives off the first (and succeeding 17 tees). His
ball hits the screen, and from the impact, a computer
calculates the trajectory the ball would have taken had
our golfer been playing on the real course.

An image of the golf ball following this trajectory is
projected on the screen. The computer measures the
velocity of the ball and calculates the-yardage driven.
The projector, controlled by the computer, automatically
changes the pictures, as he progresses up the fairway, to
correspond with the new position. Once the ball reaches
the green, the player putts out on a grasslike surface
with the real ball.

Other jobs the computer is undertaking in sports
include picking new players for teams. It evaluates the
prospects that team scouts report on. And computers
are used also for analyzing opponents’ games and play-
ers. In these cases, the machine makes a statistical
analysis of important factors, and the results are printed
out for the managers’ and coaches’ evaluation.

With the Golf-O-Tron practice machine, a player is about to make
an iron shot to the hole 50 yards away—on the screen.
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... The most advanced instrument for automatic test sys-
tems. .. designed to save you engineering time and money.
HP Digitally Controlled Power Sources are more than
digital-to-analog converters with output power capability,
they include added “system-oriented” functions . . . In-

ternal Storage to increase computer operating efficiency;
= Isolation to break ground loops; Bipolar Amplification for

fast up and down programming; Programmable Current

HEWLETT ﬁ PACKARD Limit. to. protect  sensitive:doai: o SIS EURIN

factory to match your computer . . . All this is in a single
compact package. Outputs from —100V to +100V, cur-
POWER SUPPLIES rents up to 1A. $1,800.

100 Locust Avenue, Berkeley Heights

21006 New Jersey 07922 » (201) 464-1234 Digitally Controlled Power Brochure available upon request.
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Exclusive:

Fast relief from
circuit-corroding

acetic acid
headaches

Dow Corning® silicone sealants and
protective coatings are the only
ones that do not release acetic acid
or other corrosive by-products dur-
ing cure. They were specifically
developed to protect delicate circuit
boards and other electronic compo-
nents from corrosion, dust, dirt,
abrasive particles, solvents and
chemicals. They are strong, have
excellent bond strength, electrical
strength; are easy to apply, and cure
quickly. There’s no “vinegar’ smell,
either. Dow Corning 3140 (clear) and
3141 (opaque) RTV coatings are
ready-to-use silicone rubbers that
cure at room temperature. They are
ideal for conformal coatings on
printed circuit assemblies or for
encapsulating small circuits or con-
nectors. Dow Corning 3144 (clear)
and 3145 (opaque) RTV adhesive/
sealants are high-strength, non-
corrosive, nonflowing silicone rub-
bers used to bond components and
seal housings and connectors.

Stop component corrosion with
these Dow Corning coatings and
sealants. For more information, write
Dow Corning Corporation, Dept.
B-9342, Midland, Michigan 48640.

Electrical | Electronic
materials from

DOW CORNING

DOW CORNING
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Process

more

information

faster

and cheaper

Now you can think about circuit
switching speed in terms of
picoseconds instead of nanoseconds,
for digital logic systems, data
handling and peripheral equipment
and other applications where you're
designing circuits for mixing,
clipping, clamping, A/D conversion,
gating and sampling.

These low-cost hybrid Schottky
diodes are fully passivated, have
a 0.4 V threshold voltage, have

54

with HP
hot carrier

diodes.

100 picosecond switching speed
and 1.0 mV/degree C temperature
coefficient. They’ll withstand
temperatures from —55° to 200° C
and breakdown voltages up

to 70 V. In fact, their near-ideal
combination of forward
voltage/current characteristics
adds up to better-than-PN-
junction performance at volume
user prices. And they’re newly
EIA registered.

INFORMATION RETRIEVAL NUMBER 29

Check your HP sales office for
prices, which are as low as 32¢ each
in 100,000 quantities for the
HP 5082-2800. Ask about specs
and prices on the HP 5082-2810
and 2811, too.

.01008

HEWLETT @7 PACKARD
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where in-stock printed circuit connectors are closing today’s communications gap.

Typical of Winchester Electronics’ capabilities in MIL-C-21097 requirements but exceed them in
printed circuit connectors are our lines of card quality and reliability at an economical price.
edge and board joiners pin and socket connector. !
And for even more exacting applications, our So, before you go to the expense of ordering a
military approved HB/HBD series. special printed circuit connector, look into the

in-stock selection at Winchester Electronics. Just
write Winchester Electron-

WINCHES TER ics, Main Street and Hillside

Ave., Oakville, Conn. 06779.
ELECTRONICS
DIVISION OF LITTON INDUSTRIES

Available in single and dou-
ble row terminations, these
connectors not only meet

INFORMATION RETRIEVAL NUMBER 30
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5 fast

ways tq
design-in
transformers.
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DO-T™ Transistor Transformers & Induc-
tors with frequency response of = 3db,
300 Hz to 20 kHz. Primary impedance
ranges from 80 CT to 200,000 CT; sec-
ondary impedance from 3.2 to 20,000
split. Mw levels from 25 to 500. Inductors
from .15 Hys @ 20 maDC to 6 Hys @ 2
maDC.

—-lr-.035

63 KEY 8 MOISTURE
BARRIER OFFSET

r—.O.

WEIGHT /15 0Z

New DO-T200™ Series Transformers &
Inductors. Termination patterns conform
with TO-5 cased microcircuits. Frequency
response: = 3db, 300 Hz to 20 kHz. Pri-
mary impedance ranges from 1,000 CT to
200,000 CT; secondary impedance from
50 to 12,000 CT. Mw levels from 25 to 100.
Also available in all standard DO-T
specifications.

WEIGHT 1720 02

PIL™ Ultraminiature Audio and High-
frequency Transformers & Inductors. Fre-
quency response at 1 mw is = 3db, 800
Hz to 250 kHz. Primary impedance: 500
CT to 10K CT; Secondary impedance:
500 CT to 2K CT. Max. Mw level: 100.
Inductors from .020 Hys @ 10 maDC to
.66 Hys @ 0 maDC.

Here is the entire UTC DO-T family.

Pick any one of these transformers
—you'll combine maximum perform-
ance characteristics, unusual power
handling capability and high reliabil-
ity in a tiny package. Their parameters
greatly exceed those of conventional
transformers, making them ideal for a
wide range of applications.

All of these transformers have the
unique DO-T type construction that
UTC developed. The bobbins are

56

WEIGHT 1715 02

DI-T™ Series Transistor Transformers &
Inductors. Frequency response of = 3db,
400 Hz to 100 kHz. Primary impedance
ranges from 80 CT to 30,000 CT; second-
ary impedance from 3.2 to 12,000 CT.
Mw levels from 50 to 500. Inductors from
.08 Hys @ 10 maDC to 4.5 Hys @2 maDC.

completely rigid, eliminating stress
and wire movement. All turns are cir-
cular, rather than square, eliminating
turn corner stress. All leads and wires
are securely anchored to resist strain.
All units are hermetically sealed
and are manufactured and guaran-
teed to MIL-T-27C specifications.
Insist on getting UTC transformers
in these five basic series. Simplify your
design problems—refer to the UTC
catalog, which displays the largest
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WEIGHT 1/1502

DI-T200™ Transistor Transformers & In-
ductors. Termination patterns conform
with TO-5 cased microcircuits. Frequency
response: == 3db, 400 Hz to 100 kHz. Pri-
mary impedance ranges from 80 to 30,000
CT; secondary impedance from 32 split
to 12,000 CT. Mw levels from 50 to 500.
Inductors from .02 Hys @ 20 maDC to 4.5
Hys @ 2 maDC. Also available in all
standard DI-T specifications.

selection of items in the industry.
Standard items are available for im-
mediate delivery—plus custom designs
to your specifications.

Contact your local distributor. Or,
write for latest catalog to United Trans-
former Company,
Division of TRW, INC.,
150 Varick Street, New
York, New York I00I3.

TRW.
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SUDDENLY

VOLTAGE

ALL OTHER

REGULATORS

BEST.

HERE'S WHY:

] ——
(LI 2T

ARE SECOND

il N

(actual size) -~ -

= +£0.01% line & load regulation

= £0.5% preset output voltage

= Short-circuit proof

= MIL-STD-883 hermetic package

= $40 (1-9 quantity)

= Model 828 (plus) and Model 838 (minus)
from stock

= Many other outstanding features;
contact your local Helipot representative.

HELIPOT DIVISION

FULLERTON, CALIFORNIA = 92634
INTERNATIONAL SUBSIDIARIES: AMSTERDAM: CAPE TOWN: GENEVA; GLENROTHES,
SCOTLAND; LONDON; MEXICO CITY; MUNICH: PARIS; STOCKHOLM; TOKYO: VIENNA



DUAL TRANSISTORS

THEIRS
OURS

SURE A METAL CAN Now you can get what you need; the specs. Without
paying an arm and a leg for a metal can. Look over
the table of types. The specs check. And the price is

IS HERME-HC $0.92 to $2.40 at 100-999. So pick up the phone to

BUT IS IT WORTH A save a pocketful of dollars.

$7.00 PRICE DIFFERENTIAL® Fau T

ViV,
) e A Ta Matched | BN

xy Dual © o0 ©0(o o0 o
hiliEis e [ kic s
© 000 0 o

Polarity

S5mV | 10mv | 10uv/°C | 20uv/°C | 30uv/°C

NPN/NPN| TD-100 | TD-101 | TD-250 TD-100 TD-101 | TD-2219 | TD-200 | TD-100
TD-200 | TD-201 TD-200 TD-201 TD-201 | TD-101
TD-250 TD-202 | TD-102
TD-250 | TD-2219

Sprague thinks not. In 9 out of 10 industrial and

PNP/PNP | TD-400 | TD-401 TD-550 TD-400 TD-401 | TD-2905 | TD-500 | TD-400

instrument applications, it's beta match and Ve et Svp i Bson | roheat Lae B e

* . . TD-550 TD-502 | TD-402

tracking that count in a C%ual transistor. Not the can. Looglb ol

That's why we package in plastic. So you can save  [eemen Fotépo. Pibate. | 1000

o . . TD-601 TD-701 | TD-601

dollars on your design. With no loss in performance. ol J5 1R £ 4 2 P L8 il Y
Just like with ICs, where plastic DIPs are almost the i
J TD-702

rule. It's just that simple. il

PRICE? DELIVERY? LOCAL DISTRIBUTORS? TECHNICAL LITERATURE?
GET THE ANSWERS AT ANY OF THE NUMBERS LISTED BELOW. sss-sreans

ALA. Huntsville, no charge call operator, WX4000 ARIZ. Phoenix (602) 279-5435 CALIF. Burlingame 5415) 347-7701 Los Angeles,

Bell Tel., (213) 870-0161, Gen. Tel., (213) 391-0611 San Die| o (714) 278-7640 COLO. Denver (303) 756-3611 CONN. Trumbull (203) ®

261-2551' DC. Washmzton 202) 244-6006 FLA. Orlando S 5 831-3636 ILL. Schiller Park (312) 678-2262 IND. Indianapolis (317)

253-4247 MASS. Newton (6 7) 969-2520 North Adams (413) 6 4-4411 MICH Ann Arbor (313) 761-4080 Detroit, no char; zge call opera-

tor, Enter rise 7498 MINN. Minneapolis (612) 335-7734 MO. St. Ann (314) 291-2500 N.J. Cherry Hill (609) 667 -4444 /(215) 467-5252

Wa ne (201) 696-8200 N.! M. Albuquerque (505) 265-1579 N.Y. Melville (516) 549-4141 Syracuse (315) 437-7311 N.C. Winston-Salem
19) 722-5151 OHIO Chagrin Falls (216) 247-6488 Dayton (513) 223-9187 Cincinnati, no charge call operator, Enterprise 3-8805 TEX.

9
&lchardson (214) 235—1256g WASH. Seattle (206) 632-77

THE MARK OF RELIABILITY
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YT19 system cabinet, holds all the
equipment shown (except teletype-
writer) with room to spare.

CD51 controller-digitizer with program-
mable gain, controls 1024 channels, 10ns
aperture time.

TE33 teletypewriter with paper tape
reader and punch. (Includes controller.)

CF16 minicomputer with a
4K x 16-bit memory (expand-
able to 24K) and four different
1/0 modes. (Includes software.)

Optionally
available:
MRS0 high-
level multi-
plexer and
associated
channels
(approxi-
mately $2400
extra), if you
want to mix
high and low
level signals. Also
10,120r15-bitDto A
converters for closed
loop systems, and a
variety of other off-
the-shelf instru-
ments and op-

tions to solve
virtually any
data acquisi-
tion problem.

Ve o]

7/ B

PE20 peripheral con-
troller for CD51/DM40
combination.

DM40 low-level differential
multiplexer accepts up to
128 input signals (optionally
expandable to 1024) in the
range =2.5mV to =10V full
scale, at a rate up to 20kHz, and
with a CMR of 120db at DC.

OP50 multiplexer switch card contains
8 switches with screw terminals. Each
DM40 accommodates up to 16 such
cards. Switch cards with other terminal
types also available.

OP59 power supply for up to eight DM40s. — All instruments and interfaces will
: g . g be cabinet mounted and function- | ;
ally tested togetherhprior to | |
delivery. If you're in a hurry, call —— r—
Calformia

(213) 679-4511, ext. 3668 or 3391. & sexran

The last reason you should buy our data acquisition
system is the price: $21,600.
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A PULSE
SNAP DIODE

from SILIGONIX.

(SILIGONIX 2)°x

Here S a semleonduetor diode that can really put
a snap in your pulse circuitry. It can handle

high amplitudes at picosecond speeds, all with

simple, low-cost circuitry.

TYPICAL APPLICATION: PULSE SHARPENER

LEADING EDGE 1 4 TRAILING EDGE

== x [iammhan A0 %Q =l
?m Ty i

V.

Other uses for this pulse snap diode include

m Pulse Squaring = Pulse Delaying = Pulse
Area Limiting = Impulse Generation = Sine-to-
Square Conversion = Etc.

Instant data and applications information available from any of

the offices below. Just write or call. i
2K . . a new addition to the

expanding family of high speed,

New York: Sy Levine (516) 796-4680 HF and microwave devices from:

New England: Al La Croix (617) 762-8114

Ft. Worth/Dallas: Charlie Williams (214) 231-8151 sy . .

St. Louis: Jim Spicer (314) 291-3616 Sili conix |nCDrPDra1'Ed

Minneapolis: Ed Koelfgen (612) 920-4483 2201 Laurelwood Road <+ Santa Clara < California 95054
Southern California: Dave Ferran (213) 420-1307  Telephone (408) 246-8000 Extension 201 « TWX: 910-338-0227
Northern California: Chuck Brush (408) 246-8000  In Europe: Siliconix Limited, Saunders Way, Sketty, Swansea, Great Britain

INFORMATION RETRIEVAL NUMBER 34
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That little black box is a power amplifier with 150 watt output

We said
one hundred fifty

watts!

This little beauty is the smallest power amplifier capa-
“ble of 150 watt output and 100 watt internal dissipation
at 90°C case temperature. It’s uniquely suited and priced
to drive industrial control systems using DC torque
motors, servo motors or for directly activating loud
speakers, actuators, sonar transducers and TV magnetic
deflection circuits.

Why try to duplicate Inland’s years of experience in
designing, specifying and manufacturing control sys-
tems from command signal to
final drive. We can save you time
and money by solving your inter-
face problems before they occur.
And you get 2 weeks delivery.

The IC-100 is field repairable INI.AND
and can be configured to meet
MIL-E-5400 including MIL-STD-
704. For further information in- é)ﬁﬁTROLS
cluding quantity pricing, justgive a pivision
us a call or drop us a line. KOLLMORGEN

Inland Controls, Inc. 250 Alpha Drive, Pittsburgh, Pa. 15238 Tel: 412-782-3516



“Who ever heard
of a computer
with an

EP

Unlike any other computer you've ever seen, the

GRI 909 Computer, a Direct Function Processor, has
an expandable instruction set. Starting with the basic
configuration of nearly one hundred instructions, it
can be expanded with firmware modules to literally
thousands of instructions.

Typical units in our standard library of plug-in firm-
ware operators are ‘‘Multiply/Divide"” “‘Byte Swap/
Pack’, ‘‘Byte Comparator”, and ‘‘General Purpose
Registers’. And, if you prefer, you can make up and
plug in your own proprietary operators.

This is a true hardware expansion of the processor
unit . . . not merely a read-only memory execution of
subroutines. (Although the GRI 909 can handle that
too, of course.)

Don'’t box yourself in. Get the GRI 909. It's a family of
computers within a single processor unit.
For more information on the Direct Function
Processing technique write:

GRI Computer Corp.

O 76 Rowe Street,
@I D Newton, Mass. 02166

(617) 969-7346

‘)

* EXPANDABLE PROCESSOR UNIT

B,
@ D
THE NEW BREED

INFORMATION RETRIEVAL NUMBER 36
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CELANESE NYLON IS

MADE IN ATOTALLY

CONTINUOUS PROCESS.
THAT’S ADVANTAGE NO.1.

Whiteness., We make
Celanese nylon in a continu-
ous, patented process—so it
has a shorter heat history.
That’s why it’s whiter in the
pellet. Whiter in your prod-
ucts. And it’s whiter through
successive regrinds.

It’s one advantage that
Buchanan Electrical Prod-
ucts Corporation gets by us-
ing Celanese nylon for
terminal blocks, connectors—
some 30otherelectrical parts.

Other reasons for using
Celanese nylon include high

. Celanese Plastics Company is a division of Celanese Corporation. Canadian Affiliate: Chemcell Resources, Ltd. Export: Amcel Co., Inc., and Pan Amcel Co., Inc., 522 Fifth Ave., New York 10036.

Celanese®

dielectric properties, which
allow thinner walls, more
compact units. Great mechan-
ical strength and toughness.
Resilience, for parts that
have to snap-fit. Hold.
Celanese nylon is self-extin-

guishing. And it has U/L rat-
ing on electrical properties of
105°C.

In fact, Celanese nylon has

. all the best properties you ex-
. pect in nylon. Without the yel-
i low. Write for a copy of our
. brochure on electrical applica-
i tions of Celanese nylon. Also

a U/L Yellow Card. Celanese
Plastics Company, Dept.

N-500,

1090 Lousons

Rd., Union,

New Jersey ©
07083. CELANESE

PLASTICS




For=16/hit-
production quantities

of YOUR CHOICE

Features:

—

. Fast—guaranteed maximum access

times: 850 nsec to 1.5 usec. r 0 2560 Bits

2. Low Power—90 mW typical.
3. Complete decoding within each ROM.
4. Wire-OR capability. Custom Patterns
5. May be biased to be bipolar compatible.
6. Synchronous and compatible. Any EA ROM can be programmed to your specialized
7. 24-pin dual-in-line packages. bit patterns. Allow 6 to 8 week delivery.

For data sheets and forms for submitting your
Standard Patterns specialized bit patterns, contact your local representa-
available today at EA distributors tive or write Electronic Arrays, Inc., 501 Ellis Street,

Mountain View, California 94040. (415) 964-4321.
1. EA 3001—Starburst character generator and ol o : I (#18)

Selectric bail to ASCII code converter.

2. EA 3101—ASCII to Selectric Line Code and Selectric
Line Code to ASCII code converter.

3. EA 3307—ASCII to EBCDIC and EBCDIC to ASCII
code converter.

4. EA 3501—Row Scan Dot Code Matrix Character

Generator.
5. EA 3701—Column Scan Dot Code Matrix Character elec"'nmc

Generator. alllla's' Inc.
PROVEN MOS PRODUCTS DELIVERED IN VOLUME

INFORMATION RETRIEVAL NUMBER 38
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Reading at a distance made easy...

with RCA Microwave Devices designed for telemetry

Build into your telemetry system all the advantages tegrated Circuits—for applications from 250 mW
of size, weight, power, economy, and shock capa- cw to 600 W peak.
bility with products from a single source—RCA. [0 S-band—High Power Transistor Amplifiers,
For more than two decades, RCA has manufac- Microwave Integrated Circuit Modules—in 5 W to
tured devices in high volume for use from low L- 10 W systems.
band all the way to Ku-band. [ C-, X-, and Ku-band—TEQ’s, Oscillators, Micro-
Today RCA offers products for such diverse ap- wave Integrated Circuits—for use in the 100 mW
plications as: radiosondes, missile guidance, shell range.
telemetry, joint inflight data systems, weather ob- 1 Wideband—Traveling-Wave Tubes for low and
servations, pollution control, and experiments in » "'g, medium power applications up to 20 W.
bio-medical research, stress, environment, pres- ] For more information on RCA products available
sure, temperature, and mapping with the help of for your telemetry requirements, see your local
infrared. RCA Representative. For technical data, write:
In outline, these are some of the RCA devices - & RCA Electronic Components, Commercial Engi-
available for your airborne and ground-based te- #8 neering, SectionE52-2/ZM7, Harrison, N.J. 07029.
lemetry systems: - “® In Europe: RCA International Marketing S.A., 2-4
[] L- and S-band—Pencil Tubes and Cavities, Tran- / rue du Liévre, 1227 Geneva, Switzerland.

sistor Power Sources, Oscillators, Microwave In-

ELEcTRONIC DESIGN 11, May 24, 1970 65




So what if Grant Slides save
hours of down time?

Is there a quicker, rore efficient
way to get to a fault Iocatio

by immediate and smooth e
of the unit for simple, fast g

Would you guess the ¢ K
being able to keep eq ._
connected (and i@

while maintenance takes

How great is the value of slides
if individual chassis’ can be

interchanged with similar
chassis’ in moments?

What's it worth if slides enablé
equipment to be serviced in half
—or less than half the time it
ordinarily takes bolting and unbolting,

Virtually every product can use the ready
fastening and unfastening?

access provided by Grant Slides. There are
thousands of types, styles and sizes available.
Slides that tilt, lock, extend and lock and
perform dozens of other functions. Undoubtedly,

there’s a Grant Slide that can help make
your product better too.

Write for complete data.

GRANT

PULLEY & HARDWARE CORPORATION
EASTERN DIVISION:

21HIGH STREET, WEST NYACK, NEW YORK 10994
WESTERN DIVISION: 944 LONG BEACH AVE. LOS ANGELES, CALIF. 90021

INFORMATION RETRIEVAL NUMBER 39
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Each Sylvania 7400N package
is guaranteed to meet a hermeti-
city specification of 1x10~7 cc/sec,
2% AQL.

We make this guarantee because
of the superior construction of our
Cerdip package.

And you don’t pay anything ex-
tra for this added feature; in fact
you pay less. The price on our
Cerdip 7400N devices is no higher
than competing plastic units.

This guarantee of hermeticity
applies to all 14 devices in our
present off-the-shelf line and will
apply to 13 additional 7400N TTL
devices we will announce in the
near future.

We’re pretty proud of this guar-
antee and we are putting it on our
data sheet just as we do with elec-
trical specs.

This is a major commitment to
improved reliability.

Sylvania 7400N devices are at
your distributor right now. You
don’t have to worry about prob-
lems with plastics when you can
get our guaranteed Cerdip packs,
and save money, too.

Sylvania Electronic Compo-
nents, Semiconductor Divi-
sion, Woburn, Mass. 01801.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS

Guaranteed hermeticity
in every package.

That’s why you need 9th-sourcing in 7400N TTL.

*These integrated circuits are guaranteed to substantially conform to Sylvania’s applicable specifications and be delivered free of defects in materials and workmanship. If they are defective

in such respects, at Sylvania’s election, Sylvania will either repair, replace or grant a credit at invoice prices if defective integrated circuits are returned to the factory pre-paid
year after shipment. THESE GUARANTEES ARE IN LIEU OF ALL OTHER GUARANTEES EXPRESSED OR IMPLIED. Svivania shall not be liahle far anacial ar enncaniantial Aamacan it

within one
.



WE WANT OUR NAME ON THE TIP OF YOUR TONGUE!

Scotchpar 30

BRAND POLYESTER FiLm
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small wonders: big news

Denser PC packaging at low cost is now possible . . . thanks to
CAMBION's low-profile standard variable inductors. They're
wound on new, thin wall coil forms that allow higher Q's and
inductance values.

Ultra-reliable as well as miniature, these high performance
inductors are built for longer life . . . longer by a factor of ten
in tuning torque. They have an operating temperature range of
—55° to 125°C and a tuning range of =20% from the

mean inductance.

For total circuit reliability — at a small price - it pays to choose
CAMBION inductors. They're available in a wide choice of
values, sizes, styles and finishes for immediate delivery.

Cambridge Thermionic Corporation, 445 Concord Ave., Cambridge,
Mass. 02138. Phone: (617) 491-5400. CAMBION Electronic
Products, Ltd., Castleton, Near Sheffield, England. Phone:

Hope 406/407.

Standardize on

CamBIiON

The Guaranteed Eiectronic Components

INFORMATION RETRIEVAL NUMBER 42

SWITCHES
PRINTED CIRCUITS

i

Grayhill Miniature Push Button or i]
Rotary Switches with PC Terminals

Push Button PC Switches

® Rated 4 Amp. - 115 VAC Resistive

® 2 Circuits - One NC, One NO -
Can Be Wired For SPDT

® Flush Or Stand-Off Mounting

Rotary PC Switches
30°, 36°, 45° or 60° Angle Of Throw
2 to 12 Positions Per Pole
1 to 4 Poles Per Deck

1 to 12 Decks

® Totally Enclosed

® Shorting Or Non-shorting
® Commercial Or Military

e

L]
L]
L]
. For your

Grayhill Engineering
Catalog offering complete
technical data— contact

Availability

Area Code 312, Phone 354-1040

565 Hillgrove Avenue
gé‘a.,é!_l.l / LaGrange, lllinois 60525

...the Difference Between Excellent and Adequate

INFORMATION RETRIEVAL NUMBER 43
ELEcTRONIC DESIGN 11, May 24, 1970



g

The MAN 1:

A seven-segment light-emitting all-semiconductor
alphanumeric readout.

Put the attention-demanding red light from electrically
excited GaAsP to work in your digital displays for industry,
computer peripherals, or avionic/marine instrumentation.
Our MAN 1 is shock-resistant and long-lived. Offers styling
advantages because it’s flat, parallax-free and visible within
150°. Reads out all numbers plus A, C, E, F, H, ), L, O, P
and U. Available now. Any quantity.

® Brightness: 350 foot-Lamberts @ 1:=20 mA, 3.4V, per
segment.

® Pulsed forward current=100mA, 10% duty cycle/per
segment.

® Compatibility: directly interfaces with off-the-shelf IC
decoder/drivers.

® Price: 1,000 quantities, $11.00 (all prices are suggested
\ resale figures).

GaAsLITE Update

Being a quick and thorough survey of what's
available in solid state displays.

/ .“""_’,

The MAN 2:

An alphanumeric display made up of 36 discrete
LEDs which can form 64 ASCIl characters and a
decimal point.

The IC-compatible 5 x 7 X-Y array gives you a bright red
(peak emission 6500A), high contrast display suitable for
keyboard verifiers, avionics or computer terminals or other
displays. Since the 36 dots can make 2* bits available, the
MAN 2 can be very useful in film annotation work.

® Per-diode brightness: 300 foot-Lamberts @ lr=10 mA,
1.7 volt per diode.

® Pulsed forward current (50 usec 20% duty cycle) 100 mA
® Light turn-on and turn-off 5 ns typical

L\O New reduced price: 1-9 quantities, $40.00.

GaAsLITEs are in stock world wide.

You know that all of our products are available in the U.S.
through Schweber (516) 334-7474; Semiconductor Special-
ists (312) 279-1000; K-Tronics (213) 685-5888; or Kierulff.
You can get them overseas as easily:

United Kingdom: SEMICONDUCTOR SPECIALISTS, West
Drayton 6415

France: YOUNG ELECTRONIC, 604-10-50

West Germany: Alfred Neye, ENATECHNIK, (04106) 4022

Denmark: SCANSUPPLY, AEGIR 5090

Belgium: TECHMATION, 384078

Netherlands: TECHMATION, 020-173727

Norway: ARTHUR F. ULRICHSEN A/S, 21 6510

Switzerland: OMNI RAY A.G., 051-478200

Italy: SILVERSTAR LTD., 46.96.551

Sweden: GP-INGENJOERSFIRMAN, 08/930280

Japan: NEW METALS AND CHEMICALS LTD. CORP., (201)
6585-7

Australia: HAWKER DE HAVILLAND AUSTRALIA PTY.,
LTD., 93-0221

\srael: MONSEL /’

The MAN 3: /—/
The world’s first —

commercially available
planar monolithic displav.
Low cost, besides!
The MAN 3 is a small (.125” high) bright red GaAsP seven-
segment display that gives you extremely good visibility
with high density packing; 16 digits need only 3 inches an
your display. And since the MAN 3 interfaces with our
standard IC drivers and uses as little as 10 mW per seg-
ment, it's simple to design numerical readouts into desk
calculators, truly portable battery-operated instruments,
even timepieces.
® Brightness: 200 foot-Lamberts @ le=5 mA, 1.7 volt, per
segment.

® Total cont. forward current: 80 mA.

® Pulsed forward current=50 mA, 10% duty cycle per
segment.

® Price: 1,000 quantities, $7.55.

o o|Oo|©O
O | 23] 1HE1e] 8|8 e
MPC1  MPC?2 MPC 3

We’ve mounted the MAN 3 for you

Our MPC-series are simply the new MAN 3 numerics
carefully soldered to NEMA-grade G-10 copper-clad
glass/epoxy laminate pc boards.

The MPC 1 and MPC 2 boards let you address each seg-
ment of the numeric independently. The MPC 3 holds six
MAN 3’s which are multiplexable (X-Y addressable). There

are two major benefits in doing your prototype work with

our MPC units:

1) they’re a heck of a lot easier to breadboard and 2) you

can use them for fast turnaround into full production. Send

for complete details. Fast! Price, MPC 2: 1 to 9, $35.80 ea. /‘

Monsanto

For additional technical information write Monsanto
Electronic Special Products, 10131 Bubb Road, Cupertino,
California 95014. (408) 257-2140.
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It decodes, level shifts and gates! It's in stock! Right now! Order
for your requirements now. Computer Microtechnology Inc. is
shipping from stock the CM1400 3 bit binary to one of 8 line de-
coders. It is a bipolar integrated circuit with standard TTL inputs
and special output circuitry with high level signals for driving
MOS devices.

Many of your system functions can be performed by using the
CM 1400 decoder. You will find it ideally suited for address decoding
and level shifting in MOS memories, gating low level MOS multi-
plexers and general high speed decoding applications. Two chip
inhibit inputs are provided for easy expansion.

Computer Microtechnology Inc. continues to supply products that
increase the capability of memory systems. The CM1400 decoder
illustrates this with its high speed and other excellent charac-
teristics. Check the specs.

\g G

CM1400 3 BIT BINARY TO ONE
OF 8 LINE DECODER

Propagation Delay ... .. 50 nsec typ,
100 pf load

Power Dissipation,
ACand DC ... 0. .. 140 mw typ,
+5and 410 V
Output High Voltage ..... 9.5V typ,
—0.1 mA
Packaging ...... 16 lead dual-in-line
IPHIgE il T e $15.25, 1-24
DENVEIy o A e e S Stock

Order yours today! They're in stock!

[[[[T/Computer Microtechnology, Inc

CM AREA OFFICES

Plant East West

610 Pastoria 10 Dale Street 1627 Pontius Avenue
Sunnyvale, Calif. Waltham, Mass. 02154 Los Angeles, Calif. 90025
(408) 736-0300 (617) 891-0002 (213) 478-1285
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calibration
and measurement
in one instrument.
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Model 829G

The best of both worlds

Now you can take ad-
vantage of the unique RFL
Model 829G Universal Cali-
bration Standard — a new,
doubly useful instrument that
provides a precision source of
AC and DC volts, amps, ohms,
— plus precision measure-
ment of these parameters
from external sources . . .
with 5-digit read-out.

The new 829G replaces
the famous 829 series, for 15
years the industry calibration

standard. Take a look at just
some of its capabilities:

AC or DC voltages in 5
ranges, 0.1V to 1000V. Cur-
rents in 6 ranges, 100UA to
10A. Ten precision resistance
values, 0.01 ohm to 10 meg.
AC frequencies: 50,60,400,
1000 Hz and EXT. AC Watts
capability when locked to an-
other AC source. Four-term-
inal sensing in both source
and measurement modes,
plus high accuracies, high

resolution, and high output
regulation. And all this priced
at what you’'d expect to pay
for a calibrator alone. You
can't afford not to have it—
the cost $3100.00.

Write for complete

data today.

RFL Industries, Inc. In-
strumentation Div. Boonton,
N. J. 07005. Tel.: (201)
334-3100 / TWX: 710- 987-
8352 / CABLE RADAIRCO,
N. J.

RFL Industries, Inc.
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RUBBERIZED ABRASIVES

M-0-0-TH POLIS

COMPLETE KIT $750

CONTENTS: 8 tapered edge wheels %" dia. x 3,"; 16 cylinder points ', dia. x 7" long; 16 bullet points %," dia. x 1" long; 8 bullet points %" dia. x %" long; 8 straight wheels 4" x
4" x Vi hole; 16 straight wheels 7" x %" x Vis" hole; 8 straight wheels 1" x %" x %" hole; 2 wheel mandrels 4" shank; 2 point manarels %;* shank. For use at speeds up to 25,000 RPM.

$7.50 BUYS IT ALL — 80 piece introductory Kit 777 equally ®

assorted in 4 grit textures: coarse, medium, fine and extra fine. RUBBERIZED
TRY IT — Cratex Rubberized Abrasives improve the surface while pre-

serving critical workpiece dimensions by its unique cushioning action. A B RA SI VE S

FINISH THE JOB —to your most exacting specifications—often in a . A . . .
single operation. SEND FOR KIT 777 — or your FREE SAMPLE and 1600 Rollins Road Burlingame, California

catalog illustrating the full Cratex product line and its applications. Sold thI’OUgh leading industrial distributors
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Low Cost Cathode Ray

Tube Power Supplies §/
\

Less than
$30in
Production
Quantities

MODEL L-15 |

@
FEATURES: Stops on a dime...
H Output— 15,000 VDC @ 150 A High Basformunice DU Motor Fumps to fill
W Input—15 VDC speed faster . . . stops quicker . . . than others

its size because it has lower inertia. Produces

| Short Circuit and Reverse Polarity Protected pulse torques up to 10 times rated torque. For

W Fully Encapsulated either open or closed loop systems.
B Volume only 18 cu. in Options: Tachometers, special shaft lengths
and shapes, forced air cooling adapta-
VSI also manufactures a complete line of high voltage tions.
Power Supplies for Image Intensifiers and Cathode Ray Tubes.
Sonifor broshure todayl Get the complete story from your MICRO

VENUS SCIENTIFIC INC. | | o) urite: amtong &
K 399:;”}4 ST’F;E‘ET, F:éMINGDALE, NLEW YORK 11735 » (516) 293f410(J Or u}rlte 1 M ICRO SWITCH

FREEPORT. ILLINOIS 61032
See us at Booth 17/SID Show A DIVISION OF HONEYWELL
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Tackle box

Contains a full line of work-together electronic materials
to tackle any job.

The coupon below nets you complete data on the full line of
Owens-lllinois vitreous and crystallizing materials . . . basic

ingredients for all microcircuit devices.
All from a single source. All job-matched to work together.

All high yielding — prepared from high quality materials to
assure proper functioning of any microcircuit device you'd

like to tackle.
We'll also rush you an Owens-lllinois technical representa-

tive. He'll help you select and apply the materials best suited
to your needs. Just fill out the coupon.
==

Owens-ILLINOIS

ELECTRONIC MATERIALS q
Toledo, Ohio 43601

Package Sealants. Ten types. | Thick Film Pastes. Three conduc- § Substrate Glazes. Seven types. | S'puttaring Targets. Three types
For hermetically sealing micro- tor, three dielectric. Lowest K-value, For glazes or insulating films. of sputtering target glass. Thin,
electronic packages. { highest Q-factor on market. i smooth dielectric films.

i

|

!

2

\
%
\

p | 8 ! ke s

Preform Materials. Sintered | Glazed Package Parts. Custom
ground glasses, bead and con- | glazing by Owens-lllinois avail-
nector forms, Tailored thermal ! able for your ceramic package

__expansion. ! t parts.

[ B OWENS-ILLINOIS, INC., i

/ Electronic Materials, Customer Service Mgr., \
| { ) : ‘

Dept. E-5, P.O. Box 1035, Toledo, Ohio 43601

Please send me literature on:

[] Package Sealants [ Glazed Package Parts

[0 Substrate Glazes [ Thick Film Pastes
[ Sputtering Targets [ Preform Materials
[] Have a technical representative call.

Title

{
/

;
: .
0 ‘ | Name
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“BELLOWFORM”
PRINTED CIRCUIT
CONNECTORS

025" Square Terminations
for Solderless Wrap

.100" and .125" Contact-
to-Contact Spacing

] 40, 50, 60, 80 or
100 contacts

MOLDING
CROSS-SECTION "
WITH CONTACT .

[] Polarizing slots in
molding — no loss
of contact position

[1For 1/16" printed
circuit boards

CUTAWAY SHOWS
INTERNAL o
CONFIGURATION . ™. ™ -

N
I
N
A § : ;
N Write for printed
N yrite
N circuit catalog
£ on our entire line
D of receptacle
S type connectors.

¥
80 CONTACTS X 40 CONTACTS
ACTUAL SIZE ACTUAL SIZE

For the Sales Representative Nearest Y ou, See Our Listings in EEM and VSMF Directories.

CONTINENTAL [==ICONNECTORS

CONTINéNTAL CONNECTOR CORPORATION [ WOODSIDE, N. Y. 11377 [] TELEPHONE: (212) 899-4422
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This is our Molex
1175. A lighted push
button switch.
Snap mounts. Spade
or wire terminals
make assembly easy. In
quantity, costs about
sixty cents.

You could pay more, but
that’s the point. Men who
use switches have told us,
‘“‘enough is enough’’. We
take that seriously. By creating

aren’t over-engineered to the poin
that costs wind up in left field.

nd on. For about sixty cents.

 you, and you
ple of our 1175
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Call RCA

for tunnel
diodes.

They’re stable,
they’re available
off the shelf.

RCA tunnel diodes offer prime advantages of immediate availability plus
remarkable stability proved by over a million device-hours of testing.

Note these outstanding characteristics: low capacitance, high I,/l, ratios,
mechanical ruggedness, improved thermal resistance, uniformity — all
achieved through an RCA process of epitaxially-grown junctions. Check
the chart for key parameters.

Added features: the gold-plated leads require no pretinning for soldering
efficiency. And the package lends itself well for high-volume PC-board
mounting operations. Use RCA tunnel diodes especially in your high-speed
switching and high-frequency signal-processing applications.

See your local RCA Representative for more information. Or call your RCA
Distributor—he's fully stocked. Special selections are yours if you need
them. For technical data on specific types, write: RCA Electronic Compo-
nents, Commercial Engineering,Sec. 52E-2, Harrison, New Jersey 07029.
In Europe: RCA International Marketing S.A., 2-4 rue du Liévre, 1227
Geneva, Switzerland.

IR

1o (mA) Ip/ly  C (pF) tr (ps)
Type Min. Max. Min. Max. Typ.
40561 4.5 14 6/1 25 1800
40562 9 11 6/1 25 900
40563 18 22 6/1 30 600
40564 45 55 6/1 40 350
40565 90 110 6/1 40 150
40566 4,75 5.25 '|-8/1 15 1200
40567 9.5 10.5 | 8/1 15 600
40568 19 21 8/1 20 400
40569 47.5 525 | 8/1 25 200
40570 95 105 8/1 25 100
40571 4.75 525 | 8/1 8 600
40572 9.5 10.5 | 8/1 8 300
40573 19 21 8/1 10 200
40574 47.5 52.:6 | 8/1 12 100

>
?.‘{‘;g;u i
ko, e
Rex R
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EDITORIAL

Lesson from Apollo:
plan for contingencies

When it all works well, everyone is doing a great job. When
things go wrong, we find out how competent people really are.
Competent designers always design margin into their systems and
plan for contingencies. Lesser designers merely try to meet the
specs, with little or no margin, and hope that nothing goes wrong.

The true value of contingency planning really showed up during
the difficult moments following the explosion on Apollo 13.

It was about two years ago, at the North American Rockwell
Corp., that the solution was worked out for the problem of what to
do if two of the fuel cells failed aboard the service module of the
lunar spacecraft. A remarkable calm prevailed at the Manned
Spacecraft Center in Houston, and also on board Apollo 13, when
the explosion occurred. These men knew that the situation, while
extremely dangerous, had a workable solution that had been prac-
ticed for many hours while the astronauts were training for the
mission. It was but one of many contingencies for which the
astronauts had drilled. And Astronaut Jack Swigert had recently
completed the writing of a manual concerned with what to do if
any malfunctions occurred in the command module.

What better example of the value of designing in margin than
that of Grumman’s outstanding lunar module? A vehicle designed
to fly merely from an orbit around the moon to the lunar surface
and back again actually guided the command and service modules
around the moon and all the way back to earth. This vehicle far
exceeded the expected demands upon its navigation and life-support
systems, its power supplies and its engines.

Yet it wasn’t always so in the beginning of the Apollo program.
Witness the disastrous fire that cost the lives of three astronauts
and the weight problems that the early lunar module had at
Grumman. Each of these shortcomings cost the nation heavily. But
the final design was excellent.

A lesson must be learned from the extremely competent design
engineers who put together the Apollo system. Never fail to plan
for major contingencies. Always assume that Murphy (whoever
he was) was right when he postulated his law: “If it can fail,
it will.”

DAVID N. KAYE
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Liberate your FET amplifier design from tight
device specifications by using this combination bias
technique. Transfer curves greatly simplify the job.

Engineers often design FET amplifiers that
are unnecessarily sensitive to device character-
istics because they may not be familiar with
proper biasing methods.

One way to obtain consistent circuit perform-
ance in spite of wide device variations is to use
a combination of constant-voltage and self bias-
ing. The combined circuit configuration turns out
out to be the same as that generally used with
bipolar transistors, but its operation and design
are quite different.

Three basic circuits

Let’s examine three basic common-source cir-
cuits that can be used to establish a FET’s oper-
ating point (Q-point) and then see how two of
them can be combined to provide greatly im-
proved performance. The three basic biasing
schemes are:

= (Constant-voltage bias, which is most useful
for rf and video amplifiers employing small dec
drain resistors.

» Constant-current bias, which is best suited
to low-drift de amplifier applications such as
source followers and source-coupled differential
pairs.

m Self bias (also called source bias or auto-
matic bias), which is a somewhat universal
scheme, particularly valuable for ac amplifiers.

The Q-point established by the intersection of
the load line and the Vg — —0.4 V output char-
acteristic of Fig. 1 provides a convenient start-
ing point for the circuit comparison. The load
line shows that a drain supply voltage, Vyp, of
30 V and a drain resistance, R,, of 39 kQ are
being used.

The quiesent drain-to-source voltage, Vg, i8
15 V, allowing large signal excursions at the
drain. Maximum input signal variations of +0.2
V will produce output voltage swings of =7.0 V
—a voltage gain of 35.

The constant-voltage bias circuit (Fig. 2) is
analyzed by superimposing a line for Vgs = con-

James S. Sherwin, Applications Manager, Siliconix, Inc.,
Santa Clara, Calif.
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stant on the transfer characteristic of the FET.

The transfer characteristic is a plot of I, vs
Ves for constant Vs Since the curve doesn’t
change much with changes in V,s it is quite
useful in establishing operating bias points. In
fact, it is probably more useful than the output
characteristics because its curvature -clearly
warns of the distortion to be expected with large
input signals. Furthermore, when a bias load
line is superimposed, allowable signal excursions
become evident and input voltage, gate-source
signal voltage, and output signal current calcu-
lations may be made graphically.

The heavy vertical line at Vgs = —0.4 V estab-
lishes the Q-point of Fig. 1. No voltage is drop-
ped across resistor R; because the gate current is
essentially zero. Ry serves mainly to isolate the
input signal from the Vg supply.

Excursions of the input signal, e., combine in
series with Vs so that they add algebraically to
the fixed value of —0.4 V. The effect of signal
variation is to instantaneously shift the bias line
horizontally without changing its slope. The
shifting bias line then develops the output signal
current as shown in color in Fig. 2.

The constant-current bias approach (Fig. 3)
for establishing the Q-point of Fig. 1 requires
a 0.39-mA current source. For an ideal constant-
current generator, input signal excursions mere-
ly shift the bias line horizontally and produce no
resultant gate-source voltage excursion. This bias
technique is therefore limited to source follow-
ers, source-coupled differential amplifiers, and
to ac amplifiers where the source terminal is
bypassed to ground at the signal frequency.

If an ac ground is provided by a bypass
capacitor across the current source, a vertical ac
bias line will be established. Input signal varia-
tions will then translate the ac bias line hori-
zontally, and signal development will proceed as
with constant-voltage biasing (Fig. 3, color).

Should the bypass capacitor not provide a suf-
ficiently small reactance at the signal frequency,
the ac bias line will not be vertical.-It will still
intersect the transfer curve at the Q-point but
with a slope equal to — (1/X.) = —wC (Fig. 4).
This will lower the gain of the amplifier because
of signal degeneration at the source. The input

ELEcTRONIC DESIGN 11, May 24, 1970



signal, e., is reduced by the drop across the
capacitor :
Ves = € — Vs — €, — 1, X, (1)
It is clear from Fig. 4 that the input signal
only shifts the operating point by an amount
equal to v.., the effective input signal. As the
signal frequency is decreased, the slope of the
ac bias line decreases, causing the effective input
gignal to approach zero.

Self bias needs no extra supply

The self-bias circuit (Fig. 5) establishes the
Q-point by applying the voltage dropped across
the source resistor, Rs, to the gate. Since no
voltage is dropped across Rg when I, — 0, the
self-bias load line passes through the origin. Its
slope is given by —1/Rs. Therefore, the
desired Q-point is established by setting
—1/Rs = Ing/Vase.

Signal development is the same as in the case
of the partially bypassed constant-current
scheme except that the load line is a dec bias line.
Signal degeneration is described by Eq. 1 with
X. replaced by Rgs. The ac gain of the circuit can
be increased by shunting Rs with a bypass
capacitor, as in the constant-current case. The
ac load line then passes through the Q-point with
a slope — (1/Zs = — (wC + 1/Rg).

The circiut is biased automatically at the de-
sired Q-point, requires no extra power supply
and provides a degree of current stabilization
not possible with constant-voltage biasing.

A fourth biasing method, combining the ad-
vantages of constant-current biasing and self

1. A large dynamic range is provided by the operating
point at Vpgq= 15V, I} = 0.39 mA and Vg, = —0.4 V.
The output characteristics are for a typical 2N4339.

ELEcTRONIC DESIGN 11, May 24, 1970

biasing, is obtained by combining the constant-
voltage circuit with the self-bias circuit (Fig. 6).
A principal advantage of this configuration is
that an approximation may be made to constant-
current bias without any additional power sup-
ply. The bias load line may be drawn through
the selected Q-point and given any desired slope
by properly choosing Vgs. (The bias line inter-
cepts the Vg axis at Vgs). The larger Vge is
made, the larger Rg will be and the better will be
the approximation to constant-current biasing.

All three circuits in Fig. 6 are equivalent.
Circuit 6a requires an extra power supply. The
need for an additional supply is avoided in 6b
by deriving Ve from the drain supply. R, and
R. are simply a voltage divider. To maintain the
high input impedance of the FET, R, and R.
must both be very large.

Very large resistors cannot always be found
in the exact ratio needed to derive the desired
Vs in every circuit application. Circuit 6¢ over-
comes this problem by placing a large R; be-
tween the center point of the divider and the
gate. This allows R, and R. to be small, without
lowering the input impedance.

One point of caution worth remembering is
that as Vg is increased, Vs increases, and Vg
decreases. Therefore with low Vy;, there may be
a significant decrease in the allowable output
voltage swing.

Biasing for device variations

The value of the combination-bias technique
becomes apparent when one considers the normal

VestV)

! o g KRN, (e e e HR IO oo
e e T N

2. Constant-voltage bias is maintained by the V;; sup-
ply as shown on this typical 2N4339 transfer curve.
Input signal e, moves the load line horizontally (color).
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3. Constant-current bias fixes the output voltage for any
R,,. Hence, input signals cannot affect the output unless
the current source is bypassed (color).

production spread of device characteristics. The
problem is illustrated in Fig. 7 where two limit-
ing sets of output characteristics, representing
the actual min-max spread of the Siliconix
2N4339, are presented. Limiting characteristics
like these are not normally available. Even if
they were, however, they’d be of little help in
establishing operating points suitable for all de-
vices with output characteristics lying between
the two extremes. The problem is much more
easily approached by using the set of limiting
transfer characteristics of Fig. 8.

Attempting to establish suitable constant-
voltage bias conditions for a production spread
of devices is practical only for circuits with very
small values of de¢ drain resistance—for example,
circuits with inductive loads. As the constant-
voltage bias plot of Fig. 8 reveals, constant gate
bias causes a significant difference in operating
Inq for the extreme limit devices. At Vg =
—0.4 V, the range of I, is 0.13 to 0.69 mA, and
Vise for a given R,, will vary greatly for most
resistance-loaded circuits. For the example of
Fig‘. 1, with RD = 39 kO and VDD — 30 V, VDSQ
varies from near saturation (5 V) to 25 V.

An apparently excellent method of biasing is
the constant-current method of Fig. 3. Biasing
in this manner fixes the operating drain current
for all devices and sets Vpgq to Vop — IngRy, for
any device in the production spread. Vgs auto-
matically finds a value to set the appropriate
I, = constant for all devices. For the constant-
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4. Partial bypassing of the current source (Fig. 3)
lowers the circuit gain by tilting the ac load line from
the vertical. The capacitor drop subtracts from e,.

current bias plot of Fig. 8, with I,, = 0.39 mA,
Vs would range from —0.11 V to —0.67 V.

Output characteristics are not needed as long
as I, is chosen to be below the minimum I,gs.
With R, = 89 kQ and Vop = 80 V, Vpgq is 14.8
V for all devices.

The disadvantages of the constant-current
method are that it allows no signal to be de-
veloped unless the current source is bypassed
and, as we shall see, it lacks the flexibility to
provide constant gain despite variations in the
forward transconductance, g;., of the devices.

The self-bias scheme is a reasonable choice for
single-ended de¢ amplifiers and for ac amplifiers.
In unbypassed or de circuits, some compromise
must be made between the gain loss due to cur-
rent feedback degeneration and the advantage of
current stabilization achieved with high Rs.

An appropriate choice of I, limits can be
made by using the pair of limiting transfer
curves. For example, for R¢ = 1 kQ, the load
line shown on the self-bias curve of Fig. 8 is
established. The maximum I, is 0.52 mA, and
the minimum I, is 0.24 mA. The operating range
of Vs may be calculated for any value of Vyp,
and Ry. Clearly, for R, = 39 kQ, the maximum-
limit device (device B) would operate with Vg
= 9.8 V and the minimum-limit device (device
A) would operate with Vg, = 20.6 V. This re-
sults in fairly satisfactory operation for all de-
vices. However, such a variation in I,, imposes
severe limitations on the circuit design.

ELECcTRONIC DESIGN 11, May 24, 1970
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5. The self-bias load line passes through the origin with
a slope —1/Rs. Bypassing Ry will steepen the slope
(color) and increase the gain of the circuit.

A better aprpoach is illustrated by the com-
bination-bias curve of Fig. 8 with Vg = 1.2 V.
The range of I,, for this bias condition is 0.25
mA to 0.32 mA. A similar minimum difference
in Ipq could be achieved with Ry = 6 kQ and
Vee = 0, (a self-bias condition) but the operat-
ing points would be pushed toward the toe of
the transfer characteristics and allowable signal
input would be reduced.

Vps* ISV 7S

The upper load line allows v,. = =1.8 V (limit-
ed by I,ssx), while the lower line allows a v.. of
only 0.7 V (limited by Vps). (The subsecript
letters A and B refer to the minimum and maxi-
mum devices, respectively.) The combination cir-
cuit allows almost ideal operation over the full
production spread of devices. Even with R, =
62 kO, the V,s, would range only between 10
and 15 V.

For this circuit, R, should be chosen to allow
the largest output signal swing for I,, midway
between the two extremes of 0.25 and 0.32 mA;
namely 0.285 mA. Setting the voltage drop across
R, at one-half of (Vyp — 2Vpyy,) or 14 V, yields
R = (14 V/0.285 mA) = 49°kQ.

It is helpful, in any design, to know the effect
of temperature variations on the transfer curves
and transconductance characteristics. Ideally,
minimum and maximum transfer characteristics
would be plotted at three temperatures: above,
below, and at room temperature. Then the design
would take all types of variation into account.

Minimize the gain variations

Leaving Rgs unbypassed helps reduce gain
variations from device to device by providing
degenerative current feedback. However, this
method for minimizing gain variations is only
effective when a substantial amount of gain is
sacrificed.

A better approach is to use the combination-
bias technique with the bias point selected from
the transfer and transconductance curves (Fig.
9).

As Fig. 9 shows, it is possible to find an Ry
and a Vg that will set Ing, and Ings to values

+Voo o

-6 =i.2 -0.8 -0.4 o +0.4
Ves¥)

6. All three combination-bias circuits are equivalent.
They add constant-voltage biasing to the self-bias circuit
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to establish a reasonably flat load line without sacrificing
dynamic range.
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Vgs *OV

Ip(mA)

7. The wide variations in device performance shown by
this pair of output characteristics make clear the dis-
advantages of constant-voltage biasing.

so that g;.q will be the same for both devices.
The g of all intermediate devices will be ap-
proximately equal to the limiting values. Thus,
a constant, or nearly constant, stage gain is ob-
tained even with a bypass capacitor.

The design procedure is as follows:

Step 1. Select a desired Ipga below Ipgsa. A
good value, allowing for temperature variations,
is 60% of Ipssa. This will allow for decreasing
I,ss due to temperature variation and for reason-
able signal excursions in load current.

Step 2. Enter the transfer curves at Ipga

0.6 Inssa (0.3 mA) to find Vgsqa. This Visqa
0.2 V for the 2N4339.

Step 3. Drop vertically at Vggga to the mini-
mum limit transconductance curve to find g.q..
The value as read from the plot is approximately
1000 pmbho.

Step 4. Travel across the g;. plot to the maxi-
mum curve to find Vgsqn at the same value of g...
This i8 Vgses = —0.7 V.

Step 5. Travel vertically up to the maximum
limit transfer curve to find Ipgs at Vgsqs. This is
Inge = 0.36 mA.

Step 6. Construct an Rg bias line through
points Q, and Q; on the transfer curves. The
slope of the line is 1/Rg, and the intercept with
the Vs axis is the required V.

As Fig. 9 demonstrates, it may be somewhat
inconvenient to perform Step 6 graphically. An
algebraic solution can then be employed instead.
The source resistance is given by

Rs'= (VGSQ;\ B VGSQB)/(IIJQB ¥ II)Q.\) (2)
and the bias voltage is
VGG — Rs II)QH i VGsQB (3)

Care should be taken to maintain the proper
algebraic signs in Eqgs. 2 and 3. (For n-channel
FETs, Vs is negative and I, is positive. For
p-channel units, the signs are reversed.)

If the transconductance curves of Fig. 9 are
not available, g;. can be determined by simply
measuring the slope of the transfer curve at the
desired operating point. Just place a straight-
edge tangent to the curve at the Q-point and note
the points at which it intercepts the I, and Vs
axes. The slope and g;. are given by:

slope = gis = Ill(inlum'upll 7V(;S(inlt'ri'e:]wl) (4)

In designing a constant-gain circuit, simply

(vw)9T

<6 42 o8 -04. O
Vgs (V!

Vos*I5V

-6 -2 -08 -04

8. The advantages of combination biasing, when one is
working with a spread of device characteristics, are
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0 +04

(yw)91
(yw)9T

-6 42 -08 -04 O
Ves (V)

(yw)91

408 +.2 +H6

made obvious by plotting the load lines for the various
types of biasing on a pair of limiting transfer curves.
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set the straightedge tangent to the transfer
curve of device A at point Q. and slide it, with-
out changing its slope, until it is tangent to the
curve of device B. The tangency point is Q.

Designing without output curves

Although the transfer characteristic has been
seen to be extremely valuable in designing a bias
circuit, it cannot be used to graphically establish
Vusq- However, if a set of output curves is not
available, V,s, can be determined or selected
from the transfer curve by using the following
procedure:

Step 1. Establish Rg and limiting values of I;q,
Visq and gi.q from the transfer curve.

Step 2. Establish V,,, as available, but in no
case greater than BV nor less than several

15

Vps* 15V -

(wvw) %1

2000

s
F

———— s o T el e T} e el — =
o

o e e o e e e o

9. Gain variations are minimized when the load line
is designed to intersect the pair of limiting transfer
curves (top) at points of equal g;. (bottom).
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times V,. There are special cases where V,,;, will
be below this limit, but in no case should instan-
taneous v, be allowed to fall below 2 x V, if
minimum distortion is to be achieved.

Step 3. Set Vs, approximately midway be-
tween V,,, and 2 x V;; lower if large output sig-
nals will not be handled.

Step 4. Select Ry, to give the appropriate Vigq.
The formula is:

Rn — [(VI)I) Foy VDSQ)/O'S IDQ‘\ it II!QB] oy Rs- (5)

In the example of Fig. 8, this procedure would
have yielded Vi = (80-3)/2 = 18.5 V and
R, = (30 — 13.5) /0.5 (0.52 + 0.24) mA — 1 kQ
= 42.5 k().

Step 5. Check to ensure that with this Ry, de-
vice B is not in a saturated condition—V,u =
Voo — Ioeq Ro > 2 Ve + Rg Ippq. Decrease
R, if this condition is not met.

An alternate method, that selects R, to pro-
vide a specified voltage gain, follows Steps 1 and
2 above and then proceeds as follows:

Step 3. Determine required stage gain, A., and
set RU == A\ ”'grsq.

Step 4. Calculate Vg to ensure that the
criteria of Step 2 are not violated:

Vth =BV e (Rl»+Rs) IDQ- (6)

Step 5. If necessary, change I, Vop, Ay and/
or R, to obtain an optimum compromise. ==
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Test your retention

Here are questions based on the main
points of this article. Their purpose is to
help you make sure you have not overlooked
any important ideas. You'll find the answers
in the article.

1. Why 1is constant-current biasing un-
suitable for common-source de amplifiers
and unbypassed ac amplifiers?

2. What is combination biasing?

3. How can combination biasing be used
to reduce amplifier gain variations when
FETs with different transconductances are
used?

4. How can a FET transfer characteristic
be used to establish the output operating
point when output characteristics are not
available?
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Tri-state Bus-line

There’s a third state in a TTL databus with our DM8551.
Conventional low impedance logical 1, logical 0 and a high
impedance state you can use as a logical “neutral.” The 8551
gives you the high impedance characteristics of an open collec-
tor output with the high drive of TTL. It makes it possible to
design mini-computers as bus-organized systems totally TTL.
Direct coupling. Shorter lines. TTL all the way.

DM8551 — Bus-OR’d Quad D — operates synchronously from
a common clock. This element has the further advantage of
input data acceptance without controlling the clock. Specifi-
cally designed for use in bit serial and bit parallel applica-
tions. Controlling the third state makes it possible to connect
the output of the 8551 directly to the output of other 8551s.
You can impede the output of all devices except the one
you select, logically.

Take it from National. The 8551 is a new concept in TTL and
something else in a databus. TTL/MSI, logically from
National Semiconductor. Write for App Notes and specs.
2900 Semiconductor Drive, Santa Clara, California 95051.
(408) 732-5000. Telex: 346-353 Cables: NATSEMICON.

National/TTL MSI

INFORMATION RETRIEVAL NUMBER 54
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Design filters in minutes.
Characterize performance by nondimensional ratios
and calculate their values on a computer.

Filter design can be reduced to a simple routine
by using a computer program to derive basic
relationships, such as capacitance or resistence
ratios. A plot of these results is then used to deter-
mine filter parameters. The entire process of filter
synthesis can be completed in a matter of minutes.

As an example of this approach, two types of
filters — an active low-pass and a passive bridged-
T — are designed. Coefficients of the filter transfer
functions are related to performance specifications,
and suitable programs are written for them.

Use dimensionless ratios

The key to the method is to define a set of
dimensionless ratios that makes it possible to
design the filters without regard to passband gain,
corner frequency, damping ratio or impedance
levels. Thus all filters can be designed from one
set of curves.

For the feedback amplifier of Fig. 1la, for
example,

E./E; = (R3/Ry)/(RsR,C,Cos®
+ (2/Ri + 1/Rs) RiR4Cos + 1).

This equation is of the form

Eo/Ei = (Rs/Ry)/((8/wo)* + (20's/ws) + 1)

where:
w, = 1/vVRsR,C,C,
or C; = 1/(Riw. V(R3/Ry) (C1/Cy))
and { = V(Ri/Rs) (C:/Cy) (1 + 2Rs/R1)/2
or C,/C, = (1 + 2R;/R))?/4 (Rs/R)) 2 1)

The network thus provides adjustable passbhand
gain, R,/R,, damping factor, ¢, and corner fre-
quency, ,.

Equation 1 is the relationship to be plotted.
Instead of four independent variables, only two
need be considered and, since all variables of Eq. 1

Benton Bejach, Electronic Development Manager, Borg-
Warner Controls, Santa Ana, Calif.
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are dimensionless, a single plot provides a general
solution to a set of specifications.

A BASIC program to compute values for Eq. 1
is given in Fig. 1b. Capacitance ratios to 100 and
damping ratios from 0.1 to 1.0 offer realizable
results for Butterworth, Chebyshev and other low-
pass filters.

Minimum capacitance ratio exists for R;/R, =
0.5 and R; = R.. The results are plotted in Fig. 2.
Only this graph is required for the desired syn-
thesis. For example, a Butterworth 2-pole, low-pass

1. The active low-pass filter is based on a feedback
amplifier (a). In the analysis given, R, = R,. A BASIC
program computes values for the filter repsonse (b).

ELEcTRONIC DESIGN 11, May 24, 1970



filter is required with a passband gain, R;/R,, of C/C

= (45 (= 1+ 5/0) /48 (- 14+ &/6) — 1,
32 and a corner frequency of 1 kHz. R, is chosen Gk b S ey

to be 10 ko and ¢ = 0.707. Referring to Fig. 2: w, = 1/YR,CiR,C.. (2)
C,/Cy = 66 and C, = 1/(10* X 27 X 10° v32 X 66). These relationships approach infinity for pairs of
‘ ; & and ¢&,/¢, obeying the relation :
Thus G, = 347 pF, G, =66 X 347 = 22900pF,

and R, = 32 X 10* = 320 k. $a/$1 = 1+ (1/483)

Some values of this set that establish the boun-

V» hell com )OnentS Vvith 5'(’ tO]eraIlce are Used . . .
’
dal‘leS Ot p]l}'slcally l'eallzable llelVVOl'kS are as

about 1-dB deviation from the predicted frequency

response is observed. follows: . v
61 £2
Bridged-T filter is another test 0.10 2601
Another analysis treats the passive bridged-T 0.15 2
filter (Fig. 3). Its transfer function is of the form: 0.20 7.25
0.25 5.0
Eo/Ei = [(s/wo)? + 2{18/wo + 1]/ 0.30 3.78
[(s/w)? + 268/, + 1]. i 3.06
0.40 2.56
If s = jw,, the notch depth is E,/E; = ¢,/¢ and the 0.50 2
following dimensionless relationships exist: The BASIC programs given in Fig. 38b plot the
) R:/R, and C,/C, ratios. Dummy variables are used
Ri/Ry = 1/481 (— 1+ &/6) — 1), as follows: R for the resistance ratio, C for the
e
ENE
cl
o— WA~ AN
0 R2 ;Il:cz RI '
o @ -0
CAPACITANCE RATIO PROGRAM.
- FOR D = 5 TO 50 STEP 5
10 PRINT "D ="7 D
15 FOR Z = .1 TO .5 STEP .05
20 LET C = (4*Z4t2*(D+2-2*D+1))/
(4*Z42*(D-1)-1)
25 PRINT "Z ="7 2 , "C="7 C
30 NEXT Z
35 NEXT D
40 END
RESISTANCE RATIO PROGRAM.
5 FOR D. = 5 TO 50 STEP 5
10 PRINT "D="7 D
15 FOR Z2 =".1 TQ:.5 STEP .05
20 LET R = 1/(4*(Z42*(D=1))-1)
25 PRINT "Z ="7 Z , "R="7% R
30 NEXT Z
35 NEXT D
R ' T ; 40 END
o 02N e 06 08 10 124
¢
2. A nondimensional plot of low-pass filter response 3. The response of the passive bridged-T filter (a) is
uses C,/C., and the damping factor as variables and computed by the BASIC program in (b). Both capaci-
R,/R, as a parameter. tance ratio and resistance ratio programs are shown.
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0 40
/8 RS
4. The ratio, C,/C,, of the bridged-T can be read from

this set of curves for any desired notch ratio and
frequency.

capacitance ratio, D for the notch ratio and Z for
¢/¢. The results are plotted in Figs. 4 and 5.

For example, the open-loop transfer function of
a proposed closed-loop system has complex roots at
f, = 10 Hz and ¢ = 0.15. The bridged-T filter is
selected so that its complex zeros cancel the plant
poles. Figures 4 and 5 indicate that pole cancella-
tion can be achieved over a notch ratio range of at
least 15 to 50. Thus the undesired complex poles
are exchanged for a pair of easily calculated real-
axis poles. Considerations of the closed-loop prob-
lem at hand will dictate the optimum notch depth.

Assume that ¢,/¢, = 30 is desired and that R, =
100 k.

From Figs. 4 and 5:
R/R:; =0.62'and C./C1—45:9.

From Eq. 2:
e —
woRzW/(RI/Rz) (Cz/cl)
Thus
G = L = 0.03uf,
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5. The bridged-T resistance ratio, R,/R,, is determined
from this family of curves. Both this set and that of
Fig. 4 are plotted from the program values of Fig. 3 (b).

Cy = 45.5 X 0.08 = 1.37 uf,
and R, = 0.62 X 10° = 62 ke,

completing the synthesis. Again experimental
results closely approach the theoretical. m =

Test your retention

Here are questions based on the main
points of this article. Their purpose is to
help you make sure you have not overlooked
any important ideas. You'll find the answers
in the article.

1. What are the advantages of using non-
dimensional ratios in filter design?

2. What causes most discrepancies be-
tween computed and actual performance?

3. What is the basic configuration of an
active filter?

ELECTRONIC DESIGN 11, May 24, 1970



HERES HOVV THE
VOM SPECIALISIS
GO DIGIHAL

The principal problem with digital V-O-M's is that circuitry (rather than readability)
limits their accuracy. Triplett has attacked that problem with characteristic thoroughness.
The result . . . a totally new circuit (patent pending) in which there is virtually

no internally-generated current from the V-O-M input circuit to affect measuring accuracy.

Triplett's Model 8000 digital V-O-M.. . . the only V-O-M with this newly-developed

circuit . . . offers a true DC accuracy of 0.1% of the reading == 1 digit and an AC accuracy
of 0.2% == 1 digit. Triplett calls this “true accuracy' because it's the same

accuracy you can achieve day-in and day-out, test-after-test, on any kind of circuit.
Quality-minded buyers will appreciate, too, the other job-matching features

of Triplett's new digital V-O-M. Like . . . automatic zeroing; AC and DC voltage
measurements from 0.1 mV to 1000 V in 5 ranges at 10 megohms input resistance; AC and
DC currents from 0.01 uA to 1000 mA in 6 ranges; 0.1 ohm to 10 megohms in 6 ranges.

Sounds like it was worth waiting for, doesn't it¢ Available through your local Triplett
distributor, the new Model 8000 is priced at only $575 suggested USA user net.

If you'd like the added convenience of an instant replay circuit that displays a previously-
stored reading for on-demand comparison with an existing reading, ask for the

Triplett Model 8000-A at $630 suggested USA user net. For more information, or for a
free, no-obligation demonstration, call your local Triplett distributor or sales
representative. Triplett Corporation, Bluffton, Ohio 45817.

mTﬂlpLETT

The World's most complete line of V-O-M's . ..  choose the one that's just right for you

1. True 0.1% DC accuracy. Virtually no kickback current®. Allows voltage measurements in high resistance circuits at stated accuracy.

2. High AC accuracy with nearly perfect AC linearity and 10 megohm input resistance.

3. Low profile design in shielded case with modular construction for ease in use and maintenance.

*There is virtually no internally generated current from the V-O-M input circuit to affect measuring accuracy. (Patent pending on this feature).

SOLID~STATE DIGITAL V-O-M

(2]
—-ZMBBC ) -

® b
i, ¥
(o]
L
T
S
|
M
o

MODEL

TYPE
8000 MYHIBLITT 1
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Gate your op amp-and get a powerful
new device that simplifies test, control,

switching and modulation circuitry.

Adding a gate to an operational amplifier pro-
duces a new device that acts as both a switch and
an amplifier. It isolates inputs and outputs when
a gating signal is applied, and it functions as a
conventional op amp when the signal is not
present.

The gated op amp can be used to provide vari-
able gain, switch ac and dec signals, perform
sample and hold operations and act as a wide-
band, phase-sensitive demodulator. And it usually
does so with fewer components than conventional
circuits require.

The supply voltage, ground or any other con-
venient source may be used to provide the gating
signals. Depending upon the output stage con-
figuration, converting an existing op amp for
gated operation may be as simple as adding a
single lead. But for most currently available IC
op amps several external components will be
required.

How to add the gate

A typical example of how to add gating con-
trol is shown in Fig. 1 for an amplifier with a
Class A output stage using two npn transistors.
In this case the addition of two diodes provides
the required output isolation.

Assuming a high impedance drive from the
preceding portion of the circuit, diode D, cuts
off the constant current source, Q,, when the
gating terminal is connected to the negative sup-
ply, and diode D. protects the reverse base
emitter junction of Q..

A similar example, involving only the addition
of a lead for the gating signal is accomplished
with the Ferranti ZLD2T op amp (Fig. 2).

In this case, with the gating input unconnect-
ed the amplifier performs as a normal ZLD2T,
allowing the usual op-amp functions. When the
gating input is connected to the negative supply
line, both Q; and Q; are cut off. With no current
supplied to Q, and Q., Q. does not conduct. The
inverting and noninverting inputs are thus iso-
lated from each other, and from the output.

John M. Morrison, Senior Research Engineer, Ferranti
Limited, Edinburgh, Scotland
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1. Two diodes add gating capability to this Class A out-
put op amp. Similar techniques can be applied for op
amps with Class B and emitter-follower output stages.

07
RIS JR2
7*S 37k -0 5
INVERTING . \
INPUT 2 O— Q Q2 LR4 6
32k OUTPUT
INVERTING /
1 1 o-
INPUT P N
Q3 '{s
INPUT
8 gaTING
R3
190
<= RS
i» 240
O 4

2. One lead is all that is required to convert the ZLDT
operational amplifier for gated operation. External com-
ponents are required to convert most other existing IC
op amps.
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Build a pulse train encoder and visual fault indicators.

A simple pulse coding circuit is one application

+v R3
for gated op amps. As shown in Fig. 3, a gated § v l 0' )
op amp and four resistors will combine three 3_4.._.0\40
o Vzo_'v:.'_rl;
-V
+v

pulse trains into a single signal. The eight pos-

gible input combinations produce eight distinct

output voltage levels. This circuit is particularly INPUT $

useful in test data recording where the number o S-v

of inputs exceeds the number of recording 3. A handy coding circuit produces eight dis-

channels. tinct and unambiguous output voltage levels
A useful display that provides visual fault  for three pulse train inputs. A much more

indication is a second application for the gated  ComPlex circuit would be required if a gated

- % y op amp was not used.
op amp in test instrumentation. In a system
where a single input generates multiple ac or dc

GATING <
‘:RL

o

outputs, all of varying amplitudes or polarities,
a simple histogram plot on an oscilloscope screen ¥4 *
(Fig. 4) is a time-saving check. For example, if -
we have a range of dc voltages to be monitored,
which bear a specified relationship to each other, G
these voltages are normalized to some convenient *% B TO OSCILLOSCOPE
value by a choice of suitable resistor ratios, and e O v DEFLECTION AMP
sequential selection is obtained by a ring counter 4 Ve
synchronized with the time base sweep of the Ri G2 Y ETC.
oscilloscope. Instant indication of any deviation = Ve
is displayed. Yo
4. A ring counter controls the switching of B
the gated op amps in this histogram display. Sahiid %8 N
The oscilloscope alerts an operator to any -V

malfunction. Any deviation from the refer-
ence voltage (V,) is indicated as a change in
voltage level on the scope.

INPUTS 63 n
/ R 5 e

Get variable gain elements or three-state comparators.

Another application is the three-state com-
parator circuit of Fig. 5. An op amp in an open-
loop configuration has two stable states. By add-
ing two transistors to a gated op amp, a third
state, with the output level zero, is present when
the input voltage allows the extra transistors to
conduct, thus cutting off the amplifier. This cir-
cuit is useful for limit monitoring. 5. Get a three-state comparator by using two

A variation can be obtained by adding a third  transistors with a gated op amp. The circuit
transistor (Fig. 6). Applications include a servo 'S useful for automatic testing and sorting.
gain-change element, a portion of an afc feedback

AAAS
A i

loop, frequency doubler and a special-purpose Vi R iy s
comparator. a2 3RS
al L
3 e . - A oVo

6. Gain varies with input level when a third

transistor is added to the circuit of Fig. 5. st Q3

The circuit is particularly useful in nonlinear 2

control systems. =¥

ELEcTRONIC DESIGN 11, May 24, 1970



Sample and hold with a FET and a capacitor.

With a capacitor and FET connected across
the output (Fig. 7), the gated op amp acts as a
sample and hold circuit. When the amplifier
conducts, the capacitor is charged to a value set
by the external gain-control resistors.

The FET allows the charge on the capacitor to
be held for a period that is a function of the
FET gate leakage and the cutoff leakage of the
op-amp output stage transistors. Since the FET
is inside the feedback loop, its gate source volt-
age is largely irrelevant.

7. Make a sample and hold circuit using a
FET and a capacitor with a gated op amp. A
feedback capacitor will convert this circuit to
an integrating sample and hold circuit.

Perform multiplication and division of two variables.

Multiplication of two variables can also be
accomplished with a gated op amp. When a dc
voltage is applied to the noninverting input, and
a variable mark-space ratio square wave is used
as the reference gating signal (Fig. 8), the mean
output level is proportional to the product of the
input voltage and the conduction period. (Many
methods exist for generating a pulse period pro-
portional to a dec voltage.) Division can be ac-
complished in a similar way.

Vo =KV Vp

V2 H <Ve = =

8. A voltage multiplier circuit consists of a
gated op amp and a pulse generator. Pulse
repetition rate is constant while pulse width
is proportional to V..

Use gated op amps to switch both ac and dc.

The gated op amp can also be used in many
switching avplications. With unity gain and an
inherently low output impedance due to the
100% series voltage feedback (Fig. 9), the con-
ducting gated op amp develops its input voltage,
V., across the load. When it is cut off, there is
a potential divider action that allows a defined
fraction of V. to appear across the load, with
isolation from the amplifier input. Both ac and
de signals can be switched.

v! % AAA
RI
v, o—\ Vo*V; OR V,
—0
3
/r e
GATING INPUT +

9. Switch both ac and dc signals with the
same gated op amp. When the op amp is
conducting, output voltage is V,.

92

ELECTRONIC DESIGN 11, May 24,

1970



Modulators are possible, too.

Modulation is also an interesting field of appli-
cation for the gated op amp. With a dc voltage
applied to the input of the noninverting ampli-
fier and a square-wave gating signal (Fig. 10),
an output is generated that is synchronous with
the gating reference.

With a sinusoidal input and square-wave
reference gating signal, a half-wave, phase-sensi-
tive demodulation is produced. This circuit has
a number of advantages over conventional de-
modulators. They include:

= High input impedance.

= A wide range of allowable load impedance.

® Wide range gain.

= No need for special reference transformers.

Full-wave demodulation is made possible by
using an inverting amplifier configuration and an
input in phase with the switching reference
(Fig. 11). In this case one input half cycle is
inverted when the amplifier conducts, and the
other half cycle is reproduced across the load
by the potential divider action of R, and R. when
the amplifier is cut off. Unlike the half-wave de-
modulator, the output amplitude is load-depend-
ent during one-half cycle. mm

—O Vo
Ry
SQUARE WAVE
SYNC
= TO REFERENCE

GATING INPUT

il 0 0
= REFERENCE

10. Modulate an input voltage signal using a square-
wave reference to gate the op amp. Normal op-amp
characteristics provide gain for low-level signals.

R2

Vi R
O Vo
—3 fooo
DEMODULATED

L SINE WAVE
R3 b3 R_
<

GATING
INPUT I

|-D_D_ SQUARE WAVE REFERENCE

11. Full-wave demodulation without special transformers
is accomplished in this gated op-amp circuit. The same
circuit can be used for a wide frequency range of
signals.
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STATE OF THE ART
SEMINARS
FOR ENGINEERS
AND SCIENTISTS

Here's an opportunity to engage in short programs
that will review many of the latest advances and

engineering techniques in your field . presented
by RCA Institutes.
Minneapolis 5/18-22
Washington, D. C. 6;1-5
Chicago 6/15-19
LOGIC DESIGN Albuquerque 7/27-31
Montreal 8/24-28
Detroit 8/31-9/4
Cleveland 5/11-15
Boston 5/18-22
Montreal 6/1-5
Denver 6522-26
New York 7/6-10
EL'%TB?ELEEIYSA-EMS Washington, D. C. 7/13-17
San Francisco 7/20-24
San Diego 7/27-31
Huntsville, Ala, 8/3-7
Chicago 8/10-14
Houston 8/24-28
Albuquerque 5/18-22
Houston 6/1-5
San Francisco 6/15-19
Boston 6/22-26
DIGITAL Los Angeles 6/22-26
COMMUNICATIONS Huntsville, Ala. 7/6-10
Minneapolis 7/13-17
Syracuse, N.Y, 7/27-31
Washington, D. C, 8/10-14
New York 8/24-28
San Francisco 5/20-22
San Diego 5/25-27
Detroit 6/8-10
Rochester 6/29-7/1
INTEGRATED Montreal 7/6-8
CIRCUITS Houston 7/13-15
Pittsburgh 7/27-29
Clark, N. J. 8/3-5
San Francisco 8/10-14
Los Angeles 8/17-19

Above schedule subject to change
---------------------ﬂ

RCA Institutes, Inc. Dept. ELD-50
Institute for Professional Deveiopment
Central & Terminal Avenues, Clark, N. J. 07066

For free descriptive brochure, please check the seminar
in which you are interested.

0O Logic Design O Integrated Circuits
0O Digital Communications O Digital Systems Engineering

Name Title

Company

Address

City State Zip
L---------------------J

INFORMATION RETRIEVAL NUMBER 56

93



yes, mag
tape
terminals

It's true. For example, take a look at the tape

cartridge, which was specifically de-
signed for reliability required for
data transmission.

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

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

It contains 100 feet of 14” precision
magnetic tape.

It will hold 150,000 characters of
data, recorded at a density of 125
characters per inch. The equivalent
of a 1000 foot roll of paper tape.

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

The new magnetic tape data termi- This means that your data is easier
nals have many operational features ; - to store, easier to handle, easier to
that make life less complicated for New, modular line of Teletype® 4210 work with than ever before. And it's
the operator. magnetic tape data terminals. reusable.

Teletype is a trademark registered in the U.S. Pat. Office.
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The units havea''fastaccess' switch
which will move tape forward or
reverse at a speed of 33 inches per
second. A digit counter provides a
reference point to help locate vari-
ous areas of the tape.

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

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

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

machines that make data move

ELECTRONIC DESI(}N. 11, May 24, 1970

DATA COMMUNICATIONS

equipment for on-line, real-time processing

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

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

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

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

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

INFORMATION RETRIEVAL NUMBER 57

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

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

If you would like to know more about
this new line of Teletype magnetic
tape data terminals, please write
Teletype  Corporation, Dept. 89-15,
5555 Touhy Avenue, Skokie, lllinois
60076.

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

TELETYPE
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MANAGEMENT

Engineers want more challenges, according to
this attitude survey. Many respondents say they not only become
bored but even change jobs because the work is too elementary.

Richard L. Turmail, Management Editor

Are you bored with engineering?

Are you in favor of an engineering union?

Would you change your job title to match the
work you do?

How much more money do you think you
should be earning?

How much responsibility do you think your
employer should assume for your continued edu-
cation in technology?

ELECTRONIC DESIGN has answers to these ques-
tions and many others as the result of a manage-
ment survey conducted among a random sam-
pling of 1000 of the magazine’s subscribers. Of
the nationwide sample canvassed, 55 per cent
responded to our questionnaire.

A further breakdown of responses by titles re-
veals that 2 in 3 respondents are engineers; 1 in
4 is a manager; 1 in 19 is a president or vice
president; and 1 in 24 is a chief engineer.

Over one-third of those who responded are in
their 30s, while those in their 20s and 40s split
half the total response.

Survey data

This report reveals the findings of a sur-
vey conducted in March, 1970, among sub-
scribers to ELECTRONIC DESIGN. We mailed
1000 questionnaires to a random sample of
our subscribers, and 550 replies were re-
turned to us in time for tabulation and
analysis. All information was treated
anonymously.

The survey was designed to include re-
sponses from two engineers for each man-
ager—a job title ratio that adequately re-
flects our subscription list.

The questionnaire contained 18 items.
Engineers were told that the information
they supplied on the form would be used in
a management survey article designed to
inform them how their attitude compares
with that of their colleagues concerning
their career needs, their complaints and
their expectations in the engineering pro-
fession.
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Nearly 1 in 2 respondents indicated that they
lived on either coast, with those of the East Coast
having a slight edge in numbers. The Midwest
was represented by 1 in 6 engineers. Nearly 4
in 5 engineers like their employment location.
Those who would rather live elsewhere would
choose, in order of preference, the West Coast,
the Southwest or the South, mainly because of
the warm climates in those areas.

Spotlighting the survey highlights

Some of the attitudes that are generally as-
sumed to be held by EEs—such as believing
they’re underpaid, and feeling that they’ve had
a poor education—are generally confirmed by
the response. Other responses, however, are more
enlightening—and sometimes disturbing:

= Although you may find your present work
satisfying or even challenging, 1 in 6 responding
engineers admitted they were bored with their
profession. As a matter of fact, EEs in their 20s
and 30s indicated that they were the most bored
of the four age categories listed. The main rea-
son given for this engineering ennui is that an
EE career is unrewarding, with little hope for
advancement. Two other reasons listed are bad
management and work that is elementary.

® One of the most tossed-about issues in the
engineering community has been whether or not
the engineer should unionize. In this survey,
nearly 1 in 8 EEs said that their company is
unionized. Asked “Do you favor an engineering
union?” 1 out of 4 engineers who responded to
the question said they thought a union would
promote more benefits and job security for the
EE, and more bargaining power with corporate
management.

The remaining 3 of 4 responding EEs report-
ed, in many cases angrily, that union affiliation
would stifle incentive, degrade the engineering
profession, create a barrier between the engineer
and his manager, hinder the recruitment of new
employees, and foster promotion on a seniority
basis rather than on merit.

Engineers from New England and the South
reported the greatest number of unionized com-
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Profiles in challenges

Age group 20- 29 30 - 39 40 - 49
0 % 50 - 59
27% \:snza//\zes‘//v

Like to build things >I 54% 47% 49% 75%
Other >i 28% 33% 31% 20%
Best salary > 10% 12% 10% —
Teaches sequence > 8% 9% 10% 5%
Yes >| 50% 28% 24% 14%
Unchallenging work >I 34% 16% 18% 71%
Advancing career > 20% 32% 40% 14%
Underpaid > 16% 19% 18% B
Yes ) 22% 22% 11% 4%
Unchallenging >| 97% 84% 87% s S
Too much time reading 3% 16% 13% 100%
Interesting work 44% 29% 40% 39%
Money ) 29% 27% 23% 37%
Promotion ﬂ 27% 23% 24% 8%
Socially-conscious work ) — 21% 13% 16%




Legend
A — None

B — Enough to keep up with
the job

C — Enough to keep ahead of
the competition

D — Unlimited responsibility

panies, while the least number are reportedly in
the Southwest and West Coast.

East Coast engineers favor unionization most,
while Southwestern EEs favor it least.

® What's in a title? “Nothing,” say some engi-
neers, while others would upgrade their titles if
given the option. Still others report they would
have to downgrade their title if it was necessary
to describe what it is they actually do.

Of the presidents and vice presidents repre-
sented in the survey, only 1 in 8 would change
his corporate nomenclature. Of course, the vice
presidents would most often change their title
to ‘‘division president,” while many presidents
would change theirs to “retired.” (So they said.)

Only 1 in 10 chief engineers reporting would
change his label to read either ‘“department
head” or ‘“engineering manager.”” Most chiefs are
satisfied with their designation—probably be-
cause the title of chief is all inclusive.

Of the managers, only 1 in 10 would rather be
called “consultant” or “vice president.” Very few
respondents downgrade their titles at this level.

Engineers, however, apparently feel that they
are the most maligned of career men in the mat-
ter of titles. One in six of them would change
their name plates to read either “clerk” or “as-
sistant technician.” Jobs at the engineering level
tend to be general in nature, with the usual load
of paper work and technician’s duties. :

= Regardless of title, however, most respond-
ing engineers agree on the amount of additional
salary they think they should be earning. One-
third, representing a plurality of the respondents
in each title category (excepting that of presi-
dent and vice president) believe that they should
be taking home $2500 more annually than their
present salary. Reasons given for the proposed
increase are that experience, responsibility, and
the high cost of living justify it.

Three of 10 of both managers and engineers
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feel that their present wages are satisfactory.
Half of the presidents and vice presidents are
satisfied with their stipend, because, in most
cases, they either receive a liberal bonus or own
the company.

® And if you owned a company, how much of
your profits should you invest in the continued
technical training of your employees? In our
survey, 1 in 2 of all responding EEs feel that
their employer should finance enough training
to keep them ahead of the company’s competi-
tion. One in four EEs feel that their company
should at least be responsible for keeping them
up with the latest developments in their work.

While over 2 in 5 of all companies reported
by responding EEs offer enough education to
keep their engineers up to date on the job, 1 in
5 companies reported offer no training at all.

There is an interesting parallel between those
EEs who are for or against unionization and
the amount of company-sponsored training of-

New England
Mid Atlantic
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fered. Seven of ten of those who are pro-union,
believe that their non-union companies should
keep them ahead of the competition or should
take on unlimited educational responsibility. Yet
significantly, according to our survey, pro-union
EEs work for companies that, in 7 out of 10
cases, offer either only enough training to keep
the EE proficient at his job or no education.

Responding engineers who are anti-union tend
to believe that their company should not neces-
sarily be responsible for much more than enough
training to keep them up with their work. Yet,
according to the report, most anti-union engi-
neers work for companies that offer more train-
ing than they expect to receive.

Job-hopping by age groups

As might be expected, the survey indicates
that the younger the engineer the more likely
he is to change jobs. In the past two years such
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was the case of half the respondents in the 20-
to-29 age category. The reasons most often given
for the change were either “unchallenged by the
work” or “advancing the career.”

According to our survey, the percentage of
job-hopping EEs decreases, however, as they
grow older. Three out of 10 EEs in their 30s
have changed company allegiance in the last two
years, stating as their reasons: “to advance their
career” or “underpaid.” One in five engineers
in their 40s switch jobs, usually for purposes of
advancement, and only 1 in 7 of those respond-
ents in their 508 had a change of scene, with the
excuse of “finding more rewarding work.”

What EEs say about higher education

Nearly half of the respondents reported that
their engineering training in college did not pre-
pare them properly for contemporary technology,
at the time of their graduation. The reason most
often listed for this lack of preparation is ‘“not
enough practical application of engineering fun-
damentals in college.” “Poor choice of curricu-
lum” is another reason often given. Poor instruc-
tion is least noted as a cause.

Over half of those EEs who indicated that
their training was satisfactory said that they
chose engineering because they like to build
things and because the profession teaches them
logical sequence.

Two apparent contradictions developed in the
areas of job-hopping and career choice when
compared with education tabulations. For ex-
ample: one of the main reasons given by “poorly
educated” EEs for choosing an engineering
career was that they thought they “could earn
the best salary.” The second contradiction is the
report that while “well-educated” EEs change
jobs to advance their careers, “poorly educated”
ones say they usually change jobs because they’'re
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unchallenged by the work.

Interesting also, is the finding that companies,
regardless of location, place exactly the same em-
phasis on the amount of training they offer their
employees. They are, in order of preference:
enough for the job; enough for the competition;
none; and unlimited responsibility.

Perhaps help is on the way for the current
crop of student EEs in the matter of insufficient
practical engineering application in college. In
an article published this year by the American
Society for Engineering Education, an industry
spokesman suggested, at a conference attended
by representatives of both industry and educa-
tion, that industry update both curriculum and
student by creating more part-time employment
opportunities for engineering students and fac-
ulty members. In reciprocation, the spokesman
suggested the schools could create a more prac-
tical, industry-related curriculum.

The extracurricular engineer

A few respondents facetiously—perhaps—
considered ‘“paying my family’s bills” and “job
hunting” to be worthwhile community activities,
while others listed such disparate activities as
the “third world liberation front,” “underwater
rescue team,” and ‘“converting text books to the
Braille system” as being worthwhile projects.

One disturbing tabulation is that one engineer
in five is not engaged in any community activity
at all. Most of those in that category plead that
their engineering studies don’t give them time.

One engineer in five, however, has found time
to serve his church, and 1 in 7 busies himself in
civie affairs, including such diverse activities as
the chamber of commerce, law enforcement, con-
servation, voluntary fire department, parks com-
mission, Red Cross, and the development of hu-
man resources. Scouting engages 1 in 10 engi-
neers, and the PTA and other school associa-
tions hold the attention of 1 in 20 EEs. Addi-
tional activities listed include charities, social
work, little league, little theatre, politics, YMCA,
and volunteer teaching.

What about that generation gap?

It appears that the so-called generation gap
certainly exists, but not on the scale we’ve been
told—at least not in the engineering profession.

Of those who considered themselves qualified
to answer the question, 1 in 6 engineers under
30 years of age said that he had trouble under-
standing his boss. The most prevalent reason for
the misunderstanding, according to the young
EE, is that his supervisor is either “unwilling
or unable to make clear-cut decisions.”

Only 1 in 12 managers over 30 years of age

100

reported having trouble understanding their
under-30 subordinates. The reason most often
given for this gap was “language” (a failure to
express himself) or “attitude” (he thinks the
world owes him a living).

Most respondents said they understood each
other pretty well, either because the age differ-
ence between them was slight, or because most
companies have a policy to air grievances.

That great advancement in the sky

Of all respondents, whether by age, title, or
location, 2 out of 5 said that the most important
consideration in the advancement of their engi-
neering career in the next five years revolves
around “more interesting work.” One in four said
that “more money” is the most important con-
sideration, while another quarter of them said
“promotions” were more important. The least
listed consideration was ‘‘socially conscious
work.”

Sounding board vs the suggestion box

What then is the general mood and attitude
of electronic design engineers, according to our
survey results?

For one thing, even though some younger EEs
are admittedly bored with their work, most re-
spondents are EEs because they like to build
things. And even though their working condi-
tions are often undesirable, the vast majority of
them still don’t want anything to do with a
union, mainly because it would stifle their incen-
tive and degrade them as professionals. Those
who are pro-union feel that their company
should provide them with more training.

While most respondents feel they should be
earning more salary, a surprisingly high per-
centage of them are satisfied with their pay.

Although the majority of responding engineers
say they were “poorly trained,” the reason they
most often give for switching jobs is that they
were unchallenged by the work.

It may be that the respondents to this survey
took advantage of it to register all the opinions
and gripes they couldn’t air at work. If so, the
survey is a sounding board that should be posted
in electronics firms across the country where
management, as well as other EEs, can read it.
Who knows? It might even replace the sugges-
tion box. =m

Our thanks . . .

to those 550 engineers and engineering
managers who took time out to complete
our questionnaire. You have performed a
nationwide service for EEs.
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Guess the

price of HP?
new counter

it averages time intervals to 10 picoseconds
it has a built-in 0.05% integrating DVM

it’s dc to 50 MHz, CW or burst
its counter and DVM are easily programmable

Surprise: $1550. That modest amount
buys a Hewlett-Packard timer/counter that
does things universal counters never did
before. For example, it averages time
intervals as short as 0.15 nanoseconds.

So you can resolve to 10 picoseconds

on repetitive signals.

That modest sum also buys a counter
with a built-in integrating digital volt-
meter. So it’s the only counter that can
measure internal trigger level settings or
other inputs with DVM precision. Now
you can measure 10 to 909 rise times, half
power points and other voltage-dependent
time intervals. That means unprecedented
simplicity, for example, in propagation

delay measurements. The counter also
features four integration times. Asa DVM,
it provides three voltage ranges, 60 dB
noise rejection and 0.059% accuracy.

Even without these exclusive features,
the 5326’s are real bargains. They count to
50 MHz direct with seven-digit resolution
(eight digits optional ) , measure period
and multiple period average and scale
input frequencies by any power of 10 up to
108, They measure ratio and they totalize.

With programming and BCD output
options, the 5326's fit easily into systems
applications. Counter and DVM are DTL
programmable through a common
connector.

INFORMATION RETRIEVAL NUMBER 58

You can get all of these benefits in the
5326B for $1550, or buy the same counter,
less the DVM, in the 5326A for $1195. Any
way you look at the 5326 A or B—either is
a great counter value. Your local field
engineer has all the facts about HP’s new
IC counter line. Give him a call or write to
Hewlett-Packard, Palo Alto, California
94304; Europe: 1217 Meyrin-Geneva,
Switzerland.

HEWLETT ﬁ PACKARD

ELECTRONIC COUNTERS
02003



IN 1963, WAVETEK

THE FIRST SOLID-STATE 1 MHz FUNCTION GENERATOR. IN 1964, WAVETEK

BEGAT

THE FIRST VOLTAGE CONTROLLED GENERATOR. IN 1965, WAVETEK
THE FIRST PROGRAMMABLE VOLTAGE CONTROLLED GENERATOR. IN 1966, WAVETEK

THE FIRST SWEEP/TRIGGER VCG. IN 1967, WAVETEK

THE FIRST PUSHBUTTON DIGITALVCG. IN 1968, WAVETEK

BEGAT

THE FIRST 0.01 % PROGRAMMABLE WAVEFORM GENERATOR. IN 1969, WAVETEK

BEGAT

THE FIRST 2 MHz FUNCTION GENERATORS WITH OSCILLATOR SPECS AND PRICES.
AND, IN 1970, WAVETEK

Fsi WTRUT ATTE
—————

@ £ fY (- @

THE MODEL 142—THE FIRST 10 MHz VOLTAGE CONTROLLED
GENERATOR THAT IS ALSO AN OSCILLATOR, A PULSE GENERATOR,
AND A SIGNAL GENERATOR THAT SELLS FOR ONLY $595.

WAVETEK MARCHES ON'

P.0. Box 651, San Diego, Calif. 92112 (714) 279-2200 TWX 910-335-2007
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Product Source
Directory

Function Generators
Squarewave Generators

This Product Source Directory covers Square-
wave and Function Generators.

For each table the instruments are listed in
ascending order of one major parameter. The
column containing this is color-coded white.

The following abbreviations apply to all in-
struments listed:

ina—information not available

n/a—not applicable req—request

Unless otherwise specified, the power require-
ments for the instruments are 105-125 Vac.

Manufacturers are identified by abbreviation.
The complete name of each manufacturer can
be found in the Master Cross Index below.
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Square- Square-
Abbrev. Company Function | wave Abbrev. Company Function | wave
Argonaut Argonaut Associates Inc. Marconi Marconi Instruments
P.0. Box K 111 Cedar Lane
Beaverton, Ore. 97005 451 452 Englewood, N.J. 07631 463
(503) 292-3149 (201) 567-0607
Datapulse Datapulse Div. Measure Measurements, McGraw-Edison
Systron-Donner Corp. P.0. Box 180
10150 W. Jefferson Blvd. 453 Boonton, N.J. 07005 404
Culver City, Calif. 90230 (201) 334-2131
(213) 836-6100
EICO Electronics Instrument Co., Inc. Microdot Microdot Instruments
283 Malta St. 220 Pasadena Aye. 165
454 S. Pasadena, Calif. 91053
Brooklyn, N.Y. 11207 (213) 682-3351
(212) 949-1100 i
EMR EMR-Hatboro Philips 523125 Eliftrchelnstruments
East County Line Road GEICID- G
Hz;s;boroounpgl. I;Jn&[] 455 Mount Vernon, N.Y. 10550 466
(215) 672-1240 (914) 664-4500
3 Radiometer | Radiometer
Exact Exact Electronics Inc. The London Co.
Z:ES Southeast 2nd Ave. 456 457 811 Sharon Drive 467
illsboro, Ore. 97123 Westlake, Ohio 44145
(503) 648-6661 (216) 871-8900
GR General Radio Co. RCA RCA
22 Baker Ave. Electronic Components & Devices
W. Concord, Mass. 01781 458 415S. Fifth St. 468
(617) 369-4400 Harrison, N.J. 07029
(201) 485-3900
Heath Heath Co. Servo Servo Corp. of America
Benton Harbor, Mich. 49022 459 111 New South Road 469
(616) 983-3961 Hicksville, N.Y. 11802
(516) 938-9700
H-P Hewlett-Packard Co. Contact | Contact Takirani Tektonicl
1501 Page Mill Road local local §etane Peo tg’"'xsé};:'
Palo Alto, Calif. 94304 sales sales B a;/er‘t’;n & e B0 470 an
- ffi i Gl
(415) 326-7000 office office (503) 6440161
IEC Interstate Electronics Corp.
DnagsP?oZucf: [r,?\?l e Varitron Varitron Corp.
707 E. Vermont Ave. 460 P.0. Box 2594 472
Anaheim, Calif. 92803 St. Louis, Mo. 63114
(714) 772-2811 (314) 231-9240
Krohn-Hite | Krohn-Hite Corp. Wavetek Wavetek
580 Massachusetts Ave. 9045 Balboa Ave.
Cambridge, Mass. 02139 461 462 San Diego, Calif. 92123 an 474
(617) 491-3211 (714) 279-2200
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Function Generators

80

FREQUENCY QUTPUT
Min. Max. Rise Fall Min. Max. Imp. Atten. Misc. Price
Manufacturer Model Hz kHz Hs Hs Function \" Vv Q dB Features $
Varitron WBFG 0.02 0.2 0.3 0.3 a 1 3 600 n/a a 126
EMR 1641 0.02 0.5 n/a n/a c £10uV | %10 1 n/a cd 6385
Servo 1999 0.001 1 2 2 b 20 40 500 1 3575
Philips PM5168 0.005 5 S ina b ina 20 600 ina 550
Argonaut LRG 051 0.01 10 1 1 square 0 10 100 n/a 275
ramp 0 100 1000
pulse 0 10 100
del. pulse 0 10 100
Tektronix 162 0.1 10 1 ina pulse 50 n/a 1000 ina 165
gate 50 n/a 1000
sawtooth 25 145 1000
H-P 203A 0.005 60 0.2 0.2 i 0.3 30 600 40 i 1250
Krohn-Hite 4025 0.001 100 ina ina z ina 10 rms 200/600 ina z 1950
Krohn=-Hite 4024 0.001 100 ina ina z ina 10 rms 200/600 ina z 1200
H-P 3300A/3301A 0.01 100 0.25 0.25 y -40dB [ 35p-p | 600 40 y 730
H-P 3300A/3302A 0.01 100 0.25 0.25 x -40dB | 35p-p | 600 40 x 945
H-P 3300A/3304A 0.01 100 0.25 0.25 w -40dB [ 35p-p | 600 40 w 945
Krohn-Hite 4100 0.1 100 ina ina | ina 10 rms 50 ina | 550
H-P 3300A/3305A 0.1 100 0.25 0.25 u 0.03 24 p-p | 600 40 uv 1675
Varitron WBFG 20 200 0.3 0.3 a 1 3 600 n/a a 96
Exact 5058 0.0001 1000 0.05 0.05 g 0 28 600 40 gi 645
Exact 5000 0.0001 1000 0.05 0.05 g 0 28 600 40 gh 500-1200
Exact 502 0.0001 1000 0.05 0.05 e 0 10 600 40 e 385
Exact 5038 0.0001 1000 0.05 0.05 o 0 28 600 40 ei 545
Exact 5048 0.0001 1000 0.05 0.05 g 0 28 600 40 gi 565
Exact 5008 0.0001 1000 0.05 0.05 e 0 28 600 40 495
Wavetek 116 0.0015 1000 0.01 0.01 u 1 30 50 40 pu 845
Wavetek 115 0.0015 1000 0.01 0.01 u 1 30 50 40 mu 745
Wavetek 1 0.0015 1000 0.01 0.01 u 1 30 50 40 v 545
Wavetek 112 0.0015 1000 0.01 0.01 u 1 30 50 40 trigger 695
Wavetek 114 0.0015 1000 0.01 0.01 s 1 30 50 40 s 795
Wavetek 113 0.001 1000 0.01 0.01 u 0.01 30 50 50 pushbutton 595
Wavetek 110 0.005 1000 0.01 0.01 b 1 30 50 40 6 outputs 445
Microdot F280A 0.01 1100 0.01 0.01 q 0.01 1Mp-p| 50 yes qkr 1545
Microdot F270A 0.01 1100 0.01 0.01 q 0.01 11 p-p 50 yes qr 1445
Datapulse 410 0.0002 2000 50 50 a 0.004 40 50/600 40 a 995
Datapulse 401 0.02 2000 40 40 b 0.002 0.02 50/600 40 b 395
Wavetek 130 0.2 2000 0.1 0.1 b 0.01 20 50 40 b 295
Wavetek 131 0.2 2000 0.1 0.1 b 0.01 20 50 40 b 395
Wavetek 134 0.2 2000 0.1 0.1 u 0.01 20 50 40 u 495
Wavetek 135 0.2 2000 0.1 0.1 u 0.01 20 50 40 u 695
Wavetek 136 0.2 2000 0.1 0.1 b 0.0001 | 20 50 80 b 595
Microdot F220A 0.005 3000 0.01 0.01 e n/a 16.25 50/600 yes ekp 1085
Microdot F2108 0.005 3000 0.01 0.01 n n/a 16.25 50/600 yes nk 785
Microdot F240A 0.005 3000 0.01 0.01 e n/a 16.25 50/600 yes ekm 1105
Microdot F2308 0.005 3000 0.01 0.01 e n/a 16.25 50/600 yes ek 1095
Exact 120 0.1 3000 0.06 0.06 b 0.01 10 50 60 b 295
Exact 123 0.1 3000 0.06 0.06 b 0.01 10 50 60 345
Exact 126 0.1 3000 0.06 0.06 e 0.01 10 50 60 ef 495
H-P 3310A 0.0005 5000 0.03 0.03 s 0.03 24 p-p | 50 60 st 595
Exact 100 0.001 5000 0.05 0.05 e 0.01 15 50 70 e 445
IEC F55 0.0005 10000 0.03 0.03 al n/a 15 50 yes al, a5 1195
IEC F54 0.0005 10000 0.03 0.03 al n/a 15 50 yes al, a4 1085
IEC F53 0.0005 10000 0.03 0.03 al n/a 15 50 yes al, a3 895
IEC F52 ‘0.0005 10000 0.03 0.03 al n/a 15 50 yes al, a2 795
IEC F51 0.0005 10000 0.03 0.03 al n/a 15 50 n/a al 595
Wavetek 144 0.001 10000 0.02 0.02 u 0.0001 | 30 50 80 pu 895
Wavetek 142 0.001 10000 0.02 0.02 v 0.0001 30 50 80 u 595
Tektronix R116 99:9 10000 0.01-110{0.01-110 | o £0.02 £10 50 ina o 1825
Tektronix 115 100 10000 0.01-100{ 0.01-100 | o 0.02 £10 50 ina o 865
Tektronix 284 100k 10000 70x107 | ina pulse 0.01 1 50 ina 599
100M 1 GHz sine 0.1 0.1 50
100k 10000 square 0.01 1 50
a. Functions, sine, square, triangle, pulse, sine squared, o. Programmable pulse-paired, burst, gated, delayed &
sawtooth. undelayed generator.
b. Functions, sine, square, triangle. p. Triggered tone burst generator.
c. True arbitrary. q. Functions, sine, square, triangle, sine squared.
d. Paper tape programming. r. All functions programmable.
e. Functions, sine, square, triangle, ramp, pulse, burst. s. Functions, sine, squared, triangle, * pulse, * ramp.
f. Internal sweep, dc offset. Pulse variable in width and t. Programmable frequency within one range. Sync output
repetition rate. Gating and triggering. and dc offset included.
g- Functions, sine, square, triangle, ramp, pulse, haver- u. Functions, sine, square, triangle, ramp.
sine, havertriangle, half sine. v. Type 3305A, sweeper plug=in at $975 included.
h.  Modular construction, price varies with requirement. 0-4 decades log sweep in any one range.
i. VCF50:1. Gating & triggering. Dc offset. Three output amplifiers. w. Functions, sine, square, triangle, sawtooth. Type
j- Functions, sine, square, phase shifted sine and square. 3304A, sweep/offset plug-in at $285 included.
k. VCF 100:1. Gating & triggering, dc offset, phase shift. Programmable frequency within one range. Sync pulse
I. _Functions, sine, square pulse. Model 4130 at $1295, output, dc offset included.
programmable. x. Type 3302A trigger/phase lock plug=in at $245 included.
m. Phase lock generator. Programmable single period, multiple period, phase lock &
n. Functions. sine, square, triangle, ramp, pulse. (continued on py. 106)
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Big or little, one channel or two, FM or AM, square,
triangular, sine or swept, the new family of Datapulse
function generators makes better waves. What's more,
we've put a couple of new ideas to work in the design
so that you get more \/\lU\\for your $$$.

The little beauty on top, the Datapulse Model 401, sells
for only $395 and gives you a dial accuracy of one per-
cent (that's about twice as good as the competition).
Frequency is 0.02 Hz to 2 MHz, and sine distortion

is only 0.25
- audio range.

. | Square-wave
| risetimeis a

Datapulse
is making
waves.

fast 40 nanoseconds. To handle low levels, we give you
80 db dynamic amplitude range.

You can field calibrate the 401 with a screwdriver, and we
give you a calibrated 1V p-p square wave out for scope
work. A switchable 40 db attenuator and your choice of
50 or 600 ohms output impedence further simplifies your
life. You get 1000:1 voltage control, too.

The other unit, the one with all the buttons, bells and
whistles, is the elegant and sophisticated Model 410. It
takes up where the 401 leaves off.

Frequency is 0.0002 Hz to 2 MHz. Dial accuracy is 1%.
Uniquely among function generators, the 410 allows you
to both AM and FM outputs for an extra dimension in
wave generation. A built-in triggerable sweep generator
gives complete flexibility using either or both of the
independently controllable 40V p-p output channels

to generate sine, square, triangle, sawtooth, and

swept waves. Price is a modest $995.

To arrange a demonstration or obtain more data,
contact your local S-D man. Or address Datapulse
Division, Systron-Donner Corporation, 10150 W.

Jefferson Blvd., Culver City, California 90230. Phone
(213) 836-6100.

DATAPULSE
DIV S 0N

SYSTRON @ DONNER




Squarewave Generators

FREQUENCY QUTPUT

Min. Max. Rise Fall Min. Max. Imp. Atten. Misc. Price
Manufacturer Model Hz kHz s s Vv v Q dB Features $
Argonaut SRS020 0.1 10 (5183 0.5 0.01 150 a n/a a 225
EICO 377 60 30 ina ina 10 10 1000 n/a 60
GR 1313-A 10 50 0.1 ina n/a 5 p-p 60 0-20 c 350
Heath 1G-18 5 100 | 0.05 0.05 0 10 52 -62 to +22 g 99
Measure 71 6 100 0.2 0.1 0 75 var s s 290
GR 1309-A 10 100 | 0.1 ina n/a 5 p-p 600 0-20 c 375
RCA WA-504A 0.02 200 1 1 n/a 10 ina n/a b 95
RCA WA-44C 0.02 200 ina ina n/a 8 100k n/a 99
EICO 379 20 200 |0.1 ina 0 10 ina n/a b 95
GR 1210-C 20 500 |0.35 ina 0 30 p-p 2.5k ina c 255
Exact 5008 0.0001 1000 | 0.05 0.05 0 28 600 40 ef 495
Krohn-Hite 4100 0.01 1000 | ina ina ina 10 rms 50 s s 550
Marconi 2103 10 1000 | 30 30 0.25 205 600 ina t 135
Tektronix 106 10 1000 | 0.012 ina 0.5 120 ina ina X 665
Radiometer RCO11 10 1000 | 0.05 0.05 0 1 50/600 u bu 633
Heath EUW-27 20 1000 | 0.15 ina 0.1 10 52 n/a c 100
Tektronix 114 100 1000 | 0.01 0.01 1 10 50 ina v 340
Wavetek 130 0.2 2000 | 0.1 0.1 [l 20 50 40 295
H-P 209A 4 2000 | 0.05 0.05 -20dB | 20 p-p 600 26 ch 345
Exact 120 0.1 3000 | 0.06 0.06 0.01 10 50 60 295
Exact 123 el 3000 | 0.06 0.06 0.01 10 50 60 d 345
Measure 72 5 5000 | 0.05 0.05 0 12 75/500 s s 360
Wavetek 142 0.0001 10000 | 0.02 0.02 0.0001 30 50 80 595
H-P 8005A 0.3 10000 | 10ns=2s [10ns=2s [0.02 5 50 p Pq 1100
H-P 8003A 0.3 10000 | 0.005 0.005 0.05 5 50 P P 470
H-P 8002A 0.3 10000 | 10ns=2s [10ns-2s |0.05 5 50 p P 700
H-P 8010A 1 10000 | 12ns=1s [12ns-1s |0.02 5 50 p pr 1925
H-P 221A 1 10000 | 0.015 0.015 0 5 50 i i 225
H-P 220A 1 10000 | 0.015 0.015. (0 =5 50 i i 225
H-P 2118 1 10000 | 0.005 0.005 0.02 5 50 i i 450
Microdot F324A 10 10000 | 0.01 0.01 100pV 6.32 p-p 50/600 yes bz 660
Marconi 1370A 10 10000 | 0.4 0.4 0.001 73.2 p-p 75-100 -50 c 935
Microdot F323A 10 10000 | 0.01 0.01 100pV 6.32 p-p 50/600 yes by 795
H-P 222A 100 10000 | 0.004 0.004 0.05 10 50 k k 690
H-P 1900A/1905A/1915A | 25 25000 | 7Zns=1ms |7ns=Ims |£1.25 +25 50 n n 2570
Tektronix 2101 2.5 25000 | 0.005 0. 005 0.5 10 50 w req
H-P 1901A/1905A/1917A | 25 25000 | 10ns=40ms|10ns-40ms|0. 2 10 50 m m 1195

a. 50mA maximum current.

b. Solid State.

c. Also Sine wave output.

d. Programmable dc.

e. Three outputs.

f. Dc offset.

g- Output impedance on 0. 1V & 1V range, 220Q on 10V
range.

h. Programmable sync.

i. Also 600Q unit, 1 Hz=1000 kHz, 70 ns rise & fall time,
0.3-30V output. Attenuator calibrated in volts, 7 steps
in 1, 2.5, 5 sequence with vernier.

j. Remote frequency programming. Attenuation calibrated
in volts.

k. Pulse generator that may be operated as squarewave
generator. Attenuation calibrated in volts, 7 steps
from 0. 1-10V in 1, 2, 5 sequence.

m. Plug=in pulse generator operated as squarewave
generator, programming is optional. Attenuation cali-
brated in volts, 5 steps. Price includes one blank
plug=in.

n. Plug-in pulse generator operated as squarewave generator,

c =+ w = g

N X<

programming is optional. Attenuation calibrated in volts,
+2.5 to £50V high Z source and *1. 25 to £50V, 50Q

source.

. Pulse generator operated as squarewave generator.

Attenuation calibrated in volts, 7 steps in 1, 2.5, 5
sequence with vernier.

. Simultaneous + and - outputs.
. Two independent channels. Outputs may be combined.
. Attenuation calibrated in volts.

Battery or line operated.

. Attenuation calibrated in volts, 4 steps, 1, 10, 100mV,

V.

. Continuously variable pulse width period & variable

amplitude.

. Continuously variable period, duration, delay, ampli-

tude and baseline offset.

. % fast rise or high amplitude, sync input or trigger output.
. Expanded scale. Conversion from rms to p-p available.
. Expanded scale.

(continied from pg. 104)

reference frequency. Sync pulse output included. Func-
tions, sine, square, triangle (2 outputs).

y. Functions, sine, square, triangle (2 outputs). Type 3301A
plug-in at $30 included. Programmable frequency within
one range. Sync output included.

z. Functions, sine, square, pulse. Model 4024 frequency
accuracy 0. 5%, model 4025, 0. 1% accuracy.
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al. Functions, sine, square, * ramp, triangle, * pulse,
variable width pulse.

a2. Gate & triggering included.

a3. Gate, triggering and phase lock included.

a4. Gate, triggering and sweep included.

a5. Gate, friggering, phase lock and sweep included.

ELEcTRONIC DESIGN 11, May 24, 1970




Let’s face it: We won’t knock them out of the ring
tomorrow. But Microdot is hereby announcing its
entry into the general instrument market. With a full
line of solid state waveform generators and test oscil-
lators. So, while the guys at H-P are still yawning with
surprise, here are some facts for your consideration.

There are five models in each series. The wave-
forms cover a frequency spectrum of .005 Hz to
3 MHz. They offer a wide variety of output signals:
sine, square, triangle, ramp and sync pulse. Their
versatility is evident in one model which offers you six
instruments in one: function generator, VCO, sweep
generator, sawtooth generator, pulse generator and
tone burst generator. Other models provide full digi-
tal programming capability that is compatible with
system interfaces using standard TTL and DTL posi-
tive logic.

The five test oscillators cover a frequency range

from 10 Hz to 10 MHz. Each instrument includes an
output signal level monitor, and amplitude is con-
trolled by precision step attenuation.

When Microdot takes on a giant of the instrument
business, we don’t fool around. These instruments are
now in the hands of good reps all across the country,
and inventory is available for immediate delivery.

So write. Or give us a call.

We’ll offer you complete literature, a demonstra-
tion if desired — and, of course, a pair of miniature
boxing gloves inscribed with our motto (which might
be yours someday): “Sock it to the fat cats.” After all,
if we're going to get into a fight against these kinds of
odds, we need all the friends we can get.

@MICRODOT INC./ INSTRUMENTATION

DIVISION
220 Pasadena Ave., South Pasadena, Calif. 91030

Here we were, busily competing with Amphenol on connectors,
Belden on cable products, SPS and Esna on fasteners and
Philco-Ford on RF instrumentation-

and now some wise guy decides to take on Hewlett-Packard.
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ideas For Design

Integrated op-amp pulse circuit
has 18-second time constant

New-generation low-input current-integrated
operational amplifiers lend themselves readily to
long-time constant pulse circuits. In the follow-
ing example, a monostable multivibrator with an
18-second time constant is achieved with a mini-
mum of components, cost and complexity.

To understand circuit operation (Fig. 1), as-
sume the output to be in its quiescent state at the
positive saturation level of the LM 107. In that
case, the noninverting terminal is at approxi-
mately (V...) (R;) (R.+R;). The inverting termi-
nal is at V(= 0.56 V at room temperature).

If a negative spike greater than [(R;V..)/
(R.+R;)] + V, is brought to the noninverting
terminal, the amplifier output will reverse states
at the slewing rate of the amplifier (=~ 0.34v/us).
After this has occurred, the capacitor C, will
charge through R, until the voltage across C, is
greater than (—V..) (R:)/(R.+R;). At this
point the amplifier, acting as a comparator, will
return itself to the quiescent state.

However, as shown in Fig. 2, the one problem
with this basic circuit is that the reset time is
as long as the output pulse. To remedy this, it is

Rayen2
— AN ——
v
7 500k
L
4; VeliL b | 18 sec. |
R LS i
= Cl,10uF LMIQ7 =) Vour
—l ~ O= + ::Rz
$ 30k
o ISR

1. Reset time is shortened by addition of D. and
R, to the feedback loop.
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necessary only to add a diode and resistor in the
feedback loop (D., R,) in such a direction that
the reset time constant is shortened as shown in
Fig. 1 where

: R. Vo
pulse duration = R,C, In (R: B Vm) )
assuming that V., = — V...

Choose:
m R, «R,.

" (V.:R:)/(R.+R.) » V;, (to minimize effects
of V,, changes with temperature).

" (V..Rs)/(R.+R;) « Vi, (to minimize ef-
fects of V... changes with temperature).

R Vo )

R.+R; VAL,

Note that ion-implantation diodes have a lower
forward breakdown and a better temperature co-
efficient than standard silicon junction diodes,
and that they result in an even more stable out-
put over temperature.

Peter Berg, Group Supervisor, Dalmo Victor
Co., Belmont, Calif.

Reset time=R,C, In (

VOTE FOR 311

ear  — —
-V. Vo e e——
SAT
OUTPUT
PULSE
——~{RESET TIME +——
: i
1 1
! :
Vp ! !
|
1
1

—
Vei ¥,
/ STANDARD
4 IMPROVED

2. Timing diagram indicates improvement obtained
from circuit modification.
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There isn't another like it.
Y4-inch, single-pole, six position,
28-vdc. Helipot switch for PC boards.

=T -Tald INSTRUMENTS, INC.

HELIPOT DIVISION
Fullerton, California 92634

INTERNATIONAL SUBSIDIARIES: AMSTERDAM; CAPE TOWN;
GENEVA; GLENROTHES, SCOTLAND; LONDON; MEXICO CITY;
MUNICH; PARIS; STOCKHOLM; TOKYO; VIENNA

INFORMATION RETRIEVAL NUMBER 62
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IDEAS FOR DESIGN

Monolithic circuits provide
inexpensive dual regulation

For powering analog circuits, such as op amps,
both positive and negative voltages are usually
needed. A low-cost approach to the problem of
providing dual, regulated voltages is shown in
the circuit diagram.

The heart of this design is a low-priced mono-
lithic operational amplifier connected in a unity
gain, inverting configuration. The monolithic
voltage regulator provides the reference voltage,
and the op amp provides negative current.

Because of the circuit arrangement, both out-
put voltages—e,; and e,.—can be controlled by
the one regulator. The negative output stability
will be dependent upon the positive output
stability. This is acceptable because most oper-
ational amplifiers that could be powered from
this circuit are insensitive to common-mode volt-
age changes.

The input-output voltage drop is 5 V and the
maximum available current is about 25 mA.
These two figures indicate a safe margin on
power dissipation at maximum load current.

A'A'Av O .“
10 +15V)
SRI :
UNREGULATED ik
INPUT > ! B
(+zowo——1;:| == ol
LM305 |
LS 7 j*/ g T WF
2 100pF 1.5k
TR2
+i7— R3 g
’_'|\ 10k &
IF,F = =
‘D
e 7\ 9 .%t:‘
3[741 = °"'.’:,‘£’
7 .
- SEmF
'_'—d(-—"
- |F_F -

= o——
ey eo =I8(RI+R2)/R2

INPUT ez = —leg JR4/R3

Dual regulated outputs, e,, and e, are control-
led by a single voltage regulator. Maximum current
is 25 mA.

Richard C. Gerdes, President, Optical Elec-
tronics, Inc., Tucson, Ariz.
VOTE FOR 312

Low-voltage shunt regulator can power tunnel diodes

A simple circuit that has only three compo-
nents can provide a low-voltage (0.3-V), low-
impedance (0.3 Q) power supply with a tem-
perature coefficient on the order of 0.1% /°C.

A high-gain general-purpose silicon npn tran-
sistor is used in a basic shunt mode, with a for-
ward-biased germanium diode in series with its
collector. As shown in Fig. 1 the output voltage
V, is initially the difference between the conduc-
tion potentials of the silicon base-emitter voltage
(0.6 V) and the germanium-diode drop (0.3 V).
The collector-to-emitter saturation voltage of Q,
must be less than the difference.

It is more convenient, in practice, for improved
thermal tracking of the two junctions to employ
a diode-connected pnp germanium transistor, Q.,
rather than a germanium diode. With both tran-
sistors in TO-18 cans, and collectors to case, a
small heat sink maintains good thermal contact.

Base-emitter voltage of Q, decreases by about
2.3 mV/°C, tending to reduce V,; but the base-
emitter voltage of Q. decreases by approximately
the same extent and opposes the change in V,
caused by Q.. Since the temperature dependent
term is a function of junction current, the tem-

110

perature stability varies with load R..

The shunt configuration gives an inherently
low output impedance, as shown in Fig. 2, with
Ry, = o, Ry = 1 k@ and ' R; — 220 Q, over a
range of input voltages. The slope change from
negative to positive output impedance is due to
the finite current gain of Q,. With Q, and Q. in a

Vi
I, ‘ RI
Q2, 2N966 (GERMANIUM)
O—-====-0—
al Vo SR
7784 FERRANTI ;
(SILICON)
- o

<

1. Low-voltage shunt regulator uses germanium
transistor as diode to provide voltage difference.
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RCA-TA7487 is new.
It offers 2 W with 10 dB gain (min.)
at 2 GHz for solid-state microwave designs.

RCA-TA7487 is a ceramic-metal coaxial unit.
It can do a big job for engineers
designing to achieve minimal space without
sacrificing solid-state power and
performance at UHF/microwave frequencies.

By the nature of its package, TA7487 features
low parasitic capacitances and inductances.
This introduces stability into your designs
for point-to-point microwave relay links,
S-band telemetry, distance measuring equipment,
and collision avoidance systems.

Here's a suggestion:
Use TA7487 as a driver for RCA-TA7205—
another RCA “‘overlay” transistor
in the industry’s champion RF power line.

Ask your local RCA Representative
about TA7487 and other “overlay” units.
For technical data, write:

RCA Electronic Components,
Commercial Engineering,* Harrison, N. J. 07029,
In Europe: RCA International Marketing S.A.,
2-4 rue du Liévre, 1227 Geneva, Switzerland.

ING7Z

The Collision-Avoidance Transistor

.,‘

¥

*Section PG5-2/UF7

INFORMATION RETRIEVAL NUMBER 63
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IDEAS FOR DESIGN

03% T
T e 1 PR T |
Ry*00 SLOPE IMPEDANCE: —0.260
\\‘\~ I (ImA TO 10mA)
TR
I
0.325 et
R Ik
w‘é?ﬂ
032
)
R *2200
0.315 A
0.1 1.0 10 100

I| (mA)

2. Plot of current vs voltage for different load conditions indicates low impedance of regulator.

common heat sink and no load, V, = 0.326 V at
25°C and 0.310 V at 75°C, corresponding to 0.32
mV./°C change: For R; = 22010, V., = 0.313 at
25°C and 0.290 V at 75°C, equivalent to 0.42
mV /f9E;

The supply was designed for powering a gal-
lium-arsenide tunnel-diode oscillator where 0.3 V

crosses the negative resistance region. With suit-
able choice of Q, and Q. it is also useful as a low-
voltage stable reference derived from a widely
varying input voltage.
John M. Morrison, Design Engineer, Ferranti,
Ltd, Edinburgh, Scotland.
VOTE FOR 313

High-frequency VCO uses TTL gates

One of the problems encountered when con-
structing high-frequency astable multivibrators
from cross-coupled transistors is the shunt
capacitance, C,., of each transistor. This capaci-
tance sets an upper frequency limit on the multi-
vibrator. The input circuit of a TTL gate
presents only a small shunt capacitance to the
circuit.

The circuit shown utilizes two TTL NAND
gates, two capacitors and six resistors to form
a voltage-controlled oscillator (VCO). With the

112

indicated component values and V;, at 0 V, the
frequency of oscillation is approximately 7 MHz.

The gates are biased at their turnover points
(typically 1.4 — 2 V) by the voltage divider net-
works R,, R. and R,, R,. These networks, to-
gether with C, and C. define the basic operating
frequency. The gates are protected from nega-
tive-going input pulses by diodes D, and D..

R. and R; provide the input connections for
the oscillator control voltage V,,. The frequency
may be adjusted =10% by varying V,, between

ELEcTRONIC DESIGN 11, May 24, 1970



THREE NEW OP AMPS YOU HELPED DESIGN

. T A\\v.\l,(‘)‘(vw
§ [ Divicesz
:AIINMLIASSAEIUSE.H

RATIONAL
X';Enmm

B MODEL

450

LOW COST FET
$12 Unit Quantities

At just $12. in unit quantities, the
Model 40 becomes the FET input op
amp recommended in nearly all general
purpose applications where high input
impedance and low bias current are re-
quired. Two versions are offered which
differ only in initial offset voltage, in-
put bias and difference current, and
price. The encapsulated module meas-
uresai o 14 x 5

D ANALOG i |
DEVICES 2

CAMBRIDGE - MASSACHUSETTS |

MODEL

AVAILABLE FROM STOCK

These new amplifiers represent three of the best

I Hq OPERATIONAL
AMPLIFIER

CHOPPERLESS DIFFERENTIAL
0.25uV/°C

Newest in a series of low drift chopper-
less differential op amps, the Model
184 gives chopper-stabilized-like per-
formance with the application flexibil-
ity of differential inputs, coupled with
low cost. The 184 is recommended for
an extremely wide variety of high per-
formance applications and promises to
become the industry standard for low
drift requirements. Three versions are
available, differing principally in drift
characteristics and cost. Package size
i5,1.6 X 4.6 % 0:4%,

design alternatives emerging from today's tech-
nology. They have been created as a result of
literally thousands of contacts between you, the
op amp user, and Analog Devices’ applications
engineers. Each is designed to maximize user
value... that is, the best possible performance at
the lowest possible cost.

FAST SETTLING FET
0.6us to 0.01%

Settling time of just 0.6usec to 0.01%
accuracy makes the new Model 45 ap-
plicable to many high speed/fast set-
tling requirements such as A/D and
D/A converters, pulse height amplifiers,
etc. Input parameters are characteris-
tic of FET differential input amplifiers.
Two versions are available with differ-
ing offset and drift specifications. Pack-
age sizeis 1.12"" x 1.12"" x 0.4".

ANALOG DEVICES, INC. - 221 FIFTH STREET - CAMBRIDGE, MASSACHUSETTS 02142 + TEL: 617/492-6000

ANALOG I
DEVICES 2

CAMBRIDGE - MASSACHUSETTS

INFORMATION RETRIEVAL NUMBER 64

Data on these three amplifiers is contained in a new brochure featuring
pre-selected Analog Devices' op amps. The amplifiers outlined in this
short form catalog are those recommended for about 85% of the re-
quirements evaluated by Analog Devices’ applications engineering de-
partment. Available without charge on request.



IDEAS FOR DESIGN

+5V and —5 V.

The basic operating frequency may be in-
creased by using smaller values of C; and C.. By
reducing the value of R, and R, the frequency
control range may be extended.

The inverting gates are optional, but they
provide improved wave shape, and buffer the
output from external clock loads.

A. C. Burley, A. V. Aecllen, Senior Engineers,
Hawker Siddeley Dynamics Ltd., Hertfordshire,
England.

VOTE FOR 314

Noise generator simulates radar return-signal ‘grass’

Radar return-signal “grass” can be simulated
in test setups by the following random-noise
generator that operates in the range of 100 kHz
to 8 MHz.

The circuit and its output signal are shown in
the figure. The design uses one Motorola MC-

114

1836P hex inverter package that contains three
circuits in each of two networks. A variable re-
sistor and fixed capacitor in parallel connection
control the network frequency. Each network is
adjusted to a different frequency, and the cou-
pling capacitors, C, and C., provide interaction
between the two circuits. The result is a random
noise output signal.

Potentiometers P, and P. are used to produce
various “colors” of noise. P, varies the output
from 0 to 3.0 V peak to peak. Potentiometers
are Spectro model 153-1. The capacitor C, is
used to couple the noise into a video output am-
plifier. Fixed resistors could replace the variable
potentiometers if only one output level is desired.

Donald D. Lacy, Member of Technical Staff,
Logicon, Inc., San Diego, Calif.

VOTE FOR 315

VOTE! Go through all Idea-for-Design entries, select the
best, and circle the appropriate number on the Reader-
Service-Card.

SEND US YOUR IDEAS FOR DESIGN. You may win a
grand total of $1050 (cash)! Here's how. Submit your
IFD describing a new or important circuit or design
technique, the clever use of a new component or test
equipment, packaging tips, cost-saving ideas to our
Ideas-for-Design editor. You will receive $20 for each
accepted idea, $30 more if it is voted best-of-issue by
our readers. The best-of-issue winners become eligible
for the Idea Of the Year award of $1000.

IFD Winner for February 1, 1970

George S. Oshiro, Design Engineer, Teledyne
Systems, Los Angeles, Calif. His Idea
“EXCLUSIVE-OR Gates Replace Choppers
in Phase-Lock Loop” has been voted the
Most Valuable of Issue award.

Vote for the Best Idea in this Issue.

ELEcTRONIC DESIGN 11, May 24, 1970



Rugged Reliability
is only one great feature of
the new SPC-16 computer
for your industrial automation

SPC-16 also performs like two computers in one...hardware fea-
tures accommodate real-time dedicated control in the foreground,
while performing background batch processing.

SPC-16 blends an unmatched combination of fast response time and
powerful computing capability with fail safe features and rugged
industrial reliability.

And more importantly, SPC-16 can increase your productivity and
profits with a minimum initial investment . . . with fast pay back.

Ask about the reliability of SPC-16 today...it's backed by a full range
of software packages, technical services and maintenance support.

Ask about other automation computers in the GA family. The SPC-12 for less than $5000. System 18/30 for under $20,000.

CALIFORNIA PENNSYLVANIA ENGLAND

GENERAL AUTOMATION, INC.  ciumi, o e S0 S
L * range, ) ! 'ortsmou 0ad, tsher, Surrey
MARYLAND
71402 East Chestnut, Santa Ana, California 92701 e i AR Esher 65764
> Dallas, (214) 358-0271 GERMANY
(7 7 4) 835'4804 TWX (970) 595 7 780 Houston, (713) 774-8716 ggms&"?zlg) 325.3883 ERA-Elektronische Rechenanlagen
> 51 Aachen, Postfach 465

ILLINOIS MASSACHUSETTS Werk: Verlautenheide

Des Plaines, (312) 298-4650 Waitham, (617) 899-6170 Lindenweg 23

(California G.A. Corp.) 02405-4444

OHIO INTERNATIONAL

Cleveland, (216) 3512275 BRI et

GEORGIA G.A.l. 24 Bivd. de 'Empereur Frauenlobstr. 9

Atlanta, (404) 261-6203 Brussels, 13 78 03 06121-83073

: INFORMATION RETRIEVAL NUMBER 65
ELEcTRONIC DESIGN 11, May 24, 1970 115



116

Versatility

f
:

RELAY DIVISION

CAT. NO.

ool i Bove, | W SERIES
LOAD 25 A RELAYS

Smallest Enclosed Power Relay Available
25 Amp, 250 Volt, 2 Circuit

U/L and CSA RECOGNIZED—Only 1% sq. in. X
178" high, ideal for single and two phase switch-
ing. Features AMP quick connect terminals with
companion U/L recognized socket available.
Many, exclusive patented features.

HEAVY DUTY and RUGGED—W Series relays are
DPST general purpose relays with 25 amp contact
ratings, able to handle 1 and 2 HP motor loads
easily.

MOUNT UP!—Optional mounting...choice of
panel, side or socket.

APPLICATIONS—For appliances, automation

equipment, motor starting, vending machines and
panel boards.

For full details, write today for the General Cata-
log.

HART-ADVANCE RELAY DIVISION

OAK ELECTRO/NETICS CORP « CRYSTAL LAKE, ILL. 60014

‘ F PHONE: B15-459-5000

INFORMATION RETRIEVAL NUMBER 66

T TWX: 910-634-3353

Range
Control

X1

" KEPCO TALKS
POWER SUPPLY
TECHNOLOGY:

HOW TO TEACH AN ANALOG
VOLTAGE, DIGITAL TRICKS

The output of a power supply is an infinite continuum
of possible settings limited only by the resolution of the
control and your steadiness of hand. To subject such an
analog continuum to digital control requires that we
divide it into digits of information which can be ma-
chine-processed (as opposed to your personal tweaking
of a control). The digits must be timed and sequenced
correctly—stored if necessary—and then used to select
command levels for a programmable power supply.

The device to do all this may take one of several forms.
It may be a low level D/A employing semiconductor
switching with some sort of capacitive or transformer
signal isolation—or it might be a high level D/A, opera-
ting at the output voltage level, using mechanical means
to switch fixed control resistors.

The first method obtains speed at the expense of resolu-
tion and stability. The best semiconductor switches ex-
hibit relatively large “on’ resistances and a distinctly
noninfinite “off” resistance. Moreover, at low levels,
noise limits the resolution. Typically, this type of D/A
produces a small (under 10V) analog output that must
be amplified in a linear manner by the power supply that
it controls, noise and all.

Kepco has chosen the second method. Cycle times don’t
break any speed records but are in line with the speed of
the fastest programmable power supplies. We use reed re-
lays arranged in decades of four each, controlling pre-
cision, wirewound, low TC resistors scaled 8—4—2—1.

Mercury-wetted High Voltage One switching decade shown
Sealed Reed Switch 2 4 8

N SUPPLY ouTPUT

==_ Controlled
T_ Reference ==

a4

KEPCO'S DIGITAL PROGRAMMER CONNECTS TO ANY PROGRAMMABLE
POWER SUPPLY (SHOWN BY THE BOLD CIRCUIT) UP TO 1000 VOLTS

Because the D/A is working right at the output level,
controlling voltage 1:1, you can divide voltage into some
mighty small pieces. A three-position movable decimal
point helps. Model DPD—3, for instance, will control
0-1000.00, 0—100.000 and 10.0000 volts! And, be-
cause the reeds firmly connect precision-fixed resistors-
—with a low “on” resistance—directly to the power sup-
ply’s control loop, you can leave the setting indefinitely,
confident that it will stay right on the nose.

Transients are avoided by a two-stage switching system.
A command change is initiated by first opening the mer-
cury-wetted relay to throw the power supply onto an
analog memory ‘“hold™ capacitor, while the individual
decade reed switches open and close in a dry circuit,
establishing a new precision command level. The mer-
cury-wetted relay then cycles closed, permitting the sup-
ply to slew to its newly established voltage level.

There are seven different D/A’s available with separate 3,
4 and 5 digit storage registers, plus a handy keyboard for
manual entry. These will teach digital tricks to any of
some 102 different programmable power supplies
ranging up to 1000 volts.

| e R S T e i
[ For complete specifications
® and applications notes,

write Dept. DB- 5
KEPCO, INC. » 131-38 SANFORD AVENUE e FLUSHING, N.Y. 11352
(212) 461-7000 » TWX # 710-582-2631
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New Products

Content addressable memories
match input to stored data

Signetics Inc., 811 E. Arques Ave.,
Sunnyvale, Calif. Phone: (408)
739-7700. P&A: 40¢ to 70¢ per
bit, 80¢ to $1.40 per bit; stock.

Two new monolithic arrays form
a unique family of memory prod-
ucts known as content addressable
memories (CAMs). They are the
high-speed model 8220 and the
low-power model 8222 elements.

Content addressable memories
are memories in which data can be
associated. That is any data placed
at the input of the memory is
matched against the memory’s
stored data. The memory responds
with a match or mismatch answer.

With these two new CAMs, data
can be written into them just like
any other read/write memory and
they then provide the association
of input to stored data. They also
give the address location of what
word in the memory matches the
data presented at its input.

Until now, to use data in a read/
write memory, the stored data had
to be processed after the input
data was read in. The use of com-
puter software was a common
technique.

The model 8220 high-speed ele-
ment can perform an associate
function in 25 ns, while the model
8222 low-power element dissipates
only 300 mW maximum and 200
mW typical.

Both elements incorporate the
necessary addressing logic and
contain eight identical memory
cells, which are organized as four
words, each being two bits long.

With reference to input and
stored data, both can be conditioned
to perform the following functions:
associate, write-in only and read-
out only.

Write-in can be done simultane-
ously to all bits, or to one bit at
a time. The readout function of
the stored information is per-
formed on one word at a time.

Cell selection for read and write
functions is obtained by the proper

ELEcTRONIC DESIGN 11, May 24, 1970

addressing of
lines.

The cell’s output structure for
each element is of the “bare col-
lector” variety which allows cells
to be mutually connected.

This feature permits the mem-
ories to be expanded in two direc-
tions—in word length and in the
number of words when multiple
packages are employed.

Each array contains 100 discrete
gates and each has a circuit strue-
ture of the familiar TTL type
(DCL family) and is fully com-
patible with TTL and DTL input
and output structures. Both mem-
ory elements can be used in a
computer data processing associa-
tive process and in stored compar-
ator applications.

Each element can also be con-
figured as a self-learning mem-
ory. In this mode, the memory
does not issue a write command
for the output if a matching input
word is contained in its storage.

input and output

If however the input word is not
contained in the storage, the mem-
ory will “learn” to put the input
word into storage for subsequent
associative functions.

In the self-learning configura-
tion, the element is always in the
associate mode when no word has
to be written into storage.

Monitoring the output lines pro-
vides a convenient way of decoding
an available address.

A clear command totally erases
the memory contents. The process
of selectively erasing individual
words is also a simple one.

The model 8820 is available in
16-pin flatpacks in either tempera-
ture range of —55 to +125°C or
0 to +75°C. It is also available in
a 16-pin dual-in-line case for the
temperature range of 0 to +75°C.

The model 8222 is available in
the following versions: 8222B (0
to +75°C) and 8222R (—55 to
+125°C and 0 to +75°C).

CIRCLE NO. 250
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ICs & SEMICONDUCTORS

Monolithic op amp
has FET inputs

ST i)

30pF MOS
Capacitor

J-FET
Transistor

Fairchild Semiconductor, 313 Fair-
child Dr., Mountain View, Calif.
Phone: (415) 962-3563. Price:
$87.50 or $78.50.

Hailed as an industry first, the
MAT40 is a monolithic FET-input
operational amplifier that operates
with 200-pA maximum current into
either input. In addition, the de-
vice features equivalent betas of
more than 15,000 and an input
impedance of 102 . Unity-gain
slew rate is 6 V/us; voltage gain
is 120 dB.

CIRCLE NO. 251

Radiation Inc., Microelectronics
Div., sub. of Harris-Intertype
Corp., Melbourne, Fla. Phone:

(305) 727-5412. Price: $82.50.
Incorporating an on-chip re-
sistor ladder network, the RI-1080
monolithic digital-to-analog cur-
rent-mode converter can handle up
to eight bits of data at the same
time. Depending on the external
voltage reference, this new MSI
device can operate in three modes:
bipolar, unipolar positive or uni-
polar negative. Operating tempera-

ture range is —565 to +125°C.
CIRCLE NO. 252

Dual transistor
gains up to 1500

D/a converter cﬂifp
processes 8 bits

.57 ) N

Intersil Inc., 10900 N. Tantau
Awve., Cupertino, Calif. Phone:
(408) 257-54,50. P&A: $6; stock.
Suited for both radiation-hard-
ened and industrial applications
because of its dielectrically isolated
construction, a dual monolithic
super-beta transistor guarantees a
beta of greater than 1500 at a
1-uA base current. Model IT124
also features a capacitance of 0.8
pF and a unity-gain crossover fre-
quency of 100 MHz. Current off-
set is 0.5 nA.
CIRCLE NO. 253

Silicon General Inc., 7382 Bolsa
Ave., Westminster, Calif. Phone:
(714) 839-6200. P&A : $5.30; stock.
Permitting fast low-cost fabrica-
tion of custom ICs, a new mono-
lithic IC breadboard, the SG3801
QuikChip, contains over 50 sepa-
rate components of various types
and values. These components can
be interconnected with a wire bond-
ing machine, allowing the circuit
designer to construct prototypes
without the customary reliance on

the semiconductor manufacturer.
CIRCLE NO. 254
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Monolithic breadboard
allows customized ICs
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Dual transistors
boast 1.5-mV match

Qualidyne Corp., 3699 Tahoe Way,
Santa Clara, Calif. Phone: (408)
738-0120. Awvailablity: stock.

A complete line of high-gain npn
and pnp dual transistors features
a matching specification (base-
emitter voltage) as tight as 1.5
mV. These devices cover almost all
of the popular dual 2N numbers
now in use—over 150 transistors
in all. Gains are greater than 200
with a 10-uA base current, and
output capacitance is as low as 1
pF. Unity-gain crossover frequency
is greater than 200 MHz.

CIRCLE NO. 255

Transistor for 84¢
accommodates 30 W

Power Physics Corp., P.O. Box
626, Eatontown, N.J. Phone: (201)

542-1393. P&A: 84¢; stock.
Selling for 84¢ each in lots of
100 to 999, a new silicon npn power
transistor can typically handle col-
lector-emitter voltages of 140 V.
Type 2N3054 offers a power capa-
bility of 30 W. Peak collector cur-
rents range from 3 to 7 A. The
unit, which is packaged in a TO-66
metal can, is expected to be used
in power supplies, oscillators, volt-

age regulators and amlifiers.
CIRCLE NO. 256

Digital ICs
clamp inputs

Sylvania Electric Products Inc.,
sub. of General Telephone & FElec-
tronics, 1100 Main St., Buffalo,
N.Y. Availability: stock.

Now available are 14 new series
7400N TTL integrated circuits of-
fering the advantage of clamping
diodes on all inputs for reliable
short-circuit protection. Fully in-
terchangeable with competing lines,
the new devices come in a standard
all-ceramic package with tapered
lead ends to facilitate socket inser-
tion. Circuit functions include
NAND gates, AND-OR-INVERT
gates, and dual D and J-K flip-
flops.

CIRCLE NO. 257
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Counter/driver IC
runs readout tubes

Wl
3

General Instrument Corp., 600 W.
John St., Hicksville, N.Y. Phone:
(516) 733-3333. Price: $20.

Said to do the job of three con-
ventional IC packages, a BCD-
counter/display-driver can power
a single seven-segment numeric in-
dicator by itself. Model 1056 is an
MOS IC that contains a single-
decade up-down BCD counter, a
storage register, a BCD-to-seven-
segment decoding matrix, and dis-
play drivers. It is supplied in a 24-
lead dual-in-line package.

CIRCLE NO. 258

Plastic complements
dissipate 15 watts

General Electric Co., Semiconduc-
tor Products Dept., 1 River Rd.,
Schenectady, N.Y. Phone: (315)
456-2396. P&A: 45¢ to 65¢ in
quantity; stock.

Offering collector saturation volt-
ages of 0.5 V at 3 A, two new
15-W complementary Power Pac
transistors, the D44C and D45C,
are rated at 30, 45 and 60 V. These
plastic units have typical switching
times of less than 600 ns. The
D44C is an npn device, while the
D45C is a pnp device.

CIRCLE NO. 259
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How small

are your
EMI problems?

An EMI/RFI problem used to be one of the least appealing facts of
circuit life. Add the requirements for a small unit with high attenuation
characteristics and you were in trouble. Not anymore. Today, you'll
find lasting happiness with two proven USCC series of miniature filters.
Both provide up to 70 dB of attenuation.

Series 2000 suppresses conducted noise from SCR’s, switches, relays,
motor commutators, etc., in low voltage dc lines from 10 kHz to 10 GHz.
Available in Pi, L or T section units for 50/100/200/300 WVdc and
115/230 Vac in 10 current ratings and 2 thread lengths.

Series 3000 subminiature units are for use where size, weight and re-
liable performance are critical as in microwaves, communications and
airborne equipment. Available in Pi or multi-section units for 50/100/
200 Wvdc from 10 MHz to 10GHz.

Send for the complete details in a series of technical catalog sheets:
U.S. Capacitor Corporation, 2151 No. Lincoln Street, Burbank, California
91504. Phone: (213) 843-4222. TWX: 910-498-2222.

USCC

Other reliable USCC EMI/RFI products: general purpose filters, signal
line/communications filters, power line filters and cabinet assemblies,
data processing filters, and special/custom filters.

INFORMATION RETRIEVAL NUMBER 68
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Our Driver Manual.

(It's a free license to control all driving situations.)

Fault-free control of load driving can be yours when
the motor matches (or exceeds) your product or sys-
tem requirements and avoids the performance com-
promises inherent in common motors.

The Motor Catalog offers you literally thousands of
choices — size, type, horsepower, torque, input — to
obtain cxactly the motor you need. In addition, there's
comprehensive theory and applications information.

IMC Magnetics Corp., Eastern Division, 570 Main Street,
Westbury, N.Y. 11591, Tel. (516) 334-7070, TWX 510-222

B 1mMc
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Arithmetic logic unit
adds 16 bits in 42 ns

Fairchild Semiconductor, 313 Fair-
child Drive, Mountain View, Calif.
Phone: (415) 962-5011. Price:
$14 to $30.80.

Model 9340 four-bit arithmetic
logic unit is a new MSI circuit that
can add two 16-bit numbers within
42 ns when connected in multiple.
The unit can also perform several
other functions like OR, AND, sub-
traction, and equivalence. Because
the device includes carry-look-
ahead circuitry, the user can add
up to 16 bits with only four 9340s
and no other package. It comes in
military or commercial versions,
either flatpacks or DIPs.

CIRCLE NO. 260

Zener diodes
accept 50 W

Electronie Transistors Corp., 153-
13 Northern Blvd., Flushing, N.Y.
Phone: (212) 539-6700.

Offering tolerances of *20, =10
and *5%, a new line of general-
purpose zener diodes can dissipate
power levels as high as 50 W. This
new family of rectifiers comes in
JEDEC TO-3 packages or in stud-
mounted DO-5 packages. Their
operating temperature range is

65 to +175°C; voltage ratings
range from 4.7 to 200 V.

CIRCLE NO. 261

Dual sense amplifiers
strobe independently

National  Semiconductor  Corp.,
2900 Semiconductor Dr., Santa
Clara, Calif. Phone: (408) 732-
5000. P&A: $7 or $9.10; stock.
Intended for use with small core
memories having as many as 4000
words, two new monolithic dual
sense amplifiers feature independ-
ent strobing. The LM354A and
LM354 are fuctionally identical,
but the LM354A has a tighter
guaranteed input threshold voltage
uncertainty. Typical outputs for
the circuits are 3.9 V for a logical
1 and 0.25 V (0.4 V maximum) for
a logical 0.
CIRCLE NO. 262
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Photosensor chip
can drive directly

RCA /Electronic Components, 415
South Fifth St., Harrison, N.J.
Phone: (201) 485-3900. P&A:
$2.95; stock.

Combining a photosensitive sec-
tion, an amplifier and two 100-mA
driver transistors on a single chip,
the CA3062 monolithic light sensor
can drive a lamp, relay or triac
without additional amplification.
The unit operates either as a nor-
mally OFF or normally ON photo-
switch. It comes in a hermetic 12-
lead TO-5-style package.

CIRCLE NO. 263

Dionics Inc., 65 Rushmore St.,
Westbury, N.Y. Phone: (516) 997-
T474.

Dielectrically isolated for good
high-frequency response and radi-
ation resistance, a new line of npn
silicon matched-pair transistor
chips provide a close parameter
match, from 10 A to 1 mA. Types
3423 and 3424 have their collectors
isolated from each other and from
the bottom of the chip. The chips
are gold-backed, permitting conven-
tional eutectic die-bonding.

CIRCLE NO. 264

Transistor chips
match to 10 #A

% de

Tiny thermistors
give up to 10k

Sensitron Inc., 225 Paularino Ave.,
Costa Mesa, Calif. Phone: (714)
540-4160.

Called micro-silicon devices, a
new line of thermistors, the size
of a 0.1-in. sphere, are available
with resistances from 10 to 10,000
Q. Series 125 units are available
with radial leads or radial-opposed
leads. Maximum operating tem-
perature is 150°C, and nominal
temperature coefficient is 0.7%/°C.
The devices are designed for semi-
conductor circuit compensation.

CIRCLE NO. 265

Texas Instruments Inc., Compo-
nents Group, P.O. Box 5012, Dal-
las, Tex. Phone: (214) 2388-2011.
P&A: $2.68 or $3.70; stock.

With a power output that is
spectrally compatible with silicon
sensors, two new pn gallium-arse-
nide light sources provide a mini-
mum power output of 1 mW (the
TIL24) or 0.4 mW (the TIL23).
The units cover both the military
and industrial temperature ranges.
Both light sources have a narrow
light beam emission at an angle of
35 degrees.

CIRCLE NO. 266
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Light sources
put out 1 mW

INFORMATION RETRIEVAL NUMBER 70 »

Inits class

Johanson products stand alone as a
symbol of leadership. Even an unpracticed
eye can see the differences between a
Johanson capacitor and its counterpart.

Such things as ultra-high Q (useable at
microwave frequencies) . . . ultra-high
stability (0 == 15 PPM/°C) .. . and “sizes”
for hybrid and microcircuit as well as for
conventional applications . . . these and
other integral design advances attest

‘“‘;- superiority.
Send for a complete Johanson

ﬁ catalog. Let a Johanson product
Model 5801 help your product be a leader!

(actual size)

Johanson Manufacturing Corporation
Rockaway Valley Road, Boonton, N.J. 07005
(201) 334-2676 » Telex: 13-6432

PHOTO BY PHILIP GENDREAU FROM NATIONAL AUDUBON SOCIETY



MODULES & SUBASSEMBLIES

Fast d/a converters
settle down in 25 ns

Datel Systems Corp., 943 Turnpike
St., Canton, Mass. Phone: (617)
828-1890. P&A: from $195; 2 wks.
Containing buffer logic, switches,

a ladder and voltage reference in
a single package, the DAC-H series
of d/a converters feature an out-
put settling time of 25 ns to
+0.19% of final value. This allows
for an update word rate of 40
MHz. Output is £2.5 mA full scale
with a voltage compliance of
+1.2 V, and output linearity is
+2.5 pA with a 5-uA resolution.
CIRCLE NO. 267

Burr-Brown Research Corp., Inter-
national Airport Industrial Park,
Tucson, Ariz. Phone: (602) 294-
1431. P&A: $110, $90, $70; stock
to 4 wks.

A line of three new chopper-
stabilized low-drift operational
amplifiers include differential in-
puts. Models 3354/25, 3355/25 and
3356/25 drift 0.2, 0.5 and 1 uV/°C,
respectively. Input bias currents
are 20, 50 and 50 pA, respectively.
Open-loop gain is 140 dB at de.
CIRCLE NO. 268

Low-cost FET op ;np
chops price to $17

Chopper-stable op amps
are differential units

GPS Corp., 14 Burr St., Framing-

ham, Mass. Phone: (617) 875-
0607. P&A: 817, stock.
Including an adjustable input

offset voltage of 2 mV and an in-
put bias current of 50 pA, the low-
cost model 801 differential FET-
input operational amplifier retails
at $17. Other characteristics are
an open-loop gain of 100,000, full
output frequency of 50 kHz, a
slewing rate of 5 V/us and an in-
put drift of 100 wV/V. The output
is £10 V at £20 mA.

CIRCLE NO. 269

Optical Electronics, Inc., P.O. Box
11140, Tucson, Ariz. Phone: (602)
62,4-8358. P&A: $87; stock.

The model 5882 multiplier is a
low-cost four-quadrant analog unit
with a wide bandwidth of de to 30
MHz. Its features include a maxi-
mum untrimmed offset voltage for
both X and Y inputs of *2 V.
Also featured is a null rejection
characteristic of 73 dB at 5 MHz.
Both inputs have an impedance of
4 kO and a dynamic output range
of —10 to +10 V.

CIRCLE NO. 270

Wideband multiplier
spans dc to 30 MHz

Low-cost multiplier
downs price to $29.50

Philbrick/Nexus Re-

Teledyne
search, Allied Dr. at Route 128,
Dedham, Mass. Phone: (617) 329-
1600. P&A: $29.50; stock.

Providing an output of =*10
V at frequencies to 40 kHz, the
model 4452 low-cost four-quadrant
multiplier/divider retails for only
$29.50. Its voltage range for either
X or Y input is =10 V and each
input’s impedance is 30 kQ. Opera-
tion to 400 kHz is possible with
derating of parameters. The unit
measures 1.5 by 1.5 by 0.6 in.

CIRCLE NO. 271

Decoder/driver display
slims depth to 1 inch

Integrated Circuit Electronics, Inc.,
237 Riverview Ave., Newton, Mass.
Phone: (617) 891-4311. Price:
$49.50 (3 decades).

The D-4000 series decoder/driv-
er display features behind-the-
panel depth of only 1 in. It con-
tains a bezel with filter lens,
decoder, driver circuitry and re-
placeable low-voltage low-power
readout tubes. It is IC-compatible
and interfaces to four-line BCD
levels. The use of a single-connec-
tor termination eliminates wiring.

CIRCLE NO. 272
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High-voltage supply
drives price under $30

Venus Scientific Inc., 399 Smith
St., Farmingdale, N.Y. Phone:
(516) 293-4100. Price: under $30.
Supplying an output of 15 kV at
150 pA, the new all-silicon L-15
low-cost high-voltage power supply
for computer and CRT displays
boasts a price of less than $30. It
is a de-to-de converter operating
from 15 V de and is short-circuit
and arc-over protected. The input
is protected against reverse polar-
ity and the output has less than

19% of pk-pk ripple.
CIRCLE NO. 273

Tiny low-cost op amp
is priced at $26

Zeltex, Inc., 100 Chalomer Rd., Con-

cord, Calif. Phone:
6660. P&A: $26; stock.
Featuring 15 pA of input cur-
rent, a 100,000:1 common-mode re-
jection ratio and frequency re-
sponse of 4 MHz at unity gain is
the tiny low-cost FET-input ZA-
802M1 operational amplifier that
measures 1 by 1 by 0.4 in. and costs
$26. Maximum input voltage drift
is 50 uV/°C for the temperature
range of —25 to +85°C.
CIRCLE NO. 274

(415) 686-
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|
each in 1,000 quantities

® ideal for environments where shock
and vibration are a problem

as low as $4.2J0h

= all solid state

= 4 types of photoconductors
combined with LEDs

= hermetically sealed TO-5
enclosure

= unlimited life—no filaments

New

low cost
LED Vactro/
photon isolator

= applications include photo-

choppers, linear isolators,
noiseless switching, SCR and
triac turn-on, audio level
controls, etc.

LED PHOTOCELL
Part

Number Current Max. Cell Typical Rise Decay

(ma) Resistance Time (ms)*

(1.65v typ.)
VTL2C1 40 10 KQ 5 3.5-ms"*"
VTL2C2 40 500 2 3.5 500 ms T
VTL2C3 40 2 KQ 2.5 35 mst
VTL2C4 40 75Q 6.0 1.5 sec t
* To 63% conductance **To 1 meg t To 100 K 2
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Vactec confines its production activities entirely within the United States.
Advanced mechanized techniques provide highest quality at prices competitive
with other manufacturers anywhere in the world.

Ny VACTEC, INC.

~

D
~
-

2423 Northline Ind. Blvd.
Maryland Heights, Mo. 63043

) Phone: (314) 872-8300
il Write for Bulletin VTL2C

Specializing in standard Cds, Cdse, and Se sells; custom engineering for every photocell need.
Listed in EBG under **Semi-Conductors’* and in EEM Sec. 3700.
INFORMATION RETRIEVAL NUMBER 71
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COMPONENTS

Low-cost LED lamp
sells for only 50¢

- - -

Hewlett-Packard, 1501 Page Mill
Rd., Palo Alto, Calif. Phone:
(415) 326-7000. P&A: 50¢; 30
days.

Designed to replace miniature

incandescent lamps, the 5082-4403
red light-emitting diode features
a price of only 50¢ in large quanti-
ties. It requires only 1.8 V at 20
mA to operate and provides high
visibility over a broad angle. This
GaAsP lamp self-mounts in panels
or on printed circuit boards and is
compatible with most integrated
circuits. CIRCLE NO. 275

Indicator light for ICs
works from logic levels

Dialight Corp., 60 Stewart Awve.,
Brooklyn, N.Y. Phone: (212)) 497-
7600.
Designed for integrated circuits,
a new transistorized indicator light
operates directly from TTL, DTL
and RTL modules thereby elimi-
nating the need for a special power
supply and interface circuitry. It
includes all driving circiutry with-
in its housing and accepts wide
voltage swings without increases
in signal current. Lamps used are
T-1-3/4 incandescent types.
CIRCLE NO. 276

Spdt thumbwheel switch
is but 0.225-in. long

.

Wilbrecht FElectronics,
Blvd., St. Paul, Minn.

Only 0.225 inches long, the model
2000 spat switch sets new stand-
ards for ultra electromechanical
miniaturization. Its uniquely de-
signed detent produces large-size
switch feel. The use of precious
metal contacts and wiping action
results in low contact resistance.
It is enclosed to ensure long life of
over 50,000 cycles. For added flexi-
bility it is available in a variety
of colors.

240 Plato

CIRCLE NO. 277

GUARANTEED UNIFORMITY |
| IN ELECTRICAL, PHYSICAL |
CHARACTERISTICS

I
l |
I
|I
|
I
I
|
|
| ® Available in 2, 1, %2 and ¥ watt sizes.
| ® Uniform from resistor to resistor,
l order to order.
® 100% tested for resistance value.
: ® Solderability, load life and humidity-
I
I
I
I
I
I

temperature characteristic checked.

® Impregnated to assure moisture resist-
ance.

o Write for literature.

> STACKPOLE
CARBON COMPANY

®  Ejectronic Components Division
Kane, Pa. 16735

INFORMATION RETRIEVAL NUMBER 72
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TWO, NEW
POWERFUL CERAMAG®
FERRITE MATERIALS

0

24H
5000 7500
PERM PERM

24K

e True 5000 and 7500 permeability
ratings.

|
|
|
|
|
|
|
|
|
|
|
|
|
l
 Both 24H and 24K stay at designated |
perm over a wide range of sizes. |
e Curie point for 24H and 24K is 175°C, |
typical. I
= e Precision engineered materials pro- }
|

|

|

|

|

|

|

|

|

|

|

|

|

|

duced through exact processing, den-
sity checks and controls.

e Terrific inductance in a small size.

® Residual magnetism is 850 (24H) and
700 (24K) gauss.

e Write for data about these production
materials.

®CARBON COMPANY

Electronic Components Division
St. Marys, Pa. 15857

g s
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ENVIRONMENT PROOF
ROTARY SWITCHES

e Both index mechanism and electrical
sections are completely enclosed.

e Corrosive atmospheres, dust, dirt and
moisture are permanently sealed out,
lubricants sealed in.

e Solder or quick-connect terminals
molded permanently into position mini-
mize production damage.

e Standard index angles include 15°,
30°, 36°, 60° and 90°, special angles
available on request.

o Write for engineering bulletin.

|
I
I
I
|
| Series 600 15" Dia.— Series 100 1%4" Dia.
I
I
I
I
I
I

i o

| COMPONENTS COMPANY
® P. 0. Box 14466

| Raléigh, N. C. 27610

INFORMATION RETRIEVAL NUMBER 74
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Resistor/capacitors
are dual-in-line arrays

R—%R %R %—‘R %H %R %R %R%R
1200 105 818 78t S o - T

California Microcircuits, Inc. sub-
sidiary of Teller Industries, Inec.
Phone: (213) 772-2161.

New arrays containing networks
of up to thirteen resistors or
capacitors in a single 14-pin dual-
in-line package are available. Re-
sistors can have any value ranging
from 20 Q to 1 MQ with a tolerance
down to =*+0.1%. Capacitors can
have values ranging up to 0.1 uF.
A 15-resistor array is also avail-
able in a 16-pin DIP housing.

CIRCLE NO. 278

Pulse transformers
handle 500 Vus

Aries Technology, 1247 El Camino
Real, Mountain View, Calif. Phone:
(415) 964-1606. Price: $3.85 to
$4.10.

Two series of pulse transform-
ers feature a product of pulse
height times pulse width of 300
Vus (type BM) and up to 500 Vus
(type BN). They were designed for
SCR trigger circuits and general
instrumentation where relatively
long pulses are required. All units
are available in a variety of turns
ratios and use self-supporting #24
AWG leads. CIRCLE NO. 279

Tiny ceramic FM filter
measures but 0.016-in.3

Gould Inc. Piezoelectric Div., 232
Forbes Rd., Bedford, Ohio. Phone:
(216) 232-8600. P&A: 50¢ per
100,000; 2 wks.

Combining small size and high
selectivity is the new FM-4 10.7-
MHz ceramic bandpass FM filter. It
is a high-Q piezoelectric ceramic
molded in epoxy measuring only
0.415 by 0.38 by 0.1 in. It is dis-
tortion-free to a stop-band above 45
dB, with a 3-dB bandwidth of 235
kHz and a 40-dB bandwidth of 825
kHz. CIRCLE NO. 280

UNEXCELLED QUALITY
FOR LESS THAN 5¢

o Listed by UL AND CSA, 1 to 10 amps |
at 125V AC. '
e 7960 slide switch combinations—23
basic types. |
e New rugged solder lug terminal, de- |
signed for use with quick connectors.

e Uniform quality assured by automated I
assembly. |
e Electro-silver plated terminals and I
contacts—shorting and non-shorting. |

e Phenolic or nylon triggers in a variety
of colors.

e Write for engineering literature.

COMPONENTS COMPANY
P. 0. Box 14466
Raleigh, N. C. 27610
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CERAMIC CAPACITORS
WITH SUPERIOR
TEMPERATURE COEFFICIENT

® Available in range of 0.1 to 10 pico-
farads.

® Tolerances of 5%-10%-20%, at rated
working voltage of 500V DC.

e Temperature coefficient is = 2% for
values of 0.1 to 5.1 pf over a tempera-
ture range of -55° C to 85° C

e Only = 3% temperature coefficient
for values of 5.1 to 10.0 for temperatures
ranging from -55° C to +85° C

® Power factor less than 1% at 1 mega-
cycle at less than 80% RH.

e Write for bulletin.

- STACKPOLE
CARBON COMPANY

® Electronic Components Division
St. Marys, Pa. 15857

INFORMATION RETRIEVAL NUMBER 7
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SLIDE-TROL® —NEW CONCEPT |
IN POTENTIOMETER DESIGN |

I e Mount honzontally, vertically or side-
I ways, either singly or in multiple units.
' e Standard solder lug, wire wrap or
printed circuit terminals available.
|  Low noise and low contact resistance,
plus uniform heat distribution.
|« Ratings 40500 1.5 watts, 500-
I 5Kn 1.25 watts, 5Ka and over 1. watt.
¢ Thermal expansion-contraction and
| shock hazard problems eliminated.
e Know resistance setting at a glance.
' e Compact, lightweight, functional, at-
l tractive.
l o Write for SLIDE-TROL® Brochure.

- STACKPOLE

COMPONENTS COMPANY
® P. 0. Box 14466
Ralenxh N.C. 27610
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with guaranteed
3-day shipment

The Acopian promise of 3-day ship-
ment doesn’t apply to just part of our
line—or to even 90% of our line. It is
your assurance that whenever you
order supplies listed in the Acopian
catalog, your order will be on its way
to you in 3 days. We guarantee it.

Do you have the latest Acopian cata-
log? It lists AC to DC power modules
with both single and dual outputs.
Regulated and unregulated. With
plug-in, barrier strip or solder lug
terminations. For industrial or MIL-
spec applications. For your copy,
write Acopian Corp., Easton, Pa.
18042 or call (215) 258-5441. And
remember, every Acopian power mod-
ule is shipped with this tag...

IS POWER SUPPLY WAS
"o | SHIPPED WITHIN

DAYS

A}

Acopian

INFORMATION RETRIEVAL NUMBER 78
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Passive LC filters
are dual-in-lines

w

ESC Electronics, 534 Bergen Blvd.,
Palisades Park, N.J. Phone: (201)
947-0400.

Housed in cases measuring 0.76
by 0.46 by 0.25 in. are several
series of passive low-pass LC filters
in dual-in-line packages. DIF-L20
units attenuate 20 dB minimum in
the stopband beyond cutoff. DIF-
L39 units attenuate 39 dB mini-
mum in the stopband beyond cut-
off. Insertion loss is 0.5 dB and
passband ripple is =1 dB. Other
filter geometries are available.

CIRCLE NO. 281

Low-noise active filters
reach down to 0.001 Hz

AT gy,
Aaig,

>

PEVices

nnnnnnnn

719R1G2
800 Hz

Analog Devices, Inc., 221 5th St.,
Cambridge, Mass. Phone: (617)
492-6000. P&A: $34 to $99; 2 wks.
The series 700 low-cost low-pass
active filters use 1Cs and computer-
aided design to span the frequency
range of a low 0.001 Hz to 20 kHz
at cutoff with only 50 uV of noise.
Cutoff-frequency tolerance is 2%
and signal amplitude range for a
minimum discernible signal to =10
V full scale is 10*:1. The filters in-
corporate a two-pole Butterworth

design.
CIRCLE NO. 282

Malfunction indicator
shows faults in color

A. W. Haydon Co., 232 N. Elm St.,
Waterbury, Conn. Phone: (203)
756-4481.

A low-cost tiny fault indicator
provides an instant visual display
of a transient or continuous cir-
cuit malfunction by a color trans-
fer of its display mode. This 0.32-
in. dia device latches into place
magnetically until it is reset. Re-
setting is done by energizing a re-
set coil. It was designed for pulse
operation and does not need con-
tinuous power.

CIRCLE NO. 283

Miniature rotary switch
has 9/16-in. diameter

Daven Div. of Thomas A. Edison
Industries, Grenier Field, Man-
chester, N.H. Phone: (603) 669-
090.

With a diameter of only 9/16
in., the new series S compact rotary
selector switches offer as many as
10 decks with spacings of 18,
22-1/2, 36 and 45 degrees. One-
pole versions are available for 2 to
20 positions and 4-pole versions
for 2 to 5 positions. Shorting and
non-shorting types are included.

CIRCLE NO. 284

Shielded blower units
suppress emi to 24 GHz

McLean Engineering Laboratories,
P.O. Box 127, Princeton Junction,

N.J. Phone: (609) 799-0100.
Generating no measurable emi
noise, the R2ZEB300 series of blow-
ers are designed with a theoretical
attenuation capability for electric
fields and plane waves of 109 dB to
a frequency of 24 GHz. Tested
against MIL STD 280, a shielded
blower-enclosure combination pro-
vided attenuation of 71 dB to 10
GHz. Airflows range from 150 to

1000 cubic feet per minute.
CIRCLE NO. 285
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INSTRUMENTATION

In-circuit IC checker
tests all pins at once

Caltron Industries, 2015 Second
St., Berkeley, Calif. Phone: (415)
548-1966. P&A: $229; 4 wks.
Circuit-Vu 100 portable inte-
grated circuit analyzer speeds the
trouble-shooting of digital systems
by allowing in-circuit checking of
all inputs and outputs of an IC
simultaneously. The status of each
input and output is displayed
through an overlay containing the
schematic of the logic element un-
der test. The overlay eliminates
checking IC manuals for pin lay-
outs.
CIRCLE NO. 286

Compact IC tester
sells for just $295

(I I XXX X)

Spectrum  Dynamics, P.0. Box
23699, Fort Lauderdale, Fla.
Phone: (305) 566-4467. P&A:

$295; stock to 2 wks.

Carrying a price tag of only $295,
a new integrated circuit tester is
a compact manually programmed
instrument designed for de and
functional testing of most digital
ICs. Model 101 has a 4 by 16 pro-
gram matrix that permits selection
of supply voltage, logic level 1,
ground, or no connection at each
pin. It has a pushbutton pulser.

CIRCLE NO. 287

ELEcTRONIC DESIGN 11, May 24, 1970

Oscilloscope for $300
reaches out to 8 MHz

RCA/Electronic Components, 415
South Fifth St., Harrison, N.J.
Phone: (201) 485-3900. Price:
$298.50.

Besides a flat (within +1 dB)
vertical-amplifier frequency re-
sponse from dc to 5 MHz, the WO-
505A solid-state $298.50 oscillo-
scope is usable out to 8 MHz. This
high-performance instrument also
offers a gain of 15 mV pk-pk per
inch on the high-sensitivity range
of the vertical amplifier. Another
feature is return-trace blanking
circuits.

CIRCLE NO. 288

True rms voltmeter
reads 1000 times/s

Hewlett-Packard, 1501 Page Mill
Rd., Palo Alto, Calif. Phone: (415)
326-7000. P&A : from $800 or $900;
stock.

Model 3480A/B general-purpose
digital voltmeter is a four-digit
instrument that can make up to
1000 readings per second for dec
voltage or resistance. The unit also
offers a true rms ac converter
plug-in measuring down to 100 mV
full-scale with response from 1 Hz
to 1 MHz. The 3480A is a half-
rack DVM, while the 3480B is a
full-rack one.

CIRCLE NO. 289
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One of the ~
unique qualities
of Electro Cube

is to produce
non-standard
packages readily

electro cube
¢ capacitors

We also make 4,000 or more standard capaci-
tors with wound dielectrics. If case style is a
problem, ask. We'll help. Electro Cube, Inc.,

1710 South Del Mar Road, San Gabriel, Cali-
fornia 91776. (213) 283-0511




Face up to the
flat one!

The inherent advantages
of Zenith Flat-Face CRTs
assure the brightest,
clearest display of alpha-
numeric and analog data.
Parallax errors are mini-
mized. Provides resolu-
tion as high as 2500 TV
lines. Design variations
include single and dual
neck configurations. Op-
tional rear projection
ports and laminated im-
plosion shields. For de-
tails, write or call (312)
674-8000.

THE RAULAND DIVISION

l”I’” ZENITH RADIO CORPORATION
®

5616 W. JARVIS AVE. « CHICAGO, ILL. 60648 « 312-647-8000
INFORMATION RETRIEVAL NUMBER 80
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THESE NEW LUMPED

Engineered
Component
cCompany

ARE AVAILABLE FROM

Engneered
Component

cCompany
25NS IN ONE-

Engneered
Component

5 TO

=

cCompany

HALF NANOSECOND

Engneered
Component

cCompany

INCREMENTS!

' Ph. (213) 321-6565, 321-8294 J

@l i

If you’ve been looking for lumped
constant delay lines in the 5-25NS
delay range...with fixed delays at
half nanosecond increments, look to
ECC'’s Series 25 Delay Lines. Avail-
able in 41 fixed delay versions from
5-25NS, these lines are epoxy encap-
sulated in Diallyl Phthalate cases
ranging in size from .500W x 1.300L
x 378D to 1.200W x. 1.300L x
.375D. All cases feature stand-off
feet for PC board mounting. Rise
times for this series is from 1NS to
2.25NS. Impedance is 75 ohms and
attenuation is .1db max. This series
meets applicable portions of MIL-
D-23859A and MIL-STD-202C. All
units are available from stock to 3
weeks ARO. Contact the factory for
complete details.

ECC

ENGINEERED COMPONENTS CO.
2134 West Rosecrans Avenue
Gardena, California 90249
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INSTRUMENTATION

Digital panel meter
measures 17 ranges

DIXSON

INSTRUMENTS

Dixson Instruments, P.O. Box
1449, Grand Junction, Colo. Phone:
(303) 242-8863. P&A: $199; stock.
A new 3-1/2-digit panel meter
can measure 17 ranges of dec and
ac voltage, and de¢ and ac current
by simply switching its inter-
changeable plug-in cards. Model
VT300 features a built-in power
supply, automatic zero, overrange
indicator, internal calibration ref-
erence voltage, BCD output, and
an external trigger input. Accu-
racy is +=0.1% of reading, £0.1%

of full scale.
CIRCLE NO. 290

Pulser for $390
reps out to 10 MHz

R T 0 &

——— runcTION mooe
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000 806 0o

Data Dynamics Div., 240 Hum-
phrey St., Englewood, N.J. Phone:
(201) 567-5300. P&A : $390; stock.
Costing only $390, a new pulse
generator, model 5109, can deliver
repetition rates from 10 Hz to 10
MHz. It has three separate out-
puts, which are always active and
are simultaneously available. The
three outputs are: positive pulse,
negative pulse, and an IC-com-
patible output specifically designed
for TTL, RTL and DTL circuits.

Pulse width is adjustable.
CIRCLE NO. 291
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TOOLS & ENGINEERING AIDS

Low-cost lead bender
retails for $14.95

By-Buk Co., 4326 W. Pico Blvd.,
Los Angeles, Calif. Phone: (213)
937-3511. Price: $14.95.

A new lightweight component-
lead bending block with gauge

plate for use in prototyping, test-

ing and product assembly costs
only $14.95. Model 700 is a pre-

cision-made banding block which
gives neat rounded bends to leads
on resistors, diodes, capacitors,
transistors and inductors, doing
away with nicks, rings and plier
damage normally encountered.
CIRCLE NO. 292

Technical pen set
streamlines design

JooS:

Staedtler,
ville, N.J. Phone:

The Mars-700 S9 is a new tech-
nical pen set whose compact de-
sign makes it ideal for both desk

Ine., Box 68, Mont-

(201) 335-1800.

and board use. The set’s case func-
tions as a work stand and is de-
signed to close in such a way that
it is easy to store and convenient
to carry. Keyholes are provided to
hold the cap of each pen in a ver-
tical position so the user ecan
change line width easily.

CIRCLE NO. 293
ELECTRONIC DESIGN 11,

May 24, 1970

Universal work station
adjusts several ways

Siks Manufacturing, Inec., 143 E.
233 St., Bronx, N.Y. Phone: (212)
892-8566.

Adjustable to accept a wide
variety of printed circuit boards,
terminal boards, connectors and
assemblies is the Uni-Stat work
station which can be positioned to
allow different types of electronic
and mechanical assembly opera-
tions. It is adjustable to combina-
tions of height and width within
its holding dimensions of 0 to 5-
in. wide and 0 to 2-in. high.

CIRCLE NO. 294

Fiber-optic source
beams 800 foot-candles

e
S

Bausch & Lomb, 635 St. Paul St.,
Rochester, N.Y. Phone: (716)
232-6000. P&A : $300; stock.

A new fiber-optics illuminator
provides a cool 800-foot-candles
spot of light within a 7-in. dia
circle up to 6 in. from the on(l of
its probe. The probe is a 1/2-in.-
dia fiber-optics bundle and is avail-
able in two or three-foot lengths.
It is flexible to allow its bending
and will retain almost any shape
to direct the illumination.

CIRCLE NO. 295
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think
digital

MS-4000

Think ELFIN —the new
single plane, segmented
neon readout indicator
that provides brighter
displays and wider view-
ing. Only 0.41” dia.
ELFIN display 0-9, -
and —, some alpha sym-
bols and decimal.

The MS-4000 Series
has new readouts added
to include numeric and
symbol indications. Each
model is a miniature en-
cased readout with the
flat single-plane viewing,
and uses 100,000 hr.
#683 T-1 subminiature
lamps. Plug-in feature
expedites replacement.
Photograph above shows
five MS-4000 readouts
used with a module
mounting and bezel kit.

ALCO’s RK numeric
and symbol readouts
have a unique in-line de-
sign to provide clear dis-
plays without focusing
problems. The precision
machined 1-piece alumi-
num case also serves as
a heat sink.

The MS Mosaic nu-
meric segmented indica-
tors are available in 2
sizes and use either 6
14 or 24V lamps for flex-
ibility in design.

SEND FOR
ALCO-NUMERIC
CATALOG

* 1000 Lot Prices

MSM-5A
4.97

3.85%

RLLO

ELECTRONIC PRODUCTS,
Lawrence, Massachusetts 01843




who's first
with a
/-combo
cassette
head for
dictating and
telephone
answering?

MODEL
ZW1R36K

.030” proximity of erase and
r/p gaps allows precision
editing. R/P inductance

200 mhy, 340 ohms

D.CR., 0.7 RMS

voltage at

1 khz.

[\Iortronics
IS who!

e Extended tip version for card
reader, drum and belt applications

® Dual channel units available

e Applicable as mini-digital tunnel-
write head; request digital specs

NORTRONICS
COMPANY, INC.

® 8101 Tenth Avenue North
Minneapolis, Minnesota 55427
(612) 545-0401

INFORMATION RETRIEVAL NUMBER 83
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PACKAGING MATERIALS

High-density PC board
reduces circuit size

-

= 1

Circa-Tran, Inc., P.O. Box
Wheaton, Ill. Phone: (312)
327,

A new PC Dboard that reduces
circuit size features copper con-
ductors that are electroplated
rather than etched to the phenolic
substrate in thicknesses from 0.1
to 1 mil. Circa-Board’s design al-
lows mechanized assembly of all
components to the same side as the
copper conductors. Mechanized as-
sembly via programmed feeders is
made possible by distinctively
shaped components.

832,
858-

CIRCLE NO. 296

Custom-woven cable
fits any application

13000 S.
Calif.

The Zippertubing Co.,
Broadway, Los Angeles,
Phone: (213) 321-3901.

In instances when only a cer-
tain type of connector will do for
a given application, but the cable
or harness presents a problem,
FRC Fab-Ri-Cable may be the ulti-
mate solution. A low profile allows
it to fit into extremely limited
spaces, and to fold once or several
times. It will bend, spiral, or ac-
cordion fold without affecting the
performance of the conductors.
CIRCLE NO. 297

Wood-metal cabinets
enhance enclosures

Javelin Precision, Inc., 116 Toledo

St., Farmingdale, N.Y. Phone:
(516) 293-6443. Availability: stock.
Slope-front desk panel cabinets,
known as the Executive series, pro-
vide a unique combination of wood
and aluminum. The enclosure’s
wood panels are constructed of
hand-worked solid walnut, deep
grained with an attractive luster
finish. Metal panels are fabricated
of 16-gauge anodized aluminum
with a clean natural finish. All
cabinets are equipped with rubber

feet.
CIRCLE NO. 298

One-system liquid
bonds in 60 seconds
! ) o “'

conTaeT cFMEN
Tescom Corp., Instrument Div.,
2633 S. E. Fourth St., Minneapolis,
Minn.

Called Zipbond, a new one-
system bonding liquid joins most
materials to themselves and to each
other in just 60 seconds. Because
no heat or pressure treatment is
needed, it is ideally suited for jobs
requiring fast curing time. Its
tensile shear strength is 2770 psi.
All types of materials can be bond-
ed including rubber, metals, plas-
tics, wood and glass.

CIRCLE NO. 299
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MICROWAVES & LASERS

Amplifiers for C band
lower cost to $850

Varian Solid State Div., Beverly,
Mass. Phone: (617) 922-6000.
P&A: $850; 60 days.

Covering the frequency band of
3.95 to 8.2 GHz, the model VSC-
9650K (3.95 to 5.85 GHz) and
VSJ-9650K (5.85 to 8.2 GHz) im-
patt amplifiers deliver outputs of
100 mW at $850 per unit including
the circulator. Both have two ver-
sions: one with a 50-MHz band-
width and 13-dB gain and one with
a 500-MHz bandwidth and 13-dB
gain.

CIRCLE NO. 335

Low-noise transistors
operate to 2000 MHz

Avantek, Inc., 2981 Cooper Rd.,
Santa Clara, Calif. Phone: (408)
739-6170. P&A: $13, $25; stock.
Two families of silicon npn tran-
sistors are the AT-25, 25A and
25B, in TO-72 packages, and the
AT-50, 50A, 51, 52 and 55, in
stripline packages. The AT-25
series works to 1000 MHz, with a
noise figure of 1.5 dB and 14-dB
unneutralized gain at 500 MHz
(AT-25B). The AT-50 series works
to 2000 MHz with a noise figure
of 2.5 dB and 14-dB unneutralized
gain at 1 GHz (AT-50A).
CIRCLE NO. 336
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. Pnp power transistors
take 40 W at 175 MHz

/»—u,

Motorola Semiconductor Products
Inc., Box 20924, Phoenix, Ariz.
Phone: (602) 273-3466. P&A:

$6.20, $15, $23, $38; stock.

Four new additions to a line of
pnp rf silicon power transistors
are types MM4020, MM4021, MM-
4022 and MM4023. They feature
output powers and gains at 175
MHz of 3.5 W at 11.56 dB, 156 W
at 7 dB, 256 W at 5.5 dB and 40 W
at 4.5 dB, respectively. Each tran-
sistor features balanced-emitter
construction.

CIRCLE NO. 337

GaAs laser diode line
spans 8 to 200-W range

Sperry
Group,
(516) 574-2715.

Featuring low threshold currents

Gyroscope Electro-Optics
Great Neck, N.Y. Phone:

and low costs at peak power den-
sities is a line of new GaAs laser
diodes ranging from &-W units to
200-W arrays. Single diodes in the
8 to 23-W range are stud mounted.
Higher-power units include a 40-W
dual diode and 100 to 200-W radial
arrays. Units in 500 and 1000-W
densities will be available in the
future.

CIRCLE NO. 338
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the
original

ALCOSWNITCH

The original miniature ALCOSWITCH®
has been the engineer’s 1st choice for
contemporary front panel designs.

When most every one was working
with conventional switches of the 1930’s,
ALCOSWITCH®introduced the concept
of mass-produced switches compatible
with the new technology of miniaturiza-
tion.

Ultra-miniature in size, the original
ALCOSWITCH® combines high current
capacity and exceedingly long life into
a '2” size case. Contacts are solid sil-
ver and the phenolic body has high volt-
age barriers between terminals and
contacts.

Since its introduction the original
ALCOSWITCH® has withstood the test
of time, where today it is the “most-
asked-for” miniature switch.

This broad line of miniature switches
includes toggles, push buttons and rota-
ries, all available in one, two, three and
four pole in a single case construction.

ALCOSWITCH

about it
in this
20-page
catalog'

ELECTRONIC PRODUCTS, INC.
Lawrence, Massachusetts 01843




DATA PROCESSING

Low-cost calculator
uses mosaic lamps

Spiras Systems, Inc., 332 Second
Ave., Waltham, Mass. Price: $7000
to $8000.

Introduced as a specialized ver-
sion of the Irascope CRT data base
display terminal, the model DBEC
1000 U/L system features 72 IBM-
font upper and lower-case char-
acters. This new terminal provides
local and/or remote editing capa-
bilities. It also claims flicker-free
characters in a 2000-character field
and a bonded safety faceplate
etched for minimum glare.

CIRCLE NO. 340

CRT compu?er displays
show black-on-white

Dictaphone Corp., Business Ma-
chines Div., 120 Old Post Rd., Rye,
N.¥. Price: $695.

A 14-digit calculator, which sells
for $695, uses a mosaic-lamp dis-
play to eliminate depth perception
problems and glimmering effects,
and to minimize operator eye
fatigue and transposition errors.
A principal feature of model 1401
is its zero suppression system,
which displays only the actual
numbers put into the calculator
and the results.

CIRCLE NO. 339

CR'ITterminal
stylizes font

Applied Digital Data Systems, Inc.,
89 Marcus Blvd., Hauppauge, N.Y.
Phone: (516) 273-7799. P&A:
$2995 to $3995; 90 to 120 days.
Unlike most computer terminals,
the Consul series of CRT displays
show black characters on a white
display page centered on the screen
to ease eyestrain. The page for-
mat provides margins that enable
the user to anticipate the end of a
line or the last of a sequence of
text. The units are compatible
with teletypewriters.
CIRCLE NO. 341

Wuyle Laboratories, Computer Prod-
ucts Div., 128 Maryland St., El Se-
gundo, Calif. Phone: (213) 322-
1763.

Labeled as Computerminal, a new
data display terminal offers a dis-
play capacity of up to 1024 char-
acters. Model 800 can handle trans-
mission speeds as fast as 2400 bits
per second. It provides control dis-
ciplines that are equivalent to IBM
models 2260 and 2265. Special key-
board configurations permit its use
in a variety of applications.

CIRCLE NO. 342
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Data display terminal
’showA 1024 characters

M

e

Low-cost minicomputer
simplifies programming

g
Atron Corp., Trapp Rd., St. Paul,

Minn. Phone: (612)
Price: from $6000.

The Datamanager 501 is a new
low-cost minicomputer that is said
to significantly reduce program-
ming time. Its processor is specifi-
cally designed to handle data in
strings as well as single charac-
ters. The basic machine, which
costs $6000 in quantity, includes
four high-speed buffered I/0 chan-
nels with full buffer address con-
trol and two direct memory access
ports.

454-6150.

CIRCLE NO. 343

Solid-state keyboards
cost just $100 each

Control Devices, Inc., 204 New
Boston St., Woburn, Mass. Phone:
(617) 935-1105. P&A: $100; 30
days.

Low-profile solid-state keyboards
are said to use a unique switching
technique that allows these fully
encoded units to sell for less than
$100 in production quantities (1000
units or more). Series CDK key-
boards offer two basic formats:
one for typical typewriter applica-
tions and one for keypunch-type
applications. The basic configura-
tion has up to seven rows of keys.

CIRCLE NO. 344
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The best power supply
to tuck into impossible spaces
isthe one specificall[s)' designed

to tuck into impossi

le spaces.

We makeit.
We call it our Impossible Space

Power Supply.

(alsoknown as the JR series)

Weighing in at a mere 1.5 pounds and measuring only 134”
x 31" x 6.5”, ACDC's new JR offers more watts per unit
volume than any other miniature power supply on the market.
It's so small that you can put five of them in the same space
normally occupied by one of ‘“‘theirs’ ... so efficient (80%)
that it requires no internal heat sinks...and so noise-free
that you can use it anywhere.

Three JR models are available in continuously adjustable

output voltage ranges from 3.0 to 30 volts (0.19% regulation)
and in current ratings from 2.0 to 10 amps. And most impor-
tant, it operates from conventional 60 or 400 cycle input.

Of course, the JR costs a little more than conventional
power supplies ($285 in small quantity), but if space and
efficiency is your problem, the JR is your only answer.

Get one tomorrow . .. or five...or ten...or a hundred.
They're on the shelf.

acdc elecironics inc.

Oceanside Industrial Center, Oceanside, California 92054, (714) 757-1880
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acdc electron

JR Miniaturized Power Supply Module

Specifications

Nominal | Output | Maximum Maximum Model
Output | Voltage | Current Dupel;lsuons Weight (Add —1 for
Voltage | Range® | Rating (inches) approx. Case Overvoltage Price
(VDC) (VDC) (Amps) H w L (Ibs.) Size Protection) Quantity (add $30 for OVP)
3.0 10 19 $298
5.0 10 10-24 291
5 1375 | 3.125 6.5 15 K1 JR5K10
5.5 9 25-49 285
6.0 8 50-99 280
1z | 40 024 ol
15 15 4.0 1375 | 3.125 6.5 15 K1 JR15K4.0
18 3.0 25-49 285
’ 50-99 280
2 | 28 024 o
25 25 2.0 1375 | 3.125 6.5 15 K1 JR25K2.0
30 2.0 25-49 285
’ 50-99 280
“Continuously adjustable
Input 105-125VAC, 47-420Hz, single phase. Overload Models are inherently protected against overload
= - = Protection and short circuits of any duration. Automatic
Output Voltage range shown in table is continuously recovery is electronically accomplished.
variable between limits by externally accessible
screwdriver adjustment of multiturn pot. Output Overvoltage A complete independent overvoltage protection
is floating — either positive or negative terminal Protection module is available and straddles the output ter-
may be grounded. Current: zero to full load as (Optional) minals. This protection does not depend on the
shown in tables. regulating circuitry of the supply. Trip voltage
adjustable from 5-30 volts.
Regulation 0.1% +5mV NL-FL -0.1% !
+5mV for +109% input variation. Connector Barrier strip termination.
Ripple 3mV RMS max (120Hz). 25mV P-P (spikes at Construction Black anodized aluminum case. Unit may be
50KHz rep. rate). removed from case for complete serviceability,
i - Typical 10mV for eight hour period after initial Temperature 0.029%,/°C max.
Stability warmup. Coefficient
Transient Typically less than 1 msec in response to an
| Response NL-FL step. TEMPERATURE GRAPH FOR JR SERIES POWER SUPPLIES.
Remote Terminals are provided to maintain regulation at « 100 N
Sensing the load, compensating for the DC voltage drop 2 \ \ G
in the load cable. 3 80 N N
- A B
Remote Terminals are provided to adjust the output volt- £ \
Voltage age by means of a remote variable resistor. 500 N
Adjustment ©
€ 40
Ambient Unit must be mounted to allow conductive heat- S
Temperature sinking to hold the case temperature below 80°C. $ 2
Weight Approx. 1Y, Ibs.
: . 1 1 0 10 20 30 40 50 60 70 80
Mounting nlloolggtmg surface 3% x 61 has threaded mtg. Rerieturs In Bugsens Dhbigsiis
[ . A. Ambient temperature. Unit unmounted. Base plate vertical.
Dimensions 134 x 3 x 6. ) Ié g;nsl;iepr:;tt:r;;;)n?;:tr:;i.reU:fits[aj:]t:&t.\ed to HS-1 Heatsink. Fins vertical.
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Full-feature display
has $2995 price tag

Hazeltine Corp., Industrial Prod-
ucts Div., Little Neck, N.Y. Phone:
(212) 821-2300. P&A: $2995 or
$88/month; stock.

The model 1760 terminal is a
compact stand-alone desktop dis-
play that includes a keyboard input
and a CRT monitor for only $2995,
not $500 as previously reported
(ED 9, April 26, 1970, page C41,
circle no. 265). This new display
terminal can present 1760 charac-
ters on 32 lines of 55 characters
each, or 1998 characters on 27 lines
of 74 characters each. In addition,
the 1760 offers split-screen capa-
bilities and full editing features.

Characters have a 5 by 7 dot
matrix structure, and character
generation is by means of ON/
OFF control of a standard 525-line
TV raster. Nominal transmission
rate for the new terminal is 110
baud, adjustable to 2400 baud or
to below 110 baud. The unit comes
with 9 or 12-in. monitors.

CIRCLE NO. 345

Electronic calculators
trim operator time

IME Sales Corp., One IME Plaza,
North Bergen, N.J.

Designed for general business
use, series 120 electronic calcula-
tors feature a simplified keyboard
to reduce the number of key de-
pressions, thereby increasing oper-
ator efficiency by as much as one-
third. Visual recall of both the
factors and the total of the previ-
ous calculation, automatic round-
ing, and self-clearing are other
advantages. The units are supplied
with four, five or six memories.

CIRCLE NO. 346
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Who says diallyl ghthalate

is for small parts

GE specified a diallyl phthalate
compound for this 8%-pound mold-
ing because of its remarkable insu-
lating properties. It is one of the
largest moldings ever made of the
material.

FMC's diallyl phthalate* resin
has negligible lifetime shrinkage,
doesn't lose its electrical insulating
properties, and isn't degraded by
moisture or aging.

In fact, among thermosetting
plastics, it is unsurpassed in
the ability to retain its elec-
trical characteristics at high
temperature and humidity
levels.

This biginsulating header,
molded with an Acme Resin
glass-fiber-filled compound,

me

CORPORATION

Not GE!

is extremely strong. Used in large,
high voltage power transformers, it
proves that diallyl phthalate has
more than just application in small,
precision-molded parts.

If you need molded parts that
stay on the job, remember a com-
pound based on FMC's diallyl
phthalate resin can solve a wider
range of tough—and big—prob-
lems. Organic Chemicals Division,
FMC Corporation, 633 Third Ave.,
NoY NS 10017,

*FMC supplies basic diallyl
phthalate and diallyl isophthal-
ate resins under the trade-
name DAPON. Write for com-
plete information and a list of
companies supplying molding
compounds and prepregs

®based on these resins.

FMC Chemicals

INFORMATION RETRIEVAL NUMBER 85
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TUBULAR,
BULKHEAD
MOUNTING TYPE

RFI/EMI
FILTERS

Cylindrical Style Interference Filters

that reduce or eliminate unwanted noise
or signals. Small size, light weight, maxi-
mum attenuation. Voltage current or
insertion loss characteristics required,
determine physical size. Maximum isola-
tion of terminals and high frequency
performance are assured by threaded
neck design for bulkhead mounting.
Feed-thru capacitor circuitry conserva-
tively rated for both military and com-
mercial applications.

L ¥ W N N § 4 N N -§- R K. g

KHtral7 corporation

P.O. Box 743 Skokie, lllinois 60076
Phone 3712 « 327-4020

[0 Send catalog and prices.

[J Have Representative call.

O Specifications enclosed on Multi-
circuit or custom design filters. Send
estimate.

Name.

Firm

Address
City.

State Zip
e
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Dry transfer lettering

Free samples of an extensive line
of dry transfer letters and symbols
are available. The line consists of
four type styles (#1200, #9700,
#1400, and #5700) in a variety
of sizes. Styles include Jason,
Computype, Parady and Futura

Light in lower-case and capital let-
Tactype Inc.
CIRCLE NO. 347

ters and numerals.

PC boar etchant

Phodar is a new photopolymer
dry-applied resist that reduces PC
board etching to a simplified five-
minute process. Preparation time
is cut because no special cleaning
solutions are required and meticu-
lous care to assure perfect adhe-
sion between film and plate is un-
necessary. There is no waiting
time between lamination and ex-
posure and Phodar completely elim-
inates the post-baking cycle after
development. Full details and a
free test pack are available to
qualified readers. Photopolymer Re-
search Corp.

CIRCLE NO. 348

Temperature monitor

A free evaluation sample is
available of a self-adhesive minia-
ture 5/16-in. square temperature
recorder. The model 200 is a pastel
temperature monitor that indicates
the temperature attained over the
range of 100 to 1100°F by turning
black permanently when its rated
temperature is reached. Models are
available with one to eight different
calibrated temperature ratings.
The rated temperature is printed
below each indicator window. Wil-
liam Wahl Corp.

CIRCLE NO. 349

Drawing board cover

Vyco is a new cover that reju-
venates drawing board surfaces for
better protection and longer life.
It’s vinyl three-ply laminated con-
struction crack-free sur-
faces and consistent line drawing
reproductions at high quality. It
has two useable surfaces: green
and ivory. Compass point holes and
hard pencil impressions will not
mar its two surfaces. Sample pieces
are available for examination. Al-
vin & Co., Inc.

assures

CIRCLE NO. 350
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Resistor curves

A series of three curves and a
table of comparison are available
to assist engineers in calculating
resistor power ratings. The curves
are used to approximate how much
heat a given resistor will generate
under a given condition. One is a
derating curve for resistor am-
bient temperature, another curve
shows the resistor’s temperature
rise vs its power dissipation and
the third curve gives the percent-
age of the resistor’s power rating
vs its temperature rise. The table
gives the amount of heat the re-
sistor will generate under a given
circuit and ambient conditions.
Ward Leonard Electric Co.

CIRCLE NO. 351

Color selector

A new contemporary color selec-
tor for a standard line of metal
enclosures for electronic instru-
ments and systems is available. It
shows color swatches that are
selected to afford the enclosure de-
signer a wide opportunity to create
attractive color schemes by coordi-
nating, contrasting or harmonizing
the standard colors shown. Premier
Metal Products Co.

CIRCLE NO. 352

Frequency chart

A frequency-conversion chart
that covers the frequency range
of 1 Hz to 10 GHz and directly in-
dicates frequency stabilities of os-
cillators is available. It gives
frequency stabilities in parts-per-
million and in per-cent figures. It
is designed as a time saver for
those engineering groups and man-
ufacturers who are continually
working with frequency-control de-
vices. Accutronics/Div. of Gibbs
Manufacturing and Research Corp.

CIRCLE NO. 353
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SOLID STAE! VOLT-OHM-MILLIAMMETER

Simpson’s NEW
solid-state VOM
with FET-Input

eHIGH INPUT IMPEDANCE. ..
11 Meg DC 10 Meg {2 AC

e PORTABLE..... battery operated
o7-INCH METER.... .overload protected

Simpson’s new 313 gives you high input impedance for
accurate testing of latest circuit designs . . . free of line cord
connections. Over 300 hours operation on inexpensive bat-
teries. And the new 313 is stable, which means positive,
simplified zero and ohms adjustments. Protected FET-input
handles large overloads. DC current ranges to 1000 mA.
Sensitive Taut Band movement and 7-inch meter scale
provide superior resolution down to 5 millivolts. Write today
for complete specifications.

Complete with batteries, 3-way AC-DC-Ohms probe,
and operators ManUAl, ...t . ek tuivids o o dites $125.00

GET “OFF-THE-SHELF'* DELIVERY FROM
YOUR LOCAL ELECTRONIC DISTRIBUTOR

DIVISION

5200 W. Kinzie Street, Chicago, Illinois 60644 e Phone (312) 379-1121

EXPORT DEPT.: 400 W. Madison Street, Chicago, Illinois 60606. Cable Simelco
IN CANADA: Bach-Simpson Ltd., London, Ontario « IN INDIA: Ruttonsha-Simpson Private
Ltd., International House, Bombay-Agra Road, Vikhroli, Bombay
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C-COR

ALL NEW
3230 SERIES
SOLID STATE

POWER
AMPLIFIER
LINEAR OUTPUT
T0 4 WATTS

C-COR MODEL 3231
Bandpass Power Amplifier
With frequency range from 90 to 500 MHz and
bandwidth to 60 MHz, the MODEL 3230 series
amplifiers provide excellent transient re-

sponse, smooth flat bandpass frequency
response and wide dynamic range. The new
C-COR 3230 Series will find use where several
watts of power are required for pulse, FM, AM,
or CW signal amplification.

Specifications Model 3230 Series
Frequency Range MHz 90 to 500

3 dB Bandwidth [Min] 30 to 60 g
1 dB Bandwidth [Typ] 80% of 3 dB Bandwidth
Gain 20 to 35dB
Power Output

[Min] [dBm] at_

1 dB compression +30 to 436

Package size: 2 Hx3”Dx 77 L
(over 325 MHz Units 97 L)
Input/Output Impedance for all models is 50
ohms and power required is +28 Vdc. Operating
temperature —40 to +60°C (Air Temperature)

Model 3230 Series are standard catalog units
aligned to customer’s exact bandpass. Hence
they provide a fast, economical answer to a
large variety of linear amplifier needs. More
difficult requirements can often be met by
paralleling or otherwise modifying standard
units.

Write or telephone for catalog and technical
data on your amplification requirements . . .
or check C-COR listing in EEM.

“C-COR Amplifiers . . . Rated First
Where Performance is Rated First.”

fccony
C-COR
ELECTRONICS, INC.
60 Decibel Road

State College, Pennsylvania 16801
814 238-2461

INFORMATION RETRIEVAL NUMBER 88
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Logic handbook

The sixth edition of the 1970
Logic Handbook contains 448 pages
covering solid-state logic, applica-
tion notes and descriptions and
prices of more than 200 standard
logic and accessory items. It de-
scribes M-series TTL interface and
design circuits, K-series industrial
control logie, analog/digital con-
verters, power supplies, mounting
hardware, cabinetry, and wire-
wrapping services. It also describes
earlier R, B and W-series logic
modules. Digital Equipment Corp.

CIRCLE NO. 354

Wave analyzer

A number of typical wave ana-
lyzer applications are illustrated in
a new 20-page booklet. It shows
instrument connections on a page
that is opposite an X-Y graphical
recording of the result. Applica-
tions include measuring harmonic
amplitudes, determining distortion,
comparing filter characteristics and
audio frequency-response record-
ing. Hewlett Packard Co.

CIRCLE NO. 355

Ultrasonic delay lines

An illustrated two-color brochure
describing new digital delay lines
and their applications is available.
It covers the basic definitions and
measurements of delay, attenuation
and spurious signal levels. Charac-
teristic operating curves and tabu-
lated performance data for repre-
sentative designs are included.
Microsonics Division of Sangamo
Electric Co.

CIRCLE NO. 356

Analog multipliers

Application notes on high-speed
analog multipliers are available in
a new booklet. It presents a series
of block diagrams with simplified
technical descriptions of many use-
ful multiplier applications as a
systems component. Included are
applications in the field of compu-
tation, signal conditioning, high-
speed switching and modulation/
demodulation. Useful background
information on types of multipliers
and typical sources of error is also
presented. GPS Corp.

CIRCLE NO. 357

Data retrieval

“Modulated Time Codes Find
Data in Analog Recording Sys-
tems” is an illustrated handbook
on the theory of time code index-
ing and automatic data retrieval.
It discusses the theory of opera-
tion, bandwidth recording on mag-
netic tape, time error accumulation
and synchronization accuracy,
weighted digit code recognition
and reader-automatic search. CGS
Scientific Corp., Datametrics Div.

CIRCLE NO. 358

Signal processing

A new method of signal process-
ing called differential pulse width
modulation is discussed in a six-
page brochure. The method permits
transducers to produce a high-level
output signal to overcome the prob-
lems of noise and ground loops or
power-frequency pickup. The bro-
chure includes basic principles of
operation with illustrations. Setra
Systems, Inec.

CIRCLE NO. 359
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Impatt diodes

A new method for measuring
the thermal impedance of impatt
diodes is discussed in a new appli-
cation engineering bulletin. The
new method achieves measurement
results by the use of the reverse-
bias characteristics of the diode’s
current-voltage curve. Thermal im-
pedance values obtained by this
method have been found to be
more reliable and more meaningful
than values obtained from for-
ward-bias characteristics. Varian,
Solid State Div.

CIRCLE NO. 360

Ladder networks

A new 14-page application engi-
neering bulletin surveys the d/a
and a/d requirements for networks
and describes design principles for
ladders. Schematic diagrams show
basic converter circuits as well as
formulas for calculating transfer
functions and binary relationships.
Circuit diagrams are also used to
describe weighted, current-fed, and
voltage switching ladders. Advan-
tages and limitations of various
networks for use in a/d and d/a
converters are also presented.
Vishay Resistor Produects, Division
of Vishay Intertechnology, Inc.

CIRCLE NO. 361

Neon glow lamp design

An illustrated technical discus-
sion on the design of neon glow
lamps, their operational character-
istics and applications is available
in a 12-page brochure. It starts
with a discussion of what a neon
lamp is, how it works and why,
and what the operational charac-
teristics of the device are. Included
are two and three-element lamps
showing how light is generated and
what the spectral distribution of
the light is. Ignition characteristics
and methods are discussed with
many curves and charts showing
how the lamps act under different
conditions. Signalite Inec.

CIRCLE NO. 362
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You can

reduce costs
by

Improving

Reliability

AEROTRONIC ASSOCIATES
CAN HELP YOU KEEP
THE COMPETITIVE EDGE

with Burn-In and Life-Test Systems custom designed to your own specifications. If

you are a large user of semiconductor or |C devices, preconditioning can significantly

reduce sub-assembly or system failures. Eliminate costly rework by

preconditioning semiconductor and |C components.

Reduce SUB-ASSEMBLY FAILURES as much as 80 percent
Reduce SYSTEM failures by 40 to 50 percent

Circle our information retrieval number for a
copy of, “A Logical Approach
to Testing I1Cs.”’

Contact
AEROTRONIC ASSOCIATES

CONTOOCOOK, NEW HAMPSHIRE 03229 TELEPHONE (603) 746 - 3141
INFORMATION RETRIEVAL NUMBER 89

INSTANT CIRCUIT BOARDS!

A NEW ELECTRONIC
PACKAGING

From
schematic
drawings to &
card cage systems-—
IN ONE STEP!

* NO ETCHING

* NO DRILLING
e NO ART WORK

SEND FOR YOUR

FREE CATALOG
AND SAMPLES.

clrcullr-stike
*Patent Pending

1518 W. 132nd STREET, GARDENA, CALIFORNIA 90249

All types of circuit-element
configurations may be mixed and
combined on the same bqard.

INFORMATION RETRIEVAL NUMBER 90



New
Literature

b ENGINEERING
B CATALOG
G308

Switches.

Miniature switches,

electronic
terminations, indicator lights, and

a multitude of termination hard-
ware are listed in a new compre-
hensive 88-page catalog. Switches
contained include pushbutton, ro-
tary, lighted and printed circuit
types. Termination hardware in-
cludes binding posts, test jacks and
clips, insulators, coil forms, wash-
ers, and transistor, lamp and tube
sockets. Specifications, outlined
dimensions and illustrations are
shown. Grayhill Inc.

CIRCLE NO. 363
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Indicator lights

Catalog MIL-70 is a quick and
handy cross-reference to military
numbers of indicator lights, base
and cap assemblies. It also covers
military products that are quali-
fied and tested to meet require-

ments of MIL-L-3661B. The two-
fold, three-ring-punched catalog
details indicator-light specifica-

tions and illustrates many military
styles. Marco-Oak, a division of
Electro/Netics Corp.

CIRCLE NO. 364

138

A Texas Instruments
Application Report

MOS ICs

Two new application reports dis-
cuss the use of MOS integrated
circuits. One 16-page booklet dis-
cusses how MOS shift registers
can be combined with TTL ICs to
form economical data memories.
The three main parts of a circu-
lating memory are discussed in
detail. Block diagrams are includ-
ed to illustrate each of the circu-
lating memory parts. The other
report describes MOS read-only
memory character generators and
how they can be used advanta-
geously in display systems. Cov-
ered are fundamentals of character
generators and detailed applica-
tions. Texas Instruments Inc.

CIRCLE NO. 365

Modules and matrices

Programming modules and mat-
rix boards and accessories are de-
tailed in a four-page two-color con-
densed catalog. It describes the
role of the matrix board as a fun-
damental programming method for
thousands of different instruments
and systems. Matrix boards listed
are shown with hole patterns and
spacing dimensions. Various ways
are shown in which appropriate
nomenclature, symbols and pro-
gramming stripes can be added.
Interswitch.

CIRCLE NO. 366
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VETERAN TOOL & SUPPLY CO.

1 HOWARD STREET NEW YORK N ¥ 10011 «

/

IV=--20 » O-D-iMZ

PHONE 217 975 0940
TTRESARY NN A4 NI 2 TR

Metric tools

A broad line of foreign metric
and domestic industrial tools are
described in a new illustrated
catalog. Tools shown include taps,
dies, reamers, wrenches, precision
and special instruments and other
accessories in metric and non-
metric sizes. The catalog is care-
fully compiled and designed for
convenience, ready reference and
reading ease. It includes tables of

conversions and charts that are
useful for practical shop work.
Veteran Tool & Supply Co.

CIRCLE NO. 367

Shelf power supplies

A complete line of shelf power
supply packages is described and
shown in a new 12-page two-color
catalog. Supplies shown include six
different-sized packages with sev-
en voltage levels ranging from 3.6
to 28 V de at current ratings from
0.35 to 8 A. General specifica-
tions, dimensional data, options,
accessories and prices are given.
North Electric Co., Electronics
Div.

CIRCLE NO. 368
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Connectors

A full line of solderless termi-
nations and unique attaching tools
are described in a four-color 28-
page catalog. Illustrated are insu-
lated and non-insulated terminals
to meet every requirement. Also
included are special-type terminals
for high-temperature applications
up to 650°F. Vaco Products Co.

CIRCLE NO. 369

Instruments

Various laboratory and meas-
urement instruments are described
in a new 32-page illustrated cata-
log. It contains information on
voltage, current and power meas-
uring equipment. It also includes
laboratory standards, ratio trans-
formers, high-voltage dividers and
several instrument accessories.
Singer Instrumentation Div.

CIRCLE NO. 370

Filter program

A filter program that allows the
filter designer or systems analyst
to select a given filter transfer
function from a program list is
described in a new booklet. Select-
able transfer functions include
Bessel, elliptic, Butterworth-
Thompson and ultrashperical, plus
others. Selection can be made for
the filter’s geometry, and frequen-
cy and impedance transformations.
Systems Associates, Inc.

CIRCLE NO. 371
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CarbonlEilmiFixediResistors

Available in wattages of s, ¥4 and 12 ...in

resistance ranges from 1 ohm to 10 megohms. ..

at tolerances of 5% and 10% ... Amperex
carbon film resistors offer all the advantages
of high stability, low noise level and long life
that make them ideal for all applications.

Proven superior to competitive molded
composition types and priced (for example)

at $50.00 per thousand for a %s watt resistor
with a 5% tolerance, Amperex carbon film
resistors are immediately available in
unlimited production quantities from our main
warehouse in Hauppauge, New York as well as
from strategically-located distribution

centers all over the U.S.A.

For detailed data and evaluation samples,
write: Amperex Electronic Corporation,
Component Division, Dept. R,

Hauppauge, New York 11787.

For even faster service, phone 516-234-7000.

Amperex

TOMORROW'S THINKING IN TODAY'S PRODUCTS
A NORTH AMERICAN PHILIPS COMPANY

INFORMATION RETRIEVAL NUMBER 91
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SHIELDED BOXES with CARD GUIDES

Rugged die-cast aluminum boxes, slotted to accept X" circuit
boards and shielding dividers. Excellent for packaging electronic
circuitry. Boxes have removable top and bottom covers. Useable
inside space: 4"x2"x1%2”. Several models with various connectors.

Write for 1969 Catalog

POMONA ELECTRONICS CO., INC.
1500 E. Ninth Street, Pomona, California 91766

INFORMATION RETRIEVAL NUMBER 92
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Thanks for Visiting the Mitsubishi Booth

We extend our sincere appreciation to all those IEEE Show visitors who took the time to
stop by the Mitsubishi Electric booth. The enthusiastic interest shown in the displays was
especially encouraging. We are glad to be able to report that our monolithic ICs and mini
circulators—VHF, UHF, and SHF, as well as the 700 MHz type—were all favorably
received.

Now that the show is over, we welcome any further inquiries from you about the new
research developments and techniques.

ADVANCED AND EVER ADVANCING

MITSUBISHI ELECTRIC

Tokyo, Japan
INFORMATION RETRIEVAL NUMBER 93
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NEW LITERATURE

Instrumentation

The 1970 edition of the Honey-
well 276-page hard-cover instru-
mentation catalog is available to
qualified readers. It covers in sep-
arate sections technical information
on instruments and systems, appli-
cations notes on how and why par-
ticular instruments are used and
descriptions of supporting services.
Products shown include recorders,

voltmeters, amplifiers, monitor
scopes and data-acquisition and
bio-medical systems. Other prod-
ucts include medical instruments,
transducers, rfi/emi instrumenta-

tion, and signal-conditioning equip-
ment. Honeywell Test Instruments
Div.

CIRCLE NO. 372

Components

The new 120-page Component
Selector contains listings and ex-
tensive engineering information on
new lines of standard products
that are said to cover 989% of in-
dustry requirements. These prod-
ucts include SCRs, capacitors, low-
pass, L-section and rfi/emi filters,
enclosed general-purpose relays,
dual temperature-rated tantalum
foil capacitors and many other com-
ponents. Cornell-Dubilier Electron-
ics.

CIRCLE NO. 373
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INDUSTRIAL
CONTROLS

VOLTAGE MONITORS

SOLID STATE CONTROLS

M TIME DELAY RELAYS
Industrial controls

Application notes describing a
line of monitors and time-delay
relays are included in a revised
12-page catalog. Monitors included
are voltage, current, phase-se-
quence and phase-loss types. These
are for single-phase or three-
phase delta or wye monitoring.

Solid-state time-delay relays in-
clude delay-on-operate, interval-
on-operate, delay-on-release and
single-shot models. Diversified

Electronics Inec.
CIRCLE NO. 374

Connectors

A large number of styles and
sizes of high-density rack-and-
panel connectors are described in
a 12-page catalog. Described are
military and commercial types with
9 to 51 contacts in plastic and
metal shells. Included are detailed
engineering drawings, photo-
graphs, and exploded parts views
that present all physical param-
eters and contact locations. Micro-
dot Inc., Connector Div.

CIRCLE NO. 375

Lamps and magnifiers

A full line of industrial lamps,
magnifiers, and magnifier-lamp
combinations are described in a
comprehensive eight-page catalog.
Lamps covered include high-inten-
sity, balanced-arm engineering,
magnetic-base, spotlight and util-
ity lamps. Accessories and prices
are also shown. Roxter Corp.

CIRCLE NO. 376
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HIGH DENSITY

IC PACKAGIN

Modular Type

INCREASES FLEXIBILITY
IN PROTOTYPING,
PRODUCTION AND
FIELD SERVICE.

P Series Panel with
Point to Point wiring
saves time, space and money.

O Available in multiples of 30 IC pattern sections up to 180 patterns.

O Two pins of each pattern tied directly to power and ground planes.
Different numbers available for different pin assignments.

O IC pattern also accepts I.0. plugs and adaptor plugs for discrete
components.

0O Excellent contact retention and low contact resistance.
O Wire Wrap terminations with Tri-level connection length.

Request Complete IC Folder

AUGAT...

Tel: 617-222-2202
31 Perry Ave., Attleboro, Mass. 02703

A size breakthrough in metalized polycarhonate capacitors

is now produced by S&EI Manufacturing. The new mini-miniature 22 series of 50VDC
and 100VDC metalized polycarbonates are available in all standard encasements.
They feature an excellent combination of high thermal stability and small size, making
them particularly superior for circuits requiring a flat T.C. and low losses. A typical
size in our 22R series, of 10.0 mfd. 50VDC, is .58 O.D. x 1.16 in length. A 1.0 mfd.
size is .40” % .67". So we invite you to call for any special configuration techniques
and sizes, or send for our data catalog sheets.

S&EIEL%E’ Manufacturing /Capacitors

18800 Parthenia Street, Northridge, California 91324 * (213) 349-4111 « TWX 910-493-1252
INFORMATION RETRIEVAL NUMBER 95
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Microwave products

A line of broadband components
for rf, i-f and microwave signal-
processing systems is available in
a 12-page catalog. It gives descrip-
tive specifications on over 150 de-
vices offered in standard connec-
tor and subminiature PC plug-in
types. Hybrids, power dividers,
combiners, directional couplers, and
balanced mixers described cover
the frequency range of 0 to 3 GHz
in multi-octave bands to permit
broadband signal processing. An-
zac Electronics division of Adams-
Russell Co., Inc.

CIRCLE NO. 377

Dc power supplies

A complete line of regulated and
parametric de power supplies are
covered in a new eight-page docu-
ment. It lists six basic lines and
numerous models of de power sup-
plies for both laboratory and sys-
tems requirements. Included is
such data as regulation, ripple,
noise, attenuation, response time,
operating temperature, -circuitry,
dimensions and delivery informa-
tion. Wanlass Instruments.

CIRCLE NO. 378

Resistors and rheostats

Various types of wire-wound
resistors, rheostats and accessories
are featured in an 18-page catalog.
Included are fixed, adjustable, non-
inductive, axial-lead and lug-ended
type resistors with power ratings
from 1 to 225 W. Power rheo-
stats with ratings to 300 W are
also shown. A discussion on resis-
tor selection and ratings is con-
tained along with resistor temper-
ature-rise curves. Ward Leonard
Electric Co.

CIRCLE NO. 379
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Power semiconductors

Specifications for a complete
line of power transistors, power
rectifiers, rectifier assemblies,
zener and reference diodes, triacs
and SCRs are offered in an &0-
page catalog. Individual booklets
of different colors separate the
catalog into various product fami-
lies. A listing of JAN and JAN
TX military part numbers is also
included. Sensitron Semiconductor.

CIRCLE NO. 380

Thermistor probes

Thermistor probes for precise
temperature measurement and con-
trol in medical, scientifie, and in-
dustrial applications are illustrated
and described in a new eight-page
catalog. It contains complete speci-
fications, prices, and ordering data.
Included is information on an im-
proved line of probes offering
close tolerances. Also included are
extremely small, high-temperature,
and linear-output probes. Yellow
Springs Instrument Co., Inc.

CIRCLE NO. 381

Terminals

Open-barrel terminals for auto-
matic-machine applications are cov-
ered in a 32-page catalog. It de-
scribes over 825 types that are
intended for high-speed automatic
installation. The associated auto-
matic machinery is also described.
Part numbers, dimensions and ma-
terial contents are detailed in tab-
ular form. A handy numerical in-
dex for locating any part number
in the catalog is also included.
AMP Incorporated.

CIRCLE NO. 382

' s 1
The High Density-Solid State
Electronic Packaging System

Dual-in-line packaging

How to mount 5 dual-in-lines in
a package 1/4 the size of a PC
board in 30 seconds without a drop
of solder is only one of the fea-
tures covered in a 16-page catalog.
It details how a new high-density
IC packaging device eliminates
most of the problems associated
with PC boards and socket mount-
ing systems while providing high-
capacitance and low-impedance
ground and power planes. Other
areas covered in detail are the de-
vice’s capability to accommodate
dual-in-lines with varying toler-
ances. ACS Industries.
CIRCLE NO. 383

IC sense amplifiers

A series of high-speed sense am-
plifiers is fully described in an
eight-page booklet. Electrical char-
acteristics, recovery and recycle
times and logic diagrams are in-
cluded. Switching characteristics
and schematics are also included.
Three output configurations that
are widely used in this series are
shown. Component values are in-
cluded on schematics. Silicon Gen-
eral Inc.

CIRCLE NO. 384

SCRs and triacs

Specifications, characteristics, pa-
rameters and ratings for the selec-
tion and application of SCRs and
power logic triacs are contained
in a new 112-page catalog. It in-
cludes outline drawings, an abun-
dance of characteristic curves, di-
mensional data and pertinent
considerations regarding device use.
A separate section contains infor-
mation on power control assem-
blies and a discussion on heat ex-
changers. International Rectifier.

CIRCLE NO. 385
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Electronics in Canada

Over 200 Canadian electronics
companies are listed in a compre-
hensive booklet, published by the
Canadian Government, to serve as
a ready reference for anyone who
is interested in Canadian electron-
ic products and services. Listings
of electronic equipment and sys-
tems, components, consumer prod-
ucts and consultant companies in-
clude addresses, products and
services. A product index shows
you exactly where to look for par-
ticular requirements. The booklet
also outlines the story of the
growth and success of the electron-
ics industry in Canada. Canadian
Department of Industry, Trade
and Commerce.

CIRCLE NO. 386

Rf coaxial connectors

Miniature SMA 3-mm rf coaxial
connectors designed to meet re-
quirements of MIL-C-39012 are de-
scribed in a 32-page catalog. It
also contains a complete line of
SMB and SMC subminiature con-
nectors which meet requirements
of MIL-C-22557 and MIL-C-39012.
The comprehensive catalog con-
tains specifications and mating
characteristics typical to each line,
plus detailed mechanical drawings
of each connector style. Wherever
necessary, recommended cable im-
pedances and type numbers are
called out. Sealectro Corp.

CIRCLE NO. 387

Lafayette catalog

The new 116-page 1970 Lafay-
ette Radio Electronics catalog 704
is available. It features high-
fidelity systems and components,
citizen’s band equipment, radios,
televisions, tape recorders and
small home appliances. It also fea-
tures automobile tape players, mu-
sical instruments and amplifiers,
camera equipment and special
closeout prices on speakers. Lafay-
ette Radio Electronics Corp.

CIRCLE NO. 388
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ELECTRIC COMPANY

\im'm i 2700 DUGITAL

CALIBRATE DISPLAY THVE |

GND —_ -+
O

FE R HOLD:

Simpson’s new 2700.

Versatile
Digital System:

m New, fast warm-up™

B 4> digits

B 0.05% accuracy

B 5 plug-in function modules

DC VOLTAGE DC CURRENT RESISTANCE AC VOLTAGE

AUTOMATIC
RANGING
DC VOLTAGE

B Automatic Polarity Selection

B Built-in Self Calibration

B 100 Microvolt Resolution

B Optional BCD output

B IC Modular Design for reliability

2700 DIGITAL SYSTEM $61 500

complete with DC voltage range
module, test leads, and operator’s manual

AVAILABLE ““OFF-THE-SHELF*" AT ELECTRONIC DISTRIBUTORS STOCKING
SIMPSON INSTRUMENTATION PRODUCTS.

DIVISION

5200 W. Kinzie Street, Chicago, Illinois 60644 e Phone (312) 379-1121

Export Dept: 400 W. Madison Street, Chicago, Illinois 60606. Cable Simelco

IN CANADA: Bach-Simpson Ltd., London, Ontario « IN INDIA: Ruttonsha-Simpson
Private Ltd., International House, Bombay-Agra Road, Vikhroli, Bombay
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Electronic Design

ELECTRONIC DESIGN’S function is:

®m To aid progress in the electronics
manufacturing industry by promoting
good design.

m To give the electronic design engi-
neer concepts and ideas that make his
job easier and more productive.

m To provide a central source of timely
electronics information.

® To promote two-way communication
between manufacturer and engineer.

Want a subscription? ELECTRONIC DE-
SIGN is sent free to qualified engineers
and engineering managers doing de-
sign work, supervising design or set-
ting standards in the United States
and Western Europe. For a free sub-
sceription, use the postfree application
form inside the back cover. If none is
included, write to us direct for an ap-
plication form.

If you do not qualify, you may take
out a paid subscription for $25 a year
in the U.S.A., $35 a year elsewhere.
Single copies are $1.50 each.

If you change your address, send us an
old mailing label and your new ad-
dress; there is generally a prepaid
postcard for this inside the back cover.
You will have to requalify to continue
receiving ELECTRONIC DESIGN free.

The accuracy policy of ELECTRONIC
DESIGN is:

® To make reasonable efforts to ensure
the accuracy of editorial matter.

® To publish prompt corrections when-
ever inaccuracies are brought to our
attention. Corrections appear at the
end of the Letters column.

® To refuse any advertisement deemed
to be misleading or fraudulent.

Microfilm copies are available of
complete volumes of ELECTRONIC DE-
SIGN at $19.00 per volume, beginning
with Volume 9, 1961. Work is now
in process to complete the microfilm
edition of Volumes 1-8. Reprints of
individual articles may be obtained
for $2.00 each, prepaid ($.50 for
each additional copy of the same
article) no matter how long the
article. For further details and to
place orders, contact the Customer
Services Department, University Mi-
crofilms, 300 North Zeeb Road, Ann
Arbor, Michigan 48106; telephone
(313) 761-4700.

Want to contact us? If you have any
comments or wish to submit a manu-
seript or article outline, address your
correspondence to:

ELECTRONIC DESIGN,
850 Third Avenue,
New York, N.Y. 10022,
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Design Data from

PRECISION CARBON FILM RESISTORS

Precision ’
Carbon

Film

Resists

High Voltage . High Frequency . . . High
Megohm . . . complete specifications for 120 de-
vices and “The Case for Carbon Film' are pre-
sented in this new 1970 resistor catalog. Resistors
are offered in 15 basic styles, ranging from .25
to 100 watts, with over 100 special variations
available. Resistances range from 10 ohms to
100 Terohms and tolerances from *+19,. Ap-
plications include those requiring high resist-
ances, voltage capability from 250 to 125,000 V,
and high frequency or pulse circuits. Send for
free catalog and engineering data.

Resistance Products Company

914 South 13th Street, Harrisburg, Pa. 17104
(717) 236-5081

171

5 R T S e s e B e s
Bus Bars For Noise Reduction

Lamina tod
snd Moidert
B8US BARS

A 16 page Technical Bulletin is now available,
describing a new concept in power or signal dis-
tribution. Basic mechanical and electrical design
principles, along with descriptive pictures and
diagrams, are included in this bulletin. These
compact buses can replace bulky cable harnesses
and repetitive wiring for computer or modular
application. This method of construction satisfies
the demanding requirements of low inductance
and resistance of high speed, solid state systems,
while controlling electrical noises.

Send For Free Sample

Eldre Components, Inc.
1239 University Avenue

Rochester, New York 14607

172

SRR bR s e A R T
Quality Fasteners For All Designs

Dzus Fastener Co., Inc.
425 Union Boulevard

This 8-page catalog provides design data on the
complete group of DZUS 1/4-turn self-locking
fasteners for standard, high speed and panel ap-
plications, as well as universal high strength
multiple thread fasteners for high tensile and
shear stresses. Dzus stud assemblies, wire forms
and receptacles offer an exceptional, wide variety
of combinations from stock to fit specific fasten-
ing requirements. Diagrams and tables give full
details for rapid, unlimited design selection. Con-
densed or complete Catalog available on request.

173

West Islip, L. I., N. Y. 11795
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Manufacturers

Advertisements of booklets, brochures, catalogs and data sheets. To order use Reader-ServiceCard

(Advertisement)

PORTABLE POWER

SPECTRAL DENSITY SYSTEM

ANALYZES VIBRATION AND NOISE ON-LINE
==

Mini-Ubiq"
Portable Real-Time
Power Spectral
Density System

For production or field use; can be carried to
automotive test tracks, heavy machine installa-
tions, aircraft flight lines. Provides, in seconds,
a complete picture of the average spectrum, to
determine condition of machinery, reveal develop-
ing malfunctions, locate source of unwanted noise.
System consists of a UA-10 Mini-Ubig™ Real-
Time Spectrum Analyzer and a 1010 Digital Aver-
ager; produces 200-point narrow-band spectra in

Federal Scientific Corporation

a subsidiary of Elgin National Industries, Inc.
615 West 131st Street, New York, N. Y. 10027

ranges from 10 Hz to 20 kHz wide.

R R e S e i o R
Clamp or Tie Wire Bundles

In Seconds!

Dakota Engineer

Six-page catalog contains complete ordering infor-
mation for CAB-L-TITE® clamps and BUND-L-TITE®
straps, devices which provide a fast and reliable
means of securing wires and wire bundles. Units
withstand loadings greater than 50 G's, are remov-
able in seconds for re-routing wires, and are self-
locking—no tying, no knots, no hitches to come
loose. Lightweight Du Pont Zytel meets MIL-P-17091
and MIL-P-20693. Proved in aircraft and missiles.
Photos, dimensional drawings, tables, physical
properties, specifications, price list. Request cata-

175

ing, Inc.
4315 Sepulveda Blvd.
Culver City, California 90230

HERND R PP IR e S
DRAFTING AIDS CATALOG

(i -y "2 I
R

Send today for the By-Buk Printed Circuit Draft-
ing Aids P-45 Catalog featuring the most com-
prehensive listings of basic pressure sensitive
printed circuit drafting shapes, tapes and aids.
Contains thousands of pads, tees, elbows, corners,
donuts, connectors, fillets, colored tapes, muiti-
pads for dual in-lines, flat packs, TO cans and
more. Here is your guide to better printed circuit
drafting. Scores of ideas to speed master art-
work preparation time and reduce drafting costs.
Send for your free catalog and samples.

By-Buk Company

4326 West Pico Blvd., Los Angeles, Calif. 90019
Phone: (213) 937-3511

ELECcTRONIC DESIGN 11,
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APT-1; 1 cu. in.,
3.15 oz. (actual size)

More torque,
Less weight

in moving coil mechanism

Highly stable, linear and accurate
mechanism for indicating, control or
recording systems. 18-0-18° linearity
is 1%. Coil design with over 75%

of winding “working” in high energy,
uniform field air gap assures greater
accuracy. Coil system weighs 0.85
gm, develops 26.4 mmg of torque;
31:1 T/W. Mechanism offers negli-
gible vibration pivots and jewels —
custom damping — wide range

of sensitivities.

AMMON

AMMON INSTRUMENTS, INC.
345 Kelley St., Manchester, N.H. 03105
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Help us save a man.

For years, you've been
giving people with leukemia
your sympathy. But sympathy
can’t cure leukemia. Money
can. Give us enough of that,
and maybe we’ll be able to
do for a man what has already
been done for a mouse.

American Cancer Society¥;

Space Contributed By
Hayden Publishing Cmnpun\ Inc.
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NOW you can reach
more engineers

and reach them
faster. ..

Electronic Design’s NEW

sl (BB [

Marketing and salespeople can't specify your products . . . engineers can. Products don't move through
distributors until they are specified by engineers. Now there's a way to reach more* EOEM engineers and
reach them faster. It's Electronic Design's new FAST CLOSE FORM—right up front in the News Section.
You can get out your new product story, your price announcements or delivery and distribution informa-
tion, quickly, while they're still hot. Closing date for film positives is only 24 hours before press time . . .
48 hours betore the issue mails. You save 3 full weeks over normal closing. The form will accept full pages
or spreads in b&w or 2-color; premium is only $150 per insertion. Call your Electronic Design representa-
tive today for complete information.

*Electronic Design has 72,271 EOEM engineers and engineering managers—53,372 more than Electronic News . . . 37,998
more than Electronics. Source: December, 1969 BPA and ABC Publisher's Statements.

ELECTRONIC DESIGN FAST CLOSE SCHEDULE

(Post on your production bulletin board.)

FAST CLOSE FAST CLOSE
ISSUE REGULAR ISSUE REGULAR
DATE | CLOSING | SRER | FiLmpos. DATE | CLOSING | GoER | FILMPOS.
OFFICE | ATPRINTER OFFICE | ATPRINTER
June 7 May 4 May 22 May 25 Sept. 27 Aug. 24 Sept. 11 Sept. 14
June 21 May 18 June 5 June 8 Oct. 11 Sept. 8 Sept. 25 Sept. 28
jU:V 5159 j“”e 15 j:;‘ye;g j::“-‘:z Oct. 25 Sept. 21 Oct. 9 Oct. 12
uly une y
Alid. 2 Jueding July 17 July 20 Nov. 8 Oct. 5 Oct. 23 Oct. 26
Aug. 16 July 13 July 31 Aug. 3 Nov. 22 Oct. 19 Nov. 6 Nov. 9
Sept. 1 July 27 Aug. 14 Aug. 17 Dec. 6 Nov. 2 Nov. 20 Nov. 23

Sept. 13 Aug. 10 Aug. 28 Aug. 31 Dec. 20 Nov. 16 Dec. 4 Dec. 7




Product Index

Information Retrieval Service. New Products, Evaluation Samples (ES), Design Aids
(DA), Application Notes (AN), and New Literature (NL) in this issue are listed
here with page and Information Retrieval numbers. Reader requests will be
promptly processed by computer and mailed to the manufacturer within three days.

Category Page IRN Category Page IRN Category Page IRN

Components Instrumentation pen set, technical 129 293

arrays, dual-in-line 125 278 cabinet selector (DA) 125 352 tools, metric (NL) 138 367

blowers, low-noise 126 285 data retrieval (AN) 136 358 work station 129 294

boards, matrix (NL) 138 366 DVM, true rms 127 289

components (NL) 140 373 frequency chart (DA) 125, . 353

delay lines (AN) 136 358 generator, pulse NL) iig gg;

filter, FM ceramic 125 8 instrumentation (

filter program (NL) 139 37% insftruments (NL) 2 129 ggg "aw I-“e"at“l‘a

filters, active 126 28 Lafayette catalog (NL) 143 ifi

filters, dual-in-line 126 281 | meter, digital panel = 128 290 | ampifiers, sense o

ICs, MOS (NL) 138 365 oscilloscope 127 288 Canadi'an electronics 143 386

indicator, fault 126 283 probes, thermistor (NL) 142 381 components 140 - 373

ladder networks (AN) 137 361 signal processing (AN) 136 359 components, microwave 142 377

Lafayette catalog (NL) 143 388 | tester, IC 127 286 | connectors 139 369

lamp, LED 124 275 tester, IC 127 287 connectors 141 375

lamp design (AN) 137 362 wave analyzer (AN) 136 355 connectors, rf 143 389

lamps (NL) 141 376 » controls, industrial 141 374

LEDS. . i 121 266 | Microwaves & Lasers DIP boards 142 383

light, indicator 124 276 | amplifiers, impatt 131 335 | filter program 139 371

lights, indicator (NL) 138 364 | components (NL) 142 377 | |Cs, MOS 138 365

logic handbook (AN) 136 354 | diodes, GaAs laser 131 338 | instrumentation 140 372

monitor, temp (ES) 124 349 | diodes, impatt (AN) 137 360 | instruments 139 370

multipliers (AN) 136 357 | frequency chart (DA) 125 353 | |afayette catalog 143 388

resistor curves (DA) 1251 4351 transistors, rf power 131 337 lamps 144 376

resistors (NL) 142 379 | transistors, vhf/uhf 131 336 | |ights, indicator 138 364

switch, rotary 126 284 . power supplies 138 368

switch, spdt 124 277 | Modules & Subassemblies power supplies 142 378

switches (NL) 138 363 | boards, matrix (NL) 138 366 | probes, thermistor 142 381

transformers, pulse 125 279 | controls (NL) 141 374 | rectifiers, power 142 380
converters, d/a 122, 267 resistors 142 379

Data Processing decoder/driver 122\ w2f2 SCRs 142 385

calculator 132 1339 delay lines (AN) 136 356 switches 138 363

calculators 133 346 Lafayette catalog (NL) 143 388 terminals 142 382

data retrieval (AN) 136 358 logic handbook (AN) 136 354 tools, metric 138 367

display terminal 132 340 multiplier, 4-quadrant 122 270

display terminal 132 342 multiplier, 4-quadrant 122 271

display terminall 133 3251') multipliers (AN) 136 35;

display terminals 132 op amp, FET 122 6

keyboards 132 344 op amp, FET 123 274 ‘nn“ca“on “olﬂs

logic handbook (AN) 136 354 op amps, chopper 122 268 g

minicomputer 132 343 power supplies (NL) 138 368 | data retrieval 136 358
power supplies (NL) 142 378 g?'gy lines igg ggg

ICs & Semiconductors power supply, HV 123 273 | 'gd:f' ':t"pgt}(s 137 361

amplifiers, sense 120 262 Igm densiwn f 137 362

amplifiers, sense (NL) 142 384 Packaging & Materials | 1P h dgb ob 136 354

arithmetic logic unit 120 260 | bonding liquid 130 299 °g’|§. I?" 0 136 357

converter, d/a 118 252 | cabinet selector (DA) 125 352 | MU 'F|> et 13¢ 359

diodes, impatt (AN) 137 360 | cabinets, desk panel 130 298 | S'éna p“l’cess'"g 136 355

driver, display 119 258 | cable, custom-woven 130 297 | Wave analyzer

IC, custom 118 254 connectors (NL) 139 369

ICs, MOS (NL) 138 365 connectors (NL) 141 375

ICs, TTL : T 118 Zgg c?gnecto:ﬂs, rf (NL) 143 389

Lafayette catalog (N 143 3 DIP boards (NL) 142 383

LEDs 121 266 drafting surface (ES) 124 350 nos'““ llus

memories, addressable 117 250 etchant, PC-board (ES) 124 348 cabinet selector 125 352

op amp, FET 118 251 Lafayette catalog (NL) 143 388 frequency chart 125 353

photosensor 121 263 lettering (ES) 124 347 resistor curves 125 351

rectifiers, power (NL) 142 380 monitor, temp (ES) 124 349

SCRs (NL) 142 385 printed circuit board 130 296

thermistors 12% gGg terminals (NL) 142 382

transistor, power 11 5

transistors, dual 118 253 Tools & Engineering Aids Eval“a“on samnles

transistors, dual I8 e255 bender, lead 129 . 1292 drawing board cover 124 350

transistors, matched 121 264 drafting surface (ES) 124 350 etchant, PC-board 124 348

transistors, power 119 259 lettering (ES) 124 347 lettering, transfer 124 347

zeners, 50-W 120 261 light, fiber-optic 129 295 monitor, temperature 124 349
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FREQUENCY CONVERTER MODEL 1104 B
1-30GH:

MONSANTO

"MODEL 15004

MULTIPLIER
mt

)m-\!/ "00-

i

muc LEVEL
uuﬁ

This new “4th generation”
I-C plug-in counter/timer
Outperforms all others...

And will for years to come!

Why compromise for less? The Model
1500A has a main frame counting range
from dc to 125 MHz (to 3 GHz with a
single plug-in). This instrument is fully
programmable, has provision for ex-
ternal time base up to 10 MHz, and
many other significant features, includ-
ing the well recognized advantages of
Monsanto’s “4th generation” 909% inte-
grated circuit design.

Shown above is the Model 1104B
3 GHz frequency converter plug-in. Also
available: Model 1100A uncommitted

INFORMATION RETRIEVAL NUMBER 233

plug-in; Model 1101A 500 MHz prescale
plug-in; Model 1102A 6-digit preset
plug-in; Model 1103A 500 MHz fre-
quency converter plug-in; Model 1107A
time interval plug-in; Model 1201A DVM
plug-in.

Unparalleled performance plus
award-winning design make the Model
1500A the ultimate counter for the no-
compromise engineer. The price for the
main frame is $2400.00, FOB West
Caldwell, N. J. Other models of the 1500
Series offering a wide selection of fea-

tures and capabilities begin at $1800.00.

Most engineers take Monsanto’s
reliability for granted because of our
2-year warranty. But, just in case, we
maintain 37 Service Centers located
strategically throughout the United
states and overseas.

For a demonstration, or for full
technical details, call your local Mon-
santo Field Engineer now or contact
us directly at: Monsanto Company,
Electronic Instruments, West Caldwell,
New Jersey 07006, (201) 228-3800.

Monsanto



You Win With RCA P-N-P Power...

New 2N5954 Family (2N3054 Complement)

This new RCA p-n-p transistor has the qualifications that
can make winners of you and your designs. The 2N5954
is a silicon power unit in a hermetically-sealed TO-66
package. Complementing the 2N3054 (already widely
known in sockets in military, industrial, and commercial
equipment), the 2N5954 features controlled second-
breakdown ratings. To be sure, each transistor is indi-
vidually tested to meet specified parameters before it is
shipped.

The new 2N5954 family with its multiple epitaxial struc-
ture and emitter ballasting techniques add up to a tradi-
tionally rugged RCA power device...giving you the design
capability to achieve high performance levels in your
equipment. One of three new RCA p-n-p types now of-
fered for switching and amplifier applications, 2N5954 (or
its family types, 2N5955 or 2N5956), together with its n-p-n
complement, provide bi-directional control and phase
inversion advantages.

P-n-p/n-p-n complements are particularly advantageous
if you're trying to cascade four or five stages. In a power
supply design, for example, the use of complementary
types can eliminate voltage build-up that would be en-
countered if cascaded n-p-n, or cascaded p-n-p types
were employed.

Check the chart on these new types. For more information,
consult your local RCA Representative or your RCA Dis-
tributor. For technical data, write: RCA Electronic Com-
ponents, Commercial Engineering, Section 52E-2 /UTS,
Harrison, N. J. 07029. In Europe: RCA International Mar-
keting S.A., 2-4 rue du Liévre, 1227 Geneva, Switzerland.

VcBo|VCEX (sus)|VCER (sus)| VCEO (sus) lc| PTW)
Type No. (V) (V) (V) V) [(A)| @Tg =25°C
2N5954 85 | 85 80 75 -6 40
2N5955 70 | 70 65 60 -6 40
2N5956 50 | 50 45 40 —6 40

RGA
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