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converters in active filters 
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power supplies for op-amps ... $14 

These 2.3xl.8xl-inch modules have tracking 
outputs of ± 15V with regulation of ±0.1 % and ripple 

of 1 mv. The Model 015-03 (25 ma outputs) 
costs $14.00 in 1000 lots and only $24.00 for one. 

The Model 015-05 (50 ma outputs) is $39.00. 
For ± 12V, the model numbers are 012-03 and 012-05. 

Same prices. Three-day shipment guaranteed. 

Acopian Corp., Easton, Pa. 18042 
Telephone: (215) 258-5441 
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THE MOST COMPLETE LINE OF 

DUAL-INLINE-PACKAGED REED RELAYS 

Magnecraft is proud to announce its new DIP (dual
jnline-package) line of 8 and 14-pin reed relays. These 
new relays are designed not only to be compatible with 
the standard packaging developed for integrated cir
cuits, 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 
economical installation techniques associated with 
printed circuit applications. 

These fantastic new epoxy molded reed relays are ideal 
for use in circuits where high density packaging is essen
tial. The SVDC 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. 

Ma.gneci'a.rf.,eLecTR•c coMPANY 
5575 NORTH LY N CH A. VE NUE• CHICAGO. ILU NOIS 60630 • 312 • 282 ·5500 •TWX 910 221 5221 

FREEi 

81P 
CATALOG 

This 12-page catalog offers the most complete listing 
of DIP reed relays in the entire industry. Including four 
all new position-free mercury wetted types; plus eigh
teen others. Specifications, dimensions, prices, and all 
other pertinent data necessary to specify is given. 
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Here's a versatile new IC for 
portable or battery-powered instrumentation 

ISO µWatts powers 
Triple Op Amp 

The Siliconix L144 is a low-power 

monolithic IC with three complete 
op amps and a common bias network 
on the same substrate. The circuit 
operates over a power supply range 
of± 1.5to±15 V, with a supply cur
rent set by an external bias resistor. 
With a ± 1.5 V battery , only 50 µ,,A 
is required for all three op amps! 

,, 

•o ,, 

Other features: 
• Internal compensation provides 

stable operation for any feedback 
circuit-including capacitive 
loads > 1000 pF 

• 80 dB gain with 20Kil load 
• Typical slew rate 0.4 V/µ,,sec 
• Military or commercial versions 

available 

!.. 
ro----......... · ,__-....,.____. 
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Instrumentat ion amplifier for 
high input impedance with 

differential operation. 

Precision phase splitter with 
good gain , high input impedance , 

low output impedance . 
Active filter with high Q 
and excellent stability . 

Applications? Above are three suggestions. 
There are more: Low-drift sample-and-hold, 

inverting amplifiers, voltage comparators, and so on. 
Call us if you have a specific design problem. 

w rite for data 
Applications Engineering: ( 408) 246-8905 

Siliconix incorporated 
2201 Laurelwood Road . Santa Clara. California 95054 
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When you look inside, 
you won't see much-

Advanced LSI design, only $299. For the money, no 
multimeter digital or otherwise gives you higher accu
racy, more protection, greater sensitivity or better re
liability. And no one matches Fluke's no-nonsense year 
long guarantee or 48-hour turnabout service in the U.S., 
Canada, Europe or the 
Far East. 

In the short time 
since introduction, our 
new 8000A LSI multi
meter with 26 ranges 
and five functions has 
become the standard 
of excellence in the 
low cost field. Thou
sands of satisfied 
users all over the 
world are using the 
8000A daily to diag
nose service problems 
and analyze design of 
electrical and elec
tronic circuits. 

Some like using the 
8000A on the bench to 
make in-circuit checks 
on fets, diodes, and 
other active circuit el
ements. Others like 
the extra capability of 
our big 600 ampere 
AC current probe or 
30 KV high voltage 
probe. Perhaps even 
more go for the cal
c u I ated 20,000 hour 
reliability factor, wide 
choice of options or 
simplicity of Fluke's 
LSI design-our two 
LSI circuits are equiv
alent to more than 
3,000 electronic com-

ponents! And the 8000A has a unique self-zero capa
bility to eliminate offset uncertainty in your readings. 

But make up your own mind about this fine new low 
cost multimeter from Fluke. Here's what you get : 26 
ranges to measure voltage from 100 µv to 1200 V, AC 

and DC, current from 
0.1 µA to 2A AC and 
DC and resistance 
from 0.1 ohm to 20 
megohms. Basic DC 
accuracy is ± 0.1 % of 
reading. Specifica
tions carry a year's 
guarantee. Fluke gives 
you 48-hour turna
round on repairs. Wide 
range of low cost op
tions include an inter
nal rechargeable bat
tery pack, digital print
er output, high voltage 
probe, high AC current 
probe, carrying case, 
deluxe test leads, and 
rack mount adapters. 
Try one for fifteen 
days, with our no ob
ligation return privi
lege. We invite you to 
participate in our spe
cial trial offer and " ask 
the man who owns 
one" deal. For details 
call your local Fluke 
sales engineer. In the 
continental U.S. , dial 
our toll free number, 
800-426-0361 for his 
name and add res s. 
Abroad and in Cana
da, call or write the of
fice nearest you listed 
below. 

but quality. 

Buy it with your American Express, BankAmericard or Master Charge Card. 

Fluke, P.O. Box 7428, Seattle, Washington 98133. Phone (206) 774-2211. TWX : 910- 449-2850. 

I FLUKE I In Europe, address Fluke Nederland (N.V.), P.O. Box 5053,Tilburg , Holland . Phone 13-670130, 

:============· Telex : 884-55237. In the U. K. address Fluke International Corp., Garnett Close, Watford , WD2, 
® 4TT. Phone, Watford , 33066. Telex : 934583. In Canada, address ACA, Ltd . 6427 Northam Drive, 

Missisauga, Ontario. Phone 416-678-15 00. 
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CTS Cermet "Saver Pac" 
Resistor Networks 
Increase Circuit Density ... 
At Economical Prices 
Space comes high! So you'll like how much 
a CTS 750 Series "SAVER PAC" network 
can save you, and your circuit. Less space 
... fewer components ... greater system 
reliability ... quicker, easier installa
tion ... reduced handling costs .•. 
and faster inspection. Consolidate 
up to 13 discrete resistors into 
one compact in-line resistor 
module. CTS can do it easily 

with twenty standard packages ... available in .100", .125", or 
.150" lead centers. High power capabilities to 4.3 watts 

@ 70°C per module. 
CTS 750 series cermet thick-film 

resistors assure proven perform
ance-ultra high stability and 
reliability-backed by over 

700,000,000 hours of. test data. 
Hand install or use automatic 
assembly equipment ... they' re 
designed for either. Pick a 
SAVER PAC today. large or 
small orders welcome. CTS of 
Berne, Inc., 406 Parr Road, 
Berne, Indiana 46711. Phone: 
(219) 589-3111. 

.. c TS CORPORATION 
A world leader in cermet resistor technology. 
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COVER 
Interfac ing CMOS ICs with other logic 
fam i li es in a mixed design is a major 
consideration fo r today's des igner. For 
Part IV in EDN 's CMOS des ign course, 
see pg. 38. Photo by Boston photogra
pher Di ck Norton . 
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The Essential 
REFERENCE 
DATA FOR 
RADIO~~ON 
ENGINEERS 
IMPROVED ANO EXPANDED/ 5(1¥ MORE INFORMATION 

Three 
Reference Data For Radio Engineers Edited by staff of ITT 

1196 pages, fully illustrated and indexed, $20.00 
Table of Contents 
•Frequency Data 
• International 

Telecommunication 
Recommendations 

•Uni ts, Constants, and 
Conversion Factors 

•Properties of Materials 
• Components or Parts 
•Fundamentals of Networks 
•Filters, Image-Parameter 

Design 
•Filters, Modern-Network

Theory Design 
•Fil ters, Simple Band-Pass 

Design 
• Attenuators 
• Magnetic-Core 

Transformers and 
Reactors 

•Rectifiers and Filters 

• Bridges and Impedance 
Measurements 

• Magnetic Am plifiers 
• Feedback Control Systems 
• Electron Tubes 
• Electron-Tube Circuits 
•Semiconducto rs and 

Transistors 
•Transistor Circuits 
• Microminiature Electronics 
• Modulation 
•Transmission Lines 
• Waveguides and 

Resonators 
•Scattering Matrices 
•Antennas 
• Electromagnetic-Wave 

Propagation 
•Radio Noise and 

Interference 

Audio Cyclopedia by Howard M. Tremaine 

• Broadcasting and 
Recordi ng 

•Radar Fundamentals 
•Wire Transmission 
•Switching Networks and 

Traffic Concepts 
• Digita l Computers 
• Navigat ion Aids 
•Space Communication 
• El ectroacoustics 
• Nuclear Physics 
• Quantum Electronics 
• Information Theory 
• Probability and Statistics 
•Reliab ility and Life Testing 
•Miscellaneous Data 
•Fourier Waveform Analysis 
• Maxwell 's Equations 
• Mathematical Tables 

Over 1700 pages, easy-to-use Q & A format, $29.95 
Table of Contents 
•Basic Principles of Sound 
•Acoustics , Studio 

Techniques, and 
Equipment 

•Constant-Speed Devices , 
Motors, and Generators 

• Microphones 
•Attenuators 
o Equalizers 
• Wave Filters 
•Transformers and Coils 
•Soun d Mixers 

•VU and Volume Ind icator 
Meters 

•Vacuum Tubes, Transistors, 
and Diodes 

•Audio Amplifiers 
•Disc Recording 
• Cutting Heads 
• Recording and 

Reproducing Styl i 
• Pickups 
• Magnetic Recording 
• Optical Film Recording 

• Motion Pi cture Projection 
Equipment 

•Loudspeakers, Enclosures, 
Headphones , and 
Hearin g Aids 

o Power Suppl ies 

•Test Equipment 
•Audio-Frequency 

Measurements 

• lnstallat 'on Tech niques 
• General Info rmat ion , 

Charts and Tabl es 

Modern Dictionary of Electronics by Rudolf F. Graf 

Over 18,000 terms, completely up-to-date, $12.95 
Includes the latest terms in the fields of: 
•Communications 
•M icroelectronics 
• Fiberoptics 

•Semiconductors 
• Reliability 

• Computers 
• Medical Electronics 

With today's exploding technology, it's critical that you keep your reference library current. 
Get your copies now at your bookstore or use this handy order form . 

------------------------------------, 
EN 023 

Please send lhe following reference books: 

-----REFERENCE DATA FOR RADIO 
quantity ENGINEERS at $20.00 each 

($24.00 in Canada) 
_____ AUDIO CYCLOPEDIA at $29.95 each 
quantity ($35.95 in Canada) 

Check or Money Order enclosed for$ ____ _ 
(Inclu de sales tax where applicable.) 

Name Title 

Company 

I 
I 
I 
I 
I 
I 
I 
I Address 

-----MODERN DICTIONARY OF I 
I quanti ty ELECTRONICS at $12.95 each I 

($16.95 in Canada) City State Zip 

L------------------------------------J 
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... custom tailored to your case at standard prices 

Don't let a connector dictate your case design. 
Dale Customline .050" and .100" edgeboards give 
you extra design flexibility to cope with case 
contours. They'll help you produce an easy-to-read 
product with lots of eye appeal whether you 're 
working with a calculator, a panel meter, a counter 
... or other digital display application. Our unique 
design and manufacturing process lets us deliver 
custom body and contact configurations below the 
price of conventional high density edgeboards. 
And , if you 're talking about any volume at all , the 
tooling will be amortized in the bargain. This is no 

theoretical system. Dale Customline edgeboards 
are in use now mounting liquid crystal and LED 
displays in high volume calculator and panel me
ter applications. They're not limited to digital dis
plays, either. They'll give you budget and design 
freedom wherever a low cost, reliable high den
sity edge board is called for ... the new lead less 
ceramic MOS packages, for example. 



Ne"7" TI high-voltage and 
high-voltage-Darlington transistors 
Twenty-two new high-voltage and high-voltage-

Device P~l ar- c!~t Vceo ~~ @ ~ Vee Vee (Sat) 

Darlington power transistors have been added to Class Type oty A v v M~•@ ~ 

Tl's line - with increased current ratings which Metal Can TIP554 NPN 5 200 15 10 1.5 3 

will open new application potentials for you. High Voltage TIP555 NPN 5 300 15 10 1.5 3 
TIP556 NPN 5 400 15 10 1.5 3 

The new high-voltage units offer continuous Metal Can TIP620 NPN 5 60 1000 3 3 4 5 
Darlingtons TIP621 NPN 5 80 1000 3 3 4 5 

collector currents of 5 and 7.5 amps and voltages TIP622 NPN 5 100 1000 3 3 4 5 
Tl P625 PNP 5 60 1000 3 3 4 5 

from 200 to 400. New Darlingtons are rated from TIP626 PNP 5 80 1000 3 3 4 5 
TIP627 PNP 5 100 1000 3 3 4 5 

2 to 5 amps and 200 to 400 volts. Metal Can TIP660 NPN 5 200 500 3 10 1.5 3 
High Voltage TIP661 NPN 5 300 500 3 10 1.5 3 

Both are available in metal can as well as plastic Darlingtons TIP662 NPN 5 400 500 3 10 1.5 3 

Plastic High TIP55 NPN 7.5 250 20 5 10 2.5 7.5 
packages. Voltage TIP56 NPN 7.5 300 20 5 IO 2.5 7 .5 

TIP57 NPN 7.5 350 20 5 10 2.5 7.5 
TIP58 NPN 7 .5 400 20 5 10 2.5 7.5 

Excellent availability, low prices Plastic TIPl50 NPN 2 200 500 1.5 10 1.5 1.5 
High Voltage TIP151 NPN 2 300 500 1.5 10 1.5 1.5 

These new devices, like all products in Tl's broad Darlingtons TIP152 NPN 2 400 500 1.5 10 1.5 1.5 
TIP160 NPN 5 200 500 3 10 1.5 3 

power line, are manufactured using Tl's reliability- TIPl61 NPN 5 300 500 3 10 1.5 3 
TIP162 NPN 5 400 500 3 10 1.5 3 

proven double-diffused process. The high-volume 
capability of this process assures excellent avail- For yo u r co p y of a product selection guide 
ability and low prices - across the line. In addition, covering Tl's new high-voltage and high-voltage 
this process provides (1) safe-operating-areas Darlington devices, plus complete data sheets -
which are 50 % better than earlier technologies, circle 250 on the reader service card. Or call your 
(2) 50 % improvements in high-current perfor- local TI sales office or authorfaed TI dis-~ 
mance without sacrifice in secondary breakdown tributor. Or write Texas Instruments 7J 
voltages, and (3) high-gain performance with low Incorporated, P. 0. Box 5012, MS 308, 
saturation voltages. Dallas, Texas 75222. 

TEXAS INSTRUMENTS 
I NCORPORATE D 84083 



EDITORIAL 

Whe n did you innovate last? 
We saw recently where a General Electric engineer had 38 patent 
applications filed in his name during a 12-month period-a record , 
we suppose , not only for GE but for most other companies as well. 
By any measure, this is quite an achievement for both the individual 
and the organization. 

We recognize , of course, that patent applications aren 't the only 
measure of creative engineering. Some truly innovative design work 
is never patented , while other work of far less signifi cance is often 
the subject of multiple patents . 

True innovation and creativity are difficult to measure, especially 
in the field of electronics, where rapid change is the order of the 
day. So anythirrn that provides even a small gauge of when people 
are being creative is worthwhile. 

We woulcf guess that one of the greatest obstacles to creativeness 
in design is the difficulty in recognizing and measuring it. There ' s no 
clear-cut way of knowing which approach to a design task will lead 
to an innovative solution-if indeed the innovativeness of the 
solution would be recognized . As a result , standard and proven 
approaches are all too often blindly followed and lead to what might 
be called " me too" engineering. The end item might not be the best 
or the cheapest, but it's competitive, and the project is completed 
essentially on time and within budget. 

Companies aren 't entirely blameless when it comes to " me too" 
engineering. In fact, consistent lack of design creativity and 
innovation is more the fault of the company and management than it 
is of the individual engineer. The company sets the goals and 
creates the environment in which the engineer works. If manage
ment wants " me too" products that just keep pace with the 
competition , that's what it will get. But if it wants to be a leader, it 
communicates this to its engineers and gives them the backing and 
support they need . 

This is the type of company that maintained its R&D effort at a 
reasonable level during the economic squeeze of 1970 and 1971 , and 
as a result was ready with significant new products when the 
turnaround came. The other type of company is just now coming 
out with its " me too" products to meet the competition . 
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The 
Electronic 
Slide 
Rule 

Here's the most exciting 
scientific/engineering tool 
since we introduced the 
log-log slide rule in 1884. 

I 
J 

It does everything your slide rule does, 
and then some. Hyperbolics, 
for example. It's fast, 
convenient, and has large, 
bright, 12-digit readout. 

Direct entry makes complex calcula
tions easy. Automatic sine 
of a number by entering 
the number and pressing 
~ . Convert degrees, 

minutes, seconds to 
decimal equivalent by entering angle 
and pressing @:j . Calculate the natural 
log of a number by entering 
the number and pressing G 
Read hyperbolic, trigono
metric and exponential 
functions; convert radians 
to degrees or degrees to radians; all 
with a single function key 
that really fits your finger. 

Put this slim, trim, 
16-function electronic 
slide rule on your desk, right at your 
fingertips, and make life easy. From 
Dietzgen, the slide rule people. Who 
else? See it at your 
Dietzgen dealer today. 

Use ju~t the c~ sea~ on . .. 
yourshde rule.(+, , X,-:-.) · 
Get a Dietzgen CD-1. 
Dietzgen Corporation, 
2425 North Sheffield 
Avenue, Chicago 60614 

~ -

DIETZGEN 
CHECK NO. 12 
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SPECIAL PURPOSE 
TELEVISION 
CAMERAS 

1270 SERIES 

• General Purpose • Low Cost 
• 800 Line Horizontal Resolution 
• Environmental Proofed • Rugged 
• Remote Control 

1400 SERIES 

• Min iature Size • Low Cost 
• 800 Line Horizontal Resolution 
• Low Power Requirement 

1500 SERIES -------~ __ _____, ~ 

• Subminiature Size • Extra Rugged 
• 800 Line Horizontal Resolution 
• Battery or Line Operated 

2800 SERIES 

~-~ 
• Self-Conta ined • General Purpose 
• 800 Line Horizontal Resolution 
• RS 170 Synch Generator 
• Power Line Operation 

• Ultra High Resolution 
(30 MHz bandwidth) 

• Photographic Quality 
• Flat Field 
• Multiple Scanning Rates (525-1225) 
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All 191 flavors of RESNET™ 
DIPs offer system compatibility 
because we use the same packages 
you use for I.C.s; plus you get 
ceramic dependability at plastic 
prices. 
Whether you're inserting resistors 
automatically or by hand - call 
your local Beckman/Helipot 
representative and ask how you 
can save money using RESNET 
DIPs. He stocks locally for 
immediate delivery. 

To request technical data, call 
your local Beckman/Helipot 
representative. Or write to 
Beckman Instruments, Inc., 
Helipot Division, 2500 Harbor 
Blvd., Fullerton, Calif. 92634. 

.-_...__.-,,._ .Iii 

898-1 ( 15 resistors) 
Price (1,000-4,999) $.85 

898-3 (8 resistors) 
P rice (1,000-4,999) $.76 

STANDARD RESISTANCE VALUES 
(± 2% or ±2 n I 

62 ' 110 330 
6S 150 470 

100 220 6SO 

I.OK 2.2K 6.0K 15.0K 
1.5K 3.3 K 6.SK 22.0K 
2.0Kt 4.7 K 10.0K 

• Stan dard in 898-3 only. 
tStandard in S9S-1 only. 

899-1 (13 resistors) 
Price (1,000-4,9991 $.SI 

S99-3 (7 resistors I 
Price (1,000-4,9991 $.72 

STANDARD RESISTANCE VALUES 
(±2%or ±2n) 
22 62 !SO 510 l.5K 4.3K 11 K 
24 6S 200 560 l.6K 4.7K 12K 
27 75 220 620 I.SK 5.lK 1:\J{ 
30 S2 240 6SO 2.0K 5.6K 15K 
33 91 270 750 2.2K 6.0K 16K 
36 100 300 S20 2.4K 6.2K !SK 
39 110 330 910 2.7K 6.SK 20K 
43 120 360 !.OK 3.0K 7.5K 22K 
47 130 390 1.lK 3 .3K S.2K 
51 150 430 l.2K 3.6K 9.lK 
56 160 470 l.3K 3 .9K lOK 

Beckman · 

HELIPOT DIVISION 

CHECK NO. 13 

S9S-5-R220/ 330 
Pulse squaring TTL terminator. 
Price (1 ,000-4,999) M.45 

S99-5·R220/330 
Pulse squaring TTL terminator. 
Price (1,000-4,999) $1.35 

S99-19 
DIP interface network providing resistors 
for µA 711 core sense amplifier configuration. 
Price (1,000-4,999) $1.lS 

S99-40 
DIP network provides six line terminators 
and the threshold setting divider for the Intel 
3208A sense amplifier. 
Price (1,000-4,999) $1.35 
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The first 
flame-retardant 

polyester tape. 
Now, a tough pressure-sensitive tape that 
combines a flame-retardant polyester 
backing with a flame-retardant thermo
setting adhesive . "Scotch" Electrical 
Tape X-1284 meets the rigid flameout re
quirements outlined in UL subjects 492, 
510, and 94. Provides functional temper
ature limit of 130° C. 

" Scotch " Electrical 
Tape X-1284. Will not 
support combustion . 

The tough " Scotchpar" polyester 
backing on "Scotch" X-1284 provides 
excellent electrical properties and tear 
resistance. Extremely flexible, it conforms 
to irregular surfaces and can be applied 
automatically. The unique flame-retard
ant adhesive delivers excellent electro
lytic corrosion resistance. 

"Scotch" X-1284 is ideal for coil hold
ing and covering applications, high tem
pera tu re harness wraps, color TV 
transformer insulation and yoke coil 
assemblies. 



The first 
flame-retardant 

polyester film. 
New " Scotchpar" Brand Type 7300 
Polyester Film gives you a premium po ly
ester with outstanding self-extinguish ing 
characteristics . The film has an Oxygen 
Index of 28 to 30 . Its flame-retard ant 
properties are built directly into the film 
. . . cannot delaminate, flake or scrape 
off. Remains thermally stable at elevated 

"Scotchpar" Type 7300 
Polyester Film. Will not 
support combustion . 

CHECK NO. 14 

temperatures . 
" Scotchpar" Type 7300 Polyester Film 

lets you build flame retardancy into com
ponent construction with little or no 
change in design or application methods. 
Its low slip surface and excellent phys
ical and electrical properties make it ideal 
for transformer, flexible circuit and flat 
cable applications. 

For more information write Dielectric 
Materials & Systems Division , 224-64, 
3M Co., St. Paul, Minn . 55101 . 
See our product data in EEM. 



DESIGN NEWS 

Ion implantation permits startling 
reduction of resistor areas in ICs 
A technique for ion implantation 
of resistors in bipolar linear ICs 
was described recently by 
Ronald W. Lutz of Sprague 
Electric Go. 

The process, developed at the 
Sprague Semiconductor facility 
in Worcester, Mass. uses an 
implantation system to bombard 
the semiconductor surface with 
Boron ions, as shown in Fig. 1. 
Resistors fabricated by implanta
tion are less than one tenth the 
size of those made by standard 
diffusion methods. According to 
Mr. Lutz, in conventional IC 

I @I ~I 
100 k ION IMPLANT 

100 k DIFFUSED 

Fig. 1-lon implantation of resistors 
permits precise control of the dopant 
concentration and yields uniform sheet 
resistance of up to 10k !1/sq . 

designs with significant numbers 
of resistances, the use of 
implanted resistors can reduce 
total chip size by 20 to 30%, in 
some cases even 50%. The 
better controllability of im
planted resistors and the re
duced chip size can bring 
impressive improvements in 
yield, and in turn reduce costs. 

It is also of interest that the 
lateral component of conven
tional diffused resistors, known 
as out-diffusion or side
diffusion, which causes the 
resistors to swell to a width 
larger than that described by the 
photo mask, is essentially zero 
with implanted resistors. The 
doping ions do not spread 
because ion implantation is a 
low-temperature process . Ac
curacy and matching of the 
implanted resistors is deter
mined mainly by photomask 
tolerances . 

A scale drawing, Fig. 2, 
com pares the relative surface 
areas of two 100kD resistors. The 
top resistor is fabricated by ion 
implantation, and the lower 
resistor by conventional diffu-

. sion techniques. The sheet 
resistivity of implanted resistors 

Light scanner on Skylab 
to aid in study of Earth resources 
When NASA's Skylab goes into 
Earth orbit later th is year, it will 
include as part of the Earth 
Resources Experiment Package 
an optical scanning device for 
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measuring the Earth's visible and 
infrared light. 

Photo-like images made from 
the measured data will aid in the 
study of crops, water and air 

n = SILI CON 

BASE DIFFUSION FOR CONTACT PAD 

Fig. 2-Two 100k!1 resistors, drawn to 
scale, show the dramatic size difference 
between ion implanted (upper) and d if
fused (lower) types . This 10:1 reduction 
can reduce IC sizes up to SO percent. 

can be from 200 to 10kD per 
square, com pared to the 135!1 
per square which can b e 
achieved in diffused resistors . In 
addition, the initial accuracy of 
implanted resistors is 5 to 10 
percent, with matching possible 
to within one percent. Accuracy 
of diffused resistors is typically 
20-30 percent and they can o nly 
be matched to with in three 
percent. 

This technique was descri bed 
in detai l by Mr. Lutz in his paper, 
"The Impact of Ion Implantation 
o n Consumer Electronics," pre
sented at the IEEE Conference of 
Broadcast and Television Receiv
ers.-B F o 

pollut ion and land-use mapping. 
The data may also be useful in 
determining new sources of gas , 
oi l and coal. 

The scanner, developed by 
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Cut away of the multispectral scanner 
shows the 24-in. spherical mirror (center) 
that will gather light energy from the 
Earth. 

Honeywell 's Radiation Center in 
Lexington, MA, will be mounted 
in the multiple docking adapter 
of Skylab in such a way that its 
light-gathering optical system 
will be pointed vertically toward 
the earth. Light energy reflected 
from the earth is gathered by the 
scanner's 24-in. spherical mir
ror, then passed through an 
additional system of mirrors and 
prisms that focuses the light , 
separates it into its spectral parts 
and directs it to a package of 13 
cryogenically cooled mercury
cadmium-telluride detecto rs. 

The detectors convert the 
energy received into electrical 
signals that are then stored on 
magnetic tape. The tapes will be 
returned to earth as each 
successive team of astronauts 
leaves the Skylab following its 
period in orbit. Computers will 
then convert the tapes into a 
format for scientific analysis, 
including color "photos" of the 
scanned areas. 

Two angled scanning mirrors 
that are part of the scanner's 
optical system provide an in
stantaneous field of approxi
mately one acre in area. Rotating 
at 6000 rpm , the mirrors rapidly 
transfer, an acre at a time, the 
light reflected from the 24-in . 
telescope through the optical 
system and to the detector 
package. Although the total 
radiant energy scanned is from a 
circular strip at the Earth's 
surface approximately 50 miles 
in diameter , only the forward 
110° of the scanned circle is used 
for recording d;:ita, so that data is 

received contin uously from an 
area 39 miles wide. 

The remaining 250° portion of 
each scan cycle is used to (1) 
automatically ca librate the scan 
system by means of precision 
aligned light and thermal 
sources that are built into the 
scanning mechanism, and (2) to 
process the data into digital form 
for storage. 

The scanner operates on the 
princi ple that all substances
animal, vegetable and mineral 
-reflect or emit light energy at 
known portions of the spec
trum. Chlorophyll in plants, for 
example, reflects light energy in 
the 1µ range. Thus, the relative 
hea lth of fields of grain or 
forests can be determined by 
measurement of their re lative 
concentrations of chlorophyll. 

Blue light (0.4µ) penetrates 
water more deeply than red 
(0.7µ). Simu ltaneous measure
ments of light at these portions 

of the spectrum can indicate 
how deep or how turbid a body 
of water is. Also, by comparing 
data in the infrared bands 
between 1 and 2µ with bands in 
the visible portion of the 
spectrum-0.4 to 0.7µ-it is 
possible to classify certain types 
of soil and rock outcroppings 
that are often associated with 
underground mineral sources. 

The two main advantages of 
multispe ctral scanning from 
earth orbit are: First, orbital 
scanners can "look" at a broad 
portion of the Earth's surface in a 
give n span of time. The Skylab's 
over-the-ground speed is 240 
nautical miles per minute. This, 
multiplied by the 39- nautical
mile-wide field of view, enables 
the scanner to record data from 
a 9360-nautical-mile area each 
minute of operation. 

Thus Earth-orbital scanning 
could be more efficient and less 
expensive than coverage of the 

One of the detector packages for the multispectral scanner is shown being replaced. 
The detectors are cryogenically coo led , mercury-cadmium-telluride types . 
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same area using ground based 
or even aircraft based techni
ques. Early stages of insect 
infestation in large forest areas , 
for example, could be much 
easier to detect from images 
made of the orbit scanned area 
than by using ground based 

detection methods. This would 
enable foresters to take steps 
quickly to prevent its spread. 

Second , orbital scanning tech
niques often can accomplish 
goals impossible to ach ieve on 
the Earth's surface. For example, 
maps of ocean surface tempera-

EIA figures point to 1972 

tu res and plankton concentra
tion could be produced as a 
means of locating large schools 
of fish. Similarly , mapping of 
land areas and sources of water 
would enable land development 
giving greater consideration to 
eco logica l factors.-Ff o 

electronics industry volume of $29.8 billion 
According to figures released by 
the Electronic Industries As
sociation the U.S. electronics 
industry experienced a signifi
cant business upsurge in 1972, 
and signs indicate a sustaining 
growth pattern over the next 
decade. 

The estimated figures show a 
1972 U.S. electronics market of 
$29. 8 billion-compared with 
the $27.9 billion mark of 1971, 
for a 7% growth. 

For the various segments of 
the overall market, the figures for 
1972 break down as follows: 

• Communications and indus-

COM~UNICA I IONS 

OEFElllSE 
ANDSf'ACE 

FEPLACEMENT 
COMPONENTS 

ESTIMATED 1977US ELECTRONICSMAAl(Ef 

197\ MARKET [ ] GAININ 191' 

trial electronics sales are esti
mated at about $12.2 billion , 
compared with $11 .1 billion in 
1971. This growth rate of 10% is a 
major factor in the industry's 
overall expansion. 

• Domestic label consumer 
item production approached $6 
billion in 1972, up from $5 .5 
billion in 1971. This is the highest 
in the history of the consumer 
electronics industry. 

• The defense and space 
electronics market for fiscal 1972 
was $11 billion, the same 
amount as recorded in fiscal 
1971. The fiscal 1973 defense and 
space electronics market has 
been projected at $12 .2 billion . 
Another estimated $1.8 billion of 
electronics equipment and sys
tems are sold to other govern
ment agencies . 

• Replacement components 
market was $710 million , com-

Mylar disc stores video 
programming for TV viewers 
The high-density video storage 
capabilities of a system using 
mylar discs and a laser-optic 
readout were demonstrated re
cently by MCA Disco-Vision , 
Inc. 

The heart of the system, which 
is designed for home entertain
ment, is a 12-in. diameter 
metalized mylar disc and a 1-mW 
laser that reads information 
stored on the disc. Storage is 
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done on one side of the disc in a 
spiral track at a density of 12,500 
tracks per radial inch. 

While the disc revolves at 30 
revolutions per second , the laser 
beam is electronically guided to 
follow the track without making 
physical contact with the disc. 
Laser light , reflected off of the 
disc surface , is modulated by the 
information stored on the track 
and is converted to an electronic 

pared with $634 million for 1971, 
or a 12% rise. 

Long-range EIA projections 
show that by 1975 the dollar 
volume of the U.S. industry is 
expected to reach $41.5 billion , 
climb to $56.9 billion by 1980 
and reach $81 billion by 1985. 
The communications and indus
trial electronics market is pro
jected to increase from $19.9 
billion in 1975 to $29.3 billion in 
1980 and to $45.5 billion by 1985. 
The consumer segment of the 
electro nics market is projected 
at $6.5 billion in 1975, $8 .8 billion 
in 1980, and $12.9 billion by 1985 . 

Government electronics is 
forecast at $15 billion for 1975, 
$18 .8 billion by 1980 and $22.5 
billion by 1985. Predictions for 
the electronic component mar
ket is $7 .6 billion by 1975, $10.4 
billion by 1980 and $14.2 billion 
by 1985.-Ff D 

signal by a photodiode detector. 
Storage capacity of a disc is 

claimed to be 40 billion bits on 
one side-enough for 40 min
utes of uninterrupted program
ming or enough to store the 
social security number of every 
person in the United States . The 
system permits random access 
to information, program speed
up , slow-down, stills , reverse or 
picture-by-picture replay . 
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The Disco-Vision system, as 
well as a similar system an 
no unced by Philips this year, is 
d esigned for the consumer 
market and will tie in directly to 
commercial TV sets through the 
VHF antenna input. 

Disco-Vision expects to offer a 
player /changer for under $500 
and a single-disc player for 
under $400. Their discs will be in 
the range from $1.99 to $9.95 , 
depending on content , length 
and subject. Philips' player is 
reported to be in the same price 
range as Disco-Vision's , but 
Philips ' di scs will be more 
expensive. 

The laser in Disco-Vision's 
system is expected to have a 
useful life of approximately 9000 
hours and a replacement cost of 
about $20 . The discs should last 
indefinitely with proper care. 

In addition to the commercial 
market , there are obvious appli
cations for data storage in the 
areas of business and science . 
The expense of laser recording 
eq uipm ent precludes wide-

The Disco-Vision system, shown here 
sitting on top of the television receiver, 
plays back through any standard TV set. 
The system is connected to the VHF 
antenna input terminals and the televi
sion is then tuned to a channel not used 
for regular programming. 

spread use of this system in 
applications where data must be 
erased and rewritten frequently. 
However, there are many poten
tial uses where a read-only 
capabi lity is required . Some of 
the areas envisioned by Disco
Vision include library, cata log 
and archival storage , teaching 
machines and credit-card verifi
cation systems.-AS o 

Liquid-crystal light valve 
acts as image intensifier 

A new device for intensifying 
light images , with potential 
applications for television or 
o ther video-projection displays, 
has been constructed and oper
ated by scientists at Hughes 
Research Laboratories in Malibu, 
CA. 

The device, a type of light 
valve , uses a liquid crysta l 
activated by a photoconductor 
to modl..!late a high-intensity 
li ght beam from a comparatively 
weak light image. 

Disclosure of this light valve 
was made in a paper given at the 
International Electron Devices 
Meeting in Washington , DC. 
Authors of the paper are three 
Hu ghes scientists : Terry D. 
Beard , William P. Bleha and 

Shi-Yin Wong. 
According to the authors, the 

light valve offers several ad
vantages over currently used 
image intensifi e rs , including 
longer lifetime, higher bright
ness , simpler o pe ration and 
lower cost. Th ese factors give 
the device short-range potential 
in large-screen th eater television 
systems , they said , and bring 
projection TV for the home a 
step closer. 

The valve, whi ch operates in a 
reflective mode, is a multilayer 
stru cture, as shown in Fig. 1, 
consisting of a thin-film photo
co nd u cto r , a light -absorbing 
layer, di e lectric mirror and 
liquid crystal sandwiched be
tween transparent conductive 

THIN-THIM ® 
CAPACITORS 

FOR 

mRID·CIRCUR 
DESIGNERS 

ACTUAL S I ZE 

"-~ 
9 402 9410 PC 9401 

THIN-TRIM capacitors are a new 
development in miniaturized vari 
able capacitors for app li cat ion in 
circuits where size and performance 
is critical. The Thin-Trim concept 
provides a variable device to hybrid 
circuit designers which r eplaces 
fixed tuning techniques and cut and 
try methods of adjustment. 

FEATURES 

• Low profile for 
HYBRID CIRCUIT applications. 

• High capacity values for 
BROADBAND applications. 

• High Q - low capacity values for 
MICROWAVE applications. 

U .S. Patent 3,701,932 
CHECK NO. 15 

MANUFACTURING CORPORATION 

ROCKAWAY VALLEY ROAD 
BOONTON, N.J. 07005 
PHONE (201) 334-2676 

TWX 710-987·8367 
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SCEBNCB/SCOPB 

An AWG-9 Phoenix weapon control system, normally used for launching missiles from 
the Navy's F-14 Tomcat fighter, has been installed and tested in a shipboard de
fense role aboard the USNS Wheeling, where it successfully detected and tracked 
multiple targets at both high and low altitudes from the ship's deck. In multiple 
target tests, five aircraft were flown in the target area and successfully tracked. 
The Hughes-built AWG-9 system is unique in its ability to acquire and track more 
than 20 targets at the same time, launch up to six Phoenix missiles, and guide them 
simultaneously. 

A new electronics fabrication technique sandwiches a very thin dielectric support
ing an etched stripline center conduc t or between two thin air-filled sheet metal 
ground planes stamped in a configuration that assures optimal support and bonding 
to the dielectric sheet and suppresses undesired parallel plate radiation modes. 
Used for the corporate feed of large antenna systems, air-filled strip transmission 
line has proved superior to dielectric-filled stripline in experiments recently 
completed by Hughes engineers. Air-filled stripline has better electrical charac
teristics and is lighter in we i ght and considerably less expensive to produce. 

The Army's Advanced Attack Helicopter (AAH) program has designated the Hughes-built 
TOW anti-tank missile as primary armament. Hughes is offering major helicopter 
prime contractors competing for the award complete fire-control system integration 
for both missile and gun , gunner's and pilot's night vision equipment, laser target 
designator, and total ground support . 

Hughes' Electron Dynamics Division needs engineers for R&D programs to meet projec
ted future demand for transistorized microwave amplifiers; Gunn and Impatt diode 
sources; microwave and millimeter wave mixers, detectors, and ferrite devices; trav
eling wave tubes for space applications; and high-voltage, high-efficiency micro
wave power supplies. Write: B. E. Shryack, Hughes Aircraft Company, 3100 W. Lomita 
Blvd., Torrance, CA 90509. Hughes is an equal opportunity M/F employer. 

A reliable lightweight, low-cost radar for air-superiority fighter planes is being 
developed by Hughes in a multimillion- dollar company-funded program. Initially, 
the system is to be designed for Northrop's P- 530. It will have a look-up, look
down, clutter-free display capability. Designed for air-to-air and air-to ground 
missions, it will provide the fire control function for the Cobra's guns, missiles, 
rockets, and bombs. Special emphasis i s being placed on minimum maintenance. 

The government of Iran has made its second major purchase of Hughes-built TOW anti
tank missiles from the U.S. Army Missile Command, Huntsville, Ala. Iran plans to 
deploy TOW with armored infantry, helicopter, and infantry units. The Netherlands, 
West Germany, and Italy have also chosen TOW, and several other countries are evalu
ating it for both ground and helicopter applications. 

Creating • new world with electronics 
r-- ----------------1 
I I 
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PHOTOACTIVATED AC LIQUID CRYSTAL LIGHT VALVE 

PROJECTION 
LIGHT 
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CRYSTAL LIGHT BLOCKING LAYER 

Fig. 1-Cross section of new liquid crystal valve, developed at Hughes Research 
Laboratories , shows various layers comprising the device . The light valve uses a liquid 
crystal activated by a photoconductor to modulate a high intensity light beam. 

electrodes. 
The photoconductor is used 

to gate the applied alternating 
voltage across the liquid-crystal 
film in response to the "writing" 
light. The light-absorbing layer 
backing the dielectric mirror 
blocks any residual projection 
light. A nematic liquid crystal is 
used in the dynamic scattering 
mode. 

The projection light source is 
focused into a diagonal mirror at 
the focal point of the projection 
lens, which collimates the light 
and reflects it off the light valve, 
as shown in Fig. 2. A blocking 
aperture is placed at the reimage 
point of the projection source to 

TO 

• 
PROJECTION 

SCREEN 

PROJECTION 
LIGHT SOURCE 

block light scattered by the 
dynamic scattering areas of the 
light valve. Writing is effected 
from the back side of the device. 

The resolutiori achieved in a 
liquid crystal film cell is 50 lines 
per millimeter, providing greater 
than 1000 lines across a 2.5-cm 
cell aperture. Images written 
with an input light power of 
from 50 to 500 µW/cm 2 at a 
wavelength of 500 nm have been 
projected with 200 lumen/cm2 of 
white light. Results of these tests 
have shown response times 
compatible with television frame 
rates and no interference in the 
image by the projection light.
BF D 

10 -30 kHz 
AC VOLTAGE 

SOURCE 

50-200 Hz 
AC VOLTAGE 

SOURCE 

Fig. 2-0ptical arrangement for projection display using new reflection light valve . 
The device holds potential for use in large-screen theater television systems, and 
eventually may be applicable to projection TV for the home and other video displays . 

Call Hughes 
for ... 

Image Devices 

Video storage units : scan 
conversion memory systems 

~(RS229) 

Direct view and scan converter 
storage tubes and low light 

level devices (RS 226) 

M illimeter-wave sweepers, 
sources, isolators, modulators, 
mixers, detectors and diodes 

(RS 220) 

... 

M icrowave TWTs, TWTAs a nd 
solid state IMPA TT and transistor 

amplifiers (RS 228) 

Lasers 
~ · ~ ·~ 

. . --.-~ 

Gas lasers (RS 231) 

Heat pipes (RS 237) 

Multiplex Systems 
= 

For remote 
communications/ control (RS 230) 

(213) 670-151 5, Ext. 5964 
Telephone for immediate information. For 
literoture, circle reader service (RS) 
numb ers, o r write to Bldg. 6, Moil sto
tion D-135, Culver City, CA 90230. 
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Take signal sources 
for example . .. 
You can't see the automated testing and the other manufac
turing advances that help lower the price of HP' s quality 
signal sources. But you sure can see the versatility and 
extra performance you get for your money. From the sim
plest function generator to the most capable synthesizer, 
HP technology has brought the price of quality way down. 

Brand New Function Generator 3311A shows what a per
formance plus you get from this technology in action . Priced 
at only $249, it adds sweep capability and a separate high
power pulse output to the usual sine, square and triangular 
wave outputs . Sweep it over any 10 to l span within its 
0 .1 Hz to l MHz range . The pulse output drives up to 

20 

20 TTL loads. Note that price again . It's 15% lower than 
its nearest major competition . 

Wide Range Function Generators 3310A/B deliver 
general-purpose waveforms with extended low-frequency 
response . These 0 .0005 Hz to 5 MHz instruments equip 
you with a linear very-low-frequency ramp, in addition to 
sine, square, triangle and pulse waveforms. Prices are a 
modest $595 for the 33 lOA , and $735 for the 33108 that 
also provides free-run, single-cycle and multiple-cycle 
operating modes. 
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Lowest Cost Frequency Synthesizers 3320A/B bring you 
synthesizer quality for as little as $1, 900 . You get l part 
in 106 frequency resolution over the entire 0 .01 Hz to 13 
MHz range . Also, on the 3320B , HP 's thermopile control 
of amplitude level gives 0.01 dB level resolution . If precise 
amplitude setting and calibration aren't required, get the 
3320A for $1,900 . Or, get both frequency and amplitude 
precision in the 3320B for $2,550 (add $595 for full ASCII 
programmability). How 's that for a blend of quality, perfor
mance and low price! 

Top-of-the-line Automatic Synthesizers 3330A/B have a 
built-in " brain" that lets you avoid tying up a computer. 
They ' re like the 3320A/B , only these can be programmed 
to automatically sweep their frequency spectrum (and , on 
the 3330B , its precision amplitude level) . With the 3330B 
you're getting a synthesizer, a sweeper, a marker generator , 
a counter, a programmable attenuator, a built-in controller 
and a precision level generator-in other words a lab
in-a-box-for just $6 ,000 . Or, cut that to $5 , 100 for the 

ess 
Whatever your needs in signal sources, satisfy them with 
one of HP's technology-leader instruments. They' re packed 
with more capability than ever before-and priced lower, 
too. For more information on the entire family of HP signal 
sources , contact your local HP field engineer. Or, write 
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Hewlett-Packard, Palo Alto , California 94304 . In Europe: 
HPSA , P.O . Box 85, CH-1217 Meyrin 2 , Geneva, Switzer

. land . In Japan : Yokogawa- Hewlett-Packard , 1-59-1 , 
Yoyogi, Shibuya-Ku, Tokyo, 151 . 
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manual-amplitude-control 3330A . 
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This Eight -Bit D/A Converter Does 
So Many Things ... So Simply 

OUTPUT AMPLIFIER AND VOLTAGE REFERENCE CIRCUIT 

MSB 

PANEL METER READOUT CIRCUIT 

v~, 

LSB 

DIGITAL SUMMING AND CHARACTER GENERATION * 

v• 

MC1508L 
MC1408L 

v-

•15 v 

I 

PEA K SAMPLE AND HOLD 

DETECT 
CLOCK HOLD RESET 

ANALOG TO DIGITAL CO NVERTER 

RESET 

BIPOLAR OR NEGATIVE OUTPUT VOLTAGE CIRCUIT 

Vref 
v• 

foreqi.mt.) 

Here Are Just A Few 

Ever since we introduced the "basic" DI A con
verter, the M C1406 monolithic six-bit multiplying 
DI A, we've been getting requests to apply the same 
approach to an eight-bit type. By popular demand, 
t hen, h ere is the MC1508, a monolithic eight-bit 
multiplying DI A that's versatile, simple to use, and 
inexpensive. 

The MC1 508's fl exibility is rooted in its simplicity. 
System requirements determine the voltage reference 
to be used, from simple zener to sophisticated IC. The 
op amp is chosen to meet the desired speed, accuracy 
and output rnnge. 

Choose among four variations covering a broad 
range of performance requirements. MC1508L-8 and 
MC1408L-8 p rovide worst case relative error of 
±0.19% and fu ll eight-bit accuracy. The MC1408L-7 

*This approach doe5 not result 
in a 16-Bit 0/A Converter. 

and the MC1408L-6 have seven and six-bit accuracy, 
respectively, with eight-bit resolution. All four ver
sions have a fast typical settling time of 300 ns, refer
ence current slew rate of 4 mAI µ.s, and an extended 
output voltage swing of +0.5 V to -5 V. The non
inverting digital inputs are both TTL and CMOS 
compatible. Operating temperature ranges are -55 
to +125°C for the MC1 508 and 0 to +75°C for all 
MC1408 versions. 

Prices (100-999) are in a class by themselves, with 
the MC1508L-8 naturally top priced at $8.50, the 
MC1408L-8 in the middle at $5.95, and the MC-
1408L-6 carrying a low $3.95 tag. Get full information 
by u s in g the reader service number, or write to 
Motorola Semiconductor Products Inc., Box 20912, 
Phoenix, Arizona 85036. 

MOTOROLA LINEAR 
- Serving a greater range of analog designs 

CHECK NO. 19 CHECK NO. 20 ---+ 
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This problem should take you 
about 42 minutes to solve. 

Line up the 4 multicolored cubes so that no one co lor is repeated 
on any side.t As an engineer you shou ld do this in 42 minutes.* 

With P&Bs four new time delay relays 
you solve cost, accuracy and size problems. 

These new solid state time delays
each designed to solve different de
sign problems-are built around our 
compact, widely accepted R10 relay. 
Each is available in 2 or 4 Form C 
contact arrangements and may be 
mounted directly to a chassis , 
printed circuit board , special mount
ing strip or in sockets having solder 
or printed circuit terminals. 

R12 Series. A high resolution, 15-
turn potentiometer provides delay on 
operate timing variations within 
ranges of 0.1 to 2.0, 1.0 to 30 and 
5.0 to 120 seconds. Coils are for 12, 
24 or 48V DC. Six contact styles 
cover a load range from dry circuit 
to 10 amperes. 

Immediately. 

R14 

R13 Series. These fixed , delay on 
operate time delays are available in 
10 timing ranges from 1 to 300 sec
onds. They require less than 240 
milliwatts of DC to operate. Operat
ing voltages are 12, 24 and 48V DC. 
Contact rat ings : dry circuit to 5 
amperes . 

R14 Series. Seven timing ranges 
provide delay on operate (R14) or 
interval timing (R14A) from .025 to 
600 seconds. Available fixed or ex
ternally adjustable with coil voltages 
of 6, 12, 24 and 48V DC. Contacts 
may be specified from dry circuit to 
10 amperes. 

R15 Series. AC operated from 12, 
24 , 48 and 115V power sources , 

Solving switching problems is what we're all about. 

t " lnstanl lnunny". Copyright Parker Brothers 

these compact time delays may be 
ordered fixed or externally adjust
able in seven timing ranges from 
.025 to 300 seconds. Delay on oper
ate (R15) or interval t imer (R1 SA) 
modes are available. 

Get complete specifications from 
your local P&B representative or call 
Potter & Brumfield Division AMF 
Incorporated , Princeton , Indiana 
47670 . 812-385-5251 . 

*Think you can readily solve the puzzle 
shown above? Ask your P&B representa
tive for one. 

Potter & Brumfield 



AID and D/A converters : bridging 
the analog world to the computer 
While prices and sizes are coming down/ choosing the right converter is 

'• 

still a difficult task due to vigorous competition and rival claims. 

Roger Allan, Associate Editor 

Today, more than ever, it should be relatively 
easy for a designer to select the right DIA or AID 
converter as a data system component, since 
there are literally dozens of manufacturers offer
ing hundreds of converter types among them . 
The sad fact is, however, this is not so. A designer 
must not only know his design objectives 
thoroughly, but he must also be able to interpret 
specifically the performance capability of the 
device being offered to him . 

The first part-defining one's design goals
can be ideally accomplished. However, the sheer 
number of seemingly similar (but in reality 

The low-cost building block approach to A/O and D/A 
converters using monolithic and thin-film DIP and flatpack 
elements. Introduced by Analog Devices in 1970, the µDAC 
network concept of monolithic quad switches and thin-film 
resistor ladder networks made stable and inexpensive con
verter designs feasible. 
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different) converters on the market is certain to 
confuse even the most experienced designer, and 
make the job of interpreting spec claims difficult, 
if not impossible. Manufacturers spec their de
vices under certain assumed conditions. It is the 
designer's job to find out what these conditions 
are and to see if they are compatible with his 
application. 

As if specifying is not difficult enough, one 
finds an up-and-coming monolithic converter 
technology with rival claims challenging hybrid 
devices in cost and performance. And to put the 
frosting on the cake, very little , if any, physical 
compatibility (and to some extent electrical) exists 
between converters from different manufac
turers. In fact, some manufacturers ' DIA con
verters are incompatible with their own A/D units. 

With all this confusion, one point should be 
kept in mind . Quality is still a costly commodity, 
and higher-cost converters are, by and large, 
superior in performance to lower cost ones for 
the same resolution. This superiority of perform
ance may include such unadvertised niceties as 
short- and long-term stability, infrequent need 
for recalibration, long-term immortality, immuni
ty to power supply noise and variations , physical 
and electrical compatibility, monotonicity, inclu-

A modern day 12-bit O/A converter uses thick-film techniques 
to fit the entire converter function (switches, ladder, refer
ence, range selection and output op amp) on a single pc board 
that fits into a 1.96 X1.76 x 0.4-in. module . (Zeltex ZD432) 
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Miniaturization is exemplified by this 10-bit $19 D/A converter. 
It plugs nicely into a. 16-pin dual-in-line socket; something 
space-conscious designers would be sure to appreciate . 
(Hybrid Systems Model DAC 371/-10) 

sion of an output amplifier and an input register , 
deglitching circuitry and backup service from the 
manufacture.r . These are the things that aren't 
spelled out completely in every data sheet. 

This is not to say that low-cost converters are 
worthless. In fact, for some applications the 
opposite may be true. Experience has shown that , 
for many applications such as driving analog 
meters and strip-chart recorders and program
ming power supplies , designers tend to over
specify to be on the "safe" side. These applica
tions do not, in general, require expensive 
converter components. Here, 8-bit DIA con
verters with 8-bit accuracy can do the job instead 
of 10- and 12-bit resolution units with much less 
accuracy . Since converter cost is proportional to 
resolution , large cost savings can be had. 

In retrospect , it is easy to see why overspecify
ing tends to be common. Too many so-called 10-
and 12-bit resolution DIA converters on the 
market are only good enough for 8 or 10 bits, 
respectively , once all operating conditions are 
considered. But there are units whose linearity is 
as good as, if not better than , their stated bit 
resolution under all types of operating condi
tions , and they can be purchased for a good 
price. The trick is to not only interpret the data 
sheet but also to have confidence in the manufac
turer's reputation in order to fit th e right con
verter to the application as closely as possible. 

The modern world is largely a digital one. 
Digital methods afford us efficient and effective 
communications , and digital language is the 
language of the computer. By digitizing such 
real-world variables as pressure , temperature , 
speed and sound with AID converters at the 
sensor source, and reconstructing these same 
signals with DIA converters at the terminal point, 
high-speed , noise less, stable and low-cost com
munications are realized over long distances. 

Until only a few years ago, literally shelf load s 
of components were needed to do this and at 
great costs and complexities. Today , with the 

advent of high-resolution , low-cost modular 
component converters that operate at high 
speeds yet cost but a fraction of what they used 
to, digital signal processing has come within the 
reach of nearly any designer needing it. This has 
been made possible due to advancements in 
thick- and thin-film and monolithic technologies 
which have integrated multitudes of components 
on one chip area. The result is much smaller 
sizes, improved performances in many cases, and 
of course, lower unit costs. 

How D/A converters work 
A DIA converter is a device that generates an 

analog voltage or current proportional to the 
value of the digital-input word . Basically, it 
consists of a stable reference (can be added 
externally), a set of binary weighted switches and 
a precision resistor ladder network . An input 
register and output op amp are sometimes 
included . 

The most fundamental DIA conversion scheme 
is shown in Fig. 1. The input digital logic operates 
the switches, each contributing an appropriate 
amount of output current in binary weighted 
increments from a most significant bit (MSB) to a 
least significant bit (LSB), from left to right . The 
op amp converts the negative current to an 
output voltage. This approach is very simple and 
low in cost, but can only be used for medium- to 
low-resolution (10 bits or less) converters due to 
ladder network limitations. 

Consider the design of 12-bit converters using 
this technique. Since the LSB resistor is 2" times 
the MSB resistor value, it would have to be 4096 
MD. (2 12 x 104.0.) for a 10 kD. MSB resistor. This 
resistance range cannot be met by either the 
thick- or thin-film techniques which are used to 
obtain good resistor temperature tracking for 
sufficient accuracy. Discrete resistors are more 
expensive and simply do not have good enough 
tracking and stability characteristics to do the job. 
Switching speeds of the transistors and the 
output op amp also become limiting factors as 
resolution increases. 

Thin-film technology together with discrete components join 
to make up this high-speed successive-approximation 12-bit 
AID converter . It offers 4-µsec conversion time and is 
temperature stable to within ±5 pp/ 0 C. (lntech) 
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For high-speed systems applications, these A/D converters 
include track-and-hold amplifiers and allow the designer to 
use his own power supply and additional functions for added 
flexibility and economy. Shown is an 8-bit $5000 unit capable 
of 10-MHz word conversion rates. (Computer Labs " Bare 
Bones " Series) 

One way to get around the large resistance 
range needed for high resolutions is to use the 
binary resistance quads as shown in Fig. 2. Each 
quad is essentially a 4-bit D/A converter with four 
different resistance values of R, 2R, 4R and BR. By 
connecting two such quads along with an attenu
ating resistor in the current summing bus, an 8-bit 
unit is produced. The attenuating resistor used 
here reduces the LSB quad factor to the MSB 
quad by 24 ,:16. As more quads are added on, 
resolution is increased . One advantage of this 
method is that only the MSB quad resistors have 
the highest tolerance. Each successive quad can 

use resistors whose tolerance can be slightly less 
than the previous quad stage . 

The most popular method , derived from the 
resistance quad method, is the R-2R ladder (Fig. 
3). The beauty of this method is that it uses only 
two resistor values per bit in an R-2R relationship . 
The resistors must have close tolerances, how
ever. This method is by far the most widely used 
one. 

AID converter circuits 
Fundamentally, A/D converters either convert 

the input analog signal (either voltage or current) 
to a frequency or a set of pulses whose time is 
measured to provide a representative digital 
output or compare the input signal with a variable 
reference using an internal D/A converter to 
obtain the digital output. 

Voltage-to-frequency, ramp and integrating
ramp methods are the three leading conversion 
processes that use a time-measurement princ~~le. 
Successive approximation and parallel/mod1f1ed 
parallel circuits rely on comparison methods . 

Fig. 4 shows a typical voltage-to-frequency 
converter. Here , the input analog signal is 
integrated and fed to a comparator. When the 
comparator changes its state, the integrator is 
reset and the process repeats itself. The counter 
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counts the number of integration cycles for a 
given time to provide a digital output. 

The principle advantage of this type of conver
sion is its excellent noise rejection due to the fact 
that the digital output represents the average 
value of the input signal. Voltage-to-frequency 
conversion, however, is too slow for use in 
data-acquisition system applications because it 
operates bit-serially (approximately 1000 conve.r
sions/sec max.). Its applications are mostly in 

DVMs using converters with resolutions of 10 bits 
or less. 

Ramp conversion works by continuously com
paring a linear reference ramp signal with ~he 
input signal (which is converted to a pulse) using 
a comparator (Fig. 5). The comparator initiates a 
counter when changing state, which counts 
proportionally the time the comparator is logi
cally HIGH; the time itself being proportional to 
the magnitude of the input signal. The counter 
provides the digital representation of the input. 

This method is slightly faster than the previous 
one, but it requires a highly linear ramp source in 
order to be effective. It does offer good 8- to 
12-bit differential linearity for applications requir
ing high accuracy. 

With the integrating ramp converter (Fig 6), or 
better known as the popular dual-slope con
verter, the input analog signal is integrated over a 
fixed period of time followed by the integration of 
a fixed reference voltage of opposite polarity 
bringing the output of the integrator network to 
zero. Since the time it takes to integrate the 
reference voltage is proportional to the magni
tude of the input signal, measuring this integra
tion time with a counter and a pulse source 
results in an accurate digital representation of the 
input signal. 

While a relatively slow process, integrating 
ramp conversion offers high noise rejection and 
excellent stability with both time and tempera
ture. It can be modified to increase its conversion 
speeds of approximately 2000 conversions/sec to 
more than 10,000 conversions/sec and is used 

Complete 10-bit D/A conversion is available in this monolithic 
18-pin dual-in-line package. The unit includes the ref~rence, 
ladder network , switches and output op amp . In add1t1on to 
obvious physical size advantages , monolithic construction 
allows for low power dissipation (on ly 300 mW) and low unit 
costs in OEM quantities. (Precision Monolithics) 
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REFERE NCE 
LSB 

R BR 

Fig. 1-The most fundamental D/A conversion scheme is 
straightforward and low in cost, but can only be used for 
low-resolution units due to resistor ladder limitations. 

mostly in 8- to 12-bit converters for DVMs, DPMs 
and DMMs. 

Successive approximation is a comparative 
method that uses a DIA derived reference, which 
is successively compared with the input analog 
signal (Fig. 7). A comparator adjusts the DIA 
converter's reference output to converge to the 
value of the input analog signal. 

Speed is this method's largest advantage, with 
conversions up to 1,000,000/sec possible at up to 
16-bit resolutions. However, its high suscep
tibility to noise does give it a major drawback . 
Because of its high speeds and resolutions , it is 
used widely in data-acquisition systems for in
terfacing to computers. 

The simplest type of AID converter is the 
parallel type (Fig. 8). It uses one comparator for 
each input quantization level (i.e. , a 6-bit con
verter would have 6 comparators , and an 8-bit 
unit, 8 comparators). Conversion is straightfor
ward; all that is required besides the comparators 
is logic for decoding the comparator outputs . 

Because only comparators and logic gates stand 
between the analog inputs and digital outputs, 
extremely high speeds of up to 50,000,000 sampl
ings/sec can be obtained at low resolutions of 6 
bits or less. The fact that the number of com
parator and logic elements increases with resolu
tion obviously makes this converter impractical 
for resolutions greater than 6 bits . 

Modified parallel designs , such as parallel 
serial circuits, can provide a good tradeoff 
between hardware complexity and the resolu
tion/speed combination at a slight addition in 
hardware and a sac rifice in speed . They can 
provide up to 100,000 conversions/sec for up to 
14-bit resolutions. 

Types of D/ A converters 
Basically, DIA converters are available with 

either a fixed internal (or external) reference or 

REFERE NCE LSB 

BR 

Fig. 2-The use of binary resistance quads al leviates the ladder 
network problem . 

with an external variab le referen ce (multiplying 
types). Fixed-reference DIA converters that do 
not include an interna l refe rence source allow th e 
user to utilize a mo re stable reference than he 
would otherwise ob tain with a converter having 
its own built-in rele rence. In general , f ixed
reference converters are more accurate than 
multiplying types because of the variable nature 
of the latter's referen ce . 

Multiplying D/A converters produce outputs 
that are direct ly propo rtio nal to th e product of 
the digital input, mult iplied by a variab le analog 
reference . They are used in programmable test 
equipment, reso lver and CRT display app li ca
tion s, where output in fo rmation mu st not on ly be 
produced but also mu st be posi tioned with 
respect to a set of coordinate references . 

Functionally , D/A conve rters are availab le as 
current-output or vol tage-output types. The for
mer do not include ou tput amplifiers and are not 
constricted by their bandwidth limitations . Set
tling times well under 1 µsec (as low as 25 nsec) 
can be obtained with output currents of approxi
mately 10 mA or less (output voltage ran ges from 
1 to 2V) . 

Because the o utput am plifier is not included, 
current DIA converters tend to be a little less 

2R 

REF ERE NCE 

2R 

OUTPUT 

Fig. 3-The most popular 0/A conversion method e mploys an 
R-2R ladder network . 
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CLOC K 

RESE T 
OUTPUT 

COUN TER 
REG ISTER 

Fig. 4-A/D converter circuits include the voltage-to-fre
quency scheme, which offers high noise rejection but is slow 
in speed. 

expensive than voltage types . However, they may 
not be as temperature stable si nce the output is 
directly influenced by the temperature stability of 
the converter's resistance ladder network. Their 
applications are in areas where speed is para
mount, and that includes A/ D converters and CRT 
deflection circuits. 

Voltage-output converters do have output am
plifiers. Because of this , their settling times tend 
to be above the 1.-µsec range. However, a 
high-performance and high-speed output am
plifier can be added to a high-speed current
output converter to make th e output voltage a 
little faster in settling time , although this may cost 
quite a few additional dol lars 

Inputs and outputs 
To a large extent , no D/A or A/D converter can 

be of much practical use to anyone without a 
knowledge cf the type of d igital input or output 
code utilized and the magnitude of both the 
digital and analog signals involved. 

Converters work with either unipolar or bipolar 
digital codes . The former includes straight or 
natural binary and BCD. The latter includes offset 
binary, one's complement and two's comple
ment. The Gray code can be used for both 
unipolar and bipolar applications. 

INPUT 
COMPARATOR 

RAMP 
SOURCE 

CLOCK 

COUNTER 
RE SET 

START 
OUTPUT 

Fig. 5-Ramp conversion is a little faster and offers very good 
differential linearity, provided that the ramp signal employed 
is highly linear itself. 
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In natural binary, numbers are assigned to 
analog quantities in a natural systematic order, 
w here the most significant bit has a weight of 1'2 = 
2-1, the next MSB being equal in weight to 1/4 = 

2-2, and so forth down to the least significant bit 
with a 1/2n weight. The binary number value is the 
total sum of all non-zero bit weights. This type of 
code is useful only for unipolar operation. 

Offset binary is used for bipolar circuits. It is 
nothing more than straight binary , except that the 
binary number zero and the analog quantity zero 
are not the same as in straight binary and are 
offset so that the maximum negative value of the 
analog quantity is coded at binary zero. This 
allows the MSB to be assigned a "O" for all 
negative analog values and a " 1" for all positive 
analog values . 

A complementary code is used basically where 
bipolar analog quantities must be quantized, but 
with the provision that the binary number zero be 
assigned to the analog quantity zero. This is done 
by simply inverting a binary code and inverting 
every "O" to a "1" and vice versa, for the MSB 
only. It is simply a binary code with an inverted 
MSB. 

Differences in quantizing the zero analog level 
using a complementary code result in either one 
or two's complement codes. If the binary number 
zero is assigned to the analog range whose lower 
limit value is zero, a one's complement code 
results . In two 's complement coding, the binary 
zero is assigned to an analog range whose zero 
value occurs in the center of the corresponding 
analog range. 

The Gray code is another binary code. This 
code is similar to the natural binary code in that 

o-- , 
REFERE NCE I 

I 
I 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I 

INTEGRATOR 

CLOCK 

COMPARATOR t-----. START 

CONTROL 

COUNTER 

OUTPUT 

Fig. ~The integrating converter provides excellent noise 
rejection and high time and temperature stability but is 
relatively slow in speed . 
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INPUT 

REFERENCE 

COMPARATOR 

D/A 
CONVERTER 

OUTPUT 
REGIST ER 

COND ITI ONA L 
GATE S 

SH IFT 
REG ISTER 

ST ART END OF 
CONVERSION 

CLOCK 

Fig. 7-Successive approximation is useful for high-speed and high-reso lution designs, but is suscept ible to noise . 

each specific set of codes represent uniqu e 
portions of the analog range . It does not, 
however, follow the same weighting rules as 
natural binary . In some applications such as 
shaft-angle encoders, this code is sa id to offer 
fewer errors than other codes. 

The specific relation ship between th e natural 
binary code to the Gray code can perhaps be best 
illustrated, in going from the former to fhe latter, 
by the following example for the binary equiva
lent for the number 27, which is 11011. To convert 
thi s number to the Gray code, we proceed as 
follows : for the binary MSB , the Gray code MSB 
will always be the same, or "1" in this case . Each 
succeeding binary MSB will produce a "1 " in Gray 
code for a change in binary (i n going from "O" to 
" 1" or vice versa in binary) or "O" in Gray code for 
no change in binary. Thu s 11011 or 27 in stra ight 
binary is 10110 in the Gray code. 

BCD of the 8-4-2-1 variety is a code in which 
each bit represents a binary quad . Takin g the MSB 
of thi s BCD code, its LSB represents a weight of 
0.1. The next M SB's LSB is 0.01 , and the next one 
is 0.001, and so forth. Weight ass ignments from 0 
through 9 can be given for each quad set. Such a 
code is widely used in digital-vo ltmete r and 
panel-meter inputs and is produced by the input 
A/D converter. 

There are a few other codes, many of w hich are 
hybrids or combinations of these basic codes . 
However, the ones already mention ed cover most 
of the codes currently in use by AID and D/A 
converters. Table I lists them all and shows how 
th ey differ for a hypo th eti ca l analog voltage 
range. 

By far, TTL and some DTL leve ls are the most 
widely used for digital codes in A/D and D/A 
converters. A few converter5 are also CMOS 
compatible. The analog outputs of D/A converters 
vary, with popular outputs at 2.5, 5, 10, 10.24 and 
even 20V. The most widely-found outputs are 10 
and 10.24V. Current-output units, as previously 
m entioned, provide up to 10 mA of output 
current , with typical outputs being 1, 1.2, 1.5, 2.4 
and a popu lar 5 mA step. 

Choosing a converter 
There are genera lly two different classes of 

modular converte rs available : an economy low
cost , moderate-to-low-accuracy and low
resolution group for " cheap and dirty" and 
general-purpose applications that do not require 
high accuracies . Converte rs in this group sell for 
under $100 for 6 to 12 bits of resolution (less than 
$10 for some 8-bit DIA converters). The other 
group includes converters of 13-bit design and 
higher, whose application requires good to 
exce llent accuracies. These cost a lot more-$300 
or more in many cases . 

In between , there are a few low-resol ution , 
high-accuracy and high-reso lution , low-accuracy 
converters at moderate prices. But no matter 
w hich group you purchase from, one important 
quality to look fo r besides the stated specifica
tions is just how stab le a particular converter will 
be with time and temperature six months or more 
from now. This will reflect th e quality of design 
and of the compo nents behind that converter; 
something not always apparent at the time of 
purchase . (Tex t co ntinued o n page 34) 
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Specifications for conversion rates and settling times given here are not to be construed as absolute, but 
only as guidelines. This is because no two manufacturers specify these parameters under the same conditions. 

A/D CONVERTERS 

Company Resolution Range of word Range of costs Technology 
conversion rates ( single quantity) 

Adage, Inc., 8 Bits 1 MHz $5700 Rack mount 
Boston, MA 14 Bits $6000 Rack mount 

15 Bits $6000 Rackmount 

Analog 8 Bits 800nsec-18µsec * $79-$1680 Modular/hybrid 
Devices, 10 Bits 1µsec-22µsec* $225-$1990 Modu lar/hybrid 
Inc., 12 Bits 15µsec-85µsec * $305-$950 Modu lar/hybrid 
Norwood, 

14 Bits 40msec* $259 Modu lar/ hybrid MA 
16 Bits 400µsec* $1350 Modular/ hybrid 

Analog ic Corp. , 8 Bits 2µsec-1 Oµsec* $149-$429 Modular/ hybrid 
Wakefie ld, MA 10 Bits 2.5msec-45msec* $159-$525 Modular/hybrid 

12 Bits 4µsec-9msec* $129-$59 Modular/ hybrid 

13 Bits 1 Oµsec-75µsec* $345-$715 Modular/ hybrid 

14 Bits 12µsec-111 msec * $249-$1400 Modular/ hybrid 

15 Bits 17µsec* $1 500 Modular/hybrid 

16 Bits 670µsec-200msec* $200-$250 Modu lar/hybrid 

Biomation, Inc., 6 Bits 10 MHz $1850 Rack mount 
Palo Alto, CA 8 Bits 2 MHz-100MHz $2950-$9500 Rackmount 

Bu rr-Brown 8 Bits 20µsec* $150-$170 Modular/ hybrid 
Research Corp. , 10 Bits 30µsec * $1 90-$220 Modular/ hybrid 
Tucson , AZ 

12 Bits 30µsec-12.5msec * $230 Modular/ hybrid 

14 Bits 50msec * $250 Modu lar/ hybrid 

16 Bits 30msec-200msec * $225-$250 Modu lar/ hybrid 

Computer Labs, 4 Bits 6 MHz-25 MHz $3200-$5800 Rackmount 
Greensboro, NC 5 Bits 5 MHz- 20 MHz $3250-$6400 Rackmount 

6 Bits 4 MHz-33 MHz $2800-$13,200 Rack mount 

7 Bits 3 MHz-20 MHz $2900-$11,400 Rack mount 

8 Bits 2 MHz-15 MHz $3000-$11 ,800 Rack mount 

9 Bits 1 MHz-5 MHz $5550-$9660 Rack mount 

10 Bits 2 MHz-3 MHz $4900-$6500 Rackmount 

10 Bits 100 Hz $4900 Rackmount 

Cycon, Inc., 8 Bits 2µsec-50µsec * $49-$250 Modular/ hybrid 
Sunnyvale, CA 10 Bits 2.5µsec-1 OOµsec * $69-$350 Modu lar/hybrid 

12 Bits 1 OOµsec * $99-$149 Modular/ hybrid 

14 Bits 10msec* $89 Modu lar/ hybr id 

16 Bits 200µsec* $149-$199 Modu lar/ hybrid 
Data Technology, 15 Bits 40 kHz Rack mount 
Santa Ana, CA 

Datel Systems, 4 Bits 2.5 MHz-25MHz $545-$ 1250 Modular/hybrid 
Inc., Canton, MA 6 Bits 20 KHz-1.66 MHz $22. 95-$745 Modular/hybri d 

8 Bits 625 Hz-10 MHz $59-$2495 Modu lar/ hybrid 
10 Bits 500 Hz-1 MHz $89-$995 Modular/ hybrid 
12 Bits 200 Hz-250 kHz $99-$450 Modular/hybrid 
13 Bits 20 k Hz $595 Modu lar/hybrid 
14 Bits 20 kHz $695 Modular/hybrid 
15 Bits 20 kHz $795 Modu lar/ hybr id 
16 Bits 20 kHz $895 Modu lar/hybrid 

Dynamic 9 Bits 4.5µsec* $295 Modu lar/ hybrid 
Measurements 11 Bits 4.5µsec* $325 Modular/ hybrid 
Corp ., 

12 Bits 6.5µsec * $395 Modular/ hybrid Winchester. MA 
13 Bits 6.5µsec * $395 Modu lar/hybrid 

Fu nction 12 Bits 2msec-20msec* $85-$95 Modular/hybrid 
Modules, Inc. , 14 Bits 750µsec-8msec * $85-$95 Modu lar/hybrid 
Irvine, CA 15 Bits 10msec* $ 115 Modular/ hybrid 

Gralex 8 Bits 625µsec* Modular/ hybrid 
Industri es, 10 Bits 244µsec-2.5msec * Modu lar/ hybrid 
Farmingdale, 12 Bits 10msec* Modu lar/ hybrid 
NY 14 Bits 2.44msec * Modu lar/ hybrid 

Helipot Div. of 8 Bits 1 MHz $240 Modular/hybrid 
Beckman Instrument s, 
Fullerton, CA 
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Company Resolution 
Range of word Range of costs 

Technology conversion rates (single quantities) 

Hybrid Systems Corp. , 8 Bits 3µsec-200µsec* $59-$195 Modular/hybrid 
Burlington, MA 12 Bits 13µsec-20µsec * $99-$220 Modular/hybrid 
I LC Data 4 Bits 16 MHz $900 Modular/hybrid 
Devices Corp., 8 Bits 6 MHz $3000 Modular/hybrid Hicksville, .NY 

8 Bits 22µsec* $200 Modular/hybrid 
9 Bits 11 µsec-22µsec * $225-$325 Modular/hybrid 

10 Bits 11µsec-22µsec* $250-$350 Modular/hybrid 

11 Bits 11 µsec-22µsec* $275-$375 Modular/hybrid 
lntech, Inc., 12 Bits 4µsec* $420 Modu lar/ hybrid 
Santa Clara, CA 

Inter-Computer 4 Bits 2 MHz-100 MHz Rack mount 
Electronics, Inc., 5 Bits 20 MHz-50 MHz Rack mount 
Landsda le, PA 

6 Bits 2MHz-30MHz Rack mount 
7 Bits 20 MHz Rackmount 
8 Bits 100 kHz-15 MHz Rackmount 
9 Bits 1 MHz- 5 MHz Rack mount 

10 Bits 100 kHz-2 MHz Rack mount 

12 Bits 500 kHz Rack mount 
Lancer Electronics 14 Bits 6µsec-35µsec* Rack mount 
Corp., 15 Bits 50µsec* Rack mount 
Norristown, PA 

16 Bits 100µsec* Rack mount 
18 Bits 50µsec * Rack mount 

Micro Networks 8 Bits 20µsec* $150 Modu lar/ hybrid 
Corp. , 
Worcester, MA 

Phoenix 6 Bits 1 OOnsec * $3495 Modu lar/ hybrid 
Data, Inc. , 8 Bits 1 OOnsec-8µ sec* $175-$3995 Modu lar/hybrid 
Phoenix, AZ 

9 Bits 900nsec-9µsec * $195-$735 Modular/hybrid 
10 Bits 1µsec-1 Oµsec* $215-$785 Modu lar/hybrid 
11 Bits 1.5µsec-12µsec* $240-$890 Modu lar/hybrid 
12 Bits 2µsec- 15µsec* $260-$995 Modular/hybrid 
13 Bits 8µsec-35µsec* $310-$585 Modul ar/hybrid 
14 Bits 1 Oµsec-80µsec * $345-$695 Modular/hybrid 
15 Bits 5µsec-250µsec* $725-$ 1495 Modular/hybrid 

Preston 8 Bits 750 kHz-10 MHz $5710 Rack mount 
Scientific, Inc., 9 Bits 500 k Hz-10 MHz $6340 Rackmount 
Anaheim, CA 

10 Bits 400 kHz-5 MHz $6930 Rack mount 
11 Bits 300 kHz-3 MHz $7210 Rack mount 
12 Bits 150 kHz-2 MHz $7540 Rack mount 
13 Bits 125 kHz-1 MHz $7840 Rackmount 
14 Bits 110 kHz-760 kHz Rack mount 

15 Bits 100 kHz-750 kHz Rackmount 
SRC Div. of 12 Bits 5µsec* $500-$760 Rack mount 
Moxon, Inc., 
Irvine, CA 

Teledyne- 8 Bits 6µsec-50µsec* $69-$265 Modular/hybrid 
Phibrick, 10 Bits 7µsec-1 OOµsec* $89-$295 Modular/hybrid 
Dedham, MA 

12 Bits 1 Oµsec-6µsec* 
1 

$98-$345 Modular/ hybrid 
Tustin 8 Bits 3µsec* $420 Modu lar/ hybrid 
Electronics Co., 10 Bits 4µsec* $470 Modular/ hybrid 
Santa Ana, CA 

12 Bits 5µsec-8µsec* $300-$500 Modular/hybrid 

15 Bits 9µ sec-1 8µ sec* $1 000-$1 200 Modu lar/hybrid 

8 Bits 170nsec-1.5µsec* $2360-$3200 Rack mount 

9 Bits 250nsec-2µsec* $2600-$3600 Rack mount 

10 Bits 300nsec-3.5µsec* $2840-$4000 Rack mount 

11 Bits 400nsec-3.5µsec * $3080-$4400 Rack mount 

12 Bits 500nsec-4µsec* $3320-$4800 Rack mount 

13 Bits 700nsec-4µsec * $3560-$5000 Rack mount 

14 Bits 900nsec-5µsec* $3800-$5600 Rackmount 

15 Bits 1.1µsec-5µsec* $4040-$6000 Rack mount 

Zeltex Inc., 8 Bits 3µsec-50µsec * $49-$415 Modular /hybrid 

Concord, CA 10 Bits 4µ sec- 1 00µ sec * $69-$435 Modular/hybrid 

12 Bits 6µ sec-200µ sec* $99-$450 Modular/ hybrid 

13 Bits 52µsec* $495 Modular/ hybrid 
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DI A CONVERTERS 

Company Resolution 

Analog 8 Bits 
Devices Inc., 10 Bi ts 
Norwood, MA 

11 Bi ts 

12 Bits 

14 Bi ts 

16 Bi ts 

Analogic Corp., 8 Bi ts 
Wakefield, MA 10 Bi ts 

12 Bits 

13 Bi ts 

14 Bits 

16 Bi ts 

4-Digit BCD 

Burr-Brown 8 Bits 
Research Corp., 10 Bi ts 
Tucson, AZ 

12 Bits 

16 Bits 

3-Digit BCD 

Computer Labs 4 Bits 
Greensboro, NC 5 Bits 

6 Bits 

7 Bits 

8 Bits 

9 Bi ts 

Cycon Inc., 8 Bi ts 
Sunnyvale, CA 10 Bi ts 

12 Bi ts 

14 Bits 

2-Digit BC D 

3-Digit BCD 

4-Digit BCD 

Date I 8 Bits 
Systems Inc., 10 Bits 
Canton, MA 12 Bits 

13 Bits 

14 Bits 

15 Bits 

16 Bits 

2-Digit BCD 

3-Digit BC D 

Dynamic 8 Bi ts 
Measurements 10 Bi ts 
Corp., 

12 Bi ts Winchester, MA 
13 Bi ts 

3-Digi t BCD 

Function 8 Bits 
Modules Inc., 10 Bits 
Irvine. CA 12 Bits 

3-Digit BCD 

Harris Semiconductor 8 Bits 
Melbourne, FL 

Helipot Div. 8 3 its 
of Beckman 11 Bits 
Instruments, 

13 Bits Fullerton, CA 

Hybrid 8 Bi ts 
Systems Corp., 10 Bi ts 
Burlington, MA 

11 Bi ts 

12 Bi ts 

15 Bits 

2-Digit BCD 

3-Digi t BCD 

*Conversion time. Conversion rate is not avai lable 
** For quantities of 100 units or more 

Range of 
settling times 

40nsec-1 Oµsec 
40nsec-5µsec 

1µsec 

3µsec-15µsec 

250µsec 

250µsec 

100nsec-12µsec 

120nsec-12µsec 

200nsec-12µsec 

200nsec-6µsec 

1µsec-6µsec 

3µsec -6µsec 
2µsec 

1.5µsec-7µsec 

1.5µsec-7µsec 

2.5µsec-7 µsec 
10µsec-50µsec 

2µsec-5µsec 

30nsec -90nsec 

30nsec-90nsec 

30nsec-90nsec 

30nsec-90nsec 

30nsec-90nsec 

30nsec-90nsec 

2µsec-20µsec 

2µsec-20µsec 

2µsec-20µsec 

2µ sec-20µ sec 

2µsec-20µsec 

2µsec-20µsec 

2µsec-20µsec 

25nsec-25µsec 

25nsec-25µsec 

150nsec-25µsec 

250nsec 

250nsec 

250nsec 

250nsec 

150nsec-20µsec 

150nsec·5µsec 

400nsec-5µsec 
300nsec-5µsec 

300nsec-5µ sec 

300nsec-1.2µsec 
300nsec-5µ sec 

300nsec-20µsec 

300nsec-20µsec 

300nsec-20µsec 

300nsec-20µsec 

T5"µsec 

25µsec 

5µsec 

5µsec 

400nsec-30µ sec 

1 µsec-30µsec 
30µsec 
50nsec-300µsec 

1µsec 

50nsec-30µsec 

950nsec 

Range of costs Technology 
(single quantities) 

$140-$220 Modular/hybrid 

$49-$495 Modular/ hybrid 

$150 Modular/hybrid 

$79-$295 Modular/hybri d 

$395-$820 Modular/hybrid 

$745-$1.170 Modular/hybrid 

$59-$305 Modular/hybrid 

$33-$350 Modular/hybrid 

$39-$475 Modular/hybrid 

$275-$585 Modular/hybrid 

$350-$695 Modul ar/hybrid 
$595-$895 Modular/hybrid 
$375 Modular/ hybrid 
$90-$ 140 Modular/hybrid 
$1 00-$150 Modular/hybrid 
$125-$185 Modular/hybrid 
$325 Modular/hybrid 
$125-$185 Modular/hybrid 

$1480 Rackmount 

$1530 Rack mount 

~ 1580 Rackmount 
$1630 Rackmount 
$1690 Rackmount 

$1760 Rackmount 

$19-$109 Modular/hybrid 

$29-$129 Modular/hybrid 

$49-$139 Modular/hybrid 

$99-$179 Modular/hybri d 

$19-$59 Modular/hybri d 

$39-$89 Modular/hybrid 

$69-~ 149 Modular/hybrid 

$9.95-$199 Modular/ hybrid 

$39-$250 Modular/hybri d 

$59-$295 Modular/hybrid 

$325 Modular/hybrid 

$350 Modular/hybri d 

$395 Modul ar/hybrid 

$495 Modular/hybrid 

$9.95-$109 Modular/hybrid 
$39-$149 Modular/hybr id 

$75~1 25 Modular/hybrid 
$95-$155 Modular/hybrid 
$115-$195 Modular/hybrid 
$145-$195 Modular/hybrid 
$120-$165 Modular/hybrid 

$19 Modular/hybrid 

$29 Modular/ hybrid 
$47-$49 Modular/ hybrid 
$37-$39 Modular/hybrid 
$27.95 ** Monolithic 

$39. 75 Modular/hybri d 

$95-$155 Modular/hybrid 

$180-$240 Modular/hybrid 

$9.90-$190 Modular/hybrid 
$19-$200 Modular/ hybri d 
$150 Modular/hybri d 
$39-$220 Modular/hybrid 
$500 Modular/hybrid 

$1 15-$150 Modular/hybrid 

$9.90 Modular/ hy brid 
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Company Resolution Range of Range of costs Technology 
sett Ii ng ti mes (single quantities) 

Hycomp Inc., 8 Bits 50nsec·5µsec $125-$200 Modular/hybrid 
Maynard, MA 10 Bits 50nsec-30µsec $150-$225 Modular/hybrid 

12 Bits 30µsec Modul ar/hybrid 
ILC Data 8 Bi ts 70nsec-5µsec $95-$270 Modular/hybrid 
Devices Corp. , 9 Bits 5µsec $110 Modular/hybrid 
Hicksville, NY 

10 Bits 70nsec-5µsec $139-$350 Modular/hybrid 

11 Bi ts 500nsec-5µsec $159-$270 Modular/hybrid 

12 Bits 500nsec·2µsec $290-$350 Modular/hybrid 

13 Bits 2µsec $310 Modular/ hybrid 

13 Bit s Opt imized for $260-$310 Modular/hybrid 

400 Hz 

14 Bits 5µsec $340 Modular/ hybrid 

3-Digit BCD 7µsec $225-$250 Modular/ hybrid 

Lancer 12 Bits 10µsec Modular/ hybri d 
Electronics Corp., 14 Bi ts 7µsec· 1 Oµsec Modular/ hybrid 
Norristown, PA 16 Bi ts 8µsec-25µsec Modular/hybrid 

Micro Networks Corp., 6 Bits 3µsec Modular/hybrid 
Worcester, MA 8 Bits 100nsec- 15µsec Modular/hybrid 

10 Bit s 100nsec·5µsec Modular/hybrid 
12 Bi ts 500nsec-5µsec Modular/hybrid 
2-Digit BCD 3µsec Modular/hybrid 
2-%-Digit BC D 3µsec Modular/ hybrid 
3-Digit BC D 500nsec Modular/hybrid 

Motorola Semiconductor 6 Bits 200nsec $3.95 * * Monoli t hic 
Phoenix, AZ 

Perkin-Elmer Corp., 11 Bi ts 25µsec Modular/hybri d 
Norwalk, CT 

Phoenix Data Inc., 12 Bi ts 1 Oµsec $175-$195 Modular/hybrid 
Phoenix, AZ 13 Bi ts 10µsec $225-$245 Modular/ hybrid 

14 Bi ts 1 Oµsec $275-$295 Modular/ hybrid 

15 Bits 15µsec-20µsec $445-$735 Modular/hybrid 

16 Bits 15µ sec· 20µ sec $575-$845 Modular/hybrid 

Precision 6 Bi ts 1.5µsec $8.25 ** Monolit hic 
Monolithics Inc., 10 Bi ts 225nsec· 1.5µsec $16-$45 * * Monoli t hic 
Santa Clara, CA 

11 Bi ts 1.5µsec $35-$45* * Monolithic 

Preston 12 Bi ts 2.5µsec Rack mount 
Scientific Inc., 13 Bits 3µsec Rackmount 
Anaheim, CA 

14 Bi ts 3.5µsec Rack mount 

15 Bi ts 4µsec Rack mount 

Sprague Electric Co. , 8 Bits 1.5µsec-18.5µsec Modu lar/hybri d 
Worcester, MA 10 Bits 1.8µsec-20µsec Modular/hybrid 

12 Bits 15µsec Modular/hybrid 

SRC Div. 9 Bits 2µ sec $760( basic chassis) Rack mount 
of Moxon, Inc., + $225 
Irvine, CA 12 Bits 5µsec $760(basic chassis) Rack mount 

+ $260 
15 Bi ts 10µsec $760(basic chassis) Rack mount 

+ $300 
Teledyne-Phi brick 4 Bits 
Dedham, MA 8 Bits 300nsec-25µsec $1 9-$179 Modular/hybri d 

10 Bits 300nsec-25µsec $29-$229 Modular/hybrid 

12 Bits 100nsec·5µsec $69-$370 Modular/hybrid 

13 Bits 100nsec-200nsec $225-$395 Modular/hybrid 

14 Bi ts 100nsec-2µsec $305-$485 Modular/hybri d 

16 Bit s 300nsec < $500 Modular/ hybri d 

1-Digit BCD Modular/hybrid 

3- Digit BCD 300nsec-5µ sec $64-$97 Modular/hybrid 

Tustin Electronics Co. , 8 Bi ts l µsec $190 Modular/ hybrid 
Santa Ana, CA 10 Bit s l µsec $200 Modular/ hybrid 

12 Bits l µsec $220 Modular/ hybri d 

15 Bit s l µsec $500 Modular/hybrid 

Zeltex Inc., 8 Bi ts 1µsec-25µsec $11 .90-$ 195 Modular/hybrid 
Concord, MA 10 Bi ts 2µsec-20µsec $19.00-$39 Modular/hybrid 

12 Bits 10µsec-20µsec $49.00-$225 Modular/hybrid 
2-Digit BCD 20µsec $19.00 Modular/hybrid 
3-Digit BCD 20µsec $39.00 Modular/hybrid 

33 



For example, one can purchase a 12-bit D/A 
converter for only $29. Such a unit wil l have a 
temperature coefficient of 100 ppm/QC. Another 
12-bit unit costing $125 has 10 ppm/QC TC. A mere 
1QC temperature change in the former (hardly 
significant) will cause its accuracy to change by a 
full LSB , whereas the higher cost one's accuracy 
will only be degraded 1/10 that of the lower cost 
unit. A change of 10QC would have to take place 
(in general, not very likely) before inaccuracy of a 
LSB is reached in the latter. The difference in cost 
may have been about $100 between these two 
units, but the real cost to the user can be 
hundreds of dollars in the long run once the 
converter is packaged into a circuit if the designer 
is not carefu I. 

When interpreting data sheet specifications, 
great care must be taken to find out under what 
conditions a particular parameter is defined, and 
parameters are certainly defined differently. For 
example, some manufacturers give their specifi
cations at a 25QC temperature. Others over OQC to 
+70QC. Still others give no temperature at all. 

One very important DIA-converter specifica
tion, settling time, is stated under many condi
tions-to different percentages of full scale, as a 
maximum or as a typical figure, and for a given 
input voltage step (which isn ' t always the same for 
different manufacturers) , just to name a few . 

When trying to compare A/D converters, a 
designer is immediately confronted with a prob
lem: Is its speed of operation better characterized 

TABLE I. The most popular types of digital codes used by A/D and D/A 
converters. A hypothetical analog voltage range of 0 to 1024 mV is quantized 
using these different codes at a 3-bit level. 

Unipolar codes Stra ight 8·4-2-1 BCD 
Analog vo ltage binary (3-digit weighting) 

0 to 128 mV 000 0001 0010 1000 
128 to 256 mV 001 0010 0 10 1 0110 
256 to 384 mV 010 0011 1000 0100 
384 to 512 mV 0 11 0101 0001 0010 
512 to 640 mV 100 0110 0100 0000 
640 to 768 mV 101 0111 0110 1000 
768 to 896 mV 110 1000 1001 0110 
896 to 1024 mV 111 not permitted above 0.999 

Bipolar codes Offset One's 

Analog voltage binary complement 

-512 to - 384 mV 000 100 
-384 to - 256 mV 001 101 
- 256 to - 128 mV 010 110 
- 128 to 0 mV 011 111 

Oto+ 128mV 100 000 
+128 to +256 mV 101 001 
+256 to +384 mV 110 010 
+384 to +512 mV 11 1 011 

Two's 

Anal og voltage complement Gray code 

- 576 to - 448 mV 100 000 
- 448 to - 320 mV 101 001 
- 320 to -192 mV 110 011 
- 192 to - 64 mV 111 010 
- 64 to+ 64mV 000 110 
+ 64 to + 192 mV 001 111 
+ 192 to + 320 m V 010 101 
+ 320 to+ 448 mV 011 100 

34 

by conversion time as some manufacturers speci
fy , or word conversion rate as other insist as 
bei ng more meaningful? Most modular A/D 
converter makers state only conversion time in 
their data sheets , and it must be assumed that it is 
the same as the reciprocal of the converter's word 
conversion rate. 

Actually, both conversion time and word con
version rate, as specified by all rackmount A/D 
converter manufacturers, are important to the 
designer. Not only does he wan t to know in how 
fast a time a particular conversion can take place 
from input to output (conversion time) , but also 
how many conversions he can make for a given 
period of time (conversion rate). 

Also remember, a high-speed A/D converter 
module needs a sample-and-hold amplifier , and 
sometimes buffer amplifiers, to work properly 
within a system . So an advertised 1-µsec A/D 
converter module is no longer 1 µsec in conver
sion speed when these other system components 
are taken into consideration but may be only 10 
µsec or worse from system input to system 
output. 

Temperature coefficient is sometimes given as 
a single figure, or specified more than once for 
offset, gain and range, to name a few . To make 
life a little more hectic, TC is given in ppm/QC or 
as a percentage per QC. So it becomes a little 
difficult to compare converters effectively . But a 
keen observation of the published specs can be a 
little helpful for product evaluation . 

One other important point-Know the manu
facturer you are dealing with. Does he deliver on 
time? Does he provide decent field application s 
assistance? What is his reputation? These factors 
can save a designer much valuable time and 
money. 

Compatibil ity 
Most A/D and D/A converters are not physically 

compatible universally, and some aren 't compa
tible electrically. Physically , package sizes differ , 
with the more popular configurations being 
2x 2 x 0.4 in . and 2x 4 x 0.4 in. Pin layouts are often 
not the same , so a user has to configure his pc 
board to arcept several different pin layouts for 
multip le sourcing. One manufacturer blames this 
incompatibility on a fast-changing and size
competitive converter industry that forces makers 
to change designs, which gives rise to second
sourcing problems. 

However, there is some trend towards physical 
compatibility . That trend is towards dual-in-line 
pin spacing and eventually dual-in-line packag
ing. Many converters can be purchased with at 
least one second-source manufacturer . 
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COMPARATOR t--------------. 

INPUT 

COMPARATOR ----------' 

Fig. 8---The fastest and simplest conversion method is the 
parallel comparator technique (2-bit design shown) , which 

Electrically, the picture is a lot brighter. While 
not all manufacturers provide the same DIA 
converter output and AID converter input levels, 
many do. These include popular 2.5, 5 and 10V 
bipolar and unipolar DIA converter outputs and 5 
and 10V bipolar and unipolar AID converter 
inputs. Most converters are powered by ±15V 
and are TIL/DTL input compatible. Some recent 
ones are CMOS compatible. 

Monolithic converters 
Monolithic converters are certainly here and 

are fast establishing themselves a niche in the 
marketplace, their principle advantage being 
lower unit prices in OEM quantities. 

Since modular converters are not as price 
sensitive in large OEM quantities as monolithic 
units, the latter tend to be very competitive in 
cost. For example, a 10-bit monolithic AID 
converter can be bought for as low as $16 (in 100 
quantities). 

However, price need not be the only answer. 
The claim that monolithic units offer better 
performance than modular ones is not altogether 
true. If accuracy is to be maintained over wide 
temperatures and long periods of time, then 
low-drift modular converters using the most 
stable resistors and switching elements are the 
answer, and they usually contain discrete com
ponents . 

Monolithic technology may be winning the 
price battle, but it has yet to win the high
performance war. 

Currently, there are three monolithic-converter 
manufacturers-Precision Monolithics the leader , 
with 6-, 10- and 11-bit DIA converters; Harris 
Semiconductor with an 8-bit DIA converter; and 
Motorola Semiconductor with a 6-bit DIA con
verter. These are the only ones making complete 
converter products. Several other manufacturers 

requires modification (to serial-parallel circuits) for use in the 
medium- and high-resolution AID converters . 

who make components for converters are poised 
to jump in. 

An interesting aspect of the monolithic con
verter business is the availability of monolithic 
components to make low-cost converter kits for 
do-it-yourselfers . Harris Semiconductor offers its 
monolithic 8-bit DIA converter along with a 
monolithic AID encoder and a monolithic analog 
comparator for an 8-bit successive approximation 
AID converter kit. 

IC current sources, switches, registers, com
parators, ladder networks and op amps are all 
available from most IC companies for low-cost 
construction of DIA and AID converters. 

Presently, no complete monolithic AID con
verter is available. However, a 12-bit successive 
approximation AID converter is on the drawing 
boards at Precision Monolithics and should be 
available shortly after this report is published. The 
LSI unit will reportedly be introduced in a 40-pin 
dual-in-line package. o 

Four-quadrant 8-bit-plus-sign D/A multiplication in a single 
dual-in-line compatible package. The hermetically sealed 
18-pin unit utilizes thin-film technology and contains two 
amplifiers- an output one and an additional one to allow for 
straight or offset-binary and two's complement operation. 
(Micro Networks) 
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If the world's best 
standard hybrid circuits 
won't help you ... 

••• 
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GregKizik • 11 If you have a custom hybrid requirement, Greg and h is 

WI associates can bring years of applications experience 
e to bear on your needs. These men are backed by a 

unique facility capable of supplying thick film or thin 
film circuits and semiconductors, all to MIL-STD-883 Level A. We supply 
circuits ranging from simple analog functions to multi-layer MSI assemblies 
for many MIL and NASA programs. 
We will work closely with you to give you best value, whether you're 
buying custom or standard circuits. For the added convenience of our 
western customers, Greg has opened our new regional office in Marina 
Del Rey, California. You can reach him at (213) 821-5069. 

Call (617)491·1670 

.._~TELEDYNE 
CRYSTALONICS 
147 Sherman St., Cambridge, Mass. 02140 

CHECK NO. 21 
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TRANSIENT 
PROTECTION 
IN A MINI SIZE 

Actual size 
As low as $.48 in quantity lots. 

MIGHTY 

VARISTORS 
Designed for PC board use, these new 
"aspirin-size" GE-MOV varistors are rated 
at 1-4 joules and for both AC and DC 
operation. They are the latest addition to 

TM 

GE's growing line of superior metal oxide 
suppressors which provide better performance 
... better than selenium, silicon carbide, 
zeners or other older methods. 

MAXIMUM SUGGESTED 
VOLTAGE RESALE PRICES 

MODEL 
100- 1000-

AC DC 1-99 999 9999 10,000 

V130LA1 130 175 $1.44 $ .96 $ .72 $.48 
V130LA2 130 175 1.53 1.02 .77 .51 
V150LA1 150 200 1.65 1.10 .83 .55 
V150LA2 150 200 1.77 1.18 .89 .59 
V250LA2 250 330 2.76 1.84 1.38 .92 
V250LA4 250 330 2.94 1.96 1.47 .98 

The final numbers (1-4) designate the maximum energy rating 
In joules (watt-seconds) 

For a FREE EVALUATION SAMPLE, call your 
local authorized GE semiconductor distributor 
... or write to General Electric Company, 
Semiconductor Products Department, Building 
7, Mail Drop #49, Electronics Park, 
Syracuse, N.Y., U.S.A. 

TM 

VARISTORS 
ASSURE YOUR EQUIPMENT WILL ENDURE 

GENERAL fl ELECTRIC 
CHECK NO. 22 
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EON Design Course 

CMOS-Part IV 

Interfacing CMOS with other 
logic and display devices 
Bill Furlow, Associate Editor 

If your CMOS design only had to communicate 
with other CMOS systems, life would be heau
ti ful. But let's be realisti c. There are a lot of other 
popularly used logic famil ies around , and there is 
always the man/machine interface to consider. 
Actually, because of the wide range of acceptable 
power-supply voltages , CMOS interfaces easily 
with most other logic forms . 

INPUT 

4009 

R 

IN 

4049 

IN 

Basic interface elements are available 
The schematics of four CMOS 4000 Series 

devices that were specifically designed for in
terfaci ng chores are shown in Fig. 1. These are the 
4009, 4010, 4049 and 4050. All are hex-element 
devices, of which only one segment is shown. 
The 4049 and 4050 are preferred replacements for 
the 4009 and 4010, respectively , in all applications 

4010 

R 

4050 

Fig. 1-CMOS circuits specifically designed for TTL interfacing. All are hex-ele ment devices of which o nly o ne circ uit is 
shown. Types 4009 and 4010 are not recommended fo r new designs. 
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except multiplexers. The reason for replacing the 
4009 and 4010 is that, frankly, there were some 
inherent weaknesses in the designs that didn't 
show up until the parts were in the field. It 
happens that in normal layouts a PNPN lateral 
junction is created within some CMOS devices. 
By definition, a PNPN junction is an SCR. That 
SCR can't be fired in normal CMOS circuits 
because access to the gate (of the SCR) is not 
available. Under certain improper operating con
ditions the dual power-supply voltage feature of 
the 4009 and 4010 will allow the SCR to fire. If you 
are using 4009 or 4010 devices, then, it is 
imperative that these precautions be observed: 

1. Vee voltage must be equal to or less positive 
than V00 . 

2. Capacitive loads must be less than 200 pf 
when using supply voltages greater than 10.5V. 

3. Power supply turn-on time must be greater 
than 10 µsec . 

4. Input signals must not be applied before 
both power supplies are "up" and cannot exceed 
the supply levels. 

5. These precautions apply to 4009 and 4010 
devices only and do not apply to types 4049 and 
4050. 

The 4049 and 4050 are inverting and noninvert
ing (respectively) hex-buffers and can provide 
logic-level conversion using only one supply 
voltage . The 4049 and 4050 should be used in 
place of the 4009 and 4010 in all inverter, current 
driver and logic-level conversion applications. 
They are pin compatible with the 4009 and 4010, 
and the Vnn contact (pin 16) is not connected 
internally , so connections to this terminal have no 
effect on circuit operation. This means that 4009s 

OUTPUT INPUT 
CHARACTER ISTICS CHARACTER ISTICS 

5.0 

(a) 

Fig. 3-Comparison of TIL and CMOS logic levels shows th at 
they are nearly compatible when operating at the same supply 
voltage . It 's only the ONE output from a TIL gate which does 

CMOS 
INVERTER 

-:- vss 

OUTPUT 

Fig. 2-Bipolar Darlingtons on the CMOS chip offer greater 
output drive capacity for interfacing and display applications 

and 4010s in existing hardware can be easily 
replaced with 4049s or 4050s. 

One inconsistency in the 4000 family which can 
be of considerable importance in interface cir
cuits is that there is some variation of the 
guaranteed minimum output-current capabilities 
of similar devices from different manufacturers . 
This only indicates that slightly different device 
geometries or processes are used, but it makes 
the designers job a little tougher when he must 
use several suppliers. To be really safe, you must 
dig through all of the data sheets from each 
manufacturer you plan to use and use the lowest 
guaranteed output currents in your calculations. 

CMOS families for easy interface 
National's 54C/74C family of CMOS circuits are 

designed to be pin compatible with 54L/74L 
low-power TIL circuits (LPTTL), and fan - out 

v0.:.n_ v,:fl 

oR1vD vo L v,L ~ 
INPUT 

CHARACTERISTICS 

(b) 

not meet the input ONE requirements of a CMOS gate; other 
levels are acceptable for TIL-to-CMOS or CMOS-to-TIL. 
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H = Maximum Permissible output driver current in high state 
(" 1 " ) (Dr iver Leakage). 

1
0

L = Maximum output driver sinking current in low state (" O" ). 
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Fig. 4-Bipolar-to-CM OS interface requirements (a) depend 
on the output configuration of the bipolar devices. Gates 
using resistor pull - up (b) may interface directly. Active 

pull-ups , such as the transistor-diode arrangement shown in 
(c), may require an external pull -up resistor (d) . Open 
collector outputs (e) also require external pull-up resistors . 

Table I - Comparison of CMOS, TTL and DTL Interfacing Parameters 

Supply 
Family Voltage 

(Vo lts) 

CMOS 3.0 to 15 

I---+- -
DTL 
and 

TTL 

40 

Logic 
Swi ng/Output 

Dr ive 

Capability 

v
55 

to v
00 

(driving CMOS) 

Ou tput d r ive is 
type dependent 
see text 

OState: 

0.4V max. at 

lsink "' 16mA 

1 Sta te: 

2.4V min . at 
1 ioad "' -400µ~ 

De Input 

Current 

10 pA (typ ical) 

1 and 0 state 

0 Sta te: 

- 1.6 mA max . 

1 Sta te: 

40µA max. 

Noise 
Immunity 

1.49 at V00 "' 5V 

T he sw itch ing 

point occurs 
from 30% to 70% 
of V00 wh ich is 

1.5V to 3.5V at 
v00 = 5V 

atVcc "' 5V 

0.4V guaranteed. 
The switchi ng 
point occurs 
from 0.8V to 2V 

Pro pagation 
Delays 

.. 

35nsec ( typ ical) 

for inverter 

CL = 15pF 

20nsec (typical) 
fo r inverter 
CL = 15 pF 

capabilities are calculated in LPTTL loads. 
So lid State Scientifi.c has just announced sever

al 4400 Series devices which are fu nctionally 
identical to their 4000 Series counterparts but 
have bipolar Darlington output buffers on the 
same chip, as shown in Fig. 2 while Motorola's 
14511 has a single bipolar driver on the CMOS 
chip . The interfacing capability of these circui t s is 
obviously greatly improved in comparison to the 
standard all-CMOS devices . 

CMO S m ust interface with TTL 
The voltage levels required at the output and 

input terminals of TTL/DTL logic devices is shown 
in Fig. 3a. Fig. 3b shows the CMOS input and 
output characteristics at V1rn = SV. CMOS devices 
are d esigned to switch at a voltage leve l of 
one-half the power supply voltage , but TTL/DTL 
devices are designed to switch at + 1.SV, con
siderab ly less than one-half of the supply voltage . 

When you interface any two logic families, you 
must carefully consider the logic swings , output 
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drive capability, de input current, noise immunity 
and delay times of each. Table I compares these 
parameters for CMOS and TIL/DTL. Since both 
can operate at a supply voltage of SV, they are 
directly compatible, within certain restrictions. 

When driving a CMO S input as in Fig. 4a with a 
TIL output ZERO, the voltage levels and currents 
are totally compatible. However, there are three 
types of TIL outputs (resistor pull-up, active 
pull-up and open collector) which must be 
considered when driving a CMOS input with a 
TIL output ONE. When using devices where a 
resistor pull -up device ties the output pin to Vee. 
as in Fig. 4b, the total load shouldn't draw enough 
current to reduce the output voltage below the 
required ONE input for the CMOS. 

When an active pull -up is used, such as the 
transistor plus diode arrangement shown in Fig. 
4c, there can be a problem in the ONE state 
because the minimum output level (2.4V) cannot 
assure an acceptable ONE state input for the 
CMOS device . The 2.4V minimum TIL/DTL out
put level is often specified at a load current of 400 
µA. However, negligible current is being drawn 
by the CMOS device, so the minimum TIUDTL 
high-output level would typically be 3.4 to 3.6V 
under these conditions. You have no noise 
immunity in such a configuration. Therefore, it is 
recommended that a pull-up resistor be added 
from the output terminal of the bipolar device to 

Vee · 
When driving a CMOS device from such an 

active pull-up output arrangement (as shown in . 
Fig. 4d), the driver should not fan out to TIL/DTL 
circuits, only to other CMOS devices. 

Selection of a pull -up resistor for a circuit 

(/) 
f
..J 
0 
> 
f-
=> 

~ ~ 8.5 
=> 
0 
0 

~ 6.5 
f
=> 
0.. 
z 

(a) 

voH n VIH n 
~_J L v,L _J L ~ 
~--------~ 

- t-- VOH --

NOISE 
------- MARGIN 

________ L VIH(MIN) 

Fig. &-Comparison of output and input levels of HTL and 
CMOS operating at 15V shows close correlation. These 
families complem ent each other for industrial control or 

5V 

Fig. 5---Paralleling all inputs of a 4002 NOR gate can provide 
current sourcing of 3.2 mA. This is enough to drive one 
standard TIL load . 

requires consideration of fan out, maximum 
allowable collector current in the low state (1 0 L 

max.), collector-emitter leakage current in the 
high state (1 0 ;x), power consumption, power
supply voltage and propagation delay times . The 
minimum value of the external pull-up resistor is: 

R _ Voo - Vo1)max) 
x<min) - I (M)I 

OL IL 

where M is the number of CMOS load stages . The 
maximum value of the external pull-up resistor is 
determined by: 

v v 
CMOS 

0]1_ ':Jl_ CMOS 

~~-----~~---D-
OUTPUT 

15
_
00 

CHARACTERISTICS 

19.91 ~~-4L~f'"'-:~'='1--.- - VOH 

INPUT 
CHARACTERISTICS 

(/) NOISE 
~ MARGIN 

§; 10 --------*- VIH(MINI --~~"-L.~'-"--'~.Ll 
f
=> 
0.. 
f
=> 
0 
0 
z 
<( 

f
=> 
0.. 
z 

5 -- - -- - - - t- VIL(MAXI --""'"...r....,-;'77'77'/7-nl 

NOISE 
- LO GIC"'O·'QTITPCJT MARGIN 

O.Ol REGION - *--VoL 

o i..:...:~~"-'-.:....c....:....c...o:A 

(b) 

similar designs . HTL logic elements may become very popular 
as power drivers for CMOS circuits . 
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Vee - Vitt 
Rx<maxl = I + (M)I 

CEX IH 

where N is the number of TIL/DTL driver stages. 
The values of 11tt and 111 • for the CMOS input 

IN 

1024 

vss 
R ;;> - k!1 

1.7 

- 0.9V-r l - 1.56VI 

- s.2v...J I - 3.64v ...J 

I 
MPS6516 I 

R 

(a) 

OUT 

4001 

(b) 

Fig. 7-Driving ECL with CMOS gates (a) requires operating 
CMOS with a negative supply voltage. A clamping diode must 
be used on the ECL input if the CMOS supply is more negative 
than - 5.2V. CMOS cannot be driven directly from an ECL 
output because the vol tage swing is too small. Special 
considerations for driving CMOS (b) are described in the text. 

currents in both high- and low-level states are 
approximately 10 pA and are neglected because 
their value is insignificant when compared with 
the ' 1alue of the bipolar cu rrents. Therefore, the 
eq uat 'ons for bipolar-to-CMOS interface using a 
pull -up resistor can be reduced to: 

R _ Yoo - VoL<maxl 
x<minl - I 

OL 

R - v cc<min l - V1H <min l 
x< maxl - I · 

CEX<maxl 

(V1tt is the value for the CMOS device) 
Devices with open co llectors also require an 

externa l pull-up resistor, as shown in Fig. 4e. The 
se lection of the external pull-up resistor is the 
same as previously described . It is recommended 
that when driving a CMOS device from an 
arrangement such as the one shown (with both 
Vnn and Vee supply voltages at SV), the driver 
should not fan out to any other TIL/DTL gates but 
can be fanned out to other CMOS devices. 

Actually the calculations for these pull-up 
resistors give quite a range of acceptable values , 
and most designers have found that a standard 2 
kn (for TIL/DTL) or 3 kD (for LPTIL) is always 

v, n n -1 
v _J L...J L 12TO 15V 
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DRIVER I (a) 

Fig. 8-Liquid crystal displays are ideally suited to CMOS 
systems because of their ultra- low-power requirements . The 
exclusive-OR driver ci rcuit (a) maintains an effective ± ac 
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I CHARACTER 

RESULTANT 
WAVEFORM 

ACROSS SEGMENT 
(b) 

vol tage across the circuit segments of the displays with only a 
positive pulse input. Circuit waveforms are shown in (b) . 
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• RESULTANT LIQUID-CRYSTAL SEGMENT WAVEFORM IF DF ...,, IS 

APPLIED TO LIQUID-CRYSTAL COMMON LINE 

DF;n = DISPLAY-FREQUENCY INPUT 
DF °""= LEVEL-SH IFTED DISPLAY-FREQUENCY OU TPUT 

Fig. 9-Latching and nonlatching liquid crystal drivers, the 
4056 and 4055, are shown in block diagrams (a) . These 
monolith ic drivers achieve the same ac dr ive for liquid crystal 

adequate. The only time you will really need to 
calculate the pull-up value is when you are 
work ing with very large fan outs or want to keep 
power con sumption to an absolute minimum. 

Going the other way, most CMOS gates can 
drive one low-power TIL gate, but many of the 
MSI counters , registers, etc., have a limited drive 
capability . In cases where the CMOS output must 
drive a larger fan out or standard TIL inputs, the 
4049- or 4050- type buffers must be used. Connect
ing a 4002 4-input NOR gate as shown in Fig. 5 will 
provide a maximum sink-current capability of 3.2 
mA, which allows a fan out of two standard TIL 
gates at 0.BV or one TIL gate at 0.4V. 

The 54C/74C CMOS family is designed to 
operate with LPTTL systems. Input levels from 
LPTTL to 54C/74C are compatible, and 54C/74C 
outputs will drive two standard LPTTL loads (0.36 

displays as the circuit shown in Fig. 8. Circuit waveform s (b) 
are shown for comparison . 

mA total at 0.4V). 

Driving high threshold logic 
High threshold logic families (HTL and HiNIL) 

typically operate from 15V supplies, and since this 
is the upper limit of most CMOS devices, they are 
easily interfaced with each other. Actually Mot
orola 's MHTL family has a maximum supply 
voltage rating of 18V, and this is one reason that 
their 14000-AL CMOS series is specified for 
supply voltages up to 18V. 

As you can see from Fig. 6, the voltage levels of 
CMOS and HTL are nicely attuned to each other . 
Should the slow rise times of the HTL driver be 
unacceptable when driving CMOS, a 2.5 kD 
pull-up resistor can be used to speed things up. 

A standard CMOS gate will drive one HTL load. 
A standard HTL gate will drive more than 50 
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CMOS loads. 

What about EC L's negative su pplies? 
To interface CMOS and ECL, only one power 

supply is needed, as shown in Fig. 7. CMOS, 
however, is speed limited at 5.2V (the ECL supply 
voltage) and, even at maximum voltage, will never 
come close to ECL speeds. In fact, the two 
technologies are so far apart in speed (and power) 
that interfacing the two will probably be very rare. 

To drive ECL gates from CMOS requires no 
special consideration as long as the CMOS system 
is operating at -5.2V. If the system is operated at 
a higher voltage , a diode clamp must be used 
across the ECL input, as shown in Fig. 7a. 

To drive CMOS from ECL requires a level 
translator because the ECL output swing is only 
0.7V, not enough to drive a CMOS input. By using 
a 2-input expandable ECL gate, you can obtain a 
differential output voltage large enough to drive a 
transistor which , in turn, drives the CMOS 
device. 

A CMOS gate will drive two ECL loads, and an 
ECL load, with the translator circuit shown in Fig. 
7b, wi ll drive 50 CMOS loads . 

CMOS, PMOS and NM OS 
Most PMOS devices operate at supply voltages 

of V,)() = 0 and Yss = -6 to -15V and are readily 
compatible with CMOS levels. Most PMOS sys
tems use so-called "negative-logic" conventions, 
and CMOS normally uses positive logic, so don ' t 
be confused. 

Some NMOS devices operate with positive V00 

and Yss ranges which are the same as CMOS, and 
interfacing should present no problem, as long as 
the CMOS and NMOS supplies are the same. 

Liquid crystals-almost a perfect match 
Many of the advantages of CMOS, like ultra

low power consumption and portable battery 
operation are seriously limited when a readout is 
required. The phenomenally low current drain of 
liquid crystal displays makes them almost ideal for 
CMOS systems. The only drawback, and it's very 
minor, has been that liquid crystal displays need 
an ac drive for a reasonable display life. One 
method of achieving this is shown in Fig. 8, along 
with the circuit waveforms. Two CMOS devices 
designed specifically for driving liquid crystal 
disp lays , the 4055 and 4056, are shown in the 
functional block diagrams in Fig. 9a and b, and 
their system waveforms in Fig. 9c. 

LED and incandescent displays 
Even though LED readouts consume more 

power than liquid crystal displays, they are very 
attractive , and it's not realistic to think that you 
can avoid using them, even in low-power sys
tems. Several new CMOS circuits, notably Mot-
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Fig. 10-LED displays can be driven directly from CMOS 
systems with several new devices, such as the 14511 shown 
here , or the 4426 and 4433 mentioned in the text. Although the 
14511's 25 mA pe r segment capability will not drive displays as 
large as a MAN-1 , it can handle a MAN-3 or smaller LED , and 
some small incandescent readouts . 

orola's MC 14511 BCD-to-7 segment latch/ 
decoder/ driver and Solid State Scientific's SCL 
4426 and 4433 decade counters with 7-segment 
disp lay outputs are designed to provide LED drive 
capabilities for CMOS systems . 

The 14511, shown in Fig. 10, can source up to 25 
mA of current per segment, which means that it 
can't drive MAN-1 type displays but could easily 
hand le MAN-3 size or smaller readouts . The 4426 
and 4433, as mentioned earlier, incorporate 
bipolar driver transistors on the CMOS chip and 
are rated at 15 mA per segment, indicating that 
they too can drive MAN-3 sized LED displays . 

The Microelectronics Div. of Hughes Aircraft 
has achieved MOS drivers which can handle 240V 
in their research labs, but so far no CMOS devices 
exist which can drive high voltage displays, so 
your on ly option is to interface from your CMOS 
system to one of the TTL compatible drivers or 
discrete transistors. D 
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Peak holder stretches 
narrow video pulses 
Many of the prob lems encountered in video pulse work can be minimized 

by first conditioning such pulses before they are processed. 

Bert Pearl, Lockheed Missiles and Space Co. 

The processing and recording of narrow video pulses 
is a difficult task because of the large bandwidth 
required . Such pulses also have poor visibility when 
displayed. These problems are eased considerably if 
the signal is conditioned first by a peak holder, 
which preserves peak amplitude and prf information 
while stretching the pulse sufficiently to alleviate the 
signal handling problem. Such a peak holder is 
shown in Fig. 1. 

The peak holder accepts negative-go ing pulses (it 
can be connected for positive inputs) of from 50 mV 
to 5V peak amplitude and as narrow as 50 nsec. It 
produces, in conjunction with timin g and control 
c ircuits, stretched output pulses of up to 300 µ,sec at 
the same peak amplitude as the input signal. The 
specific application to be described is for unity gain 
operation; but the c ircuit may easily be modified for 
higher gain. 

The basic approach is to place the peak detect ion 
diode within the loop of an operational amplifier 
whose closed-loop ga in is unity. This technique ef
fectively divides the diode knee-voltage by the open
loop ga in of the amplifier, virtually eliminatin g the 

INPUT 
SIGNAL 

u 

lµF :r C11 

+15V 

150 - Y,w 

R,, 
4.32k 
1% 

knee-voltage as a source of error. 
If a very hi gh-ga in operational ampl ifier were 

used, slew rate and recovery time would limit effec
tive speed. For this reason , a wideband but relatively 
low-gai n amplifier is employed here. Its input stage 
is a CA3006 integrated differential amplifier, which 
includes a matched differentia l pair and a temper
ature compensated constant-rnrrent source. The 
CA3006 gain and noise figures are specified up to 
100 MHz; maximum offset voltage is 1 mV at 25°C. 
The CA3006 drives a common-emitter stage, which 
in turn feeds the peak detector portion of the circuit. 

Diodes CR 7 and CR81 resistor R21 and capacitor Ci:; 
shunted by the input impedance of source follower 
0 7 comprise the actua l peak detector. Stages 0 7 and 
OH provide high input impedance and low output 
impedance, with resultant good drive capability. The 
output may be grou nded through the 200!1 isolating 
resistor, R241 with no effect on operation. Resistor R11; 

is made equal to R11 to give the unity inverting gain 
req uired for this application . Capacitor C, 4 is used to 
set the c losed-loop high -frequency roll -off; too high 
a value degrades output ri se time, while too low a 

- 15V 

.------.AN'------r--u +2V Jl 
-7.5V 
DUMP 
PULSE 

SIGNA L 
OUT 

JI_ 

Note: FET's = 2N4221 
PNP's= 2N3251 
NPN = 2N2369 

Fig. 1.- The basic peak holder ci rcuit consists ot peak detec tion diode> CR, Jnd CR, conneLtcd w 1th111 the lcedi>.it k loop or .i 

unity-gain operationa l amplifier . 
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value ca uses an overshoot, whi ch produces an erro
neously high output for low-level signals. 

Open-loop compensation is provided by C17 , con
nected between the collector and base of the com
mon-base section of IC1• Resistor R1:1 may be used as 
a zero set, to achieve precisely 0 mV de at the out
put of the peak holder with no signal. Diode CR

5 
in 

the emitter c ircuit of Q5 provides a low impedance 
to high-level signals to aid in achieving fast rise time. 
At low signal levels, R1:1 predominates to provide 
emitter degeneration and increased stability. 

At the end of an input pulse, C15 holds the value of 
the signal level, and the loop is broken at the series 
diodes (CR7 and CRH). The resultant positive output 
voltage is coupled back through IC1 and cu ts off Q5 • 

Without some provi sion to compensate for it, the 
co llector of Q5 would go sharply negative to - 1 SV. 
Thi s negative step would divide between the ca pac i
tance of the reverse biased seri es diodes and C5 , 

ca using a negative step at the start of the hold 
period. The condition can be further aggravated if 
stray capaci tan ce in the layout adds to the diode 
capaci tance. 

When operating at a 50 mV signal level , only a 
small porti on of the 1 SV step would ca use apprecia
ble error at the gate of Q 7 • Since the loop is open, 
thi s more negative value would be retained during 
the hold period. To minimi ze thi s effect, two low
capacitance diodes are used for CR 7 and CRH, with 
further capac itance iso lation provided by clfi' con
nected from the junction of CR7 and CRH to ground . 
In add ition, diode CR., limits the negative swi ng of 
the Oc. co llector to one diode drop below ground . 

The required negative excursion of the co llector of 
Q. is th at for no signal. Since the output of the peak 
h~ ld e r is essentially OV for no signal , the Q5 co llec
tor quiescent voltage is determined by the seri es 
diode drops, the gate-to-source ri se in Q7, and the 
base-to-emitter drop in Ow The primary variation 
between units is in the Q 7 FET characteri sti cs. Thi s is 
compensa ted for by adjusting R22 for a quiescent Q 5 

co llector voltage between +0.2V and -0.3V. 

Control circuits required 
If no timing and control c ircuitry were used in 

conjunction with the peak holder, C15 would di s
charge very slowly through the OFF resistances of 
CR7 , CRw 0,; and Q 7, ca using extremely long stretch
ing, w ith output pul ses over lapping and never reach
ing zero amplitude. In order to achieve predi ctab le 
termination times for the stretched pulses, the sec
tions in the block diagram of Fig. 2 must be added. 
In simp lest form, a µ,A 710 ca n be used for the 
thresho ld limiter; a 9602 dual monostable for the 
delay-pulse and dump-pulse timing generators; and 
a di screte stage for the dump-pulse output stage. 

With these additional blocks, operation of the 
peak holder is as fo llows: between input pulses and 
for the delay per iod after the start of an input pulse, 

IN 
SI 

PUT "-
GNAL..., l 

THRESHOLD 
LIMITER 

l 
DE LAY 
PULSE 
GEN 

SIGNAL 

THRESH 
LIMITER 
DELAY 
PULSE 

DUMP 
PULSE 

PEAK 
HOLDER 
OUTPUT 

l 
PEAK 

HOLDER 

l 
DUMP 
PULSE 
GEN 

TIMING ---

t-
ST RETCHED 

OUTPUT 

Fig. 2. - Additional timing and control circuits must be added to 
the basic peak holder for practica l operation . 

Q., is cut off by a gate voltage of -7. SV, supplied by 
the dump-pulse generator . After the delay, a 2-µ,sec 
positive dump pulse app lied to the gate of Q., turns it 
on, c losing the loop and permitting C15 to di scharge 
rapidly through the closed-loop output impedance of 
Q .. 

" The peak holder's output de sensitivity to supply 
voltages is dependent on the forward conductance 
of the differential input stage and is typi ca lly 14 mV 
per volt for the positive or negative l SV supply. 

If it is desired to use a positive input pulse, the 
bottom end of R

15 
is lifted off ground and the signal 

app li ed there, with the inverting input to C9 ground 
ed. The peak holder may be converted to a sa mple
and-ho ld circuit by elimination of CRi, CRH and c,6, 
and increasing the value of C,5 . The sa mple period 
occurs when O .. is turned on ; the hold period, when 
it is cut off. o 
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Sorensen 
has a bargain for you: 
DCR power supplies 

selling for $360-$4200. 

Sorensen's DCR power supplies offer you the 
lowest cost per watt in the industry. More power 
output for each dollar you invest. 

And DCR's comprise the broadest lab/systems 
line available anywhere: 37 models in 10 voltage 
ranges, 7 power levels. 

Features? All silicon solid-state electronics. 
Precision regulation. Remote voltage, current or 
resistance programming - and remote sensing at 
distances to 200 feet. Operation in either voltage 
or current modes. 

For complete data and prices, write Sorensen, 
a unit of Raytheon Company, 676 Island Pond 
Road, Manchester, N.H. 03103. Telephone 
(603) 668-1600. Or TWX 710-220-1339. 

rorensen 
JPOWER SUPPLIES 

CHECK NO. 25 
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Key Data 
• 37 models available. 

• 10 voltage ranges from 20 to 
30,000Vdc. 

• 7 power levels from 400 to 20,000 W. 

• Low output ripple. 

• Voltage and current regulation with 
automatic crossover. 

• Typical efficiencies to over 80% . 

•Fits standard 19" rack (except 20 kW 
models). 

• Optional overvoltage protection for 
all models (except 20 kW). 

• Series or parallel operation. 

• MTBF greaterthan 25,000 hours. 
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And for the price 
of a stamp 

HYPOINT will prove it 
For years the only way to make reliable IC 

connections has been the expensive way-with 
old. But not anymore. 

ow after 3 years of research and testing we've 
veloped a way to make better IC connections for a lot 

ss money-with tin plating. 
YPOINT,"' a totally new termination concept makes it pos

siole. It has no leads to bend. Now tiny chisel points in the re
ceptacle penetrate metal targets in the ceramic package to make a 
perfect gas-tight, corrosion-free contact. This low profile terminator 
is easy to connect (zero entry) , the ceramic can be disconnected and 
reconnected easily for field servicing and each connection is as 
reliable as the first. 

Hard to believe? Take 8~ and mail us your coupon. We'll send 
you the proof. ----------------------------------------' Please send me detailed information on your new HYPOINT tin IC terminators. 

: Please include, too, your complete test data on its performance as compared to gold. 
I Name Title ______ _ 

I 

City _______ _..,tate ______ ~.iP---

I Burndy Corporat ion 
: Norwalk, Connecticut 06856 

I 
1_:e.:~:-=~=-=~:an.:-==~~tim~~~~~~:~=~~A~~=·=:.~_::::•=--



Approximate analog functions 
with a low-cost multiplier/divider 
Such a device, capable of computing nonintegral exponents, can be useful 

in inexpensive and accurate approximations of man y trigonometric fun ctions. 

Daniel H. Sheingold, Analog Dev ices, Inc. 

Nonlinear function fitting has been unti I recently a 
costl y undertakin g invol ving the use of elaborate c ir
cuitry. However, the present ava il ability of modular 
components that can multiply, div ide, take the 
square root of and even exponentiate functions has 
changed this picture drasti ca ll y, in terms of both cost 
and flexibility . 

Components that combine the computation of 
products, ratios and exponents in the form Y (Z/X)"' 
have revolutioni zed nonlinear function fitting, espe
c iall y the analog representation of such tri gonomet
ri c functions as sin 0, cos 0 and tan 0, through the 
use of nonintegral exponents. This is useful in such 
applications as resolver and coordinate transforma
tions (espec iall y Cartes ian-to-pol ar) and time-func
tion generation . 

In addition to the applicati ons mentioned, other 
applications such as lineari zi ng the outputs of trans
ducers having nonlinear characteri sti cs (thermocou
ples and strain gages) and the generation of arbitrary 
functions havin g no discontinuities (as compared to 
functions simulated by piecewi se- linear approxima
tions) are also poss ible. 

5 

m = 2.827 = 1 + R1 /R 2 

(10/VR) Y(Z/ X)m I 
2R 

- 9 x v 
6.28 VOREF = 5V/ rad 

~ V ) 10 ~ v )
2

·

827 (V ) 10A Eo = 10 ~ -
6

_
28 
~ :. 10sin _o_ 

REF REF V REF -:° 

Fig. 1 - Approximate sin IJ to less than 1/ 4 'Ir in just two terms (one 
quadrant) by using a multi plier/d iv ider with non integra l exponent 
capabil ity and a single op amp. A 2-term cubi c approximation 
would have 1 .35~ error. 
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5" 
9 

Fig. 2 - Less than 0 .25'/, theoretical error i> possib le w ith onl y 
two-term approximation of sin fl implemented by the c ircuit of 
Fig. 1. Theoretical errors (referred to full scale) are shown fo r a 
90° sin e swing. 

Approximating sin 6 
An example th at illustrates the usefulness of these 

dev ices is the embod iment of sin 0 to within 1/4 % in 
a single quadrant. M ost readers are famili ar with the 
infinite seri es fo r sin fJ : 

'--..NV\--' y R 

1 
- 9X --V 

1.445 z 

ANALOG 
DE V ICE S 

MODEL 433 
x 

m = 1.504 

A 

~ = 1 +0.2325 ('!.!.__) - 1 (Vo t••• V o 
10 VREF 1.445 VREF/ "' cos VREF 

2R 

Fig. 3 Approximate cos IJ to be tter than 1 'Ir wilh the Lbe 0 1 a 
multi pli er/d ivider th at co mputes nonintegral exponents and one 
op amp. The approximation uses an arbitrary exponent as o ne 
term of cos e plus a linea r and a constant term . 
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' 5' 7' ' 6 TB Tif 2 
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I 
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40° 
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60° 
_._ 
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l 
100° 

-5.".. 
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Fig. 4 - Better than 1 'k theoreti cal error is possible w ith a three
term approximation of cos e, as shown in Fig. 3. These theoreti cal 
errors are referred to full sca le and are shown for a 90° swing of 
the cos e function . With 2 op amps, sin (TT/2 - 0) wi l l give less 
th an 0.25% error. 

. (fl 05 

sin e = e - - + - -
3! 5! 

(1) 

Approximations using modified coefficients allow 
trun ca tion of the seri es to (e.g.) 2 terms with less 
than 1.35 % error 1• However, using a multipli er/ 
divider module havi ng nonintegral exponent capa
bility in addition to modi fied coeffic ients, one can 
obtain less than 0.25 % error (one quadrant) with 
just two terms. A reasonably close approx imation is 

02 .827 

si n e = e - 6-:28 (0 to 7r/2 radians). (2) 

It can be implemented with a simple circuit com
posed of the multiplier/divider module and a single 
op amp. A c ircuit and a p lot of the theoretica l errors 
can be found in Fig. 1 and Fig. 2, respectively. 

For " round-number" sca ling, one might typically 
choose either 5V/radian or lV/10 °. Voltage equiva
lents for both are given in Table I. 

Approximating cos () 
For approximating cos e to reasonable accuracy, 

two terms are generall y inadequate. However, by 
using arb itrary exponents and a linear third term, we 
can get a better-than-1 % approximati on using onl y a 
single-power term embod ied by one multi plier/ 
divider and one op amp. A reasonabl y close approx
imation is 

TRI M 
433 GAIN 

TO 
UNITY Y ANALOG 

I I DEVICES 
Ve n---+- -t Z MODEL 433 

x 

I v A I ( >--+--1- 4-33_: _( 1_0_/V_,R ) y (Z/ X)M I 

(Ve /VA )1.2125 

1 + (VB/VA)l .2125 

J(v \ 1212• 

°:" VO REF -V~\v) = Vo 

Fig. 5 - Approximate tan ' () to 0 .75rlr using thi s simple circuit of 
a multiplier/divider, capable of comput ing Y(Z/X)"' where m is 
non integral. 
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~ I 
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0.01 {1 ~0 

V8 /VA (LOG SCALE) 

Fig. 6 - Less than 0.75 'k theoreti ca l erro r is possible w hen ap
proximating tan- 1 e using the circuit shown in Fig. 5. The error 
percentage is plotted as a function of the arc tangent ra ti o (shown 
logarithmica lly). 

01. 504 

cos e = 1 + 0. 235 e -
1

.4
45 

· (3) 

A ci rcuit and a plot of the theoretical errors can be 
found in Fig. 3 and Fig. 4 . For a better fit (wi th 2 op 
amps), use 7r/2 - e in the sine approximation . 

Calculating tan- 1 (V 8 /V A) 
The arc tangent is inherentl y one of the most dif

ficult functions to fit because of the wide dynamic 
ran ge that the input ratio idea ll y must cover. " Bu ild
ing-block" approximations genera ll y have limited 
usefulness because the ratio must appear explici tl y 
as the resu!t of a divis ion. This function , however, 
is a useful one. It provides the angu lar in formation 
in the transformation of (R,0) where R = V/ + V1/ 

and 0 = tan - 1 (VjVA). 
A ci rcuit that embodi es the approximation is shown 
in Fig. 5 , while the theoretical errors are plotted in 
Fig. 6 . The equation fundamentally provided by the 
scheme is 

7T w1.21 2s 

e = 2 1 + WI. 2125 = tan- I W , (4 ) 

TABLE I · VOLTAGE EQU IVALENTS 

Radians Degrees Vo lts Degrees Radians Vo lts 

0 0 0 0 0 0 
0.1 5.73 0.5 10 0.1745 1 
0.2 11.46 1.0 20 0.3491 2 
0.3 17.19 1.5 30 0.5236 3 
0.4 22.92 2.0 40 0.6981 4 
0.5 28.65 2.5 45 0.7854 4.5 
0.6 34.38 3.0 50 0.8727 5 
0.7 40.11 3.5 60 1.047 6 
0.8 45.84 4.0 70 1.222 7 
0.9 51.57 4.5 80 1.396 8 
1.0 57.296 5.0 90 1.5708 9 
1.1 63.03 5.5 100 1.745 10 
1. 2 68.75 6.0 
1.3 74.48 6.5 
1.4 80.21 7.0 
1.5 85.94 7.5 
1.6 91 .67 8.0 
1.7 97.40 8.5 
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TABLE II -IDEAL VS. COMPUTED VALUES 

eo sin e cos e w tan- 1 W 
0 

Ideal Approx. Ideal Approx. Ideal ldeal(r) Approx. 

0 0. 0. 1. 1. 100 89.43 1.5608 1.5649 
10 0.1736 0.1734 0.9848 0.9905 30 88.09 1.5375 1.5458 
20 0.3420 0.3409 0.9397 0.9390 10 84.29 1.4711 1.4801 
30 0.5 0.4980 0.8660 0.8602 3 71.57 1.2490 1.2428 
40 0.6428 0.6405 0.7660 0.7591 1 45. 0.7854 0.7854 
50 0.7660 0.7643 0.6428 0.6389 0.5 26.57 0.4636 0.4735 
60 0.8660 0.8658 0.5 0.5015 0.2 11.31 0.1974 0.1954 
70 0.9397 0.9412 0.3420 0.3485 0.1 5.71 0.0997 0.0907 
80 0.9848 0.9871 0.1736 0.1810 0.05 2.86 0.05 0.0405 
90 1. 1. 0. 0. 

where W = V1/VA. 
The circuit so lves the implicit equation 

[

7r J [v/!]1.212;; 8= -- 8 -
2 v.I 

(5) 

with a maximum theoretical error of less than 0.75 %. 

The circuit of Fig. 7 computes the square root of 
the sum of the squares by solving the implicit equa
tion' 

V/ 
V V 

+ vw 
(" + Ii 

(6) 

Its solution is 

V = \ I V 2 + v 2 
C A Ii. 

Some practical considerations 
The numbers presented in the trigonometric ap

proximations have all been worked out to about four 
places to determine the limits of performance with 
ideal circuit ry. However, since performance de
pends critically on the analog ci rcuit elements, care 
must be observed to take into account component 
to lerances and provide "tweaks" for an empirical fit. 
In the case of the arc tangent approximation, care 
may be necessary to avo id osci ll ation at large values 
of the ratio. For example, large val ues of feedback 
capacitance arou nd the amplifier will be helpful but 

V A 2 

Ve ~ v. + - 
Ve + V8 

="\)vA2 +vs2 

Fig. 7- Compute the va lue of vec tor sums eff icient ly, with only a 
multiplier/divider and two op amps. This circuit computes the 
square root of the sum of the squares. 
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0. 0. 0. 0. 

can slow down the circuit's response. 
Table II presents ideal and computed values of the 

functions discussed for the typical coefficient values 
listed. Although there may be coefficient values that 
would give somewhat better fit, they are perhaps 
best determined empirically in view of the multi
plier/divider module t!Jlerances and the resistor ra
tios. The table will help in making these kinds of 
empirical determinations. 

It should be intuitively evident that series sums or 
products of nonintegral exponent terms may be 
used for closer fits to these and other functions. The 
aforementioned approximations are intended as a 
beginning to open the topic for further discussion. 
At some point, one must consider the relative cost of 
expressions involving increased complexity versus 
techniques using digital computations and conver
sion interfaces. D 
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Unltrode Corporation 
Dept.3 Z. 580 Pleasant St., Watertown. Mass. 02172 

O Please send SCR information kit containing detailed 
specs and application notes. 

PUT 14 YEARS OF 
ISTOR EXPERIENCE 
INTO EVERY 

UNITRODE SCR. 

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

And that means a better industrial product. Our performance 
record proves it. In industrial/commercial applications, the use 
of Unitrode SCRs doubled last year and has doubled again this 
year. For the military, Unitrode supplies more lead-mounted 
SCRs than everyone else combined. Unitrode is the only SCA 
supplier with Military Qualification Approval on all T0-5 and 
T0-18 mil. specs. Whythiskindofacceptance? Our experience. 
It means a lot to people who've had experience with less. 

TITLE----------------

See EEM Section 4800 And EBG Semiconductors Section for more ccmplete product listing. 

Our broad line of SCRs including plastic and hermetically 
sealed metal types offers a wide range of choices for literally 
hundreds of applications. The Unitrode SCA product line 
ranges from our very popular, rugged 0.8 amp T0-92 plastic 
package and T0-18 hermetically sealed series to our 1.6 amp 
T0-5 and T0-39 series and 5 amp T0-59 stud series. Some 
series are available to 600 volts. 
It's what you would expect from a company that makes 
thyristors a major part of its effort-not just a sideline. 
For fast action, call Sales Engineering collect at (617) 926-0404 
Unitrode Corporation, 580 Pleasant St., Watertown, Mass. 02172. 

om . 
-•UN ITRO DE quality takes the worry out of paying less. 



Yes, the noisy transistor switching 
regulator can be quieted 
By adjusting impedances of internal and external noise loops 

and using EMC approaches, noise reduction is possible. 

Peter W. Grant, IBM Corp. 

When designing power supplies requiring light
weight and small physical size , the transistor 
switching regulator (TSR) is an increasingly popu
lar approach. In such a design , prime power 
entering the TSR (Fig. 1) is rectified , stored in the 
bulk capacitor Cx, and then switched by transis
tors across the transformer primary wind ing. 
Several hundred volts (at high currents) are 
switched at kilo hertz rates , creating both audible 
and electronic noise. This unwanted electronic 
noise often sp ills into adjoining circuitry causing 
severe interference problems . 

The reason why noise is generated in a TSR lies 
in the method of voltage regulation . The high 
degree of regulation obtained is achieved by 
adjusting the switched current's pulse width 
instead of the former method of quiet , dissipative 
series regulator circuits. But switching high volt
ages and currents creates electonic noise . 

The usual " brute-force" shielded-enclosure 
method of containing electrical noise consists of 
totally surrounding the noise source with a metal 
shield (fig. 2). E (electrical) and H (magnetic) field 
radiation is reduced but feedthrough capacitors 
must be used on all wires entering or leaving the 
enclosure , thus increasing the shield's cost. The 
capacitors can also put prime power voltages on 
the shield if the shield is not securely grounded. 

There are other methods, though , by which 

TO PULSE 
WIDTH CONTROL 

TO PULSE 
WIDTH CONTROL 

Fig. 1- A fundamental transistor switching regulator circuit. 
Ac power is rectified , stored in bulk capacitor C., and then 
switched across the transformer prima ry winding by the 
transistors . 
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AC INPUT 

GREEN-WIRE 
GROUND 

DC OUTPUT AND 
GROUND RETURN 

HEAVY STEEL ENCLOSURE 
TO REDUCE H FIELDS 

~ 

T RANS ISTOR 
SWITCHI NG 
RE GULATOR 

FEED-THROUGH CAPACITORS 

Fig. 2-Brute-force shielding of a transistor switching regu
lator is a common method of containing the regulator' s 
electrical noise . It consists of totally surrounding the noise 
source with a metal shield to reduce E and H fields , and 
requires the use of feedthrough capacitors on all wires 
entering or leaving the enclosure , thus adding greatly to the 
cost of the regulator's design . 

noise in a TSR can be controlled . These include 
lowering the impedance of internal circuit noise 
loops , increasing the impedance of external 
circuit noise loops and other electromagnetic
compatible (EMC) circuit approaches . Before 
describing these approaches in detail , let's take a 
look at just how the noise is generated . 

Noise source 
The main source of noise in the TSR is the 

sudden charging and discharging of the parasitic 
capacitances of the transformer w inding, the 
transistor-to-heat-sink space, and the wiring by 
the basic TSR action of switching high currents 
and voltages. The charging source is the bulk 
capacitor; so with the capacitor, transformer, 
transistors , and wiring making a complete circuit 
(small loop) there seems little reason for charging 
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current to enter the outside world. However, the 
impedances of this small loop are irregular and 
some components have grounded heat sinks or 
cases through which current is dissipated to the 
entire TSR (larger loop) and thus to the outside 
world . 

Noise from the TSR that could interfere with an 
associated system must leave and re-enter by four 
ports in the TSR's case . Referring to Fig. 3, they 
are (1) prime power entry, (2) green-wire ground, 
(3) remote load grounding and (4) the capacitive 
coupled drain wire. This fourth and last port 
consists of the path of noise as it radiates to the 
case (spacecharge) . 

In reducing noise from the TSR, an understand
ing of the terms "differential mode" and "com
mon mode" is required. Differential mode (OM) 
refers to a system of conductors , usually a pair, 
having a signal contained in their voltage differ
ence . In a simple single ended OM system, the 
return line and the transmission line form a 
differential pair which contains the total signal. 
Also, the sum of conductors carrying current in 
one direction and the sum for the oppositP 
direction could be called a OM pair. 

In most cases, if the return current is divided 
among elements of a common return, the signal 
line and one element of the common return 
would not make a OM pair. The grounding or 
common return elements would constitute a 
common mode (CM) system , referred to as a 
system of conductors where a signal is common 
to two or more conductors. 

If currents going past an observation point on 

60 Hz AC 
LINE INPUT 

GREEN-WIRE 
GROUND 

LOAD 
OUTPUT AND 
GROUND RETURN 

COVER DRAIN 

T RANSISTOR 
SWITCHING 
REGULATOR 

Fig. 3---Noise from a transistor switching regulator leaves or 
re-enters the regulator's case by four ports: (1) prime power 
entry , (2) green-wire ground , (3) remote load grounding, and 
(4) the capacitive coupling drain wire . 

AC 
INPUT 

GROUND 

LOAD AND 
OUTPUT 

T RANS ISTOR 
SW IT4H ING 
REGU LATOR 

Fig. 4-Noise can be "shorted" in a transistor switching 
regulator by placing a high-frequency capacitor C, between 
the ac neutral and output. A series resistor R, is added to 
dampen tank-circuit oscillations. 

the transmission line have their direction in 
common, they are common mode. If their 
directions are different, they are differential 
mode. That is, for differential mode the currents 
must be equal and exactly opposite in phase. For 
common mode the currents must be evenly 
divided among the impedances of the various 
conductors and exactly in phase. 

The small charging circuit (small loop) in the 
TSR becomes part of a common-mode circuit 
when the current in the circuit finds a common
mode return . This return is found via the 
transformer secondary, out through the de bus, 
through logic ground, to prime-power ground, 
and back through prime-power wires through the 
rectifiers to the bulk capacitor, and also via 
radiated paths. These paths can be traced with a 
current probe and scope; i.e., a particular spike 
can be seen leaving by the power line and 
returning by the ground wire. 

Design considerations 
It would be ideal to design the small loop in the 

TSR so that the generated noise could be 
contained in the loop. However, since parasitic 
capacitance exists and energy escapes through 
transistor cases, heat sinks, etc., current is 
transmitted to the larger loop, which consists of 
the entire TSR. It would be difficult, if not 
impossible, to design the small loop in such a 
manner that no energy would be converted to a 
common mode and allowed to escape. But, the 
larger loop (entireTSR) can be "noise shorted" so 
that the noise mainly circulates inside the TSR, 
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and the impedance of the loop outside the TSR 
can be increased to further reduce currents 
outside the TSR. 

As a start, a high-frequency capacitor is placed 
across the bulk capacitor Cx as close to the 
transformer and transistor as possible. Adding a 
large high-frequency capacitor between the de 
output and ac input (fig. 4) reduces externally 
circulating ground currents significantly. A series 
resistor is added to dampen oscillation, since the 
capacitor is part of a large tank circuit whose 
inductances are created by wiring and magnetics . 

For safety, capacitors should be run to green
wire ground from all of the input and output 
wires. Shorting one side of the de output directly 
to the green-wire ground is an effective way of 
keeping the noise from the external world , except 
that return-leg series regulators should not be 
shorted with this wiring scheme. 

The optimum noise correction system '(fig. 5) 
meets external circuit requirements and shunts a 
large amount of external noise current. A large, 
UL approved, high-frequency capacitor and ser
ies resistor is placed between the ac neutral wire 
and green-wire ground . Since a large capacitor 
from ground to ac neu t ral is used, another 
capacitor to the phase wire is, in effect, only 
paralleled to the neutral one. Also, since both 
wires of a pair are sufficiently high-frequency 
coupled, only one wire of a pair is needed for 
noise shorting. The loop is closed to the de 
output with a resistor that damps the oscillation 

Frequency(MHz) X-30 

0.5 10 +son 
1.5 30 +40n 

One turn 4.5 26 +10n 
5 inch wire 14 37 +30n 

35 40 +5on 
10S 110 +7on 

0.5 50 +son 

Two turns 
1.5 130 +30n 

14 inch wire 
4.5 100 on 

14 100 +20n 
35 135 +35n 

10S 400 +40n 

0.5 400 +s2n 

Six turns 1.5 1120 +2Sn 

14 inch wire 4.5 900 on 
14 soo - 1on 
35 soo - 25n 

10S 450 - 65n 

0.5 t---1.5 
Six turns 4.5 
32 inch wire 14 

35 
10S 

without allowing ripple current and without 
seriously shunting any external series regulator. 

If small spikes of ground current remain , they 
can be reduced in amplitude and frequency by 
winding the ac wires and green-wire ground 
around ferrite cores (common -mode im
pedances) . Six turn s of the twisted-pair ac wires 
around an X-30 ferrite core will reduce the spikes 
by a factor of 10. The core has to be used with 
twisted-pair wires since each wire carries large 
amounts of prime current that would saturate the 
core, making it useless . (See Table 1 for ferrite 
impedances .) Since the sum of ac currents in the 
twisted pair is zero , the core only sees common
mode noise . Both wires of a pair (each of the ac 
wires or the positive and negative wires of a de 
output) are sufficiently high-frequency coupled 
so only one wire of a pair is needed for noise 
shorting, as previously described. Since a large 
capacitor to ac neutral is used , another capacitor 
to the phase wire is, in effect, only parallel to the 
neutral one. 

Noise energy that leaves the TSR by capacitive 
coupling must return by another port. A five 
sided metal box enclosing the TSR would simulate 
capacitive coupling. Such a box simulates a 
machine's frame and the fourth TSR port. Noise is 
capacitively coupled to this box and must be dealt 
with. The ungrounded box supplies a nice 
Gaussian shield , but safety requires grounding it. 
Grounding the box to the frame allows an 
increase in high-frequency energy to circulate 

P-30 Tube Wire only 

3.5 +son 4S +S6n 1 +30n 
10 +son 295 +4on 1.5 +60n 
33 +70n 107 - 6n 4 +son 
60 +25n S2 - 1on 10 +ssn 
50 +2on 6S +10n 30 +ssn 
S5 +60n 125 +45n 90 +ssn 

200 +S5n 2 +75n 
1200 +35n 6 +s3n 
420 - 1on 17 +ssn 
320 - 2on 52 +ssn 
250 - 1on 145 +ssn 
400 - 6n 1750 +s2n 
--

115 +9on 2 +7on 
360 +S5n 6 +son 

1250 +65n 17 +ssn 
2000 -2on 50 +ssn 
940 - 55n 140 +ssn 
400 - 7on 1600 +S4n 

18~0 +S4n s +S4n 
13K on 23 +90n 
10K - 35n 10 +9on 

1600 - 60n 220 +90n 
soo - 7on 1250 +90n 
10S - ssn 2so - 9on 

Table 1-Ferrite impedances. The comparison is made here for X-30 cross core , P-30 pot core and a tube ferrite 2-in . long by 
1-in. in outside diameter and 1/4-in . in inside diameter. 
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I 
6 TURNS TWISTED 

PAIR ON P-30 
POT CORE 

¢ 
AC INPUT 

N 

--r 
~ 

O.Olµ F 

1 
0.047µF 

HEAT SINKS 
82 r 

I 
I 
I 
I 
I 

6 TURNS ON 
P-30 CORE REGULATOR 

I SWITCHING 1 
I I GREEN-WIRE 

GROUND 

EXTERNAL 
GROUND 
RETURN 

COVER 
DRAIN 
SYSTEM 
FRAME GROUND 

0 

0 
0 c RL 

0--
0 

SYSTEM GROUND 

-.- TR ANSFORMER 

I CASES 

10 I I 

l L ---- .J 

0 -

+ 

Fig. 5--This optimum noise-correction system meets exte rnal c ircuit requirements and can shunt a large amount of noise cur
rent from external circuitry . The ferrite cores add even more protection by increasing external noise path impedances. 

through the system ground back through the de 
output. Grounding the box to TSR ground and 
system ground bvpasses the high green-wire 
ground impedance and raises the noise level 
considerably. 

Diode noise 
Another source of noise common to most 

power supplies is diode reverse-recovery noise . 

Electromagnetic Compatability 

EMC is the present term covering a wide 
range of undesirable elements of electronics 
including inteference to radio reception, 
computer errors caused by noise and some 
of the effects of lightning. 

EMI, electro-magnetic interference, is part 
of EMC. This term covers radiated noise and 
is usually measured in terms of volts per 
meter or ampere-turns per meter. If the 
noise is broad-band, it is measured in 
complex terms such as dB/µV/m/MHz (dec
ibels above one microvolt per meter per 
megahertz). 

RFI, radio frequency interference, is the 
outdated term for EMI 

PLT, power line transients, is one kind of 
conducted noise generally caused by 
switching inductive loads and is measured 
on the power line. 

Because diode current does not shut off exactly as 
the diode voltage crosses zero, it takes a little 
reverse current to clear out the carriers. Depend
ing on the types of diodes used, this reverse
recovery current comes in different amounts and 
different turn-off speeds result when the carriers 
are cleared. 

Fast-recovery diodes do not allow the reverse 
current to reach very large levels and soft
recovery diodes shut off slowly at the end of 
recovery . Hard-recovery diodes shut off very 
rapidly , creating a current step function that 
causes adjacent circuitry to ring. So the choice is 
for both fast- and soft-recovery diodes . 

One final point. Circuit analysis of electric 
noise paths and currents can never be total or 
complete since the impedance of noise paths are 
extremely complex. The engineer must rely 
strongly on past experience, developing a " feel" 
for impedances of open wires and interframe 
capacitances. o 

Author's Biography 
Peter Grant . rece1vecJ hi s 
BSEE from the University of 
Maryl and in 1965 . Prior to 
joining IBM in 1967, Mr. 
Grant was involved in de
sign work fo r Litton Indus
tries. At IBM he has been re
sponsible for severa l elec
tromagnetic compatibility 
projects. Mr. Grant is pres
ently engaged in designing 
power systems. 
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Use integrated circuits in 
transformerless de-to-de converters 
/Cs can be used in a variety of ways to provide efficient voltage and 
polarity con version, as well as phase splitting. 

Eugene R. Hnatek, Signetics Corp. 

There are several ways of converting from one de 
voltage to another. Many involve the use of a 
transformer (see Fig. 1) for boosting the voltage 
and for isolation reasons (these include trans
former-rectifiers; de/de converters, etc.). Other 
methods involve the use of a high-eff iciency 
voltage regulator (fig. 2) to obtain a voltage 
change. 

For many applications integrated circuits now 
offer an attractive and t ransformerless alternative 
to conventional conversion methods. They can 
perform a variety of functions and have cost and 
reliability advantages. Three basic application 
areas will be discussed : precision rectifiers, op 
amp de converte rs and voltage splitters. 

Precision rectifiers 
The basic precision rectifier circuit is shown in 

Fig. 3. In this circuit the diodes act as perfect 
rectifiers because each diode's forward voltage 
drop is effectively divided by the op amp's open
loop gain at the input signal frequency of interest. 
This circuit, however, does have some draw-

N, a=·· 
Fig. 1-ln a typical single-transformer de-to-de converter, the 
oscillator transistors convert the input de to ac, which is 
boosted by the transformer and rectified by the diodes. 
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backs . One of the most serious is that the op 
amp's input offset voltage is amplified by the de 
open-loop gain of the amplifier (50,000 minimum 
for an op amp such as the 741). Thi s causes an 
error output voltage because one of the diodes is 
always ON ; and the other, OFF. The error occurs 
when the input signal multiplied by the open
loop gain at the frequency of interest is less than 
the input offset voltage multiplied by the de gain. 

A second serious problem is that, with a very 
low input signal , the amplifier's input noise volt
age is amplified by the open-loop gain . If the level 
of input noise is high enough, the diodes turn on , 
causing a de error to be present at+ Eout and - Eout· 

The op amp used in the circuit of Fig. 3 should 
have a high gain-bandwidth product . Devices like 
the LM301A and 308A, with feed-forward com
pensation , and the NE531 are ideally suited for 
this application . 

Fig. 3 can be modified to overcome the above 
disadvantages, as shown in Fig. 4. The addition of 
C2 , R4 and R5 brings the de closed-loop gain of the 
circuit to unity. Thus , the op amp's input offset 
voltage is only amplified by 1. The addition of C3 

reduces the gain-bandwidth product when the 
diodes are not conduct ing. This reduces the gain 
available to amplify the input noise voltage. How
ever, C3 should be chosen with care, since it also 
affects the circuit's gain-bandwidth product with 
the diodes conducting. 

Another variation of the precision rectifier is 
shown in Fig. 5. In this circuit , the addition of R6 , 

C4 and R7 , C5 se rves two purposes : these com
ponents reduce the peak rectified voltage at + Eout 
and -Eout to an average de voltage , and they cause 
the circuit to act as a voltage dou bier . 

The time constant of R6C and R7C5 in Fig. 5 
should be set at 1/10 of the single sine-wave period 
of the highest frequency to be rectified. As a 
minimum , the values of R8 and RL are at least ten 
times RA; then, the discharge time of c4 and C; is 
at least ten times as long as the charge time. 
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REFERENCE AND 
CONTROL CIRCUITRY 

c. 

Fig. 2-Switching-voltage-regulator converters have normally 
been used for converting high-input de voltages to lower 
output de voltages. 

Another method of improving circuit perform
ance is to use hot-carrier or Schottky diodes for 
the rectifiers. These diodes have much lower 
forward voltage drops as a function of forward 
current, which increases the available circuit gain . 

Op amp de converters 
Conventional switching regulators are capable 

of converting from a high input de voltage to a 
lower output voltage at high efficiency. A prob
lem develops, however, if a higher output voltage 
than the input is desired . Additionally, if an 
output voltage with opposite polarity to the input 
voltage is desired, the design gets complicated . 
Traditionally, both requirements have been satis
fied by the use of a transformer. This can be 
avoided with the type of switching regulator con
version circuit shown in Fig. 6. It is a switching 
regulator circuit for a +SV to a -15V converter of 
the type that has application as a power supply for 
MOS memories in a logic system where only +SV 
is available . 

The method by which the regulator of Fig. 6 
generates the opposite polarity is as follows (see 
simplified diagram of Fig. 7): Transistor 0 2 is 
turned on and off with a given duty cycle . If the 
base drive is sufficient, the voltage across the 
inductor is equal to the supply voltage minus Y sa t· 

When the transistor turns off, the inductor cur
rent has a path through the diode, D2 , which 

Fig. ~The basic precision rectifier circuit suffers from erro rs 
in its de output. 

RJ 

CJ 

R• R, 

Jc2 

~ig. ~Improved performance in the basic precision rectifier 
1s achieved with the addi tion of R, , R,, C, and ( 3 . 

builds up a negative vo ltage across RL. Capacitor 
C2 prevents the voltage from dropping to zero 
during the transistor ON time. 

Referring to the entire circuit, Fig. 6, the LM311 
voltage comparator is chosen/because it operates 
from a single SV supply and has h igh current 
capability . An op amp , such as the LM301 A, could 
be used , but in that case another transistor would 
be required in conjunction with 0 2 , and this 
would reduce the circui t's efficiency. 

The LM311 operates as a high-duty-cycle, free
running oscillator. A high duty cycle is required to 
start the oscillator (fo r high current and voltage) . 
Then, once oscillatin g, the regulator takes over at 
an approximately 50% duty cycle. The high duty 
cycle is also necessary to get the required output 
voltage. However, with a high duty cycle, the 
oscillator has the potential of not starting-i .e., 
stalling in a de mode. If it stalls for a few seconds 
0 2 gets "wiped out"-there is a de path to ground 
due to excessive current flow. 

A large amount of de negative feedback , along 
with R4, is used to set the output of the LM311 in 
the center of its active region to ensure starti ng 

R2 R• 

c, J 

<>-4 re· f l 
.\.. 

i:- ~: 

R4 + R5 II R8 RJ R1 
- e.Q. _.., 

I 
CJ 

R2 = RJ = RB 
J 

':' re· r l R• = Rs = Re 

R6 = R7 = RA R• Rs 
..I. 

C3 = C
4 - ·-t c2 

- .. 
lORB = RA 

20RL ;;. RA 

Fig. 5--This version of the precision rectifier circuit also acts as 
a voltage doubler. 
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OSCILLATOR 

R3 Rs 

35k 10k 

R• 
10k RG 

20k 

R, 

82k o, 
2N222 

R, D, 
51k V2 = 6.3V 

FEEDB ACK LOOP 

A 

R, 

500 
02 
2N5153 

POVT 
~ = - = 75% 

P,N 

F = 6kHz 80% DUTY 

L 
1mH 

o, c, 

E RIPPLE = 1 OOm V 

@200mA OUT 

IL = 200mA MAX 

EO UT = - 15V 

1 N3880 500µ F RLOAO 

(
R, ) ' 

EOUT = 1v, + v •• > R, + 1 

Fig. &--Switching-regulator de-to-de conversion circuit con
verts a + SV input to a - 15V output. 

and reasonable symmetry in the output wave
form. Capacitor C, reduces the negative feedback 
at high frequencies, giving net positive feedback 
and oscillation. A feedback loop is used to regu
late the oscillator's duty cycle . The voltage that is 
sensed at point A is used by means of voltage 
divider R, - Ri to regulate the current through Q, 
and thus control the duty cycle . 

In the circuit, R5 provides pos itive feedback ; R3 

and R4 set the duty cycle; R3 , R4 and R6 provide the 
hysteresis ; and 0 2 provides drive voltage . 

L c, 

TtNOUCTOA 

E,N 
"' L TON 

Assuming a large capacitor, 
th is equation becomes: 

EOUT - ED 
.:l! = --L- TOFF 

EO UT 

"' -L-TOFF 

ILOAO TON 
t:.V=--

C, 

Fig. 7-The negative output voltage is developed when Q , cuts 
off and the field around inductor L drives current to ground 
through RL. 
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1 
FLOATING 

SUPPLY 

"T' 
R, 

c, 

-
2 

-
2 

Fig. 8-The op map voltage splitter produces equa l but op
posite polarity de voltages at its outputs . 

Op amp voltage splitter 
In some instances a sp lit voltage is desired 

when a single su pply voltage is available. A circuit 
that performs this function is shown in Fig. 8. 

Resistors R, and R2 d ivide the voltage on the 
floating input. The control circuit essentially is a 
low-output-impedance follower with comple
mentary current boosters in the feedback loop. 
Current flows into or out of ground when the 
outputs are unbalanced; the differences in posi
tive and negative feedback drive the outputs back 
toward balance . 

Good balance is main tained because smal l out
put variations result from a large current flow. 
Transistors Q, and Q2 must dissipate power equal 
to 1/2 (IV) , where V is the input voltage and I is the 
source and sink current. Capacitor C, reduces 
noise and prevents oscillation. C2 absorbs current 
transients . D 

This article·was written while Mr. Hnatek was with 
National Semiconductor Corp. 

Author's biography 
Eugene R. Hnatek is pre
sently l inear marketing 
manager at Signet ics 
Corp . He is responsible 
for new product develop
ment, advertising and 
management of the entire 
linear product line. Gene 
was previously with 
National Semiconductor 
Corp., where he was mili
tary/aerospace product 
marketing manager. He 
received both a BSEE and 
MSEE from Bradley Uni-
versity. 
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These solid state switches offer 
normally-open or normally-closed 
contacts that are compatible with TTL, 
DTL, or MOS inputs (8mW at 4 volts). 
That's for DC. For AC applications, 
they' ll handle 120 or 240 VAC input. 
The output of either variety switches 
140 volts AC at 10 amps. 

There are many more features : zero 
voltage turn-on; zero current 
turn-off; they eliminate electrical 
noise from arcing contacts, 
transients from contact bounce, 
high voltage trans ients with 
inductive loads, and derating 
because of inductive or lamp loads. 

MSR100 
DC input, N.O. contacts 

MSR101 
DC input, N.C. contacts 

MSR102 
AC input, N.O. contacts 

MSR103 
AC input, N.C. contacts 

They also have high noise immunity ; 
they' re protected from false 
actuation; they don't need electro
magnetic shielding, coil-suppression 
diodes, transistor buffers 
or magnets . 

And they' re small (21/4" x 13.4" x 
1 'l'a "), 4 ounces, with rugged screw 
terminals and a wide operating 
range. Ask for our new data sheet 
on the MSR Series of solid state 
relays from Monsanto Commercial 
Products Co., Electronic Special 
Products, 10131 Bubb Road , 
Cupertino, California 95014. 
Phone (408) 257-2140. 

Distributed by: Alta Elect ronics, Elmar Electroni cs, Hammond Electronics, Kierulff Electron ics, Kieru lff /Sch ley, Liberty Electronics , 
Schweber Electronics, Semiconductor Specialists, Wesco Electronics, Western Radio; Canada: Canadian Dynam ics, Ltd ., 

Cesco Electronics. Ltd. 

Monsanto 
CHECK NO. 26 
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1973 
~@~ 

Begins in January 
EON is bringing its Sixth Annual Caravan your way January
March, 1973. Watch for this traveling exposition of products 
and ideas especially for computer, computer peripheral and 
instrumentation industries. 

Don 't miss this unique opportunity. 

ANALOG DEVICES INCORPORATED 
ANSLEY ELECTRONICS CORPORATION, DIVISION OF THOMAS & BETTS CORPORATION 
BELDEN CORPORATION 
BURNDY COMPONENTS GROUP, BURNDY CORPORATION 
BURROUGHS CORPORATION, ELECTRONIC COMPONENTS 
TRW CINCH DIVISION OF TRW INC. 
CORNELL-DUBILIER ELECTRONICS 
I-T-E IMPERIAL CORPORATION, DISTRIBUTION & CONTROLS GROUP 
NORTH AMERICAN PHILIPS CONTROLS CORPORATION 
THE SUPERIOR ELECTRIC COMPANY 
UNION CARBIDE CORPORATION, DEMET DEPARTMENT 
WESTON INSTRUMENTS, INC., A Schlumberger Company 

~[Q)~ 221 Columbus Ave I Boston, Mass. 02116 

We may be visiting your city-or perhaps your own plant site. 

Watch for the detailed tour schedule in our next issue. 
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DATE 
January 31 
A.M . 

January 31 
P.M. 

February 1 
A.M. 

February 1 
P.M. 
February 2 
A.M . 

February 5 
A.M .-P .M. 

February 6 
A.M . 

February 6 
P.M. 

February 7 
A.M. 

February 7 
P.M . 
February 8 
A.M. 
February 8 
P.M . 

February 9 
A.M . 

February 9 
P.M . 
February 12 
A.M .-P .M . 

February 13 
A.M . 

February 13 
P.M . 
February 14 
A.M. 

February 14 
P.M. 

Febcuary 15 
A.M . 

February 15 
P.M. 

February 16 
A.M . 

February 16 
P.M. 

February 19 

February 20 
A.M . 

February 20 
P.M . 

February 21 
A.M . 

February 21 
P.M . 

February 26 
A.M . 

February 26 
P.M . 

EON CARAVAN JANUARY 31 - FEBRUARY 26 ITINERARY 

TIME 
Wednesday 
9:00-11 :30 

Wednesday 
2:00-4 :30 

Thursday 
9:00-11 :30 

Thursday 
2:00-4 :30 

Friday 
9:00-2 :00 

Monday 
9:00-2 :00 
Tuesday 
9:00-11 :30 

Tuesday 
2:00-4 :30 

Wednesday 
9:00-11 :30 

Wednesday 
2:00-4 :30 
Thursday 
9:00-11 :30 
Thursday 
2:00-4:30 

Friday 
9:00-11 :30 

Friday 
2:00-4 :30 
Monday 
9:00-3 :00 
Tuesday 
9:00-11 :30 

Tuesday 
2:00-4 :30 
Wednesday 
9:00-11 :30 

Wednesday 
2:00-4 :30 

Thursday 
8:30-10:30 

Thursday 
2:30-4:30 

Friday 
9:00-11 :30 

Friday 
2:00-4 :30 

Holiday 
Tuesday 
9:00-11 :30 

Tuesday 
2:00-4 :30 

'Wednesday 
9:00-11 :30 

Wednesday 
2: 00-4:30 

Monday 
9:00-11 :30 

Monday 
1 :00-4:00 

SITE 
Electronic Memories & Magnetics, 12621 Chadron , Hawthorne, 
CA 

Northrup Aircraft , 2301 W. 120th, Hawthorne , CA 
(Parking : East Lot) 

TRW - Data Systems , 19900 S. Normandie , Torrance , CA 
(Parking: Behind Main Plant on Chadron) 

Xerox Data Systems , 701 S. Aviation Blvd ., El Segundo , CA 

Ampex 13031 W. Jefferson , Marina Del Rey, CA (Parking : front 
of " Employment Lobby Parking Lot" ) 

Hughes Aircraft Co., Centinela & Teale, Culver City, CA 
(Parking : Building 604, NW corner) 

RCA , 8500 Balboa Blvd ., Van Nuys , CA (Parking : along side of 
fence at entrance) 

Litton Industries , 8000 Woodley St ., Van Nuys , CA (Parking: 
Building 45) 

Singer - General Precision , 833 Sonora , Glendale , CA (Parking: 
check with Guard Captain at Main Gate) 

Bell & Howell , 300 Sierra Madre , Pasadena, CA 

Burroughs , 460 Sierra Madre, Pasadena , CA 

Burroughs , 14800 E. Proctor, City of Industry, CA (Parking : 
between the two buildings) 

Hoffman Electronics , 2343 N. Arden Dr ., El Monte , CA 
(To Be Confirmed) 

Hughes Aircraft , 651 N. Gilbert , Fullerton , CA 

North American Rockwell , 3370 Miraloma , Anaheim , CA 

Century Data Systems, 1270 N. Kramer Blvd ., Anaheim , CA 
(To Be Confirmed) 

Northrup Corp ., 500 E. Orangethorpe , Anaheim , CA 

Varian Data Machines , 2722 Michelson Dr ., Irvine , CA 
(To Be Confirmed) 

Philco Ford , Ford Road , Newport Beach , CA (Parking : at the 
gate outside fence) 

Control Data Corp., 4455 East Gate Mall , La Jolla, CA 
(Parking : rear door of building) 

Cubic Corp ., 9233 Balboa Ave ., San Diego , CA (Parking: 
parking lot , west side of building) 
Honeywell , 8611 Balboa Ave ., San Diego , CA 

Stromberg Datagraphix , 1895 Hancock St. , San Diego , CA 

Washington 's Birthday 

Honeywell Info Systems , 13430 N. Blacks Canyon Highway, 
Phoenix , AZ (Parking : North Gate) 

Sperry Rand , 21111N . 19th Ave ., Phoenix , AZ (Parking : inside 
gate , south end of building) 

General Electric , 2255 W. Desert Cove , Phoenix , AZ 

Motorola Inc ., 8201 E. McDowell Road , Scottsdale , AZ 
(Parking : at Receiving Gate) 
Texas Instruments , 13500 N. Central Expressway , Dallas , TX 
(Parking : East of SIC building Guest Lot) 

Recognition Equipment , 2701 Grauwyler , Irving , TX 

BALANCE OF CALENDAR TO BE RELEASED LATER 
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There's plenty more 
where these 

64 

came 
from. Literally, thousands more. 

Actually, the odds are in your favor that we have the 
unlighted pushbuttons you need, right-off-the-shelf. 

Our secret is interchangeable parts. Pushbutton 
modules. Switch modules (including hermetically sealed 
units and high I low temperature versions) . Facenuts. 

Even a selection of colored buttons. 

We also give you a choice of momentary 
or alternate action . Or a combination of 

both. And finally, a pick of one, two, 
three or four pole circuitry. 

Which gives you the opportunity to 
customize your panel-front and 

back. To make it the way you want 
it. And to do it economically. 

For more information, call your 
MICRO SWITCH Branch Office or 

Authorized Distributor (Yellow Pages 
under " Switches, Electric") . 

Or write for Catalog 51 . 

MICRO SWITCH 
FREEPORT, ILLINOIS e1032 

A DIVISION OF HONEYWELL 

MICRO SWITCH products are avai lable worldwid e th rough Honeywell International. 

CHECK NO. 24 CHECK NO. 53 ~ 
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FREE 
NEW'73 
HEATHKIT® 
CATALOG 
Over 350 electronic kits ... 
world's largest selection 

• Easy, fun to build • Savings of up to 50% 
• Designed for first time kit builders 
• Kits for every interest - amateur radio, color TV, test & automotive 

instruments, marine electronics, radio control, home appliances, short -
wave, stereo hi-ti, electronic organs, education, photographic .. and more! 

Radio equipment kits 
for every interest -
Shortwave, Amateur 
Radio , AM & FM Broad
cast , includ i ng new 
VHF 8-Channel Scan
ning Monitor for auto
matic listening of po
li ce, fire , weather, and 
marine calls. 

Automotive instrument 
kits - like the new 
Portable Engine Ana 
lyzer, new Capacit ive 
Discharge Ignition Sys
tem, tachometer , bat
tery charger, and ign i
tion analyzer t i ming 
lights. 

Color and B & W TV 
Kits - consoles, table 
models, portables, in a 
se lection of screen 
sizes and cabinets, in
cluding the incompar
able GR-900 offering 
25 inches (diagonal) of 
glorious color, UHF 
and VHF power detent 
tuning , full remote 
control. 

Kits for music lovers 
- such as the new 
AR - 12 14 50-Watt 
Stereo Rece iver, a new 
Dolby® cassette deck, 
2 and 4-channel equip
ment , speakers and 
turntables, new Spinet 
electronic organ, gui
tar amplifiers. 

HEATH COMPANY 
Benton Harbor, Michigan 49022 

Test instruments for 
hobbyists and profes
sionals - including 
new 21/2 digit VOM , 
generators, frequency 
counters , osc i llo
scopes, meters of a II 
kinds. 

Exciting kit ideas for 
the home - like the 
ti mely new Solid-State 
6 -Di git Electronic 
Clock-Alarm, 8-Digit 
Calculator , garage 
door openers, inter
coms, microwave oven 
and more. 

,--------., 
I ~ I 

0 

I ~ I 
I ~ ~ I 
I ~ 

I 
I 
I 
I 

iii 
Cl) 

:I: 
w 
w 
a: 
LL 

>-
E 
'O 
c 
Cl) 
Ill 

Cl) 
Ill 
ca 
Cl) 

a: 
Q) 

E 
ell 

Q) 

"' "' Q) 

~ 

I 

~------------------------------------· 

,--------., 
I ~ I 
I 

.5! 
I ca -ca 

I 
0 c. 

I @ N -
I 

:.;;: 

I .J::. -ca 
Cl) 

I :I: :s I w a. 

I 
w Q) 

I a: "' "' LL Q) 

>- ~ 

I I E 
'O 

I 
c I Cl) 
Ill 
Cl) 

I I 
Ill VJ 
ca VJ 

Cl) ~ Q) 

a: 'O ~ iii I 'O 
~ u U5 

I 



HEATHKIT t 

~ 
I ,..,-

CD 0 
rn rn 
z CJ 
-1 )> 
0 :0 
z -1 

s: 
I rn 
)> z 
:0 -1 
CD 
0 U1 ...., 
_:o ~ 
s: 
0 
I 
Gi 
)> 
z 
.i:. 
CD 
0 
I\) 
I\) 

NEW 1973 EDITION 
HEATHKIT CATALOG 

:::c 
m 
l> 
-f 
:::c 
0 
0 
3:: 
"ti 
l> z 
< 

I 
(J) CJ 
-1 r rn )> )> 

:0 5:: 0 rn 
CJ rn 

YOUR [jl[9[i![i! 
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Join the millions who 
have experienced the 
creative satisfaction 
and savings of a Heath
kit hobby - Mail your 
card for one today. If the 
postcards at left have 
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handy coupon below. 

EVERY HEATHKIT PROJECT GIVES YOU -
Creative Enjoyment. A totally different, total ly 
rewarding experience. And each easy-to-follow 
assembly manual has an appendix that's loaded 
with information, so you can learn how your 
kit works, even how to service it yourself. No 
special skills or experience needed- we show 
you how to do it - and there are rafts of 
experts at the factory and each Heathkit store 
ready with free consultation to assure your 
success. 

Qual ity Performance. Every kit in our catalog 
is the result of 25 years of kit design experi
ence to give you guaranteed performance 
specifications. Qua li ty design , quality compo
nents, quality performance. Ask an electronics 
expert. He'll tell you about Heathkit quality . 
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Unmatched Value. Every Heathkit product is 
designed to give you unusual performance and 
features for its price . And many will save you 
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made products. 

EVERY HEATHKIT PRODUCT INCLUDES -
Complete Kitbuilder's Gu ide. A comprehensive 
begi nner's boo klet that shows you how to 
unpack your ki t, how to identi fy parts and 
install them - even how to solder correctly. 

Famous Heathkit Assembly Manual. In si mple, 
non-technical language, it shows you step-by
step how to bu ild your kit. We always assume 
you know noth ing about electronics . That way 
everyone in the fam ily can take pa rt in your 
Heathkit project. 

All The Parts - both electronic and mechan i
cal, plus chassis , circuit boards (many even 
include the cabinet) and every kit includes all 
the solder you need . No self-fabricating for 
you to do, no searching for parts sources -
everything included, ready to assemble . 

GET STARTED TODAY - SEND FOR YOUR FREE HEATHKIT CATALOG 

~-------------------------------------------------------- · 
HEATH COMPANY, Dept. 57-2 
Benton Harbor, Michigan 49022 

D Please send FREE Heathkit Catalog. 

Address ____________ ______ _ 

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

MANAGING YOURSELF CREATIVELY 

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

The Right Way to 
Delegate Authority 

The Art of Making 
Decisions 

Volume II 

How to Tackle a 
Problem and Solve It 

Twenty-Four Ways to 
Save Time 

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

MANAGING OTHERS CREATIVELY 

with a minimum of conflicts and hang-ups. 
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problem but you can turn to these volumes written 
by one of America's top personnel management 
consultants. It's like having him by your side. 
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-John E. Martin, 
General Foreman 
Martin Marietta 
Corporation 

" have always been im
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yourself." 
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Electric Company 
Madison, Wisconsin 
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Active filter design using 
generalized impedance converters 

This technique simplifies the design of low-sensitivity active filters. 

See how a CIC works and how to use them when designing active filters. 

Dr. L. T. Burton, University of Calgary 

David Treleaven, Microsystems International Ltd . 

In contrast to some better known impedance con
verting or inverting networks, generalized impedance 
converters (G ICs) are easy to understand, and equip 
the circuit engineer with a unified and very versatile 
approa h to designing low-sensitivity active filters. As 
outlined in the box, a GIC network has a driving 
point impedance of 

(a) (b) 

(1) 
Current-conversion type GIC networks 1• ~.~ca n be 

realized in at least four different ways as shown in 
Fig. 1, all using differential input, single ended output 
operational amplifiers. Analysis of all these networks, 
assuming ideal amplifiers, gives identical driving
point impedances in the form of Eq. 1 of 

(cl (di 

Fig. 1-Four ways of obtaining a generalized-impedance converter (G IC) using operational amp li fiers. 
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zi = (Z1Z3) Zs 
Z2Z4 

which can be rewritten more generally as 

Z1Z3Zs 
z i = ----Z-z 

2 4 

(2) 

(3) 

The versatility of GICs as a design tool is evident 
from the preceding expression. An input impedance 
proportional to s (a grounded inductance) can be 
obtained by making either Z2 or Z4 a capacitor, with 
all other impedances resistors. Similarly, an input 
impedance proportional to 1 /s2 (a D element4) can 
be simulated by making any two of Z1 - Z3 - Zs 

IMPEDANCE CONVERTERS 

AND INVERTERS 
A number of different impedance-converter 

networks are widely used in active network 
synthesis including: negative-impedance con
verters, positive-impedance converters, gen
eralized-impedance converters and gyrators. 

An ideal impedance converter is a two-port 
network which , when terminated at one port 
by an impedance ZL(s), presents at the other 
port an input impedance proportiona l to ZL(s) 
for all frequencies. Hence, as shown diagra
matically below, 

(a) 

A negative-impedance converter is obtained 
if K(s) is a negative real constant. A positive
impedance converter is obtained if K(s) is a 
positive real constant. 

A generalized-impedance converter (G IC) 
has the general form of Eq. a which can be 
rewritten as 

V1 V2 
I;- = K(s) H 2l 

Eq. b can in turn be interpreted as either 

V2 = VJK(s) 

or 

- 12= 11 

V2 = V1 
- 12 = K(s)l1 

(b) 

(c) 

(d) 

Two special types of GIC there exist with 
Eq. c defining a voltage-conversion GIC and 
with Eq. d, a current-conversion GIC. An idea l 
impedance inverter has a defining equation of 

1 
Zi (s) = K(s) ZL(s) (e) 

A gyrator is a positive-impedance inverter 
with K(s) in Eq. e a positive rea l constant. 

capac1t1ve, with all other impedances res1st1ve. If 
desired, impedances proportional to 1/s, 1 2

, and so on 
can also be obtained. A GIC connected to obtain 
an impedance proportional to s corresponds to an 
inductance simulated by a capacitively .terminated 
gyrator. In fact, GIC configuration (c) with Z2 as a 
capacitor is known as the Riorden gyrator.s· 6 Not all 
the four GIC realizations of Fig. 1 are equally attrac
tive in practice. Configuration (a) and (b) provide 
superior stability3 over configurations (c) and (d) . 
Assuming ideal amplifiers, configurations (a) and 
(b) are unconditionally stable for all Z1 - Zs RC 
combinations containing up to two capacitors. Of 
the two stable configurations, (a) offers markedly 
superior high-frequency performance over (b)3. 

GIC networks are particularly attractive for the 
design of low-sensitivity active filters. The sen
sitivity of a filter circuit 's transfer function to circuit 

~("' { 1,1 !' 
..J: 1 

(a) 

o---.-vv------t1---<..._~~~~~~---

T (f) 

16k 1µ F 

16k 

--------------, 
I 
I 

ML747 I 
. I 

I 
L-----

":" 

.5 

.4 

.3 

.2 

.1 

0 

0 5 

(b) 

10 

Freq. in Hz 

(c) 

15 

I 
I 
I 
I 

16k 

20 

Fig. 1-Realization of highpass Butterworth active fil ter incl ude> : 
(a) Third-order h ighpass prototype, (b) RC-active rea liza tion of (a). 
(c) Frequency response of (b). 
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Fig. 3-Developing use of CIC networks for low-sensitivity 
designs takes the fo llowing steps: (a) Fifth-order Butterworth low
pass prototype, (b) Network after 1 /s impedance transformation, 
(c) Final filter network with low-frequency transfer function com
pensation resistors. 

component values can be defined as 

s T(f) = il T(f) I ilXi 
xi T(f) xi 

(4) 

where T(f) = ci rcuit input-to-output transfer function 

Xi= component value. 

Thu s in a low-sensitivity circuit, a change in value 
of a circuit component causes a relatively small 
change in the ci rcuit transfer function. 

A reactive network's magnitude transfer function 
has minimum sensitivity to the network elements at 
frequencies at which the source delivers maximum 
power to the load. This low-sensitivity property 
accounts for the widespread use of symmetrically 
terminated ladder filter structures. GIC networks 
provide a particularly convenient method for realiz
ing low-sensitivity active filters by direct component
by-component simulation of well-known passive 
ladder filter designs. A glance at Eq. 3 shows that 
GIC performance depends upon impedance ratios. 
Consequently, these networks are inherently suitable 
for fabrication in integrated ci rcuit form. 

Highpass Butterworth filter 
A straightforward example of a G IC realized active 
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filter is illustrated in Fig. 2. It is desired to simu late 
the equiterminated Butterworth highpass ladder 
structure of Fig. 2a and to obtain a corner frequency 
of 10 Hz. The inductor will be realized in RC-active 
form by GIC configuration (a) of Fig. 1. Eq. 3 in
dicates that the inductor can be simulated by making 
either Z2 or Z4 a capacitor, with all other impedances 
resistors. 

The completed active filter circuit is shown in 
Fig. 2b with the normalized component values 
transformed to an impedance level of 16 kfl and a 
frequency of 10 Hz. The two operational amplifiers 
are a matched pair in a single package. Measured 
frequency response of the filter is shown in Fig. 2c. 

Lowpass Butterworth filter 
As a second example of the use of GIC networks in 

low-sensitivity active filter designs, the fifth-order 
Butterworth lowpass ladder filter of Fig. 3a will be 
obtained in RC-active form. Note the nongrounded 
inductors in the pass ive prototype. The need for 

· direct simulation of these floating inductors will be 
avoided (actually, postponed until the bandpass 
case) by using the versatility of the G IC network and 
a simple impedance transformation . The filter design 
will utilize the frequency dependent negative re
sistance (FDNR)4 technique, employing a 1 /s trans
formation of all impedances in the LCR prototype. 
The network of Fig. 3a, after the 1 /s impedance 
transformation , is shown in Fig. 3b. Inductors have 
been replaced with resistors; resistors with capacitors; 
and capacitors with FDNR D elements,4 where the D 
element driving-point impedance is given by 

(5) 

The transformed network has the same voltage and 
current transfer functions as the original 4

• 

The network of Fig. 3b is not complete in that it 
is necessary to provide a resi stive path from the D 
element inputs to ground. Consider a D element 
realized by GIC configuration (a). Any two of 
Z1 - Z3 - Z5 must be capacitors with all other im
pedances resi stors. The resistive path to ground is 
required to supply input bias current to the non
inverting input of amplifier 2. A large valued shunt 
resistor in the position of Rb in Fig. 3c will provide 
the required bias current. 

However, this resistor (which corresponds to a 
large valued shunt inductance in the LCR prototype) 
causes a transmission zero at the origin of the s plane, 
and true direct coupled lowpass operation cannot be 
achieved. This low-frequency rolloff may not be a 
problem if it occurs below the frequency range of 
interest. A complete method of low frequency com
pensation for the circuit of Fig. 3b is to replace R" by 
large valued resistors Ra and Re, as shown in Fig. Jc. 
The low-frequency transfer function is then 
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Fig. 4-Realizing a lowpass Butterworth active filter. (a) RC- 'acti ve rea li za ti on of Fig. Jc, (b) Frequency response of (a) 

as f---+ 0 

Since the passband transfer function magnitude is 
ideally 0.5, and since R, , R3 , R5 are all predetermined, 
Ra and Re must be selected so that 

Lim T(f) = 0.5 
as f---+ 0 

Thus, if Re= Ra+ R, + R3 + R5 

and Ra, Re ~ R, + R3 + R5 

(7) 

(8) 

(9) 

the transfer function is adequately compensated at 
low frequencies. The complete filter circuit is shown 
in Fig. 4a. Prototype component values have been 
transformed to an impedance level of 1 kf1 and a 
frequency of 480 kHz. Dual operational amplifiers 
have again been used to hold the active device pack
age count down to two. The measured frequency 
response is shown in Fig. 4b. 

Bandpass requires ungrounded inductors 
The design of lowpass and highpass filters is 

relatively straightforward because the active ele
ments (L elements for highpass and D elements for 
lowpass) are grounded. This is not the case for the 
bandpass structure. For example, the fourteenth order 
symmetrical bandpass structure in Fig. Sa contains 
seven inductors, three grounded and four un
grounded . Direct RC-active simulation requires a 
technique for simulating the ungrounded inductors. 
The corresponding FDNR version of the filter, 
obtained by multiplying all branch impedances by 

l/s, is given in Fig. 5b,and it will be observed that 
there are seven active D elements, four of which are 
ungrounded. Consequently, the FDNR bandpass 
structure has the same disadvantage as its LC coun
terpart in that four of the active simulated elements 
are ungrounded. 

GIC-Embedding for ungrounded elements 
A suitable technique for designing the ungrounded 

active elements is GIC-Embedding1. 8. This method 
consists of embedding a grounded 3-terminal net
work N between two identical GICs, as shown in 
Fig. 6a. The branch impedances of the GICs are 
Z11 Z2, Z3 and Z4; the network N has a transmission 
matrix 

TN= [~ ~] (10) 

defined by V, = aV2 - bl2 
(11) 

11 = cV2 - dl2 

The transm iss ion matrix of the complete structure of 
Fig. 6a, including the two GICs, is given by multiply
ing the transmission matrices of the three two-ports 
of the GIC-N-GIC cascade. It is easily shown that the 
GIC transm ission matrices are 

T -l1 

z2°z41 for GIC no. 1 (12) CIC - O 
Z1Z:1 

an~cic = [~ z~zJ fm GIC oo. 2 (13) 

Z2z4J 
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Fig. 5-Steps taken in developing a bandpass filter . (a) Fourteenth - order bandpass pro totype, (b) 1'Jetwork after 1 /s impedance trans
formation , (c) Effi cient FDNR reali zation . 

Thus, the transmission matrix for the cascade of Fig. 
6a is given by 

=la b Z1Z31 Z2Z4 
Z2Z4 d c--
Z1Z3 

This is exactly the same transmission matrix as is 
obtained by multiplying the impedance of every 

Z1Z3 
branch of the network N by ~Z4 . 

Thus, Fig. 6a is equivalent to a network N' that is 
obtained by impedance scaling each branch of N by 
zz 
-

1 
-
3 as indicated in Fig. 6b. This result is most useful. 

Z2Z4 
For example, each ungrounded inductor can be 
replaced by an ungrounded resistor R (corresponding 
to network N) embedded between two GICs designed 

h h Z,Z3 h . . h . h sue t at --cc s; t at 1s,w1t e1t er Z2 or Z4 as capa-
Z2Z4 , 

citors and all other impedances as resistors . More 
generally, a complete subnetwork of resistors may be 
. Z,Z3 impedance scaled by--cc s to behave as a complete 

Z2Z4 
subnetwork of inductors, or a subnetwork of resistors 

. Z,Z3 may be impedance scaled by Z z cc s- 2 to behave as 
2 4 
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a subnetwork of FDNR D elements. Consider the 
bandpass filter circuit of Fig. Sa. This structure can 
be simulated directly by using one GIC for each 
grounded inductor and two GICs for each un
grounded inductor by the method of embedding 
described above. A total of 11 GICs are required. 
Alternatively, consider the FDNR bandpass filter of 
Fig. Sb. It will now be shown that this configuration 
can be obtained with a considerably reduced active 
packa:ge count. Firstly, the grounded D elements in 
Fig. Sb require one GIC each . 

The series D-C combinations at the terminations 
can be obtained by noting that 

(1 S) 

which is of the required form to simulate a grounded 
series D-C branch using a single GIC. 

Finally, the ungrounded D elements Dc3 and Dc5 , 

in conjunction with the grounded elements D, 4 and 
Rw may be considered as a network N ' to be 
realized . This realization is obtained by impedance 
scaling all elements of network N ' by s2, and then 
embedding the resulting network N between two 

Glc 'th Z,Z:i '' h . F' 6 Th s w1 --cc s- -, as s own in 1g. c. e 
Z2Z4 

grounded element with impedance s2R1A is realize
able using one GIC. Thus the required network N ' of 
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Fig. 6-Technique of CIC-Embedding ;, u,ecl lor de-,igning un grou nded ac tive element>. 

Fig. 6c is obtained using only three GICs. 
The complete realization of the circuit of Fig. 5b is 

given in Fig. 5c for a normalized design. Seven GICs 
are required, corresponding to an active package 
count of seven if dual amplifiers in a single package 
are assumed. The GICs are not shown in detail but as 
boxed 4 -branch networks with the branches 
corresponding to Z1, Z2 , Z3 and Z4 of the GIC in 
Fig. 1 a. Note that most of the element values are 
unity and that the nonunity values correspond 
directly to element values in the LC prototype of 
Fig. 6a. The extension of this work to a ladder of 

arbitrary length will be obvious from a direct com
parison of the topologies of Fig. 5a and 5c. 

Designing a bandpass Chebychev filter 
Let's go through a filter design step-by-step to see 

how the GIC technique works. A design example 
will use the following specs; 

CHEBYCHEV 
CENTER FREQUENCY 
BANDWIDTH 
TERMINATION R8 , R1. 

14th order, 0.5 dB ripple 
150 Hz 
150 Hz 
lOOOD 
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Fig. 7-Fourteenth-order bandpass Chebychev filter (a). Passband ripple = 0.5 dB, cen ter frequency = 150 Hz, bandw idth = 
150 Hz. Frequency response is shown in (b). 

This is a highly selective high-quality filter design 
and is ideally suited to CIC ladder realization . The 
design procedure is as follows : 
Step 1-Design LC prototype. This is simply a mat
ter of consulting available LC ladder tables and using 
the lowpass- to-bandpass transformation 9 to obtain 
the element values of the normalized LC bandpass 
prototype of Fig. Sa. 

In this case we obtain : 

Rs= RL = 1 n 
C1 = C1 = 0.575 F 
LI = L7 = 1 . 7 3 7 h 
C2 = C6 = 1.260 F 
L2 = L6 = 0.795 h 
C3 = C5 = 0.379 F 
L3 = L5 = 2.638 h 
C4 = 1.340 F 
L4 = 0.744 

(l/C, ~ 1/C 7 = 1.737) 

(l/C2 = l/C6 = 0.795) 

(1/C3 = l/C5 = 2.638) 

(1/C4 = 0.744) 

Step 2-Substitute element values into normalized 
FDNR design. Direct substitution of the above 
numerical values into Fig. Sc gives the complete 
normalized FDNR design. 
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Step 3-Denormalize impedance and frequency. 
The denormali zation in thi s case requires scaling of 
all impedance levels by 103 and frequency by 
(150 x 27T) radians/sec. The complete denorma lized 
design is given in Fig. 7a, where the GICs are 
aga in indicated by boxed 4-branch networks. The 
measured voltage transfer function, V2/V" is given in 
Fig. 7b and is in excellent agreement with the design 
function. 

Wrapping up the details 
For the type of high-quality bandpass filter that is 

given here, it is often necessary to compensate for 
component tolerance.s by a simple alignment pro
cedure. Thi s is performed by di sconnecting each GIC 
and performing a simple tuning test. For example, 
consider removal of the middle GIC and two 7440 
resi stors as shown in Fig. 8a. This subcircuit cor
responds to a series connection of L4 and C4 in the 
LC prototype and thu s should resonate at the center 
frequency of the filter. Therefore, tune the GIC by 
adjusting one of the GIC 10000 resistors so that V2 

exactly peaks at 150 Hz when a sinusoid V 1 is ap-
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Fig. 8-GIC section alignment procedure used to compensate 
for component tolerances. 

plied as shown. Repeat the procedure for each GIC. 

The completed FDNR filter circuit in Fig. 7a con
tains fourteen capacitors, the minimum number for 
a fourteenth order network. Furthermore, 12 of 
these capacitors will always be identical in value. In 
general, for an Nth order design, (N-2) capacitors 
will be identical in value. This is a distinct advantage 
in the fabrication process. Also note from Fig. 7a that 
all GICs have resistive connections to ground to 
conduct bias currents to the amp I ifiers. The sensitivity 
performance of this type of ladder structure is ex
tremely good because it is basically a direct simula
tion of the inherently insensitive LC ladder. 

GIC methods of simulating inductorless filters are 
particularly recommended for the high-quality 
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designs in which Q factors are typically in excess 
of 20. Furthermore, it is interesting to note that- the 
elliptic highpass and elliptic lowpass are easily 
realized, producing stopband zeros of transmission, 
by simply introducing extra shunt-arm capacitors 
for the highpass and extra shunt-arm resistors for the 
FDNR lowpass. o 
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DESIGN INlERFACE 

An engineer's guide 
to configuration management 
Here's an approach to product development that can improve quality, 
lower costs and insure that schedules are met. 

Thomas T. Samaras, Universal Monitor Corp. 

Configuration management is a practical dis
cipline devoted to reducing costs, maintaining 
schedules, and assuring that a product meets its 
requirements. Although configuration manage
ment is a part of the larger field of systems 
management, its usefulness extends well below 
the systems level and can be effectively applied to 
smaller products on a day-by-day basis by the 
practicing engineer or engineering manager. 

Many of the principles of configuration man
agement are well known to engineers and are 
practiced to some extent by most companies . The 
purpose of this article is to show the approach to 
and advantages of a complete and coordinated 
configuration management procedure . 

What is co nfiguration management? 
Configuration management is a cross discipline 

that requires the participation of many diverse 
functions in the company. However, the working 
engineer is the keystone in its successful imple
mentation and becomes involved in its activities 
at the inception of a product development/ 
production project . The tools for effective con
figuration management are familiar to all en
gineers (Table 1). They include specifications; 
drawings; parts lists; numbering systems; en
gineering data records; and status reports on 
changes, hardware configuration, and docu
mentation. What configuration management 
does is bring these tools together under a 
coordinated and integrated program of manage
ment which improves efficiency and the end 
product. 

The rest of this article describes the elements of 
configuration management and shows by means 
of practical examples how it can help engineers 
avoid problems, confusion or disaster . 

Specifications 
Specifications are the initiating basis for most 

engineering work. Without them, one is literally 
shooting in the dark . On large programs, specifi-

78 

TABLE I - CONFIGURATION MANAGEMENT TOOLS 

Specifications: 

Documents that identify the major characteristics 
and requirements Of the item to be designed and 
built. They also contain numerical design limits. 

Engineering data : 

Drawings, parts lists and wire lists that describe 
the configuration of the item being designed or built. 

· Change system: 

A method for evaluating, approving, processing 
and controlling changes to the requirements or 
configuration of an item. 

Numbering and nomenclature system: 

A method for systematic identification of parts, 
components, subassemblies and end items. 

Change and configuration status reporting system: 

A system for informing staff and management of 
change status and present configuration of product. 

Records: 

Documents that conta in all relevant data needed or 
used for the fabrication, inspection and test of items. 

cations are usually plentiful ; but when a chief 
engineer asks one of his engineers to develop a 
circuit for an amplifier, he may omit a written 
specification and depend on verbal inputs. This 
informal method of specifying requirements 
often results in a circuit that doesn ' t do what it 
was intended to do or at least wasted time and 
labor through modified requirements and clarify
ing instructions that require circuit redesign . To 
save time and money when no written require
ments are given , the engineer should develop his 
own list of requirements based on the verbal 
inputs received. He can then fill in missing 
requirements and clarify doubtful ones with a 
brief review of his document with the chief 
engineer. 

Of course the existence of a written specifica
tion doesn't mean everything is all right . It may 
have important omissions , errors, or ambiguities 
that should be resolved before beginning design 
work. If a requirement seems unrealistic, it 
should be discussed with the originator . Perhaps 
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the requirement can be changed to a design goal 
in recognition of current technological limita
tions . 

Change management 
The electronics industry is one of the most 

dynamic industries in the world. In fact "change" 
is almost synonomous with "electronics. " 'kt the 
handling of changes is often done on a random or 
semi -systematic basis. Change management is a 
formal method for making changes to a circuit, 
component or product. It involves these steps : 

• Formal identification and description of 
change. 

• Evaluation of change in terms of cost, 
schedule, requirements and its impact on 
other components . 

• Approval or rejection of the change 
document or return for its revision . 

• Implementation of change. 
• Verification that change has been in 

corporated in documentation and hardware. 
• Reporting status of the change and 

product configuration . 
On complex programs, each of the above steps 

may require documentation, while for simpler 
projects they can be performed partially in 
documented form and partially in verbal form. 
The key documents in this approach are the 
change request and the engineering order, which 
describes the exact nature of the change. 

Although most engineers balk at justifying 
design changes on forms , such as the one shown 
in Fig. 1, these documents have definite ad
vantages: 

• They force the engineer to consider all 
aspects of the change. Thus the benefits can 
be weighed against the disadvantages be
fore submitting the proposed change for 
approval. In doing this , the engineer may 
find that the change isn ' t worth its cost of 
implementation , thereby avoiding wasting 
the time of others . 

• They provide a record of the cost of 
changes during a project, thus yielding 
historical data for making better engineering 
estimates in the future. 

. • They allow management, with its better 
perspective of overall requirements, to eval
uate the proposed change before too much 
engineering time has been wasted . 

Of course, many changes considered during 
the design and development stage don't require 
management approval. For instance, design cor
rections , drafting errors , or design improvements 
that don ' t affect the basic specifications generally 
need not be submitted for approval. However, 
the engineer may find that some specifications 

CHANGE REQUEST CR No. 
Date 

Job No. Priority : Urgent Routine ---

Part Number Part Name 

End Item Affected 

Change Description 

Reasons for Change 

Cost of Change Schedule 

Labor $ Go-ahead Date 

Material $ Completion Date 

Fixtures $ Overall Schedu le Delay 

Equipment $ 

Other $ 

Other Items Affected (Hardware, Documents, Interfaces) 

Originator: Approved By: 

Date Date--

Fig. 1 - A formalized change-request procedure forces both 
e nginee ring and management to consider all aspects of a 
pro posed des ign change . 

are unrealistic or can be improved upon con
siderably by using special or new techniques, but 
at higher development or production costs. In 
these cases, management approval should be 
obtained before proceeding. 

Once the official engineering design has been 
released for production , almost any type change 
affecting the function , form or fit of the end item 
should be recorded on a change request. When 
this form is approved, an engineering order is 
prepared describing the exact changes to be 
made to drawings, parts lists, etc . This document 
is then distributed to all responsible persons on 
the project. 

Do you need a formal change request system? 
It depends on your present requirements and 
problems. If changes are not extensive and no 
major problems exist, its use may be avoided. 
However, if an engineer if frequently criticized 
for making unnecessary and expensive changes, a 
change request form may help reduce this 
problem by giving management a chance to 
participate in decisions that can affect company 
profits and performance. It also provides the 
engineer with records in case he is criticized for 
making unauthorized changes in the product . 

As mentioned before, not all changes need be 
recorded on a change request form. However, 
the following types should always be submitted in 
writing to management: 
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Configuration management is necessary in an industry where 
change is frequently the order-of-the-day. 

• Changes affecting schedule 
• Changes increasing costs by more than 

a certain amount defined by management 
• Changes resulting in significant im

provement of performance characteristics 
• Changes affecting safety or reliability 
• Changes affecting the specification or 

configuration 
• Changes which will reduce life-cycle 

costs 

Promo1ing in1egra1ed opera1ions 
Because configuration management has a 

cross-disciplinary nature, it promotes integrated 
operations. For instance, understanding the prin
ciples of configuration management increases 
sensitivity to the needs and problems of other 
operations or departments. Thus, the engineer 
becomes more aware of the impact of certain 
product changes on other functions, such as 
planning, drafting, manufacturing, procurement, 
testing and publications. 

A key area which has considerable value to the 
success of a company is the increased interaction 
and integration between engineering and market
ing/sales. If the companys management philoso
phy includes early involvement of sales people in 
the product life cycle, they are vitally interested in 
the product's configuration, specification, sche
dule and cost. 

A sales engineer who is doing his job has 

BO 

already begun working on the promotion of the 
product and may have begun contacting potential 
customers. Therefore, he must be informed of 
changes to product specifications, configura
tions, etc., on a timely basis to minimize mislead
ing customers on the cost, characteristics or 
delivery of the product . The distribution of 
specification changes, revised top assembly 
drawing, schedules, etc. to him can help avoid 
embarrassing situations. In addition , he may 
provide valuable information to engineering 
about the impact of a reduced performance 
characteristic on the marketability of the product. 
If potential customers consider this a key feature, 
engineering may have to reconsider the decision 
to relax the specification, even though the 
technical problems that must be overcome are 
difficult and expensive ones. 

Handling change sugges1ions 
Whether a product is being designed for 

someone within the company or for a customer, 
changes cost money and time. An engineer can 
be subject to numerous change requests , ranging 
from adding a few extra test points to the chassis 
to increasing the performance capabilities of the 
product . Once the product's configuration and 
specifications have been officially defined, 
change requests should be written and processed 
by the requester through management before 
they reach the engineer. 

Of course, this is often not the case and the 
engineer is contacted directly. As a result, 

Increased sensitivity to the needs of other departments is 
promoted by configuration management. 
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changes are made on informal requests to 
maintain friendly relations and to avoid red tape 
and delays. If these change requests are minor 
and rare during the entire project their effect will 
be insignificant. However, if changes are being 
funneled to the engineer on a regular basis, the 
project schedule and cost will suffer and the 
engineer will be blamed for a poor job. 

Since most engineers will find it easier to 
comply with an informal change than to tell the 
requester that he should get written instructions 
to authorize increased funds, a formal, explicit 
and closely supervised policy of no informal 
change requests is needed. Thus , if perturbations 
to the product are to be minimized, management 
must take the responsibility for shielding en
gineers and even the project manager from 
informal requests for changes. 

If management is not convinced of the cost 
involved in even simple changes, the engineer 
can point out that the replacement of even one 
resistor in a drawing which has been released to 
production can increase labor significantly. For 
example, the following operation~ could be 
required for such a "simple" change: 

1. Engineer must verify that size, wattage 
and tolerance are compatible with circuit. 

2. Engineer must obtain a few samples 
from local supply house if resistor is not in 
stock. 

3. Engineer must add new resistor in 
breadboard and verify that the circuit works 
as expected. 

4. Engineer must prepare engineering 
orders to change drawings and parts list. 
Approval must also be obtained. 

5. Engineer must · bring the engineering 
order to data control for release to purchas
ing and production. 

6. Data control must update status record 
and prints and distribute copies of engineer
ing order. 

7. Everyone who received a copy of 
engineering order must review it to deter
mine whether it affects him. 

8. Manufacturing engineer must change 
assembly instructions and make sure en
gineering order is attached to affected 
drawing. 

9. If unit has already been built, it must be 
recalled from stock and reworked, retested 
and re-inspected. 

10. Purchasing has to prepare a purchase 
order and process it if the resistors are not 
stocked. 

11. Shipping and receiving must inspect 
incoming resistors, identify them and de
liver them to stock room. 

12. Material control must update kits of 

parts for assemblies by removing old resis
tors and adding the new ones. 

13. Material control must update invento
ry records. 

While the time required for each operation may 
not be more than one half hour, the total time 
required to implement this change is going to be 
more than the simple sum of steps 1 through 13. 
The perturbatio_ns and shock waves that result 
because of the many diverse people and opera
tions involved can result in a time cost consider
ably greater than expected. Therefore , it is likely 
that the above simple case could result in a 
burdened cost of more than $200. 

Besides the time and cost factors , the impact of 
even a simple change on other circuit elements 
can be greater than appears at first look. For 
example, a minor change in the timing of an 
outside pulse in one circuit can at first appear to 
involve nothing else. However, once it is installed 
in the breadboard, it may be found that several 
other circuits have to be modified to regain the 
original performance desired . 

Because of the complexity of electronic hard
ware and the current state-of-the-art, the best 
maxim for an engineer concerning changes is: 
any design perturbation to a satisfactory product 
or circuit will cost more in time and money then 
expected . (Modification of Murphy's Law.) 

Early changes save money and time 
The earlier an engineering change can be 

made, the better . As a product proceeds from the 
conceptual stage to development and produc-

The effects of design changes on interfaced items must be 
evaluated. 
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tion, the more expensive it becomes to imple
ment a change. And the in.crease in cost and time 
proceeds more in a geometric fashion than a 
linear one. For example, a circuit change early in 
the project may only affect one schematic draw
ing. But during production it can affect several 
drawings and parts lists as well as procurement, 
material control , inspection , manufacturing and 
testing functions. Many operations may thu s be 
required to implement a simple change. There
fore, trying to save time and money by skipping 
careful review of drawings and thorough evalua
tion of the breadboard can be extremely expen
sive. 

ln1erface considera1ions 
Every circuit , component and product/end item 

must interface with other circuits , components 
and end items. Therefore, explicit consideration 
of interface factors is required . To avoid cata
strophic or embarrassing results, a helpful device 
is to identify all the items (including human) that 
the end item will have to mesh with. Then each of 
these interfaces can be examined from the point 
of view of input and output requirements. If 
information on the items that will be interfaced 
with is not available, then a list of interface 
requirements should be obtained frotn the per
son who gave the assignment. 

If firm interface specifications can ' t be ob
tained , then the boss should be notified that 
certain assumptions about interfaces will be made 
and that if these turn out to be wrong, the 
project's budget will be overrun . Mechanical as 
well as electrical interface requirements are 

Uncontrolled access to drawings can result in unauthorized 
design changes. 
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needed, since the shape, weight, mounting and 
material of the assembly housing may be critical 
design areas. 

When assessing the impact of a design change, 
its effects on interfaces must be explicitly evaluat
ed, especially if the engineer is responsible for 
only a small part of a larger system. Minor 
increases in power consumption , weight, size 
and electromagnetic interference can cause seri
ous repercussions that can undermine the entire 
system. Of course, changes in input/output signal 
levels, impedances and nO'ise levels can also 
cause serious problems. 

Test equipment shouldn ' t be forgotten . 
Changes in product design may require changes 
in special or conventional test equipment. The 
product engineer should get together with the 
test equipment engineer to discuss what changes 
are needed and when . 

Engineering changes may also affect subcon
tracted items. Therefore, be sure to formally 
notify each subcontractor of changes that could 
affect his work . If its affect on his work is not 
certain , he should be contacted to evaluate it. 
This step may help avoid having an apparently 
insignificant change cause serious problems on a 
subcontracted item. For example, what appears 
to be a minor mechanical design change to 
accommodate some additional circuit boards may 
require scrapping completed housings. 

Con1rolling access 1o vellums 
What about the integrity of released drawings? 

When drawings have been signed off for release 
to manufacturing, can the engineer be sure that a 
designer or draftsman can ' t make changes to 
them without his knowing about them? Uncon
trolled access to drawings is officially taboo in 
most companies ; but is the system for vellum 
control strictly followed? If an engineer can walk 
into data control and have the vellum released to 
him without documented authorization , then 
others can probably do the same. 

The consequences of unauthorized changes 
can range from none to a critical malfunction of 
the end item and injury to personnel. In addition, 
the responsible engineer will be blamed for 
approving such a design . Even when someone 
else tampered with the vellum , if the change is 
undocumented, it' s up to the engineer to prove 
that an unauthorized change was made. 

While the responsibility for the document 
control operation lies with someone else, the 
engineer is in an excellent position to observe the 
effectiveness of the system and whether it is 
being followed by the staff. When it is not, a 
conference with the chief engineer and data 
control manager can help correct the situation 
and avoid future difficulties. If a formal procedure 
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defining the method for obtaining the original f9r 
changes after release doesn't exist, a me~t i ng 
with interested staff members may be necessary 
to obtain one. 

In essence, an undocumented design change 
can result in (1) having the wrong parts or missing 
parts when the item is ready for manufacture or 
(2) incorrect manufacturing instructions. When 
this occurs , a well planned production effort can 
become bogged down . 

Advance releases 
The user of advance releases of critical docu

ments is a technique for officially issuing incom
plete drawings and parts lists so that receipt of 
long leadtime items or quotes on subcontract 
items can be obtained as soon as possible. 
Planning, drafting and manufacturing can also 
obtain valuable information from advance docu
ment releases to begin their work before the 
documents are released for production . 

The things that the engineer should watch out 
for in using advance releases are that they are 
stamped in large red letters, ADVANCE RELEASE, 
and that the production release is made as soon 
as feasible and copies distributed to all those 
working with the document. When possible, 
advance copies should be collected and de
stroyed after formal release. 

Par1 number reiden1ifica1ion 
Although the electronic engineer is not respon

sible for the actual reidentification of a product or 
component, he is the one who determines 
whether a design change will make items built to 
the latest drawings functionally or physically 
noninterchangeable with previously built items. 

Baselines 
(Documented 
Configuration 

Reference 
Points) 

Product 
Life Cycle 

Phases 

Design 
Reviews 

Functiona l Al located 
(program (design 

req uiremen ts) requ irements) 
baseli ne base li ne 

Defi ni t ion 
Conceptua l Phase 

Phase Pre liminary 
Design 

Systems Subsystem Preliminary 
conceptua l conceptual design review 

design review design review 

Design 
basel ine 

Fig. 2-Design reviews ca n be conducted with beneficial 
results throughout the life cycle of a product. (Adapted from 

Proper identification of items, such as printed 
circuit boards, is extremely important in the 
repair and replacement of defective boards in the 
field and in the stocking of replacement boards. If 
interchangeable boards are identified with differ
ent numbers, excess replacement parts will be 
stocked in the home plant and at repair centers. 

Identification of noninterchangeable boards 
with the same number can cause even more 
se riou s problems, such as equipment damage or 
excess troubleshooting to determine that the 
replacement board is not identical to the previ
ously used one. 

To min imize problems in this area, the en
gineer should familiarize himself with the part 
number identification system being used and the 
method for indicating non interchangeability, and 
should always noti fy the designer and draftsman 
that a new part number is necessary. 

Documen1ing re1rofi1s 
Changes to delivered products are often neces

sary, especially for an advanced design product. 
Failure to document and report these changes to 
the correct people can have several expensive 
consequences: 

• Other field engineers may have to 
repeat the design modification. 

• The original engineer or project manag
er will not update the released engineering 
documentation, such as drawings and parts 
lists . 

• In-process products will not have the 
change made to them during production. 

• Support groups will not update their 
documents, such as operation and mainte
nance manuals and test procedures. 

Detail 
Design 

Development 
baseline 

Aquisition Phase 

Production 
baseline 

Ou al ification/ Proto 
Model Fabrication 
and Oua1if ication 

Testing 

Product 
(product 

conf iguration) 
baseline 

Production 
Fabrication 

Shipping Operational Development 
design review 

Preproduction 
design review configuration readiness review 

review 

Fundam entals of Config uratio n Managem ent-see bib
liog raphy). 
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Do you need configuration manage·menH 
Knowing the elements of configuration 

management is one thing, but how do you 
know when more attention , or even drastic 
action , such as a network of formal proce
dures, is needed in your company? The 
following can serve as a checklist of prob
lems that require immediate attention: 

• Final product doesn ' t match original 
requirements or engineering data/docu
mentation. 

• Information on changed designs is not 
reaching the people who need it soon 
enough to minimize delays and expenses . 

• Design changes are not being in
corporated into production hardware. 

• Conflicts and mutual recriminations are 
increasing due to poor inter-departmental 
communication and notification of design 
changes. 

• Long leadtime items are not being 
ordered or received on time. 

Increased malfunctions will result in 
customer dissatisfaction and may affect fu
tu re sales . 

To avoid these problems a retrofit report 
shou ld be completed whenever a field change is 
made, and sent to the home plant for updating 
prod uction drawings . 

Design reviews 
Because design reviews are not officially re

qu ired for a project doesn't mean that they can ' t 
do some good . The purpose of a design review is 
to obtain the benefits of pooled experience. 
There are usually several people in the company 
w ho can provide valuable criticisms and sugges
t ions for improving the design from a technical, 
cost or reliability point of view. They can also help 
avoid repeating mistakes that they have already 
made and to avoid omitti_ng an important task that 
was forgotten. If the hardware has to interface 
with other units, engineers from these projects 
can help avoid problems during integration of 
units into a system . 

Design reviews can be held at four key stages in 
the development and production of an item: 

• Upon completion of the basic design 
approach 

• Upon completion of the detai led d raw
ings for prototype evaluation 

• Upon completion of p rototype evalua
tion 

• Upon completion of production model 
evaluation 

Each of these design reviews must be tailored 
to the stage of development of the product. A 
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• Engineers are spending too much time 
detecting and correcting design errors or 
omissions that should have been caught 
earlier. 

• Subcontracted items are not satisfactory 
in terms of configuration, performance and 
interface factors either because of failure to 
provide positive change requirements no
tification or because of poor configuration 
management techniques on subcontractor's 
part. 

• Drafting and production costs are in 
creasing due to many design changes after 
drawings have been released to production . 

• Numbering, release, approval , etc. , 
procedures are being cons tantly changed; 
n.o fixed or stable system being followed. 
Also notification of change procedures is 
not reaching the people with a need to 
know. 

series of design reviews for a product's life cycle 
is shown in Fig. 2. 

The key output of a design review should be a 
list of action items that must be accomplished . 
The responsible person and completion date 
must be recorded. Once the list has been 
released , follow-up is necessary to ensure that all 
action items are being implemented or have been 
completed . o 
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r ~-rum:u.J , 
I 

Heath/ Schlumberger Scientific Instruments - -·- ••• _ I 
Dept. 581 -232 

I Benton Harbor, Michigan 49022 I 
I D Pl ease send 1973 Electronic Instrumentation catalog. 

1

1 

1~~ I 
I Title I I Company/ lnst1tut1on I 
I Address I 
I City State ip I 
I Prices & specifications subject to change without notice. I 
L-~-----~~~~pri~~~~~~--~~~J 

CHECK NO. 36 

Everything-in-one
cage basic RAM 

system made up of 
everything-on-one

ca rd memory modules. 
Up to 32K Bytes. Very 

fast: from 150 ns access time, 180 ns 
cycle time. Priced lower than any other 
memory system in this speed range. Con
sumes less than half the power of any sys
tem of equivalent speed. Highly reliable. 
TTL design comes with either driver-re
ceiver or Tri-State outputs. Cooling kit and 
l'.l(lwer supply offered as option. Two series 
are available: BSM 4000 holds up to 16K 
Bytes, BSM 8000 holds up to 32K Bytes. 
Cages fit standard 19" racks. Ideal for in
dustrial test equipment and incremental 
add-on memory for special purpose com
puters. Write for complete information. 
Better yet, call for fast delivery. From the 
people who really know memories: Elec
tronic Memories & Magnetics, Phoenix 
Semiconductor Facility, 3883 North 28th 
Avenue, Phoenix, Arizona 85017. Phone: 
(602) 263-0202. 

CHECK NO. 30 

Analog Devices' 
A-D Conversion 

Handbook. 

.... ANALOG 
WDEVICES 

Everything you need to know to know every
thing about converters. 

$3.95. 
It's al I here in one big book. Over 400 

pages of practical information that'll help 
you understand, specify, and apply A/D and 
D/A converter products. A complete explana
tion of how to use converters and other 
analog components to acquire and distribute 
data in a wide variety of instrumentation and 
control systems, automatic testing, com
munications and signal analysis, CRT dis
plays, lots of other applications. 

From the people who make more kinds of 
A/D and D/A converters than anyone else. Us . 

Just send us this coupon and a check for 
$3.95, and we'll send you the handbook. 

~---------------------, I Please send me a copy of the Analog-Digital Conversion Handbook. I 
I D Enclosed is my check for $3.95. D Please bill me later. I 
I Nam I 
I Company Dept./M I 
I I 
I Stree I 
I City tate I 
I Mail to: Analog Devices, Inc .. Box 796, Norwood, Mass. 02062 I 
L---------------------~ 

CHECK NO. 32 
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DESIGN AWARDS 

Poor man's LED driver is TTL compatible 

Walter G. Jung 
Forest Hi ll , MD 

A simplified , unique and quite economical LED 
driver can be built by taking advantage of the 
internal current limiting and ability to voltage 
clamp an op amp of the 101 family. 

The circuit uses an LM301A as an open-loop 
voltage comparator, A 1 , with LED D 1 connected to 
receive the total source current from A 1 • For 
positive outputs of A;, the low forward im
pedance of D 1 will cause A 1's internal current
lim it stage to conduct and deliver the full lse + to 
D 1 • For negative output swings of A 1 , D2 clamps 
the output to -0.SV, preventing reverse break
down of D 1 • 

The circuit realizes the full available open-loop 
speed of A 1 , since the amplifier is uncompensated 
and the internal voltage amplification stages are 
kept out of saturation by the clamping of D2 and 
the current-limiting action . Therefore, D 1 may be 
toggled with response times in the µsec range. 

The approximately 20 mA of current available 
for D 1 is compatible not on ly with the MVSO but 
also with a number of other LED types , including 
the popular LED-phototransi stor isolators. The 
circuit , as shown , uses a TTL-compatib le input, 
with the R1-R2 reference divider biasing A 1 in th e 
center of the TTL output transition regio n . Other 
input configurations are possible , of course , as 
long as the input c.ommon-mode l imits of A 1 are 
obse rved . 

R, 
3.9k 

+5V ' 

- 15V 

LM301A 

6 

o, 

~ 1 
MV50 
(O R 

SIMILAR 
LED) 

"" A1 operated from 

+5 to reduce 
power dissipation 

Microsecond toggling of LEDs is poss ible with this LED driver. 
The circuit is TTL compatible , and the output is current 
limited . 

The circuit offers two-to-three orders of magni
tude, better voltage and current sensitiv ity at th e 
switch ing threshold com pared with a simple 
transi stor saturated swi tch. It also has t he bo nus 
of a temperature-stable thresho ld leve l for vo lt 
age monitoring app li cations. o 

To Vote For This Circuit 
Check 150 

Make exceptionally stable and linear light measurements 

C. D. Royce 
Inte l, Inc., Santa Clara, CA 

Phototransisto r co ll ec tor. cu rrent is expressed as : 

le= ,B l " + ;>.H , 

w here ;\ is the light sensiti v ity factor in µ,A/mV/cm 2
. 

The norma l li ght measurement technique is to mea
sure le once ;>. is known fo r the parti cular dev ice 
being used. However, ;\ va ri es signi fican tl y wi th 

86 

temperature, co l lector current and li ght intensity (H), 
thu s mak ing it almost use less fo r prec ision measure
ments. By regulating le to a fixed value, as accom
pli shed by Re and + Ve in the diagram, base current 
may be expressed as: 

Note that base current becomes negative when H 
exceeds a crit ica l va lue, thu s giv ing a positive 
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voltage V.,. 
A low-impedance voltage, V Z' on the order of 

millivolts " zeroes out," the -~Rb contribution to V
0 

with reasonable time stability to make 0.1 % measure-

+15V 

OP·AMP (741 type, or better) 

RC 
H V = - I R + V # 0 b b z 

~ (l ) I R = - R H ·1v =~ 
~ •"z ~ 

PHOTO 
TRANSISTOR 

"!" 

With this arrangement, V,,/ H is constant until - 1,, exceeds approx
imate ly 1.2 I ... 

ments. Or, a mechanical method of "chopping" the 
light from 0 to H mV/cm 2 can be used to produce a 
square wave on V0 that is easi ly measurable with a 

precision ac voltmeter to totally eliminate the ~R b 
error. 

Measurements show that ~' is constant unti I - I b 

exceeds approximatel y 1.2 le, depending on the 

device, and that the~ ratio is independent of co llec-

tor current and temperature. Also, the ~ ratio has a 

much narrower range of va ri ation than A. (a bout ± 
30 % from unit to unit as opposed to a 20:1 range for 
the same transistor type) and is even reasonably 
close between various transi stor types, including 
photodarlingtons. o 

To Vote For This Circuit 
Check 151 

Ac-to-de converter uses integrated circuits 

Eugene R. Hnatek 
Signetics Corp. , Sunnyvale, CA 

This unique app roach to ac/dc converter design 
uses integrated circuits as the semiconductor 
components. Discrete transistors and diodes are 
not used .because of their inherent lack of fail-safe 
features as well as due to the present availability 
of power regulator ICs at reasonable costs . 

The converter is completely foolproof. Both the 
LM309 and LM320 voltage regulators have internal 
current limiting to limit peak o utpu t currents to a 
safe value. Also, thermal shutdown is provided to 
keep each IC safe from overheating. Each regu
lator is thus "blow-out" proof. 

The 741 op amp is also a foolproof device . It has 
internal overload protection on th e inputs and 
output; it doesn 't latch up when the common
mode range is exceeded ; and it is also free from 
oscillation. 

The circuit operates in the classical manner : an 
ac voltage is applied to a transformer and rectifier 
to obtain raw, but useable , positive and negative 
de vo ltages. These voltages are fed, respectively , 
to the LM309 and LM320 series regulators to 
obtai n the desired output voltages . In this circuit, 
both the LM309 and LM320 are used as positive 
and negative regulator pass transistors due to 
their high current capabilities and foolproof 
protection features. The 723 regulator is used 
on ly as a precision voltage reference which 
regulates the ground terminal of the LM309. 

TRANSFORMER· 
RECTIFIER 

,....... ........ _ 1H V. LM309 V 
'" GNO out 

3 

"!" 

Vin - E 
.__ ___ G_N-ID,_LM.._3-20~V-o-tu' ._.......oou• 

:i: 2 

ICs replace the conventional discrete transistors and diodes in 
this ac-to-dc converter. 

Resistors R1 and R2 are used to set up the 
positive output voltage and as a supply to the 723 
reference. The 741 is used to invert the positive 
voltage to a negative voltage for the 320. The 
connection point A on the positive output is fed 
back through R4 to the inverting input of the 741 
to enable the negative output to track the positive 
output. Capacitors C 1 and C2 are used to smooth 

87 



lighted 
on 

~from 

M !i C quality & reliability 
for under $3.00 in production quantities 

Here is a low-priced " computer-grade" 
lighted pushbutton switch that provides 

top performance and long-term reliability 
from the leading maker of premium 

industrial and aerospace switches. The 
MSC Series 600 comes in 1, 2, 3, 4 and 

6 pole, form A, B, or C, Low-Bounce 
mechanical or Zero-Bounce solid-state 
logic p.c. board versions. It is available 

with alternate action or momentary 
action in silent or tactile-feel operation 

that is fast enough to handle switching of 
most any high-speed electronic logic 

systems. Mechanically rated to last over 
one million actuations. You 'll get more 

for your money at MSC! 

Write today 
for new catalog 
and 
product selector 
guide 

M !i c. you can' t do better! 

MASTER SPECIALTIES COMP.ANY 

1640 Monrovia. Costa Mesa, Calif . 92627 • (714) 642-2427 •Telex 678-433 

CHECK NO. 31 
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NEWI MDDL __ _ 
POWER SUPPLIESI 
MCD " Stak/Pak" Modular Power 
Supply Units can optimum-power 
YOUR EDP peripheral! 

VERSATILITY in design and produc
tion are almost unlimited to meet your 
very specific needs! Stak / Pak " build
ing-block" modules-consist of four 
models. three mechanically inter
changeable packages-deliver 5 to 24 
volts DC/ 2.0 to 35.0 amp controlled 
output! They put the power-punch into 
lowest-cost-to-the-user over the life 
of the product. 
CAPITALIZE on MCD's 15years' know
how in meeting Control Data® 's" inside 
needs." Send for the MCD Stak I Pak 
Modular Power Supply fact brochure. 

MAGNETIC 
COMPONENTS 

DIVISION 

CONTROL DATA 
CORPORATION 

7801 Computer Ave. So .. Minneapolis. Minn. 55435 
(612) 920-8600 TWX 910-576-2978 

CHECK NO. 29 

Introducing 
the expensive 
dual-trace scope 
that doesn't 
cost a lot. 
The B&K Precision Model 1470. 

The compact 5-inch solid-state 1470 is 
specially designed to meet 80% of all your 
scope applications. 

It has DC to 10 MHz bandwidth with 10 mV/cm 

b~~~~~r~~~:+:~r~r~:gered$-•wtieds ra95nge 

input signals as low as SmV. 
Sound good? Our prices 

become even more 
remarkable once you -

·see our specs. 
Call your B&K 

distributor. Or write 
Dynascan Corporation. 

Very good equipment 
at a very good price. 

/Bl/I 
Product of 
Dynascan Corporation 
fll01 West Belle Plaine Avenue , Chicago, Illinois 60613 

CHECK NO. 33 
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the output voltage. 
With the following component values the 

circuit provides a +15V, 1A output and a -15V, 1A 
output with a total circuit efficiency of 80%. 

R1 = 5.6k, R2 = 5.6k, Ra = 300fl, R4 = 20k, R5 = 
20k 

C1 = C2 = 47µF, C :i = O.OSµF, C4 = 0.03µF 
The positive output can be adjusted to any 

value (within the LM309's operating specifica-

tions) by means of R1 and ~2 or by replacing the 
309 with an LM340 (µA7800) fixed voltage regu
lator of the desired output voltage rating. The 
negative output can also be changed by selection 
of a different output voltage rating LM320 regu
lator. o 

To Vote For This Circuit 
Check 152 

Circuit protects power supply regulator from overcurrent 

S.J. Pirkle 
Hewlett-Packard, Waltham, MA 

Although many regulated power supplies have 
current foldback, short-circuit regulator dissipa
tion may exceed that for rated output current. 
This circuit provides protection by turning the 
power supply off upon overload and returning 
power after the normal load has been restored. 
Operation is such that the regulator and the load 
are both protected. If a zener-SCR crowbar is to 
be used, as in this illustration, an additional 
advantage is that shutdown extinguishes the SCR, 
permitting automatic restoration of power follow
ing a transient. 

Referring to the illustration, a SV regulator with 
an overvoltage crowbar paralleling the load is 
shown in an example application. Within the 
dotted lines are the components required for 
overcurrent protection. Resistors R1 and R2 act as 
a voltage divider. At maximum current, resistor R:i 
and the load provide voltage division equal to that 
of R1 and R2 • Together, these dividers form a 
bridge. When the voltage at the noninverting 

27 

Components within dashed lines protect the regulator from 
overcurrent condition frequently encountered when the 
overvoltage crowbar is activated . 

input to U2 falls below that of the inverting input 
(overhead), 0 1 switches off, immediately remov
ing voltage to the load . 

Since bridge balance is unaffected by voltage, 
the regulator input remains off as the output falls 
to ground. U 1, sourced with current from R4 and 
voltage divider R1 and R2, then rises from ground 
at a rate controlled by C 1 • When the output of U1 

reaches the reference voltage, 0 1 turns on, 
restoring power to the load. 

If the fault has been removed (extinguishment 
of the SCR if crowbarred), the noninverting input 
to U1 rises at an equal or somewhat faster rate 
than the inverting input, maintaining the applica
tion of power . If the overload condition persists, 
shutdown cycling continues, limiting average 
load current to a few milliamperes. 

Shutdown time for this circuit may be com
puted by: 

V.,( R1 + R2) R4C1 

Vc1 R1 

and is approximately one second. o 

- - - - -1 

R, 
1k 

3 
0.15 

1 

IN914 

- 10V 

10k 

1k 

__ J 

IN5232 

To Vote For This Circuit 
Check 153 

REGULATED 
OUTPUT 
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goes into 
every rocket 

and into every 
Angstrohm Resistor 

produced 
• Met al Film Resistors to M IL-R-55 182 

• Hermetic - Conforma l - Mo lded 
• Ladder Networks to Customer Specs 

o For comple te de tails and a brochure 
Call 1301 J 739-8722 

angs.t~oh~ 
prec1s1on inc . 
WARO LEONARD HAGERSTOWN D I V ISION 

Riker· Maxson Components Group 
P.O. Box 1 827, Hagerstown, Md. 2 1 740 

Provides a new level of 
pe rformance previously 
unattainable, plus they are 
pin for pin replacements for 
other manufacturers power 
supplies. The series is 
particularly app ropriate for 
linea r and digital integrated 
circuits and operational 
amplifiers. 

CHECK NO. 37 

• Single or Dual Outputs • 119 Models • 
Ad justable Voltages from 3.6 to 48 VDC • 
Current to 2 Amps. • Printed Circuit Board 
or Chassis Mountable • Same day sh ipment 

giving specs 
and prices 

POWER/MATE CORP. 
514 S . RIVER STREET. HACKENSACK , N. J . 07601 

Phone (201) 343-6294 TWX: (710) 990-5023 

CHECK NO . 39 
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STU ROI LITE 
ELECTRONIC 
TECHNOLOGY 
STATION 

Sturdi lite Electroni c Tec hnolo gy Sta t ions 
combi ne the look of top quality furniture with 

th e ruggedness of tough industrial equipment. Deeper pedestals 
suppo rt a 36" top , provid ing more work area. Twenty- inc h high 
clearance under riser shelf simplifies equipment p lacement. 

Send for FREE CATALOG and PLANNI NG GUIDE 

A NGLE ST EEL DIV . I KEWAUN EE SCIENT IF IC EQU IPMENT CORP. 
Pl a inwell , Michigan 49080 

CHECK NO. 38 

THE MINNESOTA 
if WINS "o""~ ""'°'" 

Here's a hot new idea in direct card connectors . . . 
our new Series 9 has 92 standard models: 0.100 or 
0.125-inch centers, any number of dual positions 
fro'!l 5 to 50! Bifurcated_ dual contacts, 5 mounting 
opt_1ons, .025 sq. wrap tails . Between-contact polari
zation even on the 0.100-inch size. And we won 't 
freeze you out on delivery . .. or cost, they 're all 
standard! 
Write for free information today: 

NATIONAL CONNECTOR 
5901 So. County Road 18 / Minneapoli s, Minnesota 55436 / (612) 935-01 33 

DIVISION OF []] FABRl~TEK INC. 

CHECK NO . 52 
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Lamp test becomes circu it test 

Edwin R. Deloach 
Astra-Dynamics Electronics, New Orleans, LA 

Lamp test circuits commonly use diodes con
nected as illustrated in (a). This arrangement 
provides a testing means to locate faulty lamps or 
other indicators. However, it does not check the 
circuit for faulty or loose connections, broken 
wiring or faulty sensor switches. 

This can be accomplished with no additional 
components merely by placing the test diodes in 
the circuit, as shown in (b). 

(A) 

Circuit continu ity can be tested, as well as the lamps, by 
connecting the diodes of the conventional lamp testing circuit 
(A) as shown in (8) . 

The circuit functions as a monitor status 
indicator when the test switch is in the nontest 
position . Then when a switch completes the 
circuit, the lamp is energized, indicating status. 

Circuit testing is provided when the polarity on 
the system is reversed. Thus, every switch is 
"shorted" by the action of the diodes. This 
provides lamp testing and continuity check of the 
entire circuit. Note that switches 2 and 3 are 
connected differently than switch 1. This con
figuration necessitate~ current flow through the 
switch contacts, and provides indications of dirty 
switch contacts or open wipers as well. o 

- 12V 

(B) 

To Vote For This Circuit 
Check 154 

sw, 

SW3 

Op amp in active filter can also provide gain 

Arthur D. De lagrange 
Sykesville, MD 

A common single pole-pair Butterworth filter (top 
circuit) has unity gain in the passband. Frequently 
a designer requires some additional gain when 
part of the signal is filtered out, since the 
amplitude of the remaining signal is normally 
smaller. The op amp can also provide the gain in 
most instances . 

A modification of the circuit for this purpose is 
shown (bottom circuit). The filter characteristic is 
the same except for the gain factor shown. This 
can be easily shown by taking the Thevenin 
equivalent of the part of each circuit to the right 
of the dotted line. It will be the same for both 
cases, so the voltage at the op amp noninverting 
input will be the same for both circuits. 

Thi s method also works for the low-pass 
version of the filter, but the lower voltage divider 
will consist of two capacitors. The method also 
applies to other filter characteristics, such as 
Chebyshev. o 

1 
f3db =: rrRC~ 

GAIN = 1 
OUT 

IN o-f 
c c 

c c 
IN ~l------<ll-~_.~-1-~~...J 

f _ _ 1_ 
3db - rr RC'-J2 

R, 
GAIN = 1 + -

R, 

I NOTE: R1 ll R2 MUST 

EQUAL _ R_ "':" 
' 2 

R, 

A unity gain Butterworth filter (top) can be modified (bottom) 
to provide gain to compensate for input-signal attenuation 
during the process of filtering . 

To Vote For This Cir"Cuit 
Check 155 
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PROGRESS IN PRODUCTS 

Punched-tape reader uses ac drive 
to cut data entry cost by 50°/o 
PROGRESS IN 
TAPE READERS 

Most punched-tape readers use 
de stepping drive to advance the 
tape, and therefore require 
stepping logic to control operat
ing modes and tape direction. 
For applications requiring only 
sequential block data loading 
(comparable to magnetic tape 
entry), these readers provide 
unused capability. A new tape 
reader from Electronic Engineer
ing Company of California, 
called the Data Loader, is 
designed to provide OEMs with 
a low-cost reader for those 
applications. 

Designed for synchronous 
operation only, the Model 
DL-9150 uses an ac drive motor 
to advance the tape, thus 
eliminating de drives and step
ping logic. By eliminating circuit
ry required for asynchronous 
operation, the cost compared to 

conventional readers has been 
significantly reduced. In addi
tion, the unit should provide 
better reliability. 

One input command controls 
the sprocket-driven Data Loader 
which reads at fixed rates up to 
150 characters per second, 
moving unidirectionally right. 
The unit uses EECO's self
cleaning pivotal LED/photoelec
tric read head that reads all 
standard tapes up to 50% 
transmissive. A single pc board 
contains the photoamplifier and 
interface electronics, which are 
TIL/DTL/RTL compatible. 

The reader should be useful in 
applications where stepping
mode operation and priority 
interrupt are not required, such 
as testing, program loading, 
inventory control and timekeep
ing or security systems. In these 
cases, data collected over a 
period of time can be stored on 
punched tape and later read into 

Fig. 1-LED/photoelectric read head reads standard tapes at fixed rates up to 150 
characters per second using ac drive. 

~~~~~~~~~~~~~--. 

.-----, DATA READY 
PHOTOTRANSISTORS 

LEO'S 

PHOTO CHANNELS 1-B 

AMPLIFIER +5V LOG IC 

r---- -- - , 
: I 

___ _J OPTIONAL L--} 
: CONTROL : l l SV ac 

"------' 

Fig. 2-Use of an ac drive motor and e lim
ination of de drives and stepping logic is 
the key to low-cost approach for syn -
chronous data loading. 

a computer with the Data 
Loader . 

The reader could also be used 
for memory refreshing and in 
control systems where it is 
possible to read the complete 
tape into the mainframe memory 
at one time for storage. 

Size of the reader (rack 
mounted) is 19 in. wide, 51/4 in. 
high and 6 in. deep (max .). 
Weight is less than 15 pounds. 
Quoted delivery is 30 days. 

Available options include 
choice of direction, bidirectional 
operation, run/stop and re
mote-control relay assembly, 
inverted logic and optional 
packaging. 

Price of the DL-9150 is $285 in 
unit quantity . 

Electronic Engineering Com
pany of California , 1441 E. 
Chestnut Ave., Santa Ana, CA 
92701. Phone(714)547-5651. 

Negative voltage regulation made easy 
by new 3-terminal device 

PROGRESS IN 
LINEAR /Cs 

National Semiconductor Corp. 
has introduced the first negative 
3-pin fixed voltage regulators, 

92 

designed to simplify voltage 
regulation and power distribu
tion. 

Following in the footsteps of 
the familiar LM140 series, the 
LM120 series is composed of 

four regulators, requiring only 
external compensation capaci
tance . 

The existing preset output 
voltages are now available in 
- 5V, - 5.2V, - 12V and - 15V. 
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The output current goes as high 
as 1.5A with a preset output 
vo ltage error less than ± 3%. 

The current limiting and 
temperature limiting , both 
blowout protection techniques 
o n the same chip work in
dependently of each other . The 
current limiting device works to 
protect against momentary 
faults. The thermal shutdown 
device prevents jun~tion tem
perature from exceeding safe 
limits during prolonged over
loads. 

The LM120 series may be 
programmed to handle higher 
output voltages with the aid of a 
resistive divider. The obvious 
low quiescent drain current (4 

mA max.) allows this technique 
to work effective ly with good 
regulation. 

The LM120 series is available 
in T0-5 and T0-3 packages . The 
T0-5 is rated at 200 mA and 2W; 
the T0-3 is rated at 1A and 20W. 
The price of the T0-3 unit, 
which has an operati ng tempera
ture range of -25°C to +100°C, 
runs $8.95 for 1-24 and $5.95 for 
100-999. National Semicon
ductor offers this device in three 
quality grades: the LM120, 
LM220 and LM320, with the 
LM320 being the least expen
sive; and the LM 120, the most 
expensive. The di fferences are 
in temperature range , output 
voltage tolerance and line regu-

Solid-state relays switch 10A 

lation . 
Natio nal Semiconductor 

Corp., 2900 Semiconductor Dr., 
Santa Clara, CA 95051. Phone 
(408)732-5000. 
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TEMPERATURE I Cl 

The temperature-vs-voltage characteris
tic is shown for three versions of the 
3-terminal regulators. 

and feature zero-crossing turn-on and turn-off 

PROGRESS IN SOLID
STA TE SWITCHING 

A line of solid-state power relays 
just announced by Monsanto 
brings designers a new and 
important technique for line
voltage handling. The products 
are an outgrowth of Monsanto's 
standard opto-isolator line. 

The MSR100 handles a 4V, 
8-mW input with a normally
open , 120V ac contact rating . 
The MSR101 is identical to the 
MSR100 except that th e output is 
a normally-closed contact . The 
MSR102 accepts an ac input 
vo ltage of 90 to 280V, with a 
normally-open, 120V ac contact. 
The MSR103 is similar to the 
MSR102, but with a normally
closed contact. All units are 
capable of switching 10A. 

Two major features of the new 
series are a zero voltage turn-on 
and a zero current turn-off 
capability. The inputs are com
patible with TIL and MOS logic. 
The units are sel f-enclosed in a 
small package and employ a 
light-emitting-diode emitter 
with a solid-state detector and 

other circuitry. The output stage 
is a Triac with very high dv/dt 
capability. The output stage has 
a surge current rating of 100A 
peak with a 10A continuous 
rating. 

Lifetime of the Triac is 
extended through the use of an 

The MSR series solid-state relays can 
operate from TTL- or M OS- level inputs to 
switch 120V ac . Turn-on is accompli shed 

SCR in the trigger circuit to 
hard-fire the Triac gate. 

Monsanto Commercial Prod
ucts Co. , Electronic Special 
Products, 10131 Bubb Rd., 
Cupertino, CA 95014. Phone 
(408)257-2140. 
For more information, check 151 

at the zero-crossing po int of the ac wave
form and turn-off occurs at the zero-current 
point. 
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CIRCUITS 

LOW-COST PC BOARD S/D AND D/S 
CONVERSION MODULES. Series 780 
synchro data modules provide typical 
per-channel conversion cost of only $6SO 
at 14-bit resolution. The 14-bit modules 
are designed for conversion in both 
direction and for resolvers and synchros . 
Accuracy is 3 minutes ± 0.9 LSB for the 
SID and R/D modes, and 4 minutes for 
the D/S and R/S modes of operation; 
operating temperature is O to 70°C and 
input angles range from 0 through 360°. 
Tracking rates are 4000°/sec . North 
Atlantic Industries, Inc. , Terminal Dr., 
Plainview, NY 11803. Phone(S16)681-
8600. 170 

INSTRUMENTATION AMPLIFIER HAS 
± 0.5 µV/°C DRIFT. Model 362S instru
mentation amplifier comes in three 
versions: Models 3625A, 362SB and 
362SC with input voltage drifts of 3, 1 and 
O.S µV/°C, respectively, at a gain of 1000. 
Bias current is only 100 nA and de gain 
linearity is ±0.02%. Gains of 10 to 1000 
ca n be selected by the use of an external 
resistor, i n the presence of ±10V 
commo n-mode voltages. Input im
pedance is 1000 MD and CMR is 100 dB. 
Output is ±10V at ±S mA and input 
noise is S µV rms from 10 Hz to 10kHZ. 
$29, $45 and $S9, respectively . Burr
Brown Research Corp ., ~nternational 

Airport Industrial Pa rk, Tucson, AZ 
8S706. Phone (602)294-1431. 171 

NEW MODULES MAKE $45 MODEM 
PRACTICAL. A line of low-cost hybrid 
modules for FSK modem applications 
has been int roduced. The manufacturer 
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estimates that originate-only and an
swer-only modems cou ld be produced 
at a parts cost of $4S each, of which 
$33.SS represents the 100-quantity cost 
of the modules . The thick-film double
DI P spaced 16-pin modules use switch
ed active resonator circu itry to elimi
nate many of the problems associated 
with phase-lock loop circuits. Individ
ual 100-quantity pricing is $14.SO for 
the CH1211 demodulator; $10.6S for the 
CH1212 modulator; and $8.40 for . the 
CH12S6 bandpass fi lter. Cermetek , Inc. , 
660 National Ave., Mountain View, CA 
94040. Phone (41S)969-6433. 172 

LOW-COST SA HYBRID VOLTAGE 
REGULATORS. A SA hybrid de voltage 
regulator series has three circuits each , 
for both positive (CJCA001, CJCA003 and 
CJCAOOS) and negative (CJCA002 , 
CJCA004 and CJCA006) circuits . The 
series is available with FET internal 
current source (CJCA OOS and 006) as well 
as current limiter (CJCA 003, 004, OOS and 
006). Regulation is 0.S% max, for no load 
to 1A load . Output vo ltage range is 8 to 
SOV with max . output current of SA. 
Packaged in a hermetical ly sealed T0-3 
case , each regulator is priced from 
$13.49 (quantities of 100). Solitron 
Devices , Inc. , 1177 Blue Heron Blvd ., 
Riviera Beach, FL 33404. Phone (30S)848-
4311. 173 

TONE ENCODER/DECODER. The SS-
80 ] /192 sub audible-tone encoder/ 
decod~r has been especially designed 
for use in the Motorola Motrac series of 
two-way radios . It utilizes thick-film 
modules that fit into a gold plated edge 
connector on a pc board allowing direct 
plug-in, plug-out operation. Completely 
compatib le with all Motorola, General 
Electric and RCA sub-audibl e tone 
systems, it is avai lable in standard or 
special frequencies from 20.0 to 2SO .-O Hz 
and can accommodate up to six tone 
freq uencies which may be electronically 
switched if required. Alpha Electronic 
Services, Inc . , 8431 Monroe Ave . , 
Stanton, CA 90680. Phone (714)821-4400. 
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$1.08/W OEM REGULATED POWER 
SUPPLIES. The newest series of low-cost 
($1.08/W) OEM regulated power supplies 
by Elexon provides 1S different output 
voltages from 4 to 28V de with current 
ratings of 24 to 6.8A. Built-in features of 
the OLV-120 Series include 0.1 % line 
and load regulation , 0.1% ripple and 
no ise, remote sensing, adjustable high
ratio foldback current limiting, and 
electrostatical ly shie lded transformers. 
The new open-frame units are convec
tion cooled and will operate conti nu
ously from 0°C to +S5°C at full rated 
output. From $129 each in 1 to 9 
quantities. Elexon Power Systems, 3131 
S. Standard St. , Santa Ana, CA 9270S. 
Phone (714)979-44SO. 177 

50-mW C-BAND AND 100-mW S-BAND 
OSCILLATORS. The WJ-2812 and WJ-
2804-100 Series of voltage controlled 
oscil lators offer full SO mW of power 
output across 4 to 8 GHz and 100 mW 
from 2 to 4 GHz, respectively . Individual 
units are designed to meet the 
environmental specifications of MIL-E-
5400, Class 2. Tun ing-voltage-vs
frequency curves are approximately 
exponential and monotonic, al lowi ng 
ease of linearization. WJ-2804-100 units 
are upgraded oscillators whose tu ning
voltage requirements remain at + 60V de 
max . Watkins-Johnson Co., 3333 Hill
view Ave ., Palo Alto, CA 94304. Ph one 
(41S)493-4141. 175 

HIGH-SPEED SAMPLE-AND-HOLD 
MODULE. The Model ISH-S10S sample
and-hold module features a 200-psec 
aperture time . It contains an analog 
switch, holding capacitors, and input 
and output buffer amp li fiers. Available in 
either commercial or nuclear instru
mentation module (NIM) packaging, the 
ISH-S10S's operation is initiated upon 
externa l command. Inter-Computer 
Electronics , Inc. , Box S07 , Lansdale , PA 
19446. Phone (21S)822-2929. 178 
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BINARY-ANGLE-TO-SINE AND COSINE 
CONTROLLER. The DD109 (up to 15 
binary-angle bits) expands the Model 
DD108-A and DD108-B binary-angle-to
sine trans lators to full 4-quadrant 
17-bit-output si ne and cosine operation 
w ith the fo llowing features: 0.95 and 
1.5 µsec translation and 0.088° LSB and 
0.011 ° LSB resolution for Models A and B, 
respectively. Accuracy is ± 0.005° tan ·• 
for both. Pac kagin g is in a fully 
encapsulated 2 X4 X0.4-in module. In
terface Engineering, Inc., 386 Lindelof 
Ave., Stoughton , MA 02072. Phone 
(617)344-7383 . 179 

HIGH-PERFORMANCE MIL-SPEC DC
TO-DC CONVERTERS. A new line of 
high-performance, MIL-spec de-to-de 
co nverters termed the J-20 Series 
operates from 28V aircraft-type batteries 
and provides outputs from 2 to 20V de at 
20W. Features include efficiencies up to 
50%, smal l size of 3x2x3-1/2 in., 
regulation of 0.02% +3 mV for line and 
0.05% + 10 mV for load and ripple of 
0.01 % +2 mV rms . Operating tempera
ture is - 55°C to + 100°C. Aaron-Davis 
Co., 1720 22nd St., Santa Monica, CA 
90404. Phone (213)829-1834. 180 

, 
NEW CONTROL CONCEPT FEATURES 
HIGH EFFICIENCY AND SMALL SIZE. A 
new type of cont rol concept is said to 
reduce the size and weight of high
power controllers by as much as 50% . 
Called Two-State Modulation , it pro
vides precise amp lifi cation of high
power signal s commo nly found in 
military applications for high-current 
power supplies and motor control. The 
concept achieves a lower over-all cost 
through its ability to operate directly 
from standard de power, thereby 
eliminating costly dc- to-ac inverters. Th e 
technology and patent right are available 
to the co ntrol industry through a 
licensin g program. Control Systems 
Research , Inc., 1811 Main St. , Pittsburgh, 
PA 15215. Phone (412)782-4460. 182 

10W, 1.5-GHz HYBRID POWER SPLIT
TER. Model SMC-1500-3SP power sp litter 
is new strip-line 3-dB hybrid unit that can 
also be used as a power combiner. It is 
furnished comp lete with a load termina
tion for 10W of cw power . The 
SMC-1500-3SP is sealed for all-weather 
outdoor service and features a center 
frequency of 1.5 GHz, bandwidth of 100 
MHz min ., coupling of 3 dB ± 0.5 dB and 
VSWR of 1.25 : 1 max. Insertion loss is 0.2 
dB max. and iso lation is 18 dB min. $275. 
Spectrum Microwave Corp., 328 Maple 
Ave , Horsham, PA 19044 . Phone 
(215)672-9191. 181 

100-T0-400-MHz 100-mW LINEAR
POWER AMPLIFIER. Model SMA-100-
400P low-cost solid-state am plifier oper
ates over the passband of 100 to 400 MHz 
with 20-dB minimum gain and a linear 
power output in excess of +20 dBm . 
Features include small size of 2-1/4x 1-
3/8 x 1-3/8 in ., and a de input of + 20V at 
130 mA. The ampli fier uses SMA female 
rf connectors and costs $195. Spectrum 
Microwave Corp., 328 Maple Ave., 
Horsham , PA 19044. Phone (215)672-
9191 . 185 

DUAL-OUTPUT VOLTAGE CONTROL
LED OSCILLATOR. A voltage controlled 
oscillator produces useable rf output 
power at two harmonically related 
frequencies. The WJ-2833 delivers 20 
mW across the 4-to-8-GHz range and 2 
mW over the 2-to-4-GHz range . All 
outputs are phase coherent for easie r 
operator control. The solid-state oscil
lator offers such options as isolators , 
heaters , filters and linearizers in any 
combination. Tuning voltage versus · 
frequency curves are approximately 
exponential and monotonic , allowing 
ease in linearization . Watkins-Johnson 
Co. , 3333 Hillview Ave. , Palo Alto, CA 
94304. Phone (415)493-4141. 186 

Simple, low way to give your displays 
stop-action and four other competitive advantages
all in one small package. 

Introducing the Hughes Model 
639 video storage unit. A complete 
electronic image memory system. 
With all the circuitry, power and 
controls built-in to make your 
displays versatile exhibitions. 

It stores alphanumeric, graphic, 
and pictorial data. With high resolu
tion, high-speed writing capability, 
selective updating and fast erasure. 
It converts slow-scan and x-y 
information to TV format. 

It integrates signals (automati
cally enhancing weak or low light 
images) . It speedily processes and 

stores input signals for conversion 
into TV displays for the medical, 
management, law enforcement, and 
many other applications. 

If you need close-up images, 
there's a zoom control, with a 
positioning joystick. And because it's 
flexible, it can be customized to star 
in any graphic display system. 

Write for new brochure : 
2020 Oceanside Blvd., Oceanside, 
CA 92054. i------------------i 
Or call : 
(714) 
757-1200. 

l HUGHES i 
I I 

L------------------J 
HUGHES AIRCRAFT COMPANY 

I NDU•Tltl AL ~ROOUCT9 DIVISION 
IMAOll Dl:VfC.1:8 
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2SWATT 
DC·DC 
REGULATED 
CONVERTERS 
High power 
in a compact, low 
profile package 
FEATURES 

• 25 Watts output (greater than 
1 watt/cu. in. ) 

• Tr iple, dual or single outputs 

•Short circuit protected by 
current limiting 

• Low out put impedance by 
post regulation 

•High powered addition to t he 
proven 9500 series 

SPECIFICATIONS 

• 28 voe input, outpu t s 
available from 5 to 24 voe 
in single, dual , or tr iple 
output models. 

•regulation: line, 0.1% 
load, 0.2% 

•meet MIL-E-5400K 
specifications (selected) 

•low profile package 
(4 x 4 x 1.5 inches) 

eoutput impedance: 0.02 
ohms, 0 to 10 kHz 

• EMI : Input filtering 
included 

• MTBF: Calculated per 
MIL-HDBK-217 

Prices: 
Single output, 
Dual output, 
Tr iple output, 

$240.00. 
$270.00. 
$330.00 

For immediate delivery call 
(303 ) 442-3837 

tecnetics, Inc. 
Box 910 
Boulder, Colorado 80302 

tecnetics 
CHECK NO. 41 
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CIRCUITS 

PHASE- SEQUEN CE DETECTOR S. The 
Series 200 phase-sequence detectors for 
use on 3-phase electrical power are 
designed to be permanently installed in 
equipment and machinery that are 
sensitive to phase rotation . Occupying 
about two cubic in . of space , each unit 
gives a lighted indication when the 
desired phase sequence is connected. 
Availab le in a full range of voltages and 
frequencies , each detector can be 
purchased with either a molded-in lamp 
assembly or external lamp terminals . 
Time Mark Corp ., 4566 E. 29 St. , Tulsa, 
OK 74114. Phone (918)939-5811 . 184 

INSTRUMENTATION AMPLI FIER FEA
TURES HICH ACCURACY AND SELECT
ABLE BANDWIDTH. An instrumentation 
amplifier designated the Model " B" of 
the 8300 XWB Series features gain 
accuracy and linearity of 0.01 % on any of 
ten switch-selectable gain settings that 
cover the range of unity-gain to a gain of 
1000. A vernier gain control further 
extends this range to a maximum of 2500. 
Bandwidths ( -3d B) are from de to 10 Hz , 
100Hz, 1 kHz, 10 kHz and 100 kHz . At the 
100-kHz bandwidth, the input noise is 
less than 6 µ V and the settling time is 
only 30 µsec to within 0.01 % of full 
value . $585 . Preston Scientific, Inc., 805 
E. Cerritos Ave ., Anaheim , CA 92085. 
Phone (714)776-6400. 183 

SCR POWER CONTROLLER FOR ELEC
TRICAL HEATING. Additions to the 
Vectro l line of "Cube Pac" design SCR 
power controlle rs are the VTC 500 and 
700 Series . They are low-cost , zero-

voltage switching, proportional power 
controllers for single and three-phase 
applications . The series is designed to 
provide linear control of power from 
zero to 100% of the output voltage into 
resistive loads only . Standard un its are 
available in 120, 208 , 240, 277, 380 and 
480V models with rati ngs up to 80A for 
single-phase and up to 50A for 
three-phase loads. Under $80 in lots of 
100. Vectrol Inc., 1010 Westmore Ave ., 
Rockville , MD 20850. Phone (301)424-
6900. 187 

De-TO- d e CONVERTER HAS HICH 
rel iab ili ty, mult iple output at 25W . 
Model 9525 Series has an operating case 
temperature up to + 100°C. MTBF 
calculations per MIL Handbook 217 
made at + 85°C case temperature result 
in 40,000 hours for dual and 20,000 hours 
for triple-output units . Units are de
signed to meet vibrat ion, shock and 
altitude requirements of MIL-E-5400K. 
Output impedance is 0.02fl from 0 to 10 
kHz , regulation with line input from 25 
to 31V de is 0.1% and no-load-to-full
load regulation is 0.2%. $240 for single , 
$270 for dual and $330 for triple-output 
units . Tecnetics, Inc., Box 910 , Boulder, 
CO 80302. Phone(303)442-3837. 189 

ACTIVE TOUCH-TONE FILTER QUADS. 
The new Touch-Tone bandpass active 
filters feature four audio frequency 
filters in one unit. They are designed to 
accommodate the 8 Touch-Tone fre
quencies in two groups of fo u r 
frequencies each. One assemb ly re
sponds to the lower tone group of 697, 
770, 852 and 941 Hz. By choosing the 
appropriate two-tone pair, one from the 
low group and one from the high group , 
any one of 16 possible output combina
tions may be activated . Each filter has a 
5% 3-dB bandwidth and a 20 dB gain . $80 
each . Polyphase Instrument Co., Bridge
port , PA. Phone(215)279-4660. 191 
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FOUR-WIRE TERM SETS. Models 1677-3 
passive four-wire term sets and 1677-4 
active four-wire term sets meet all 
transmission requirements for both toll 
and private-line applications . A full line 
of precision balancing networks are 
avai lable for piggy-back installation, 
requiring no further mounting space. 
Passive units provide loss on four-wire 
sides from 0 to 16 dB in 0.25-dB steps; 
active units provide gain or loss ( -16 to 
+ 16 from two-wire to four-wire and 
vice-versa) . Units are interchangeable 
with each other. Pul se Communications , 
Inc. , 5714 Columbia Pike , Falls Church, 
VA 22041 . Phone (703)820-0652. 188 

9.JW/IN. '' MAGNETIC-AMPLIFIER REGU
LATORS. The ARM Series units are 
available with outputs from SV de at 20A 
to 100V de at 1.3A with power densities 
of 9.3W/in. " They also feature regulation 
of 1 % , 85% efficiency and can operate 
from ac or de inputs through the cho ice 
of the input driving modules. This choice 
of input driving module allows the 
designer to design his own custom 
power supply by choosing from a 
se lection of standard modules without 
additional engineering charges. Arnold 
Magnetics Corp ., 11520 W . Jefferson 
Blvd ., Culver City, CA 90230. Phone 
(213)870-7014. 190 

OP AMP DELIVERS ± 30V AT 1A. The 
Model 150 is designed to deliver ±30V at 
1A for driving synchros and reactive 
loads. It features a 20-kHz full power 
bandwidth , a 1 - MHz unity gain 

bandwidth and a common-mode voltage 
range of ±25V. Packaged in an8-p in T0-3 
case, the hybrid amplifier is outpu t 
protected for short circu its and has 
rectifiers for inductive-load kickbacks . 
Operating temperature ra nge is ©l55°C 
to + 125°C. $69 . M .S.Kennedy Corp., 
Pickard Dr ., Sy racuse , N Y 13211. 
Phone(315)455-7077. 193 

MINIATURE CRYSTAL OSCILLATOR. A 
complete crystal controlled oscil lator 
comes in a 1.33x 1.33x 0.35-in . package. 
Believed to be the small est se l f 
contained 920-to-1200-M Hz crysta l con
tro lled oscillator on the market today , 
the 5044-1006 has a center frequency 
accuracy of ± 0.0005% and a stability of 
± 0.002% from - 40°C to + 70°C. Power 
output is +7 dBm into a 500 load and 
non-harmonica lly related spurious sig
nals are 45 dB down . Harmonics are 
down by 30 dB . $350. Scientific Research 
Corp. , 4722 Eisenhower Blvd ., Tampa, FL 
33614. Phone(813)884-1411. 192 

MINIATURE HV POWER SUPPLIES 
OFFER IMPROVED PERFORMANCE. The 
RM li ne of reg ul ated, so l id-state, 
high-voltage de power suppl ies to 30 kV 
offers improved regulation of 0.1 % /W of 
load regu lation for full- load var iations 
and improved ri pple of 0.1% pk-pk for 
all load condit ions. The supp lies are 
available in 1.5, 3 and 6W models and 
feature fu lly enclosed sh ielded meta l 
cases and are encapsulated for environ
mental protection. From $145. Spellman 
High Voltage Electronics, Corp ., 1930 
Adee Ave ., Bronx, NY 10469. 
Phone(212)671-0300. 195 

DC·DC 
REGULATED 
POWER 
SUPPLIES 
ONE, THREE 
AND SIXWATT 
The new Tecnetics 1000 Series 
DC-DC Regulated Power Supplies 
are available in one, three and 
six watt models. • 

FEATURES 
eversatile built-in heat sink 

emount direct to PC board 

esingle, dual or triple output 
available 

eoverload and short circuit 
protected 

SPECIFICATIONS 
Input Voltages: 

5 voe (Logic) 
6 ,12 ,24VDC (Battery) 

28 VDC (Aircraft) 
48 VDC (Telecommun i

cations) 

•Single Outputs from 3.6 to 
24VDC 

•Dual Outputs from ± 10 to 
± 24 voe 

•Triple Outputs 5 & ± 15 VDC 
or 5 & ± 12 voe 

•Regulation: line 0.1 % 
load 0.3% 

•Output Impedance: 
0.02 ohms 
to 10 kHz. 

Price: from $44.00 to $99.00 

For immediate delivery call 
(303) 442-3837 
tecnetics, inc. 
Box 9 10 
Boulder, Colorado 80302 

tecnetics 
CHECK NO. 42 
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rwo New SCRs 
from NATIONAL ELECTRONICS 

featuring 

• Patented Regenerative Gate 
• High di/dt with low power gate drive 

F-390 850 A RMS, 500-1300 V. DC motor 
contro l and power suppl ies. 

F-395 700 A RMS, 100-600V. Fast switch
ing, high frequency for inverter use. 

CHECK NO . 28 

DVER1000 
DIFFERENT 

STANDARD MODELS ,.
1 ~o\.1~\J 

MODUU\R 
DC to DC 

POWER 
SUPPl\iS 

f.\Gf. •U\.1\f\.\t\\S 

'~ 
TRIPLE OUTPUTS 

for AD-DA CONVERTERS 

5 VOLTS for DIGITAL IC's 

FREE Y'~llr ;;;,11s,.,,-;---
28 page catalog containing ~ 
power supply selector index. 

CHECK NO. 35 
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NEW 

smallest prec1s1on 
switch yet! 

Case dimensions of our new 4900 Series switches are less than 
.250" by .300" by .100". Ratings are 2 amp. 125-250V AC; 2 amp. 
(Res.) and 1 amp. (Ind.) , 30V DC. Meet MIL-S-8805 specs. Avail 
able with 4 types of terminals, pin plung er and various lever 
type actuators. 

new Our new 4800 Series sub-m in iature 
sub-rn in iatu r e switches are rated 5 amp. 125-250V AC 
switches with 5 amp. resistive and 2,X amp. induc

t ive ratings at 30V DC. Case dimensions 
are approximately .400" by .800" by .250". 
Available with 6 terminal types , a var iety 
of lever actuators and optional bifurcated 
or dual gold contacts. Meet MI L-S-8805 
specs. McGill Manufacturing Co., Inc., 
Electri c al Division, Valparaiso , 
Indiana 46383 

Available from 
Authorized McGill Electrical 
and Elect ronic Distributors 

CHECK NO. 34 
ENGINEERED SWITCHES 

COMPLETE GUIDE TO 

PROJECT 
MANAGEMENT 
by Dennis L. Lock 

Here is the perfect introd uction to project management, the 
technique that was created to dea l with the complex activit ies 
of modern industry-pla nn ing , costing , controlling and eval
uating projects so they are com pleted on time an d to specs 
and budget. 

With over 60 how-to-do-it illustrations and many practical 
examples, this book covers all the basics inc ludi ng defin ing 
the task, estimating costs , prici ng, pl anning the time sca le, 
schedu ling, materials control, maintaining th e program, modi 
fications, build sched ules, concessions and relating achieve
ment to expenditures . CPM and PE RT are also explained. 

Complete Guide to Project Management is essential rea ding 
for anyone, on either the techn ica l or managerial side of 
industry, with any res ponsibility for projects. 224 pp. $10.95 

Order Today-15-0ay Free Tria l-Satisfaction Guara nteed 
or Money Back-Send check and we pay shipping 

Cahners sooK 01v1s10N 
89 Franklin St., Boston, Ma. 02110 S58/ M0809 
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HV 25-kV TRIPLERS WITH FOCUS TAP. A 
new se ries of high -voltage triplers for 
solid-state and vacuum-tube TVs feature 
a nominal 25 kV de output with 8 kV 
pk-pk maintained and are available in 
two ve rsions, each with a focus tap . The 
MH919 Series contains 5 diodes and 5 
ca paci tors with a focus tap and is 
designed for pulse-input solid-state TVs. 
Th e MH920 Series contains 6 diodes and 
6 capaci tors with a focus tap and is 
designed for sine-wave-input vacuum
tube s as well as so lid-state TVs. Varo 
Semiconductor, Inc. , 1000 N . Shiloh , 
Garland, TX 75040. Phone(21 4)272-4551 . 

194 

HIGH-RELIABILITY FEEDBACK CIRCUIT. 
A new, high-reliability, low-cost feed
back circuit for step-up output tran s
formers employs a separate winding to 
control the gain of th e op amp normally 
driving the transformer and offers 
several distinct advantages . It eliminates 
the need to trim out the normal de offset 
of op amps and it compensates for 
secondary-load changes by automatical
ly adjusting the closed-loop gain of the 
op amp resulting in a smaller and lighter 
transfo rmer . The new circuit will add 
about $5 to the cos t of a transformer . 
Perkin-Elm er Corp ., Industrial Products 
Div ., Main Ave ., No rwalk , CT 06856. 
Phone(203)762-1000. 200 

30-T0-300-MHz AMPLIFIER. Model 
PAM-350 amplifier provides state-of
the-a rt performance in ultra-high dy
namic-range broadband linea r amplifiers 
for the 30-to-300-MHz frequency range. 
Thi s new amplifier features a solid-state 
design , a push-pull amplifier configura
tion and is said to provide outstanding 
intermodulation perfo rmance. A low 
noise figure and excellent VSWR are 
additionally claimed features . American 
Electronic Laboratories , Inc. , Box 552 , 
Lan sdale, PA 19446. Phone(215)822-2929. 

198 

INDUSTRIAL ac/dc-TO-dc CON
VERTERS. A new line of low-cost 
industrial ac/dc-to-dc power supplies 
termed the Q6-20 Series operates from 
103 to 127V ac, 45 to 880 Hz and 140 to 
180V de. Outputs are available in 5, 6, 12, 
15 , 24 and 28V de at 20W. Regulation is 
0.01% for line and 0.2% fo r load and 
ripple is 0.005% + 1 mV rms . Operating 
temperature is -20°C to +71 °C. Case 
size is 4-in . longx 4- in.wide x 2-in. high . 
Aaron-Davis Co., 1720 22nd St. , Santa 
Monica, CA 90404. Phone(213)829-1834. 
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LOW-NOISE 6.1-GHz VCO. The new 
SSC-12010 is a varactor tuned , Gunn
effect oscillator with a center frequency 
of 6.1 GHz. Mechanical frequency 
selection covers 500 MHz . The SSC-
12010 provides a minimum output power 
of 20 mW with 25-MHz electronic tuning 
and 10 mW with 40-MHz electronic 
tuning. FM noise (100-Hz bandwidth) is 
less than 5 Hz, at 1 kHz from ca rrier ; AM 
noi se is less than -120 dB in any 100-Hz 
bandwidth , 1 kHz from the carrier . 
Sperry Electronic Tube Div ., Waldo Rd ., 
Gainesville , FL 32601. Phone(404)372-
0411 . 199 

• <:' n 
llJ 

• v 

#Ol#Allllt 
Ill 

Ir• 
Ac-TO-de SILICON CARD-CAGE REGU
LATED POWER SUPPLIES. A new series 
of card-cage power suppli es is designed 
to give max. flexibility in determini ng 
power requirements in prototype work . 
Designated as Se ri es 3127, the supplies 
slip into a card-cage alongside the circuit 
boards thus eliminati ng problems as
sociated with cab le routing, installation 
and noise . Eleven models ind ud e 
overvoltage protection , a ca rd -rack 
adjustment slide and mounting case . 
Adjustable outputs range from 4.4 to 
28.6V de. $86. Mohawk Indust ries , Inc., 
73 N . 2nd St. , Easton, PA 18042. 
Ph one(215)252-0968. 196 

Reduce Car 
Maintenance 

Increase 
Engine 

Performance. 
Put a Mark Ten Capacitive 
Discharge Ignition (COi) 

System On Your Car. 

Even Detroit finally recognizes that elec
tronic ignition systems dramatically in
crease engine performance. Chrysler is now 
putting them on their new models. The Mark 
Ten COi, the original electronic ignition 
system, has been giving increased perfor
mance with lower maintenance to hundreds 
of thousands of satisfied customers for 
over eight years. Install a Mark Ten COi on 
your car, boat or truck and eliminate 3 out 
of 4 tune-ups. Increase gasoline mileage up 
tp 20%. Enjoy improved engine perfor
mance. Or put a Mark Ten B on your car. It 
was especially designed for engines with 
smog control devices. By reducing combus
tion contaminants, the Mark Ten B restores 
power losses caused by these devices. 
Equipped with a convenient switch for 
instant return to standard ignition, the Mark 
Ten B is applicable to ANY 12 volt negative 
ground engine. Both systems install in 10 
minutes with no rewiring. Order a Mark 
Ten or Mark Ten B COi today. 
Mark Ten (Assembled) $44.95 ppd. 
Mark Ten (DeltaKit) $29.95 ppd . 

(Kit available in 12 volt only. 
positive or negative ground.) 

Mark Ten B $59.95 ppd. 
(12 volt negative ground only) 

Superior Products at Sensible Prices 
Mfg. in U.S.A. 

,--------------, 
Dept. EON 

DELTA PRODUCTS, INC. 
P.O. Box 1147 I Grand Junction , Colo. 81501 

(303) 242-9000 

Please send me free literature. 
Enclosed is$ __ D Ship ppd. D Ship C.0.D. 
Please send : 
_ Mark Ten B @ $59.95 ppd . 
_ Standard Mark Ten (Assembled) 

@ $44.95 ppd. 
_ 6 Volt : Neg. Ground Only 
_ 12 Volt : Specify 
_ Positive Ground _ Negative Ground 
_ Standard Mark Ten (Deltakit ' )@ 

$29.95 ppd . 
(12 Volt Positive Or Negative Ground Only) 

Car Year __ Make _______ _ 
Name ____________ _ 

Address. ___________ _ 

City /State _______ Zip ___ _ 
L ___ _ _ _ _j 

CHECK NO. 43 

99 



COMPONENTS/MATERIALS 

RAM EVALUATION CARD CUTS DESIGN 
TI ME. A 2048 bit, 4-bit/word RAM 
evaluation pc card is being offered by 
Electronic Arrays to assist the potential 
user of EA's new N-channel Si-Gate 
RAM s to evaluate the performance of 
the memory devices. The B-1500 pc card 
is designed to accept up to eight EA 1500, 
EA 1501 , or EA 1502 Random Access . 
Memory IC's , along with the timing , 
control and interface circuit components 
necessary to construct an Bk-bit memo
ry . The completed board provides the 
evaluator with a complete 2048 x 4-bit 
memory system . All the necessary level 
shifting is performed on the card, so the 
user interfaces only with TTL signal 
levels . Components cost for a com
pletely loaded card for full evaluation , 
exclusive of the memory devices, is 
approximately $70. Electronic Arrays , 501 
Ellis St. , Mt . View, CA 94040 . 
Phone(415)964-4321. 255 

TWO INDICATOR LIGHTS COMBINED 
IN SINGLE MOUNTING. 31-ML-2 Series 
rectangular indicator lights feature two 
31 Series indicator lights mounted in a 
common bezel. These units not only 
greatly improve panel appearance by 
keeping to a single-bezel mounting, but 
save time and labor during assembly as 
well. The series is available in units 
combining up to four lights; a lighted 
switch can be substituted for a light in 
any of the configurations. Recom-
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mended panel thickness for series use is 
up to 0.090 in. Leecraft Mfg. Co., Inc., 
21-10 44th Rd. , Long Island City, NY 
11101. Phone(212)392-8800. 256 

SEE THROUGH PC TRIMMER POTENTI
OMETERS ARE SEALED. The trimmers are 
available with either wirewound- or 
cermet-resistance elements having 0.5% 
linearity. All are 18-turn, 0.75 in. long x 
0.33 in . high x 0.25 in . wide , with 
standard pc terminals. The cermet
element units have 4-contact wipers for 
added reliability and low noise. The 
wirewound-element Type 121 S sealed 
trimmer is supplied in standard resis
tance values from 10.11to10 k.11 :t 10%. 
Rating is 1/3 Wat + 4occ , derated to zero 
at + 100C. Temperature coefficient is 20 
ppm/cc. The cermet-element Type 131 S 
sealed trimmer has standard resistance 
values from 100.!1 to 1 M.11 :t10%. Its 1/ 2 

W rating derates to zero at +110°C. T.C. 
is :t150 ppm/cc. Price of both Type 121S 
and 131 S Dip10HMatic Trimming Poten
tiometers in quantities of 100 is $1 .32 
each . Dip10HMatic Div., Harry Levinson 
Co., 1211 E. Denny Way , Seattle , WA 
98122. Phone(206)323-5100. 257 

PRECISION LAMPS HAVE VARIABLE 
BEAM PATTERNS. Different lamp inten
sities and beam patterns are determined 
by the selection of lens, filament types 
and ratings . The T-4/TL-4 Series bulbs are 
available in clear , thin , or heavy 

lens. Filament types are bar or C-2R. Six 
filament ratings are produced. The series 
is offered in unbased , epoxy based, 
brass based and al uminum based 
versions. This wide variety of ordering 
specifications for the T-4 and TL-4 lamps 
permits the electronic designer or 
engineer to use the series in a number of 
applications: computers and peripheral 
equipment , fiberoptic devices, high 
intensity indicators, photo detection 
drivers and medical instrumentation. 
LAMPS, INC. , 19220 S. Normandie Ave ., 
Torrance, CA 90502. Phone(213)323-7578. 
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TEMP SENSING REED RELAY LI NE 
EXPANDED. Originally these sensors 
were available only as Form B ( normally 
closed) and standard operating temper
atures were limited to two; TS 50 and TS 
70 operating at socc and 7occ respective
ly. The switch line is now expanded to 
include Form A (normally open) and 
Form C (single pole, double throw) 
units. The operating temperatures for all 
switches now range from - 20c C ( - 4cF) 
to 100c C (212cF) in 5c increments. 
"Specials " can be made to function up to 
300cc (572cF). Prices in 1000 lots are: 
Form A, $1.50; Form B, $1.25 and Form 
C, $3.40. Samples for evaluation can be 
supplied only on te lephone or let
terhead inquiries. Hamlin Electronics, 
Lake & Grove Sts., Lake Mills, WI. 
Phone(416)648-2361. 259 

PUSH BUTTO N IN DICATOR AND 
SW ITCH/INDICATOR combines attrac
tive panel appearance and large rec
tangular lens with a wide variety of 
highly reliable TEC-LITE indicators and 
switch/indicators. Included in this series 
are the PBL, PTL, RBL, RDL and transistor 
controlled TIL models, available in nine 
lens colors. Quickly installed snap-in 
mounting fits panels up to 1/8 in. thick. 
TEC, Inc .. , 9800 N. Oracle Rd ., Tucson, 
AZ 85704. Phone(602) 297-1111 . 260 
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SWITCH DRIVERS ARE DESIGNED FOR 
USE WITH 4- AND 6-BIT PHASE 
SHIFTERS and multi-throw switches. 
Two inverting solid-state switch drivers 
designed for use with phase shifters as 
well as with SP4T and SP6T switches are 
used with both series and shunt 
switches. Total switching time is less 
than 500 nsec for the SP4T driver and less 
than 1 µ.sec for the SP6T driver. Models 
4260 (for SP4T) and 6383 (SP6T) are 
compatible with both TIL and DTL logic. 
A pull-up circuit built into each input 
provides a convenient means of de 
testing microwave switches of phase 
shifters . The switch driver is at logic " 0" 
when the input is tied to de ground . 
Prices in quantities of 1 to 9 are $140 
(Model 4260) and .$210 (Model 6363) . 
LCR, INC. , 11 Hazelwood Rd ., Hudson , 
NH 03051 . Phone(603)883-8001 . 261 

HIGH-SENSITIVITY OPTO-PAIR YIELDS 
FAST, STABLE RESPONSE. The units 
combine a high-output gallium-arsenide 
infrared emitting diode (LED) and a 
sensitive silicon NPN phototransistor 
chip , with the emitter and detector 
elements both positioned on the same 
perpendicular plane. This ensures re
sponse to radiation only when a 
reflective surface comes into the field of 
view of the phototransistor . Fast re
sponse is indicated by the typical rise 
and fall times of 60 µ.sec. High sensitivity 

is exemplified by a typical high-current 
output of 0.5 mA when the unit is 
positioned at 0.2 in . from a 90% 
reflective-white surface. Photocurrent 
output of the units is a typical 125 µ.A . For 
Model STRA-850A, min . output is 60 µ.A, 
while Model STRA-850 has a min . output 
of 20 µ.A. SENSOR TECHNOLOGY, INC., 
21012 Lassen St. , Chatsworth , CA 91311. 
Phone(213)882-4100. 262 

PRECISION THIN-FILM RESISTORS FEA
TURE LOW REACTANCES . Excellent 
electrical characteristics coupled with 
small size allow the new MAR resistor to 
be used for precision applications. The 
parts are also available in matched sets 
and module assemblies . MAR resistors 
maintain the low-reactance characteris
tics of thin-film devices, and have 
temperature coefficients , long-term sta
bility and tolerances comparable to 
precision wirewounds . Yet MAR resis
tors are smaller in size and more 
economical than precision wirewounds . 
The resistors are laser spiralled , offering 
a clean , fracture-free cut for stability, 
outstanding performance and long life. 
The final encapsulation is solid epoxy. 
Availability in production quantities is 
from four to six weeks ARO . IRC Fixed 
Resistors , An Operation of TRW Elec
tronic Co mponents , P.O . Box 887, 
Burlington , IA 52601 . Phone(319)754-
8491 . 263 

specifically for interfacing the Intel 1103 
Memory with the Intel 3208A TIL Sense 
Amplifier , has been introduced by 
Helipot. Series 899-40, offering total 
compatibility with automatic-insertion 
equipment and major reductions in pc 
board space and " on the board " costs, is 
optimized _ for the 1103. It provides six 
6000 resistors for terminating six 
interconnecting bit lines. The network 
also provides a voltage divider to supply 
the 150 mV threshold level required for 
the 3208A. The unit uses standard 5V TIL 
power for the threshold setting network. 
Price is $2.50 (1-99 quantity) . Beckman 
Instruments, Inc., 2500 Harbor Blvd ., 
Fullerton , CA 92634. Phone(714)871-4848. 
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FORMED-TIP NEON LAMPS OFFERED IN 
FAMILY OF SIZES. A complete family of 
Formed Tip neon lamps is now available 
in a variety of lengths : 0.500 in . max.; 
0.625 in . max. ; 0.750 in . max. ; 0.850 in. 
max. and 0.940 in . max. Viewed end-on, 
these T-2 formed-tip lamps give 20% 
greater brightness than conventional 
neon lamps. Ideal for end-on indicator 
light and visual display applications. All 
formed-tip lamps are available with 
attached resistors for customer design. 
Glowlite Corp ., Pauls Valley, OK 73075. 
Phone(405)238- 5541. 265 

GALLIUM-ARSENIDE PHOSPHIDE 
LAMPS ARE LOW COST. Miniature 
light-emitting-diode lamps with axial 
lead, Model 521-9189, are intended for 
panel lighting, film annotation, circuit
status indication, numeric and al
phanumeric displays and in visual 
indicators . Maximum ratings for the 
lamp include : forward de current of 40 
mA; reverse voltage of 3V; storage 
temperature range of - 40°C to 80°C. 
Units are priced at $0.35 in quantities of 

8-RESISTOR DIP NETWORK IN- 1000. Dialight Corp., 60 Stewart Ave ., 
TERFACES 1103 WITH 3208A. The Series Brooklyn, NY 11237. Phone(212)497-7600. 
899-40 RESNET™ DIP Network, designed 266 
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COMPONENTS/MATERIALS 

"DIP-SERT" SIMPLIFIES DUAL-IN-LINE 
PACKAGE INSERTION. Called the "Dip
Sert/16", the device is said to reduce DIP 
insertion times by a factor of 20 or more. 
Operators mounting 16-pin packages on 
pc cards have been found to average less 
than 4 sec per package. Price is $2.94 
each . Scott Industries, Paramount Bldg., 
N. Chelmsford, MA 01863. Phone 
(617)251-8595. 267 

SOLID-STATE KEYBOARD INTRO
DUCED. Called a Solid-State Super 
Switch'™> Keyboard, its internal LSI 
allows programming of any number of 
functions . Offered as standard rollover 
functions are: N-key rollover; N-key 
rollover/two-key lockout; N-key lock
out/two-key rollover; two-key rollover 
and mechanical simulation . The key
board's ferrite-core switches are con
tactless and have 100-million cycle 
reliability. The keyboard is splash-proof, 
with thermoplastic housin g and 
umbrella-type buttons that repel hazards 
such as spilled drinks, hairpins and 
paperclips. Typical power consumption 
of the Super Switch Keyboard is 300 mA 
from a 5V de line. Current drain is 
essentially constant regardless of the 
number of keys depressed . Licon, Div. 
Illinois Tool Works Inc. , 6615 W . Irving 
Park Rd ., Chicago, IL 60634. 
Phone(312)282-4040. 268 

DIP SOCKETS COMBINE VERSATILITY 
WITH LOW PROFILE. These socket pins 
directly accommodate IC and semicon
ductor device leads to give max. circuit 
density by eliminating large socket 
castings. Easily inserted in 1/ 16 in . circuit 
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boards , the gold plated sockets allow 
DIP devices with any number of 
terminals, to be mounted end-to-end or 
side-by-side. The posts are intercon
nected using either wire-wrap•TM> or 
solder techniques . Internal four fingered 
nickel gold plated berrylium-copper 
spring clips give optim um electrical 
connection and lead retention . Solid
nickel and gold plated brass shells insure 
excellent solderability or wrapability . 
Free samp les and full specification s are 
available from Vector Electronic Co. , 
12460 Gladstone Ave ., Sylmar , CA 91342 . 
Phone(213)365-9661 . 269 

INDICATOR LIGHTS SPECIALLY DE
SIGNED FOR INDUSTRIAL APPLICA
TIONS. Designated the SINO Series , the 
lights are available at a unit price of 76¢ 
in quantities of 5000 or more . Described 
as the smallest of front relampable 
indicator lights , the SINO Series features 
patented " Easy Lamp" bases for quicker, 
easier lamp replacement and are 
available in red , green, yellow and white 
translucent caps . The series is des igned 
especially for use in high-density 
packaging applications , with mounting 
characteristics, on 0.225 in . centers that 
ensure excellent visual signals for 
operating functions . Major specifica
tions of the SINO series of indicators 
include : 5V, 60 mA, M .S.C.P. of 0.05 
± 35%, with a 50,000 hour life . Shelly/ 
Datatron, 1562 Reynolds Ave ., Santa Ana , 
CA 92707. Phone(213)451-8491 . 270 

MINIATURE PUSHBUTTON SWITCHES 
FOR THE ECONOMY MINDED DESIGN
ER. They are available in two models, the 

MSPS-103B with " Normally Closed " 
contacts and the MSPS-103C with 
"Normally Open" contacts. Though low 
in cost, they are manufactured according 
to high-standard specifications. Both 
models feature silver plated brass 
co ntacts and terminals. A special 
shoulder bushing is provided to reduce 
the possibility of tear-off when moun
ted. The Normally Closed switch is 
coded with black button; the Normally 
Open switch is coded with a red button 
for easy identification . This series is 
rated 3A at 125V ac . The MSPS-103 
switches are available in 500 lots at 42¢ 
each. Alco Electronic Products, Inc., 1551 
Osgood St., N . Andover, MA 01845 . 
Phone(617)686-3887. 271 

HIGH-VOLTAGE PUTTY EASILY MOLDS 
AROUND UNEVEN OBJECTS. It elimi
nates arcing in high-voltage television 
transformers , anodes, tube sockets, 
filament wire; any application where 
high-voltage arcing is a problem (to 40 
kV). The putty is designed to replace 
corona dope . According to Oneida, the 
putty will last for years. High-Vo ltage 
Putty is packaged in 6 in. lengths for 
convenient use. Oneida Electronic Mfg. 
Inc. , 848 N. Cottage, Meadville, PA 
16335. Phone(814)336-2125 . 272 

DISPLAYS DESIGNED FOR DIRECT MOS 
INTERFACE. The SP-330 Series (1/3 in.) 
and SP-350 Series (1/2 in .) offer improved 
electrical characteristics not previously 
available in displays of this type . These 
improvements include reduction of the 
anode voltage, the cathode current and 
the blanking requirements . Units in both 
of the new series are available in one and 
one-half digit, three-digit and two and 
one-half digit models . Sperry Informa
tion Displays , P.O . Box 3579, Scottsdale , 
AZ 85257. Phone(602)947-8371 . 273 
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NYLON MOUNTING STUDS IN
TRODUCED . Primarily designed for 
mounting cable clamps, these " Snap
Grip"_Studs will also find other countless 
fastening and holding applications in 
electronic, aerospace, appliance and 
automotive assembly jobs . Assembly is 
fast, the " wing tip " of the stud 
compresses slightly as it is pressed into 
the hole and then snaps back as it clears 
the mounting hole, locking it in position . 
Snap-Grips are made of 6/6 nylon , black 
or natural color, in two standard stock 
sizes : the MS-4 fits a 0,166 in. dia. 
mounting hole in panel or chassis and 
the MS-6 is for a 0.187 in . dia. mounting 
hole. Weckesser Co. , Inc. , 4444 W . 
Irving Park Rd ., Chicago , IL 60641 . 
Phone(312)282-8626 . 274 

5 CYANOACRYLATE ADHESIVES AVAIL
ABLE IN EVALUATION KIT. The power
ful, single-component adhesive is said to 
have a tensile strength up to 5000 lbs/in .' 
in each drop. Four different formulas are 
available to provide users with the one 
best suited for the types of materials they 
want to bond . The 5-pack Evaluation Kit 
contains all of the types , conveniently 
packed in 2-gram tubes totalling up to 
760 one-drop applications . Red Label-
101, for use when bonding any 
combination of plastic, rubber, ceramic 
or . glass . Sets in 10-20 sec . Blue 
Label-102, for use when bonding any 
combination of plastic, rubber, ceramic 
or glass . Sets in 45-60 sec. Yellow 
Label-747, for use when metal is one or 

both of the bonded components. Sets in 
30-45 sec. Green Label -240, holds porous 
materials . Sets in 60-120 sec. The Kit has 
been made up to help users find the 
most effective type for their specific 
bonding applications. It's available for 
$7 .95 postpaid . Oneida Electronic Mfg. 
Inc. , 848 N. Cottage, Meadville, PA 
16335. Phone(814)336-2125 . 275 

MINIATURE " BEAM LEAD" VARIABLE 
CAPACITORS ARE HIGH "Q". The 
Series 9401 "beam lead " trimmers 
feature Q 's of > 10,000 each at 100 MHz 
and lead configurations perfect for 
stripline , hybrid circuit and pc mount
ing . They are uniquely suited as 
replacements for many chip capacitors 
and provide a means of easily and 
reliably trimming without cut-and-try 
adjustment techniques using abrasives . 

Applications include impedance match
ing and trimming solid-state circuits, 
balancing semiconductors and micro
wave components , VHF-UHF coupling, 
as well as equalizing fixed capacitors . 
The series includes five models having 
capacitance ranges from 0.2 pF to 4.0 pF 
with additional models available up to 
50.0 pF. All models have test voltages of 
500V de and are easily adjusted by 
rotating a special tuning socket . Johan
son Mfg. Corp., 400 Rockaway Valley 
Rd. , Boonton , NJ 07005. Phone(201)334-
~~- V6 

LED IS DIRECT REPLACEMENT FOR T-1 
INCANDESCENTS. Two low-cost, minia
ture LED solid-state lamps, the RL-209 
and RL-T1 , are intended for high-volume 
usage in arrays and indicator-light 
applications. Both come in a red diffused 
molded package and are designed with 
the leads coming out the bottom of the 
package for ease in panel mounting. 
Both the RL-209 and RL-T1 are priced at 
$0.42 in 1000 quantities. Litron ix, 19000 
Homestead Rd ., Cupertino, CA 95014. 
Phone(408)257-7910. 277 

revo1u11onary SELF-AMPLIFYING 

accelerometers 
COMPLETELY SELF-CONTAINED 

The Series I NA-50 accelerometers of a special 
solid state piezoelectric type give rise to an 

entirely new and unequalled line of transducers 
for dynamic measurements of vibration and 
shock as well as low cost. These units with 
their own amplifications and ranges 
from 5 to 50,000g's are ideal for 
military, industrial or commer-
cial uses. Call or Write : t 

COLUMBIA RESEARCH LAB .,INC. 

Woodlyn, Penna 19094 

(215) 532-9464 

CHECK NO. 44 
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SEMICONDUCTORS 

COMPA CT LED DI SPLAY LINE EX
TENDED. These Model 5082-7400 series 
are 7-segment monolithic displays 0.11 
in . high . Built-in magnification increases 
apparent luminous intensity, thus reduc
ing power requirements . Options in
clude either the standard right-hand 
decimal point, or a centered decimal 
point where good legibility in a 
multicluster ·display is desired . Packages 
are standard 12 (3- and 4-digits) or 14 
(5-digits) pin DIP consisting of a plastic 
encapsulated lead frame with integral 
molded lenses. The shoulders of the 
lead frame pins are intentionally raised 
above the bottom of the package so that 
the display can be tilt mounted up to 20° 
from the pc board . For improved 
contrast, a red dye is incorporated in the 
plastic to filter out all visible light except 
the 655 nM wavelength emitted by the 
display. Hewlett-Packard , 1501 Page Mill 
Rd ., Palo Alto, CA 94304. Phone (415\ 
493-1501 . 223 

OP AMP HAS GUARANTEED 
SETTLING TIME OF 1 µS EC TO 0.01%. 
Other features of the 1324 include 
excellent bandwidth and slew rate (10 
M Hz and 35 V/µsec , respectively), 
freedom from latch-up, T0-100 packag
ing with 715-compatible pin-out, simple 
compensation and excellent stability. 
The damping of the 1324 ensures a 
smooth controlled roll-off by using a 
Mi ll er integrator around what is basically 
a single-stage amplifier . To obtain 
high-speed operation, the amplifier has 
a novel high-current, high-ga in front-end 
which is balanced for good CMRR 
characteristics . Teledyne · Philbrick , Al
lied Dr. at Rt. 128, Dedham , MA 02026. 
Phone (617) 329-1600. 278 

TWO DUAL-SENSE AMPLIFIERS FEA
TURE OPEN - COLLECTOR O UTPUTS. 
The SN75232 has a threshold sensitivity 
of ±4 mV, while the SN75233 has ±7 mV. 
Performance features include internal
reference amplifier compensation , ad
justable input threshold voltage , time 
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and amplitude signal discrimination and 
two independent signal channels. The 
SN75232 and SN75233 use standard logic 
supply voltages and are TIL and DTL 
co mpatible . Texas Instruments inc ., 
13500 N. Central Expressway, Dallas , TX 
75222. Phone (214) 238-2011 . 222 

TWISTED PAIR-LINE DRIVERS MAIN
TAIN CURRENT BALANCE. This high
speed twisted pair-line driver uses a 
matched current source and current sink 
to maintain equal, but opposite currents 
in the two lines. The currents are 
controlled by the condition of the input 
logic gates. This driver is particularly 
useful in party-line systems where 
several drivers and receivers share a 
common transmission line. Motorola 
Semiconductor Products Inc., P.O. Box 
20912, Phoenix , AZ 85036. Phone (602) 
273-6900. 224 

8-INPUT DATA SELECTO RS ROUTE 
DATA IN 4.5 NSEC. The S54S151 , 
S54S251 , N74S151 and N74S251 Schottky 
cla mped , high-performance , 8-input 
data-selector multiplexers are available 
for use in very-high-speed data routing 
applications . These multiplexers select 
one of eight data sources when so 
directed by the binary address inputs . 
Both true and complementary data are 
presented when the strobe input goes 
low. The S54S151 and N74S151 are 
functionally and mechanically in
terchangeable with the S54151 and 
N74151 respectively, and in most TIL 
systems can be utilized to upgrade the 
performance of exist ing designs, as 

delay times are typically half that of the 
S54151 or N74151 . The S54S151 and 
N74S151 have 3-state outputs which 
permit the outputs to be connected to a 
common bus. Prices are expected to be 
slightly more than $5 per device when 
purchased in lots of 100. Signetics, 811 E. 
Arques Ave ., Sunnyvale , CA 94086. 
Phone (408) 739-7700. 225 

FM GAIN BLOCK SIMPLIFIES COM
MERCIAL RECEIVER D~S IGN . The Type 
ULN-2131M FM Gain Block linear
monolithic integrated circuit is designed 
for use in communications and high
fidelity FM receivers. This device 
consists of a three -s tage limiting 
amplifier section, a regulated power 
supply, an AM detector and 330!1 input 
and output terminations with 7 pF 
shunting capacitance required for 10.7 
MHz ce ramic filters. Gain can be 
adjusted without effect on input and 
output conditions by addition of a fixed 
resistor between pins 3 and 7. When 
used with Sprague Type ULN-2111 or 
ULN-2113 FM Detector/Limiter circuits, 
sensitivity in the 10 to 15µV range can be 
obtained . Absolute max. ratings are: 
supply current, Ice • 22 mA ; supply 
voltage , Vee. 16V; input voltage (pins 1 
and 3) , ±3.0V; power consumption 
(i nternal) , P0 , 750 mW ; operating 
temperature, TA, - 40° C to +85° C. 
Sprague Electric Co., 115 Northeast 
Cutoff, Worcester, MA 01606. Phone 
(617) 853-5000. 227 

CMOS RATE MULTIPLIER PERFORM S 
ARITHMETIC FUNCT IONS. The 
MC14527 BCD rate multiplier can be 
used to perform arithmetic, algebraic 
and differential equation functions. It 
has two inputs : one a pulse frequency 
and the other a BCD number. The output 
of the device is the product of the 
frequency and BCD number. MC14527 
multipliers are internally synchronous 
for high speed operation up to 5.0 MHz , 
typical. i'V1otorola Semiconductor Pro
ducts Inc., P.O . Box 20912, Phoenix , AZ 
85036. Phone(602)273-6900. 232 
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UHF/VHF VARACTOR DIODES PRO
VIDED WITH RIBBON LEADS. This 
803GT Series varactor tuning diodes are 
intended for use on one sided pc boards 
incorporating UHF/VHF stipline circui 
try. At freq uencies up to 1000 MHz, the 
glass package is virtually lossless which , 
with its low 1.4 nH inductance, provides 
an almost ideal variable capacitance 
circuit element. The capacitance at - 4V 
ranges from 3 to 44 pf with Q values over 
800 for the 3 pf devices at SO MHz. The 
ribbon leads of approximately O.OOS in . 
thick by 0.0SO in . wide make one sided 
pc board soldering a cinch . The glass 
body of the diode is 0.16S in . long and 
0.080 in . dia. These diodes are available 
with voltage breakdown values of 2SV 
with capacitance tuning ratios of 2:1 
from 2V to 2SV bias. The diodes are 
useful in UHF/VHF pre-selectors, syn
thesizers, TCXO's and VCXO's. With a 
temperature coefficient of capacitance 
of 200 ppm/°C typically, the 803GT Series 
insures long-term stability and reliability 
up into low-microwave-frequency 
ranges . MSI Electronics Inc., 34-32 S7th 
St. , Woodside , NY 11377 . Phone 
(212)672-6SOO. 233 

3-STATE LINE DRIVERS INCREASE DRIV
ER FAMILY. A tri-state line driver has 
been added to the computer interface 
family of Advanced Micro Devices. The 
Am78/8831 can be operated either as a 
quad single ended or dual differential 
driver. Because it offers a tri-state output 
it is particularly suitable for party-line 
operation where several drivers are 
connected to the same bus. Introduction 
of this device brings to ten the number 
of drivers and receivers available . 
Available in both the military and 
commercial ranges, it offers high drive 
capability as ·well as common bus 
operation. These drivers undergo 100% 
temperature cycling, stabilization ba~e 
and hermeticity testing to the require
ments of Military Standard 883. Addition
ally, all units are tested to the standard's 
requirements for fine and gross leak 
hermeticity and centrifuge stressing. 
Advanced Micro Devices Inc . , 901 
Thompson PL , Sunnyvale , CA 94086. 
Phone(408)732-2400. 234 

FM DETECTOR REQUIRES SINGLE TIM
ING COIL. The TYPE ULX-2213 FM 
Detector and Limiter combines a 
three-stage limiting amplifier and a 
balanced quadrature discriminator. Al
though primarily designed for use in FM 
receivers at 10.7 MHz, the device is 
equally suited for any FM application in 
the S kHz to SO MHz frequency range or 
in portable or mobile designs where a 
lower nominal voltage supply is re
quired . Sprague Electri c Co ., 11S 
Northeast Cutoff, Worcester, MA 01606. 
Phone(617)8S3-SOOO. 235 

HIGH-GAIN POWER AMPLIFIER IS 
RATED AT SW. TYPE ULX-220S High-Gain 
Power Amplifier performs the complete 
audio amplifier function from volume 
control to speaker. Built-in thermal 
overload protection and output current 
capability make thi s amplifier i.deally 
suited to automotive entertainment 
applications or where the low

impedance speaker could accidentally 
be shorted . Where higher speaker 
impedances of 8 and 16.11 are required , 
the TYPE ULX-220~ has a high-voltage 
capability. Sprague Electric Co., 11S 
Northeast Cutoff, Worcester, MA 01606. 
Phone(61 7)8S3-SOOO. 236 

SOA, 15V HOT CARRIER DIODES 
FEATURE LOW FORWARD DROP. Type 
SOHQ01S Schottky's max. peak forward 
voltage drop of 0 .87V at 1S7A and 2S° C 
(0 .6SV at 100A) makes it possible to 
design higher efficiency rectifiers , which 
result in savings in power costs, heat 
sinking, package size and cooling system 
requirements. It is especially suitable for 
high-frequency (over 20 kHz) rectifier 
circuits . The device features epitaxial 
construction and oxide-nitride passiva
tion . Prices in 100-999 quantities are $9. 
International Rectifier Corp ., Semicon
ductor Div., 233 Kansas St. , El Segundo, 
CA 9024S . Phone(213)678-6281. 238 

PNP-NPN COMPLEMENTARY PAIRS 
ARE RATED AT 10A. These transistors are 
characterized by identical gain charac-

teristics over a wide collecto r current 
range . Current gain matching is uniform 
from less than 100 mA to 10A, collector 
current. Input voltage for the comple
mentary pair are also identical over the 
same collecto r current range. The 
transistors have low-saturation voltages, 
the SA VCE (sat) is less than 0.SV and the 
VBE (sat) is less than 1.2V at SA. The 
devices are specified with collector to 
emitter voltage ratings to 140V. This 
complementary family of transistors is 
also characterized by fast switching 
capahility. The transistors typically have 
a f, of 80 MHz and are capable of less 
than 1 msec turn-off time at SA. Kertron 
Inc. , 7S16 Central Industrial Dr ., Riviera 
Beach, FL 33404. Phone(30S)848-9606. 
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HYBRID-VOLTAGE REGULATOR SUP
PLIES 3A AT SV . This high-power 
hybrid-voltage regulator consists of 
monolithic circuitry and a power
transistor chip. It was designed as a 
power supply for TTL and DTL ICs in 
control and measuring equipment and 
other industrial uses. Very few external 
components and no further adjustment 
are required . In addition , built-in circuit 
protection against continuous overload 
and short circuit damage is provided . 
The devices are hermetically sealed in 
T0-3 package, 2-pin configuration . Price 
is $S each in orders of more than 100. 
European Electronic Products Corp., 
10180 W. Jefferson Blvd., Culver City, CA 
90230. Phone(213)838-1912. 240 

12 CIRCUITS ADDED TO SCHOTTKY TTL 
PRODUCT LINES. The new units include 
five gates, four JK flip-flops and three 
MSI functions . The MSI devices curren
tly being introduced include the 93SOS 
variable-modulo counter, 93S41 arith
metic logic unit (ALU) and the 93S42 
carry-lookahead device for use with the 
ALU. These circuits allow 16-bit addition 
in 19 nsec. Pinning is interchangeable 
with Fairchild's standard 9N, 9H SSI and 
9300 MSI TTL families . Fairchild Semi
conductor Components Group, 464 Ellis 
St. , Mountain View , CA 94040. 
Phone(41S)962-3816. 241 
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SEMICONDUCTORS 

4 LINES OF MICROWAVE DIODES FOR 
COMMUNICATIONS OFFERED. The 
four lines include 11 Schottky barrier 
devices, four tuning varactor diodes , 23 
Gunn effect devices, and five IMPATT 
devices; a total of 42 devices available for 
applications in C, X and Ku band 
systems. The 11 Schottky barrier diodes 
are intended for low-noise mixer and 
detector applications up to 18 GHz. 
These devices have the advantage of low 
noise combined with greater mechanical 
stability than point contact diodes such 
as the IN23 that they generally replace . 
Type BAV46 is optimized for applications 
requiring minimal 1/F noise at X band . 
1/F noise at 1 KHz is typically 10 dB while 
sensitivity is 1.0 µA/ µW. Typical applica
tions for the BAV46 with its extremely 
high-tangential sensitivity, are in dop
pler radar systems · and in intruder 
alarms. All eleven types in this group are 
available in matched pairs. Amperex 
Electronic Corp ., Hicksville Div., H icks
ville , NY 11802. Phone(S16)931-6200. 
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FIRST TWO COUNTER CIRCUITS JOIN 
10k LOGIC SERIES. The MC10136, is a 
universal hexadecimal up/down (0 to 1S) 
counter; the other, MC10137, is a 
universal BCD decade up/down counter. 
Either can count at rates ove r 100 MHz 
(typically 1SO MHz). Both units are 
high-speed synchronous counters of 
MSI complexity . These counters are 
intended for applications in high-speed 
central processors, peripheral control
lers, minicomputers , high-speed digital 
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communication equipment and instru
ments . Motorola Inc., Semiconductor 
Products Div., Box 20924, Phoenix , AZ 
8S036. Phone(602)273-3466. 243 

\ 

11'tQhOOP O!St.-OW FRlQUt.NCY Nome-. 

FULLY PROTECTED OP AMP PROVIDES 
LOWEST NOISE AND DRIFT. Similar to 
the SSS72S in its noise and drift 
performance, the mono OP-OS offers in 
addition a vastly improved slew rate of 
0.2SV/µsec (vs 0.008) and greatly de

creased input bias currents of 1.0 nA (vs 
30 nA) thus enabling operation in 
high-source impedance circuits formerly 
requiring super-"~" op amps. No 
add itional externa l co mpon ent s are 
required for frequency compensation or 
input protection, saving 4 compensating 
and 2 to 4 protection components 
normally required by 72S designs. The 
mono OP-OS inputs are protected against 
±30V differential voltages by series 
resistors and clamping diodes . The 
resistive loads are split to accommodate 
a 20 kO nulling pot; offset nulling 
actually optimizes the offset voltage 
drift. Precision Monolithics Inc., 1SOO 
Space Park Dr., Santa Clara, CA 9SOSO. 
Phone(408)246-922S . 244 

SERIES PROVIDES SWITCHING POWER 
FOR LASER DIODES. The switching time 
of the KS Series devices also provide 
drive power for the replacement of 
mechanical or solid-state ci rcuit ry fo r de 
to de converter (chopper) circuits. The 
KS Series has also been successful in 
driving "LED displays " as we ll as 
switching power supp lies and switching 
regulators . A typical SA device ranges 
from $S to $10 and the com plete family 
ranges in price from $2 to $22 and is 
rated from 0.2SA to 20A with voltage 
capabilities to 120V. Kertron Inc. , 7S16 
Central Industrial Dr., Riviera Beach , FL 
33404. Phone(30S)848-9606. 245 

TWO ICs DESIGNED FOR MOS-TO-LED 
DISPLAY INTERFACE. Designated the 
SN7S491 and the SN7S492, these MOS
to-LED drivers are believed to be the 
only monolithic ICs cu rrent ly on the 
market to perform t h is interfacing 
function . These two ICs are use d 
together with MOS ICs and with 
common-cathode LEDs in se rially ad
dressed multi-digit displays. This time
m u ltiplexed system, w hic h uses a 
segment-address-and-digit-scan method 
of LED drive, minimizes the number of 
drivers required . The SN7S491 replaces 
eight transistors and 12 resistors while 
the SN7S492 replaces 12 transistors and 
18 resistors . The 491 is a quad segment 
driver with SO mA of source capability for 
driving the individ ual segments of a LED 
display. The 492 is a hex-digit driver and 
features 2SO mA sink capab ility. They are 
also wel l suited for severa l o th e r 
applications. These include quad or hex 
high-current PNP transistor drivers, and 
base/emitter select NPN transistor 
drivers . Texas Instruments Inc., P.O. Box 
S012, Dallas, TX 7S222. Phone(214)238-
3741. 246 

DUAL FLIP-FLOP IS RATED AT 1W. The 
SW-20, intended for use in frequency 
divider or co untdown applications, 
operates with a broad range of supply 
voltages. Internal regulation minimizes 
both power drain and cha n ges in 
characteristics with supp ly voltage and 
temperature variations. The circuits have 
output buffers to isolate the flip-flops 
from noise associated with o utput 
wiri ng, and the input circuitry contains a 
Schmitt t ri gger to provide noi se immuni
ty . Inputs are provided with clamp 
diodes to minimize undershoot. The 
circuits are relative ly insensitive to 
narrow noise spikes and other di s
turbances on the input signal that may 
be related to system wiring reactances . 
Maximum rati ng for total power applied 
to the package is 1W at +2S°C and 0.SW at 
7S 0 C. Min·. and max. voltages are - O.S 
to + 19V de. Stewart-Warner Microcir
cuits , 730 E. Evelyn Ave ., Sunnyvale, CA 
94076. Phone(408)24S-9200. 247 
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SERIAL MOS DELAY LINE WITH MORE 
THAN 20,000 BITS in a 4-1/2 x 6 in . 
packag.e is priced at less than 1/2 cent per 
bit. Model 2261 is the first in a series of a 
complete line of solid-state digital 
memories. Application for these new 
units include CRT refresh memories, 
delay line and line printer memory 
replacements , line storage , and other 
applications requiring digital delays . 
Data input and output is compatible with 
DTL/TIL. Unit requires only a single 
clock and NRZ data. Clock and data rates 
range from S KHz to 4 MHz. Melear 
Electronics Corp ., 17SO New Highway, 
Farmingdale, NY 1173S. Phone(S16)694-
SS70. 248 

TWO HIGH-POWER OP AMPS DELIVER 
LARGE OUTPUT CURRENTS. The LH0021 
will provide output currents in excess of 
1A at voltage levels of ±12V; the LH0041 
delivers currents of 200 mA. The LH0021 
is supplied in 8-pin T0-3 package rated 
at 20W with suitable heatsink. The 
l.H0041 is supplied in both 12-pin T0-8 
(2.SW with clip on heatsink) and a power 
8-pin ceramic DIP (2W with suitable 
heatsink) . Letterhead inquiries only. 
t\/ational Semiconductor Corp. , 2900 
Semiconductor Dr ., Santa Clara , CA 
950S1 . Phone(408)732-SOOO. 249 

TTL-COMPATIBLE WAVEFORM GENER
ATOR/VCO FEATURES HIGH STABILITY. 
A new monolithic IC waveform gener
ator and voltage controlled oscillator, 
the 8038, produces simultaneous sine
wave, square-wave and triangular-wave 
ou1tputs with minimum amplitudes up to 
6V, 28V and 10V p-p, respectively. The 
803,8 is available in three versions, each 
with a different temperature drift 
specification : 8038A has SO ppm/°C 
max. ; 8038B, 100 ppm/°C max.; and 
803BC, SO ppm/ 0 Ctyp. Output frequency 
is tunable from 0.001 Hz to 1.0 MHz. 
lntersil, 10900 N . Tantau Ave., Cuperti
no, CA 9S014. Phone(408)2S7-S4SO. 
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SCHOTIKY BARRIER DIODES, BOTH 
SILICON AND GALLIUM ARSENIDE, 
were specifically designed for mixer, 
detector and switching applications in 
the UHF to Ku Band. Series A2G170 and 
A2G130 Mixer diodes are optimized to 
provide S.S dB noise figure for X Band. 
Series A2S100 silicon diodes are de
signed for applications from C to Ku 
Band . Prices from $3 in small quantities. 
Aertech Industries, 82S Stewart Dr., 
Sunnyvale , CA 94086. Phone(408)732-
0880. 254 

4K-BIT RAM IS ELECTRICALLY ALTER
ABLE. SMC N-4412 is a 4096-bit 
electrically alterable random access 
memory with decoding and sensing 
contained on a single monolithic silicon 
structure . The 4412 makes use of a 
proprietary process, Coplamos, which 
provides the higher speed inherent in an 
N-channel structure and improved 
density. Access time is less than 180 
nsec. Standard Microsystems Corp ., 3S 
Marcus Blvd., Hauppauge, NY 11787. 
Phone(S16)231-S1S1 . 252 

Still the finest in frequency selection 

FAST SETILING MONOLITHIC OP AMP 
is low cost. A fast, guaranteed, 100% 
tested settling time of 1 msec to 0.01% at 
a low price of $7.SO in 100s are the key 
features of the Model 1324, a new 
monolithic op amp from Teledyne 
Philbrick. The superior performance of 
the new op amp is entirely the result of 
innovative circuit design . Other features 
of the 1324 include excellent bandwidth 
and slew rate (10 MHz and 3S V/µsec, 
respectively) freedom from latch up, 
T0-100 packaging with 71S compatible 
pin-out , simple compensation, and 
excellent stability. For critical applica
tions, the 1324/01, a selected version of 
the 1324, is available with improved bias 
current and offset drift specifications, for 
$11 .SO in 100s. Teledyne Philbrick, Allied 
Drive at Route 128, Dedham , MA 02026. 
Phone(617)329-1600. 253 

COLLINS 
MECHANICAL FILTERS 
These famous filters have a time honored past 
- in the '50's they made SSB practica l - and 
they are designed today into the most soph is
ticated systems. Hundreds of types avai lable 
from stock in frequencies from 60 to 600 kHz 
with 60 to 6-dB shape factors as low as 1.3 to 
1, and bandwidths from 0. 1to10%. Smallerin 
size and less expensive t han other filters in 
their frequency range, they to lerate ext reme 
temperature changes and long continuous serv
ice without aging. 

New Low Cost Series 

New mechanical filter series for 
SSB, A M and CW has nomi na l 
bandwidths from 500 Hz to 6 kHz, 
6-dB insertion loss. 2-dB ripple. 
and 2to t shape factors. Fixed tuning facilitates 
inexpensive assembly. Off the shelf delivery. 

New High Performance 558 

These SSB mechanica l filters are A. 
highly selective . have low inser- n 
tion loss, and require no tuning. 
Attenuation peaks realized on both 
sides of fi l ter passband . Nomina l 60 to 6 -d B 

Call or write your Collins rep or 

Collins Radio Company 

shape factors of 1.3 to 1. Au di o f requency 
response f rom 300 Hz to 3150 Hz with a 20-dB 
carrier rejection . Carrier frequencies at 450, 455 
and 500 kHz . 

New LF Narrow Band 

New stable narrow bandwidth I 
mechanica l filters have frequen-
cies from 3 to 50 kHz, bandwidths 
in 0 .2 to 2.0% ra nge. I dea ll y 
suited for Omega navigation, FSK, te lephone 
signaling , sonar combs, selective calling , an d 
telemetry . The price/performance/size combi
nation is superior to LC, crystal or active filters 
for the same frequency/bandwidth. 

New Minifilter 

These low cost mechanical fi lters / 
are packaged in a total volume of 
less than 0.1 cubic inch. have 15 
and 30·kHz ba ndwi dths at 455 kHz. 
and typica l 60 to 3-dB shape factors of 1.5 to 
1. Excellent temperature stability and negligible 
aging make these filters ideally sui ted for mo
bile, airborne and marine FM applications. 

~ 
COLLINS 

Components Division, Newport Beach, CA 92663, Tel (714) 833-0600 ~ 
CHECK NO. 45 
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COMPUTER PRODUCTS 

SLIDE-RULE MAKER GOES ELECTRON
IC. Several exclusive features are offered 
in the Model ESR-1 electronic slide rule 
including a full 12-digit display, auto
matic cube root and hyperbolic func
tions in addition to all transcendental 
and trigonometric functions. The 16-
funciton slide rule also features the 
direct conversion of radians to degrees 
and degrees to radians, as well as 
degrees , minutes and seconds to 
decimal equivalents . Dietzgen Corp ., 
2425 N . Sheffield Ave ., Chicago, IL 60614. 
Phone (312) 549-3300. 201 

CASSETTE DATA TERMINAL INCLUDES A 
NONIMPACT PRINTER. The NCR 260-6 
ASR (Automatic Send-Receive) uses heat 
patterns to form letters and numbers on 
heat-sensitive paper and operates at 300 
wpm. With its ability to store data on 
magnetic tape c;issettes, the terminal 
need not be continually attended. 
Messages can be keyed in the left for 
later dial-up retrieval by the computer. 
Similarly, messages from the computer 
can be received and stored on the tape 
for later printing. Information is stored 
in tape cassettes in 200 separate 
BO-character blocks. Rental price is 
$150/mo. NCR, Dayton, OH 45409. 
Phone (513)449-2150. 202 

MODEM WORKS OVER BOTH CONDI
TIONED OR UNCONDITIONED LINES. 
The digital adaptively equalized ADS 
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440/4B is a full-duplex 4800 bps data 
modem designed to operate over 
voice-grade telephone lines. A switching 
option permits operation at 2400 bps in 
situations where line conditions are 
intolerable , or the unit may be used to 
multiplex 2 independent 2400 bps data 
channels . Standard test features include 
local data and line loopback plus remote 
data loopback for 1-point system testing . 
$3000. American Data Systems, BB51 
Mason Ave., Canoga Park, CA 91306. 
Phone(213)BB2-0020. 203 

8k x 12 EXPANDABLE RAM SYSTEM. The 
RAM 1A features low standby power 
dissipation of 4.0W, access time 350 
nsec, cycle time 450 nsec, and it is TTL 
compatible. The RAM 1A is developed 
around the fully proven MF 1103 silicon 
gate, p-channel 1 k x 1 MOS RAM . The 
RAM ~A memory system is comprised of 
an interface and control module provid
ing TTL interface, address register, data 
input register and timing logic and one 
or more identical memory modules. The 
memory module is organized as Bk 
words x 12 bits . Up to 4 memory 
modules may be used with each l&C 
module to provide a total memory 
system of 3B4 kilobytes organized as 32k 
x 12 . Price is less than $0.01/bit . 
Microsystems International Ltd ., Box 
3259, Station C, Ottawa, Canada K1Y4J1 . 
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FLOPPY DISC SPORTS HIGH CAPACITY 
AND FAST ACCESS. In addition, the 651 
has a write protect feature and the 
highest data transfer rate of any 
competitively priced flexible disc file . It 
features track-to-track access time of 10 
msec with 10 msec settle time. This fast 
positioning time, along with the BO msec 
average latency time, provides improved 
data throughput. Data can be formatted 
in either sector or index mode starting 

with 132-byte records with 32 records/ 
track (64 tracks) up to 1 record of 4BBO 
bytes/track, making a maximum capacity 
of 312 ,500 bytes (2,500,000 bits). $750. 
Memorex Corp., San Tomas at Central 
Expwy . , Santa Clara , CA 95052. 
Phone(40B)9B7-2200. 206 

CRT DATA TERMINAL HAS SOLID
STATE MEMORY. Model VST-1440 data 
terminal features an MOS memory 
capable of storing and displaying 1440 
characters, a display of BO char./line in 1B 
lines on a 12-in. CRT and a TIY-style 
keyboard plus a 10-key numeric pad . The 
terminal generates all 12B ASCII charac
ters and displays 64 different ASCII 
characters . The equipment decodes a 
number of control functions for com
puter or remote control operation . All 
controls are located on ·the front panel , 
including a selector switch for baud rates 
of 110, 150, 300, 600 and 1200. $1995 . 
Video Systems Corp ., 7300 N . Crescent 
Blvd ., Pennsauken, NJ OB110. 
Phone(609)665-66BB. 205 

12 PRODUCTS ADDED TO SPC-116 
FAMILY. New products are: in peripher
als-a low speed line printer , a 
head-per-track disc storage drive, a 
combination paper tape reader/punch 
and a combination line printer/card 
reader controller; in process 1/0 
hardware -a high-speed floating point 
processor , a series of heavy-duty 11 /0 
boards including ac switching interfaces, 
a new line of AID and DIA converters 
and a new series of digital 1/0; in data 
communications equipment-a r1ew 
asynchronous communications mul
tiplexer; and in software programs-new 
RTOS-16 and multi-user BASIC software . 
General Automation, Inc., 1055 S. East 
St., Anaheim , CA 92B05 . Phone(714) 77B-
4BOO. 
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PORTABLE DATA TERMINAL HAS OWN 
ACOUSTIC COUPLER AND PRINTER. 
The 150T terminal is capable of operating 
at 10 or 15 cps (110 or 150 Baud) and can 
be operated anywhere there 's a 115V 
outlet and a t~lephone . The 150T 
keyboard generates all 128 ASCII codes 
with preselected odd, even or no parity. 
The printer will produce the full 64 ASCII 
dense subset. Lower-case recognition 
circuitry will cause printing of upper
case graphics, allowing communications 
with a processor that sends upper and 
lower case. Single or multi-copy printing 
is standard. Half- or full-duplex opera
tion is switch selectable, operating at 100 
or 150 wpm. $2100. MITE Corp., 446 
Blake St., New Haven , CT 06515 . 
Phone(213)387-2572. 207 

CO MPACT CORE MEMORY FOR SMALL 
STO RED PROGRAMS. The Model 9100 is 
designed for use by OEMs and is the first 
memory to use the new 18-mil Ampex 
Temperature Independent (TIN) cores, 
which eliminate the need for tempera
ture compensation and forced air 
cooling equipment. The 3-D, 3-wi re 
memory operates reliably with access 
times faster than 400 nsec and is priced at 
less than $.015/bit in quantities . Capaci
ties are 1 k, 2k and 4k words of up to 9 
bits each, and in 1 k and 2k words of up 
to 18 bits each . Ampex Corp., 13031 W . 
Jefferson Blvd ., Marina del Rey , CA 
90291 . Phone(213)821-8933. 208 

-m without modification to it. Interfaces to 
other minis are available . Elsytec , 212 

INPUT DATA TERMINAL SPORTS 
LARGE-CAPACITY CRT. The TD 800 
input and display system provides 
on-line communication and display of 
data at low cost and can operate on the 
same communication line with a mixture 
of terminals . A group of TD 800's can 
share th e same data set and be polled as 
a single address by a central computer 
system. Th e system displays white 
alphanumeric characters on a black 
background . Users can select a TD 800 
with a display capacity of either 960 
characters or 1920 characters . Data is 
displayed in 12 or 24 lines of 80 
characters each . $4750 for the 96-
character TD 800. Burroughs Corp. , 
Burroughs Pl. Detroit , Ml 48232. 
Phone(313)972-7083 . 209 

APGEN 1 SPEEDS ARRAY PROCESSING 
IN NOVA MINIS. APGEN 1 is a hardwired 
array processing arithmetic and logic 
unit which speeds up the array 
processing capabilities of any Data 
General computer by a factor of 6 to 70. 
It performs addition, subtraction, mul
tiplication and divi sion of two arrays 
composed of 16-bit words . It is also 
capable of taking the square root , 
integrating, accumulating and perform
ing logical operations on the element of 
arrays . APGEN 1 plugs into the 
mainframe of any Nova computer 

Michael Dr ., Syosset, NY 11791 . 
Phone(516)364-0560. 210 

COMMUNICATIONS PROCESSOR IN· 
CLUDES 2 CPUs. Each of the 1600/16's 
independent CPUs contains separate 1/0 
systems and microprogram control 
memories . A common main core 
m emory and CPU-to-CPU interrupt 
system permits separation of line 
discipline and character handling with 
the message processing tasks . One CPU, 
a GP computer, is dedicated to system 
control , control of peripheral devices 
and message processing. The second 
CPU, called the communications operat
ing module (COM-60) , services up to 256 
synchronous and/or asychronous com
munications channels operating full or 
half duplex with throughput up to 40,000 
cps. $29,000. Microdata Corp. , 17481 Red 
Hill Ave., Irvine, CA 92705. Phone 
(714)540-6730. 211 

CONTROLLER FOR LARGE-SCALE DATA 
COMMUNICATIONS SYSTEMS. The sys
tem , which can handle up to 1024 
asynchronous lines , is the largest offered 
by any minicomputer manufacturer . The 
controller can be used with any Nova 
computer . The Multiline Asynchronous 
Controller features the ability to handle a 
large number of lines and to be 
expanded and maintained while still 
on-line , making it suitable for message 
switching systems. The system can 
handle line speeds up to 9600 baud. The 
controller lets communications systems 
designers set up large-scale systems 
economically. For instance, a 192-line 
system, made up of 128 lines with 
modem control and 64 lines without 
modem control costs under $60,000 , or 
about $300 per line . Data General Corp., 
Southboro, MA 01772. Phone(61 7)485-
9100. 212 
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COMPUTER PRODUCTS 

103F MODEM REPLACEMENT PROVIDES 
HALF & FULL DUPLEX OPERATION. The 
new modem, designated L 184/12, is a 
replacement for the Bell 103F or 
equivalent data set. It operates in the 
answer mode over 2-wire leased or 
private transmission lines and interfaces 
to data terminal equipment through the 
standard EIA RS-232-B/C interface. The L 
184/12 offers built-in circuitry for fast 
isolation of troubles anywhere in the 
system . Two pushbutton switches lo
cated on the front panel of the Series _12 
chassis allow testing of the modem-to
computer interface and the modem-to
remote equipment interface including 
the transmission lines. Anderson Jacob
son, Inc. , 1065 Morse Ave ., Sunnyvale, 
CA 94086. Phone(408)734-4030. 213 

DISC MEMORY SYSTEM PLUGS INTO 
PDP-11. The DATA MISER provides a 
plug-compatible moving head disc 
memory system with 1.25M words of 
storage that includes the software , 
controller. disc , power supplies and 
cabling required to plug into the PDP-11 
Unibus. It can be field expanded by 
adding up to seven additional discs to 
the initial controller to increase the data 
storage capacity to 10M words. The 
system is fully DEC DOS compatible or 
an IMS DOS monitor already recorded 
on the disc is available. Data transfer rate 
is 10 msec/word with an average random 
access time of 75 msec. Price is $4950 for 
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1.25M word capacity. International 
Memory Systems, 14609 N. Scottsdale 
Rd ., Scottsdale , AZ 85254 . Phone 
(~02)948-2120 . 214 

DISC-CARTRIDGE SYSTEM FOR D-116 
MINIS. The disc drive is available with 
recording densities of 1100 bpi or 2200 
bpi. The moving head drive features a 
high-density transfer rate of 1.56 MHz . 
Data is recorded on an IBM 2315 
equivalent cartridge . Single-density re
cording provides on-line storage of 1.2M 
bits for the D-116 minicomputer . 
Double-density recording at 1.56 MHz 
permits storage of 2.4M and 3.2M bits , 
respectively. The cartridge-disc system 
operates under Digital Computer ' s 
disc-operating-system (DOS) . Prices 
begin at $5000. Digital Computer 
Controls Inc. , 12 Industrial Rd ., Fairfield , 
NJ 07006. Phone(201)227-4861 . 215 
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DISC CONTROLLER INTERFACES DISC 
DRIVES TO PDP-15 COMPUTERS. The 
DC-18 connects the PDP-15 single-cycle 
1/0 channel and controls up to eight IBM 
2311 , 2314 compatible disc drives . 
Operating features of the DC-18 in
clude: simultaneous seek operations , 
ease of programming since it requires 
only 8 commands , verification of track 

location by hardware, error checking of 
all data transfers by hardware, ease of 
maintenance, hardware monitoring of 
many subsystem status conditions , low 
core requirements for software , read or 
write multiple records with a single 
command and direct transfer to or from 
memory for data , thus eliminating 
blocking 1/0 channels. $15 ,000. Telefile 
Computer Products, Inc., 17785 Sky Park 
Circle , Irvine, Ca 92664. Phone(714)557-
6660. 216 

TERMINAL INCLUDES INTEGRATED 
MAG TAPE BUFFER. Called the EDT 300 
MSR (Magnetic Send-Receive) , the 30 
cps data communications is an integrat
ed package of Data Services ' EDT 300 KSR 
with a magnetic tape cassette buffer . 
Storage is approximately 50,000 charac
ters . The MSR buffer transmits at 10, 15, 
and 30 cps, with a full rewind capability 
of less than 90 sec. The impact printer of 
the EDT 300 MSR operates in half or full 
duplex modes at selectable speeds of 10, 
15 , and 30 cps in serial form and prints 
118 columns in upper and lower case 
ASCII characters . Data Services Co ., 16 
M cKee Dr., Mahwah , NJ 074 30 . 
Phone(201)529-1170. 217 

DATA TABLET FEATURES HIGH AC
CURACY AND LOW COST. The tablet 
features an accuracy of ± 0.005 in ., 
aqsolute coordinates in both single-shot 
jlnd free-run modes, excellent stability 
and linearity, insensitivity to ambient 
conditions, no practical limit to size , 
silent operation, freedom from protru
sions above the tablet surface, unen
cumbered cursor and stylus and no 
mechanical parts to wear . The system 
comprises a tablet, cursor or stylus and 
electronic controls. It is easily interfaced 
with a computer for real-time operation , 
either directly or via voice-grade phone 
line. Scriptographics Corp., 398 Kings 
Hgwy., Fairfield , CT 06430. 218 
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ADD-ON MEMORY FOR SIGMA 5'7 
SAVES 50%. The self powered memory 
unit is contained in its own enclosure 
and is fully hardware and software 
compatible. The SG-57 cables directly to 
the Sigma memory bus and operates 
with a cycle time of 650 to 750 nsec. The 
memory has all interface lines fully 
protected in both current and voltage 
modes and includes an off-line com
puter simulator test system. Field 
expansion is quick and easy with plug-in 
memory cards in 4k increments up to 
16k . Each memory bank may be 
expanded with up to Hi ports. The basic 
4k system costs $16,000. Signal Galaxies 
Inc. , 6955 Hayvenhurst Ave. , Van Nuys, 
CA 91406. Phone(213)988-1570. 219 

PAPER TAPE HANDLER FEATURES QUIET 
OPERATION. The 4040 consists of a new 
tape handler panel integrated and 
specifically designed to compliment the 
Model 2540 tape reader. The 4040 
combination operates synchronous ly up 
to 300 cps right to left, with 400-character 
rewind . Up to 320 ft. of 4.5 mil. tape or 
580 ft. of 2.5 mil. tape in widths from 11/1• 

to 1 in . (5 to 8 level) can be handled 
interchangeably on 5-in . reels . The 
newly designed tape handler eliminates 
large transient currents and switching 
noise . $1170. lomec Inc. , Digitronics 
Div., Route 9, Southboro, MA 01772. 
Phone(617)481-2500. 221 

WHEN METAL QUALITY IS VITAL 
Thinsheet is a name that you can trust when quality and uni

formity of thin gauge strip are critical to the reliability factors 
of your components, printed circuits and conductors. Our thin 

gauge strip is the finest available. We supply copper, brass, 
bronze, phosphor bronze, nickel , nickel alloys, nickel silver, 
stainless steels, aluminum and tin coated metals in gauges 
from .025" to .0005" , with tolerances of ::+::.0001" and widths 

1/16" to 26" . We also supply tin coated metals processed exclu-
sively on equipment of our own design . In many areas fast 

deliveries are made with our own fleet of trailer trucks. Write 
for our full color brochure or phone (203) 756-7414. (In Newark, 

N.J . area, phone direct 642-1624.) The Thinsheet Metals 
Company, Waterbury, Connecticut 06720. 

CHECK NO. 46 

MICRO·VECTORBORD® AND 
D. I. P. PLUGBORDS ARE HERE! 

Save time - Save work - Save money 

••••••••••••• 
• 042" DIA. --j 1--

"" WRAP POST TVP£ 

WIDE SELECTION OF SIZES AND MATERIALS 

MICRO-VECTORBORD " P" .042" holes match 
D.l.P. leads. Epoxy glass or paper. cop. cld. also 
1/64" to 1/16" thk. 

MICRO-VECTORBORD "M" .025" holes match 
Flat-Pa ks. 1 / 32" Epoxy glass, cop. cld. also or 
.007" Mylar. 

NEW SOLDER-PAD D.l.P. PLUGBORDS - 3677 
Series Epoxy glass , "P" pat., 1/16" thick with 44 
etched plug contacts (2 side total) power, ground 

busses, pads for up to 24 D.l.P.' s (14's). Also 21 
units 16-leads D.l.P.' s, T·O's and discretes. 

NEW WRAP POST D.l.P. PLUGBORDS - 3682 
Series Simi lar to above but closely spaced bus 
lines for higher density. Up to 48 D.l.P. 14 lead 
wrap post sockets mountable or T-O's and dis· 
cretes. 
TERMINALS - Micro-Klips, Mini· wrap posts, Rd . 
Pins, Patch Cords, etc., available. 

Send for complete literaturP 

ELECTRONIC CO., INC. 
12460 Glad s tone Ave. , Sylmar , California 91342 

Phone (213) 365 -9661 •TW X (910) 496 - 1539 

CHECK NO. 47 
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AUTO RANGING PRECISION DVM 
OFFERS 10 GO IMPEDANCE. The Philips 
auto-ranging DVM with 10 100 input 
impedance, designated PM2441 , can be 
used for precision bench measurements 
with either manual or automatic ranging , 
or in a fully automated or remote 
controlled system. It measures 1 µV to 1 
kV in 6 ranges and has an input circuit 
that is floated and guarded. CMR is 150 
dB de and 120 dB ac, maximum scale 
reading is 19999 and accuracy on all 
scales is ±1 digit (0.005% of reading 
±0.005% of full scale) . $1890. Test & 
Measuring Instruments, Inc., 224 Duffy 
Ave ., Hicksville , NY 11802. Phone 
(516)433-8800. 108 
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500-LINE REAL-TIME ANALYZER HAS 
EFFECTIVE RESOLUTION OF 650 LINES. 
Ubiquitous spectrum analyzer Model 
UA-6B is claimed to be the only 500-line 
real-time low-frequency analyzer which 
performs as if it had 650 resolution 
elements. This improved resolution is 
achieved through the incorporation of a 
proprietary computer designed analysis 
filter which provides 30% better resolu
tion for the closely spaced fre
quencies-the true measure of perform
ance of a spectrum analyzer. Model 
UA-6B also features automatic peak
tracking capability. Federal Scientific 
Corp., 615 W. 131st St. , New York , NY 
10027. Phone(212)286-4400. 109 

HIGH-SPEED CORRELATION AND 
PROBABILITY ANALYZER. A 100-point, 
real-time digital correlation and prob
ability analyzer features a 2-MHz 
sampling rate and 1500 points of 
precomputation delay selectable in 
blocks of 50. Model SAl-42A operates in 

112 

3 modes-auto and cross correlation, 
probability density and distribution and 
signal enhancement. Features also 
include a 50-µsec real-time processing 
rate , portability, outputs that can be 
displayed or read out on analog or digital 
devices and size of 17 x 8 - 3/. x 22 in . 
$6500. Signal Analysis Operation , 
Honeywell, Inc., 595 Old Willets Path , 
Hauppauge , NY 11787. Phone(516)234-
5700. 110 

$595 10-IN. FLAT-BED STRIP-CHART 
RECORDER. A 10-in . flat-bed strip-chart 
recorder for only $595 is lightweight (11 
lbs .) and easily transportable, spans from 
1 mV to 100V full scale with a constant 
10-MO input resistance, features 12 chart 
speeds, has a 30in./sec pen response 
and an accuracy of ±0.25% of full scale . 
Finger-tip controls , chart reroll capability 
and disposable felt pens are standard on 
the Model 736. Options include an event 
marker, remote pen lifter, alarm control 
swi tches , battery operation and an 
integrator. The un it is guaranteed for 1 
year. Precision Standards Corp ., 1701 
Reynolds , Santa Ana, CA 92705 . 
Phone(714)546-0431. 111 

SOLID-ST A TE TRIGGERED-SWEEP 10-
MHz SCOPE FOR ONLY $379.95. At 
$379.95, including an exclusive dual 
probe, the Eico Model TR-410 claims to 
be the industry's lowest priced lab
quality 10-MHz triggered-sweep scope. 

A sing!e dual probe allows direct or 10:1 
low-capacitance operation . Features in
cl ude 3-way operation (120V ac, 100V ac 
and 220/230V ac, all at 50 and 60 Hz) , BNC 
connectors, 3 calibration voltages (2, 5 
and 10V) and screwdriver-adjustable 
horizontal and vertical de balance . 
Vertical and horizontal selection of ac or 
de modes of amplification is also 
standard . Eico Electronic Instrument 
Co., Inc. , 283 Malta St., Brooklyn , NY 
11207. Phone(212)949-1100. 112 

FULL-FUNCTION 50-MHz COUNTER/ 
TIMER. A full-fu nction counter/timer 
features operation to a frequency of 50 
MHz. The Model 100C is equipped with a 
6-digit display and features an adjustable 
display time with storage. The counter is 
said to be controlled by a highly accurate 
crystal clock . Other features include 2 
input amplifiers with individual trigger 
controls and a sensitivity of 50 mV rms . 
FCC Approval No. 3-172 has been 
granted the Model 100C, and it is priced 
at $565. A 7-digit display unit is available 
for $605. United Systems Corp., a Subs. 
of Monsanto, 918 Woodley Rd ., Dayton, 
O H 45403. Phone(513)254-6251 . 113 

AID CONVERTER PROVIDES BINARY 
OR BCD OUTPUTS. A high-speed A/D 
converter provides either binary or BCD 
coded outputs. Designed for use in 
medium- and high-speed data
conversion systems, Model GMAD-3 can 
be supplied with a variety of resolutions 
and conversion speeds. Four levels of 
resolution are avai lable with binary 
output-from 11 bits plus sign with 
7-µsec conversion time up to 14 bits plus 
sign with 10-µsec conversion time . With 
BCD output, either 3-digits-plus-sign 
resolution in 32 µsec or 4-digits-plus
sign resolution in 40 µsec can be 
provided : The unit price of the GMAD-3 
is $1750. Preston Scientific, Inc. , 805 E. 
Cerritos Ave ., Anaheim, CA 92805 . 
Phone(714)776-6400. 114 
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SELECTIVE LEVEL AND VOLTAGE METER 
FOR 10 Hz TO 60 kHz. A selective level 
and voltage meter operates from a low 10 
Hz to 60 kHz . With the new D2040 
analyzer it is possible to investigate 
acoustic and mechanical oscillations 
below the threshold of audibility. The 
analyzer is tunable over its full frequency 
range without band switching, and all its 
functions can be remote controlled . It 
operates as a superheterodyne receiver 
with the resolution throughout the full 
frequency range being 1 Hz. Siemens 
Corp., 186 Wood Ave ., 5., lselin , NJ 
08830. Phone(201)494-1000. 115 

HIGH-SPEED A/D CONVERTERS. Two 
high-speed A/D converters are available . 
Model IAD-1208 8-bit unit offers speeds 
up to 10 MHz and includes a narrow 
aperture sa mple -a nd-hold , a sub
ranging AID encoder, system timing 
logic, power supplies and display. Model 
IAD-2104N is an AID encoder that offers 
4-bit resolution and 56-MHz conversion 
rates . It has a 200-psec aperture time . 
Both units are packaged in NIMs 
(nuclear instrumentation module) . In
ter-Computer Electronics, Inc. , Box 507, 
Lansdale , PA 19446. Phone(215)822-2929. 
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DIGITAL THERMOCOUPLE INDICATOR 
FOR $450 This line of digital thermocou
ple indicators' is priced at $450. The H610 
Series of indicators is designed for panel 
mounting. They display temperature 
directly in degrees Fahrenheit and 
operate from type J, K or T thermo
couples . Accuracy of the H610 is within 

2°F, and rep eata bility is 1°F. The 
maximum zero drift is ±1 °F per year. 
Additional features include a 0.65 in . 
high display and an out-of-range and 
thermocouple burn-out indication . The 
H610 can be delivered within 4 weeks. 
Howell Instruments, Inc. , 3479 S. Vickery 
Blvd. , Fort Worth , TX 76107. 
Phone(81 7)336-741 1. 117 

MINIATURE ELECTRONIC THERMO
COUPLE RECORDER HAS 2% ACCURA
CY. The 2155A miniature thermocouple 
recorder offers 2% -of-span accuracy, 
automatic cold-junction compensation , 
spans from as little as 250°F up to 2000°F 
and zero o r 2-to-1 offset. Thermocouple 
calibrations of type J or Kare available. A 
2-rpm, 115V ac, 60-Hz chart drive motor 
is standard , and interchangeable gear 
trains can be selected which provide 
chart speeds from 1/s to 60 in ./hr. 
Dim e nsions are 5- 5 /s x 3- 5 /s X4 1/s in . 
Culton Industries, Inc. , Culton Industri
al Park , E. Greenwich , RI 02818. 
Phone(401)884-6800. 118 

DIGITAL IC TESTER. A compact $500 IC 
functional tester for digital ICs of the 
TIL, DTL and CMOS families in DIP, 
T0-5 and flat configurations is the Model 
1248. The instrument tests ICs before 
they are mounted in a circuit, determin
ing in from 1 to 5 sec whether or not the 
device inputs and outputs operate 

according to the required logic relation
ships. It does not require a reference IC 
for comparison and is a true functional 
tester, yie lding an absolute res ult. 
Electro Scientific Industries, 13900 N.W. 
Science Park Dr ., Portland , OR 97229. 
Phone(503)646-4141 . 119 

ACTIVE SAMPLING SCOPE FET PROBE 
HAS 1-GHz BANDWIDTH. An active 
FET probe is designed for use with 
GHz - bandwidth sampling scopes. 
Designated PM9345 , it was developed 

by Philips for use with its RM3400 
1.7 - GHz samp ling scope and is 
priced at $375 . The PM93S4 converts the 
intrinsic son input impedance of the 
samp ling scope to 1 M.0 in parallel with 4 
pF. Probe bandwidth is de to 1 GHz, and 
rise time is 3SO psec . Dynamic range is 
± 1V. The probe also has an independent 
de offset range of ± 1V. A slide switch on 
the probe housing allows conve rsion 
from ac to de. Test & Measuring 
Instruments In c., 224 Duffy Ave., 
Hicksville, NY 11802. Phone(S16)433-

8800. 120 

LOW-COST PHASE-SENSITIVE VOLT
METERS. The new Series 311 solid-state 
portable phase-sensitive voltmeters 
measure total, fundamental, quadrature 
and in-phase voltage as well as phase 
angle from 380 to 420 Hz. In addition, 
these instruments measure total ac 
voltage from 20 Hz to 20 kHz. Priced at 
only $700, they measure phase with 0.1 ° 
resolution to ±1.S0 accuracy. Band-pass 
filtering• in conjunction with phase
sensitive detection assures noise and 
harmonic levels below SO µ V rms . 
Dranetz Engineering Laboratories , Inc., 
238S S. Clinton Ave ., Plainfield, NJ 07080. 
Phone(201)7SS-7080. 121 
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rf GENERATOR PROVIDES 10W OUT
PUT IN S-BAND. This rf generator 
provides a minimum of 10W CW output 
power over the 3.0- to 3.5-G Hz 
frequency range . Model 1216H com
bines both the rt source and a TWT 
amplifier in a single compact unit . Use of 
a solid-state source, tunable over the 
L .. tire range with a single control, as well 
as a solid-state power converter and a 
metal/ceramic TWT in the amplifier 
permit the compact size. The unit carries 
a 1-year warranty with no limit on hours 
of operation. $4550. Hughes Electron 
Dynamics Div., 3100 W. Lomita Blvd., 
Torrance , CA 90509. Phone(213)534-2121 . 
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: I 
IMPULSE GENERATOR IS DESIGNED 
FOR RFI TESTING. A variable repetition 
rate impulse generator intended primari
ly for use as a calibrator for substitution
type interferance measurements fea
tures 4 triggering modes : inte rnal , 
power-line frequency, external or manu
al-a versatility not found in other 
generators. Pulse rate can be varied 
continuously from 50 Hz to 5 MHz or 
from 0 to 5 MHz by manual or external 
triggering . Spectral output is flat to 100 
MHz and is less than 5 dB down at 1 GHz. 
Model 533X-11 is an all solid-state unit. 
Singer Instrumentation , Los Angeles 
Operation , 3211 S. LaCienega Blvd ., Los 
Angeles , CA 90016. Phone(213)870-2761 . 

123 

WWVB TIME SYNCHRONIZER. Model 
SP-465 WWVB time synchronizer pro
vides an economical and direct method 
for dissiminating time and frequency 
information in synchronization with NBS 
Radio Station WWVB broadcasts any-

114 

where within the boundaries of the 
continental United States. Time syn
chronization accuracy is 1 msec, and 
frequency synchronization to 1 part in 
1011 is obtainable. The Model SP- 465 is 
a valuable aid for engineers requiring 
time correlation of data gathered from 
different remote locations. It is also a 
primary standard for the Public Utilities 
and Metrology Standard Labs for time 
and frequency calibration. Datametrics , 
127 Coolidge Hill Rd., Watertown , MA 
02172. Phone(617)924-8505 . 124 
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DIGITAL READOUTS. Introduced is a 
line of electronic digital counters 
featuring English or Metric adaptabi lity 
as well as English-to-Metric or Metric
to-Engl ish conversions. It ca n be 
adapted to micrometer slides, precision 
stages and related items of Gaertner 
Scientific Corp. manufacture. These 
precise and convenient systems with 
optical incremental encoders have 
readouts that are obtained on bidirec
tional 5- or 6-digit displays reading to 
0.00005 in . In the metric unit , readings 
are 5 digits to 00.001 mm . The design 
permits installation of the metric system 
on English screws for English-to-Metric 
conversion. Gaertner Scientific Corp., 
1201 Wrightwood Ave., Chicago, IL 
60614. Phone(312)281-5335. 125 

LINE OF MECOHMMETERS. A complete 
line of megohmmeters for measuring 
insulation resistance features fixed and 
variable de test voltages ranging from 5 
to SOOOV. The meters can be used for 
determining insulation and leakage 

measurements on meters , cables, elec
tronic assemblies and components, 
dielectric material s, electrical ap
pliances, tools, capacitors and resistors. 
The 2030 Series of small portable units 
have battery operated transistor power 
supplies. The 2030A has a resistance 
range of 10 to 2,000,000 M!l; and the 
2030B from 1 to 20,000,000 M!l. De test 
voltage for both models is a fixed SOOV. 
Freed Transformer Co., Inc. , 1718 
Weirfield St., Brooklyn, NY 11227. 
Phone(212)386-1300. 126 

LIGHTWEIGHT ILLUMINATED EDCE
READINC PANEL METERS. The new 
Series E-25 and E1-25 " parkermeter" 
panel meters are designed for applica
tions that require a wider scale face for 
reading ease. Series E-25 edge-reading 
meters provide a meter face 3/.x2- 1/2-i n. 
(The actual scale length is 1.80 in .) The 
meter case extends 4 in. behind the 
mounting surface . Series E1-25 has scale 
illumination provided by two subminia
ture 5, 12, 18 or 28V lamps. $80. Airpax 
Electronics, 6801 W. Sunrise Blvd ., Ft. 
Lauderdale, FL 33313. Phone(305)587-
1100. 127 

PHASE-ANGLE VOLTMETER SPANS 
BROAD FREQUENCY RANCE. A phase
angle voltmeter series which makes 
precision measurements over 30 Hz to 
300 kHz is the PAV-4 Series which has a 
wide dynamic range (300 µV to 3000V), 
harmonic filtering and high input 
impedance with or without input 
isolation . Each of its three mainframes 
accepts a range of fixed and variable
frequency plug-ins . The fixed-frequency 
plug-ins give minimum phase accuracy 
of 0.5° at all frequencies. Signal and 
reference inputs may be direct or 
floating from grou nd . Input impedance 
at all frequencies is 10 M!l from 30 Hz to 
300 kHz. Singer Instrumentation, Los 
Angeles Operation , 3211 S. LaCienega 
Blvd., Los Angeles, CA 90016. Phone 
(213)870-2761. 128 
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Cahners Books 
89 Franklin Street, Boston, Mass. 02110 

Gentlemen : 

Please send me __ copies of NOMOGRAPHS FOR ELECTRONICS 
@ $27.50 ea. I understand that if I am not completely satisfied , I may 
return the books within 15 days for a complete refund or credit. 

D Bill me D Bill company D Payment enclosed (Cahners pays postage) 

Add ress _______________________ _ 

C1ty/State / Z•p 
(Massachusells residents add 3% sales tax) 

L--------------------------~~~~ -
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LITERATURE 

DIGITAL MICROVOLTMETER, Bulletin 
D-100G, describes the Doric line of 
digital microvoltmeters , accurate to ± 2 
µV with 1-µV resolution and repeatabili
ty on the basic 10-mY range. The bulletin 
outlines the design philosophies adop
ted by Doric to produce instruments 
intended primarily for low-level mea
surements and how analog preamplifiers 
with their associated noise and drift 
limitations were eliminated . A section is 
devoted to Auto-Zero and Dual-Slope 
true integration , the techniques used to 
eliminate zero drift and " dead-band" or 
hystereisis errors . Doric Scientific Corp ., 
7601 Convoy Ct ., San Diego, CA 92111. 
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EL INSTRUMENTS CATALOG. EL Instru
ments announces its Winter 1972 and 
1973 catalog. This expanded edition 
contains dozens of digital circuit design 
and breadboarding aids . Many new 
products are included which were not 
listed in the Summer '72 edition. EL 
Instruments, Inc., 61 First St., Derby, CT 
06418. 279 

CUSTOM FHP MOTORS AND GEAR
MOTORS. A new brochure describes 
universal, shunt and permanent-magnet 
type fractional-horsepower (FHP) motors 
and gearmotors which can be custom 
designed and manufactured to meet the 
special requirements of the motor user. 
Custom motors from 1/50 to 1 hp at 
speeds up to 20 ,000 rpm can be 
furnished. Operating speed of these 
ac/dc and de brush-type motors can be 
varied readily by electronic speed 
controls. Custom armatures and fields 
for assembly by the user into his product 
are also covered . Specialty Motors Inc., 
12863 Foothill Blvd ., San Fernando, CA 
91342 . 288 
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WIRING SERVICES BROCHURE. "Wiring 
Services," a technical brochure, explains 
Cambion's computer controlled wiring 
service in detail and provides all the 
necessary customer instructions for 
utilizing the service. The brochure tells 
how to prepare a specific wiring list form 
and shows how Cambion uses the form 
to wrap IC socket boards and back 
planes . Cambridge · Thermionic Corp., 
445 Concord Ave ., Cambridge, MA 
02138. 280 

LOW-LIGHT LEVEL TV CAMERA. Some 
10,000 times more sensitive than a 
standard vidicon camera , Cohu 's 2856 
low-light level TV camera which provides 
a usable picture with only 2 x 10-s 
footcandles of highlight ill umination on 
the vidicon faceplate (cloudy moonless 
night) is described in a data sheet. This 
camera, in a standard environmental 
housing, is fully automatic to ensure 
optimum pictures over a wide range of 
scene illuminations. Cohu, Inc., Elec
tronics Div., Box 623, San Diego, CA 
92112 . 281 

"NOISE GENERATOR NOTE 1" describes 
Testronic's current plug-in pc card 
library and outlines some of the new 
cards under development. By combining 
cards in a universal cabinet and 
card-guide system , one-of-a-kind noise 
generators are built at off-the-shelf 
prices . Future notes will cover noise
testing theory and practical applications 
as suggested by reader feedback. 
Testronic Development Laboratory, P.O. 
Drawer H, Las Cruces , NM 88001 . 282 

LINE OF ABSOLUTE ENCODERS. An 
8-pg. brochure gives complete informa
tion on a line of solid-state absolute 
encoders , including single-channel, mul
ti-channel and readout types, in conven
tional as well as ruggedized NEMA-12 
models. The brochure contains unit 
descriptions, system application notes, 
specifications and outline drawings on 
the encoders, readout electron ics and 
electromechanical transducers that 
make up the basic encoding systems. 
Astrosystems , Inc. , 6 Nevada Dr ., Lake 
Success, NY 11040. 284 

TWT-AMPLIFIER LINE. Complete specifi
cations for its traveling-wave-tube (TWT) 
amplifier line are contained in a new 
brochure from MCL, Inc. , formerly 
Microwave Cavity Laboratories . The 
amplifiers are broad-band devices that 
provide power needed for EM l/suscep-

tibi lity testing, antenna pattern measure
ment, rf power instrumentation calibra
tion and component testi ng . Four 
models-10, 20, 100 and 200W-are 
described in the 4-pg. brochure . MCL, 
Inc., 10 N. Beach Ave ., La Grange, IL 
60525. 285 

1973 ALLIED ELECTRONICS' 
CATALOG IN LARGE FORMAT. The 9-
x 11-in . 420-pg. catalog is a comprehen
sive buying guide for everything in 
industrial electronic parts and supplies . 
Compiled to meet the needs of industry, 
schools, institutions and government 
agencies, it ' s also the catalog for 
everyone looking for one source for 
hard-to-get items. The catalog lists over 
50,000 separate stock items from more 
than 400 manufacturers. Merchandise is 
grouped by sections and numerical 
cover margin tabs guide you to the 

. products you need . Allied Electronics 
Catalog #730 se ll s for $5 (or FREE with $10 
min . order) and is available from Allied 
Electronics , 2400 W. Washington Blvd ., 
Chicago, IL 60612. 286 

466-PG. BOOK DESCRIBES ALL 
MOTOROLA MECL DEVICES. Basic 
performance specifications are provided 
for each IC device in the MECL Ill and 
MECL 10,000 logic families. In 410 pages , 
complete de, ac and performance data 
are given for each product announced 
up to press time . Convenient abbreviat
ed guides offer a quick selector for MECL 
logic blocks. A synoptic discussion of 
topics of value to the designer planning a 
MECL system is contained in the 36-pg. 
general information section . References 
to the extensive MECL software support 
available are included by way of 
Motorola Application note abstracts, as 
well as references to a sampling of MECL 
articles in the trade press. Motorola's 
MECL Data Book may be ·purchased for 
$2 per copy . Copies may be obtained by 
sending check or money order payable 
to Motorola, Inc., P.O . Box 20924, 
Phoenix , AZ 85036. 
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SOLID-STATE MICROWAVE PROD
UCTS. A catalog describes solid-state 
amplifiers, oscillators , sources, cou
plers , filters and microstrip circuits 
available from Spectrum Microwave 
Corp. It describes a broad variety of 
products for rf through microwave 
application. Spectrum Microwave Corp., 
328 .Maple Ave ., Horsham, PA 19044. 289 

SHAFT-ANGLE ENCODERS. A 12-pg 
catalog covers shaft-angle encoders and 
their applications. The 2-color catalog 
describes a wide variety of encoding 
devices, how they can be matched to 
different applications and what kinds of 
encoders are required for a wide variety 
of environments . Covered are absolute, 
incremental , contacti ng , optical and 
magnetic types of encoders for corp
mercial/industrial and military aerospace 
applications. Norden Div. of United 
Aircraft, Helen St., Norwalk , CT 06856. 

290 

LIGHTED PUSHBUTTONS. A line of 
one-lamp lighted pushbuttons is de
scribed in a 4-pg illustrated brochure . 
The brochure provides information on 
the unusual lamp socket design em
ployed, bushing mounting, panel seal 
options, mounting dimensions, electri
cal and performance specifications and 
ordering information . Micro Switch, a 
Div. of Honeywell , Inc., 11 W . Spring St ., 
Freeport, IL 61032. 291 

ELECTRONIC INDICATING TACHOME
TERS. New literature discusses a line of 
panel-mount, IC electronic tachometers 
whose accuracy, including meter error, 
is 1 % . The Series T7000 tachometers can 
be provided with a display in RPM , IPM , 
BPH or GPM , which is linearly propor
tional to an input-signal rate derived 
from a magnetic pickup, shaft encoder 
or a contact closure . Specifications, 
operation, outlin e and connection 
details are provided in the brochure. 
Dynalco Corp ., 4107 NE 6th Ave. , Fort 
Lauderdale , FL 33308. 292 

UNIVERSAL TONE-BURST GENERATOR. 
Singer Instrumentation 's new universal 
tone-burst generator , Model TG-2, is 
described in this 4-page brochure. The 
instrument generates any 4 tone fre
quencies in all of the time formats used 
for tone-selective paging systems. The 
brochure lists all proprietary call systems 
with which the instrument can be used. 
Operating features and applications are 
presented together with specifications. 

Singer Instrumentation, Los Angeles 
Operation, 3211 S. La Cienega Blvd ., Los 
Angeles, CA 90016. 293 

AM/FM/SSB SERVICE MONITOR. An 
8-page brochure describes Singer Instru 
mentation 's new communication service 
monitor, Model FM-10C. Features and 
design philosophy are described togeth
er with specifications and applications. 
The FM-10C is a combination fre
quency-meter/signal-generator with 
plug-in rf and scope modules . It 
provides a complete AM/FM/SSB servic
ing package in the range of 50 kHz to 512 
MHz. Singer Instrumentation, Los An
geles Operation, 3211 S. La Cienega 
Blvd., Los Angeles, CA 90016. 294 

TEST INSTRUMENTATION is described 
in a 16-page brochure. Instruments 
covered include EMl/field intensity 
meters, RF current probes , antennas , 
microwave components , FM/AM/SSB 
com munications test instrumentation , 
frequency meters , signal generators , 
tone generators , synchro/resolver test 
instrumentation, AID converters , 
phase-angle voltmeters , ratio trans
formers and electrostatic voltmeters. 
The Singer Co., Los Angeles Operation , 
3211 S. La Cienega Blvd ., Los Angeles, 
CA 90016. 296 

TIME-SHARING RECORDER. A new 
catalog sheet includes information about 
a new thermistor-probe and strip-chart 
which extends the range of the Model 
LT8200 recorder to -3 to +118"f making 
it suitable for monitoring air condition
ing and heating equipment . Amprobe 
Instrument, 630 Merrick Rd. , Lynbrook , 
NY 11563. 295 

Immediately 
available 

Pulse Transformers 
Delay Lines 

Now you can save time and money 
by specifying standard Pulse 
transformers or delay lines from 
our wide range of in-stock 
components. We have the most 
commonly used designs- complete 
and reliable. And Pulse engineers 
are ready to assist you with 
unique designs. 
Typical Applications 

1. SCR and TRIAC control 
2. Small signal coupling and 

isolation 
3. Baluns 
4. Floating switches 
5. Line drivers and receivers 
6. DC isolation 
7. Timing delays 

For the broadest selection of 
in-stock CO!Jlponents, available for 
immediate delivery in any quantity, 
call our catalog sales department. 

50% DUTY CYCLE 
TRANSFORMERS 

• DIP Package • Baluns • Floating 
Switches • In Stock 
Turns ET Cw/w LL 

Catalog Ratio L. Pulse· V-µ S pf µh 
Number (± 5 % ) µ hy Min Max Max 
9396 1 :4 13.2 1.6 15 1.0 
9266 1 :1 10 1.5 10 0.2 
9629 1:1 3.8 2.0 20 0.4 
9267 1:4 5 1.5 10 1.0 
9353 1:2 15.1 2.0 10 0.5 
9268 1:1 160 6.0 16 0.4 
9397 1:1:1 35 1.0 14 0.2 

30020 1:1 1.15 1.0 15 0.2 
30019 12 :7 3.3 5.0 15 0.2 
30018 1:1 6.06 2.0 20 0.4 
30024 1:1 16.8 2.0 20 0.4 

Send for Bulletin #57 

Pulse 
Engineering 

Inc. 

A Varian Subsidiary 
P. 0 . Box 12235 
San Diego, Calif. 
92112 
(714) 279-5900 

--------TWX 910·335·1527 
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LITERATURE 

Cl]r.!PUTER 
rncTUJP.iRRY 

ANO 
HANDBOOK 

COMPUTER DICTIONARY AND HAND
BOOK, 
Second Edition. It 's new and updated 
and compiled from an information base 
of over 22,000 separate definitions and 
concept explanations. Over 450 pages 
define computer related terms . Princi
ples and procedures of computer 
systems, number systems , mathematical 
definitions, and computer languages are 
a few of the subjects covered . Catalog 
No . 20850, 784 pages-hardbound
$16.95 . Howard W. Sams & Co ., Inc., 
4300 W . 62nd St., Indianapolis, IN 46268. 

297 

FACT SYSTEM-A 16 page brochure 
detail s characteristics of the flexible 
automatic circuit tester (FACT) system . It 
illustrates how the FACT wiring analyzer 
and various functional interconnection 
methods may be adapted to provide 
efficient and economical solutions to 
large volume , exacting test procedures 
for a wide variety of electronic systems 
and equipment. Hughes FACT Systems, 
P.O . Box 92904, Los Angeles , CA 90009. 

298 

ELECTRICAL SAFETY PUBLICATIONS. 
" ISA Elec tri ca l Safety Publ i ca ti o n s" 
brochure describes two new reference 
books on electrical instruments in 
hazardous locations and electrica l safety 
abstracts , a new monograph on electrical 
safety practices , and other publications 
on the topic. Three specia l package 
prices are offered. ISA , Publications 
Dept., 400 Stanwix St., Pittsburgh, PA 
15222. 299 

SIGNAL PROCESSORS, SYNTHESIZERS 
are covered in a 6-page short form 
catalog . Products described include 
analog and digital filters and frequency 
and speech synthesizers . Specifications 
and prices are given . Rockland Systems 
Corp ., 230 W . Nyack Rd ., West Nyack, 
NY 10994. 300 
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TELECOMMUNICATIONS PRODUCTS 
is a 32 pg . product booklet describing 
Lenkurt's line of video, voice and data 
transmission systems. Each description is 
accompanied by a detailed black and 
white photograph of the product and a 
reference for further information. The 
guide includes microwave radio trans
mitter-receivers , microwave radio sub
systems , coaxial cable transmission . 
systems and more . GTE Lenkurt Inc., 
Dept. C720 , 1105 County Rd., San Carlos, 
CA 94070. 100 

NEW CMOS IC DATA BOOK OFFERED . 
A 100-pg. CMOS Data Book includes 
technical introduction to CMOS; a 
discussion on design and operation. 
considerations ; package descriptions; a 
discussion on chip preparation and 
handling and a review of devices 
available in the SCL 4000A, SCL 4400A 
and SCL 5000A series . Solid State 
Scie ntifi c Inc ., Montgomeryville , PA 
18936. 101 

FOUR-COLOR BROCHURE ON LED 
DISPLAYS. The brochure provid es 
general and technical data on a broad 
line of light-emitting-diode display 
modules. Included are module systems 
for 7-segment displays in a variety of 
configurations, which include all or part 
of the necessary decoding and driving 
circuitry for the displays. Monsanto 
Commercial Products Co., 10131 Bubb 
Rd ., Cupertino , CA 95014. 102 

DISC DRIVE APPLICATION NOTE. 
A 32-page application note on designing 
a sectored format for Pertee disc drives 
provides an analysis o f the parameters 
within a disc dri ve whi ch contribute to 
sec to r format c on s id e ration s. Eac h 
parameter is discussed and algebraic 
expressions are provided. Included are 
formulas for calcu lating a sector to 
provide design engineers with informa
tion needed to determine sector timing 
requirements for specific applications. 
Pertee Corp. , Dept. 101N, 9600 Irondale 
Ave., Chatsworth , CA 91311. 103 

CARD-READER SYSTEM. A 4-pg. bulletin 
describes a card-reader system which 
permits reading data from punched 
cards into Micro 800 and Micro 1600 
computers . The system consists of a card 
reader , an interface controller and all 
necessary interconnecting cab les and 
mounting hardware. The bulletin de-

scribes the controller, card reader and 
software in detail. Photographs and 
diagrams illustrate functional character
istics , data flow and the physical 
packaging of the system . Microdata 
Corp. , 644 E. Young St. , Santa Ana, CA 
92705. 104 

TIME-SHARE TERMINAL PLOTTING. 
An HPPLOT User' s Manual shows how 
easily a time-share system can be 
commanded to plot point or line graphs, 
or step or bar charts . This new 22-pg. 
booklet is written for the user of a time 
share terminal equipped with an x-y 
plotter , but should also be interesting to 
anyone required to plot computer data 
manually. It contains listings of com 
mands, instructions and many sample 
plots . HPPLOT is a software program 
available to users of GE and HP 2000 
time-share systems . Hewlett-Packard, 
1501 Page Mill Rd., Palo Alto, CA 94304. 

105 

PHASE LOCKED LOOPS application 
book is an 80-pg. guide to a new phase 
of monolithic circuits based on fre
quency feedback technology . The phase 
locked loop is basically an electronic 
servo loop consisting of a phase 
detector, a low pass filter and voltage 
controlled oscillator. The book includes 
phase locked loop terminology , func
tional applications , measurement tech
niques and expanding loop capability. 
Write on company letterhead to : 
Signetics, 811 E. Argues Ave., Sunnyvale, 
CA 94086. 106 

ON-THE-PANEL-MOUNTING DPM . 
Operation , features and specifications of 
the California Instruments' Series 8330 
DPMs which mount on- rather than 
through- the panel are discussed in a 
4-page, 2-color brochure . The brochure 
includes dimensional drawings, photo
graphs showing interior construction 
and complete specifications for all 
models in the series along with their 
available options . California Instruments 
Co ., 5150 Convoy St. , San Diego, CA 
92111. 107 
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Four fingered Frank- ? 
Dear Mr. Egan : 
Reference your October 15 issue 
(pg. 62) " Progress in Modules." 
If Acopian Corp. has discovered the 
perfect thermal insulator, this 
would be a world-shaking event 
indeed! On the other hand, if not, 
pity the poor engineer who takes 
the data given at face value. Ele
mentary considerations wou Id in
dicate that in a closed container 
there would be thermal leakage 
across the barrier and a constant 
temperature rise until all compo
nents see substantially the same 
thermal environment. The only 
thing that can be gained is an in
crease in the thermal ti me constant; 
i.e., a delay in the time all com
ponents reach the same tempera
ture. From a practical point of view, 
the chances are that the terminal 
temperature of al I components 
would be substantially higher than 
the conventional structure, and for 
the same conditions the Acopian 
power supply could finally disap
pear in a wi sp of smoke! 

Also, shame on you for your 
"touch testing." I'm sure if you had 
waited for the thing to reach equi
librium, you would now be known 
as " four-fingered Frank." I would 
suggest you devote your fingers to 
more accurate technical evaluation 
than on an obvious promotional 
hand-out! 
Sincerely, but for a better EON, 

James J. G rieg 
ERA Acoustics Corp. 
Moonachie, NJ 0707 4 

Manufacturer replies . . . 
Dear Mr. Egan: 
Mr. Grieg has made a major error 
in considering the power module 
case as a thermally closed universe. 
It is not. The outer surfaces of the 
module's circu it board end dissi
pate the relatively small amount of 
heat which leaks through a very 
effecti ve (but admitted ly not per
fect) thermal barrier, and the tem
perature buildup envisioned by Mr. 
Grieg just doesn't happen. Thi s is 
comparable to the situation of an 
unheated garage attached to a 
heated house via an (imperfectly) 
insulated wall. Would anyone wish 
to bet that, in the middle of January 
and with six inches of snow on the 
roof, the garage wou Id have the 
same temperature as the house? 

Acopian 's c laims for these new 
models are not based upon theo
retica l and unproven concepts; we 
have shown that they do w hat we 
say they do. The unit "touch tested" 
by Bob Cushman of EDN was in 
operation at fu 11 load for hours be
fore hi s arri va l, and he close ly 
monitored it during the severa l 
hours which he spent at ou r plant. 
He left w ith all fingers intact. 
Sincerely, to an accurate EON 
Thom as E. Skopa l 
Acopian Corp . 
Easton, PA 18042 

It makes a difference ... 
Dear Editor: 
I have fo l lowed the EDN Design 
Course on CMOS, Parts I and II , 
in your November 1 and December 
1 EDN magazi ne. The seri es of 
articl es are very helpful in keeping 
current in the state-of-the-art de
velopments in one area of logic 
design. 

While read ing Part II of the series, 
I noti ced the article " Film-Resistor 
Specs" by Mr. Vernon Gray. This 
is a good and usefu I article too, but 
there is an error in the theoretica l 
Johnson thermal noise equation on 
pg. 41 . I discovered the error be
cause I wanted to justify the factor 
7.4 and the 10- 12 which is under 

the radical. The basic Johnson 
noise equation is: 

En rms = [ 4 k T R M] •;, 
where k (Boltzmann's Constant) is 
1.38 x 10- 23 Joule per degree, T is 
the abso lute temperature in degrees 
Kelvin, R is the resistance in ohms, 
and Mis the bandwidth in Hz. 

Thus, the constant in Mr. Gray's 
article should be 7.429 x 10- 12. 

The thermal noise level for the 
22k resi stor used as an example in 
Fig. 5 is correct, but the equation 
as printed in the figure has the 
same error as stated. 
Roy W. Slice 
Senior Engineer 
EC & C 
San Ramon, CA 94583 

Ed note: A check with Mr. Gray 
confirmed the above to be correct. 

Right on! 
Dear Sir: 
Jesse Pipkin 's article, " On Engi
neers and Profits" is ri ght on, ri ght 
on. Design engineers are short 
sighted when serv ice is considered. 
If they had to servi ce what they 
designed, they would have second 
and third thoughts. 
C.M. Guido 
Beckman Instrument, Inc. 
Anaheim, CA 92806 

" ALL IT SAYS IS ... IT DON 'T TAKE 

MUCH OF A BRAIN TO FIGURE THAT OUT! " 
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OPTICS• SCIENCE 
. ELECTRONICS 

fiCATALOG ! 
~ 1,000's OF HARD-TO-FIND 

BUYS FOR INDUSTRY 
Q Brand new 164 .page easy-to -read edition packed with new 

prod ucts, charts, diagrams , illustrations. On-the-job helps: 
Quality control aids , uniQue . exclusive items to speed yo ur 
work, improve Quality, cut development and production 
costs! Loade d with optica l , scie ntifi c and electronic 
eQ uipment ava ilable from stock fo r industry, research 
labs, design engineers , experimenters, hobbyists . 

ONE SOURCE FOR ALL YOUR NEEDS 
Tr emendous variety. Terrif ic savings. CounJless hard-to-get 
surplus bargains . Many "one-of-a-k inds " nowhere else. 
Ingenious scientific tools . Thousands of components: 
lenses, prisms , wedges, mirrors , mounts , all types of ac 
cessories. Hundreds of instruments: pollution testing 
eQuipment , lasers, comparators, magnifiers , microscopes, 
projectors , tele scopes, binoculars , photo attachments, eco· .... ,_.,,,, 
logical items, black light equipment and America 's largest 
collection of un ique lighting products. 

BUY DIRECT WITH MONEY-BACK GUARANTEE 
Edmund ships over 5,000 orders monthly to America 's 
largest indus t rials - every item guaranteed! You must be 
sa ti sfied, or return your purcha se in 30 days for your 
money back . Shop the catalog of America 's largest Science
Opt ics-Electronics Mart w ith confidence! Get your FREE 

. co py without obligation. No salesman will call . Write now 
for free catal og ' ·AT • 

a EDMUND SCIENTIFIC CO. 
300 EDSCORP BUILDING 
•ARRINGTON, NEW JERBEV 08007 
TELEPHONE: 609-547 -3488 

SUPER 
ffiiJGAGE 
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portable instant readout accurate to .0005" 
inexpensive, permanent measuring standard 

120 

Measurements are made unbelievably fast by placing a 
Micro-Line 1000 lines per inch transparent sca le direct ly 
over work to be measured. Sharp crisp image ... viewed 
through a Bausch & Lomb 40X microscope. For use in 
the fields of inspection, drafting, electron ics, tool and 
die making and photography. Optional accessories converts 
unit to an optical height gage. Write for Catalog No. 38-2 1. 

MICRO-LINE 
D I V ISION OF BAUSCH & LOMB~ 
JAMESTOWN . N . Y. 14701 716 / 488-1958 
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Modems 213 110 SO-MHZ Counters/Timers 113 11 2 

Modular Power Supplies 35 98 
Modu lar Power Supplies 195 97 H igh Speed AID Conveners 114 11 2 

Power Supplies 176 94 
Modular Power Supplies 196 99 H igh Speed A/D Conver ers 116 113 

Power Su pplies I Cov. II 
Modu lar Power Supplies 189 96 Impulse Generators 123 114 

Regulated Power Suppl ies 25 48 
Phase-S~uence Detectors 184 96 Instrumentation Amplifiers 171 94 

Regulaled Power Suppl ies 41 96-97 
Power Sp ilters 181 95 Instrumentation Amplifiers 183 96 

Voltage Regu lators 173 94 
SID Converters 170 94 lnstrumen tat·on & Tes t Equipments 18 20-2 1 
S/H Modules 178 94 PRODUCTION EQU IPMENT 
6. 1 GHz Oscillalors 199 99 

Instruments 279 116 Optical Measuring Standards 50 120 
Term Sets 188 97 

Meg oh meters 126 114 Test Stations 38 90 
Tone Encoder/Decoders 174 94 

Phase-Angle Voltmeters 127 114 Wire-Wrapping 280 11 6 
TWT Arnp1 ifiers 285 116 

Phase-Sensi ti ve Vol tmeters 12 1 11 3 
Rf Generators 122 114 Vol tage Cont rolled O sc illa tors 186 95 Scope Probes 

SPECIAL PRODUCTS 
Voltage Control led Oscillators 175 94 120 113 CD Ignition Sys tems 43 99 

Select:ve Voltmeters 11 5 113 Indicator Lamps 170 102 
COMMUNICATIONS EQU IPMENT 

Signal Processors 300 118 TV Cameras 11 10 
Commu nications Controllers 2 12 109 

Spectrum Ana lysis 109 11 2 

Commu nications Monitors 294 11 7 
Str ip-Chart Recorders Ill 112 

SPECTRAL DEVICES I 0-MH z Scopes 112 112 Communications Processors 211 109 Tes t lnslrumentations 296 11 7 Gas Discharge Displays 59 
Data Terminal s 202 108 Time Sha ring Recorders 295 117 Image Devices, Lasers 17 18 
Data Terminal s 205 108 Time Synchronizers 124 11 4 Indi cator Lamps 256 100 
Data Terminal s 208 109 Tone Generators 293 117 Indica tor Lamps 258 100 
Data Terminal s 2 17 110 LED Display Modules 102 11 8 
Electronic Kils 53 65-66 MATERIALS/HARDWARE LED Displays 223 104 
Mechanical Filters 107 45 

Adhesives 103 LEDs 277 105 
Modem Modules 172 94 275 

Miniature Power Supplies 39 90 
Modems 213 110 Assorted Components 286 116 Neon Lamps 265 10 1 
Modems 203 108 Ci rcuit Breakers 47 Ill Reflec tive Transducers 262 10 1 
Portable Data Terminals 207 109 Connectors 52 90 TV Cameras 28 1 11 6 
Term Sets 188 97 D IP Insertion Tool s 267 102 

Tone Encoder/Decoders 174 94 Flame Retardant Films 14 12- 13 SYSTEMS/SUBSYSTEMS 
H igh Voltage Insu lation 272 102 Array Processors 2 10 109 

DATA HANDLING EQU IPMENT LSI Sockets 23 49 Calculators 20 1 108 
Array Processors 210 109 Metal Sheets 46 111 Communicat ions Control lers 212 109 
Calcu lators 201 108 Mounting Studs 274 103 Communications Processors 2 11 109 
Calcula tors 12 10 Optical & Electronic Components 49 120 Core Memories 208 109 
Communications Controllers 212 109 Pc Boards 255 100 Dala Tablets 218 11 0 
Commun icat ions Processors 211 109 Readou l Connectors 7 Data Terminals 217 110 
Computer Memories 30 85 Sockets 269 102 Dala Termina ls 202 108 
Core Memories 208 109 Dala Term inals 209 109 
Data Tablets 218 110 MICROWAVES Data Terminals 205 108 
Data Terminals 202 108 lnpulse Generators 123 114 Disc Controllers 216 110 
Data Terminal s 205 108 Microwave Ampli fiers 185 95 Disc Systems 214 110 
Data Terminals 209 109 Microwave Amplifiers 198 99 Disc Systems 2 15 11 0 
Data Terminal s 2 17 110 Microwave Products 289 11 7 H igh-Speed A/0 Converters 114 112 
Disc Controllers 216 110 Power Splitters 181 95 H igh-Speed A/0 Converters 116 11 3 
Disc Memories 206 108 Rf Generators 122 114 Memories 2 19 110 
Oise Sys tems 21 4 110 6. 1-G H z Oscillators 199 99 Memory Systems 204 108 
Disc Sys tems 215 110 TWT Ampl ifiers 285 11 6 Modems 203 108 
Memory Systems 204 108 Voltage Controlled Osci llators 175 94 Modems 2 13 110 
Memories 2 19 110 Voltage Controlled Osci llators 186 95 Paper Tape H andl ers 22 1 111 
Modems 213 110 Wire Wrapping 280 116 
Modems 203 108 MONOLITHIC 'HYBRID ICs 
Paper Tape Handlers 22 1 110 Assorted Components 286 11 6 TEST EQUIPMENT 
Portable Data Terminal s 207 109 CMOS Rate Multipliers 232 104 Assorted Components 286 11 6 
S/H Modules 178 94 0/A Converters 14 22 Communication Monitors 294 11 7 
Video Storage Units 40 95 Data Selectors 225 104 Correlation & Probabili ty Analysis 110 11 2 

D ISCRETE SEMICONDUCTORS 
Digital- JC Testers 11 9 11 3 Digital Counters 125 114 
Dual Fl ip-Flops 247 106 Digital IC Testers 11 9 11 3 

Assorted Components 286 116 ECL Coun ters 243 106 Digital Microvol tmeters 283 11 6 
Darlington Transistors 250 8 Electri cal ly Alterable RAMs 252 107 D igital Mu lt imeters 6 3 
Microwave Diodes 242 106 FM Detectors 235 105 DP Ms 107 11 7 
Power Diodes 238 106 FM Ga in Blocks 227 104 DVMs 108 11 2 
Power SC Rs 98 28 High Power Op Amps 249 107 Edge-Reading Panel Meiers 128 11 4 
Power Transistors 239 105 High-Vol1age/Current Op Amps 193 97 Electri ca l Tachometers 29 2 117 
Schollky D iodes 254 107 H ybrid Circuits 21 36 50-M H z Counter/Timers 11 3 11 2 
Swilching Transistors 245 106 IC Op Amps 244 106 Impu lse Generators 123 11 4 
Varactor Diodes 233 105 LED Disp lay Modules 102 118 Instru mentat ion & Test Equipments 18 20· 2 1 

ELECTROMECHANICA L COMPONENTS 
LED Display Drivers 246 106 Instruments 279 116 
Line Drivers 224 104 Megohmmeters 126 114 

Assorted Componen ts 286 116 Line Drivers 234 105 Noise Generators 282 116 
Data Tablets 2 18 110 Low-Power Op Amps 5 2 Optical Measuring Standards 50 120 
FHP Motors 288 116 Modem Modules 1n 96 Phase-Angle Voltmeters 127 114 
Indicator Swi tches 260 TOO MOS Delay Line/Shih Regislers 248 107 Phase-Sens; tive Voltmeters 121 11 3 
Keyboards 268 102 Op Amps 253 107 Scope Probes 120 11 3 
Lighted Pushbuttons 291 117 Op Amps 278 104 Selective Voltmeters 11 5 113 
Lighled Pushbullon Swi lches 31 88 Power Amplifiers 236 105 Spectrum Ana lysis 109 11 2 
Paper Tape Handlers 221 111 Power Switch/Amplifiers 3 Cov. IV Str ip-Chart Recorders 295 11 7 
Pu shbutton Switches 271 102 Schotlky TTL ICs 24 1 105 Thermocouple Indicators 11 7 11 3 
Pushbutton Swilches 27 64 Sense Amp I ifiers 222 104 Thermocouple Recorders 11 8 11 3 
Reed Relays 4 I Swi tch Drivers 261 101 Time-Sharing Recorders 295 117 
Refl ective Transducers 262 10 1 Voltage Regulators 240 105 Time Synchronizers 124 114 
Snapaction Switches 34 98 Voltage Regulators 173 q4 Tone Generators 293 11 7 
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Paying the lowest price for fixed re
sistors 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 elements into an integral structure. 
Physically strong. With a densely 
packed, uniform resistance track. Note 

EC72·8 Q Allen-Bradley 1972 

how the leads are firmly and thorough
ly imbedded to reduce circuit noise. 
Hot molding is just one way we have 
engineered more quality into our re
sistors. Consistant A-B quality that can 
lower your installed costs and put 
more reliability into your products. If 
you think all resistors are the same, 
read "7 ways to tell the difference in 

CHECK NO. 2 

fixed resistors'.' See your A-B electron
ic distributor, or write Allen-Bradley 
Electronics Division , 1201 South 
Second Street, Milwaukee, Wisconsin 
53204 . Export: Bloomfield, New 
Jersey 07003. Canada: Allen-Bradley 
Canada Limited, Galt, Ontario. United 
Kingdom : Jarrow, County Durham 
NE32 3EN. 



RCA's new amplifier may turn you off! 
Actually, it may turn your system off. Or turn it on . Because terns (temperature, motor speed controls), alarm systems, 
the new CA3094 linear amplifier is also a very effective analog timers, long time ramp generators, high power 
Power Switch that can operate off a single power supply. ~llllP' single-ended class A amplifiers, automotive or process con-
That's right! ... a programmable Power Switch/ Amplifier all 1 

1 

..... trol systems or even household appliances, the CA3094 
in one T0-5 package. And this makes it one of the most should be your top choice. 
flexible devices available to you today. Best of all , it's available in quantity right now in the fol-

For example, the CA3094 has high power capability (1 O lowing configurations: 
watts peak or 3 watts average), ideal for controlling thyris- ----------------------
tors, relays, lamps, etc. Yet it can be programmed to idle at 
microwatt power levels, a real plus in low duty cycle appli-
cations. \ 

And its programmable input impedance allows you to 
design economical timer circuits with delays in excess of 
four hours. 

Add to this, programmable strobing, gating , squelching 
and AGC capabilities and an excellent THO (@ 0.6 W in 
class A operation of 1.4% typ), and you can see why appli
cations for the CA3094 are almost endless . 

And variety of applications is where this device really 
shines. Whether you're designing error signal detector sys-

Voltage Voltage Output Current 
•Type Single Supply Gain Dual Supply Peak Average 

CA3094T 24V 100dB typ. ±12 300 ma 100 ma 
CA3094AT 36V 100dB typ. ± 18 300 ma 100 ma 
CA3094BT 44V 100dB typ. ±22 300 ma 100 ma 

"These three types are also available in formed-lead T0-5 for dual - in-line socket 
configuration , as CA3094S, CA3094AS. and CA3094BS. 

Interested? Let us send you a Data Sheet and Application Note (ICAN-
6048) . Write: RCA 
Solid State, Section, 
SO B- I Box 3200 
Somerville, N.J. 
Phone: (201) 722-3200 Rell Solid 

State 
International: RCA, Sunbury-on-Thames, U.K .. or Fuji Building , 7-4 Kasumigaseki, 3-Chome, Chiyoda-Ku, products that make products pay Off 
Toyko, Japan. In Canada: RCA Limited, Ste Anne de Bellevue 810, Canada. 
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