


Introducing the best DC power supply catalog in the world. 
Forty-two informative pages. Specifi­
cations . Drawings . Photos. Prices . 
Three-day shipping guarantee. Or­
ganized for quick selection of the 
best model for your applicat ion . In ­
cluded are : 

Mini-modules w ith reg ­
ulated single or dual 
outputs. Save space and 

improve reliability by mounting them 
directly on printed circuit boards. 
$30 up . 

Standard modules with 
• • ,9 ratings to 32 amps. 
~ Choose from single and 
;:;;Tl'": dua I output regulated 

• • models and single out-
put unregulated . $ 60 up. 

Low-profile modules to 
4.0 amp from a package 
only 1.68" thick. $75 up. 

~ Plug-ins with single or 
dual outputs, for com­
mercial or MIL-Spec . 
use , regulated or unreg­
ulated , high isolation, 
fixed or adjustable . 
$45 up . 

Acopian also offers rack mounting 
power systems, designed to meet 
specific multi -output power needs. 
Shipping time for these fully wired, 
fully tested systems is only 9 days 
from your order . 
$150 up. 

For your copy of the world's best 
power module catalog , write or call 
Acopian Corp., Easton, Pa. 18042 . 
Phone : ( 215) 258-5441. The power 
modules you order from it will be 
shipped with (you'll happily agree) 
the world 's best tag . . . 



DUAL-INLINE-PACKAGED REED RELAYS 

Magnecraft is proud to announce its new DIP (dual­
inline-package) line of 8-pin reed relays. These new 
relays are designed not only to be compatible with the 
standard packaging developed for integrated circuits, 
but to offer Magnecraft quality at a low cost. This unique 
design gives further savings by offering the user the 
optimum in automated insertion and other ec.onomical 
installation techniques associated with printed ci rcuit 
applications. 

These fantastic new epoxy molded reed relays are ideal 
for use in circuits where high density packaging is essen­
tial. The 5VDC IC compatible versions of these. relays 
will operate directly from TTL or DTL circuits. 

Other standard coil voltages are available from stock 
in 6, 12, and 24VDC as well as contact configurations 
in 1 form A, 2 form A, 1 form B, and 1 form C. Most 
versions are also offered with a choice of an internal 
clamping diode. 

~agnec.:rart~ELECTRIC COMPANY 
5575 NORTH LYNCH A VENUE • CH IC AGO . 1ll1N015 60630 • 312 • 282 -5500 • TWX 910 221 5221 

FREEi 
REED RELAY 

HANDBOOK 
The purpose of this 120-page handbook is to assist the 
design engineer in specifying the proper reed relay for 
a given application. The book contains a glossary of 
terms, principles of operation , applications and design 
requirements as well as specifying and testing data. New 
products include the complete line of DIP Reed Relays. 
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9500 Easy ECL Family offers 
designers lower power, higher 
speed, lower cost systems. 

The addition of 4 new MSI circuits -
along with 8 new SSI devices - gives our 
temperature compensated ECL family 
the breadth, depth, variety and flexibility 
that makes designing with ECL/ MSI 
functions easy as using TTL/ MSI. 

Since MSI is even more significant in 
ECL systems design tha,n in TTL, our 
Easy ECL 9500 series is essentially an 
MSI family. That's why we now offer 
7 key MSI functions - 22 circuits in 
all. Why all 9500 Series devices 
are fully temperature compensated for 
adequate noise immunity to allow 
problem-free SSI-to-MSI interfacing. 
Why MSI design in ECL systems is 
practical for the first time. 

ECL/ MST ASSURES LOWEST SYSTEM POWER DISSIPATION 

Comparison of unloaded and system power dissipation per gate of 9500 Easy ECL functions. With 
an MSI function , the termination power is amortized over many gates thereby assuring lowest sys­
tem power dissipation. 

Gates/ 
Device Description Function* Power Dissipation (mW / Gate) 

SST-Gates 0 15 30 45 60 75 90 105 120 

9502 General Purpose Dual OR-NOR 2 
95H02 High Speed Dual OR-NOR 
95L22 Low Power, High Speed Dual OR-NOR 

2 
2 
3 
3 
3 
3 
4 
4 
4 
5 
5 
2 

9503 General Purpose Triple OR-NOR 
95H03 High Speed Triple OR-NOR 
95L23 Low Power, High Speed Triple OR-NOR 
9582 Triple Line Receiver/ Amplifier 
9504 General Purpose Quad NOR 
95H04 High Speed Quad NOR 
95L24 Low Power, High Speed Quad NOR 
9505 Four Wide OR-AND 
9507 Quad AND-N AND 
9595 Dual ECL-TTL Converter 
SST-Flip-Flops 

95H29 250MHz J-K 
9528 Dual 160MHz D-Type 

MSI Elements 

9538 
9581 
9578 
9579 
9534 
95H84 
95H90 

1 of-8 Decoder 
8-Input Multiplexer 
Quad EX-OR/ Comparator 
Quad 2-lnput Multiplexer 
Quad Latch 
High Speed Adder/ Subtractor 
250MHz VHF Prescaler 

9 
12 

12 
12 
16 
16 
24 
29 
29 

not applicable 

*Number of on-chip ECL Gates not discrete TTL equivalents. 

- Typical Device Dissipation - Additional Dissipation in system due to termination scheme. 

MSI + SSI = EASIEST ECL. 
Key to easiest ECL design is the lower 
power dissipation afforded by maximum 
use of MSI functions-with ancillary 
SSI low power gates and flip-flops. That 
way you get the speed and performance 
of ECL with economic and reliability 
advantages of MSI design. You get the 
most favorable speed/ power trade-offs. 

NOW NEW IN EASY ECL. 
Four new MSI Circuits: 
95H84 adder-subtracter with full on-chip 
carry lookahead that permits addition or 
subtraction of two 64-bit words in 22nS. 
Fastest adder function on smallest board 
area available. 
9534 ~uad latch with gated input and 
output enable features. Buffering of 
outputs insmes glitch-free operation 
with approximately 4nS delay. 
Applications: register, ALU, parallel-

9578 Quad exclusive-OR function also 
for use as 4-bit comparator or dual 
differential line driver. 3nS delay. 
9579 Quad 2-input multiplexer with 
2 .6nS delay. Common select line reduces 
external wiring for variety of function­
generation and multiplexing 
applications. 

Low- Power SSI 
New 95L22, 23, 24 low-power gates are 
pin-identical with standard and high­
speed gates. 20m W power dissipation 
(20 '.lr lower than any other available 
ECL gates), and 2nS propagation delay 
at no price premium. 60K ohm on-chip 
pulldown resistors. 
For use in an area of high-power density 
(e.g., memory arrays), and as receiving 
element at end of long data bus lines. 

High-Speed SSI 
Three new high-speed gates and a new 
high-speed flip-flop: 
95H02,_fil,_Q!gates, pin-identical with 
standard and low-power gates. l.6nS 
delays at similar power as standards. 
For clock-driving with flip-flops, 
registers, large synchronous arrays, 
where maximum speed required. Also as 
high-speed logic function where multiple 
gate decisions must be made within 
short clock period (e.g., loading a 
universal shift register within a narrow 
clock pulse) . 
95H29 J-K flip-flop with 250 MHz toggle 
frequency features non-ones catching 
master-slave circuit with multiple gating 
on inputs. For high-speed counting, 
register, data storage. 

Low-Cost Standard SSI 
9501..quad and 2-input AND, 8-input 
NAND gate. Eliminates a number of 
external connections in computing and 
general logic applications. 2.3nS delays 
without deterioration in rise-and-fall 
performance under heavy loading 
conditions. 

AVAILABLE NOW 
All 12 new members (and their 10 older 
relatives, of course) of our Easy ECL 
family are now available in production 
quantities from your friendly Fairchild 
distributor. Additional sources: 
N. V Philips/ Amperex and Raytheon. 

For example, basic ECL/ SSI gates are 
approximately two times faster than 
TTL; but with the design advantages of 
ECL, the MSI functions are four to eight 
times faster at similar power dissipation. 

serial conversion. ': \ ~ 

~,~ot- . .,~ \ \ .. \) 
~,,,c,, 

FAIRCHILD SEM ICONDUCTOR, A Divi s ion of Fairchild Camera and Instru ment Corporal ion, Mounta in View, Ca lifornia 94040. (415 ) 962-5011. TWX : 91 0-379-6435 
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Paying the lowest price for fixed 
resistors doesn 't mean they're 
costing you less. Split an A-B 
resistor apart and discover the 
difference between Allen­
Bradley and all the others. Our 
exclusive hot molding process 
forms the element into an in­
tegral structure . Physically 
strong . With a densely packed , 

uniform resistance track. And 
note how the leads are firmly 
and thoroughly imbedded to 
reduce circuit noise. Hot mold­
ing is just one way we have 
engineered more quality into 
our resistors . Consistent A-B 
quality. You can lower your in­
stalled costs and put more relia­
bility into your products. If you 

think all resistors are the same, 
request our booklet "7 ways to 
tell the difference in fixed re­
sistors :· Available from your lo­
cal A-B electronic distributor, or 
write Allen-Bradley Electronics 
Division , 1201 South Second 
Street, Milwaukee, WI 53204. 
Export: Bloomfield , N.J. 07003 . 
Canada: Galt, Ontario. 
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Speakout - Robert P. 
Henderson of Honey­
well Information Sys­
tems Speaks Out on 
Privacy Pollution. See 
article on p. 36. 

Cover 
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Everybody wants your 
components business. 

But were doing 
6 things to ea1n it. 

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

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

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

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

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

inventory of over 50,000,000 

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

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

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

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

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

E LECTRONICS 

Resistors &Capacitors 
for guys who can't stand failures 
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SAVE 
$$$ 

GAIN 
performance 

over any other 50-MHz, 
plug-in oscilloscope. 

5
D-MHz OSCif.~~~~~~~.:~~~~d delaying sweep $2 2 00 

5-mV dual-trace amplifier and single time base ........ . 19 0 0 
5-mV single-trace amplifier and single time base ...... . 16 10 

AND LOOK AT THESE BONUSES: [:{ 3 plug-in compartments and 
mainframe mode switching 

8 

ROOM 
TO 

GROW 

SELECT 
FROM 
. 22 

PLUG-INS 

~ 7403N 
~ OSClllOSCOH 

IJlllT(N$1TV 

' I , 

... ,. ·= ... . -= 

TEKTRONIX@ 
committed to 

technical excellence 
CIRCLE NO. 6 

~ 6V2 -inch CRT - 50% larger 
than 8 x 10 cm CRT's 

~time bases have 5 ns/div 
sweep rate 

ref amplifiers and time bases 
accurate within 2% 

~high writing-rate CRT 
gives a brighter trace 

~ 5%-inch rackmount version 

If you wish , select a plug-in for the second 
vertical compartment to give you 10 µV/div at 
1 MHz or 1 mV/ div at 55 MHz or 1 mA/div at 
55 MHz or another dual-trace unit for 4-trace 
capability, etc., etc. Plug-in prices start at a 
low $270. Call your nearby TEKTRONIX Field 
Engineer today for a demonstration , or write : 
Tektronix, Inc., P.O. Box 500, Beaverton, Ore­
gon 97005 . 

7403N Oscilloscope . .. . .. ............ $950 

R7403N Oscilloscope ... . .......... .. $1050 

7A18 Dual-Trace Ampl ifier, Option 1 ... . $500 

7A15 Single-Trace Amplifier ...... .... $270 

7B53N Dual Time Base . . . . . . . . . . . . . . . $750 

7B50 Time Base . . . . . . . . . . . . . . . . . . . . . $450 
U.S. Sa les Prices FOB Beaverton, Oregon 

TEKTRONIX lease and rental programs are available in U.S. 

ED N/E EE December 1, 1 9 7 1 



Editorial 

Continuing Education 
Is Everyone's Responsibility 
It appears to be an economic fact of life 
that participation in any form of continu­
ing education by engineers-or anyone for 
that matter -depends on the state of the 
economy. When times are good everyone 
wants to keep up. But in bad times, inter­
est seems to die. 

The first impulse is to blame unemploy­
ment, since unemployed engineers have 
other concerns, not the least of which is 
finances. But this is only part of the an­
swer. What about the thousands upon 
thousands of working engineers. Their 
participation in continuing education has 
declined considerably during the present 
economic crunch. 

They have attended fewer technical 
conferences, fewer seminars and fewer 
university courses than they used to. And 
this during a period when the world of 
electronics and the engineer's role in it 
have changed significantly. 

From where we stand, responsibility for 
this falloff in continuing engineering edu­
cation is shared by both company ma!l­
agements and working engineers. Com­
pany managements, though, are more 
responsible, inasmuch as they set prece- · 
dents during the 1960s. Then they of­
fered extensive encouragements to their 
engineers to keep up with technology, in 
most cases paying all costs involved . 

With business becoming bad , compa­
nies naturally have to cut back on expen­
ses, including the costs of continuing 
education for their engineers. But to over 

react , as many have done, is extremely 
short sighted and could greatly affect 
their technical capability. 

Engineers themselves, though, also bear 
a good measure of responsibility in keep­
ing themselves current. They must do a 
better job of convincing management 
that their keeping up to date is in the 
company's interest, just as is modern, 
up-to-date production equipment. They 
also must be willing to share the burden, 
in terms of both t ime and money. 

The pace of technological change is not 
going to slacken. And if the electronics 
industry in the United States is to remain 
strong in the face of ever stronger compe­
tition from abroad, our engineering com­
munity must be the technically strongest 
and most up-to-date anywhere. 

Don't Miss Upcoming Seminars 
While we're on the subject of keeping up 

to date, we would be remiss if we didn't 
mention the two upcoming IC seminars 
being sponsored by EDN/EEE. One of 
these will cover Linear ICs, and the other 
Semiconductor Memories. Both will be 
heavily applications-oriented , with speak­
ers from major semiconductor manufac­
turers giving invaluable advice on the use 
of today's most up-to-date technologies 
and products. 

The two 2-day seminars will be held in 
Los Angeles during January. For details, 
seep. 64. 

EDITOR 
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The most compact Solderless Connector 
... and a NEW Lower Installed Cost 

10 

New, miniature connector gives you 75 to 90% time saving over 
present compression technique. Its high r eliability factor re­
sults from the no-heat requirement as well as complete visibil­
ity for inspect ion of t he one-piece connection before, during 
and after termination. 
Only three sizes are needed to handle the range of shielded 
cables from .055 to .205 over braid dia. 
The installing tool features the exclusive Shure-Stake® me­
chanism which assures that the proper, preset compression will 
be reached before the tool will release the connector. The 
Thomas & Betts Company, Elizabeth, New Jersey 07207. 
In Canada, Thomas & Betts Ltd. , P .Q. 

New Shield-Kon® Wrap Around Connector Features 
• miniature size, light weight, one piece construction 
• lower installed costs 
• higher reliability, meets or exceeds the applicable performance 

requirements of MIL-F-21608. 
• mid-span termination capabilities 

THOMAS & BETTS 
Sold Coast-to-Coast 
Through Authorized 
T&B Distributors 

D iv ision of Thomas & Betts Corporation 
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And it doesn't look 
like a circuit breaker. 

Therein lies its beauty. 
When you use the JC rocker­

handle circuit breaker as a front­
panel on-off switch you get over­
load protection, too. Without the 
expense of using a switch and a 
breaker. 

Behind that handsome rocker 
handle is the engineering and con­
struction you know Heinemann 
for. Hydraulic-magnetic protec-

tion. Which means precise ratings 
from 0.020 to 30 amp. 32, 50, and 
65V DC; 125 and 250V at 60 Hz 
and 400 Hz. Job-matched time de­
lays or non-time-delay response. 
Temperature-stable trip points. 
Optional special-function internal 
circuits. One, two, or three-pole 

~ HEiNEMANN 
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models. And a five-year warranty. 
Oh, yes. The rocker handle 

comes in white or gray. 
A pretty attractive package. All 

around. 
Write us for Bulletin 3381 . 

Heinemann Electric Company, 
2626 Brunswick Pike, Trenton, 
N.J. 08602. Or Heinemann Electric 
(Europe) GmbH, 4 Dusseldorf, 
Jagerhofstrasse 29, Germany. 

4 933 
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Call on the power of the Kokomoans 
foryoursystems of the~. 

The tough breed of High Voltage 
Silicon PowerTransistors. 

Con- Maximum 
VCEX tinuous Vc EO Power 

Transistor Voltage l e (sus) Dissipation Typical Applications 

*l e Peak=5A 
DTS 401 400V 2A* 300V Vertical magnetic CRT deflection, has good gain linearity. 

DTS 402 700V 3.5A* 325V *le Peak= IOA 
Horizontal magnetic CRT deflection, features fast switching 

DTS 410 200V 3.5A 200V sow time, high reliability under horizontal sweep fault condition. 

DTS 411 300V 3.5A 300V IOOW Voltage regulator, switching regulator, DC to DC converter, 
class A audio amplifiers. 

DTS 413 400V 2.0A 325V 75W I *Ic Peak=lOA 
DTS 423 400V 3.5A* 325V IOOW High Vcso and VcEO ratings make it practical to operate 

\. directly from rectifier l 17V or 220V AC line. 
DTS 424 700V 3.5A* 350V IOOW 

*le Peak= l OA 
DTS 425 700V 3.5A 400V IOOW High V CBO, V CEO (sus) ratings make them ideal for use in deflection 

\ circuits, switching regulators and line operating amplifiers. 
DTS 430 400V 5A 300V 125W 

Voltage regulators, power amplifiers, high voltage switching. 
DTS 431 400V 5A 325V 125W 

DTS 701 SOOY IA 600V 50W Vertical magnetic CRT deflection circuits. 

DTS 702 1200V 3A 750V 50W Horizontal magnetic CRT deflection circuits operating off-line. 

DTS 704 1400V 3A SOOY 50W 

DTS 721 IOOOV 3A SOOY 50W High voltage DC regulators. 

DTS 723 1200V 3A 750V 50W Very high voltage industrial and commercial switching. 

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

DTS S02 1200V 5A 750V lOOW Color horizontal magnetic CRT deflection circuits. 

DTS S04 1400V 5A SOOY IOOW 

2N3902t 700V 3.5A* 325V IOOW *le Peak= IOA 

2N5157 700V 3.5A* 400V JOOW 
Ideal for switching applications. Can be operated from rectified 
117 or 220 volt AC line. 

2N5241 400V 5A 325V 125W For general use in electrical and electronic circuits such as 

2N25SO 400V IOA 325V 150W 
converters, inverters, regulators, etc. 

2N25SI 400V IOA 325V 150W 

2N25S2 500V JOA 325V 150W 

2N25S3 500V JOA 325V 150W 

2N3079 200V IOA 200V o• 
2N30SO 300V IOA 300V ~< tMil. qualified units available. Transistors are NPN triple di ffused . ?1 

II Delco Electronics 

DIVISION OF GENERAL MOTORS CORPORATION, 
KOKOMO, INDIANA 

ED N/E EE Dec emb e r 1, 1 9 7 1 



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

MASS., NEEDHAM HEIGHTS • Kier­
ulff Electronics, Inc. (617)-449-3600 

MASS., NEWTON • The Greene-Shaw 
Co., Inc. (617)-969-8900 
MICH., ROMULUS • Harvey / Detroit 
(313)-729-5500 
MINN., MINNEAPOLIS • Stark Elec­
tronics Supply Co. (612 )-332-1325 
MO., KANSAS CITY • Walters Radio 
Supply, Inc. (816)-531-7015 
MO., NO. KANSAS CITY • LCOMP­
Kansas City, Inc. (816)-221-2400 
MO., ST. LOUIS • LCOMP-St. Louis, 
Inc. (314)-647-5505 
N.J. 1 CLIFTON • Eastern Radio Cor­
poration (201 )-471-6600 
N.M., ALBUQUERQUE• Cramer/ New 
Mexico (505)-265-5767 • Sterling Elec­
tronics (505)-247-2486 
N.Y., BINGHAMTON • Harvey/ Fed­
eral (607)-748-8211 
N.Y., EAST SYRACUSE 
Eastern (315)-437-6671 

Cramer/ 

N.Y., NEW YORK· Harvey/ New York 
(212)-582-2590 
N.Y. 1 ROCHESTER • Cramer/ Roch­
ester (716)-275-0300 
N.Y., WOODBURY• Harvey / New York 
(516)-921-8700 
OHIO, CINCINNATI • United Radio, 
Inc. (513)-761-4030 
OHIO, CLEVELAND • Pattison Supply 
(216)-441-3000 
OHIO, DAYTON 
(513)-278-9411 

Kierulff / F-J-R 

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

Radio, Inc. 

Al mo 

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

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

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

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

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

Kokomoans' Regional Headquarters. 
Union, New Jersey 07083, Box 1018, Chestnut Station, (201) 687-3770. 
El Segundo, Calif. 90245, 354 Coral Circle, (213) 772-5181. 
Kokomo, Ind. 46901, 700 E. Firmin, (317) 459-2175 (Home Office). 
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The National Accelerator Laboratory faced both performance and 
production problems when it wrote specifications for the 3000 magnet 
coils used in its 500 GeV accelerator. Electrically, the copper had to 
carry current densities of 9000 amps per square inch. Physically, con­
ductors had to withstand cooling water pressures of 200 psi. And, the 
copper had to give uniform results when fabricated by two mills and 
eight coil builders located in three different countries. Mechanical tol­
erances were critical and all brazed joints had to be free of hydrogen 
embrittlement. 

OFHC brand copper was the solution . Its high conductivity and high 
purity are uniform, lot after lot. Its oxygen content is invariably less than 
10 parts per million , so that it is invariably immune to hydrogen embrit­
tlement when brazed. 

No matter how large or small your job, if you are stamping, drawing, 
forging , extruding or brazing copper you can specify uniform results by 
specifying OFHC brand copper. 

Specifying copper to assure 
uniformity in 3000 accelerator coils 

is easy as OFHC: 

The story ends ahead of schedule. Write for it. AMA>< 
CIRCLE NO. 10 
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Design News 

Liquid-Crystal Displays Simplified 
A factor-of-four reduction in the number of leads re­
quired for driving eight-character liquid-crystal dis­
plays is a significant step toward making these dis­
plays more attractive for commercial applications. 
Conventional eight-character-wide liquid-crystal dis­
plays require 65 leads, whereas only 16 leads are re­
quired in an equivalent display developed by the Gen­
eral Electric Research and Development Center, Sche­
nectady, NY. 

In addition to reducing the number of leads used, 
the system uses ac instead of de activation resulting in 
a longer life unit. Called "ac coincidence addressing 
for liquid-crystal displays", the system provides sim­
plification of the driving circuitry, and consequently a 
reduction in cost. 

Instead of using one lead to each segment as is nor­
mally done, a single lead links all common segments 
of each character along the horizontal row. One lead is 
also used to link the decimal points, thus eight leads 

A single lead links all com­
mon segments of each 
character, resulting in an 
eight-character display 
with 16 leads. 

FIBER LIGHT GUIDES 

SMOKE COLORED 
DIMMER WEDGE 

l 

t 
DIMMER 

CONTROL 

are required to make connection to a ll of the segments 
and decimal points in the display. In addition, each of 
the eight characters has a separate lead that is com­
mon to all segments and the decimal in that charac­
ter. In use, the characters are scanned electronically 
in sequence. Signals applied to the horizontal leads at 
the time a particular character is being scanned deter­
mine the segments to be activated. 

Numerical characters are generated by changing 
the frequency of the ac signals on the leads. A high­
frequency pulse makes the liquid-crystal film appear 
transparent, while a low-frequency pulse makes it 
opaque. The experimental display has characters that 
are three-eighths of an inch high, but the technique can 
be applied to units ranging from one-tenth to ten 
inches high. 

Additional information can be obtained from the 
marketing section of GE's Imaging and Display De­
vices Products Section, Owensboro, KY. 

Fiber Optics May Soon 
Ride The Family Bus 
A new approach to automotive instrument panel light­
ing offers a way to simplify wiring, reduce the number 
of lamps required and reduce cost. The unit developed 
by Du Pont Company's Plastics Department, Wilming­
ton, Del. , uses "Crofon" fiber optics to pipe light from 
a single source to a number of locations. A variable­
density light filter between the bulb and the input of 
the optical fibers allows light-level control and elimi­
nates the costly rheostat-that is normally used. 

Du Pont claims that the light switch, receptacle, for 
the light source and the dimmer unit can be molded of 
plastics and assembled with few metal parts. The light 
guides can be fabricated on standard wire handling 
equipment and need no special end polishing or ce­
menting. 
Instrument panel lighting unit uses fiber optics to guide 
light to the desired indicators. A smoke-colored translucent 
plastic wedge is moved into the lig ht beam to control the 
lig hting level. 
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Laser rangefinders for the U.S. Anny's M551 Sheridan annored reconnaissance vehi­
cle will be built by Hughes under a contract awar.ded recently by Frankford Arsenal 
in Philadelphia. The Sheridan rangefinder consists of a ruby laser, telescope-like 
optics, and associated control panels and electronics. The production award fol­
lowed the successes of the prototype program, which was begun in February 1970, and 
of the laser for the M60AlE2 tank, for which Hughes produced 300 systems. 

Infrared fusing of tin-lead circuits on printed circuit boards is faster, better, 
and safer than the conventional hot oil innnersion technique, declared a Hughes en­
gineer in a paper he delivered last month before the California Circuits Associa­
tion Symposium in Los Angeles. In the new Hughes method, circuit boards are auto­
matically conveyed through an 11-foot-long oven where infrared lamps heat them to 
350 or 400 degrees, fusing the lead and tin into solder. The infrared oven pro­
duces more in one hour than the innnersion method does in eight, insures operator 
safety, and because of its lower temperatures almost eliminates damaged boards. 

The Phoenix weapon system which Hughes is developing for the F-14 fighter has so 
far "demonstrated all major design perfonnance requirements" during flight tests in 
a TA-35 test-bed aircraft, according to the U.S. Navy. Its successes include: 
launches and hits at extremely long ranges; two missiles guided simultaneously to 
two widely separated targets ; a hit against a tightly turning drone simulating a 
maneuvering fighter ; and one missile fired against two targets in close proximity 
to each other which picked out the correct target and passed within lethal range. 

Mutual radio freguency interference between connnunications satellites and terres­
trial point-to-point microwave relay systems in the 6 gigaHertz range they share 
will be measured and evaluated by a computer-controlled receiver/analyzer system 
Hughes is developing for NASA's Goddard Space Flight Center. The system will be 
tested following the launch of NASA's Applications Technology Satellite F in 1973. 
Purpose of the experiment is to detennine the minimum size of ground antenna sys­
tems and the minimum transmitter power satellites can use without suffering inter­
ference from terrestrial microwave links for TV progrannning. 

Circuit and logic design engineers: Hughes has immediate openings for circuit de­
signers with experience in electronic warfare RF, video, and digital circuitry, 
and for logic designers with recent experience using TTL and MSI for real-time 
digital processing, preferably in logic design of radar video processing and associ­
ated equipment. Requirements: BSEE, two to six years of applicable experience, 
U.S. citizenship. Please write: D.K. Horton, Hughes Aircraft Co,, P.O. Box 3310, 
Fullerton, Calif, 92634. Hughes is an equal opportunity M/F employer. 

New products from Hughes include a full-wafer bipolar LSI designed for high-speed 
signal processing and digital filtering; it is comprised of 52 full adders and 96 
gates for an equivalent of 616 gates integrated on a l~-inch silicon wafer, and 
operates at a rate of 8 million multiplications of two 8-bit words plus sign per 
second ..•• and a low-voltage 16-stage CMOS circuit designed for use in electronic 
watches; it utilizes Hughes' low-voltage technology which allows N and P channel 
MOS transistors to be manufactured on the same chip. 

Creating a new world with electronics 
r---------- -- ------, 
I I 

i HUGHES i 
I I 

L- ---- -- ----------- J 
HUGHE S AIR C RAF T CO MPANY 
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Design Briefs 

Light Beams Activate Plasma Display 

7 
SUBSTRATE 

GLASS PARALLEL 
ELECTRODES 

Light beams selectively address and 
turn on display patterns in a new 
plasma display panel developed by 
Owens-Illinois, Inc., Okemos, Mich. 

The new unit is similar to the 
company's conventional panels (See 
June 15 EDN/EEE p. 14-15) except 
that the glass dielectric of one wall of 
the panel is replaced by a photocon­
ductor-glass composite layer. In con­
ventional units metallic conductors 
are deposited on two sheets of glass, 
a dielectric layer is applied over 
the electrodes and the plates are 
mounted opposite each other with 
their conducting lines at right an­
gles, forming a matrix. The space be­
tween the plates is filled with an 
inert gas and sealed. Digital signals 
from a computer or keyboard select 

I 

\ 
SUBSTRATE GLASS 

Basic display/memory 
panel has two dielectric 
layers . In the light­
activated unit one layer is 
replaced by a photocon­
ductor-glass layer. 

the appropriate matrix intersections 
to energize, forming visible gaseous 
discharges in a desired pattern. 

Utilizing the same basic princi­
ples, the light-activated display pan­
el is operated in the dark with the 
matrix leads at a sustained voltage 
slightly below that required for gas 
ignition. Interaction of light with the 
photosensitive layer causes ignition 
of selected panel cells. Light write-in 
to a plasma panel is thus achieved. 
Long stay-on time and erasure by 
light and/or voltage pulsing can be 
obtained. 

Applications for this type of dis­
play include light pen data inputs for 
computers, optical readouts for data 
processing equipment and analog-to­
digital image conversion. 

Tiny Thermocouple Has Two-Micron Diameter 

A thin-film temperature sensor small­
er than most living cells and capable 
of responding to sub-microsecond 
events has been produced by scien­
tists of Sandia Laboratories, Albu­
querque, N.M. and the University of 
Texas, Austin, Tex. 

Vacuum deposition is used to de­
posit dissimilar metals on a fine 
pointed filament of fused quartz. The 
metals are separated by an insulat­
ing material except at the tip of the 

quartz, where they overlap to form 
the sensing junction. Sensitivity of 
the microthermocouple is compara­
ble to that of larger units . 

THERMOCOUPLE MATER IAL B 

QUARTZ FIBER 

Hughes is more than 
iust electronic devices 

and components. 

Its equipment too. 

Microcircuit production equipment 
(RS 294) 

Numerical control systems (RS 295) 

Semi-automatic wire terminating and 
harness laying equipment (RS 296) 

N /C positioning tobles and systems 
(RS 297) 

FAC T automatic circuit testers (RS 298) 
r------------------, 
I I 

: HUGHES : 
I I L ________________ __ J 

H UG HE S AI R C RAF T CO MPAN Y 
IN D USTRIAL E L ECTRONICS GROUP 

BUILDING 100 , MAIL STN . C - !512 

CULVER C ITY , CALIFORNIA 80230 

Circle appropriate 
Reader Service (RS) numbers. 
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YOUR READOUT 
EQUIPMENTS ARE EASIER 
TO SELL WITH RCA 
DIGITAL DISPLAYS 
Even in direct sunlight, the numerals of RCA's 
NUMITRON Digital Display Devices are sharp and 
clear. And, under normal indoor lighting conditions, 
numerals are legible to 40 feet or more with almost 
any color-filter. Here's why: 
• High-contrast viewed against a dark background 
• Controllable brightness 
• Wide-spectrum light emission permits unlimited 
filter-color selection 

RCA has two NUMITRON families-the DR2000 
series (0.8" mounting centers) and the compact 
DR2100 series (0.5" mounting centers). Their 4.5 V 
operation makes them compatible with most inte­
grated circuit drivers for low-cost digital-display 
system designs . And, their advantages are demon­
strable sales features for your equipments. 

For price, delivery and technical information on 
these devices, see your local RCA Representative 
or RCA Distributor. For a copy of Application Note 
AN-4277, "Description and Application of NUMl­
TRON Digital Display Devices," write: RCA, Com­
mercial Engineering, Section 50M-1 /CNS, Harrison, 
N.J. 07029. International: RCA 2-4 rue du Lievre, 
1227 Geneva, Switzerland, or P.O. Box 112, Hong 
Kong. 

Cl RCLE NO. 18 

Design Briefs 

HP Expands 
Computer Line 

At the same time that RCA was 
making its widely publicized an­
nouncement to pull out of the gener­
al-purpose computer market, Hew­
lett-Packard was quietly making 
plans to announce its entry. HP's bid 
is based on its experience in mini­
computers, and applications in scien­
tific and educational systems. 

The company's new System/3000 is 
heavily software oriented with multi­
language capability to make things 
easy for the user. It provides simulta­
neous operation in real-time, time­
sharing and batch-processing modes. 
It also has a large memory capability 
and a wide range of peripherals. 

According to the company, the new 
system allows HP to serve its tradi­
tional market and, in addition, offer 
the advantages of a general-purpose 
computer. With the ability to do 
scientific work and administrative 
tasks simultaneously, the System/ 
3000 should broaden HP's market­
ing horizons . 

Engineer/Scientist 
Demand Index 
Up Slightly 

A slight advance brought the Engi­
neer/Scientist Demand Index to 44.7 
in August. This is the highest the 
index has been so far in 1971, and is 
also the highest since August 1970. 
Each of the preceding two years has 
shown a small gain in August so the 
current increase is not seen as indi­
cating any major change from the 
low, but stable, demand level. 

1961 1966 1970 1971 

June 94.3 191 .9 51.9 37.3 

July 97 .4 217 .8 44.2 42. 7 
August 102.1 185.1 49.0 44. 7 

Engineer/Scientist Demand Index 
(1961 = 100) 
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AiResearch electronic 
cooling systems are 
buiH into the F·14. 

We have designed and built complete 
electronic cooling systems for hun­

dreds of airborne applications 
-both on board and pod mounted. 
In fact, a GarrettAiResearch built 

electronic cooling system is on 
board the Grumman F-14 air-superiority fighter. D 
Whatever your specific airborne electronic cooling 
requirement, come to Garrett AiResearch for total 
system optimization. 

Garrett AiResearch enclosures are also cooling 
the pod mounted ALQ-76 and ALQ-99 electronic 
countermeasures systems. The enclosure in the 
ALQ-99 pod (shown above) for the EA-68 utilizes 
surface heat exchangers as the ultimate heat sink. 

CIRCLE NO. 19 
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Design Features 

Secret of Good Circuit Packaging: 

MAKE IT PLANAR! 
Planar is king. In printed circuits, in hybrid circuits and of course 
in monolithic ICs. The current push is to put whole electronic 
systems on one planar assembly. The reason is economics. 

ROBERT H. CUSHMAN, New York Editor 

Humans work best in two dimensions. They think 
best. They construCt best. They repair best. And that 
is why, as our industry shifts from "cost-is-no-object" 
aerospace to "cost-is-the object" civilian markets, the 
packaging shift is away from the fancy 3-D of aero­
space to the honest 2-D of the commercial world. Fig. 
1 shows what we mean. It compares the half-hearted 
planar that we have been accustomed to with the new 
all-planar ideal. 

The interest in planar today is based on the ease 
with which a planar configuration can be produced by 
automatic machinery. The money in electronics is in 
making mass-produced, competitively-priced prod­
ucts-and to produce these in the U.S.A. you must use 
low-labor-content manufacturing. Many basic pro­
cesses for automating the production of electronic prod­
ucts come from the printing and photographic and 
parts-handling arts developed by other industries. 
These other industries such as publishing, textiles and 
shoes, have production machines that handle parts in 
planar form. Even if the final product is in 3-D form, 
they try to keep its component parts in simple planar 
2-D form (ideally in continuous-fed sheets) right up to 
the final assembly. Just visit their factories and 
you'll s.ee. 

We are going to examine four electronic products 
that have been put in sensible planar form - all were 
purposely chosen to represent quite different elec­
tronic end-product market areas. All , though, are 
nonmilitary. In each case we'll point out how planar 
packaging and manufacturing is being used to advan­
tage. We'll also try to relate the market economics of 
the examples to the degree of tooling investment and 
manufacturing automation. 

For each example, we'll comment on the invest­
ments made in engineering time and manufacturing 
tooling. We'll also try to show how these varied as the 
expected market sales for the products varied. The 
simple bench temperature controller of example-3 had 

much too low an expected volume-about 200 units a 
year-to warrant extensive tooling for automation, 
but it still has benefited from a planar approach. The 
company recently installed an automatic soldering 
machine (drag type), and now they can go to that first 
level of assembly automation. 

On the other hand the automotive regulator of 
example-4, with its present volume of 2 million units 
a year and projected future volume of lO's of millions 
of units per year, has warranted massive tooling in­
vestment. As many as 100 engineers were put on its 
development during the 5 or so years it took to be put 
into manufacture. Here, though, the justification was 
that it was the pioneer product with which to develop 
the highly automated production technology for later 
use in all the company's automotive electronics. 

The minicomputer of example-1 and the portable 
instrument of example-2 fall between the extremes. 
These products sell in volumes of about 1000 to 10,000 
units per year. Partial automation is the answer for · 
them, and planar has helped. A basic planar layout for 
the electronics makes it much easier for a manufac­
turer to work automation machines into his lines 
when his product sales grow and he can afford the cap­
ital outlay. As pointed out in example-1, it helps if 
designers get in the habit of laying out their planar 
configurations to suit the needs of automation ma­
chines that may be purchased in the future. 

An element of the planar-automation story that we 
won't be able to cover fully is the standardizing of 
product subassemblies for manufacturing process. We 
see this coming, though. As more and more U.S. 
manufacturers invest in automation machines to com­
bat cheap offshore labor, we foresee that more and 
more designers will find themselves restricted to con­
figurations compatible with the machines on the facto­
ry floor. The exotic 3-D packages of the 1960's will not 
be much in evidence in the next few years. Has any­
body seen any cordwood lately? 

FOR A FREE REPRINT OF THI S ARTICLE, CIRCLE NO. L61 
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CIRCUITS DIVIDED INTO 
MANY SMALL BOARDS. 

POWER SUPPLY USES INEFFICIENT SERIES REGULATOR. 
NEEDS HUGE TRANSFORMER AND HEATSINK. POWER SUPPLY CAN BE ON PC BOARD 

BECAUSE IT IS EFFICIENT HIGH-FREQUENCY 
SWITCHING TYPE. 

BOARDS MOUNTED VERTICALLY 
TD HELP COOLING FLOW. 

WEIGHT AND BULK OF THESE COMPONENTS FORCE DESIGNER 
TD MOUNT COMPONENTS IN 3- D CONFIGURATION. 

(a ) OLD 
SEM IPLANAR 

MUCH POINT-TO-POINT 
WIRING CONNECTING 
PC BOARDS AND THE 
FRONT -PANEL AND 
POWER -SUPPLY COMPONENTS 
THAT ARE MOUNTED 
OFF THE BOARDS 

Fig. 1-What we mean by planar. From the viewpoint 
of this article a package is planar to the extent that 
it is on a single 2-D plane (right) . Older approaches 

ALSO. LOGIC IS LOW POWER , LOW VOLTAGE. 
NO COOLING DEVICE IS NEEDED 
BECAUSE OF LOW-POWER IC's 
AND SPREAD- OUT CONFIGURATION. 

k '" "' ""~ 

MULTIPLE ROWS OF DIP 
PACKAGES THAT CONTAIN 
LINEAR OR DIGITAL IC' s, 
REED RELA VS, PULSE 
TRANSFORMERS , PASSIVE 
NETWORKS, ETC. 

SWITCHES MOUNTED ON BOARD AND PROTRUDING 
THROUGH HOLES IN FRONT PANEL. 

(b) NEW 

SUPER PLANAR 

of the 1960's (left) where designers wanted modu­
larity for finely-divided repairability have given way 
to big boards that carry whole major subsystems. 

1-Making a Moderate-Volume Minicomputer Planar 
Today, just about everybody in minicomputers has 

turned to "super-planar," or big-board, packaging. It 
was, among other things, through the use of big 
printed-circuit boards that Data General Corp. was 
able to move up so rapidly behind minileader, Digital 
Equipment Corp. (DEC). 

Digital Computer Controls, Inc. (DCC) is a mini­
computer company that was started in 1970 specifical­
ly to provide a second source to DEC's popular PDP-8 
mini. Its planners said its product would be able to 
undersell and outperform the PDP-8 because it would 
use five large boards instead of DEC's 110 small 
boards. 

We visited rapidly-growing minimaker, Interdata at 
Oceanport, N. J ., to see how they were designing and 
producing their latest mini, the powerful Model-70 
that uses big boards. Bert Sathmary, Interdata's pack­
age designer told us how important he believes this 
"super-planar" approach is: 

"To remain in the running in the mini field, you've 
got to keep upgrading your product while you lower 
your price. The constantly-falling prices of ICs help 
you, but they help your competition too. So about the 
only way you can get an edge on the business from the 
manufacturing standpoint is to lower your packaging 
costs. You've got to cut down on the number of pack­
aging parts you buy and the number of pieces you as­
semble. Big boards do both. 

"We used to use fairly large 9-3/4- by 9-3/4-inch 
boards slid-in vertically in the old fashioned manner," 
Sathmary said (Fig. 2). "Now we've gone to the really 
big boards , 15 by 15 inches, which is about as big a 
board as will fit into the 19-inch relay-rack-sized cabi­
nets used for minis, and we slide these boards in hori­
zontally to keep the rack height of our equipment 
down. (Data General and DCC follow the same config­
uration). Just five of these big boards are needed to 
make up our $6800 computer. With modern MSI and 
LSI DIPs it is possible to put a whole computer sub­
system - like a memory - on one of these boards, so 
they are much better for our system partitioning.' 

"These four women you see here" .... we were 
walking down Interdata's production line .... " will 
be able to turn out 40 boards a week even though they 
are putting most of the parts in by hand. We haven't 
gotten to the volume yet where we can justify auto­
matic DIP insertion but we've planned for it. We use a 
computer-controlled PC artwork generator that puts 
all the 3500 or so holes on a big board on the precision 
tenth-inch grid that is needed for machine insertion. 
We do, however, put diodes in by machines." 

His comments about looking ahead to the coming 
higher levels of automation have a bearing on our 
planar theme. When you go to planar, it is easier to 
take advantage of automatic machines such as those 
for numerically-controlled artwork generation and PC 

(Continued) 
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OLD 
9%-INCH X 9%-INCH BOARD 

Fig. 2- Minicomputer makers have gone to larger boards to 
make their packages " more planar". The smaller 9-3/4- by 
9-3/4-inch board that Interdata used on earlier computers 
has been replaced with a "full sized" 15- by 15-inch board 

Fig. 3 - Minicomputer cabinet (viewed from front on left) 
accepts eight big boards slid in horizontally. Wirewrapped 

NEW 
15-INCH X 15-INCH BOARD 

CORE MEMORY MODULE 

on their newest computers. Pictured is a complete memory 
board-the large modu le in the middle is a magnet ic core 
memory assembly and the circuitry around it is t he add ress­
ing, dri ving and decoding. 

backplanes (cabinet viewed from rear at right) provide some 
freedom for system design changes. 
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precision drilling (both of which Interdata does have). 
But all this automation demands a significant capi­

tal investment in tooling, especially for the large 
boards. You need larger working areas for the draft­
ing plotters, wider flow-soldering machines, larger 
swings for the drilling heads and automatic insertion 
machines, etc. Fortunately for Interdata, they now 
have the sales volume to justify the investment in 
production tooling, and the acceptance of their new 
powerful big-board machines encourages them to ex­
pect greater sales volumes in the future. 

Right now they are making 600 machines a year, 
and at a minimum of five boards a machine this 
means at least 3000 boards a year. If they hold their 
own in the predicted three-times growth of the mini­
market, by 1975 they should be making 2000 ma­
chines and 10,000 boards annually (assuming any in­
crease in LSI will be offset by increased computer 
complexity). 

We suspect that it isn't all gravy when you go to big 
boards. For instance, Interdata adds as many as three 
crosswise stiffening ribs to combat board warpage as it 
goes over the hot-flow solder connections afterwards. 
We noted on a recent visit to Federal Scientific Corp. 
(who has been using big boards in correlators) that it 
is sometimes necessary to add support posts in the 
middle of the boards to prevent _ vibration in later 
equipment use. Further, we've been told that the force 
to insert one of these big boards can be as great as 40 

lbs, and that a board can be damaged if an impatient 
technician tries to jam it in. 

Sathmary agreed that these big-board problems do 
exist. "You'll note we've gone to a two-piece PC 
connector instead of the usual one-piece connector. We 
use the AMP mod 4 connector because it has excep­
tionally low insertion force. We also put an aluminum 
support rib across the board just behind the connectors 
(see Fig. 2) to help hold the big board flat as it goes 
past the solder wave and to help prevent misalign­
ment when the connectors are plugged into their mat­
ing halves in the chassis backplane. "Yet," said Sath­
mary, "what other form of package would permit you 
to put together and take apart a whole computer in 
well under an hour?" 

One part of the system where everybody would like 
to use 2-D planar, and only some do, is in the back­
plane that interconnects the big boards into the sys­
tem. The package designers we've talked to agree that 
printed-circuit backplanes-even if they must be mul­
tilayered-offer the least expensive approach. Sath­
mary also was of this opinion, but he said he would 
not take such a step until the engineering design 
changes stopped. Therefore, Interdata, as do many 
other systems makers, uses wire-wrapped backplane 
(Fig. 3). They do, however, have almost completely 
automatic wire-wrappers-workers need only feed 
wires to the wrapping heads and help the heads guide 
the wire between posts. 

2-Making a High-Volume Portable Instrument Planar 
Look at the small portable instrument in F ig. 4. It 

is a digital multimeter with 3-1/2-digit LED readout, 
17 ranges and automatic polarity switching. As for the 
circuit, this is a full dual-slope instrument, and future 
versions may even have automatic ranging. 

Now, try to visualize how you would incorporate 
economical 2-D planar electronic assemblies inside 
this compact, attractive 3-D case. How could you design 
the insides so you could make this instrument with 
U.S. labor and deliver it for $200 in OEM quantities! 

Fig. 5 shows how Joseph Andreaggi, the Weston 
Instruments, Inc., mechanical engineer who designed 
the packaging, did it. He and Irwin Mundt, the electri­
cal engineer, worked together as a close-coupled team 
to product the unit in a year (just the right design 
time investment for an instrument estimated to sell at 
the $2 million-per-year level). The electronic portion 
of th is instrument has already been described in 
EDN/EEE (Sept. 15, pp. 49 and 50), yet that descrip­
tion only touched the top of the iceberg as far as the 
mechanical packaging design is concerned. 

Andreaggi used two PC boards, one placed horizon­
tally at the top of the case and the other horizontally 

at the bottom (Fig. 6). The bottom board was placed so 
it would line up with the input jacks and pushbutton 
switches on the front panel. Similarly, the top board 
was placed to line up with a small plug-in daughter-

(Conti nued) 

Fig. 4 - A challenge to make planar. How would you make 
this portable digital multimeter planar? 



Planar (Cont'd) 
board (see Fig. 5) carrying the LED readout behind 
the display window. 

The unavoidably-large rotary range switch had to 
line up with the middle of the front panel, so Andreag­
gi cleverly made this straddle the two boards. He used 
a standard seven-wafer CTS rotary with terminals 
designed for economical PC mounting. He also had 
CTS supply this switch as individual wafers instead of 
the usual bolted-together assembly. Then he put the 
first five wafers that switched input ranges on the bot­
tom signal-conditioning board and the last two wafers 
that switched the A/D converter on the top digital 
board. It turned out to be possible to swing the last 
two wafers around 180 degrees to do this, even though 
CTS had never intended it. To make the rotary me­
chanically operable from the front panel , Andreaggi 
then designed a long plastic shaft, putting a keying 
ridge down its length so all the wafers would have to 
be lined up at the same rotation for assembly. 

What a neat little 2-D planar thing Andreaggi made 
out of the electronic guts of this mini-instrument! By 
design, it is easy for Weston to make and assemble. By 
design, it is easy for a serviceman to disassemble, 
troubleshoot, repair, and reassemble. We watched 
Andreaggi take it apart. He pulled the two PCs out 
the back as a unit (Fig. 6), slipping the rotary switch 
out from its long shaft in the process. Next he" pulled 
the two PC boards apart-at this point they were held 

mainly by the modified Molex board-to-board connec­
tor. Finally he laid the two boards out on the table, 
face up, put a jumper harness between the board-to­
board connectors, and had a live, working circuit with 
everything visible and accessible for troubleshooting 
and repair. Beautiful planar simplicity! 

This package illustrates how monolithic LSI com­
plements PC planarity. All the switching for the AID 
converter is contained inside one custom MOS chip, 
the 24-pin DIP that can be seen on the right side of 
the upper board. This DIP replaces 18 MSI TIL DIPs 
used in previous larger Weston digital meters. From 
our planar viewpoint, ICs are "microplanar" and LSI 
is "super-microplanar". 

The projected market volume for this instrument 
(10,000 units per year) justified custom LSI, and the 
Mundt/ Andreaggi design team took sensible advan­
tage of it. They didn't lose their perspective just be­
cause they suddenly were able to put so much function 
in one small PC board area (the 18 TIL DIPs formerly 
used would have jammed up the whole upper board). 
Instead Andreaggi used the space-saving gained by 
the LSI to maintain a "human-finger" openness on the 
upper board. And, as can be seen, he did not hesitate 
to mix large electromechanical parts like the CTS 
switch wafers with the millions-of-times-more dense 
LSI right on the same board. 

Another value of the LSI is that it is effectively a 

Fig. 5- The challenge answered. Two boards, as large as the instrument's exterior permits, carry all the components. 
BOARD-TO-BOARD CONNECTOR 

POWER FROM BATTERIES 

POWER TRANSFORMER ROTARY SWITCH \ 

\ \ 
SLIDE SWI TCHES WI TH 

WESTON- DESIGNED CUSTOM BUTTONS ACCESS IBLE FROM FRONT PANEL 

BOTTOM BOARD TOP BOARD 



complete "daughter board" that can readily be pulled 
from the main board and replaced for repair. Andreag­
gi used individually staked-in AMP sockets for the 
DIPs as a reliable low-cost way of achieving this 
pluggability. 

Now the feasibility of an all-PC-mounted packaging 
system like Andreaggi's depends heavily upon being 
able to economically mount and position these 2-D 
elements into a final 3-D whole. Ordinarily this would 
take so many bits and pieces of metal , and so much 
assembly alignment, that it would be easy to lose 
everything that had been gained by the internal 2-D 
planarity. But here is where Andreaggi's skill in plas­
tic molding paid off. He designed a one-piece injection­
molded case that does it all (Fig. 6). His case has 
molded-in PC slides, front panel openings and many 
other built-in features. 

This is not an ordinary plastic case, but a precision 
injection-molded structure of high-impact polycarbon­
ate (Lexan is the G.E. trade name). Though Andreaggi 
says he is largely self-taught in plastic part design, 
the case is the work of an expert. The mold has six 
moving parts to allow undercuts. These are important 
for styling freedom and to permit extensive snap-fit 
assembly of parts such as the front-panel legend. 
There are five molded-in metal inserts including the 
input-jack bushings. 

We asked Andreaggi if this plastic sophistication 
wasn't a design luxury, for we had rarely seen it in 
other products. "Management always asks me that," 
he answered. "Someone always says, 'just use metal 
stampings and we'll get the product out on the market 
faster with less expense'. But I've been able to show 
them that my way is actually less expensive and just 
as fast. It may take $50,000 worth of tooling for the 
eight molds I've designed for this product, but it costs a 

BACK OF CASE 

Fig. 6-From 2-D to 3-D is accomplished with just one multi ­
purpose injection-molded plastic case. Molded-in PC slides 
accurately position the two boards. Similarly, molded-in 
openings in the front of the case allow controls and read­
outs on the boards to project to the outside world . 

lot to go the usual hundreds-of-bits-and-pieces way, too. 
"For example, each progressive punch and die to 

make a metal piece will cost from $1500 to $2000. 
Then what will really kill you is the labor of putting 
all the bits and pieces together. In my opinion it is of­
ten bad product design that forces companies to go off­
shore for cheap assembly labor." 

3-Making a Low-Volume Bench Instrument Planar 
Planar takes on Spartan simplicity when applied to 

a low-volume industrial product. Fig. 7 shows a preci­
sion laboratory temperature controller that embodies 
the "grass-roots" simplicity proper for a low-volume 
market. It's by the Yellow Springs Instrument Co. , 
Yellow Springs, Ohio, a 145-employee, $2-1/2-million 
annual sales operation. The soundness of this instru­
ment's design is attested by the fact that YSI designed 
it 8 years ago, and it has had steady, profitable sales 
ever since. 

Sales volume of this controller has not been spectac­
ular- it has averaged about 200 units a year - but 
that is the point: the package was, and is, suited to 
intermittent manufacturing. YSI makes up a batch of 
25 each time it accumulates sufficient orders from the 

franchised laboratory supply houses that carry YSI 
products. It is relatively easy for YSI to pull out the 
sample "3-D" production instrument and tell the peo­
ple on the small production line "Today we'll build 25 
of these." 

From the design man-power standpoint, you must 
have a simple package like this if you are producing a 
$345 instrument that will sell at the 200-units-per­
year level. Using EDN/EEE's bogey of one man-year 
of design investment for each million dollars worth of 
expected annual sales, it figures out that a product 
like this should take no more than a month's design 
time. But it would be difficult to be precise about just 
how big a design-time investment YSI made, because 
a family resemblance is maintained between all their 

(Continued) 
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instrument packages. Thus a bit of the effort that 
went into all past designs rubs off on each new project. 
The design effort on this product, for example, was 
done over 8 years ago. It set the packaging pattern 
that YSI has followed ever since (though now DIP IC 
packages are permitting size reductions). 

Engineering manager, Charles Kimball, explained 
why YSI went this way: "We considered the alterna­
tives. One was to break the electronics down into 
smaller modules. An arrangement we liked was one 
motherboard with three PC edge connectors carrying 
three smaller daughterboards. At the time, small 
modules were really in vogue and we, too, thought 
there might be some advantages in terms of field 
troubleshooting and repair and the ease of subassem­
bly during manufacturing. But when we started cost­
ing out the multiple-board approach we quickly found 
out that the connectors alone would add $30 to $50 to 
the selling cost, and this was too much for our markets. 

"So our basic reasoning back in 1963 for going to 
the larger board was, frankly, one of economics. But 
now that we've lived with the one-bit-board configura­
tion, we see that it has decided advantages of its own. 
It really turns out to be easier to assemble than three 
smaller boards, and easier to troubleshoot. It is partic­
ularly easy to check in production because it carries 
its own power supply." • 

"You'll note that we preserve the same planar open­
ness in the complete package. The chassis is just one 

Fig. 7-Grass-roots planar in a low-volume temperature con­
troller. This proven design has been selling for many years. 

PHENOLIC BLOCK 
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big plane of heavy sheet metal bent up to form a front 
and back panel. In manufacturing, we silk screen the 
markings on the front panel and assemble that effec­
tively as a unit. Then we treat the back panel, which 
carries the Triac power controller and its heat sink, as 
another unit." 

"Even when all these three subsystems are together 
you can see that everything is still quite open and 
accessible. This saves everybody a lot of waste motion. 
We rarely have to disassemble instruments during 
test and calibration just to check if something is 
wrong. We can get at practically everything. In prac­
tice this is of great value in the final check on instru­
ments before they are shipped. And it makes it easier 
for our customers to repair their own instruments. 
Among other things it lessens the danger that some­
one will cause a second fault while trying to fix a first. 

"There are many little common-sense things about 
this design," Kimball said. "We did use PC edge 
connectors to bring the signal and power to and from 
the main board, but we did not try to force all the 
paths out one end. We tried that at first but it began 
to look like more of a stunt than it was worth. So we 
used two PC connectors, one at each end. Another bit 
of common sense was using a single thick Bakelite 
block to mount the Triac on the back panel. It may 
look crude but we found it more sturdy and less costly 
than the nylon posts we first used (the electrically-hot 
Triac heat sink demanded insulation)." 

Note how weight of the power transformer is carried by the 
support posts located under it at that end. 

( 

PC MOUNTING 
POST 

SIGNAL END 
PC CONNECTOR 

fJ-JACK FOR SE NSOR 
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Fig. 8- To survive in the burly world of auto mechanics, this 
planar package must make a transformation from a delicate 
electronic structure to steel bolts. The connecting lengths 

welded of steel wire make this transformation. During manu­
facturing they are automatically cut at high speed from con­
tinuous reels of wire. 

4-Making a Very-High-Volume Product Planar 
Planar is taking on a mature form in high-volume­

consumer products. Companies like Delco and RCA 
are following the lead pioneered by IBM in thick-film 
hybrid circuits and have developed automatic, 
continuous-belt production lines capable of turning 
out tens of millions of circuits per year at very low 
cost. To these companies, ceramic hybrids have all the 
virtues of printed-circuit planar plus the fact that they 
can be made as small, standard substrates ideally 
suited for automatic handling at high rates. 

The high-volume ceramic 'hybrid circuit plants that 
we visited- Delco's at Kokomo, Ind., and RCA's at 
nearby Indianapolis-have the no-nonsense look of 
modern factories . They don't have the usual seas of 
workers at countless work stations, all doing bits of 
piecework. Instead they have long continuous convey­
or belts that quickly and silently carry the modules 
from machine to machine. They are automatic screen­
ing machines, automatically-loaded and unloaded 
ovens, and high-speed, automatic resistor trimmers. 
Factories like these represent the only real answer 
our country has to dollar-a-day labor. 

The circuits designed for these lines, therefore, bear 
close study. Delco's automotive voltage regulator (Fig. 

8) took 5 years to design because it was developed in 
conjunction with the manufacturing process. RCA's 
color-TV kinescope drive (Fig. 9) took two man-years 
of production-engineering effort. 

In each case the designers knew that the market 
was big enough to justify the effort. The Delco regula­
tor was slated for production volume of about 5-mil­
lion units a year; while the RCA driver was sfated for 
around 3-million u.nits a year. The payoff is that now 
Delco and RCA are able to produce these circuits for a 
few dollars apiece-something that would have been 
impossible with the high labor content of even the 
best of printed-circuit-level automation. 

Certain standard practices can be seen emerging in 
these ceramic planars. The ICs are preferably flip 
chip, and are likely to be special units produced under 
the same roof (though the policy of both Delco and 
RCA is to have outside .source backups). The resistor 
trimming is by laser. You can look through the moni­
toring optics, watch the tiny spot of light dance about 
as it is automatically directed from resistor to resistor, 
and sense how efficient this is. The mounting adhe­
sives and conformal coatings are automatically ap­
plied by epoxy. Boards are of a few standard sizes and 

(Continued ) 
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Fig. 9-Planar, in .thick-film-on-ceramic form , is becoming 
popular for circuits produced in quantities of a million per 
year because its manufacture can be almost completely 
automated. The ceramic plug-in kinescope driver (top) may 
someday be made for less than a dollar-a price impossible 

one-sided to reduce the complexity of the automatic 
handling machines. 

In addition, you can see specialized packaging fea­
tures that are related to the particular application. 
The Delco unit is mounted in a high-temperature al­
kyd plastic package that will be bolted right onto the 
alternator whose output it regulates. This is a de­
manding under-the-hood location, and Delco uses 
stainless steel tabs on the bolt-hole bushings with stiff 
steel jumper wires welded to these tabs and small 
steel tabs on the circuit itself to carry the current. 
Note also the rugged tab connectors coming out of the 
left end of the regulator. These offer quite a contrast 

with U.S. labor for conventional discrete-component drivers. 
Three steps in the manufacturing process are shown at the 
top, and the way the completed module plugs into printed­
circuit edge connectors on the TV circuit motherboard is 
shown in bottom photo. 

to the delicate-looking ICs inside the package, but 
they are the sort of connectors that can survive the 
abusive thumbs of auto mechanics. 

The RCA module , on the other hand, plugs into an 
RCA-designed PC socket on a phenolic motherboard in 
the TV set. The ceramic wafer has enough strength for 
this, but RCA adds a flexible epoxy conformal coating 
to help protect the circuit against both moisture and 
the service-man's fingers . RCA apparently has devel­
oped a low-cost tin-lead-silver alloy that possesses suf­
ficient oxidation resistance to permit reliable connec­
tions when it is used for the contact fingers on the 
module. D 
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We'll get right to the point. 
We're in the analog switch business. 

(In addition to our very own designs, 
we're also second sourcing all of the best 
switches in the industry. Including the 
entire DG 126 thru 164 series.) 

More importantly; we're also in the 
op amp business. 

And the sample-and-hold circuit 
business. 

And the high speed voltage follower 
business. 

And the comparator business. 
And so on and so forth. 
In short, if you have any kind of analog 

switch application, we'll be glad to sell 
you the switches. And everything else 
you'll need in the same application. 
(Which means you'll only have to make 
one phone call, write one letter, TWX 
once or send a single cable.) 

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

National 
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SHED SOME LIGHT 
ON YOUR OPTICAL FIL TEA PROBLEMS 

Optical-f ilters are becoming increasingly important to electronic designers. But common 
problems and misconcept ions ex ist that hinder the designer in dealing with t hese devices. 

30 

MARTIN L. BAKER, Heliotek Div. of Textron, Inc. 

There are similarities and analogies between optics 
and electronics. Therefore, the transition to cir­
cuit/system design involving optical components is rel­
atively simple. Perhaps deceptively so, however, be­
cause there are a number of special problems and 
characteristics that must be understood and observed. 
The following discussion points out some key miscon­
ceptions or misunderstandings that designers harbor 
in their work with optics. 

What to Specify 

Traditionally, center wavelength, peak transmit­
tance, bandwidth at half-power points and blocking 
outside of the passband are characteristics that define 
an optical filter. But, specifying these items for a filter 
in a laser system may actually fail to get a usable 
component. 

For laser systems, specifying the center wavelength 
or the peak transmittance is not important. Signifi­
cant parameters are transmittance at the laser band­
width , maximum bandwidth (consistent with angle 
shift problems), and the rejection outside the band to 
eliminate noise. With these specifications, it is up to 
the manufacturer to assure that when the tempera­
ture and angle shifts take place, the filter will not 
drop below the required transmittance. 

This reasoning applies to lasers because the spectral 
line is highly stable-wavelength is precisely known. 
Therefore, it also applies to any other highly stable 
sources , but not to such devices as light-emitting 
diodes (LED) where temperature affects wavelength. 
For LEDs and other sources subject to wavelength 
drift, the traditional parameters such as center wave­
length, peak transmittance and a broad passband are 

__ ............. .;; 
-......... 

~ 

Fig. I - Assortment of optical filters exemplifies the range of sizes and shapes available. 
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appropriate. 
If the optical filter manufacturer enters the design 

at an early stage (a highly recommended procedure), 
he should be told the spectral response of the system 
detector. Any unusual stray signals other than sun­
light should also be brought to the manufacturer 's 
attention. 

Angle of Incidence 

Not all light strikes the filter s~raight on, of course, 

and it needs to be recognized that the transmittance 
wavelength of the filter shifts lower as the angle in­
creases. This is illustrated in the plots of Fig. 2. Note 
that the total area under each curve, representing the 
total energy, essentially remains the same. If the light 
incident on the filter from all angles were to be 
summed, the result would be a wavelength vs trans­
mittance plot that was lower and wider than the curve 
for straight-on light only. 

For dichroic mirrors , a beam is split into two dis­
tinct wavelength regions- normally involving fairly 
high angles of incidence. For such applications , the 
user often fails to recognize that it is impossible to 
achieve a steep cut-off at high angles of incidence un­
less the system is restricted to one plane of polariza­
tion. The reason for this is that the filter exhibits a 
different effective index of refraction for each plane of 
polarization- index of refraction controls the optical 
thickness which, in turn, controls the filter location in 
wavelength. Instead of having the edges of the wave­
length vs transmittance curves superimposed, they 
shift as indicated in Fig. 3. This means that it is im­
possible to have a steep rising curve if both planes of 
polarization are present. The problem can be easily 
side-stepped by polarizing the incident light and ad­
vising the filter manufacturer on the plane of polari­
zation that he will be working with. In the case of the 
laser systems, this is readily achieved. 

Temperature 
Temperature increase causes the center of the wave­

length of an optical filter to increase. A number of fac­
tors determine the amount of shift, but generally a fil­
ter designed for room temperature shifts upward in 
wavelength by about 0.5 to 1.5% at 150°C and down 
by about 0.5 to 2% at - 150°C. Essentially, the curves 
are linear on each side of the design temperature. 

As previously indicated , the total energy under the 
curves of Fig. 2 remains about the same. Note , how­
ever , that an extreme high temperature shift could 
cause the coating material to absorb energy and would 
change the energy under the curve. Temperature ex­
tremes can also cause a mismatch between the two 
materials used in the coating and this would alter the 
area of the curve. 

For narrow bandpass filters , temperatures in the 
vicinity of 200° or more should be avoided because this 
approaches the limits of the filter . For soft filters , the 
limit is about 180 to 190°F . Interestingly, the filter 
degrades much more for a swing to the high side than 
to the low. 

(Continued J 
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Optical Filter (Cont'd) 

Blocking 

Blocking refers to the rejection outside of the pass­
band. In an electronic circuit, a typical specificat ion is 
the number of decibels down at the half-power point, 
or at some other point off the center frequency. By 
contrast, for optical filters specifying the transmit­
tance outside of the passband describes blocking. In 
other words , the percentage of light permitted through 
the filter. 

A common tendency in speCifying blocking is to call 
out the maximum permitted transmittance. This 
seems to be a natural enough approach, and it certain­
ly suffices in the sense that the filters provided will 
perform without surprises. But it also may be a costly 
way to specify blocking-in terms of the selling price 
for the filter . In fact, it may be so unduly restrictive 
that it causes lengthy and unnecessary delivery de­
lays - or may even define a filter that cannot be built. 

In actuality, a sensible approach is to identify block­
ing as the source detector filter response to the un­
wanted energy compared to the inbound energy. Ex­
pressed another way, the user should take specific 
wavelength limits below the passband and determine 
that, integrated between these limits, a certain value 
of average transmittance can be withstood- average, 
not maximum. 

Obviously, this puts a burden of effort on the de­
signer. It is far more trouble to determine the average 
integrated transmittance than to pick an arbitrary, 
but safe, maximum transmittance value. However, 
the rewards are great in terms of achieving substan­
tially lower cost , and the increased assurance of hav­
ing a filter that can be manufactured readily and 
reliably. 

As a final consideration, blocking of the filter 
should not be specified outside of the detector response 
unless there is so much incident energy that heating 
becomes a problem. Since the filter will not see light 
outside of the detector's range of operation, it may 
seem unnecessary to point 'this out. Unfortunately , 
many filter manufacturers advertise extreme ranges 
of filter response-the "X-ray or radio waves" variety 
of spec. This tends to be misleading to those who speci­
fy a unit with those characteristics even when their 
detector is , say, a phototube. 

Center Wavelength Specifications 

For bandpass filters, it is customary to assign tight 
tolerances to the center wavelength as compared to 
the half-power bandwidth. Even with a filter lOOA 

wide, for example, the center wavelength is often spec­
ified to within ± lA- an unnecessary and unrealistic 
call-out. 

A safe rule of thumb for the incoherent light situa­
tion is that the center wavelength tolerance should be 
about 20% of the half-power bandwidth. Thus for a 

lOOA filter, ±20A is a reasonable limit. Manufac­
turers can meet tighter requirements, but these 
should not be called for unless there is a definite need. 

As previously mentioned, it is more appropriate to 
talk about transmittance at the spectral line for the 
coherent light case, such as lasers. For systems where 
continuous spectra are involved, it is suitable to speci­
fy center wavelength and peak transmittance. 

Measuring Optical Filters 

Knowing what you get once you have received it is 
an admirable objective, but is not always as simple as 
its seems. For example, to properly measure a band­
pass filter , the spectral resolution of the instrument 
should be five to ten times as good as the half-power 
bandwidth. If it is not, the filter will appear to have a 
wider half-power bandwidth and a lower transmit­
tance than is actually the case. In addition, the center 
wavelength may appear to be shifted downward. 

The measurement of filters at significantly large 
angles of incident light is quite difficult, and requires 
a great deal of care and attention in order to obtain 
meaningful data. As a case in point, a polarization ef­
fect is produced at large angles because the instru­
ment is polarized, hence the reflected components of 
the filter are also polarized. There is also translation 
(displacement) of the beam as it goes through the part 
being measured. In addition, the effective focal length 
of the optical system is changed. 

Martin L. Baker is division 
manager for the optics and 
thin-film division of Heliotek, 
Div. of Textron, Inc., Sylmar 
Calif. Mr. Baker has a B.S. and 
M.S. in Physics. He has been 
granted three patents and is a 
member of the Optical Society of 
America. 
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Amicro­
programmable 
computer 
on a chip! 
Intel introduces an integrated CPU complete with a 4-bit 
parallel adder, sixteen 4-bit registers, an accumulator 
and a push-down stack on one chip. It's one of a family 
of four new !Cs which comprise the MCS-4 micro 
computer system-the first system to bring you the 
power and flexibility of a dedicated general-purpose 
computer at low cost in as few as two dual in-line 
packages. 

MCS-4 systems provide complete computing and 
control functions for test systems, data terminals, billing 
machines, measuring systems, numeric control systems 
and process control systems. 

The heart of any MCS-4 system is a Type 4004 CPU, 
which includes a powerful set of 45 instructions. Adding 
one or more Type 4001 ROMs for program storage 
and data tables gives you a fully functioning micro­
programmed computer. To this you may add Type 4002 
RAMs for read-write memory and Type 4003 registers 
to expand the output ports. 

Using no circuitry other than !Cs from this family of 
four, you can create a system with 4096 8-bit bytes of 
ROM storage and 5120 bits of RAM storage. When 
you require rapid turn-around or need only a few 
systems, Intel's erasable and re-programmable ROM, 
Type 1701, may be substituted for the Type 4001 mask­
programmed ROM. 
MCS-4 systems interface easily with switches, key­
boards, displays, teletypewriters, printers, readers, A-D 
converters and other popular peripherals. 

The MCS-4 family is now in stock at Intel's Santa Clara 
headquarters and at our marketing headquarters in 
Europe and Japan. In the U.S., contact your local Intel 
representative for technical information and literature. 
In Europe, contact Intel at Avenue Louise 216, B 1050 
Bruxelles, Belgium. Phone 492003. In Japan, contact 
Intel Japan, Inc., Parkside Flat Bldg. No. 4-2-2, 
Sendagaya, Shibuya-Ku, Tokyo 151. Phone 03-403-4747. 
Intel Corporation now produces micro computers, 
memory devices and memory systems at 3065 Bowers 
Avenue, Santa Clara, Calif. 95051. Phone (408) 246-7501 . 

inter 
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Robert P. Henderson 
Of Honeywell 
Information Systems 
Speaks Out on 
Privacy Pollution 
Privacy is one of our most precious human rights, and 
in today's crowded environment, it may be one of the 
hardest to maintain. The computer does not in itself 
create any invasion of privacy, for its role is no more 
active in this respect than the old-fashioned filing 
cabinet, and the threat to privacy posed by surveil­
lance and record-keeping has been a fact of life for 
centuries. The new element introduced into this pic­
ture by the computer is its fantastic efficiency. 

Professor Robert Fano of MIT has said, "You can 
never stop these things. It is like trying to prevent a 
river from flowing to the sea. What you have to do is 
to build dams, to build waterworks, to control the 
flow". It is toward building those dams and controlling 
that flow of information that I direct myself, and I feel 
very deeply that computer manufacturers and systems 
designers are among those who must assume heavy 
responsibility in the matter. 

We have too many examples around us to­
day of how technology failed to look ahead at 
problems which it might accelerate even if it 
did not create them. Pollution of our en­
vironment is one, and now we must reckon 
with the human consequences of pollution 
of privacy. 

The burden of answering questions from all sides is 
growing for the average man. All of us are leaving a 
longer and longer trail of information behind us. If we 
cannot stop this relentless flow of information about 
ourselves into central files, we can do as Professor 
Fano suggests- build a dam here, a filtering system 
there to control it. A time limit on all personal data 
might be a good idea - so that a youthful indiscretion 
wouldn't haunt a man's records for the rest of his life. 

The words "privacy" and "security" are 
often used interchangeably. Actually there 
is a great difference between the two, and 
different parties must be responsible for 
each. 

mine for themselves when, how and what information 
about them is communicated to others. In relation to 
computers , security is the means taken to ensure that 
privacy. 

The prime responsibility of the manufacturer is in 
the field of security. It is a technical rather than philo­
sophical question; thus his chief responsibility is to 
provide the hardware and software that will enable 
the user to achieve the degree of security he needs and 
desires . 

As practiced by users today, we have a 
superficial degree of security against the 
casual browser. But in fact , the computer in­
dustry now can provide a sophisticated and 
broad array of devices, both hardware and 
software, that go far beyond the superficial 
degree of security practiced by most users. 

In hardware there are two basic classifications of 
security devices: encoding and personal identification. 
Devices for scrambling or encryption of data transmis­
sion to and from a remote computer terminal are be­
coming available so that intercepted messages will be 
unintelligible unless the interceptor has the code. 
Data in mass storage devices, such as magnetic tape 
or discs, also can be in encrypted form. The greatest 
array of devices, however, are designed to prevent the 
unauthorized user from getting even that far. They 
are the systems designed to positively identify a user 
as one authorized access to a file and the information 
in question. 

The real problem comes with time sharing or re­
mote entry systems, where the user may be working 
from a terminal many miles from the computer. The 
simplest security device here might be a lock on the 
terminal ; or one might have a special sequence in 
which the keys are punched before the terminal will 
operate. More elaborate personal identification de­
vices like voice prints, fingerprint scanners or picture 
phones are under study. Their feasibility and eco­
nomics have yet to be positively determined. 

Privacy is-or should be-the inherent and legal At Honeywell we are working on still another 
right of individuals, groups or institutions to deter- method of personal identification utilizing hardware. 
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Another system employs 
what are called 

"rings of protection" 

Think of the data base of a computer's memory as a 
tree with data leaves on its various branches. Our sys­
tem would make security checks on the user at each 
junction of the branches. As he passes through the hi­
erarchy of memory, the computer will run an auto­
matic check on the user's security clearance. 

For instance, user XYZ may have access to only a 
certain portion of the memory. As he comes to each 
new junction or branch, the computer will check to see 
if user XYZ is authorized to proceed into that area of 

'i'1~ed to pro-
. • · ·in be asked a 
~ 

-bty and clearance more 
positively, such as his mother-in-law's maiden name. 
If he does not answer correctly, he won't be allowed to 
pass. This system would allow the user to position his 
security checks at various junctions as he desires . 

Another system devised by Honeywell and the Mas­
sachusetts Institute of Technology employs what are 
called "rings of protection." In addition to the tree or 
pyramid structure of conventional data bases, the ring 
structure is built like concentric circles. Thus seg­
ments of the memory containing sensitive informa­
tion, can be placed in a privileged ring together with 
programs which process , update and extract this infor­
mation in a carefully prescribed and controlled fash­
ion. A subscriber is allowed to enter a ring only at a 
carefully defined point, and once he enters the ring , 
his activity is completely controlled. The way the in­
formation is processed and handled is completely be­
yond his control , and the user is prevented from mov­
ing elsewhere, even within that ring. 

Another hardware feature designed to maintain the 
security of files (and it is available today) is an audit/ 
monitor. This records the identity of the person who re­
quested access to information, as well as when and for 
how long. The audit/monitor system can record ab­
normal patterns or frequencies of any given file being 
accessed or changed; and it can record attempts to 
gain access to a file that were foiled by other security 
systems. 

We now come to software, which in most instances is 
more economical than hardware, but just about as ef­
fective as a security measure. Software becomes im­
practical when it gets so complex that the computer 
spends more program time running security checks 
than it does on the processing job it is supposed to do 
for the user. 

The most common software security again deals with 
passwords to identify a given user. A password pro­
gram can be as simple as an entry code name which 
can be checked and verified against the computer's 
files, or as complicated as a long series of personal 
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questions which only an authorized user can answer­
about birthdays, pets' names, or it could require sever­
al persons to be present, each possessing separate 
parts of a code. It could have intelligence built in to 
detect any unusual pattern of access request-hesita­
tion, for example, and it could record each request so 
as to pinpoint blame later if information is misused. 

Through software, we can limit not only who has 
access to a file, but also who can alter a file. Paren­
thetically, it can also be done through hardware by 
offering a limited number of file spaces; thus we can 
limit what kinds of information can be stored on an 
individual. For instance, a government agency or a 
credit bureau may be allowed to store information 
pertaining to age, marital status, income, etc., - but 
not political affiliations, reading habits or the like. 

Security is not the real problem. The real 
problem lies in enforcing the security in or­
der to protect privacy of the files. Thus I 
think that some new legislation is needed to 
protect the rights of privacy. 

Legislation should give the right to privacy the 
same status as the rights to life, liberty and proper­
ty- rights guaranteed by the various amendments to 
the Constitution. I think the best way to accomplish 
this now is to make some provision that would allow 
everyone to examine his own file, wherever it may be 
kept, and to challenge its contents if he feels the file is 
inaccurate (as he now can do with his credit rating). 
Some concerned individuals have urged strict controls 
on the "technology of data banks"; however, I think 
that such action, at this time, would not be in our best 
interests. Even we in the industry would like to know 
much more than we do about the "technology of data 
banks''. 

Because new developments occur every 
day, any legislation controlling today's tech­
nology would quickly be outdated by tomor­
row's breakthroughs. Thus I believe that any 
legislation that would seek to control the 
data bank itself would be premature and I 
am against such federal regulation. 

Perhaps most important, concern for the problem 
should be built into the system from the very begin­
ning, for it is much more effective, and economical, 
than adding devices or altering the system after it has 
been installed. 

Finally, I feel that public education is imperative. 
Ralph Nader has said, "The problem of doing some­
thing constructive is that there aren't enough people 
who care." The first step to the solution of any prob­
lem is recognition that the problem exists. If con­
cerned individuals, systems designers, business men 
and officials do not act soon, it may be too late. 

Control of information is power, and ab­
solute control of information is technically 
just around the corner. 

Very simply, there are two directions in which com­
puterized and centralized information systems can 
take us. One would lead us to a rigid, automated bu­
reaucracy with great knowledge and power but little 
regard for the human consequences of its program. 
The other would enlist the power of computers into 
the service of individuals; enabling them to cope more 
successfully with the complexities of modern life and 
increasing the opportunities for successful fulfillment 
of their talents. 

If the time ever comes when the misuse of compu­
terized record-keeping leads man to fear being cu­
rious, daring, and willing to deviate from the norm in 
order to experiment, it would not be a case of the 
machine triumphing over man, as some people fear; it 
would be a case of man becoming the machine. D 
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The first 8-channel analog multiplexers combining dielectric isolation 
with C/MOS for lower leakage and higher switching speed. 
Hl-1818A/ 1828A 
These new devices represent a true 
breakthrough in analog switch 
technology. By combining C/ MOS 
with dielectric isolation there is a 
tenfold reduction in the junction 
area, resulting in a lower junction 
capacitance and therefore lower 
leakage currents and higher switching 
speeds. This novel merging also 
results in optimum performance over 
the full military temperature range 
( - 55 °C to + 125 °C). Most standard 
MOS devices cannot do this. For 
details see your Harris representative 
or distributor. 

Typical 
Typical features P/ MOS 
and comparison Hl-1818A MUX 

ON resistance 2500 2500 

Analog input 
range ± 1Q*V ± 5V 

OFF leakage 1 nA. @ 300nA.@ 
current + 125°C + 85°C 

Switching time 0.25µS 1.0µS 

Power 
dissipation 5 mW. 130 mW. 

DTL/TTL compatible address 

16-pin DIP 

Operational range - 55°C to + 125°C 
• ± 5-vo lt ve rsio ns- Hl-18 18/ Hl -1828 

100-999 units 
± 5V ± 10V 

Hl-1818 (single 
8-channel unit) 

version "A" version 

0°Cto + 75°C $29.95 
- 55°Cto + 125°C $39.95 

Hl-1828 (dual 
4-channel version ) 

0°Cto + 75°C $29.95 
- 55°C to + 125°C $39.95 

$38.50 
$49.95 

$38.50 
$49.95 

. z . 
a 

1 nA. 

100pA . 

10 pA . 

1 pA. 

z 
' 

. . . 

. 
' 
' . 
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O FF leakage current 

I 
OUTPUT LEAKAGE, 
COMPETITIVE 

/ PMOS MULTIPLEXER 

f 
_j 

z 
if 1 v v 

L 

vz: 
lL 

vz: 
[2J 

25 50 75 100 125 
TEMPERATURE - °C 

TYPICA L LEAKAGE CUR RENT VS. TEMPERATURE 

Access time 

I\ 
IL 

1 
UPPER TRACE : A0 INPUT; 2V/DIV. 

LOWER TRACE : OUTPUT; 5V/D IV. 

HORIZONTAL SCALE : 100 NANOSECONDS/DIV. 

ON resistance 
A new feature of these devices is that 
the analog switching element consists 
of an n-channel and a P"Channel MOS 
in parallel. As a result of this 
arrangement, a level of almost 
constant resistance is maintained 
despite constant variations in the 
analog voltages. 

OFF leakage current 
This f igure shows typical input and 
output leakage currents versus 
temperature. In comparison with 
conventional P/ MOS multiplexers, 
the Hl-1818 has three orders of 
magnitude lower leakage currents at 
high temperature. 

Access time 
Typical waveforms for the digital input 
and analog output are shown here. 
Access time is about 250 ns, or four 
ti mes faster than conventional P / MOS 
multiplexers. 

EB 
HARRIS 
SEMICONDUCTOR 

A DIVISION OF HARRIS- INTERTYPE CORPORATION 

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

DISTRIBUTORS: Schweber Electronics: Westbury, New York (516) 334-7474 ; Rockvil le . Maryland (301 J 881-2970; Ho llywood, Flo r ida (305) 927-0511 
Harvey/ A & D Electronics: Lex ington. Massachusetts (617) 861-9200/ Semiconductor Specialists, Inc.: Chicago (3 12) 279-1000; Detroi t (3 13 ) 255-0300; 
Minneapo lis (61 2) 884-8132; Kansas C ity (816) 452-3900; St . Louis (31 4 ) 428-6100; Dallas (214) 358-521 1; Ind ianapo lis (3 17) 243-8271; 
Pittsburgh (41 2) 781-8120; Dayton (513) 278-9455 / R.V. Weatherford Co.: Al buquerque (505) 265-5671; Anahei m (71 4 ) 547-0891 ; 
A ustin (512) Ente rp rise 1443 ; Dallas (21 4 ) 231-6051; Denver (303) 427-3736; Glendale (213) 849-3451 ; Houston (713) Enterprise 1443 ; 
Palo Alto (41 5) 321-5373; Phoenix (602) 272-7144; Pomona (714 ) 623-1261 ; San Diego (714) 278-7400; Seattl e (206) 762-4200. 
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NEW! 
INTERFERENCE-FREE, 

• .. I 

3-PHASE 
MOTOR 
STARTERS. 
Use them anywhere-even 
on drive motors of peripheral 
computer equipment. That's 
what the new Control Pak, 
sol id-state starters were 
designed for-with EMI and 
RFI levels so low they can't 
affect low level logic 
circuits. And you get a lot 
more-hundreds of millions 
of operations; arcless, 
bounceless switching; 
resistance to shock, 
vibration , moisture. For fhp 
and 2, 5, and 10 hp motors, 
208/ 240 or 440 V, 3-phase. 
Control voltages: 5, 12, 24 
or 48 V-DC; 24 V-AC or 
line voltage. Write Hamlin 
Electronics, Inc., 
Lake Mills, Wis. 53551 . 
Or ca ll (414) 648-2361 . 

GET REED SWITCH 
SPEEDS AND RELIABILITY 

AT30,000 
VOLTS 
You can do it with Hamlin's 
new family of Form A, spst, 
reed switches. Seven 
switches are rated at 2,000, 
5,000, 10,000, 15,000, 
20,000, 25,000 and 30,000 
volts, DC. Solid tungsten 
contacts operating in an 
evacuated, sealed glass 
envelope provide millions 
of operations at rated 
voltages-life at reduced 
voltages can exceed 100 
million operations. And 
with all this capacity and 
life, you get reed switch 
speeds. Typical operate 
time is just 2 mill isec-
onds on 2, 5 and .10 KV 
switches-20 millisec­
onds on the larger units. 
Write Hamlin, Inc., 

MA .. •I• 
Lake Mills, Wisconsin 
53551 . Or call us at 
(414) 648-2361. 

ELECTRONICS, INC . 

CIRCLE NO. 4S 

I • 

... 

MA .. •I• 
INCORPORATED 

CIRCLE NO. 47 

WANT TO START SOMETHING? 
Or stop it, cool it, warm it, speed it up, slow it 
down or control it? Solid-state controllers give you 
rapid response, rugged dependability and freedom from 
maintenance on these and a thousand other switching and 
controlling jobs. And , when it comes to solid-state 
controllers , no other line can hold a candle to the 
Hamlin Electronics line. Hamlin offers solid-state 
controllers for switching inductive and resistive loads all 
the way to 480 volts and 25 amps. And you control with 
as little as 20 milliwatts. The Hamlin line includes on/off 
controllers ; 3-phase controllers ; printed circuit board 
controllers in two standard pin-grid spacings ; plug-in 
octal base controllers; latching controllers , and a series 
of temperature controllers. All resist dust, dirt, moisture, 
shock and vibration. All keep functioning for millions of 
operations without maintenance because there are no 
moving parts to wear or require replacement. For more 

information, write Hamlin Electronics, Inc. , Lake Mills, 
Wisconsin 53551. Or call (414) 648-2361 . 

MA .. •I• 
ELECTRONICS, INC . 
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Design Ideas 

Dial Any Angle to 0.088° Accuracy 
DC outputs of this generator are proportional to sine and cosine 
functions of any angle set by panel switches. A range of 0 to 
360° is provided in steps of 0.088°. 

RICHARD W. WILKENS, Electronic Communications, Inc. , Subsidiary of NCR 

INITIAL CONDITION =0 INITIAL CONDITION = K 

Fig. I - Analog elements solve the differential equation ii. + w2x = 0. 

REFERENCE 
VOLTAGE 

COMPARATOR 

INITIAL 
CONDITIONS 
READY 

PROGRAM ANGLE 

SAMPLE/ HOLD 
VOLTAGE 
FOLLOWERS 

SAMPLE PULSE 

l~COSINE O 
I X 
I "':" 

1~-SINE O 
I :J: 
I "':" 

l~SINE O 
I :J: 
I -

~- COSINE O 
:r . 

Fig. 2-Control loop repetitively generates one-fourth of a cycle. 

A practical circuit for generating two 
voltages to represent any angle from 
0 to 360° in 0.088° increments utilizes 
low-cost ICs. The outputs are de with 
one voltage equal to Ksin(:I and the 
second equal to Kcosl:I. K is the value 
of an input voltage derived from a cal­
ibrated source or generated inter­
nally. 

This technique has been used in a 
resolver simulator designed to test 
resolver-to-digital converters. Since 
the converter was designed to sample 
the peak voltages of the two outputs 
ofa resolver, de voltage inputs were a 
satisfactory substitute for the resolv­
er signals. 

The system provides long-term sta­
bility and requires a minimum of 
alignment. 

Generating the Angle 

Fig. 1 illustrates a configuration of 
analog computing elements that 
solves the differential equation: 

x + W2x = 0 
where x = Kcoswt 

x = Ksinwt 

K is the amplitude of the initial con­
ditions at t = 0. This equation is rec­
ognized as the function equation for 
the damped or undamped spring: 

x + 2dwx + w2x = f(t) 

where the damping term d equals 
zero. 

However, as anyone who has at­
tempted to generate this solution 
knows, the damping term can never 
truly be zero. The circuit output usu­
ally either decays to zero or builds up 
until the amplifiers saturate. Adjust­
ing the loop to perfection is impossi­
ble. Without perfection, the outputs 
are never true sine or cosine waves 
because of the changing amplitude. 

(Continued) 
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Angle (Cont'd) 

Using these outputs as true sine or 
cosine waves, involves a considera­
tion of just how much imperfection 
one can tolerate. For example, if the 
system is permitted to oscillate for 
one cycle, the amplitude variation of 
similar angles in the four quadrants 
is a direct function of the damping 
factor . With careful adjustment, 
these errors could be tolerated if the 
first cycle was made to repeat by in­
stantaneously resetting the system to 
the initial conditions at the end of the 
first cycle and before the start of the 
second. 

Now, if we reset the system to over­
come the damping factor, then it be­
comes advantageous to reset it at one­
fourth of a cycle (the end of the first 
quadrant) and simply switch the out­
put polarities to simulate the remain­
ing three quadrants. Errors are less 
significant now because it is the de­
viation from the normal waveform in 
the first quadrant only that we must 
be concerned about, and similar an­
gles (45°, 135°, etc.) look alike. 

Fig. 2 illustrates a control loop to 
generate repetitively one-fourth of a 
cycle. Here, two functions operate 
independently and collectively. The 
quarter-cycle generator tells the rip­
ple counter that its initial conditions 
are set and ready, and the ripple 
counter tells the quarter-cycle gener­
ator that it has run for one quadrant 
and it is time to reset. In the mean­
time, the ripple counter has created 
time slots in which specific samples of 
the quarter-cycle generator may be 

SI NE 

taken to read out the sine and cosine 
amplitudes of discrete angles (Fig. 3). 

Hardware Requirements 

Fig. 4 is a diagram of the system. 
Al , A2 and A3 amplifiers make up 
the generator loop with A4 serving 
simply as a phase inverter (G = - 1). 
Calculating the component values for 
the integrators was done as follows: 
First, a sample period was deter­
mined both intuitively and by experi­
mentation using a FET switch and a 
voltage follower in a sample-and-hold 
circuit, as shown in the figure. Here, 
a balance between the sampling ca­
pacitor charging speed and the mini­
mum capacitor value that could relia­
bly be employed had to be studied. 
The minimum capacitor value was 
determined by the voltage follower 
leak-off input current and the gate­
to-channel capacitance of the FET. 
The capacitor maximum was deter­
mined by the length of time an opera­
tor could wait without being incon­
venienced when programming a new 
angle. 

With 0.01 µ.F there was no severe 
voltage offset caused by the gate-to­
channel capacitance of the FET, and 
charging took less than a second 
when a large change in angle (such as 
from plus to minus 7V) was pro­
grammed. The sampling period that 
resulted was 16 µ.sec . 

This provides a time base for calcu­
lating the integrator components. A 
total of 1024 time slots, correspond­
ing to 0.088° increments for each slot, 

comprises the 90° quadrant. Then: 
1024 bits x 32 µ.sec/bit x 4 quad­
rants = 131,072 µ.sec period for 1 
cycle. And, w = 2TT/T = 47.9367 ra­
dians where w = 1/RC in the equa­
tion for the integrator: 

E (out ) = -1/RC J E(in )dt 

Kcoswt = -1/RC ( - 1/w Ksinwt ) 

w = 1/RC 
Then, if we let C = 1 µ.F, R = 20.84K. 
R will necessarily have to be adjusta­
ble to compensate for tolerances in 
the capacitors. The capacitors need 
not be selected at 1 µ.F , but they 
should at least be matched rather 
closely. Metallized Mylar serves well 
as a low-leakage capacitor to mini­
mize the integrator errors. 

A designer's choice exists in the 
selection of the op amps. What is re­
quired is a low input current. A 709 
could be employed if a FET front-end 
was configured either as a source-fol­
lower or with gain. Alternatively, a 
quality amplifier could be used that 
has an input Darlington configura­
tion. Compensation requirements are 
as required and the nulls should be 
trimmed with the amplifiers in a gain 
configuration of 4 or 5. 

When the initial conditions are 
being set, Al has a gain of essentially 
zero and A2 has a gain of 1. The feed­
back capacitor across A2 will charge 
to the reference voltage. This voltage 
is inverted by A3 and compared to the 
reference by the comparator. A com­
parator "low" indicates that the ini-

/ 
SINE 

-~ SAMPLE TIME 
SLOTS 

RESET-..j 

I 
' / r OPERATE 

• 1/ 4 CYCLE 
-.J 32 µsec 1---

Fig. 3- Sine and cosine values of any selected angle is read during time slots 
created by the ripple counter. 
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1 MHz 

VREF 

1k 

1k 

/ 
/ 

/I 

0 - 89.912° 
• 

90 - 179.912°0 

180 - 269.912° . 

/270 - ! 59.912° 
/ 

/ QUADRANT 
/ SELECTOR 

/ 

COSINE 

SINE 

Fig. 4-Resolver simulator schematic. Al , A2 and A3 
make up the generator loop. A4 is a phase inverter. 
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DESIGN OF SOLID-STATE I 
POWER SUPPLIES 
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444 pages, $19.75 (F3427-000-0) 

I THICK-FILM MICROELECTRONICS I 
Fabrication, Design I I and Applications 

D By Morton L. Topfer. The I 
I only single, comprehensive 

sourcebook on the design, fabrica-

1 I tion and appli cations of thick-film 
mi c rocircuits. Puts at your fingertips 
a wealth of practica l information I 

I concerning this revolutionary pack­
aging technique, its advantages and I 

I limitations. 
220 pages, $10.95 (FB564-C00-7) 

I ELECTRONIC/ ANALOG DIGIT AL I 
I 

CONVERSIONS I 
D By Herman Schmid. Ency­

clopedic, hardware-oriented I 
I book that covers the full range of 

A/ D a nd D/ A conve rsion - theory, I 
I background information, hardware, 

ope ration, circuits, perfo rmance and 

I 
other information you need to de- I 
sign converters. Actual wo rking cir-
cuits and field-tested techniques I I included. 

I 
528 pages, $1 8.95 (F7391-000-9) I 

VAN NOSTRAND REINHOLD co. I 
I 

450 West 33rd Street, New York, N.Y. 10001 

Please send me the book(s) checked 
above for 1 O days on approval. In 10 I 

I days I will remit for the book(s) I keep 
plus postage and handling, or return 
the book(s) postpaid. I 

I SAVE MONEY: Remit with order and 
publisher pays postage and handling. 
Same money-back guarantee. Include I 

I local sales tax where applicable. 

NAME I I ADDRESS, _________ _ 

CITY I 
I STATE ZIP ___ _ 

For prices in Canada, write to : VN R Ltd. I 
1410 Birchmount Rd., Scarborough, Ont. 
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Angle (Con t'd) 

tial conditions are ready, and the rip­
ple counter is turned loose to create 
the sample time slots. After 1023 
sample slots are counted (one bit less 
than go0

), the quarter-cycle generator 
is made to set in the initial condi­
tions. The sample pulse is generated 
by comparing the digital angle from 
the switches to the digital angle 
counted in "the ripple counter. 

The frequency source for the count­
er is a one-megacycle crystal oscilla­
tor. This provides good stability, and 
when divided down, the 16 µsec sam­
ple slots are quite accurate. The sta­
bility of the quarter-cycle generator 
is purely a function of the resistor and 
capacitor values. And at room tem­
perature, the stability is excellent 
with a demonstrated drift of about 
one bit per 3 months. 

Alignment 
The angles of 0.088°, 45° and 

3g,g12° (one bit less than go0
) are the 

three points of alignment. The two 
trimming resistors of the integrator 
inputs are adjusted to obtain the cor­
rect sample outputs. For example, 
with a 5 2 V (7.0711) reference volt­
age, the sine output at 0.088° is 10.8 
m V with no detectable change from 
the reference at the cosine output. At 
45°, both the sine and cosine outputs 
are 5V. And at 3g,g12° the cosine 
output is 10.8 m V with no detectable 
difference from the reference at the 
sine output. 

The proof in this collective pudding 
is in a step-by-step comparison of 
the programmed angle increments 
against a computer printout of Ksin () 
and Kcos (). And as it turned out, not 
one angle deviated from the norm by 
more than 4 m V (less than 1/2 bit). 
Much of this error was attributed to 
collective null conditions of the am­
plifiers and voltage followers. D 

Richard Wilkens is 
a senior engineer 
with Electronic Com­
munications, Inc., 
subsidiary of NCR, 
St. Petersburg, Fla. 
He is presently pro­
ject engi neer on the 
actuator digita l interface unit and the 
APS digital interface unit development 
program for space shuttle control systems. 
Wilkens has been with ECI for 10 years 
and has a B.S.E .E . from the University of 
Florida. 

GLASS ENCLOSED 

1 liELAYREi.
0

AYS 

)/I PERI TE 
Offer true 
hermetic 
sealing-
-assure 
maximum 
stability 
and life! 

Delays: 2 to 180 seconds 
Actuated by a heater, they operate on A.C., 
D.C., or Pulsating Current ... Being hermeti· 
cally sealed, they are not affected by alti· 
tude, moisture, or climate cha nges . .. SPST 
only - normally open or normally closed 
... Compensated for ambient temperature 
changes from -55° to + 80°C .... Heaters 
consume approximately 2 W. and may be 
operated continuously. The units are rugged, 
explosion-proof, long-lived, and inexpensive! 
TYPES: Standard Radio Octal 

and 9-Pin Miniature ..... List Price, $4.00 
PROBLEM? Send fo r Bulletin No. TR-81. 

JllPER/Tl 
BALLAST 

REGULATORS 
Hermetically sealed, they are 
not affected by changes in 
altitude, ambient temperature 
(-50° to + 70° C.), or humid· lliwil 
ity ... Rugged, light, compact, 
most inexpensive. 
List Price, $3.00 .,..,,,,.----,.--• 

CIRCLE NO. 25 
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Linear Circuit Multiplies 
Pulse Width 
Pulse stretchers are more than just a convenient way to measure fast 
pulses on a scope. Stretched pulses can enhance the accuracy of many signal 
processing circuits by providing a "longer look" at pulse widths. 

FRANK TAR/CO, Motorola Semiconductor Products Inc. 

Many signal processing problems can 
be solved by pulse width multiplica­
tion techniques. In such circuits, the 
output pulse width represents the 
input pulse width multiplied by a 
constant factor. One application in 
which pulse multiplication works 
well is in the digitization of the signal 
from a digital phase detector. By in­
creasing the total sign_al energy 
available to the AID converter, the 

A 

SWITCHED 
CURRENT 
SOURCE 

SWITCHED 
CURRENT 
SINK 

- 15 

multiplier minimizes resolution and 
offset errors. 

rent source, a switched current sink, 
an integrating capacitor and a com­
parator. Source and sink currents are 
determined by the values of R3 and 
R4 respectively , and the pulses are 
TTL- or DTL-compatible. 

The circuit shown in Fig. 1 pro­
vides an output pulse width equal to: 

PW0 111 = PW;,, (1 + g) 
= PW;11 (1 + ~~) 

The circuit consists of a switched cur-

When a positive-going pulse, 
shown by waveform A, is applied to 
the input, the current source is 
turned on. This charges the integrat­
ing capacitor. When the input pulse 

(Continued) 

With the given component va lues the 
multiplier circuit performs as foll ows : 

MAXIMUM INPUT PULSE WIDTH 
(Where T = pulse repetition rate) 

MINIMUM INPUT PULSE WIDTH FOR 1% 
ACCURACY (accuracy improves with 
increasing pulse width) 

11 

T/ 11 

70 nsec 

COMPARATOR 

c 

R1 
R2 26.1k 
51 .Hl 

A_n___ 
B_/-----__ 
cl.___ __ 

I 

D--~ 

WAVEFORMS 

Fig. 1-Pulse multiplier delivers output 
pulse 11 times the width of input pulse. 
Selection of components for other multi­
plication factors is discussed in text. 

(Continued) 

FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. L65 
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BUILDS 
THIS -BIT 

• • 

+ 15V 

A/D CONVERTER 
FOR UNDER s30°0 . .. 

4 BIT MSI 
UP / DOWN CARRY 

U1D COUNTER IN 

8 4 2 I 

.• , . " 
I ' 

: . 
t-++-+---l----+-+-++----------027 
.-+-+---t------<f-+-+-+-------~20 

t-+---+----+-IH-1----------025 
t----t-----l-+-1-+-------~2· 

.-+-+-t---------023 
t-++----------0 22 
t-+--------0 21 

- --------020 

.-.-- -------o + 5V 

t------ + 15V 

•••• AIMDACl OOCCTl 
t----- - 15V 

·AND A 10-BIT VERSION 
FOR LESS THAN s4000 

CONVERT TO THE LOWEST COST AID CONVERSION APPROACH! 

GET THIS PRICE/PERFORMANCE BREAKTHROUGH WITH 
PRECISION MONOLITHICS HIGH-ACCURACY COMPONENTS, NOW! 

Save board space, power consumption, and improve system 
reliability with this all-IC, minimum package count approach . . . 
at l-0west cost. 

At I ast, you can afford A/D conversion at the signal source. 

Full military temperature range devices with MIL-STD-883 
processing are available. 

CONVERT WITH THESE OUT ST ANDING PM/ ANALOG COMPONENTS: 
AimDAC-100ACT1 - .05% Linearit.Y (Max., 0° -70°C) 10-Bit D/ A Converter $26.00* 
AimDAC-100CCT1 - .2% Linearity (Max., 0° - 70°C) 10-Bit D/ A Converter $16.00* 
monoCMP-01 CJ - Fast Precision Voltage Comparator . . .. .. .... . .. .. .. $ 3.25* 

SAVE AGAIN WITH THESE HIGH-PERFORMANCE PMI OP AMPS: 
monoOP-01CJ - Low Cost, Fast Slewing/Settling Op Amp. 
monoOP-OBCJ - Pico-Amp Input Current Op Amp. 
SSS 725CJ - Low-Noise, Low-Drift Instrumentation Op Amp. 
SSS 741CJ- Improved Performance 741 Op Amp. 

*100 piece price 

SAVE TODAY! 
Call 408 246-9225 
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(TWX 910-338-0528) 
for full details. 

PRECISION 
MONOLITHICS 
INCC>RPC>R ATED 

1500 SPACE PP.AK DRIVE, SANTA CLARA, CALIF. 95050 

A )190URN'S Atflllete 

CIRCLE NO. 26 

Circuit (Cont'd) 

goes low, the current source is turned 
off and the current sink is turned on. 
Because the same quantity of charge 
must be supplied to-and withdrawn 
from-the capacitor, the ratio of 
charge to discharge time equals the 
ratio of sink to source current. When 
the capacitor is discharged to the lev­
el that trips the comparator, the cur­
rent sink is shut off and the circuit is 
ready to accept another input pulse. 

Resistors Rl and R2 are used to 
provide positive feedback in the com­
parator to enhance switching speed 
and to reduce the width of the transi­
tion region. For the values shown, 
this introduces a hysteresis of about 
10 mV. It is necessary to choose the 
value of 11 and the size of the inte­
grating capacitor so that the capaci­
tor will charge to a minimum voltage 
that is much greater than the hyster­
esis voltage. 

Transistors Ql and Q2 act as 
switches for the current sources Q3 
and Q4 while capacitors Cl and C2 
are provided to reduce turn-on and 
turn-off times of the switches. Diodes 
CRl and CR2 provide increased gain 
stability as a function of temperature 
by compensating for the V HE changes 
in Q3 and Q4. The AND gate compen­
sates for the propagation delay in the 
NOR gate. This insures that the cur­
rent sink is switched on by the trail­
ing edge of the input pulse. If the 
AND gate was omitted there would 
be a delay of about 30 nsec between 
the current source turn-off and the 
sink turn-on. 

If the output pulse must be of the 
same polarity as the input, an invert­
er may be added to provide a C out­
put. D 

Frank Tarico is a 
project engineer in 
measurement sys­
tems design at Moto­
rola Semiconductor 
Products Div., Phoe­
nix, Ariz., where he 
has been employed 
for 10 years. 

He received a B.S.E.E. from ' Purdue 
University, holds one patent with another 
pending and is an IEEE member. 
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Heath/Schlumberger? 
That's right ... Heath/Schlumberger. A new name in design-quality, 
factory assembled and calibrated instruments. 

The "Heath" part of our name comes from being a division of 
that well known manufacturer of kits. But we don't make kits. In fact, 
Heath/Schlumberger is an entirely separate operation. 

The "Schlumberger" (pronounced Shlum-bear-zhay) part of our 
name comes from being a member of that world-wide corporation 
devoted to measurements of many kinds. Schlumberger is one of the 
leading European manufacturers of electronic instrumentation. 

With that background, you can see why we are producing state­
of-the-art, ready-to-use, instrumentation .. . comparable to some of 
the best in performance ... but with better performance/price ratios. 

So when you are ready to buy electronic instruments, check the 
growing Heath/Schlumberger line. 

We're the group to watch. 
To order or receive additional information, write Dept. 520-23. 

HEATH 
Heath I Schlumberger 
Scientific Instruments 
Benton Harbor, 
Michigan 49022 

A. SM-104A 80 MHz counter. BCD output. 1 MHz TCXO with 1 ppm /yr. stability. $500. 

B. EU-205B solid-state strip chart recorder. 23 speeds, 30 in/min . to 0.2 in/hr.; 18 calibrated 
ranges, 1 mV to 500 V full scale. 0.5 sec . pen response . 0.1% tracking accuracy and linearity. 
Completely programmable. $675. 

C. EU-70A solid-state dual trace scope. DC-15 MHz. Complete dual trace capability. Triggered 
sweep. 18 calibrated time bases . X-Y capability. $595. 

D. SM-105A 80 MHz counter. Same as SM-104A above but without BCD output and uses a 
1 MHz crystal with ± 10 ppm/yr. stability. $350. 

E. EU-81 A function generator. Sine, square and triangle wave output. 0.1 Hz to 1 MHz. Linear 
dial . External voltage control. $245. EK-308 

A 

.. 5'-1321 (• 
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UNUSUAL CIRCUITS 0 Designed by readers 0 For use by 
readers D Voted on by readers . 
Your vote determines this issue 's winner. All circuits published 
win a $25 U.S. Savings Bond . All issue winners receive an 
additional $50 U.S. Savings Bond and become eligible for the 
annual $1000 U.S. Savings Bond Grand Prize. 
VOTE NOW . . . by circling the appropriate number on the 
reader inquiry card . Submit your own circuit , too . Mail entries 
to Circuit Design Program Editor, EDN/EEE, 270 St. Paul St., 
Denver, CO 80206. 

Readers have voted Russell Kincaid winner of the 
August 15 Savings Bon<;l Award . His winning circuit 
was called " Squaring circuit makes efficient fre­
quency doubler" . Mr. Kincaid is with Sanders Asso­
ciates, Nashua, N. H. 

Under-voltage sensing circuit 

To Vote For This Circuit 
Circle 151 

by Richard J. Buonocore 
Dynell Electronics 
Melville, N.Y. 

Using a hex inverter IC, it is possible 
to build a circuit that monitors levels 
of several different input voltages. 
The basic circuit technique is quite 
flexible and can easily be modified for 
different input voltages (either posi­
tive or negative) and expanded to 
accept additional inputs. Circuit op­
eration is as follows : 

First consider what happens with a 
negative input voltage. Whenever 
one of these input levels falls below 
the breakdown voltage of the associ­
ated series zener diode, a high imped­
ance is presented to the input of the 
respective inverter. This means that 
a logic 0 appears at the inverter's 

48 

2 

9 8 

I 
r-··... l • ! . .,., I 

v x ()··· ···· · ··· ··· ·········· ········ · ···· · ··· ····· · ········~ "~;.1,:~· · ·······'o/ I ,,,,,, , 
l1'' , 

i 
!'".... : 
! """ I v v O······················-································j ,)'11.)-··········J 
[,,,,,, 

+5V 

1k 

+12V 

GE39H 

CONFIDENCE 
VOLTAGE 
LAMP 

Simple indicator circuit provides a continuous confidence indication provided 
none of the input voltages falls below a predetermined level. Circuit can be 
easily expanded to accept additional inputs. 
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output (i.e. at the WIRED-OR connec­
tion). Because the lamp-driving out­
put inverter has a logic 0 at its input, 
it no longer sinks current from the 
lamp and hence the lamp is extin­
guished, thus providing a "no-go" 
signal. (Note that the circuit is "fail 
safe" in the event of a lamp failure.) 

If a positive input voltage (for ex­
ample, v4 on the schematic) falls be­
low a predetermined value set by the 
associated r~sistive voltage divider, a 
logic 0 will again be presented to the 
output converter, causing a "no-go" 
signal as in the first example. 

Thus, by suitable modifications to 
the input circuits , it can be arranged 
that the lamp will be extinguished 
whenever one (or more) of the inputs 

is below a specified critical level. 
With the components specified, and 
without special trimming, an accura­
cy of ± 30% or better can be expected. 
Refinements could be incorporated to 

improve this figure. 
The SN7406N is an open-collector 

hex inverter capable of sinking 40 
mA. This device can handle standoff 
voltages up to 30V. o 

OPERATING LEVELS 

INPUT NOMINAL CONFIDENCE- VOLTAGE LAMP: 
VOLTAGE TURNS OFF AT : TURNS ON AT : 

v, -5V -4.BV -4.9V 

V2 -5V -4.3V -4.4V 

V3 -12V -11 .3V -11 .5V 

V4 +BV +6.6V +6.7V 

v OPTIONAL ADDED INPUT 
x 

Vy OPTIONAL ADDED INPUT 

Variable delay blanking-pulse generator 

To Vote For This Circuit 
Circle 152 

by Donald E. Norris 
SCI Electronics 
Huntsville, Ala. 

This circuit produces a variable width 
blanking pulse at the end of a select­
able delay time after being initially 
triggered by an input pulse. 

R, 

cg o-__. _ _ -:-1 

INPUT PULSE 
l' 

SE480J 

11 

R2 
20k 
5% 

With the component values shown 
in the schematic, the circuit can 
produce output pulses having widths 
ranging from 8 µsec to 12 µsec . The 
delay period is adjustable from 26 to 
36 µsec. 

The circuit can easily be modified 
to provide different ranges of output 
pulse width and delay. Components 
C2 and R4 control delay time while 
C4 and R8 control the width of the 
blanking pulse. 

When a logic 0 is applied at E, , out-

Rs 
5.1k 
5% 

put E2 from the input gate goes to log­
ic 1. This turns on Q, and triggers the 
first "one-shot," IC21 which generates 
a delayed pulse at point E4 • The trail­
ing edge of the pulse from IC

2 
then 

triggers Q2 which, in turn, triggers 
the output "one-shot," IC3• 

The first "one-shot" controls delay 
time, and R5 allows fine adjustment of 
delay. The second "one-shot" controls 
the width of the output pulse, and 
R~ allows continuous adjustment of 
pulse width. o 

Pulse-generator circuit allows independent adjustment of pulse 
delay and pulse width using controls R

5 
and R,,, respectively. 
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the 1st annual 
EDN/EEE 

creative design contest 
How to enter 
Any reader of EDN/EEE may 
enter this contest. All you need 
do is study the January 1st issue 
of EDN/EEE very carefully ... 
then set your imagination at work 
on designing a new device or 
circuit using the products adver­
tised. Send schematics, draw­
ings, diagrams, etc. to: 

1st Annual EDN/EEE 
Creative Design Contest 
221 Columbus Avenue 
Boston, Mass. 02116 

Your entry must be received by 1. Technical competence and 
March 1st, 1972. , 1 / 

(~ =: ~ ; 
_r-)_ I \~ 

(C 

How your entry will be judged 
All entries will be judged by 
the Publisher and editors of 
EDN/EEE on the basis of 3 
criteria: 

utility 
Is the design real ... will it work? 
2. Creative imagination 
How unique and original is your 
idea? Does it perform a much 
needed function? Is it a source of 
fun! Will other _designers get a 
real charge out of it? 
3. Number of different 

advertised products 
Have you really studied the 
January 1st 1972 issue of 
EDN/EEE. Have you imagina­
tively used components through':.. 
out the design? Include a list of 
advertised products with your 
entry-or just tear out the ads 
describing them and staple to 
your entry. 

Here are the prizes 

1st prize: 
$1,000 cash money 

10 2nd prizes: 
Portable 
electronic 
calculators 
worth $400 each. 

Contest details 
Any reader of EDN/EEE may 
·enter. Contest is not open to 
employees of Cahners Publishing 
Co. or their families. All entries 
become the property of EDN/EEE. 
YOUR ENTRY MUST BE POST­
MARKED NO LATER THAN 
MIDNIGHT, MARCH 1, 1972. 
Winning entries will be displayed 
at the 1972 IEEE show. 

0 
[ E D NJ I 11 

11 • 11 • I ~:~·~::~:::h~:.~~:p:::;~~~·Mass. 02116 
0 
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Your Total System Concept 
Count us in for system components . . . "components" is ·the key word! Use ERC Digital Components 
for systems in the same way you use resi stors or transisto rs for electronic circuits. 

Count us in for high reliability and performance Everybody talks about them. It's one of those 
good things like the fl ag and Mom 's apple pie. We want to stay with a good thin g and we don't want 
our operations flooded with in warranty repairs. We build our instruments wi th no skimping in con­
struction. Every unit is tested and aged past the infant mortality point. 

You just can' t find a more reli able digita l component for measure-compare-control applications. 

There 's a lot to tell about them so we've prepa red a catalog that's yours for the asking -
call or write Bob Rush. 

COUNT US IN ... for dig ital components with built in re liability and performance. 

• INDUSTRIAL DIGITAL COUNTERS e DIGITAL CLOCKS e CALENDAR CLOCKS e DIGITAL 

COMPARATORS e DIGITAL STOP WATCHES e FREQUENCY METERS e PRESET SELECT 

UNITS e REMOTE DISPLAYS e 3 DIGIT PANEL METERS e 41 /2 DIGIT PANEL METERS 

electronic research co. - a textronl co mpany 

P 0 . B ox 9 1 3 • Shawnee Mission. Kansas 66202 • Phone 9 13/63 1- 6700 

CIRCLE NO. 29 
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• It has been computed that "debugged" DM30, 10,000 MMF 
units, when subjected to 257,000 hours of life at 85 ° C 
with 100% of the rated DC voltage applied, will yield only 
1 FAILURE PER 43 ,000,000 UNIT-HOURS! 

• DM15, DM16, DM19, DM20 ... perfect for miniaturization 
and for new designs using grinted wiring circuits. Also 
available in DM30, DM42 and M43. 

• New "hairpin" parallel leads insure easy application. 
• Exceed all electrical requirements of military specification 

MIL-C-5A. 

• Available in 350 VDC and 500 VDC as well as other test 
voltages. 

• All bases are of low-loss steatite. 
• Special lugs are obtainable for printed circuitry . 
• Miniature units are available. 
• Solder Lugs can be bent in any position without 

the capacity setting due to the rigid construction. 
• Various types of mounting brackets are available 

trimmers . 
• Units can be constructed for special applications. 

• Life tests at 100° C with rated voltage applied have yield­
ing only 1 FAILURE PER 716,800 UNIT-HOURS for 1 MFD. 
Since the number of unit-hours of these cafacitors is in­
versely proportional to the capacitance, 0 . MFD Mylar­
Paper Dipped capacitors will yield only 1 FAILURE PER 
7,1 68 ,000 UNIT-HOURS! 

• Working volts DC: 200, 400, 600, 1000 and 1600. 
• Durez phenolic resin impregnated. 
• Tolerances: ± 10 % and ± 20 % (closer tolerances available) . 
• Dielectric strength: 2 or 2 1/ 2 times rated voltage, depend­

ing upon working voltage. 
• Exceed all electrical requirements of E.l.A. specification 

RS-164 and military specifications MIL-C-91A and MIL­
C-25A. 

• Unmatched for excellent stability, dielectric strength, high 
insulation resistance, extremely high "Q" and correspond­
ingly low power factor. 

• Units can be subj ected to a short "debugging" life test at 
elevated voltage and temperature for removal of early 
life failures and for improved reliability. 
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Write for Free Samples and Booklets 
on Any of The Above Capacitors 
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FET Analog Gate Switches AC 

PROGRESS IN 
CIRCUITS 

FET analog gates themselves are not 
new to the industry and are avail­
able from many sources. What 
makes this one different from the 
rest of the pack, including Teledyne 
Crystalonics' own CAG 13, is that it 
can switch ac signals as well as de. 
Not only that, you have to pay only 
half the previous price, thanks to the 
use of a dual monolithic driver. The 
FETs have a low ON resistance (50 
n max), and the new CAG45 can 
switch ± lOV at currents up to 10 
mA. 

The CAG45 is made up of two sep­
arate analog switch circuits that can 
operate separately as dual spst 
switches or as one spdt switch. The 
latter is possible because turn-off 
time (0.5 µ,s max) is faster than turn-

FUNCTION 

lndep. SPST - (+) logi c - ON fm logi c 'O' 

lndep. SPST - (+) logic - ON fm logic '1' 

on time (1.0 µ,s max). This "break­
before-make" switching also makes 
the CAG45 ideal for multiplexing 
applications because it prevents 
cross-talk. In addition, when the 
FETs are off, their gates are ac­
grounded, thereby lowering the high 
frequency feedthrough (=30 MHz) by 
at least 10 dB over conventional ana-

lndep. SPST - (-) MOS logic - ON fm logic 'O' 

lndep. SPST - (-) MOS logic - ON fm logic '1' 

SPOT - (+) logic - (connect 4/ 11 or 3/ 12 as common) 
('O' ON at pins 3 & 4, '1' ON at pins 11 & 12) 

SPOT - (-)MOS logic - (connect 4/ 11 or 3/ 12 as common) 
('O' ON at pins 11 & 12, '1' ON at pins 3 & 4) 

'Progress 
in 
'Produets 

log gates. 
Separate logic grounds allow more 

than ± lOV noise immunity with 
respect to signal or supply grounds, 
thus if any noise is picked up, the 
input amplifiers will float on it. This 
ground isolation from the supply 
means that the logic input can go as 
high as + 15V while logic ground can 
be as low as V E'E plus lV. Toggling is 
strictly a function of the voltage dif­
ference between logic input and logic 
ground terminals. 

This input circuit arrangement 
also allows the dual gates to operate 
directly from bipolar or MOS logic, 
and to switch outputs ON from either 
logic 'O' or '1' as shown in the table. 

Teledyne Crystalonics, 147 Sher­
man St., Cambridge, MA 02140 150 

PIN CONNECTIONS 

6/ 9 = logic input ('O' - ON, ' 1' - OFF) 

5/ 10 = ground 

6/ 9 = logic supply (+3V) 

5/ 10 =logic input ('1' - ON, 'O' - OFF) 

6/ 9 = ground 

5/ 10 = logic input ('O' - ON, '1' - OFF) 

6/ 9 =neg. logic supply 

5/ 10 = logic input ('1' - ON, 'O' - OFF) 

6/ 10 = logic input 

5 =ground 

7 = logic supply (+3V) 

6/ 10= logic input 

5 =neg. logic supply 

9 =ground 
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Vacuum tube readout, Series 6500, dis­
plays complete EBCDIC/ASCII code com­
binations on a 0.63 by 0.63 display area. 
Dubbed "nimo 64", the 1.5-inch CRT pro­
jects characters ranging in height from 
0.125 to 0.562 inches and five line mes­
sages. Price, including tube, mounting 
hardware, driver/decoder and anode pow­
er supply is < $100. Industrial Electronic 
Engineers, Inc., 7720-40 Lemona Ave., 
VanNuys,CA91405. 151 

Magnetic core memory system CB-65 uses 
18-mil cores in a 3-wire, 3D organization 
to attain 650 nsec cycle time. A continu­
ously strung planar stack fits 4096, 18-bit 
words on to a 3.5- by 4-inch frame. All 
sense and drive circuits are on the same 
board. The system is expandable in 4k 
increments to 65k words. Lockheed Elec­
tronics Co., Inc., Data Products Div. , 6201 
E. Randolph St. , Los Angeles, CA 90040. 

152 

Solid-state motor control Model 2017 A 
provides power to a teleprinter as long as 
data are being received. If data are not 
received for a period of time (adjustable 
from 30 sec to 10 min), the unit automati­
cally turns off the power to the teleprint­
er. When new data arrives, power is in­
stantly switched on. Consequently, equip­
ment life increases. Single unit price is 
$54. Logic Systems Corp., 1567 Cypress 
Dr. , Jupiter, FL 33458. 153 
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Portable TermiCette, Model 330, is plug­
to-plug compatible with any RS-232 mo­
dem, terminal or similar equipment. Op­
erational speeds are 110, 150 and 300 
baud. It is compatible with either half- or 
full-duplex systems and performs unlimit­
ed back and forward spacing. The 7- by 
17- by 10.5-inoh unit weighs 18 ozs. Prices 
start at $1650. International Computer 
Products, Inc. , Box 34484, Dallas, TX 
75234. 154 

Random access memory, RAMS 4001-4, 
offers arrays from 256 words of 1-bit to 
1024 words of 10-bits. Using type 1101 
chips, standard access times are 1 or 1.5 
µ.sec in commercial or Mil Spec tempera­
ture ranges. Power regulators are on the 
board, permitting operation with 5 and 
- 16V de unregulated. Small-quantity 
price for a typical 256 x 6 memory is un­
der $250. Computer Devices Corp., 63 
Austin Blvd., Commack, NY 11725. 155 

Magnetic-tape cassette terminal CT-300 
Series (four standard models), enables the 
user to tailor his data entry equipment to 
his needs. Orginate models transmit 11-
bit ASCII at 10 cps, with transmission 
characteristics similar to an ASR 33 Tele­
type. Polled versions transmit 10, 15 or 
30 cps, switch-selectable. Prices range 
from $1825 to $2970. Transcom Div. of 
Hi-G, Inc., 12 Tobey Rd., Bloomfield, CT 
06002. 156 

Computer Products 

Programmable oscillator 830T generates 
up to six functions: system frequency, 
phase B angle, phase C angle and three 
independent amplitudes may be simulta­
neously or individually programmed. Con­
trol is by 1248 BCD logic levels or op­
tional front-panel switches. Front panel 
readouts are available to indicate the BCD 
function value. Base price is $750. Cali­
fornia Instruments, 5150 Convoy St., San 
Diego, CA 92111. 157 
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Bargraph display, Metrascope MS20D-M, 
receives digital numerical data in bit­
parallel or bit-serial form, stores it in 
memory and displays it on a 20-inch CRT. 
Up to 80 channels may be displayed 
against an electronically-generated, no­
parallax grid. External data rate should 
be < 2000 words/sec and the maximum 
capability is 16-bits/word, 80 words/frame. 
Metra Instruments, Inc., 1340 Space Park 
Way , Mountain View, CA 94040. 158 

Calculator, Wang 600, offers 16 registers 
and 312 program steps for $2600. Memory 
may be increased by as many as three 
increments of 512-byte RAM at $300/ 
increment. A full system will have 1848 
steps or 247 registers. Available options 
include a Cassette Program peripheral 
that enables the user to overlap program 
blocks and extend the capacity to 16,000 
steps. Wang Laboratories, Inc., 836 N. St., 
Tewksbury, MA 01876. 159 
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Handle just that, or more,with IRs new PACE/pa~( 
Passivated Assembled Circuit Elements ... first 
to operate directly from 110-to-240 VAC lines! 

Combining Jong-term know-how in fabricating power semi­
conductor devices, with advanced passivation methods and 
the use of proprietary thick-film techniques, JR now intro­
duces a unique series of solid-state encapsulated power cir­
cuits. The first such units available, PACE/ paks offer a host 
of benefits for power applications such as: DC motor drives, 
so/ id-state circuit breakers, power supplies, generator ex­
citers, welding controls, inverters, chopper drives and heat­
ing controls. • They provide a number of advantages over 
conventional power circuits. For example, the savings in 
assembly and heat-sink costs alone can amount to 50% or 
more, not to mention as much as a 7-to-l reduction in piece-

INTERNATIONAL 

part inventories! And, as fewer interconnections are requir­
ed, their reliability is greatly extended. In addition, their high 
thermal efficiencies, electrical isolation and compact, con­
ven ient packaging make them ideal for any power design 
requirement where peak-power-performance, low cost, small 
size and high re liabi lity are prime requ isites. • They operate 
directly from 110-130 or 210-240 VAC and can easi ly handle 
current loads in the 50-100 Amp range. JR anticipates fabri ­
ca ting PACE/ paks with outputs of up to 800 Amps for 440 
Volt line application, in single or three-phase configurations . 
• Contact your local JR representative or write to us now ... 
and find out how to optimize your own power equipment! 

RECTIFIER 
Semiconductor Division, 233 Kansas Street, El Segundo, California 90245, Phone (213) 678-6281 

CIRCLE NO. 31 
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s iSou . 
switches" (lighted or plain), which provide 
convenience and efficiency through modular 
design, are a bright example. In the fi.TSt place, 
it's worth repeating that you can buy Centra­
lab domestically manufactured lighted push 
button switches for as low as $1.25 per module 
in production quantities. Plain modules are as 
low as 21 cents each. What's more, with our 
new RSD (Rapid Switch Delivery) program, 
we can deliver in four weeks, sooner in emer­
gencies. On prototype orders, we'll deliver in 
two weeks. 

Then there's the plain module itself, which 
contains only four parts to give longer, more 
reliable life. Two, four, six or eight pole, 
double-throw designs are available for printed 
circuit or panel mounting. As many as 29 
modules can be ganged on a common mount-

functions include momentary, in 
push~push and push pull. 

In lighted modules, interchangeable lenses 
and filters provide maximum color utility and 
aesthetic appeal. Front bulb replacement is 
another convenience feature. 

For consumer and industrial applications, 
Centralab push button switches are lighting 
the way to new economy, performance and 
efficiency. For complete specifications, write 
Switch Sales Manager, Centralab Electronics 
Division, Globe-Union Inc. 
'lsostat Licensed 

CENTRALAB 
Electronics Division 
GLOBE·UNION INC. 

5757 NORTH GREEN BAY AVENUE 
MILWAUKEE, WISCONSIN 53201 

M-7102 

CIRCLE NO. 32 
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NEED 
IMMEDIATE 
DELIVERY? 

These Centralab Field Assembly 
Distributors ca n provide proto­
type quantities of custom as­
sembled push button switches 
on the day of your orde r: 

CALI FORNIA 
Fisher/ Brownell 
Santa Clara 95050 
Phone: (408) 244-6182 

Kierul ff Ele ctron ics, In c. 
Los Ange les 90022 
Phone : (213) 685-5511 

FLORIDA 
Hammond Electronics 
Orla ndo 32802 
Phone: (305) 241-6601 

INDIANA 
Rad io Dist ri buting Co. Inc. 
South Bend 46624 
Phone: (219) 287-2911 

MINNESOTA 
Gopher Electron ics 
St. Pau l 55113 
Phone: (612) 645-0241 

NEW YORK 
Summit Distri butors 
Buffalo 14202 
Phone: (716) 884-3450 

NORTH CARO LI NA 
Kirkman Electron ics 
Winston-Salem 27108 
Phone: (919) 724-0541 

OHIO 
Pionee r-Sta ndard Electron ics, Inc 
Cleveland 44105 
Phone: (216) 587-3600 

PENNSYLVANIA 
Cameradio Company 
Pittsburgh 15222 
Phone: (412) 391-7400 

He rbach & Rademan, Inc . 
Philadelphia 19134 
Phone: (215)426-1700 

WASHINGTON 
Almac/ Stroum Electron ics 
Seattle 98109 
Phone: (206) 763-2300 

CENTR ALAB 
Elec t ronics 011.11s1o n 

GLOBE-UNIO N INC. 

Computer Products 

Mark sense option grants every model of 
card reader the ability to read all 80-col­
umn cards whether the data is punched, 
pencil marked or an inter-mixed combina­
tion of both. This feature is available as 
an option for the OM 200 (300 cpm), OM 
600C (600 cpm), OM lOOOC (1000 cpm) 
and the OM 1200 (1200 cpm). Delivery 
time is 60 days from the date of request. 
Documation Inc., 841 E. New Haven Ave., 
Melbourne, FL 32901. 160 

A 120-element phototransistor array 
TIL137 measures 1.3 by 0.9 inches and is 
arranged as 10 rows on 0.063-inch centers 
by 12 columns on 0.087-inch centers. It 
can be connected as a 5 x 24 or a 10 x 12 
matrix. Price in 1000 piece quantities is 
$120 each. Texas Instruments Incorporat­
ed, Box 5012, Dallas, TX 75222. 161 

Trillion-bit laser mass memory UNICON 
690 occupies on ly 60 square ft of floor 
space and has an average access time of 
approximately 150 msec. The laser vapor­
izes or burns minute holes in a metallic 
surface on a recording strip called "Data 
Str ip". Each st rip, approximately 31 
inches long and 5 inches wide, is capable 
of recording and storing over 11,000 
tracks of information at the rate of 6k 
bps. An on-line file consists of 450 strips. 
Precision Instrument Co., 3170 Porter 
Dr., Palo Alto, CA 94304. 162 

Teleprinter called TotalTerm prints asyn­
chronously up to 30 cps on edge-sprock­
eted multi-part forms and is fully adjust­
able to 132 columns. Unit incorporates an 
unusual incremental printing mecha­
nism, solid-state circuitry and controls. 
Applications include time-sharing, infor­
mation retrieval , point-to-point data ex­
change and repetitive printing of docu­
mentation.Syner-Data, 133 Brimbal Ave., 
Beverly, MA 01915. 163 

Fast Fourier Transform Processor MOD 
2030, operates with computers such as 
IBM, Varian, Univac, DEC and others. 
Unit performs both fourier transform or 
inverse fourier transform on arrays stored 
in user's computer and it operates inter­
nally using 20-bits with a 16- or 18-bit 
direct memory access channel. Arrays up 
to 32,768 complex variables may be proc­
essed. The processor permits real-time 
analysis to 50 kHz (up to 25 MHz with 
input buffer). UniComp, Inc., 18219 Par­
thenia St., Northridge, CA 91324. 164 
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Miniature Data Acquisition System. 
Compact, 7-inch high "Astroverter" has 
hinged front panel for 16-channels of 
interchangeable plug-in cards. Design­
it-you rself with system components 
including high speed multiplexers and 
ADCs , sample and hold amplifiers , DACs 
and high level buffer amplifiers. Through­
put rates 100 kHz. 
SRC / MOXON CIRCLE NO. 41 

Versatile 480 Bit Data Generators. 
New Model 916 Generator simulates 
digital inputs or outputs for design, 
development or system use with compu­
ters, peripherals and test equipment 
(MOS and bipolar logic levals available). 
Outputs; serial 1,2,8, 16 channels ; paral­
lel with up to 480 , 240, 60 or 30 bits per 
channel respectively . Rates to 15MHz. 
SRC/MOXON 

CIRCLE NO. 42 

High Speed Digital Data 
Comparator. New 10-channel digital 
comparator introduced for production 
testing , component sorting and data 
acquisition systems. When connected 
directly to a DVM , ADC or other auto­
matic test instrument the Model 800 will 
reduce the time and skill required to per­
form testing functions . 
SRC/MOXON CIRCLE NO. 43 

SRC 

Ill 
SRC DIVISION/ Moxon Inc. 
2222 Michelson Drive 
Newport Beach, Calif. 92664 
Phone: (714) 833-2000 
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X-Y positioning table has 15 by 20-inch 
travel. The Model XYD-1520 is driven by 
high-speed step-motors at speeds up to 
360 inches/min with an accuracy of 
± 0.001 inch over full travel. The table is 
designed for use with numerical control­
lers or control by real-time computer. Icon 
Corp., 156 Sixth St., Cambridge, MA 
02142. 165 

Digital-panel-meter counters feature five­
digit displays, BCD output, remote pro­
gramming and integral power supplies. 
Model CPM-603 ($295) displays frequency 
and will totalize. TPM-600 ($250) totalizes 
only. CPM-601 ($595) displays normal­
ized frequency rates. CPM-600 ($425) 
measures frequency, period, ratio and 
totalizes. Delivery 4 weeks ARO. Anadex 
Instruments Inc., 7833 Haskell Ave., Van 
Nuys, CA 91406. 166 

Seven-segment display module, TR-510, 
incorporates variable intensity, memory 
and high frequency anti-blur circuits. 
Operating from a 5V source, the modules 
are available with 3 to 6 digits complete 
with TTL-compatible latches, driver/ 
decoders, decimal points at each posi­
tion and optional front mounting assembly 
with bezel and colored filter. Tronix , Inc. , 
Box 349, Phillipsburg, NJ 08865. 167 
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Thick-film circuits and patterns can now 
be deposited on inside surfaces of various 
substrates such as ceramic, glass and 
metal. This newly developed method 
permits custom deposition of circuits up 
to 4 inches long. The patterns are deposit­
ed to precision tolerances with lines and 
spacings as small as 3 mils. Vitta Corp., 
Wilton, CT 06897. 168 

Lighted, solid-state pushbutton switches, 
Type 201SN, exhibit a maximum output 
risetime of 1.5 µ.sec . The Hall-effect de­
vice requires a supply voltage of 5V de 
and draws 15 mA at standby. Switching 
capability is 2.8V de at 10 mA to each of 
two isolated outputs. Adhesive tapes af­
fixed to the base assist in positioning the 
switch during assembly. Honeywell , Mi­
cro Switch Div. , 11 W. Spring St., Free­
port, IL 61032. 169 

Composite MOS packages provide a wide 
cavity to accept larger chips. Both 28- and 
40-lead AlSiPak packages are available 
with 0.240 inch2 cavities. Cavities are 
0.040 inch deep with a 0.050-inch-wide 
gold-plated seal ring, identical to the 
standard packages. Substrate material is 
AlSiMag No. 771 , a 94% pure aluminum 
oxide. American Lava Corp. , Chattanoo­
ga, TN 37405. 170 

Components/ Materials 

Compact heat dissipator for T0-3 pairs 
permits operation at twice rated power 
with no increase in case temperature rise. 
The dissipator, Model UP10-T03-2U, 
measures 3-3/8 by 1-13/32 by 7/16 inches. 
Price starts at $0.25 each for unplated 
versions in OEM quantities. International 
Electronic Research Corp., 135 W. Mag­
nolia Blvd. , Burbank, CA 91504. 171 

Plastic platform headers with twisted or 
formed leads meet many special produc­
tion requirements. Available in a wide 
variety of shapes, with lead wires of cop­
per, Dumet, steel or nickel and with gold, 
silver or nickel plate. Headers accommo­
date special circuitry and are compatible 
with automatic-assembly equipment. Gen­
eral Electric Co., Lamp Metals & Compo­
nents Dept., 21800 Tungsten Rd., Cleve­
land, OH 44117 . 172 

Microsoldering system (PDS II) provides 
precise control of solder, flux , rise time, 
temperature and total heat output for sol­
dering miniature components. The system 
utilizes interchangeable microtips, and 
provides manual or automatic timing of 
the heating-pulse length. This pulse may 
be varied from 0.10 sec to 10.0 secs. Circon 
Corp., Santa Barbara Airport , Goleta , 
CA 93017. 173 
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Take the price you'd normally pay to measure 
one nanosecond and 550 MHz. 
Now divide by two. 

Now for less than half the price of 
alternative solutions you can measure 
frequencies up to 550 MHz and time 
intervals from 0.15 nanoseconds to 109 

seconds. You get the best resolution too, 
<50 picoseconds. Only HP's unique 
type of time interval averaging permits 
these measurements with such economy. 

And you get all the other functions 
you expect in universal timer/ counters. 
Features such as totalizing, period, ratio 
and conventional time interval measure­
ments. They' re the most program-
mable counters of their type as well. 

This series also includes the only 
counters with built-in 
digital voltmeters. 

So you can set trigger levels digitally and 
better than an oscilloscope can for 
accurate time interval measurements. 
Use the DVM to check out de voltages 
too, or add an HP 11096 probe for ac. 

For more accurate measurements 
you can option for a high stability time 
base of 5 parts in 10 10/ day. Or to 
measure low level signals, we can offer 
input sensitivities as high as 25 mV. 

llf llf 1-
·i · ·i 

The HP 5327 Series is ideal for 
testing logic timing, cable delays, low­
power circuits, and crystal oscillators-as 
well as calibrating frequency and pulse 
generators. Prices of the three models in 
the HP 5327 Series range from only 
$1495 to $2150. Or, if a 50 MHz will 
do your job, there's the companion 5326 
Series from just $950 to $1595. 

Sound too good to be true? Ask your 
local HP field engineer about these 
outstanding counter values. Or for more 
information, write to Hewlett-Packard, 
Palo Alto, California 94304; Europe: 
1217 Meyrin-Geneva, Switzerland. 

0211 7 

HEWLETT t:fJ PACKARD 

E LECTRONIC COUN T ERS 
CIRCLE NO. 34 
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Watch for EDN/EEE's fifth annual Caravan 
tour, October-November 1971. A traveling 
exposition of products and ideas visiting 
leading computer and peripheral equipment 
manufacturers throughout the U.S.A . 

~EJEJ MAGAZI N~ PRESENTS 

Featuring new products, ideas and 
applicatfon assistance from: 

Advanced Memories Systems. Inc. 
Beckman Instruments , Inc. 

Belden Corp. 
Borden Chemical Mystik Tape Div. 

Cinch Mfg. Co. 
Cornell-Dubilier Electronics 

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

Instrument Specialties Co., Inc. 

. ... -. 

NASA Headquarters 
Raychem Corporation 

Semiconductor Electronic 
Memories, Inc. 

Torin Corporation 



EDN/EEE CARAVAN ROUTING 
November 22 - December 13, 1971 

DATE/DAY/TIME AREA SITE 

Monday, November 22 
9:00 -12:00 noon Phoenix. Ariz. Honeywell Information 

Systems Inc. 
1 :30 - 4:30 p.m. Scottsdale, Ariz. Motorola 

Tuesday, November 23 
1 :30 - 4:30 p.m. San Diego, Calif. Stromberg Datagraphix Inc. 

. Wednesday, November 24 
La Joi la, Calif. Control Data Corp. 9:00 -12:00 noon 

1 :30 - 4:30 p.m. San Diego, Calif. NCR 

Monday, November 29 ->-
Concord, Calif. 9:00 -12:00 noon Systron Donner 

1 :30 - 4:30 p.m. San Leandro, Calif. Friden 

Tuesday, November 30 
Mountain View, Calif. Sylvania 9:00 -12:00 noon 

2 :00 - 4:30 p.m. Walnut Creek, Calif. Varian Associates 

Wednesday, December 1 
Santa Clara, Calif. 9:00 -12 :30 p.m. Me morex 

1 :30 - 4:30 p.m. Santa Clara, Calif. Hewlett-Packard 

Thursday, December 2 
Palo Alto, Calif. Philco-Ford 9:00 - 1 :00 p.m. 

2:00 - 4:30 p.m. Palo Alto, Calif. H-P Mi crowave Div. 

Friday, December l 
Sunnyvale, Calif. Singer-Link 9:00 -12 :00 noon 

1 :30 - 4:30 p .m. San Jose, Calif. IBM/Systems Development 

Monday, December 6 
Westlake Village, Calif. Burroughs Corp . 9:00 -12:00 noon 

1 :30 - 4:30 p.m. Woodland Hills, Calif. Litton Systems 

Tuesday, December 7 
Van Nuys, Calif. Litton Data 9:00 -12:00 noon 

1 :30-4:30 p.m. Van Nuys, Calif. RCA. 

Wednesday, December 8 
Woodland 9:00 -11 :30 a.m. Hills, Calif. · Data Products 

2:00 - 4:30 p.m. City of Industry, Calif. Burro ughs Co rp. 

Thursday, December 9 
Culver City, Calif. Hughes Aircraft 9:00 - 12 :00 noon 

1 :30 - 4:30 p.m. Torrance, Cali!. TRW Data Systems 

Friday, December 10 
El Segundo, Calif. Xerox Data Systems 9:00 - 12 :00 noon 

1 :30 - 4 :30 p.m. Hawthorne, Calif. NCR 

Monday, December 13 
Anaheim, Calif. Calif. Computer 9:00 -12:00 noon 

Products Inc. 
1:30 - 4:30 p.m. Anaheim, Calif. Century Data Sys. 

Components/ Materials 

Alumina ceramic edge-mount IC packages 
meet MIL-STD-883 . The "InCert" family 
consists of a 64-lead double-sided package 
(32 contacts per side) with chip cavity 
measuring 0.430 inch on each side; a 40-
lead double-sided package measuring 1.0 
by 0.75 inches, and a 40-lead single-sided 
package. The 40-lead packages have a 
chip cavity that measures 0.360 inch on 
each side. Metalized Ceramics Corp. , 
West River Industria l Park, Providence, 
RI 02904. 174 

Flexible cable-like microwave TEM-line 
call ed "Wireline" can be used to fabricate 
hybrids, couplers and power dividers. 
Couplers can be constructed to any de­
sired value. A nomograph, supplied with 
the materia l, eliminates design calcul a­
tions and gives the required dimensions 
for the desired characteristics. Wireline is 
available from stock in bulk form at 
$12/ft, 10 ft minimum. Sage Labs. , 3 
Huron Dr., Natick, MA 01760. 175 

Matrix program boards with switching 
crosspoints on a 0.130 inch grid, the Se­
ries 1000, have horizontal and vertical 
contact buses and provide input/output 
switching by inserting shorting pins at 
the desired crosspoints. Miitrices of 
10 x 10 to 100 x 100 are avai labl e in 
standard or special arrangements with up 
to 8 levels of contacts. Price is $0.10 to 
$0.20 per crosspoint, and delivery is 3-5 
weeks. Info-Lite Corp., 2337 Lemoine 
Ave., Fort Lee, NJ 07024. 176 

Dry-film lubricant, Synthetic Dri-Slide, 
rrovides film strength in excess of 100,-
000 PSI, contains no solids and is non­
staining. The clear spray cleans, pene­
trates, displaces moisture and inhibits 
rust. It requires no agitation and is 
applicable through most automatic sys­
tems. The lubricant is available in 8 oz 
aerosol cans or in bulk. Dri-Slide, Inc., 
Industria l Park, Fremont, MI 49412. 177 

Solder cream, Flowsolder "SSP," is a mix­
ture of finely-powdered solder and resin­
based flux formulated for screen process 
printing. When heated above the fusion 
point of the solder, the cream provides a 
tinned coating on solderable substrates, 
or a soldered joint between substrate and 
component leads. A wide range of tin­
lead, tin-silver or tin-lead-silver alloys is 
available. Fry's Metals Ltd. , Tandem 
Works, Merton Abbey, London, SW19 
2PD, England. 178 
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D/A converter Model DAC-9-8B has 8-bit 
resolution and sells for $9.95 . Full-scale 
output is 2.6 mA with maximum voltage 
compliance of l.2V. Output settling time 
to ± 0.4% is 1 µ.sec. Units are compatible 
with standard TTL/DTL levels and pin 
locations are DIP-compatible. Each mod­
ule contains input buffer logic, electronic 
switches, precision ladder network, refer­
ence circuit and output current source. 
Varadyne Systems, 1020 Turnpike St. , 
Canton, MA 02021. 179 

20W Class B op-amp, PA-011 , comes in 
the standard "L" pack for PC card mount­
ing and is designed to drive permanent­
magnet de instrument motors. Features 
include up to ± 24V, ± lA output, 20,000 
VIV minimum open loop gain and 5000 
Hz full-power bandwidth. The epoxy 
molded package measures 1.12 by 2 by 
0.6 inches and weighs < 2 oz. Price for 1-9 
is $49 each. Torque Systems Inc., Box 
167, 225 Crescent St., Waltham, MA 
02154. 180 

Precision level switch Model 6640 can 
drive unterminated coaxial cable with 
lV/nsec 40V pulses, with minimal aber­
rations. For MSI/LSI MOS devices requir­
ing a pin to both drive and receive infor­
mation, a DTL/TTL disable command will 
generate an open-circuit output. The unit 
is designed to operate up to 5 MHz, 40V 
p-p-with 10 MHz achievable at reduced 
amplitude. Prices range from $305 to 
$350 each. Xincom Corp. , Box 648, 20931 
Nordhoff St. , Chatsworth, CA 91311. 181 
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High density hybrid microcircuits with 
thick and thin film can be designed to 
meet user's requirements. Controlled­
thickness tantalum nitride and nichrome 
network films and precision etching pro­
vide TCR tracking of ± 10 to ± 50 ppm/°C 
for thin films and ±50 to ± 250 ppm/°C for 
thick films. Available resistor trim toler­
ances are ± 0.01 to 2% for thin films and 
± 1 % for thick films. Package designs in­
clude DIP, TO and flat packs. Aerovox 
Corp. , New Bedford, MA 02741. 182 

D/A converter, Model 848, features 11-bit 
resolution and 4V/µ.sec minimum slewing 
rate. The module contains a current 
summing ladder network, analog switch­
ing, a precision voltage reference, output 
op-amp and preset scaling and offset ad­
justment resistors. Four standard output 
voltage ranges are available. Unit meets 
MIL-STD-883 specifications. Helipot Div., 
Beckman Instruments, Inc., 2500 Harbor 
Blvd. , Fullerton, CA 92634. 183 

Capacitive-coupled sense amplifier MC-
1544 is ideal for use with plated-wire or 
thin-film memories. This device employs 
internal coupling capacitors, Schottky 
clamped output transistors to achieve 
an 18 nsec propagation delay and an unu­
sual de level restore circuit to eliminate 
repetition rate problems. A typical ±3 
m V signal can be detected. The device 
sells for $9.00 in 100-up quantities. Moto­
rola Inc. , Semiconductor Products Div. , 
Box 20924, Phoenix, AZ 85036. 184 

Photo-electronic control device EPX28 
features both high sensitivity and great 
angle of opening. This unit contains a sili­
con photo element, and npn transistor 
and two silicon diodes, suitable for direct 
relay drive. Other characteristics include 
45V collector-emitter voltage, 325 mW 
total power dissipation and 3.5 µ.sec rise 
time. Price is $5.77 each (100 quantity). 
European Electronic Products Corp., 
10150 W. Jefferson Blvd. , Culver City, 
CA 90230. 185 

14-pin DIP attenuator occupies only 0.08 
cubic inch, and operates within the de to 
500 MHz frequency range. Available in 1 
to 20 dB values, these devices exhibit a 
VSWR (50.0 system) of 1.2:1 nominal and 
attenuation accuracy of 0.5 dB to 100 
MHz and 1 dB to 500 MHz. Handling 
capabilities are 250 mW, CW (lOOW 
peak) at 70°C. Price is $9.50 each. Elcom 
Systems Inc., 151-24 W. Industry Ct., 
Deer Park, NY 11729. 186 

Dual-board signal conditioner, Series 4, 
will interface with all types of strain gage 
and resistance transducers. This dual 
board concept permits the standard SCA-
4 signal conditioner to be fitted with 10 
channel, 19 inch multi-channel case. The 
function boards permit the user to select 
function options such as digital active fil­
tering with cut-off frequencies from 0.1 to 
10 Hz. Sensotec, Inc. , 1400 Holly Ave., 
Col um bus, OH 43212. 187 
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D/A converters, DAC 372 Series, exhibit 
linearities conforming to 8 to 12 bits (all 
units have 12-bit resolution capability). 
Standard drift is 30 ppm/°C, and these 2-
by 2- by 0.4-inch units have DIP pin spac­
ing. Price starts at $39 for 1-9 quantities. 
Hybrid Systems Corp., 95 Terrace Hall 
Ave., Burlington, MA 01803. 188 

Vibration monitor the single- or dual­
channel Vibragard, spans the vibration 
ranges of 0 to 0.003 or 0 to 0.01 inch. 
Other ranges are available on request. A 
front panel connector provides output for 
continuous recording. Helm Instrument 
Co. , 4216 W. Alexis Rd. , Toledo, OH 
43623 . 189 

Threshold extension unit, Model 60, lowers 
wideband FM system thresholds by 4 to 5 
dB. It is available with switchable capaci­
ties from 12 to 600 channels. Dimensions 
for a typical plug-in unit are 4 by 2 by 6 
inches. Hekimian Laboratories, Inc., 322 
N. Stonestreet Ave. , Rockville, MD 
20850. 190 

Circuits 

Solid-state synchro interface converters 
are 13-bit synchro-to-digital (S/D) and 
digital-to-synchro (D/S) devices. Options 
include resolver interface, BCD interface, 
self-contained power supplies, up to 10-
kHz operation and input levels to lOOV 
rms. Digita l Device Development Corp. , 
12 Wilmington Rd., Burlington, MA 
01803. 191 

Phase-lock oscillator Model 4327 spans 
the 1030 to 1090 MHz range, with similar 
models available for the 960 to 1540 MHz 
range. Units have 80 mW power output, 
±0.001 % accuracy, 0.003% stability and 
- 60 dB spurious response. Zeta Labora­
tories Inc., 616 National Ave., Mountain 
View, CA 94040. 192 

Differential FET operational amplifiers 
Models 161 A/B have 400V/µ,sec typical 
slew rate, 45 MHz gain bandwidth prod­
uct, 6 MHz full-power response and will 
settle to 0.01 % within 300 nsec. Prices (l­
g quantity) are $49 (161 Al and $55 (161 
Bl. Dynamic Measurements Corp. , 6 Low­
ell Ave., Winchester, MA 01890. 193 

IMPROVED-DESIGN 
HEAT SINKS 

We fabricate heat 
sinks to your speci­
fications. Write for 
NEW CATALOG. 

COMPLETE LINE OF 
FORCED AIR 

COMPLETE LINE OF 
NATURAL AIR 

1iran.:tec 
CORPORATION 

P.O. Box 1022 - Columbus, Nebr. 68601 

CIRCLE NO. 35 

The IC 
trouble­
shooters 
march 
on. 

Here comes the latest member of 
HP's Troubleshooters searching out 
faulty IC's. The HP 10529A Logic 

Comparator slips 
over the in­

circuit IC 
you're testing 

and in 5 seconds or less 
tells you whether it is functioning 
properly. 

A clever comparison scheme uses 
the circuit's power and input stimulus 
to do all this . Even dynamic errors 
as brief as 200 ns are stretched and 
displayed. Complete with accessories 
for only $295. 

We're thinking ahead. The compar­
ator carrying case 

~-----/; also holds our other 
~ two Troubleshooters . 
-'=" The HP 10525A Logic 

Probe lights up for pulses as 
narrow as 25 ns and indicates 
pulse polarity, pulse trains and 
logic states. $95. 

The HP 10528A Logic Clip 
clamps over IC packages to show 

the state of all 16 
(or 14) pins instantly. 
$125. 

You can buy all three 
as the 5010A for $495, 
saving you time, aggrava-"l••r 
tion and $20. 

The IC Troubleshooters 
r-~=,..._~. march on. Wait 

until you see 
what we're work­

ing on now! 

Call your HP field 
engineer to get your 

hands on them right 
away. Or if you want to know more, 
wnte Hewlett-Packard, Palo Alto, 
California 94304; Europe : 1217 Mey­
rin-Geneva, Switzerland. 

0 211 6 

HEWLETT ?P PACKARD 

CIRCLE NO. 36 
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yousure o~ 
up·to·date on 

Attend the (EDNJ/ EJEE IC Applications Seminars 
and get the latest circuit and system design 

concepts presented by the top 25 IC manufacturers. 
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Advance_s and . r field that many of 

ring so fast tn thfe ,"~pepalicatio ns didn't even 
today' s most use u 
exist two or three y:~~~n~~~g in new device 

Hear the !ates 'pplications for exist-
applications and new a 
ing devices. 
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. hostile environment of 

Are you facings~ olar access times and 
logic levels, MOS, 'Pr ? Listen as major 
cost/performance ra i os~ir with logic. Semi­
manufacturer~ clear the It's something you 
conductor log ic ?f cou rse. 
can't afford to miss. 

PROUD BIRD RESTAURANT 11022 Aviation Blvd. (Near L.A. International Airport) Los Angeles, California 

For More Information Write : Jim Rose, Seminar Coord inator, P.O. Box 156, Palos Verdes Estates, Calif. 90274 
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Miniature plastic SCRs, the Micro-T 
MCR051 through MCR054, are less than 
1/10-inch in body diameter. These devices 
are available with PRV ratings from 15 to 
lOOV and gate trigger currents of 200 µ.A 
max. Peak forward surge current is 6A. 
Available from stock , they are priced at 
$3.40 to $4.95 each in unit quantity. Mo­
torola Semiconductor Products Inc. , Box 
20912, Phoenix, AZ 85036. 194 

8-bit plus sign multiplier, designated 
Hl002MC, is comprised of 52 full adders 
and 96 gates for an equivalent of 616 
gates integrated on a single 1-1/2- inch sil­
icon wafer. The bipolar LSI device is TTL­
compatible and has typical operational 
speed of 10 nsec per gate and will perform 
8 million multiplications of two 8-bit 
words plus sign per second. Hughes Air­
craft Co., Box 90515, Los Angeles, CA 
90009. 195 

Monolithic MOS clock drivers, Type 
MH0026/MH0026C, have typical pulse 
rates of 5 MHz with rise and fall times of 
less than 20 nsec when driving a 1,200 pF 
load. Maximum voltage swing is 20V. All 
types are available from stock, and prices 
range from $7.75 to $39.50 in single 
quantities. National Semiconductor Corp., 
2900 Semiconductor Dr., Santa Clara, CA 
95051. 196 

·+1:-t=1 
-' 1·'-' - . - / 

Solid-state indicator, Type SLA-2, dis­
plays numeral "one" with plus and minus 
signs. The red-light emitting display is 
packaged in a standard 14-pin DIP config­
uration for direct mounting. The gallium 
phosphide diodes provide a 0.33 inch high 
character with brightness of 300 IL when 
operated at 15 mA and 2.lV. OPCOA, 
Inc., 330 Talmadge Rd., Edison, N J 
08817. 197 

PNP . silicon planar · power transistors, 
Types 2N4999, 5001, 5003, 5005, 5009, 
5625 and 5627, are direct complements to 
the manufacturers NPN devices. Delivery 
time is 2 weeks since the unmounted 
transistor chips are inventoried in a "die 
bank" ready for mounting in the custom­
ers specified package. Prices are from $15 
to $60 each in 100 piece quantities. Power 
Physics Corp. , Box 626, Eatontown, N J 
07724. 198 

Linear IC op amps SN52108A/72308A and 
SN52108/72308 feature slew rates of 
0.25V per µ.sec at unity gain. Typical 
input offset voltages for the 52108A and 
52108 are 0.3 and 0.7 mV, and for the 
72308A and 72308 are 0.3 and 2.0 mV. 
Prices range from $8.10 to $75.79 each in 
100 piece lots; delivery is 3 weeks ARO. 
Texas Instruments Inc., Box 5012, Dallas, 
TX 75222. 199 

NewSC's 

Monolithic 8-channel analog multiplexer 
features full 3-bit decoding and chip-se­
lect incorporated in the array. The MS-
504 is a C/MOS device with a ± 8V input 
signal range and power dissipation of 50 
nA at 15V. Switching speed is less than 
50 nsec. Availability is from stock in 16-
lead flat packs or DIPs at $38.50 each . 
Ragen Semiconductor, Inc., 53 S. Jeffer­
son Rd., Whippany, NJ 07981. 200 

MOS ROM generates characters of Japa­
nese Katakana alphabet. The 2560-bit 
static ROM can be used in row-output 
raster scan CRT displays, printers, etc. 
The 2513NX/CM2143 is encoded for a 
5 x 7 dot matrix version of Katakana, 
and the 2513NX/CM2170 is encoded with 
ASCII Roman a lphabet including a sym­
bol for Yen currency. Both are $18.10 
each in orders of 25-99 pieces. Signetics 
Corp. , 811 E. Arques Ave., Sunnyvale, 
CA 94086. 201 

Reference amplifiers CH2001-CH2004 
consist of matched NPN transistor/ 
reference diode chip combination in a 
T0-12 package. The devices are available 
in reference voltages of 6.5 to 6.9V with 
four temperature coefficients: ± 10, ± 25, 
± 50 or ± 100 PPM!°C. Prices start at 
$4.25 each in 1000 quantities. Centralab 
Semiconductor, 4501 N. Arden Dr., El 
Monte, CA 91734. 202 
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Programmable voltage source supplies O 
to lOOOV de in four ranges with 6-digit 
resolution and readout. All functions are 
push-button controlled or are programma­
ble by parallel or series DTL/TI'L input. 
BCD output is available. Price each, in 
either bench or rack version, is $1750 with 
delivery 60 days ARO. Alpha Scientific, 
Box 2044, Oakland, CA 94606. 203 

Miniature laboratory oscilloscope with 
500 kHz bandwidth has an integral 1 MD 
probe and is designed for severe environ­
ments. The Model 211 operates from ac 
line, or up to 5 hrs on internal batteries. 
Deflection factors are 1 mV/div to 
50V/div with sweep rates extending to 1 
µ.sec/div. Measuring only 3 by 5-1/4 by 9 
inches, the "miniscope" is priced at $545 
complete with batteries. Tektronix, Inc., 
Box 500, Beaverton, OR 97005. 204 

• 

. - -~ .. -;-.. - .. -

Programmable Time-base generator, Mod­
el 590A, has three outputs: two sine-wave 
outputs at 1 and 10 MHz and a square­
wave output that can be varied in nine 
decade steps from 0.1Hzto10 MHz. Out­
put frequencies are derived from a 1 MHz 
oven-stabilized crystal. Price is $700 
each . Monsanto Commercial Products Co., 
Electronic Instruments, 620 Passaic Ave., 
West Caldwell , NJ 07006. 205 
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Color TV-microscope system permits mi­
croscopic examination at up to 1000 pow­
er magnification. Model MV 9700 in­
cludes color camera, control unit, color 
monitor, high-intensity light source and a 
modified quality binocular microscope. 
Price of the system complete is $12,000. 
Circon Corp., Santa Barbara Airport, 
Goleta, CA 93017. 206 

Portable Bipolar DMM with display of 
19999 provides 25 ranges that include ac 
and de voltage and current and resis­
tance-yet is small enough to fit in an at­
tache case. The 4-1/2 digit Model 1242 
features weight of only 4-1/2 lbs, overload 
protection, rated accuracy to 0.05% of 
reading ± 1 digit and a price tag of $595. 
Weston Instruments Div., Weston Instru­
ments, Inc., 614 Frelinghuysen Ave. , 
Newark, NJ 07114. 207 

N/C wiring machine, Model WWM-300, is 
designed to provide in-house wiring capa­
bility in the range of 100,000 wires or 
more. The system price of $10,000 in­
cludes the positioning table, controller 
console, display readout, tape spoolers 
and wire bin. Production rates range up 
to 600 terminations or 300 wires/hr. Stan­
dard Logic Inc., 1630 S. Lyon St., Santa 
Ana, CA 92705. 208 

Equipment 

Function generator, Model 5400A, incorpo­
rates a symmetry control that allows 
pulse rep rate to be set independently of 
pulse width. Frequency coverage is 0.002 
Hz to 5 MHz with output in sine, square, 
triangle, ramp, pulse and sawtooth wave­
forms. Maximum output is 30V pk-pk. 
Krohn-Hite Corp., 580 Massachusetts 
Ave., Cambridge, MA 02139. 209 

Thermocouple readout meter that uses 
thermocouples as small as 0.001 inch in 
dia contains a built-in amplifier and is 
available in biomedical , cryogenic and 
general purpose models. Meter ranges are 
available from - 200 to + 400°C, each with 
a µ. V differential range equivalent to 
about ± 20°C. Response time is only 2 sec 
and the meters can use any Type T ther­
mocouple. Omega Engineering Inc., Box 
404 7 Stamford, CT 06907 . 21 0 

Voltage monitor measures, about a given 
set-point, the deviation in percent of the 
variable around the pre-set value. Useful 
as an expanded scale meter, a dual-set­
point meter relay, a status and alarm in­
dicator or a drive system for an expanded­
scale recorder Model 85105 is priced at 
$170 complete with in ternal power sup­
plies. Voltex Co. , Inc. , 115 Marine St., 
Farmingdale, NY 11735. 211 
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A complete line of 
precision magnetic measuring equipment. __ ... _ 

QB 
MODEL 505 GAUSSMETER 
• Lowest cost 
• Self-contained 
A complete ly self­
contained instrument 
for magnetic field 
measurement. 

MOOEL 750 SAUSSMETER 
• Wide ranee 
• Versatile 
Features wide measure­
ment range, high ac­
curacy and ease of 
operation. 

MODEL 3265 GAUSSMETER 
• Unncelled reada~ility 
• Hilh precision 
Features absolute, dif­
ferential and incre­
mental measurement 
operations. 

Send tor Free technical booklet on 
RFL Magnetics equipment. 

RFL Industries, Inc. 
Instrumentation Division • Boonton. N. J. 

CIRCLE NO. 37 

Add the distinctive styling and proven 
performance of McGill rocker switches 
to your products. Choice of actuator 
colors and shapes. Extra electrical ca­
pacity. 6 to 20 amp. in miniature and 
standard sizes. Broad selection of ter­
minal , circuitry and mounting hardware 
variations . Request Cat. 89. McGill Mfg. 
Co., Inc., Electrical Div., Valparaiso, 
Indiana 46383. 

ENGINEERED SWITCHES 

CIRCLE NO. 38 

Available from 
recognized McGill 
Master Switch 
Distributors. 

"Everything you need 
to know about 

yoke selection." 

Yoke selection involves consideration of 
many interacting factors : the requirements 
of the display system, the cathode ray tube 
to be used, and the circuitry involved. 

SYNTRONIC'S YbKE SELECTOR, based on 
twenty years of experience in the design and 
manufacture of yokes, has been developed to 
explain some of these interactions, and to pro­
vide you with a checklist of information to be 
evaluated by our yoke specialists. 

As a result of thorough evaluation , a yoke of more 
reasonable cost can often be used when it is 
possible to allow some small trade-off variations 
in these interacting factors. 

In using this yoke selector it is not necessary for 
you to become deeply involved in the design 
of the yoke . By filling out the APPLICATION 
CHECKLIST included, and submitting it to our 
engineers, you can make sure that all factors 
will be considered and that we will be able to 
recommend a yoke design that will be best 
suited for your application . 

FREE YOKE SELECTOR 

SYNTRONIC INSTRUMENTS, INC. 
100 lndustrlal Road Addison, Ill. 60101 (312) 543-6444 

CIRCLE NO. 39 

67 



68 

u~i~ue 
prec1s1on 

voltage (' (~·(; . 
(~ <' \. • 
( c 1; < • 

(; . source 
• 6-digit resolution and readout-0-1,000 voe in four ranges 

with 0.003% accuracy, 0.001% stability, 0.0002% regulation. 
• You control all functions by pushbutton or program them with 

DTL/TTL input. BCD output available. 
•Unique circuit* limits signal flow to analog section-output 

voltage is independent of switch characteristics or quality. 
• You can change any decade of a selected voltage individually. 
• 100 millisecond programming speed in either polarity. 
• Output current 50 ma from 0-100 volts, 5 ma from 100 to 1K 

volts. 
The Alpha M106 Precision Digital Voltage Source has no equal for auto­
matic test and process control systems. Its low cost, dependability and 
ease-of-use make it the best instrument for all calibration applications. 

For full information, contact your nearest Scientific Devices Office or 
ALPHA Alpha Sc ientific, P. 0. Box 2044, Oak­

land, CA 94604. Phone (415) 635-2700. 

CIRCLE NO. 27 

When Astronauts Shepard and Roosa returned 
f1om thei r histor ,"c Apollo-14 flight. they were 

as clean-shaven as when they left 9 days 
ear lier . (M itchell decided to grow a beard') 
The reason? The W ind-Up M ona co shaver , 

se lected by NASA to keep the m comfortable 
and clean-shaven on their long Journey . 

•The f i rst secret of the M onaco's marvelous 
performance lies in its shaving head . Th ree 

cont inuously self-sharpeni ng blad es revo lve 
at such a fas t c lip that they actually give 

72 ,000 cutting strokes per minute And the 
guard is so unbel ievably thin (5 / 100 of a mm­

about the thi c kn ess of a ciga rett e paper) 
that pressure 1s unnecessary . Just touch the 
shaver to your face and guide 1t 1n circu lar 

motions for the smoothes t shave ever. 
•The second secret 1s th e power plant . Th e 

palm -shaped body of th e Monaco is fill ed w ith 
a huge mainspring , made of the same 

Swedish super -steel used 1n the most expen. 
sive watch movements. Just wind it up and 

the Monaco shaves and shaves . From ear to 

the 
shaver 
that vvent 
to the 
Moon 

ear , from nose to neck, and main­
tains full speed to th e end-long 

enough to do th e complete job . 
We could go on about the virtues 
of the Monaco. but (as with so 
many things) you have to try it 
to really believe 1t . • Send for you r 

Monaco today in full co nfidence . 
Put tt to the te st for two weeks . 

You ' ll be delighted w ith the comfort, 
speed and convenience-and the inde-

pendence 1t will g ive you from water , soap, 
batteries , electricity. stypt ic pencil and all 

other paraphernalia of co nvec tional shaving . o 
If you decide the Monaco isn ' t the best shaver 
ever, send 11 back to us for prompt refund . 
If the M onaco serv ed the Apollo-14 astronauts 
so we ll, th ink what it can do for you under 
much less try ing conditions . Once you've 
tried i t you'll never let 11 go. 
Please send me: 
O Monaco Shaver-Standard Model $19.95 
D Monaco Deluxe-Model-Anatomique $21.95 
0 Special Trimming Head (optional) $4 .95 
My check. plus $1 for post . & ins . is encl. 
(Calif. res . add tax .) Guaranteed 1 year . 
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DC-to-de power supplies with single, dual, 
triple and quadruple outputs up to 20W 
are described in Catalog No. 716. It con­
tains 27 pages, including a selector index 
that aids in locating a standard model · 
for a particular application. Performance 
curves and dimensional information are 
provided. MIL Electronics Inc., 176 Walk­
er St., Lowell , MA 01854. 250 

Thermocouple recorder that provides 32-
channel automatic data acquisition when 
combined with a DVM is described in a 
four-page brochure that includes features , 
specifications and accessory descriptions. 
Kaye Instruments, Inc., 737 Concord Ave., 
Cambridge, MA 02138. 251 

DC motors are described in short-form 
Catalog HF 971 with a table showing 
motor ratings, motor constants and di­
mensions for 10 models. Characteristics 
are also provided for encoded motors and 
motor/tachometers. Sequential Informa­
tion Systems, Inc., 249 N. Saw Mill River 
Rd., Elmsford, NY 10523. 252 

a 
~D 

Jf_ .. 

Relays are featured in a 28-page catalog 
that gives descriptions of solid-state, opto­
electronic, reed, time-delay, time-interval 
and frequency-sensitive relays. Solid 
State Electronics Corp., 15321 Rayen St., 
Sepulveda, CA 91343. 253 

"NBS Frequency and Time Satellite Exper­
iment" is a 12-page brochu·re that de­
scribes the experimental geostationary 
satellite program for broadcasting time 
and frequency signals. Information pro­
vided includes operational requirements 
for reception of the satellite signals. Na­
tional Bureau of Standards, Time & Fre­
quency Div. (273.01 ), Boulder, CO 80302. 

254 

-...u:nm 

.--
Head-testers for audio and digital tape, 
disc and drum are described in a six-page 
brochure that provides specifications and 
prices. A 20-channel audio-head align­
ment tester is also described. Aventron­
ic;;, Div. of Schmidt Tool & Die Co., Cul­
ver City, CA 90230. 255 

Polyester film of capacitor grade is de­
scribed in a technical bulletin that pro­
vides physical, electrical , chemical and 
thermal properties and capacitor life test 
data . Specification and price folders are 
also included. 3M Co. , Box 3686, Dept. 
Fil-18, 3M Center, St. Paul , MN 55101. 

256 

-Terabit memory system uses videotape 
recording methods to store from 90 billion 
to 3 trillion data bits (400 billion bytes) 
on-line for random access. It is described 
in Brochure G414. Ampex Corp. , 401 
Broadway, Redwood City, CA 94063. 257 

Literature 

Solder preform selector is a 16-page bro­
chure that provides information on the 
physical properties of elements used in 
preforms , standard alloy listings, meta l 
combinations and impurities to avoid, a 
temperature conversion table and other 
information on solder preforms. Indium 
Corporation of America, Box 269, Utica , 
NY 13503. 258 

Edmund Scientific catalog contains a vari ­
ety of optical and scientific equipment for 
industry, research labs, design engineers, 
experimenters and hobbyists. Catalog 
# 721 features over 4000 items with 
prices. Edmund Scientific Co. , 380 Eds­
corp Bldg., Barrington, NJ 08007. 259 

Fast fourier transform system is described 
in a brochure that graphically illustrates 
the flow of information from various in­
put sources to outputs. A complete de­
scription is provided for the equipment 
that is shown. UniComp, Inc. , 18219 Par­
thenia St., Northridge, CA 91324. 260 

DC secondary voltage standard, Model 
AN3100 is described in a six-page bro­
chure that provides the theory of opera­
tion of the unit and includes application 
data. Analogic, Audubon Rd., Wakefield, 
MA 01880. 261 
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You say you want a 
low-profile snap-in-mount­
ing push button switch or 
matching indicator that is 
interchangeable with most 
4-lamp displays . . . available 
in a full range of cap colors 
... with a choice of bezels 
with or without barriers in 
black, gray, dark gray or 
white. 

anda 
legend presentation that's 
positive (like this one) or 
negative (like the one below) 
or just plain (like the one 
above) . . . one that 's white 
when " off" and red, green, 
yellow (amber) , blue or light 
yellow when " on" .. . or 
colored both " on " and " off." 

anda 
highly reliable switch proven _ 
in thousands of installations 
. . . available in momentary 
or alternate action ... N.O., 
N.C. or two circuit (one N.O., 
one N.C.) ... that accommo­
dates a T-1 3A bulb with 
midget flanged base, incan­
descent, in a range of volt­
ages from 6-28V. 

etc. 
etc. 
etc. 
No~ for the first time 
Oialight gives you 
custom panel designing 
with a standard line of 
push-button switches and 
matching indicators 
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Dialight offers a broader range of switch and 
indicator possibilities than you 'll find 

anywhere in a standard single-lamp line. 
Sizes:%" x 1", 5/e" and% " square and round. 

Send today for our new catalog. 

DIAL/GI-IT 
Dialight Corporation, 60Stewart Ave., Brooklyn, N.Y. 11237 DT-125 

CIRCLE NO. 40 
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APPiication Notes 
"TRU-ROta Encoder Logic Interfac­
ing" is an eight-page note that gives 
suggestions on proper loading of en­
coder output channels with respect to 
the various control input configura­
tions most generally used. Schemat­
ics are provided for interfacing en­
coders with TTL, RTL, DTL circuits 
and a high input-impedance amplifi­
er. Trump-Ross Industrial Controls, 
Inc. , 265 Boston Road, North Billeri­
ca, MA 01862. 262 

Double-balanced modulator applica­
tions bulletin contains 28 pages. It 
presents the operating principle, cir­
cuit description and circuit charac­
teristics of the LM325 IC in modula­
tor and multiplier operation, and 
discusses applications. Circuit dia­
grams and performance curves are 
included. European Electronic Prod­
ucts Corp. , 10150 W. Jefferson Blvd., 
Culver City, CA 90230. 263 

"ldeafile" is a series of application 
notes dealing with design problems 
in the areas of circuit protection and 
switching. Note number one offers a 
solution to the problem of circuit pro­
tection during startup of high-reac­
tance equipment. Number two dis­
cusses the applications for a breaker 
that doesn't turn off mechanically. 
Additional issues will be published. 
The Heinemann Electric Co. , 127 
Magnetic Dr., Trenton, N J 08602. 

264 

Fractional-horsepower brushless de 
motors is the subject of an applica­
tions bibliography that lists 25 arti­
cles, technical papers, brochures and 
books by U.S. and foreign authors. 
Subjects covered include principles of 
operation and applications for the 
use of motors with and without Hall 
effect devices. Siemens Corp., 186 
Wood Ave. So. , Iselin, NJ 08830.265 

Design Data 

"Analog Dialog", Vol. 5, No. 4, is a 
16-page application bulletin with 
articles on fast-slewing IC op amp 
design; sample-hold circuits with 
specifications and applications; fast­
recovery ac coupling for ECGs; mul­
tiple scale factors using thin-film 
ladder networks and digital sweep 
generation. Many circuit diagrams 
and graphs are used. Product infor­
mation is also included. Analog De­
vices, Inc. Rte. 1 Industrial Park, 
Box 280, Norwood, MA 02062. 266 

Digital Application Note No. 1 is a six­
page note on the subject of high­
noise-immunity logic. It" discusses 
industrial applications of HNIL to 
replace switches, relays, latching 
relays, stepping relays and mechani­
cal counters in high-noise environ­
ments. Circuit diagrams are also 
included. Teledyne Semiconductor, 
1300 Terra Bella, Mountain View, 
CA 94040. 267 

Reprints Available;,th;,;,,,, ... ,. . .,. ... ,,,,,w. 
R.S. No. Title 

L6 1 Simple Secret of Good Circuit Packaging: Make It Planar! 
L62 Shed Some Light on your Optical Filter Problems 
L"3 Speakout 
L64 Dial Any Angle to 0.088° Accuracy 
L65 Linear Ci rcuit Mult iplies Pulse Width 
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Helipot delivers 
fast-moving 
packages ... fast. 

Pick one of Helipot's off-the-shelf line of miniature power 
supply components for your applications. 

DC Volta_g_e R~ ulators Fully_ sealed , miniature h_y_brid cermet thick-film devices: 
Series Output Voltage Output DC Line and 

No. Fixed A~stable Range (VDC) Current Load Regulation 

801 x +9 to +21 U_E_ to 0.5 amp :!:0.05% 
802 x .. 

t ~ 
851 x - 9 to - 21 
852 x ... 
803 x +21 to +32 
804 x +20 to +32 
853 x - 21 to - 32 ~ 
854 x - 20 to - 32 :!:0.05% 
805 x +3 to +9 :!:0.1% 
806 x .. .. 
855 x - 3 to - 9 • .. 
856 x .. U_E_ to 0.5 amp .. 
807 x +30 to +60 0.150 amp :t0.05% at - 20° to +125°C 

+0.1 % at - 55' to - 20' C 
808 x +60 to +120 .. .. 
809 x +5 to +28 0.75 am_E_ 0.003%/mA 

859 x - 5 to - 28 .. .. 
828A x +5 to +30 500 mA Line : :!:0.01 %/V 

Load : :!:0.01 % 
838A x - 5to - 30 .. .. 
844 B~olar Line : :!:0.005%/V 

:!: 2 to :!:20 0.3 amp Load : :t0.005% 

CIRCLE NO. 44 

Crowbars Miniature hybrid cermet 
devices for overvoltage protection. 
For either direct shunt protection of 
power line, or indirect control where 
SCR conduction triggers an alarm or 
cutout control. Temperature range: 
-55° to - 125°C. 500 ns (max) response 
time ; 5 µ,sec (max) to reach SCR 
saturation; 10-amp peak surge 
capability. Preset threshold voltage. 
Series 826-10 to 40 V range. Series 
827 - 5 to 10 V range. 

Beckman"' INSTRUM E NTS, INC. 

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



Make your move to RCA's new "Hometaxial II" line-up 
to find exactly how much transistor you need 

2N6259 
V cro (Max.) = 150 V 

hFE= 15-60 
@le= BA 

RCA now introduces "Hometaxial II ", a second-gener­
ation line-up of si licon power transistors that will change 
your desig n thinking-with new heights in current, volt­
age, and dissipation ratings . Pick your device and price. 
Already workhorses of the industry, Hometaxial-base 
silicon devices measure up to their specifications-reli­
ably. That 's because Hometaxial-base means freedom 
from second breakdown! 

2N3773 
v CEO (Max.) = 140 v 

hFE = 15·60 
@ lc=8A 

2N4348 
V cEo (Max.) = 120 V· 

hFE = 15·60 
@ lc=5A 

Check the chart for exactly which-and how much­
tran sistor you need. Then call RCA. See your local RCA 
Representat ive for more information. For technical data 
on specific types , write: RCA Solid State Divis ion, Sec­
tion 50L-1 UTL25, Box 3200, Somerville, N. J. 08876. 
International: RCA, Sunbury-on-Thames, U. K., or P. 0 . 
Box 112, Hong Kong. In Canada: RCA Limited, Ste. 
Anne de Bellevue, 81 O Quebec. 

ROii Solid State 
products that make products pay off 
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