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Comparators can do more 
than just compare 

Solid-state speed controls 
for induction motors 
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SV@l.S amp 
or 

±lSV@350mA 

These 3.5" x 2.5" x 1.25" encapsulated 
power modules may be mounted 
on p.c. boards. The Model 5E150 delivers 
5V@ l.5A with regulation of ±0.3% 
and ripple of 1 mv. Price $98. The 015-35 
provides tracking ± 15V; the 012-35, 
± 12V (350 ma per output). Regulation 
±0.05%; ripple 1 mv; price $105. 
Standard input 105-125 VAC, 47-420 Hz. 

Many other models also available. 
Three-day shipment guaranteed. 

Acopian Corp., Easton, Pa. 18042 • Telephone: (215) 258-5441 
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795 
• Displays Dynamic Charac

teristic Curves of Diodes, 
Transistors and FETs 

• Curve Comparison 
e 5-inch CRT 
• 1-kV DC Collector Supply 
• 2-A Peak Current (15 W 

max) curve tracer 

The new TELEQUIPMENT CT71 
CURVE TRACER, with simple 
controls and a wide range of 
Base and Collector voltage, 
current and resistance settings, 
now makes possible the 
dynamic testing, evaluation, 
matching, and selection of 
many semiconductor devices 
. . . at a very low price. 

Dynamic characteristic curves 
are easily interpreted and/or 
compared on the large 5-inch 
CRT. Two plug-on fixtures 

TELEQUIPMENT 

• Safety Interlock 
• 5-nA Leakage Measurements 

FOCUS INTENSIT'I' GllATICULf 

• 200-mA or 20-V, Base Step 
Generator Range 

• O to 1 O Base Steps 
with Variable Offset 

• Plug-On Test Fixtures 
accept T0-3s, T0-66s, 
T0-1 Bs, T0-5s and other 
3-terminal devices 

with sockets and binding posts 
accommodate many different 
package configurations. 

Its solid-state design assures 
that rugged dependability 
which schools, service centers 
and calibration labs require 
. . . and at a weight of only 
25 lbs. 

TELEQUIPMENT products are 
marketed and supported in the 
U.S. through the Tektronix, Inc. 

TELEQUIPMENT . .. 
a subsidiary of 

CHECK NO. 4 

network of 58 Field Offices 
and 34 Service Centers. The 
instruments are warranted 
against defective parts and 
workmanship for one year. 
For more information, call 
your nearby TEKTRONIX Field 
Engineer or write: P. 0 . Box 
500, Beaverton, Oregon 97005. 

TELEQUIPMENT Oscilloscope 
prices start as low as $245. 
U.S. Sales Prices FOB Beaverton , Oregon 

Tektronix, Inc. 



Our low-cost receptacles 
give you low-cost pluggability. 
Automatically. 
Three lines for just a fraction more than a penny. That's the 
cost of our reliable DIP and transistor receptacles . But only 
the start of sav ings. 

Put our high speed automatic insertion machine to work in 
your plant , and you 've got production rates of up to three 
thousand mounted transistor receptacles per hour, or up to 
18,000 DIP receptacles per hour. 

That 's the story. You get the pluggability you want at the 
lowest applied cost available anywhere-a total economy un
matched in the industry. 

You also get long life expectancy, dependable performance 
after repeated insertions and extractions , and special design 
that accepts a wide variety of lead sizes. Plus , a special 
feature that prevents solder from entering the contact area . 
Both DIP and transistor receptacles are available for a wide 
variety of boards and board thicknesses . 

All the cost-saving , convincing details are yours for the asking. 
Write for Bulletin T50-1 to : 
AMP Incorporated , Industrial Division, Harrisburg, Pa . 17105. 

AMP 
INCO RPORATED 

Manuf ac tunng and direct sales f ac1ht1es worldwide : Barcelona , Brussels, Buenos 
Aires, Frankfurt, London, Mexico City, Pans, Puerto Rico, Sao Paulo, 
s'Hertogenbosch (Holland). Sydney, Stockholm, Tokyo, Toronto, Tunn, Vienna. 
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TRW LVA diode ••• 
the sharpest knee 

beloVI 10 Volts. 

The current saver. 
No other zener can approach TRW's LVA perform
ance below 10 volts. Available for operation down 
to 4.3 volts, TRW LVA diodes minimize power con
sumption in portable-battery operated equipment. 
They're also ideal for instrumentation, where, as 
reference elements, they draw as little as 50 µAmps. 

TRW LVA's are available in various package config
urations, including passivated chip form for hybrid-

compatible packages. If you have a need for a low 
current voltage regulator or any other product that 
demands low current consumption, you should 
check out TRW LVA zeners. When it comes to cur
rent, they're really misers! 

For product information and applications assistance 
write TRW Semiconductors, 14520 Aviation Blvd., 
Lawndale, California 90260. Phone (213) 679-4561. 
TWX 910-325-6206. 

TRW 
SEMICONDUCTORS 
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If you don't want hybrids. 
Can't afford high gear-up costs. 

An·d need the relial:>ility of discretes. 
Have we got something for you. 

CORDIPT" component networks. An entirely new class 
of low cost, reliable, dual-in-line component networks 
that give you a flexible new design option. 

CORD IP component networks consist of pre-packaged 
discrete components-resistors, capacitors and diodes 
and can be designed to meet your circuit needs. You get 
all the benefits of discretes: reliability, tight tolerances, 
and the ability to adjust value and tolerance from 
order to order. 

They save money over discretes because there's less 
handling. The whole idea is very simple. If you can put a 
lot of parts in at one time instead of part by part, 

, / 

you're bound to save time and money. 
And you save space. CORDIP networks cut assembly 

errors and assembly costs. Simplify wiring, and there 
are fewer parts to order and keep track of. 

Unlike hybrids, they're economical in low volume. 
Standard pull-ups and in-outs for as low as 76¢ in 1000 
piece lots. Custom resistor-capacitor-diode networks 
are economical too. Try us and see. 

For full technical information on CORDIP component 
networks, check your EEM catalog. Or write the 
Electronics Products Division of Corning Glass Works, 
Corning, N.Y. 14830 for our technical brochure. 

CORN I NO 
ELECTRONICS 
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Everybody wants your 
components business. 

But were doing 
6 things to ea1n it. 

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

purpose - we give you documented 
reliability. You'll find our metal film 
resistors outperform other metal 
films (including glazed), wire-

. wounds and carbon comps. And our 
Glass-K· capacitors outdistance 
monolithic ceramic capacitors 
on all counts. 

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

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

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

inventory of over 50,000,000 

components. And you'll find our 
"ball parks" are the most accurate 
and dependable in the industry. 
You benefit in reduced expediting 
and inventory costs. 

4 Better QC. Enough better 
so that many of our custom
ers find they can totally 

eliminate incoming QC testing of 
our parts. Couple this with our 
unique product configurations that 
cut component insertion costs and 
you'll find it costs you less to do 
business with Corning even when 
our per unit price is the same. 

5 Better new products. Our 
CORDIP'"Component Net
works let you replace most 

of the outboard discretes you can't 
design into an IC. With a pretested, 
dual-in-line package of up to 23 
discrete resistors/capacitors/diodes. 

Our F AIL-SAFE'"flame proof 
resistors give you an economical 
replacement for non-inductive and 
semi-precision power wirewounds. 
But ours open - never short
under overload. 

6 Better support. We've built 
the largest technically
trained field force in the 

industry. And have contracted 
with the 30 most competent and 
service-oriented distributors in the 
country to give you in-depth 
assistance whether your needs are 
big or small. 

Just let us prove it. Write 
for full details to: Corning Glass 
Works, Electronic Products Divi
sion, Corning New York 14830. 
Or call: (607) 962-4444. Ext. 8381 

CORNING 
ELECTRONICS 

Resistors &Capacitors 
for guys who can't stand failures 
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your best buy in a 100-MHz scope 
DJ 5 mV/100-MHz Single $2075 UJJ Trace, Single Time Base 

DJ 5 mV/100-MHz Dual $2550 
UJj Trace, Single Time Base 

DJ 5mV/100-MHz Dual $281:0 
UJj Trace, Delaying Sweep iii 

1)1] r:wa a5s0-MH·z· System . as .. $18 50 
... and an excellent introduction to 
the TEKTRONIX 7000-Series Inte
grated-Test-System Concept. 

Instrument options, plus a modular de
sign , allow you to purchase the basic 
system and then expand it as your mea
surement requirements increase. A real 
time saver, CRT READOUT, can be 
added to your scope for only $400. Its 
use increases your measurement speed 
and accuracy in set up, test, and CRT 
photography. Other options give you: 
• increased photographic writ ing speed 
• a selection of CRT phosphors • sig
nal outputs • EMI modification. 

The 7603 and 5%-inch rack R7603 are 
three-plug-in scopes. They allow you 
to mix or match plug-ins to suit your 
requirements, and provide amplifier com
binations up to four traces. You can 
choose from 26 plug-ins including: Am
plifiers, Time Bases, Curve Tracer, Op
tical Spectrometer, Sampling, TOR, Spec
trum Analyzer, and the newly introduced 
Digital plug-ins. 

The 7000-Series Digital plug-ins. 
onstrate the true value of the 7 
gether, they give you the advant 
both worlds-confidence in seein 
you're measuring and the accura 
digital techniques. TEK's Digital Plu 
offer • Universal Counter /Timer witli 
basic modes • Dig ital Delay Unit wit 
Delay-by-Time and Delay-by-Events 
modes • 525-MHz Direct Counter • DMM 
with unique temperature mode . .. and 
more to come. 

Take a look at this 100-MHz scope sys
tem today and make it your best buy. 
Contact your local TEKTRONIX Field 
Engineer or write: Tektronix, Inc., P.O. 
Box 500, Beaverton, Oregon 97005. 
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Offering sales, after-sales support 
and service . . • worldwide 
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EDITORIAL 

Do you know enough about CMOS? 
If your memory is good and if you were at the Wescon show in 1966, 
you'll remember that, there in Los Angeles, off-the-shelf CMOS devices 
were announced and shown for the very first time. In spite of the fact 
that we, as well as other magazines, reported on the introduction, the 
impact of the announcement on designers was something less than 
world-shaking. This was not too surprising, inasmuch as TTL was then 
just beginning to come into its own, and because the first CMOS circuits 
and those that followed were rather specialized devices with no second 
sources availab le. 

What a difference from today. Now, with the makers of electronic 
equ ipment and devices looking to penetrate ever deeper into the com
mercial and consumer fields , interest in CMOS is sky-rocketing. Its inher
ent characteristics, such as low power requirements and immunity to 
large supply voltage swings, has forced designers to sit up and take no
tice-and their enthusiasm is fueled by the many devices available and 
the numerous compan ies in the field. 

For these and other simi lar reasons, EON has prepared a six-part se
ries on " Designing with CMOS." The purpose of the series is to increase 
the individual designer' s appreciation and understanding of this emerg
ing technology as well as his abi lity to design effectively with it. In ef
fect, the series is an elementary-to-intermediate cou rse on CMOS, 
which wi 11 prepare readers for the wealth of more detailed and ad
vanced literature.now being made avai lable. 

By pub lish ing the series, we hope to accomplish a number of things. 
First, of course, is to make designers aware of CMOS and its advantages 
so that they will consider it when faced with the prob lem of choosing a 
logic fami ly. 

Second, and equally important, by pointing out the limitations and 
disadvantages of CMOS, the series will prevent designers from trying to 
app ly it, just because it's new, in app li cations where it doesn't fit. 

And third , the series will describe the design rules, considerations and 
techniques inherent in the CMOS world , with emphasis being given to 
how they differ from TTL practices. This should help designers avoid the 
traps and pitfal ls that always await them when designing with a new 
technology. 

The first part of the CMOS series begins on page 20. Successive parts 
will be published on the 1st of each month. 

9 
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New Imm Helipot: the l•ell 
trimmer profile in the business. 

SHOWN ACTUAL SIZE 

You can't do better than our 
Series 82 Trimmers for small 
size and low cost ... and, of 
course, Helipot dependability. 
These%:' single-turn, 
general-purpose cermet 
models have the lowest 
profile in the industry with 
a proven cermet resistance 
element that can be set to 
any voltage ratio within 
0.05% of full scale. Sealed 
metal housings, solid stops, 
and essentially infinite 
resolution. They'll save 
you space-they'll save you 
money. (Our prices start at 
$1.40 I ist.) Two good reasons 
to write for specs and prices 
today. 

Beckman"' INSTR UMENT S , IN C. 

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

HELPING SCIENCE AND INDUSTRY IMPROVE THE OUALllY OF LIFE 
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Herearethe 
first eight 
of our new 
growing 
DI/CMOS 
family
thefastest 
low-power 
devices 
of their kind 
available today. 
If you're joining the big move to 
CMOS, we've got your device. Or soon 
will have. Because we've committed 
ourselves to dielectrically isolated 
CMOS (DI/CMOS) development on 
a major scale. The first eight are 
available now. These devices offer 
speeds twice as fast any comparable 
I Cs, typically 1 Ons with 10-volt power 
supplies. They also offer a wide power 
supply range (3 VDC to 18 VDC) . while 
providing large noise immunity, 
typically 45% of supply voltage. In 
terms of chip reliability, our engineers 
currently report more than 230,000 
device hours at+125°C without failure. 

All of the new devices are available 
in 14-pin dual in-line packages except 
the HD-4009 and HD-4010, which 
come in 16-pin packages. Because of 
their compatible pin-out configurations 
these circuits will replace or interface 
with the CD 4000A series. For details 
see your Harris distributor or 
representative. 

12 

1 
HD-4000 Dual 3 NOR Gate 

Pin for pin compatible with CD 4000A. 
High speed 10ns 
Low power 1 nW 

- 40°C to + 85°C 
- 55°C to + 125°C 

2 
100-999 units 

$1 .00 
$3.1 0 

HD-4001 Quad 2 NOR Gate 

Pin for pin compatible with CD 4001 A. 
High speed 10ns 
Low power 1 nW 

- 40°C to + 85°C 
- 55°C to + 125°C 

100-999 units 
$1.00 
$3.30 

3 

Pin for pin compatible with CD 4009A. 
High speed 10ns 
Low power 50nW 

- 40°C to + 85°C 
- 55°C to + 125°C 

4 
100-999 units 

$2.20 
$5.25 

Pin for pin compatible with 
High speed 10ns 
Low power 50nW 

- 40°C to + 85°C 
- 55°C to + 125°C 

100-999 units 
$2.20 
$5.25 

EON NOVEMBER 1, 1972 



5 
HD-4011 Quad 2 NANO Gate 

Pin for pin compatible with CD 4011 A. 
High speed 10ns 
Low power 1 nW 

- 40°C to + 85°C 
- 55°C to + 125°C 

6 
100-999 units 

$1 .00 
$3.30 

HD-4012 Dual 4 NANO Gate 

Pin for pin compat11:>1e with CD 4012A. 
High speed 1 Ons 
Low power 1 nW 

- 40°C to + 85°C 
- 55°C to + 125°C 

100-999 units 
$1.00 
$3.45 

7 
HD-4013 Dual "D" Flip Flop 

Pin for pin compatible with CD 4013A. 
High speed 1 SMHz typical toggle rate 
Low power 50nW 

' .. • : . 
• 

I 

I 
' ' : .. • -

Vcc1 

Vee? 

Vss 

HD-4809 

100-999 units 
$2.10 
$4.75 

• : 

Voo 14 

13 
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A Harris proprietary device. 
High speed 1 Ons 
Low power 50nW 

- 40°Cto + 85°C 
- 55°C to + 125°C 

100-999 units 
$2.25 
$5.30 

CHECK NO. 12 

HJ 
HARRIS 

SEMICONDUCTOR 
A DIVISION DF HARRIS - INTER TYPE CORPORATION 

P.O. Box 883, Melbourne, Fla. 32901 
(305) 727-5430 
WHERE TO BUY THEM: ARIZONA: Phoenix-Liberty. 
Weatherford; Scottsdale- HAR (602) 946-3556 
CALIFORNIA: Anaheim-Weatherford; El Segundo
Liberty;Glendale-Weatherford; Long Beach-HAR 
(213} 42&7687; MountainView-Elmar;PaloAlto
Weatherford. HAR (415) 321 -2280; Pomona
Weatherford ; San Diego- Weatherford, Western 
C01.0RADO: Denver-El mar, Weatherford 
WASHINGTON, D.C.: HAR (202) 337-3170 FLORIDA: 
Hollywood- Schweber; Melbourne-HAR (305) 
727-5430 ILLINOIS: Chicago- Semi-Specs . 
Schweber; Palos Heights-HAR (312) 597-7510 
INDIANA: Indianapolis- Semi-Specs MARYLAND: 
Rockville- SchweberMASSACHUSETTS: Lexington 
- R&D; Waltham-Schweber; Wellesley-HAR (617) 
237-5430 MICHIGAN: Detroit-Semi-Specs 
MINNESOTA: Minneapolis-Semi-Specs MISSOURI: 
Kansas City- Semi-Specs; St . Louis-Semi-Specs 
NEW MEXICO: Albuquerque-Weatherford NEW 
YORK: Melville- HAR (516) 249-4500; Syracuse
HAR (315) 463-3373; Rochester-Schweber; 
Westbury- Schweber OHIO: Beachwood-Schweber; 
Dayton- Semi-Specs PENNSYLVANIA: Pittsburgh
Semi-Specs; Wayne- HAR (215) 687-6680TEXAS: 
Dallas- Weatherford. Semi-Specs. HAR (214) 
231 -9031 WASHINGTON: Seattle-Liberty, 
Weatherford . 

LEGEND FOR HARRIS SALES OFFICES 6 
DISTRIBUTORS: Harris Semiconductor (HAR); 
El mar Electronics (El mar); Harvey/ R&D Electronics 
(R&D); Liberty Electronics (Liberty); Schweber 
Electronics (Schweber); Semiconductor Specialists. 
Inc. (Semi-Specs); R. V. Weatherford Co. (Weatherford) ; 
Western Radio (Western). 
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DESIGN NEWS 

Two-layer metalization 
yields advantages in CMOS LSI 

Polycrystalline si li con-gate tech
nology has been successfully used 
in N-channel and P-channel MOS 
integrated circuits for some time. 
The capability of two layers of in
terconnection has been a major 
advantage of silicon gate to N de
vices and P devices. However, 
on ly recently have manufacturers 
of CMOS taken steps to adopt si Ii 
con-gate technology. Most CMOS 
pa rts produced to date have a sin
gle layer of interconnecting alumi
num. 

Micro Power Systems, Inc., of 
Santa Clara, Ca lif., is one of the 
fi rst to emp loy two-layer metaliza
tion for CMOS production . Ac
cording to John Hall , President of 
Micro Power, CMOS circuit densi
ties can now be improved by 30% 
to 40% over conventiona l one
layer CMOS. Thi s brings the ge
ometries of CMOS ci rcuits down 
to about the size of P-channel 
MOS circuits. 

14 

The use of two-layer intercon
nect in CMOS designs is now be
ing evaluated by severa l IC manu
facturers; however, most si licon
gate CMOS has not yet left the 
laboratory due to poor yields and 
high production costs : 

Micro Power reports good 
yields and cost advantages using 
their high-density CMOS in cus
tom LSI production . They decline 
to give the details of their process
ing, except to say that it is "similar 
to si I icon-gate." 

The use of two metalization 
layers can substantially reduce the 
size of CMOS circuit layouts. The 
greatest advantages come in 
higher overall interconnection 
density on the chip and the capa
bility to use matrices to implement 
random logic arrays. 

The advantages in interconnec
tion using two layers of metal are 
ana logous to the density improve
ments obtainable on pc boards 

BCD 
TO 

1OF10 
INI 

1OF10 
TO 

7-S EGMENT 
IPI 

The decade counter and 7-segment display 
decoder measures 39 x 30 mils. and is 
part of a 130- x 130-mil. LSI circuit. The 
decode logic (17 x 30 mils.) appears as 
two comp lementary N- and P-channel ma
tri ces. The same decoder designed with 
conventiona l CMOS processing would be 

• three or four times larger. While the top 
layer of metal appears as white traces, the 
bottom layer shows as purple traces. 

using double sided instead of sin
gle sided boards . As an example, 
Micro Power produces a D-type 
flip-flop in 8 x 17 mils. (136 sq 
mils .). Using. conventional single
layer metalization techniques, a 
D-type flip-flop is typically 12 x 
20 mils. (240 sq mils.). A four flip
flop decade counter employed in 
one of Micro Power's custom ICs 
(see figure) uses only about 430 sq 
mils. of chip space. The same 
counter in a one-layer metaliza
tion device would need about 760 
sq mils. of chip space. 

Hall also points out that the 
reduction of node capacitance 
using two layers of metal intercon
nect improves the speed of the 
device. The speed-power product 
is reduced about 20%, according 
to Hall , due to reduction of capac
itances associated with smaller 
geometries. 

Another major advantage in 
density improvement is the capa-

EON NOVEMBER 1, 1972 



bi lity to do ra ndom logic with 
matri x pairs. The c ircuit in the fig
ure is a 4-bit decade counter w ith 
its 7-segment display decoder. The 
matri x technique used in the de
coder is applicable to any random 
logic design (any array of gates 
th at serves the function of a read
only memory) . The random logic 
layout is done in a manner similar 
to matri x layout of a mask pro
grammed ROM. Conventionally, 
this decoder would be des igned 
with 22 or 27 indi vidual gate 
structures, interconnected appro
pri ately to generate the 7-segment 
decode. That approach requires 
much more chi p area than the 
matrix design poss ib le w ith two 
layers of metalization . 

The processes used in produc-

ing the high-density CMOS (desig
nated HD/CMOS by Micro Power) 
are for the most part taken from 
well-known and proven technol
ogies. The breakthrough in density 
has been achieved by applying 
these concepts and technologies 
to CMOS. Two-layer metalization 
in CMOS is very similar to silicon 
gate techno logy used in P-channel 
devices. The concept applied to 
CMOS reduces the ci rcuit geome
try to dimensions comparable to 
those of single-channel silicon
gate circuits. 

The impact of two metal layers 
in CMOS is cost reduction, which 
may enab le CMOS to take a sub
stantial portion of the N-channel 
and P-channe l markets. More cost 
effective now with high-density 

CMOS are LSI dev ices for mo
dems, ca lcu lators, portable test 
equipment and watches. 

The metalization used by Micro 
Power is simi lar to polycrystalline 
silicon. Thus, the problems asso
ciated with oxide formation and 
step coverage using aluminum are 
avoided. 

Two layers of dielectric are used 
between the metalization layers . 
This prevents pin-hole defects, 
which normally occur in a single 
layer of dielectric, from impairing 
yield and reliability. The devices 
are fully silicon-nitride passivated 
and finally glass passivated . Ac
cording to Micro Power, the best 
known reliability has been directly 
designed into the new high-den
sity CMOS. o 

At the 1st European Electro-Optics Markets 
and Technology Conference and Exhibition 

Geneva, Switzerland: The app li 
cations and technology of electro
optics systems and components 
were discussed .today at the first 
European Electro-Optics M arkets 
and Technology Conference and 
Exhibition here. Some 500 atten
dees and 3000 visitors represent
ing over 16 European nations 
heard three of the latest electro
optica l advances, which inc luded 
the use of a new IR diode for di 
rect contro l of exhaust emiss ion, a 

Fig. 1 - A new flat-screen display uses a 
succession of switching plates, each w ith a 
matrix of fine ho les that permit electron 
passage from source to phosphor screen. 
The 512-character display can also pro
duce a gray sca le and has a reso lution of 
40 line/in., wi th 80-li ne/ in. reso lution un
der evaluation. 

fla t-screen display for use as a 
computer-output termin al and ulti
mately for use in TV sets, and 
deve lopments in low-loss fiber 
optics for laser communication 
systems. 

Exhaust emission control 
An inexpensive way to directly 

control exhaust emission using a 
single IR diode source was de
scribed by Dr. Egon Loebner of 
Hewlett-Packard 's Research Lab
oratories . 

Composed of an alloy mixture 
of indium arsenide and indium 
anti monide, the diode emits ener
gy in the 3-to-6µ,m band. This 
band is all important in pollution 
measurement, according to Dr. 
Loebner, because carbon monox
ide, hydrocarbons, carbon diox
ide, water and many nitrous com
pounds all strongly absorb radia
tion within this region , transform
ing radiant energy into molecular 
vibrationa l and rotational energy, 
thus yield ing a distinct absorption 
spectra w hich clearl y indicates the 
presence and concentration of 
pollutants. 

As a result, the diode can be uti 
lized as a cheap and rugged 
source of infrared radiation for use 
in exhaust-emission controllers or 
"combustionstats". Equally impor
tant, it could be used in portable 
pollution monitors instead of the 
bulky gas lasers currently being 
used. 

Development work on the new 
diodes was initiated because exist
ing infrared diode sources are lim
ited to an emission wavelen gth of 
0.9 µ,m . Indium arsenide and in
dium antimonide systems are the
oretically capable of radiating in 
the mid-infrared band, but until 
now, they could only be produced 
in a polycrysta ll ine form which is 
unsuited for diode manufacture. 

However, using a new tech
nique of crysta l growth- liquid 
transport under isothermal non
equ il ibrium cond itions - Dr. Loeb
ner and his colleagues have suc
ceeded in fabricating single crys
tal s of an indium-arsenide-indium
antimonide alloy. These crystals 
cou Id produce sufficient photo
flux, without cooling, for absorp
tion spectrum analysis by the 
transform-multiplex technique. 
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At the same conference, design
ers heard about a high-definition 
multi-color flat-screen display 
which could provide a cheap, 
compact and rugged replacement 
for the CRT as a computer-output 
device. Developed by the Elec
tronics Division of the Northrop 
Corp., the laboratory prototype 
could display up to 512 characters 
(16 rows of 32 characters each). 
This is a character capacity twice 
that of rival plasma displays. The 
display itself packs into a compact 
glass envelope measuring 5.5 x 
7.5 x 1.7 in. 

It is constructed- sandwich 
fashion -from a sheet electron 
source and a succession of switch
ing plates each dri lied with a ma
trix of fine holes that permit the 
passage of electrons from source 
to phosphor screen (see Fig. 1 ). 
The switching plates act much like 
punched cards, each successively 
blanking off electron flow by the 

COMPCON '72 

application of a retarding voltage 
until a single elctron spot remains. 
Then by sequentially addressing 
selected combinations of switching 
plates, the electron spot can be 
made to scan across the phosphor 
screen the san:ie way an electron 
beam does in a conventional cath-
ode-ray screen. , 

The switching plates are con
structed from inexpensive glass 
substrates and contain an array of 
channe ls through which the elec
trons flow. The surfaces of these 
plates are coated with conductive 
electrode patterns which connect 
groups of channels according to 
predetermined coding scheme. 

An additional plate, called the 
modulation plate, is also inserted 
to allow the intensity of the elec
tron beam to be adjusted, thus 
producing a gray scale as in a 
conventional TV. Alternatively, 
vo ltage penetration phosphors can 
be used on the target, thus permit-

Creative ideas in the computer sciences 
The sixth annual international 
conference of the IEEE Computer 
Society attracted over 700 profes
sionals, eager to exchange ideas 
and show accomplishments in the 
computer sciences. The theme of 
the 18 half-day sessions, conduct
ed at San Francisco's Jack Tar 
Hote l, was innovative designs in 
computer architecture. 

Speakers came from education
al institutions and computer man
ufacturers in the US, Israe l, West 
Germany, the USSR, Japan, Italy, 
India and the Republic of China. 
But the total number of distant 
travelers to Compcon '72 were 
few; most of the 80 papers given 
were from the U.S. Reportedly, 
attempts to host a delegation from 
Mainland China failed for lack of 
an olti cial invitation from Wash
ington . 

Hardware cost vs speed 
Optimizing the computing 
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machine to the target market is a 
complex design task, and was 
widely covered at the conference. 
The designer must consider both 
the hardware and the software of 
the system in order to truly opti
mize the system's cost/performance 
ratio. 

Thomas G. Hallin of Bell Tele
phone Laboratories and Michael J. 
Flynn of John Hopkins University 
gave the results of a study on pipe
line implementation (see Box) of 
arithmetic algorithms. In their 
paper, "Pipelining of Arithmetic 
Functions," they numerically de
fine hardware efficiency in order 
to measure the merits of various 
pipeline algorithms : 

Efficiency = DNG' 

where N is the number of bits in 
the operands, D is the delay in 
each pipeline stage (uniform) and 
G is the total number of gates, in
cluding those used for latching. 

ting multi-color presentations. 
Working prototypes of the dis

play are now operating on d 40-
line-per-in . resolution . An 80-line
per-in . version is under evalua
tion. The existing displays cannot 
yet compare with the 625-line
per-in. TV resolution of today. 
Nonetheless such a future applica
tion is being considered. 

Recently, (see "Thin LED dis
play to replace CRT radar pictures 
for air-traffic controllers" , October 
1, 1972, EDN, Volume 19,) a dis
play made up of a matrix of Ga
AsP diodes and measuring less 
than 1-in. thick was introduced by 
GEC Marconi Electronics Co. This 
CRT has its diode matrix mounted 
in groups and wired directly on 
PC boards. The diodes are wired 
in rows and columns, so that each 
can be energized by supplying a 
voltage across one row and one 
column, similar to addressing a 
memory array. . o 

This definition is essentially band
width/cost. 

The authors' remark, "As circuit 
technology approaches the ulti
mate in high speed, faster circuits 
alone wi II not be able to provide 
significant increases _in computing 
speed and overall system capabil
ity." 

Hallin and Flynn point out that 

Capable of performing 100 million in
structions per second, the Control Data 
Star-100 can handle mass ive on-line data 
bases in excess of 10 billion bytes, using 
pipeline process ing techniques. 
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Pipelines/parallel processors 

Pipelining and parallel pro
cessing are two ways to in
crease the speed of a system. A 
combination of the two tech
niques in a system may be the 
optimum solution . 

In multiprocessing architec
tures using pipelining, the pro
cessors, or pipeline stages, are 
arranged in series, with the 
output of one processor feeding 
the input of the next. The delay 
throu gh each processor is 
uniform and small, allowing a 
high rate of data flow through 
the pipeline. Speed is achieved 
by keeping the pipe full. 

In parallel processing com
puters, such 'as Burroughs I Iliac 
IV and the Omen-60 comput
ers, several processors function 
simultaneously and in parallel 
on different problems or parts 
of the same · problem. Some 
prime considerations for opti
mum speed in a parallel orga
nized multiprocess ing machine 
are algorithms for coordination 
of the independant processors . 
The task is getting the data to 
the right place at the ri ght time 
to keep all processors busy. 

the goa l of a pipelined system is to 
have a steady flow throu gh the 
pipeline. When the stages are all 
full , the pipeline is operating at 
optimum speed. 

Using their bandwidth/cost mea
sure of efficiency, Hallin and Flynn 
report that pipelining using the 
Earle1 latch increased the effi
ciency of a conditional-sum adder 
by 47% over an unpipelined con
ditional -sum adder. Using three 
pipeline stages with a delay of 
four gates per stage, the efficiency 
is 6.30 x 1 o-3 . Maximum effi
c iency for carry look-ahead adders 
is also realized with a fully pipe
li'ned configuration. The carry 
look-ahead adder's maximum effi
ciency of 6.0 x 10- 3 is still less 
than the efficiency possible using 
the conditional-sum algorithm. 

In multipli cation, three alga-

rithms were studied: unpipelined 
and fully pipelined. The most effi
cient multiplier of the three 
proved to be the tree multiplier (8 
stages with 4-gate delays per 
stage) having an efficiency of 
3 .48 x 1 o-4

. This _is 50% more 
efficient than fully pipe lined ver
sions of either the iterative array 
multiplier or the four-pass tree 
multiplier (used in the IBM 360 
Model 91 ). ·The study indicated 
that a 2 ~0% increase in efficiency 
can be achieved by pipe lining 
mµltipliers . 

The authors conclude that, 
"F rom the results ach ieved with 
adders and multipliers, it appears 
that pipelining would be appliq
ble to any combinational logic 
circuit and should increase the ef
ficiency if the Earle latch can be 
used." 

Control Data Corporation 's Star-
100 computer is a pipeline pro
cessor, with instructions that spec
ify variable-length streams of data 
from memory. This allows full use 
of the ar ithmetic pipelines and the 
memory bandwidth. 

The Star-100 processor design 
was described in a paper by R. G. 
Hintz and D. P. Tate of Control 
Data's Advanced Design Labora
tory in St. Paul. 

The core memory and the data 
bus configuration support a pipe
line rate of 108 operations per 
second, with 32-bit floating-point 
format. 

The Star-100 drew a good deal 
of interest at the conference. An 
entire session was devoted to it in 
which four papers were given, in
cludi ng "Star: A System Program
mer's View," by Joseph E. Requa 
of Lawrence Livermore Labora
tory. Requa described LLL's pri
mary concerns encountered in fit
ting the Star-100 into its computer 
system. 

Case studies of parallel process
ing computers presented in the 
sessions featured the PEPE Com
puter (Parallel Element Processing 
Ensemble) designed for real-time 
radar data processing. 

PEPE evolved from Bell Labora-

tories' work in the early 60's, re
port the authors of "PEPE Comput
er Architecture" given in session 
4. This paper was co-authored by 
B. A Crane, M. J. Gilmartin, J. H. 

- Huttenhoff, P. T. Rux and R. R. 
Shively, all of Bell Telephone 
Laboratories . 

PEPE augments a conventional , 
host computer in real-time radar 
processing by taking over the job 
of maintaining the data represent
ing the objects under track. PEPE's 
highly parallel architecture allows 
the simultaneous processing of 
many object tracks; thus freeing 
the host computer of this repetitive 
and time-consuming task and 
leaving it to perform higher level 
activities. PEPE' s associative orga
nization allows the host computer 
rapid and convenient access to 
object data as required in making 
decisions during these higher level 
activities. 

"System studies have indicated 
that a PEPE-host combination can 
handle considerably more objects 
than is possible with the host 
computer alone," say the authors. 
"Economic realization of this in
creased performance however, 
requires that PEPE' s highly parallel 
architecture be implemented by 
MSI and LSI technologies. A de
tailed feasibility design assuming 
lowcost MSI logic circuits- of 
around 20 gates per chip and semi
conductor memories of around 
256 bits per chip has indicated 
that PEPE is cost effective." 

PEPE is an illustration of the 
dynamics of semiconductor tech
nology and computer architecture. 
There can be little doubt that new 
semiconductor products, custom 
and standard, will have great im
pact on computer designs of the 
70's. D 

Reference 
Earle, / . C. " Latched Carry-Save Ad
der," IBM Technical Disclosure Bulle
tin, Vol . 7, No . 10, pg. 909-910, Mar. , 
1965. 
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makes one of these miniature coaxial cables 
three times stronger than any of the others. 

Can you pick it out? 
It's the third from the left. Times' new high-strength minia
ture cable, designed and constructed to eliminate the con
ductor breakage problems commonly experienced by users 
of RG-178B/ U, RG-179B/ U and RG-180B/ U. 

The breakthrough is in the use of new conductor mate
rials. They make our cable three times stronger than stand
ard RG's-and many times more reliable. 

Designated HS- l 78B, HS-1 79 B and HS-180B, these 
new cables with their triple break-strength meet the needs 

of airborne electronic and other types of elec.trical instru
mentation applications where severe conditions prevail. 
They protect you from accidental breakage during installa
tion, operation and maintenance. They also meet all the 
electrical and dimensional requirements of MIL-C-17D. 

You can rely on mTIMES 
them. Write or call us 8 3722 

today for details and ~ii WIRE AND CABLE COMPANY 
Complete information. Wallingford, Connecticut 06492. Tel. (203) 269-3381 

CHECK NO. 13 

I 
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EON Design Course 
CMOS-Part 1 

Why go CMOS? The answer today is 
a lot different than it was a year ago. 
Bill Furlow, Associate Editor 

Why would a designer who's been comfortable with 
TTL for years consider CMOS in a new design? A 
year or two ago he probably wouldn't unless he was 
forced to. Talk to an EE who used CMOS several 
years ago, and chances are you'll find that he be
came a CMOS user unwillingly. Power consumption 
was usually the driving force. At a CMOS seminar 
we attended a few years ago, EDN's question, "Why 
go CMOS?" elicited an " I've got no other choice" 
from nine out of ten engi neers. Their additional 
comments were also interesti ng, though, because 
almost every excuse they used has fallen by the 
wayside in 1972. 

Reluctance to try CMOS is dissolving rapidly. As 
more designers learn to use CMOS it is' becoming a 
"g lamor issue". These things together with the 
steadi ly increasing number of CMOS design articl es 
that we have received, and the enthusiasti c response 
to those we have recently printed persuaded us to 
begin this Design Course. This is the first of six parts 
whi ch will run monthly in EDN . That gives you, the 
reader, the opportunity to participate and actually 
shape the remainder of the cou rse. Your comments, 
questions and reactions will play an important part, 
so don't hesitate to write. 

Part I of this course is essentially divided into two 
sections: one which describes the unique character
istics of CMOS devices and answers the question 
"why use CMOS?", and a second, which describes 
the operation and fabrication of the fundamental 
CMOS device. 

What are the advantages? - Let's start by looking 
at the advantages that CMOS has offered since the 
very beginning. Using the CD 4000A series, from 
RCA, as fairly typical of today's devices (there are 
other families , which will be covered later). 
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a CMOS gate will have the following properties: 
• 10 nW power diss ipation (quiescent) 
• 3 to 15V operation 
•Noise immunity of 45% of the supply voltage 

ac 115/ 120V 
INPUT 60 -

1 N4001 10!1 Y,W 

6.3V 
.6A 

500 
µF 
25V 

de 
(a) 1N4742 OUTPUT 

12V lW 8.SV (b) 

(a) Zener Diode and Resistor Provide Voltage Transient Protection 
(b) 2.5V ri le - No effect on CMOS 

Fig. 1 - Simple, inexpensive power supply, from an advertisement 
by Motorola, can power a 10,000 gate CMOS system. The 2.5 
ripple doesn ' t bother CMOS. 

• 5 to 10 MHz operation 
• Very high fanout (typically 50) 
• 1012!1 input impedance 

These six characteristics seem to stack up 5 to 1 as 
advantages over bipolar logic systems, so let's run 
through them carefully. 

Power consumption - If your system wi 11 fly , or 
operate from a battery, 10 nW per gate should really 
put a smile on your face. But even if you' 11 be oper
ating in a fixed location from a 110V line you're still 
probab ly wise to the old "What do you care how 
much power it draws, just plug it into the wall" 
gambit. Power does cost money, and whether the 
rule of thumb of "a dollar a Watt" is accurate or not, 
you can' t afford to ignore power consumption in any 
modern design. You can end up paying for your 
power twice in most systems-once to use it, and 
again to cool it. 

A recent ad by Motorola, stressing the power sup
ply savings afforded by CMOS, recommended the 
power supply shown in the schematic of Fig. 1. With 
a 2.5Vµk -µh· ripple component, it's probably the worst 
power supply you've seen for a long time, but don' t 
laugh! It will drive a 10,000 gate CMOS system op
erating at 100 kHz for $3.75 total power supply cost. 
But what about that 2.5V ripple? That brings us to 
the next point. 

Operating voltage - The RCA 4000A series CMOS 
will operate from power supplies between +3 to 
+15V (Motorola's 14000A family is rated +3 to 
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CMOS LOGIC LEVELS WITH 5V SUPPLY 

n- VOH V,H-n 

o-~o~----~~--D-
DRIVER LOAD 

5.0• OUTPUT CHARA£J.!i,!l~1lf~ v ..!,.N~,l.CHARACTERISTICS 
4.99--- -, DD 

LOGIC 1 - v 
OUTPUT OH 

3.5·-- _R.5..~N 

1.5---

0.01---

0--' 

- LOGiC 0 -- Vil MAX ---l:r7"T7"T7'7"JI 

OUTPUT 
REGION _,-VOl 

- - - - v .. - - - -1.(..L;<.LJ.~..Q 

CMOS LOGIC LEVELS 
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Fig. 2 - Excellent noise immunity of CMOS gates (a) for a CMOS 
system operating at SV (b) for CMOS operation from 3 to 1 SV. 

+ 18V), so that 2.5 V swing on the power supply in 
Fig. 1 will have no effect on CMOS, even though it 
would choke most bipolar logic sys tems. A wide 
choice of suppl y voltages is a tremendous advantage 
if you' re designing an add-on system. It means that 
the CMOS design can hang on almost any logic or 
op amp power bus, so there is no expensive vo ltage 
conversion required when you add CMOS to the 
system. Thi s is really a bonus and, as Bob Cushman 
mentioned in the June 15, 1972 issue of EON , you 
have to add a lot of CMOS before you make a no
ti ceab le difference in power supply drain . 

Noise immunity - as shown in Fig. 2 and Table I 
the supply voltage level will also define the logic 
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Fig. 3 - CMOS power dissipation vs operating frequency. Unlike 
TTL, CMOS' power consumption varies direct ly with frequency. 

TYPICAL CMOS NOR GATE 
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Fig.4 - Propagation delays, rise and fall times are all directl y de
pendent on capac itive loading of the gate output. 

leve ls at which the CMOS gates wi II operate. The 
margin for noi se error on the input, 45 % typical, 
30% guaranteed, is larger than any other logic fami
ly - except high threshold logics (HTL or HNIL, and 
they operate from a fixed 15V supply). The advantage 
of thi s noi se immunity in automotive and aircraft 
environments, or for industri al control applications, 
is enough to se ll CMOS to many designers, even if 
they have to make a lot of tradeoffs. The fact is, they 
don' t have to make very many. But that does bring 
us to one of the tradeoffs . 

Operating frequency - The typical CMOS gate 
operates to 5 to 10 MHz, and exhibits a propagation 
delay of about 35 nsec. This is sli ghtl y poorer than 

+Voo 

1 i SOURCE p _ CHANNEL . I p SUBSTRATE 
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J i_~~:~~R ATE N -CHANN EL 
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~---

':' vss 

INPUT n..u-- -• 

Fig. 5 - Basic complimentary inverter, consisting of two MOS 
tra nsistors, is the heart of the CMOS logic system. 
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Fig. 6 - Voltage and current transfer characteristics of a CMOS 
gate. The transient current during switching can add considerabl y 
to power requirements. 

low power TTL, and about three times slower than 
low power Schottky TTL. The standard of perform
ance generally used by the semiconductor industry 
is the " Speed-Power Product", which as the name 
implies, is simply the prod'uct of the switching speed 
multiplied by the power consumed in one switching 
operation . As you can see from Table 11, low power 
TTL requires 30 pJ and low power Schottky requires 
20 pJ . The speed-power product for CMOS is given 
at two operating frequencies , because the power 
requirement for CMOS is much more dependent 
upon frequency than it is for bipolar devices. Low 
power and low power Schottky TTL remain constant 
at their rated power levels until they approach the 
upper limit of their capabilities . There the power 
requirement begins to rise, but as you can see from 
Fig. 3 CMOS power consumption is directly frequen
cy dependent. 

Let's not beg the question-CMOS is not as fast as 
TTL; at 2 to 5 MHz it loses its edge in speed-power 
product. If higher frequencies are vital, you'd better 
take another look, especially at low power Schottky. 
Its speed-power product is very impressive. But if 
system speed is one of the tradeoffs open to you , 
CMOS can give you more reward for that tradeoff 
than any other logic technology available to you 
today. 

Insulated substrates, as presently offered by Harris 
and lnselek, promise speeds that wi II compete with 
the speeds of standard TTL and Schottky LPTTL. The 
few devices available now don' t make up a full 
fledged family of high speed CMOS, but there is no 
doubt that just such a family is on the way . 

High fanout - ls there a logic designer who hasn't 
miscalculated his TTL fanout at sometime in his ca
reer? It's not that the TTL design rules are vague or 
complex ; in many ways they are better defined than 
the CMOS design rules . It' s just that sooner or later 
you ' re going to squeeze it a little too close or mis
judge a capacitance or temperature. A typical CMOS 
gate requires only 10 pA input and will handle at 
least 0.3 mA output. That gives you a theoretical 
limit of 107 inputs that can be driven by one output. 
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If you are about to say : " a fanout of 10 million is 
absurd", you ' re right- most manufacturers put the 
rated fanout at " about 50." The key here, and one of 
the keys to the operating frequency limitations, is the 
input characteri sti c of a CMOS gate, which is the 
next item we will cover. Let's just leave fanout for 
now with the fact that one standard CMOS gate will 
drive more than 50 similar gates. For fanouts of more 
than 2 gates, propagation delays will rise by 7 nsec 
per gate (in a 5V system). Chances are that you 
could drive hundreds of extra gates, but the system 
would become very slow. 

Input impedance - 10120 , right? Well that' s really 
only half ri ght. 10120 and 5 pF is the whole answer. 
And the 5 pF is wel I worth repeating because it's by 
far the more important of the two ratings. 

Most TTL designers who have trouble with their 
first CMOS desi gn have simply ignored one of the 
two key differences between CMOS and TTL. The 
first is the fact that there is a specific time during 
each output transition when both devices are con
ducting, and we' ll look at that a little later. 

GLASS COATI NG 

Fig. 7 - Fabrication of a CMOS device. 
(a), Sili con-dioxide film is grown over an n-type silicon wafer. 
(b) P-well is grown as a substrate for n-channel devi ces. 
(c) P+ regions are diffused. 
(d) N + regions are diffused. 
(e) Thi ck oxide layer is grown over the entire wafer. 
(f) Thin gate oxides are grown above channel regions. 
(g) Aluminum interconnects are deposited. 
(h) Glass overcoat ing protects the device. 
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The CMOS trait that we want to look at right now 
is that 5 pF input capacitance. It is the result of the 
metal plate which forms the gate, and the silicon 
which forms the drain, source, channe l and substrate 
of the device. They are in very close proximity with 
the insulator serving as a dielectric between them. In 
TTL designs you really only have to worry about 
sinking or sourcing the required amount of current. 
But look at Fig. 4. In CMOS, the 5 pF per gate load 
(and you can approximate another 3 to 5 pF as stray 
and wire capacitance for each 2 gate loads) has a 
drastic effect on the propagation delay and the tran
sition time of the driving gate. This input capaci
tance is a direct contribution to the increased power 
requirement at high frequencies, though it is not the 
only one. It is the major factor in deciding what your 
allowab le fanout will be. 

Don' t get the idea that the capacitive input of a 
CMOS gate is some sort of monster that wi 11 grab 
you when you turn your back. Just remember that 
it's there and that some engineering evaluation will 
be required. If you don' t demand high speeds and 
large fanouts from ultra low battery drains you ca n 
handle the problem. 

Si li con-gate CMOS avoids some of this capaci
tance. Since the precise alignment of the gate to the 
channel al lows a smaller gate, the overlapping area 
above the source and drain is eliminated in Si-gate 
devices. 

Motorola will probably be the first to offer Si-gate, 
with two product5 scheduled for release in the last 
quarter of 1972. Si-gate devices are under develop
ment by most CMOS manufacturers, and should be 
coming forth ih large volume during 1973 . 

TABLE II - SPEED AND POWER SPECIFICATIONS 

Parameter: Low Power Low Power CMOS CMOS 
TTL Schottky TTL at 2MHz at l OkHz 

Propoagation Delay 
(Speed) 30 10 35 35 

(nanoseconds) 

Power 
(milliwatts) 1 2 1 0.0 1 

Speed-Power 
Product 30 20 35 0.35 

(pico joules) 

All devices operating from 5V supplies 

Good design habits are required 
Before we move on, the fi rst half of the input im

pedance has brought a few, minor problems to some 
designers. 10120 may sound like the greatest thin g in 
the world, but if you' re used to the lower input im
pedance of TTL, keep that high impedance in mind . 
First of al l, you must reference all gate leads to V55 

or V DD' whichever applies, even during breadboard 
ing. The second point is that you can't be as casual 
in handling breadboarded units as you were with 
TTL. A finger touching a board, lead or socket is a 
very attractive current path to a circuit looking into 

10120, and a PC board on a wooden bench top can 
ca use the same problem. The higher the humidity, 
the worse these side effects become, and some pret
ty strange things have happened to well engineered 
units when it was time for prototype evaluation . 
Good design habits wi 11 avoid both of these prob
lems i~ the final hardware; it's just that a few of us 
have picked up some rather sloppy breadboarding 
habits because we got away with it with TTL. 

Since this is an ev;::luation of CMOS covering both 
its strengths and weaknesses, let's touch on that 
other potential problem area we alluded to earlier : 
the fact that both devices ca n be partially on during 
swi tching. Fig. 5 is a schemati c of a basic CMOS 
inverter and Fig. 6 is a plot of the voltage transfer 
characteristic of that inverter gate. Compared to 
other logic families those transfer curves are very 
sharp; but there is a period, as you can see, during 
which the P- and the N-channels are both ON . For 
example, on the 1 OV V55 curve, there is evidence of 
this from V1 = 2.5 to 7.5V. Looking at this in con
junction with the cu rrent drain (dotted line) will 
show you why you want to get through that transi
tion as quickly as possible, especial ly if cu rrent drain 
is an important part of your design. Thi s effect is the 

CMOS CONSTRUCTION AND DOPING LEVELS 

Fig. 8 - Construction, doping and dimensions of a typi ca l CMOS 
inverter are shown here. The circuit di agram is also shown for 
correlation. 

ch ief cu lprit in the frequency-vs-power cu rves of Fig. 
3 and can lead to some other problems, too. 

For example, one of the nice features of CMOS is 
that there is no pulse edge requirement; that is, rise 
and fall times do not have to be a few nanoseconds 
or less in duration in order for the gates to function. 
In fact these times can be minutes, or even hours 
long; but whi le the input is between 2.5 and 7.5V, 
power dissipation of the package wi 11 be a lot more 
than anti cipated . Thi s linear condition can carry 
downstream a few gates, too, if everything is just 
right ( or just wrong). 

What about price? 
Going back to our original question (" Why go 

CMOS?"), what about the price of CMOS devices? 
We don't hear as many of these responses this 

year. CMOS prices, while not yet as low as TTL, 
have just been reduced an average of 25%. Table Ill 
gives a rough estimate of todays pricing picture. 
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TABLE 111 - PRICE COMPARISONS - TTL TO CMOS 

Current List Price Levels for a Quad 2-l nput NANO Gate 

74DDN 74LDDN 74LSDDN CD4D11 AE 
Standard Low Power Schottky 

CMOS 
TTL TTL LP TTL 

$.48 each * $. 64 each $. 96 each $.78 each 

Prices are based on orders of 100 units, in 
plastic dual·in-line packages 

*Distributors in Boston are offering substant ia l d iscou nts 
from this list price, as low as .21 in 1 DO-piece quanti t ies. 

Manufacturers of CMOS have been wi ldly enthusias
tic , when EON has visited them, about futu re prices 
of CMOS devices. CMOS is inherently easier to 
manufacture than bipolar is. When you talk to the 
manufacturing and process engineers you don't hear 
the "black magic" stories that are so common at 
other semiconductor plants (especially the linear 
houses). They all agree that the CMOS manufactur
ing processes are straigptforward . This shou ld lead to 
more price cutting as volumes grow, and should 
bring CMOS into the TTL ballpark . When?-by the 
end of 1973 seems to be a target date. 

Another complaint EON used to hear was " it's a 
little too new for me" or " I can ' t get a second 
source" . CMOS is at least 8 years old , but in those 
earl y years most of the devices were custom aero
space units. RCA introduced the 4000 Seri es in 1968 
and they must have felt very lonely for quite a while . 
Now there are nine other makers of the 4000 family. 
Most of these have introduced proprietary circuits in 
addition to the RCA devices, and in many cases RCA 
has already, or plans to, second source those new 
devi ces . The family is now full fledged, but still 
growing briskly. 

In essence, then , why go CMOS? The answers 

MINIMUM SEPARATION , P+ TON+= DA MIL 
MINIMUM GUARD-RING WIDTH = 0.3 MIL 

Fig. 9 - Minimum spacing between guard band and MOS transis
tor is the bas ic constra int on surface area required by a CMOS 
gate. 

today are enthusiastic. Take a look at some of the 
new products that use CMOS. A pocket pager that 
wouldn ' t be possible with other technologies, a 
heart pacer and an electronic wristwatch. The de
signers of these products chose CMOS because of 
the micro power characteristics. The digital automo
tive clock for Chrysler cars marks the first major in
road made by CMOS into the automotive market. 
Noise rejection was the selling feature here, because 
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the + 12V bus of the automobile is a very noisy 
power source. Low power wasn' t the prime reason , 
but it was a solid second, because the alternator of a 
modern auto, already heavily burdened with power 
options, is not an infinite power source. The future 
of automotive electronics will rely heavily upon 
CMOS to solve problems without placing more bur
dens on the electrical system. 

Where will CMOS go? Will it drive TTL and P
MOS from the market place? That is very unlikely. 
CMOS and Schottky may in time drive standard TTL 
from the market, but Schottky (especially the low 
power line) is a very attractive technology. CMOS 
will be hard pressed to ever replace it. P-MOS is in 
such volume LSI production that it' s hard to believe 
it can ever be overcome. CMOS will definitely re
place P-MOS for some of the portable calculators 
and other applications, where battery drain is impor
tant but speed is secondary. N-channel MOS will 
gobble up some of the computer applications pres
ently he ld by P-MOS. In short, two of todays tech
nologies (standard TTL and P-MOS) may fall by the 
wayside, but that's at least five years away, and they 
wi II be replaced by three technologies, not ju~t one. 

A look at fabrication 
The fabrication of a standard CMOS device, as 

shown in Fig. 7, requires the use of seven photo
masks in the following sequence: 

1. Beginning with a silicon n-type wafer, a sili
con-dioxide (glass) film is grown over the entire sur-

METAL GATE OVER LAP OF SOURCE AND DRAI N 
DIFFUSIONS= D.1 MI L 

MINIMUM META L WIDTH = DA MI L 
(GATE METAL WIDTH = o.5 MIL) 

MIN IMUM METAL SEPARATION = D.3 MIL 

SOURCE 
METAL 

DR AIN 
MET A L 

(a) 

(b) 

Fig. 10 - Minimum metal widths and seperations - the gate metal 
must overl ap source and dra in areas to a llow realisti c manufac
turing tolerances. 
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:==Dour 
:=Dour 

Fig. 11 - Typical layout a ~d c ircuit diagram for a 2- input CMOS 
NOR gate. The metalli c ribbons labeled 1 & 2 in the surface draw
ing correspond to the IN, and IN2 lines of the schematic. 

face. Photoresist is applied and the first mask is ex
posed and developed. 

2. The glass is etched away, using hydroflouric 
acid, exposing bare silicon in those areas where the 
p-wells wi II be grown . The p-wells are then diffused 
very deeply into the wafer (at least 10µ,) and create 
an artificial p-substrate within the n-substrate. N
channel MOSFET transistors will be grown within 
this p-well and p-channel FETs will be grown in the 
bulk n-type silicon substrate. Again a glass film is 
grown over the wafer, photomasked with the second 
mask and etched. 

3. The p+ regions are diffused in . These will form 
the source and drain of the p-channel devices and 
the guard ring of the n-channel areas . 

4. The third mask will expose areas to be etched 
and doped n+ . These areas will provide guard rings 
for p-channels and source and drain areas for n
channel FETs. 

5. The entire surface is etched clean of the glass 
overcoating and a thick field oxide is grown over the 
whole w afer. The fourth mask then defines areas 
which will be etched in order to expose the gates of 
all transistors. 

6. The thin gate-oxide layers are grown and the 
fifth photomask is used to provide holes throu gh the 
field oxide to all points where the metalization layer 
will make contact with the silicon die. 

7. The entire surface of the wafer is coated with 
aluminum. This is done by a vacuum deposition 
process in exactly the same manner used to alumi
nize telescope mirrors. 

8. Photomask number six is exposed and de
veloped and all of the unwanted aluminum is etched 
away, leaving the interconnect paths only where 
required . 

9. The wafer surface is completely covered with 
glass and the seventh, and final , photomask is used 
to open holes leading to the bonding pads, where 
lead-wires are to be welded . 

10. Extra material is now removed from the back 
of the wafer and. they are scribed, broken apart, wire 
bonded and packaged. 

The process we've just described is the one we 
were shown first hand at RCA Solid State Division . 
Most manufacturers use a very similar procedure. 
Some variations do exist; for example, Motorola 
grows the thick field-oxide layer first (instead of the 
glass) and all subsequent steps are done through this 
layer. Motorola also diffuses p+ and n+ regions in 
reverse order to that shown here. Also, technologies 
other than this basic CMOS, such as Si-gate and 
SOS, will obviously differ from what we've shown. 

Some of the physical measurements and doping 
levels of the production process are shown in Fig. 8 . 
T~is examp le shows the single two transistor inverter 
which is the standard building block for CMOS 
gates. 

A top view of a single transistor, shown in Fig. 9, 
shows the size relation of the source and drain to the 
channel which runs between them. The guard-ring 
configuration is also more apparent in this view. The 
guard-rings reduce leakage between adjacent de
vices and prevent surface currents which can occur 
beneath the metalization interconnects . 

Metal patterns and their dimensions are shown in 
Fig. 10. Note in Fig. 10 (a) the 0.1 mil overlap of the 
gate metalization and the source and drain areas . 
This is a manufacturing tolerance, required to assure 
complete coverage of the channel by the metal gate. 
It is also a contributing factor to the input capaci
tance of the CMOS gate. Silicon gates, which are self 
aligning, require no overlap. 

NAND and NOR gates are composed of two or 
more of the basic inverters arranged as required to 
perform their particular function . Fig. 11 shows both 
the physical orientation on the chip and the sche
matic diagram of a 2-input NOR gate. The lower, or 
n-channel, transistors are arranged in parallel so that 
a HIGH on either of both inputs will turn the device 
on, and the output will go LOW. The upper, p
channel , devices are in series so that a LOW must 
appear at both gate inputs to swing the output 
HIGH. In just the reverse manner a NAND gate will 
have parallel p-channel transistors and series n
channel transistors as shown in Fig. 12 . 

Those, then , are the very rudiments of CMOS fab
ri cation. Next month CMOS-Part II will discuss the 
operating characteristics and design considerations 
of the CD 400A logic family . o 

A word of thanks 
Much of this CMOS l)esign Course is based 

on a series of seminars conducted around the 
country by RCA. EDN would like to express its 
thanks to both RCA and the individuals in
volved, who provided us with a wealth of sup
port and assistance. 
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bidirect ional posi tion ing 

The next time you have a load to move in precise increments ... consider a Ledex stepping motor 

qewtJiings 
k$ep 

Jiappeqj.ng 
atLedex 

A Ledex stepping 
motor gives you a sim-
ple and economical • 
way to drive a load in • 
precise rotary incre
ments. Its ± 1 ° index- • 
ing accuracy assures 
you of repeatability. 

• • • 

• 

With a bidirectional 
model , a pulse to one 
coil gives cw step, to 

• the other, ccw. Stand
ard shelf models move 

• in increments of 10, 15, 
20, 30, or 36 degrees. 

When your load is rotary, couple directly to the shaft. If it 's linear, 
you can use combinations of lead screws, gear trains, drive belts , 
or pulleys . Step up or step down , to whatever incremental motion 
you need. 

To drive , all you need is a simple square wave pulse. No ex
pensive logic circuitry. New Ledex Series 50/ 12S model goes 
even one better. It has built-in pulsing circuitry, so it self-steps 
as you apply voltage. 

And if it 's torque you 're after, our 36-position (10°) model , for 
example, gives you up to 246 ounce-inches. Of course, you can 
always step this up, or down . 

The next time you have a load to move ... up, down, around , 
back and forth ... talk to our positioning technology people. 

lf &,J&:; tfie total techqology-people 
LEDEX INC. 
123 Webster Street 
Dayton , Ohio 45401 

(513) 224-9891 

POSITIONING • SWITCHING • MICROELECTRONICS 

Over 400 ways to turn . . . push .. . pull ... 
index ... step ... and switch , plus new 
microelectron ic interface circuits. All from 
the shelf. 
Ask for Catalog A-9500 

CHECK NO. 15 

One of our newer new things is a ••If-pulsing incremental power 
positioner that doubles as a homing/stepping switch. To come 
up with it, we put our best positioning and our beet •wltohfnt 
technology people in a big room. We said: "Make somethlftl that 
does all the good things a stepping motor should do plus all the 
good things a self-stepping switch should do." So they did. thus: 

• • • like this self-pulsing 
step motor /switch 

••• . - . 
0 

• t • • • 

SERIES 
50/12S 

The Series 50/128 zips around and stops wherever you tell It to. It needs no pulser or logic olrcultry. Torqut1.,. 19 1- -.-in. 
So, even if you load it up on both ends with all the stuff we show, you will probably have torque to epere. Your tert. ID/1• 
prototype is waiting on our shelf, 28 volts DC or 120 VAC (rectified). Ask for Catalog 0-1000. 



Bourns LOW-COST FAMILY was designed specifically 

to fill the requirements of cost-conscious ·industrial 

users - so were the prices! Imagine how they reduce 

on large production-run quantities. As a bonus, you 

get Bourns TRIMPOT potentiometer quality, reliability 

and performance. 

AVAILABILITY 

All models shown are stocked in depth RIGHT NOW, 

so delivery is off-the-shelf from the factory or your 

local Bourns distributor-. 

Complete data on all models of the LOW-COST FAMILY 

is available upon request. Just write, or call, your local 

Bourns Sales office, representative, or di.stributor. 

*1000-piece price Model 3389, U.S. dollars, F.0 .B., U. S. A. 
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Model 
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cermet 

Model 
3305 
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BOURNS, INC. , TRIMPOT PRODUCTS DIVISION • 1200 COLUMBIA AVE _, RIVERSIDE, CALIF. 92507 

CHECK NO. 16 
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Unique semiconductor mix 
controls induction motor speed 
D iscrete components, IC packages and optica l couplers produce an effic ient 

variab le-frequency drive system for fractiona l-horsepower induction motors. 

Thomas Mazur, Motorola Semiconductor Products 

The variable-speed induction motor is an attractive 
so lution to many motor drive problems. Although 
the speed of such a motor can be contro lled in vari
ous ways, the most effect ive is to vary the frequency 
of the applied vo ltage (see box). A method for doing 
this for split-capacitor fractiona l-horsepower induc
tion motors that makes use of the latest semiconduc
tor technology is described in this article. 

The contro l system to be covered is a combination 
of discrete components and IC logic circuitry . Com
patability between these two types of devices is 
achieved by the use of optica l couplers, which pro
vide isolation between the low-power control cir
cuits and the high-power motor drive circuits. The 
advantage of such a scheme is that the drive section 
can be modified to accommodate a variety of motors 
that differ on ly in their power requirements, without 
affecting the design of the control section. The opti
cal isolat ion also inh ibits any transient feedback 
from the drive circuit to the control circuit. The con
trol section is further protected by the use of high 
noise immunity logic devices. 

Quadrature signals required 
A permanent split-capacitor induction motor re-

qu ires two drive signals 90° apart. Norma lly a ca
pacitor is used in series with one winding to obtai n 
the necessary phase shift when the motor is operated 
from a single-phase power source. Since the capaci
tive reactance is inversely proport ional to freq uency, 
the capacitor cannot maintain the proper phase shift 
when operation over a range of frequencies is de
sired. An initial prerequis ite, then, is to eliminate the 
need for such a capacitor. 

A pa ir of flip-flops, operated in time-quadratu re, 
can perform the same function as the phase-shifting 
capac itor . As shown in the system block diagram 
(Fig. 1 ), an oscillator is used to set the frequency of 
operation. A shaping circuit then converts the oscil
lator si gnal to high noi se immunity logic leve ls. 

The quadrature generator that fol lows performs 
two tasks: first, it provides two complementary pairs 
of quadrature-phased signa ls; and second, it distrib
utes a pulse of fixed width to the pu lse shapers. The 
pulse shapers produce asymmetrical drive signa ls fo r 

the LEDs. Due to the asymmetry of the drive signa ls, 
the duty cycle of each LED is less than 50 percent. 
The drive signals are courled from the LEDs to 
the detectors, via optical path hf, and then to the 
power amplifiers. The power stages have a finite 

r-------------------------------, r----------, 
I I I I 
I ri I I DETECTORS I 
1 ru ...J L r----r--1- --, 1 n _ 
I L..ri LI I hf I - u 
1 LEDS ¢A 

I 

_k Il QUADRATURE 
OSC. SIGNA L OPTICA L COUPLERS 

~~~O L lI GENERATOR ,-----r-+---~ 
I PULSE I hf I 
( SHAPER LEDS I 
I I 
I Jl n1 I 1J lI L----1-:D-;-TECTO~ i J\ 
L-----------------------------~ L _______ ~ 

CONTROL SECTION DRIVE SECTION 

Fig 1 - The speed-contro l system consists of a low-power control section and a high-power dri ve section, with the two sections connected 
by opti ca l couplers. 

28 EDN NOVEMBER 1, 197 2 



+160V 

+15V 
+15V 

-' 
0 
a: s 
f--
z J Q 
0 c u 
::;: B ,,_ 
a: 

K 6 
R 

I 
MC673 

\ +160V 

+15V 
XC+AC Rs 

hf _, 

s 
Q 

c 
c ~ B 

K 6 
R 

x MC688 

- 160V 

Fig 2 - Standard components are used in the variable speed-control circuit. These include IC packages, discrete transistors and opti ca l 
couplers. 

switching speed that is dependent upon the type of 
power transistor used and the load current. The 
asymmetrical drive allows each transistor to turn off 
before its complement is turned on. 

The complete schematic of the control system is 
shown in Fig. 2. It should be noted that the specific 
parts called out, or their equivalents, ca n be used. 
From the schemati c, it can be seen that a UJT (Q 1) is 
used as a free runnin g oscillator. The frequency 
range of this osci ll ator is 40 Hz to 1200 Hz. Because 
the logic that fo llows the oscillator section is in a 
di v ide-by-four configuration, the actual drive fre
quency range applied to the motor is 10 Hz to 300 
Hz. This implies a speed range, for an induct ion 
motor with two pairs of poles, of 300 rpm to 9000 
rpm. In actual practice, however, the speed range 
will be limited by a variety of losses. 

The resistor in the base-1 lead of the UJT controls 
the width of the oscillator output pulse, while the Q2 

and Q3 pul se amplifiers translate the oscillator signal 
to high noise immunity logic levels to drive the set 
and reset inputs of the X flip-flop. Since this flip-flop 
is the R-S type, its operation is dependent on the 
input levels and duration, exclusive of the input rise 
and fa ll times. 

The Q output of X, ca lled X on both Fig. 2 and on 
the timing diagram (Fig. 3) clocks the A flip-flop . 
This flip-flop, used as a divide-by-two toggle, pro
vides out-of-phase clock signals for the B and C flip
flops, which toggle on the negative transition of the ir 
c lock signals. Si nce their c lock inputs are 180° apart, 
the B and C outputs are 90° apart due to their nor
mal divide-by-two operation. In thi s manner, the 
need for a phase shi ft ing capacitor in series with one 
w inding of the motor is eliminated . 

The MC673 AND-OR-invert gates combine the B 
and C square waves with the X pulse. This combina
tion results in a zero voltage step in the 0 A and 0 B 
drive signals to the motor. The output power transis
tors (Q 4 through Q 7) require about one µ,sec to shut 
off. If one of these devices is turning off and its com
plementary dev ice turns on during this interval , cur
rent would flow between the transistors without 
benefit of any load-limiting impedance. Thi s wou l ~ 
result in device overstress . So to insure protection , X 
has been set to produce a 20 µ,sec dead time during 
the switching crossover. 

The A fli p-flop, in addition to providing clock sig
nals for the Band C flip-flops, is also ANDed with B 
and C's outputs to prevent dead time from occurring 
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Fig. 3 - Interrelationships between the various digital control sig
nals and the output drive signa ls, 0 A and 0 B, are shown by these 
wavefo rms. 

in the middle of the 0 A and 0 B drive signals. 
The high noi se immunity logic opera tes from 

+ 15V ; the motor drive from ± 160V. In order to 
provide bi polar drive signals from unipolar control 
signals, the optical couplers are used. With thi s tech
nique, the drive circuits can be operated down to, 
and including, de without the problems inherent in 
broadband RC coupling. Since photons are the cou
pling mechanism and input-output isolation is 
1500V, transients from the motor drive section up to 
1 500V wi 11 not be transferred to the contra I section . 

Each output drive circuit, consisting of an MJ423 , 
MPSA42 and photo transistor, is normally off and is 
turned on only when its LED is on . In this manner, if 
anything happens to the logic power, the drive cir
cuits are disabled, turning off the motor and pro
viding a fa il -safe feature. 

The input power requirements for the drive sec
tion of the system depend on the motor and its load . 

30 

20 

16 

12 

DRIVE FREQUENCY ... 13Hz 

10 20 30 

TORQUE (OZ. IN.I 

CLASS F, 60 Hz, 13. oz.in. 
PERMANENT-SPLIT 
CAPACITOR INDUCTION 
MOTOR 

40 50 

Fig. 4- Torque-speed diagram shows actual perfo rmance of the 
speed-control system when dr iv ing a motor. 

The control section power requirements are + 15V 
and 50 mA. If a high degree of noise in the motor 
supply is anticipated, the control logic power should 
be supplied vi a a transformer to prevent ·noi se cou 
pling along an otherwi se common voltage-return 
bus. 

Thi s system has been used to drive a Class-F, 60 
Hz, permanent spl it-capacitor induction motor with 
a 13 oz in . load ratin g. As indicated on the torque
speed diagram (Fig. 4 ), the load capacity increases 
as the speed is decreased. Thi s is a definite advan
tage over a voltage-variable control , where the 
torque fa lls off with decreasing speed . Resistors were 
added in series with the windings to limit the cur
rent, si nce the motor reactance is proportional to the 
dri ve frequency. The va lue of R

8 
for th is motor was 

250 , SOW. 
At 1700 rpm, and with a 13 oz in. load, the motor 

temperature was 40°C when powered by the square
wave drive. A 60-Hz sine wave produced a 32°C 
case temperature at the same speed-load values. The 
di fference in temperature is attributed to the har
mon ic components of the square-wave drive signals. 
Because of the additional heat, care should be taken 
to insure that adequate ventilat ion and heat sinking 
are provided for the motor when it is operated by 
this circuit. 

Alternate circuit is possible 
If isolat ion between the control and drive c ircuits 

is not a requirement, as would be the case in a low
noise environment, the scheme shown on Fig. 5 will 
generate the same type of drive signals as the system 
just di scussed. 

In this c ircuit, a UJT osc ill ator toggles a trigger fl ip
flop designated X which in turn clocks a pa ir of J-K 
flip-flops. The quadrature phased Band C outputs are 
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Fig. 5 - Elimination of the optical coupling, as well as other ci rcuit changes, yields a speed-controlcircuit with the periormance of the cir
cuit of Fig 2, but without its high noise immunity. 

Controlling the speed of an induction 
. motor 

The speed of an induction motor is deter
mined, in general , by four factors: the number 
of poles, the frequency and amplitude of the 
supply voltage and the magnitude of the load. 
When a fixed-frequency source, such as the 
60-Hz power system, is used, the speed may 
be controlled by varying the applied voltage. 
Thi s technique has a di sadvantage in that the 
torque of the motor is proportional to the 
square of the appli ed voltage; therefore, at 
slow speeds, the load capacity is reduced. If, 
instead the voltage is held constant while the 
frequency is varied, the maximum torque will 
not decrease as the speed is reduced. 

combined wi th fixed-width pulses, in the MC672, to 
prov ide the zero vo ltage step in the 0 A and 0 B out
put drive signals. The fixed-width pulses are ob
tained by di ffe rentiatin g the R-S flip-flop out-puts 
and ampli fy ing the posi tive-going transitions w ith 0 3 

and 0 4 . The pulse width is approximate ly 500 msec. 
The NANO gate outputs are then translated, by 
means of small signal ampli fiers, to levels suitab le to 
dri ve the final transistors. The fi nal stages are com
plementary NPN -PNP pairs. D 
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"Th MOS.or not fu MOS?" is a big question. 
Here are the answers. In a form everyone can 
understand. The OPTIMOS Book. 
The Optimos Book is over 300 pages of comprehen
sive information on MOS. It's for every level of 
MOS interest, from non-technical top management 
to the working engineer at the bench. From eco
nomic philosophy to product specifications. 
The Optimos Book provides an overview of the 
state of the art in MOS. Most specifically, the state 
of our art, which we call OPTIMOS: the optimum 
useOf MOS/ LSI technology, of all available cost 
and design options for maximum return at mini
mum risk. The practical use of MOS. 
This book is a vital tool for management in mak
ing the basic decision 
whether to go MOS or 
not. Once that decision 
has been made and the 
task of implementation 
turned over to the work
ing engineers, they, in 
turn, need the data, 
the detailed answers to 
their engineering 
questions, the tools to 
do their job efficiently. 
At this point The 
Optimos Book is, if you 
will, a cookbook. A 
step-by-step guide on how 
to design with MOS. How to get the best out for 
what you put in, measured in terms of time, cost, 
effort and objectives. 
Everyrnan's Guide 
The chapter headings tell the story: 
MOS/ LSI today: The coming of age of low-power 

high-density MOS technology. Where MOS/ LSI 
makes sense. Some of the risks involved. 
MOS economics: An overview. How volume 
and die size affect costs. Selecting the optimum 
die size. 

The critical MOS decisions: Critical cost factors. 
Structuring the system for MOS. Standard vs. 
custom MOS. Optimum partitioning. Proven MOS 
processes that better your odds. How to evaluate 
MOS vendors. 

Getting the most through OPTIMOS. Fairchild's 
OPTIMOS approach. Its history. Planning early 
with us for best balance between standard and 
custom devices. Customer/ Fairchild interface 
options: design and performance responsibilities, 
co-engineering and communications. Fine tuning 

the design. Testing. 
Our MOS production 
capabilities. OPTIMOS 
directions for the future. 
Technical appendices: 
More than 180 pages 
of specifications and 
application data on our 
standard products. More 
than 60 pages of 
specifications and 
design rules for our 
Micromosaic MOS 
cell library and its 
application in 
computer-aided design. 

Plus reliability data, packaging, ordering information. 
The technical guts of a very gutsy book. 

Free 
Anyone interested in MOS will be interested in The 
Optimos Book. If you request it on your company 
letterhead, we'll be glad to send you a copy. 

FAIRCHILD SEM ICONDUCTOR, A Division of Fairchild Camera & Instrument Corp., 464 Ellis St., Mountain View, Ca. 94040. ( 415) 962-50 11. TWX: 910-379-6<135 
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Comparators can do more 
than just compare 

When considered as a general-purpose analog component, the comparator 

becomes an extremely versatile device that can simplify a great many designs. 

Robert C. Dobkin, National Semiconductor Corp. 

There has been a wealth of design and applications 
material devoted to the operational amplifier over 
the past few years . However, the voltage compara
tor, which is a special-purpose operationa l amplifier, 
has not received nearly the i}ttention given to gen
eral-purpose op amps. This is regrett<ib le, since the 
voltage comparator can be used in a wide variety of 
applications to considerably simplify difficult circuit 
designs. This article will show the versatility of the 
voltage comparator in some unusual applications. 

The circuits covered do not use the voltage com
parator merely as a level detector, but take into ac
count the full capabilities of the device as a general
purpose analog component. 

An operational amplifier is a high-gain feedback 
amplifier, stable with almost any type of feedback 
network. Like an operational amplifier, a voltage 
comparator has very high gain ; however, it is not 
designed for use with feedback. The basic idea of 
vo ltage comparators is to compare voltages and pro
vide an output as fast as possible. For that reason, no 
phase or gain compensation, which would slow 
down its responses, is included in the comparator . 
Any attempt to apply feedback around the compara
tor with the same impunity as with an op amp will 
result in oscil lation . Other major differences from an 
op amp are: the comparator is designed to operate 
with large differential input voltages, and the output 

GROUND 

v-

Fig. 1- The LMl 19 Dual Voltage Comparator, one-half of which is shown here, is representati ve of the compl ex ity of modern IC 
comparators. 
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stage is usually optimized to drive digital logic. 
Before linear integrated circuit op amps reached 

their present level of sophistication, they were well 
developed as packaged modules. This was not the 
case with voltage comparators. Comparators that 
combine high speed and high accuracy have come 
about only with the development of linear ICs. Dis
crete op amps are more easily designed than are dis
crete comparators . Since an op amp is used closed 
loop, all transistors are operating in a linear mode 
with their operating points well defined. Differential 
amplifiers are balanced, which minimizes offset 
drifts. With a comparator, on the other hand, all 
stages may be either turned on or turned off. Differ
ences in power dissipation between " on" and " off" 
transistors give rise to temperature differences, caus
ing shifts in the offset voltage. If high operating cur
rents are used for high speed, the problem is worse. 
However, in a monolithic IC, all components are at 
virtually the same temperature and the problem does 
not exist. Further, IC stray capacitance is greatly re
duced from discrete stray capacitance - making the 
comparator faster. 

The basic working of a voltage comparator can be 
seen from Fig. 1, which shows a schematic of a gen
eral-purpose comparator. The input signal is applied 
to differential amplifier pair Q1 and Q2 • Q1 and Q2 

are biased so that they do not saturate over the full 
range of common-mode voltage. The amplified sig
nal is applied through emitter followers Q3 and Q4 to 
a second differential stage, Q5 and Q6. The followers 
have a dual function : they buffer Q5 and Q6 , in
creasing the gain of the first stage, and they level 
shift the signal toward the negative supply. The emit
ter-base voltage drop of Q3 and Q4 , in conjunction 
with the drop across R3 , prevents Os and Q6 from 
saturating under worst-case drive. 

The signal is amplified by Os and Q6 and applied 
to followers Q 7 and Os· It is then level shifted toward 
the negative supply by a resistive level-shift circuit 
comprised of Rs, R9 , Q 9 , Q 1or and Ow The full differ
ential signal from the collectors of Os and Q6 is both 
level shifted and converted to single-ended form to 
drive the output stage. Resistive level shifting is used 
because it offers more than a factor-of-two increase 
over the speed of lateral pnp transistors and will 
operate below the 7V zener voltage needed for ze
ner level shifting. This allows the comparator to op
erate on a single SY supply. 

The output stage consists of driver Q 12 and output 
transistor Q 13 • Transistors Q 1!\ and Orn clamp the 
output from saturation , while Q14 provides limiting. 

The rest of the circuit consists of biasing resistor 
R and an internal regulator to drive the current 
s~~rces of the differential amplifiers. The internal 
operating currents are regulated against supply volt
age changes and controlled over temperature to 
minimize changes in gain. As with many of the new 

INPUT 

R• 
20k 

c, I 
0.1µF _ 

R, 

7 

R3 
20k 

- 15V 

R, 
10k 

a, 
2N2222 

OUTPUT 

Fig. 2 - The pulse ratio modulator delivers a pulse train output 
linearly proportional to input voltage. 

comparators, no gold doping is used. This permits 
higher transistor current gains. 

Before describing actual comparator applications 
it is appropriate to mention some of the problems 
encountered with comparators. 

The problem most often encountered is oscilla
tion. This is not unexpected since comparators have 
high gain and wide bandwidths. (For example, the 
LMl 11 has in excess of 80 dB at 1 MHz.) Stray ca
pacitance from the output back to the input of the 
comparator is usually the cause. Actually, stray ca
pacitance from the output is not the only problem. If 
the comparator drives digital logic, the output of the 
logic can also feed back to the comparators inputs. 

There are many approaches for eliminating osci 1-
lation. First, the inputs should be isolated from the 
output as much as possible. Input leads should be 
short, and routed away from the output. Shielded 
cable is a preferable method of connecting the input 
to a distant point. Second, source resistance driving 
the comparator should be low to minimize the ef
fects of stray capacitance. If maximum speed is not 
of importance, a smal I capacitor - 1000 pF - across 
the inputs to the comparator will help greatly. Final
ly, oscillation can only occur when the comparator 
is at threshold or in the linear region, so a small 
amount of positive feedback to induce snap-action 
and hysteresis will prevent oscillations. 

The various types of comparators available have 
different input stages. Depending on the circuit con-

INPUT 

R3 
20k 

c, 
1µF 

GATE 
2N4193 

R, 

20k 

R, +15V 
lk a, 

2N2222 

D OUTPUT 

Fig. 3- The delta modulator has its output pulse width and transi
tion time fi xed by an external clock via JFET switch Q2 . 
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figuration, the maximum differential input voltage 
can be anywhere from ±SV to ± 30V. Exceeding this 
limit, expecially for devices with ±SV limit, will 
degrade performance. This is caused by the emitter
base junction of the npn input transistor zenering at 
about 6V. When the transistors zener, the H1e de
creases, increasing the bias current and offset current 
of the comparator. 

Comparator forms pulse ratio modulator 
Thi s c ircuit (Fig. 2) provides an output, with the 

average value of the output being proportional to the 
input signal. The output is a pulse train which varies 
both in width and frequency. However, over most of 
the dynamic range, frequency is re latively constant, 
with large changes occuring at the ends of the range. 
Pulse ratio accuracy is excellent, with 0.1 % eas ily 
achieved. The c ircuit can be used to drive a power 
stage to make high-efficiency sw itching amplifiers, 
or fo r pu lse-width/pu lse-hei ght multipliers. 

The comparator is set to have about ± 10 mV of 
positive feedback with R1 and R2 • This insures that 
the output wi II be either "on" or " off", with about 
20 mV of hysteresis. Negative feedback through R

3 
is 

applied back to the inverting input. With no input 
signal, the circuit operates as follows : assuming fhe 
ouput is positive, the non-inverting input will be at 
+ 10 mV. The inverting input is less than + 10 mV (or 
else the output would be negative). Current throu gh 
R3 charges C1 until the voltage at the inverting input 
reaches + 10 mV. At this time the output switches 
negative. The non-inverting input is then at - 10 mV 
and C

1 
begins charging toward -10 mV. When C

1 

reaches - 10 mV the output will switch aga in, start
ing a new cycle. R

5
, Q1 and D

1 
provide a symmetri -

R• 
15k 

/\/V 5Vp-p 
TRIANGLE 
WAV E 
OUTPUT 

+15V 

- 15V 

R, SENSISTOR 
100 

SQUARE WAVE 
OUTPUT 

Fig. 4- Wide-range function generator produ ces square and 
tri angle output waveforms whose frequency can be vari ed over 
five decades by potentiometer R,. 
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cal output drive si nee the LM 111 has an open 
collector output. 

Current into C1 from an input voltage either adds 
or subtracts from the charging cu rrent through R3 • If 
the current adds, C

1 
will charge faster and the width 

of the output pulse will shorten. If it subtracts, the 
width will elongate. 

Since the inverting input is always within ± 10 mV 
of ground, it acts as a summing junction of an invert
ing amplifier. The gain of the amplifier is fixed by 
the input and feedback resistor (R3, R4) at unity, but 
any gain can be set. If the modulator is used with a 
power output stage, the feedback resistors, R3 and 
RI' should be connected to the power stage output. 

A simple modification of the pulse-ratio modulator 
makes a delta modulator. With delta modulation, the 
average value of the output is also proportional to 
the input; however, the output pulse width and out
put transition time are fixed by an external clock . 

Fig. 3 shows a delta modulator. Resistor R2 in Fig. 
2 has been replaced by a JFET switch (Q

2
). When the 

clock is negative, the FET is " off" and large positive 
feedback is applied to the non-inverting input of the 
comparator. Thi s locks the output either positive or 
negative. When the clock goes positive, the positive 
feedback is shorted to ground. The input signal to 
the comparator is the voltage stored on C1 • This volt
age is the integrated error between input signa l and 
the comparator output. If the error is positive the 
output wi II switch negative, and if the error is nega
tive the output will switch positive. 

The size of C1 is chosen to keep the error signal at 
the inverting input in the order of ±20 mV for the 
chosen clock rate . Thus, the inverting input will act 
as a summing junction of an inverting amplifier with 
a pulse train output. Gain is again set by R

3 
and R4 . 

Input 
5mV-5V 

R,J 
3k 

SQUA RE WAVE 
OUTPUT 

6 

+5V 

R,, 
l k 

Fig. 5- Voltage controlled oscillator has both square and triangle 
wave outputs. 
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The clock pulse width must be much less than the 
c lock period to minimize the uncertainty of the out
put transition ti me. 

A simple ana lysis wil l help to understand why 
both of these circuits (Fig. 2 and 3) offer high accu
racy . The error between the in put and pulse-train 
output appears at the inverting input of the compara
tor . Since this error never exceeds 20 mV, the over
all steady-state error cannot be greater than 40 mV, 
or 1 % of a 4V signal. Thi s is only a simple approxi
mation showing 1 % error ; however, the actual error 
is much less. 

Wide range generator is also possible 
The circuit of Fig. 4 shows a wide-range osci ll ator 

having both a square and triangle wave output. The 
operati ng frequency may be varied over five decades 
without range switching. Two transistor pairs are 
used to exponentially vary the charging current to a 
timing capacitor. The output current from the transis
tor pairs is contro lled by a linear potentiometer, so 
that rotation of the potentiometer is proportional to 
the log of the output frequency. With the component 
values shown, the frequency is smooth ly variab le 
over about 1 Hz to 100 kHz. 

Since the circuit operates over such a wide dy
namic range, the op-amp integrator must have low 
input current for proper low-frequency operation as 
well as good 100 kHz response. In this case, a FET 
hybrid op amp is used. Transistor pair matching is 
also critical. Offset mismatches between the tran sis
tors will cause a non-symmetrical output. This can 
be somewhat compensated for by usi ng non-sym
metrical zeners (D:1 and D4 ), or a small resistor in the 
emitter of Qt or Q 2 . The best so lution thou gh, is to 
avoid the problem by using good transistor pairs. A 
sensistor (R

2
) is used to compensate for the tempera

ture sensitivity of tran sconductance of the transistor 
pairs, thus keeping the frequency constant. 

As well as voltage controlled oscillators 
Hi ghly- linear vo ltage controlled oscil lators are 

perhaps one of the more diffi cult designs encoun
tered by a ci rcuit designer. A relatively simple VCO 
is shown in Fig. 5. The ci rcuit provides good lineari 
ty, with about three decades linear range. Addition
all y, the peak value of the tri angle-wave output is 
precise ly set at 2.44V and OV by the reference volt
ages at the non-inverting inputs of the comparators . 

In operation , comparator A2 drives the load for 
" low" outputs while At drives the load when the 
output is " hi gh". With A2 " low", Qt is "off" and the 
LM 118 integrates the input voltage to form a nega
tive go ing ramp at its output. When the ramp voltage 
crosses the reference (OV), A., goes " high" and 
latches " hi gh" because of positi~e feedback throu gh 
D

2 
and Rt

4
. Q 1 turns "on" and the ramp goes posi

tive. At a ramp vo ltage of 2.44V (2 times the l .22V 

OUTPUT 

Fig. 6 - Power-supply overvoltage limiter can handle load cur
rents up to 50 mA. 

reference), the output of A 1 goes negative. A 1 goi ng 
negative also stops the positive feedback around A2 , 

so the output stays negat ive due to A2 . Therefore, the 
ramp integrates negative ly toward zero vo lts agai n. 

For good results with this ci rcuit, certai n precau
tions must be taken . Due to offsets, it is necessa ry to 
balance the LMl 18. Thi s insures good linearity and 
symmetry at at low input voltages . The switching 

· transistor Q
1 

must be reasonably fast, as well as hav
ing low reverse " on" voltage . Actually, a FET would 
be a better switch, but it is somewhat difficult to find 
low "on" res istance FETs for use with ± 5V suppli es. 

And an overvoltage limiter 
A simple overvoltage protection circuit for c ircuits 

drawing less than 50 mA can be made with a single 
comparator. Fig. 6 shows a limiter ci rcu it for l 2V. 

In the circuit, a fraction of the input supply is 
compared to a 1. 2V reference by the LM 111 . When 
the input exceeds the reference level , power is re
moved from the output. Si nce the LM 111 has both 
the emitter and co llector of the output transistor 
avai lable, it can be used as the power switch for cur
rents up to 50 mA. The drop across the interna l cir
cuitry of the LMl 11 when " on" is about l .8V. If thi s 
is unacceptab le, an external pass transistor could be 
used to reduce the drop to a few hundred millivolts . 
When the circuit is used to limit negat ive voltage, 
the drop is only the saturation vo ltage of the output 
transistor, or about 0.8V at 50 mA. For application 
w ith dual output, a dual comparator, like the 
LMl 19, can be used. o 
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How to S<t!!_~eze 60 dB of swept frequency response 
from 10 mW of RF drive. 
It's simple. Just use the new HP 8755 
Frequency Response Test Set. Its 
extremely high sensitivity ( - 50 dBm) 

· delivers a full 60 dB dynamic measure
ment range from 100 MHz to 18 GHz 
using modern sol id-state sweepers 
like the HP 8620. 

But that's just the beginning. Its flat 
( ± 0. 5 dB) response means that you can 
make accurate swept measurements of 
insertion loss/ gain and return loss , even 
on frequency translation devices like 
mixers. And it doesn 't drift with time 
and temperature because it's a modulated 
system. This high stability means 

minimal recalibration. Isn't that what 
you need for production testing? 

Yet with all of its sophistication, the 
system is really easy to use. It's direct 
reading and fully calibrated with push
button selection of operating functions . 
You can simultaneously display forward 
and return loss either as a ratio or an 
absolute response. Everything is designed 
for time-saving, error-free measurement. 

You can take this lightweight, all 
solid-state and rugged system out into the 
field to test cable runs, antennas and 
the like. Another important and practical 
advantage for field use : you can operate 

the detectors up to 200 feet away from 
the display! 

There's economy too : a complete 
87 55 system with analyzer in an HP 182A 
large screen scope display, modulation 
unit and three detectors costs just $3200. 

Ask your HP field engineer for the 
new brochure on the 87551. It'll give 
you the complete story on why it's so 
much system for so little money. 

HEWLETT ?P PACKARD 
04206 

HP sales, service and support in 172 cities in 65 countries. For m ore informati o n write: Hew le tt-Packard , I SOI Page Mill Road, Palo Alto, California 94304; Europe : 
P.O. Box 85, CH-1217 Meyrin 2, Genev.1. ~w i uc-rbnd: J" I" " YI IP. 1-59·1, Yoyogi, Shibuya-Ku , T okyo, 151. 
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the ill . . 
~Li1i~ 
The new MV5054 is so bright you 
can actually use it to illuminate 
things. Like on-off pushbuttons and 
switches and cash registers that 
tell clerks what to do next. Good 
for telephone PABX's. They're 
being used for computer panel 
backlighting, too. 

Wherever you used to think 
incandescent you can now think 
GaAsLITE. These illuminators form 
their own beam, so there's no light 
wasted lighting up the inside of 

MV5054-1 
2 med at 10 mA 

MV5054-2 
3 med at 10 mA 

················ : ···· ······· ·· ······ ···· ·· ··· ·· 

Any 
"GaAsLITE GUARANTEED" 
product that burns out during 
the lifetimet of the equipment 
in which it is installed will be 
replaced free of charge by an 
equivalent device provided 
that it has been run at or 
below data sheet ratings. 

tlifetime defined as system li fe of origina l 
equipment or ten j 10) years, whichever 

comes first. 

Monsanto 
CHECK NO. 19 

s the switch. And since you ' ll never 
replace a GaAsLITE , you can mold 
it as part of a button. That gets 
rid of all the pieces and a big 
assembly cost. 

The TTL-compatible MV5054 is 
made to illuminate a % " c ircle 
and the lifetime cost is 65¢ or less. 
You can mount it in a number of 
ways on your PC board and we also 
have a transparent mounting clip. 

For more information and 
applications ideas call us at (408) 
257-2140 or write us a letter. We 
have distributors all over the world 
who ' ll sell them to you . 

Monsanto Commercial Products Co. 
Electronic Special Products 
10131 Bubb Road 
Cupertino, Californ ia 95014 



Is your work starting to bore you? 
Beat monotony, and cure boredom! 
If you are not careful, monotony and boredom can creep into your work, and 

productivity will suffer. Here are some ways to prevent it from happening. 

Ernest W. Fair 

Boredom and monotony are the enemies of every 
man in business, from engineer to chief executive. 
They do not necessarily happen during slack peri
ods, but can develop even when he is busy all of the 
time. A constant effort is required to develop pro
cedures to assure their absence as much as possible. 

You can start by paying more attention to the 
people you are involved with, rather than just their 
everyday working problems. Business problems are 
all fairly similar to one another; humans are not. If 
you deal with customers for example, such attention 
can open up new interests because attention is di
rectly focused upon them, as wel I as upon the prob
lems involved in taking care of their needs. 

It doesn't hurt to rock the boat 
Whenever you feel boredom arising from what 

you are doing, right then and there is the time to 
rearrange your work schedules. Do so primarily with 
the goal of destroying any element of monotony in 
your work. That element of monotony is a great con
tributor to boredom in what one is doing, while on 
the other hand, variety in one's efforts invariably 
arouses an increased interest. Its absence wi II de
stroy interest and much initiative. 

Constantly look for something new and different in 
what you are doing, regardless of where your assign
ment leads you in the structure of the business oper
ation. Sometimes such things can slip by unnoticed. 
Each one has the potential of combating boredom. 
The challenge of anything new and different invari
ably makes any job more interesting. Set up your 
own challenges regularly. If you wait for them to 
originate elsewhere, they are usually slow in com
ing, if at all. After a certain period of time, you prob
ably feel that you have met most of the challenges 
connected with your work. If this is the case, it is 
necessary to search dilige.ntly for new ones. 

Do as many of the necessary but dull routines 
involved with your job the first thing each morning. 

40 

Fig. 1 - This is an excellent way to beat boredom, but the boss 
might object. 
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Fig. 2 - There's no monotony in this office, but it's rough on the 

secretaries. 

This is a far better procedure than having them in
trude on everything else being done throughout the 
day. Dull routines are always great cultivators of 

boredom. 

Get out of the rut! 
Avoid over-systemizing your work. Too high a 

degree of such systemization is always one sure way 
of generating boredom anywhere. When that hap
pens, an individual becomes nothing more than a 
machine in what he does, and while machines can
not become bored with such circumstances, human 
beings most certainly will. 

Pay more attention to other people's ideas than 
you have in the past. This listening process will al
ways help to break any existing feelings of boredom 
that may have arisen. Countless experiences have 
proven that when this concept is explored in depth, 
some very useful benefits for the business invariably 

emerge. 
Take a breather from your work every couple of 

hours. It need only be for three of four minutes at the 
most. Usually it's best to do something entirely dif
ferent from what you have been doing previously. 
This is especially valuable when one becomes bored 
with an uninteresting task of any nature. 

Stop taking your work home with you, and don't 

••• 

Fig. 3 - Reading professional magazines will break the monotony 
of every-day routines. 
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INTRODUCING 
THE EA 1502 BIPOLAR 
COMPATIBLE 1024-BIT RAM 

The EA 1502 is another new addition to the grow
ing line of N-Channel silicon gate products from 
EA. The EA 1502 accepts TTL inputs without ex
ternal level shitting and sinks 1.6 mA on the out
put. It has an access time of typically 130 nano
seconds and dissipates only 115 mW (typical). In 
fact, in a systems configuration the EA 1502 out
performs the so-called high performance versions 
of the 1103, with lower power, bipolar compatibil
ity, automatic refresh and low cost to boot! Oh 
yes, there·s no address cycling requirements 
either. A single write pulse refreshes all data in
dependent of the state of the address and chip 
enable inputs. Place your order early, everyone 
else is. $27.50 in 100 quantities. 

To make it easier for you to evaluate our EA 1500 
series RAMs, we have an evaluation P.C. board 
available which contains all of the necessary inter
connections for building a 2K by 4 memory. Ask 
about it! 

electronlc 
amrs. 
Inc. 

501 ELLIS STREET 
MOUNTAIN VIEW, CALIFORNIA 94040 
(415) 964-4321 TWX 910-379-6985 

Slodl"ll distriblllors: Burstein-Applebee Com,o• nr. 
Computer Comp0n11n11. 
Creme• 

WE 
GOT'EM 

MORE FROM THE 
VERY SAME FOLKS 
WHO BROUGHT YOU 
N·CHANNEL 
SILICON GATE. 

CHECK NO. 20 

Free Design Data 

500-line Real-Time Spectrum Analyzer 
Acts Like 650-Lines 
Second generation Mini-UbiqTM 
Model UA-15A low frequency 
real-time spectrum analyzer -
smaller, lighter, easier to use 
and less expensive than Fed
era I's famous Ubiquitous® 
500-line analyzer - is better 
for on-the-sopt frequency anal 
ysis, machine noise diagnosis, 
computer automatic systems. 
Incorporates a sharper, com-

puter-designed filter for increased selectivity - can sepa· 
rate closely spaced components as if it had 650 frequency 
lines. Widest choice of range - 12 ranges from lOHz to 
50kHz; highest frequency and amplitude accuracy; com
puter control of input amplitude range, analysis range , 
and presampling filter; operation with weighting function 
on or off; sweep termination adjustable for high sweep 
rates; earphone monitor of filtered input. Request Free Bro
chure and Free Wallchart of Waveform Comparisons in 
Time/ Frequency & Probability Domains. 

Federal Scientific Corp. 
615 West !31st St., New York, N.Y. 10027 (212) 286-4400 

CHECK NO . 30 
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' bri ng your home problems to work each morning. 
This is a sure method of adding to boredom whenev
er and wherever it is practiced. Each acts to counter
balance effic ient performance of the other. 

Pick out one procedure each day or week and try 
to approach it a I ittle differently than you have been 
doing it in the past. Look for a better way to accom
pl ish the desired result. When this is a regular 
method of operation in any man's business life, he 
se ldom has ahy acquaintance with boredom at his 
work at any time. Of course, this method of opera
tion won't hurt your profess ional stature either. 

Don't over look the people around you. They can 
also use some help to combat this same negative 
conditi on of boredom with their work. Otherwise, 
their attitudes can rub off on you before you ever 
realize what is happening. Boredom is a catching 
disease in any busi ness. 

Slow down the pace you have been setti ng in your 
daily working li fe. Speed-ups of any kind tend to sys
temize everything into a boring routine, simply be
cause such speed is seldom attai ned unless every
thing has been worked out to the point where it is 
virtuall y an automatic procedure. 

Don't make work a drag! 
Inject a little more fun and humor into your work 

than you have in the past. The complete absence of 
this pressure-releaser will make everything that you 
are doing less attractive; and therefore, more boring. 

Remember some of those enthusiastic approaches 
that you had during your fi rst year or two out of 
schoo l? Seek them out and use them once again. 
There was probably no element of boredom in your 
work at that time. Reuse of these approaches and at
titudes toward you r work can give them equa l value 
once again . 

When you leave each day also leave something 
interesting to come back to and tackle the next 
morning. This assu res that not even a small degree of 
boredom will be present at the start of the next busi
ness day. o 

Author's biography 
Ernest W. Fair is one of a 
rare breed- a free- lance au
thor. For 37 years hi s by
line has appeared on arti
cles in many of the leading 
business magazines of the 
nation. When he's not trav
eli ng on assignment or dig
gi ng out detai Is for a story, 
he makes his home in Port
land, Oregon. 

EON NOVEMBER 1, 1972 



New PM 
motors/gearrnotors 

The people at Bodine have a new 
permanent magnet field D-C 
motor line: The 42A. But, there's a 
lot more to it than meets the eye. 

High quality barium ferrite magnet 
material, magnetized and 
stabilized by Bodine gives you 
consistent output capabilities. 
Day to day. Over the long haul. 

42A Motor Line: Diameter is 4.3 
inches. Standard continuous duty 

ratings are VB, VB and V.. hp at 
2500 rpm, 115V D-C. Available with 

or without NEMA Type C face 
mounting shield. 

From motor to motor, lot to lot. 
The 42A delivers more power from 
a smaller, lighter package. It runs 
cool. Quiet. Has surprising control 
capabilities. Other design benefits 
include: High-starting torque, low
speed operation and self-braking. 
Brush life is outstanding : A unique 
thermoplastic end-shield assembly 

42A-E Gearmotor Line: Output 
torques to 350 lb-in. Output shaft rota 
in large needle bearings providing -
high overhung load capabilities. 

;; I I I 

has precision metal brush boxes 
and constant force roll-type 
springs that continuously maintain 
even brush pressure. · 

Bodine application engineers are 
ready to help you apply the 42A. 
Bodine Electric Company, 
2500 W . Bradley Place, 
Chicago, Ill . 60618. 

CHECK NO. 21 1:1.1.11a1 
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§[Q)~ DESIGN AWARDS 

Absolute value circuit uses only five parts 

Robert J. Wincentsen, King Radio Corp., 
Overland Park, Ka. 

Here is an absolute value circuit that uses only five 
components and requires only three precision parts. 
The circuit has been tested from -SS°C to +85°C 
and the output had less than 1 % change from 
+ 25°C measurements. The ci rcu it is useable. and 
linear from zero input to op amp saturation . How
ever, CR 1 must be a low-reverse- leakage diode, 
such as a 1 N914A, to have min. effect on the posi
tive transfer and low offset at zero input. 

The circuit is basically a voltage follower, A 1, 

whose input is positive regardless of V;n· With a posi
tive V;,. input, the inverting amplifier, A2, is discon
nected by D 1 • With a negative V;,. input, the inverting 
amplifier app lies a positive input to the voltage fol
lower through D, to null the inverting amplifier. o 

20k 1% 

o, 

Voltage follower A, is provided with a positive input regardl ess of 
the polarity of input signal v,,,. The ci rcu it transfer function is 
therefore, V01,, = + IV,J 

To Vote For This Circuit 
Check 150 

Two ICs convert excess-three Gray code to BCD 
Douglas M . Risch, 

Wal l Electroni cs, Albuquerque, N.M. 

Often, the output of a shaft encoder is in the form of 
excess-three Gray code. An easy way to convert this 
code to BCD using two TTL integrated ci rcuits is 
shown here. To convert a regular Gray code to BCD, 
eliminate the 7483 4-bit adder. 

Since the Gray code is a distance-one Hamming 

BCD 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 

GRAY 

0000 
0001 
0011 
0010 
0110 
0111 
0101 
0100 
1100 
1101 

X-3GRAY 

0010 
0110 
0111 
0101 
0100 
1100 
1101 
1111 
1110 
1010 

code it is easi ly decoded by the parity-checking ex
c lusive-ORS in the 7476. The X-3 Gray code is simply 
a regular Gray code shifted down by three. Thus, by 
using the 7483 to subtract three, the desired output is 
obtained. The scheme is easi ly expanded by cascad
ing exclusive-ORs and adders. o 

To Vote For This Circuit 
Check 151 

+5V 

B, 
2 BCD 

':' NEU 

Exclusive-ORing followed by a subtract ion of three converts the excess-three Gray code to BCD. 
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Linear circuit integrates pulse trains 

Andres J. Baracz, 
Sparta, N . ). 

The circuit shown performs linear integration in a 
very simp le manner. The circuit consists of a compli
mentary transistor which can be turned on and off by 
means of short pulses of alternate polarity, or by 
spikes applied to the base of transistor Q 1• A dif
ferentiated square pulse will produce_ a positive spike 
corresponding to its leading edge, and a negative 
spike, corresponding to its trailing edge. The positive 
spike will turn the transistors on, chargi ng the capaci
tor via the constant current device, a negative spi ke 
wi 11 turn the transi stors off. Thus, the charge on the 
capacitor c3 will be controlled by the time interval 
between positive and negative spikes, or by the dura
tion of the square pulses. 

The charging of the capac itor via the constant cur
rent device will generate a linear voltage ramp at the 
terminals of the capac itor C3 . The final magnitude of 
thi s vo ltage will be directly proportional to the time 
integral of Q. Any subsequent pulse will produce an 
additional vo ltage increment proportional to its 
duration . 

A train of pulses wil l generate a staircase function, 
with increments proportional to the duration of the 
pulses. Square pulses in the nsec range will actuate 
the c ircuit. o 

R, 

r----..., 
,.., I 1 c, I 
V"""T1 I 

INP.1 R : 
I l~--t------~ C3 
I I 
L----J 

v 

v 

v 

, tr 
v = - J_ idt 

o c3 a 

DIFFERENTIATOR 
C1 R OUTP. 

INPUT PULSES. 

*Capacitor C2 assists the cumulative actipn during the 
turn off part of the working cycle. 

Pulses in the nsec range will actuate this linear integrator. It's 
output is a linear function of input current and pu lse duration . 
Capacitor C., assists the cumulative action during the turn off part 
of the cycle.-

To Vote For This Circuit 
Check 152 

Video amp solves high-frequency differentiation problems 

Dan Mccranie, Signetics Corp., 
Sunnyva le, Ca lif. 

Traditionally, differentiation of high-frequency, low
level signals has required closely matched compo
nents in order to avoid com mon-mode noise prob
lems. A typical method of differentiation is shown 
in Fig. 1. The RC networks of each side of the dif
ferential amp li fier must be matched to within 0.1 % 
in order to exceed 60 dB common-mode rejection. 
Obviously, the capac itors will have to be selected 
for both absolute value and temperature tracking 
equivalence. 

By using the NE592 differential video amplifier 
and a si ngle component, a high-frequency differen
tiating amplifier with excellent common-mode rejec
tion can be made with no critical tolerance compo
nents. This ci rcuit is shown in Fig. 2. 

The NE5 92 is a differential-input/differential-out
put video amplifier with a restructured input. With 

the modified input, the amount of signal to be differ
ential ly amplified is dependent on the amount of 
signa l coupled between pins 4 and 9. If pins 4 and 9 
were left open, for instance, the differential gain of 
the device would be 0. If the two pins were shorted 
together, the differential gain would be max., or 
about 400. The capacitor between pins 4 and 9, 
therefore, wi II cause the device to function as a 
high-pass or differentiating amplifier. 

v, 

o--it------t 
c av 

V0 =<KRC -
1 

at 111 <Ii 1/ RC) 

Fig. 1- Conventional differentiation scheme requires matched 
passive components. 
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The voltage transfer function for the circuit of Fig. 
2 is: 

Vo(t) = 400 [ t ] 
V1(t ) t+l/40C 

If the frequency of operation is much less then 
1 /RC, the output wi 11 be: 

av. 
U

0
· = 1.4 x 104C - ' aT 

Since only one capacitor is used, the comon
mode rejection ratio of the circuit is independent of 
passi ve component tolerances and is dependent sole
ly on the CMRR of the active element. The CMRR of 
the NE592 at 100 kHz is typi ca lly 86 dB. o 

v, 

2 

v "" 14000 c av, 
0 at 

(f
1

< 1/40C) 

Fig. 2- No component matching is required with the N E592 dif
ferential video ampli fier. 

To Vote For This Circuit 
Check 153 

Voltage doubler prevents supply from losing regulation 

Alexander Paterson, Hoffmann La Roche 
Research, Nutley, N. J. 

When building SV power supplies, it is often conve
nient (and inexpensive) to use a 6.3V filament trans
former. A limitation is imposed, however, since at 
low line inputs (below about lOSV) a conventional 
supply can lose regulation due to malfunction of the 
components driving the pass transistor base and the 
regulator section . This circuit uses a voltage doubler 
to drive these components so that regulation is main
tained down to the saturation voltage of the pass 
transistor (Q1 in the circuit) . 

Operation of the circuit is as follows: On one-half 
cycle (VA > V 8 ), C2 charges to approximately the 
secondary peak voltage through 0

5
, and C

3 
does 

likewise via 0 5 , 0 6 and 0 3 . On the other half cycle 
(V 8 > V A), 0 5 is back-biased and C3 charges to 
roughly twice the peak secondary voltage via C

21 
0

6 

and 0 1 • (Alternatively, referring all voltages to 
ground, 0 6 and C3 peak-detect the voltage on the 
positive terminal of C2 ; this voltage consisting of a 
de component, VP across C2 , and a half-wave alter
nating component with peak value VP existing on 
the negative terminal of C

2
.) The voltage doubler 

output is used to drive both Q. , which provides 
Q 1's base current, and Q4 , a diode connected FET 
which provides the collector current of Q 3 and base 
current of Q2 • 

The remainder of the supply is conventional. For 
production type circuits, Z 1 could be replaced by a 
3.6V zener diode powered by a resistor to + SV, and 
the base of Q3 fed from a voltage divider across the 
output. 

For the component vlaues shown on the illustra
tion, the following results were obtained : 
Line regulation 

V1N:95 - 135V !J.Vour:6 mV 

46 

Load regulation 
IL :0 - 400 mA 
V1N:ll5V 

FILAMENT XFORMER 

90-130V 
LINE INPUT 

COMPONENT VALUES 

D1 THRU D4 

D •• De 
c, 
c2 
c, 
c. 
a, 
~.a. 
a. 
z, 

1N4001 
1N914 

BOOClllF , 15V 
SOµF , 25V 

250µF, 25V 

1~F. 10V 

MJE 521 (HEAT SINK) 

2N3392 

CONSTANT CUR RENT DIODE, (e.g. 2N5033, 2·3 mA) 
REF. DIODE, 4.3 V @ 2·3 mA (e.g. LVA43A) 

Voltage doubling is accomplished by operation of C2 , C3, D,, 0 3, 

0 5 and 0 6 • 

To Vote For This Circuit 
Check 154 
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Dual 7V reference developed from a single uA723 

David Weigand, 
Gu lf and Western Research, Swathmore, Penn. 

In ana log designs, dual polarity references are often 
required . The temperature stability and regulation 
capability of the µ,A723 IC vo ltage regulator makes it 
highly useful for such purposes. The circuit shown in 
the illustration generates both +7V de and -7V de 
from a single µ,A723 chip. The + 7V reference is ob
tained directly from the 723 temperature stabilized 
zener reference amplifier. This positive reference is 
also applied to the internal error amplifier connected 
as a unity-gain inverting op amp. The resulting output 
from this error amplifier is the - 7V reference. 

The trick in using the single-supply error amplifier 
is to keep both inputs and output within the dynamic 
range of the amplifier ( + 2 to +9V). This is done by 
upward level shifting the output voltage with zener 
diode 0 1 and the input error voltage with the R1, R2 

voltage divider. 
Changing the R3 , R4 ratio will result in different 

negative reference values . An optional SV diode 
c lamp on the plus reference will prevent power-on 
lockout from the negative power supply. 

,_. ...... , 
1+5V \ 
I I 
\ ,I ,_.,., 
OPT IONAL 

CLAMP 

Vee= 

12 to 15Vdc 

R, 

10k R2 

REF .= 7.15 ± 0.2Vdc 
0.015%/C0 MAX. 

- V REF . 

The negative reference voltage in this dual reference circuit is 
obtained from the internal error amplifier of the µ.A72 3. 

To Vote For This Circuit 
Check 155 

Design Entry Blank 

$20 Cash Award for afl entri es selected by editors. 
An addi tional $50 U.S. Savings Bond Award fo r 
winning circuit each issue, determined by vote of 
readers. Additional $1000 Bond Award for annual 
Grand Prize Ci rcuit, selected among semi-monthl y 
winners by vote of readers 

To Circuit Desi gn Program Editor 
EDN 
Cahners Publi shing Co. , Inc. 
22 1 Co lumbus Ave. , Boston , MA 021 16. 

I hereby submit my entry fo r the CIRCUIT DESI GN 
AWARD PROGRAM of EDN 

Name ________________ _ 
Title _________________ _ 
Company _______________ _ 
Division (if any), ____________ _ 
Street ________________ _ 
City __________ State _____ _ 
Circuit Title, ______________ _ 

Print full name (no initials) and home address on 
line be low exactl y as you wish it to appea r on Bond , 
if entry is selected for publi ca ti on. 

) 

Entry blank must accompany all entries. Circu it en
tered must be submitted exclusive ly to EDN, must be 
origina l wi th author(s) and must not have been pre
v iously pub lished (limited-distribution house or
gans excepted). 

Circuit must have been constructed and tested. 
Exclusive publishing ri ghts remain with Cahners 
Publishing Co., Inc., unless entry is returned to author 
or ed itor gives w ritten permission for pub li cati on 
elsewhere. 

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

Signed _______ _________ _ 

Date _________________ _ 

Your vote determines this issue's w inner. Al I 
circuits published win $20 cash. A l l issue win
ners receive an ·additional $50 U.S. Savings 
Bond and become eligible for the annual $1000 
U.S. Saving Bond Grand Prize. 

Vote now, by c irc ling the appropriate num
ber on the reader inquiry card. 

Submit your own circuit, too. Mai I entries to 
Ci rcu it Design Program Editor, EON , 22 1 Co
lumbus Ave. , Boston , MA 02116. 
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from the HAMIL TON tradition of fine watchmaking ... 

Hamilton metal science 
... a new name for advanced technology of metals 

A new name for precision strip and foil 
Ultrathin foil to 0.000070" . Precision strip 
and wire. In the size, quality, dimensional 
tolerance, surface finish you require . Abso· 
lutely to specifications. From specialty melt· 
ing through precision rollin g, we deliver a 
wide range of precision products you can 
rely on . Tight production controls assure 
material integrity. 

A 
More on 

metals processing? 

Circle No. 40 

Hamilton metal science 

You knew us as Hamilton Precision Metals. Now, know us as 
Hamilton Metal Science. A name that better reflects the 

scope of our business and our products. A new name that 
more clearly embodies our present and planned prod

ucts, processes and critical technologies. Our new 
triangular logo signifies our multifaceted operation: 

metals processing, parts fabrication, advanced 
products. The logo's delta symbol, meaning 
change, reflects our determination to be even 

more responsive to customer needs. The red 
growth bar describes the forward thrust of 

Hamilton-today and in the future. 

A new name for photoformed parts 
Photoforming responds to the expanding 
need for critical tolerance parts: everything 
from magnetic recording head laminations 
to TV tube and solar cell grids to high-speed 
printer tapes. This advanced chemical · 
etching process assures low-cost parts within 
your strict design limitations. Dimensiona i 
stability and fast delivery is guaranteed. 

More A. Photoforming details? 

~' Circle No. 41 

Hamilton metal science 

A new name for precision components 
Hamilton expertise is expanding swiftly in 
metals processing, parts manufacturing, 
magnetic material manufacturing and test
ing, and functional engineering to supply 
subassemblies, devices and finished compo· 
nents. Single-source, in-house solutions to 
components and device assembly problems 
lift many burdens from customers, result in 
cost savings and improved product quality. 

New literature! 

Circle No. 42 

Hamilton metal science 
a division of HMW Industries, Inc. , P.O. Box 1707, Lancaster, Pa. 17604 

CHECK NO. 49 + 
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proven by performance 
Leading manufacturers in such fields as electronics, automa
tion, nucleonics, communications and electronic data process
ing have learned to depend on Cities Service quality cables. 
This industry-wide acceptance has resulted in four expansion 
programs since 1945 to keep pace with increasing customer 
demands. Thanks to enlarged research and development facil
ities, exceptional technical manpower and the latest production 
equipment, we furnished more than 1,000,000 miles of in
sulated cables and wires to our customers last year. 

Today, our CABLEBILITY is your assurance that Cities Service 
CITCO brand cables will meet your specifications ... be com
petitively priced and will be delivered to you on time. No matter 
what your requirements . . . check first with Cities Service . 
we know you'll be glad you did. 

CITCO AUDIO SOUND CABLE : 25 
shielded pairs. stranded copper con
ductors, low loss insulation, twisted 
with uninsulated drain wire, isolated 
aluminum tape shie lds, cabled PVC 
jacket. 

CITCO TV CAMERA CONTROL CABLE: 
Camera control cable for Audio and 
Video signals: a composite of PVC and 
polyethylene insulated conductors, 
cabled, overall braid shield, PVC jacket. 

CITCO AIRCRAFT CONTROL CABLE: 12 
triples shielded jacketed, stranded 
copper conductors, PVC insulated, in
dividual shield jacket color coded, 
cabled overall PVC jacket. 
CITCO ELEVATOR CONTROL CABLE: 35 
conductors, stranded copper, PVC in
sulated, conductors coded by colors 
and printed numbers, cabled with 
open binder; individual conductors 
U/ L listed. 
CITCO INTEROFFICE COMMUNICATION 
CABLE: 250 conductor interoffice com
munication and signaling cable: solid 
bare copper, PVC insulation, paired , 
cabled, PVC jacket; U/ L listed. 

CITCO STATION CONTROL CABLE: 37 
conductors, stranded polyethylene and 
PVC insulated, color coded , cabled, 
overall tough PVC jacket; per NEMA/ 
IPCEA Specifications. 

CITCO MUNICIPAL COMMUNICATION 
CABLE: 50 pairs, polyethylene insu
lated, cabled, continuous layer of cop
per shielding tape, PVC jacket; per 
spec. IMSA-19-2, 600 volts. 

CITCO SHIPBOARD CABLE: Stranded 
conductors, nylon-jacketed PVC insu
lation, pairs shielded and jacketed, 
cabled, PVC jacket, and aluminum 
braid armor overall ; per spec. MIL
C-915. 

CITCO COAXIAL CABLE: Type RG-218/ U, 
solid copper conductor, polyethylene 
insulated, copper braid shield, PVC 
jacket; per spec. MI L-C-17 /79. 

CITCO REMOTE CONTROL BROADCAST
ING CABLE: Stranded conductors, poly
ethylene insulation, pairs and triples 
shielded and jacketed, cabled, PVC 
jacket overall. 

CITCO COMPUTER CONTROL CABLE: 55 
conductors, stranded copper conduc
tors, PVC insulated, formed into 7 
groups of 7 conductors, cabled, PVC 
jacket; U/ L listed. 

CITCO BUS DROP CABLE: 3 PVC in
sulated stranded conductors, with split 
uninsulated grounding conductor, 
cabled, overall PVC jacket; U/L listed; 
per NEC. 

OTHER CITIES SERVICE WIRE & CABLE PRODUCTS 

APPLIANCE WIRE • BUILDING WIRE • FLEXIBLE CORDS • FIXTURE WIRE 

GAS TUBE SIGN CABLE HIGH VOLTAGE CABLE HOOK-UP WIRE 

LEAD-IN CABLE MACHINE TOOL WIRE & CABLE SHIELDED WIRES 

WEATHER-PROOF WIRE • DEEP-WELL SUBMERSIBLE WATER PUMP CABLE 

LOW ENERGY CIRCUIT CONTROL CABLE • GASOLINE & OIL RESISTANT WIRE 

CITIES SERVICE COMPANY 
CHESTER CABLE OPERATIONS 

CHESTER , NEW YORK 10918 

Phone: (914) 469-2141 TWX (914) 469-9801 
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Electrocube metallized 
mylar capacitors are first 
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EAST Mauachusetts, Boston 
Florida, Orlando D, '~ambro Electronics 

Hallmark Electronics (617) 787 -1200 

(305) 855-4020 Needham Heights 

Alabama, Huntsville Kierulff/ Schley 
Hallmark Electronics (617) 449-3600 
(205) 539-0691 New York, Binghamton 
Maryland, Baltimore federal (607) 748-8211 
Radio Electric Service Hauppauge 
(301) 823-0070 Semiconductor Concepts 
Savage (516) 273-1234 
Pyttronics, Inc. Hicksville 
(301) 792-7000 Kierulff/ FJR 

(516) 433-5530 

[IM T W 'l_F::L 
1 I S 

&SlflllO 
11121,1''5lt17 
16 112011uuu 
U2127HSI'° 

with the least. 
We mean the least volume. As little as 39% of standard 

units. A 2.0 mfd 100 VDC unit is only .25 x .34 x . 78 instead 
of .33 x .49 x .95. Look at the before and after comparisons 
below. And they're smaller without changing performance 
or price. 

Capacitance values are from .0010 to 50.0 mid. Voltage 
ratings are 100, 200, 400 and 600 VDC. More than 840 case 
sizes and six case styles , including epoxy and hermetically 
sealed metal cases are available in this new 230 series. 
We're ready to ship them from stock in smal l quantities, and 
in 4-5 weeks for production. 

Cal l {213) 283-0511, TWX 910-589-1609, or write to 1710 
South Del Mar Avenue, San Gabriel , California 91776. 

RC networks , t ransformers , ballasts 

CHECK NO. 45 

Busting Out All Over 
~ ~-----

Buffalo, New York 
Summit Distributors, Inc. 
(716) 884-3450 
North Carolina, Raleigh 
South Eastern Radio 
(919) 828-2311 
Pennsylvania, Trevose 

~ ~~nnm 
~'''''''ffilffi mm 

-
- Tmm-

~ffflm-= 
and ffiTfft ~ 
Solitron has it~ 

Kierulff (303) 343 -7090 WEST 
Illinois, 
Elk Grove Village Arizona, Phoenix 
Lakeland (312) 595 -1000 Kierulff (602) 273-7331 
Ohio, Dayton California, Culver City 
Kierulff (513) 278-9411 Avnet (2 13) 836-7200 
Kettering 

Telephone 7141278-8780 
TWX 910-335-1221 

San Diego Washington, Bellevue 
lntermark Electronics Farwest (206) 747 -1 515 
(714) 279 -5200 Seattle 
Kierulff (714) 278-2112 lntermark Electronics 

Santa Ana 
(206) 767-3160 

lntermark Electronics 
Kierulff (2 06) 763-1550 

Los Angeles (714) 540 -1322 Hallmark (215) 355-7300 Arrow (513) 253-9176 Kierulff (213) 685-5511 Van Nuys CANADA 
MIDWEST Texas, Dallas Menlo Park I ntermark Electronics Quebec, Montreal 

Colorado, Denver 
Component Spec. Bell (415) 323-9431 (2 13) 782 -0362 Prelco Electronics, Ltd. 
(214) 357-4576 San Carlos 

Utah, Salt Lake City (514) 389-8051 lntermark Electronics lntermark Electronics 
(303) 936-8284 Houston (4 15) 592-1641 Alta Toronto 

Component Spec . (80 1) 486 -7227 Carsten Electronics 
(713) 771 -7238 (416) 751-2371 
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PROGRESS IN PRODUCTS 

''Isolated'' CMOS 
has higher speed and lower power 
PROGRESS IN 
SEMICONDUCTORS 

Two IC manufacturers- Harris 
Semiconductor and I nselek - have 
come out with higher-speed ver
sions of some of the 4000A CMOS 
logic family. The 1-1 /2 to 3 times 
higher speeds are the result of di 
electric isolation that cuts down 
the output capacitances of the 
CMOS gate stages to essentially 
zero plus a few pF for output pin 
wiring rather than the 5 pF (or 
more) for the conventional junc
tion isolated CMOS from RCA, 
Motorola , Solitron and others. Har
ri s achieves this isolation by sur
roundin g the device tubs with poly
crystal 1 ine silicon while lnselek 
forms its devices as islands on a 
sapphire substrate. 

Comparing the two processes, 
the Harri s approach appears to 
give a larger speed advantage and 
a lower stati c leakage. Harri s 
claims speeds 2-3 times as fast as 
the standard CMOS while lnse lek 
is only claiming a 50 percent speed 
advantage. Harri s claims an order 
of magnitude lower quiescent cur
rent while lnselek is claiming no 
particular advantage here. But both 
say that the first devices they are of
fering do not begin to tap the per
formance potential of dielectric 
isolation . Thi s seems reasonable 
because RCA Research Laboratory 
at Princeton, N . J., has already 
demonstrated that speeds as hi gh as 
SOMHz are possible with iso lation . 
Right now, the thrust of Harri s and 
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A. TEST CIRCUIT 

lOMHz 

OSC. 
FREQ. 

1MHz 

lOOKHz 

4000 CONNECTED 
AS RING OSC. 

I · 1 Vdd 3-15V 

T 

ISOLATED 

D Q 

4013 CONN ECTED 
AS COUNTER 

CON VENTIONA L 

3 4 5 6 7 8 9 10 11 12 13 14 15 

Vdd, Volts 

B. RING. OSC. FREQ . VS VOLTAGE 

Quick and dirty circuit (a) used by EDN to compare the new d ielectri ca ll y isolated CMOS 
to previous junction iso lated units. The three gates formed a self-oscillating ring that ex
ercised the flip-flop counter. Values in curves (b) do not accurately indi cate fu ll speed 
potent ial of ei ther type as ring oscillators tend to produce sloppy sinewaves rather than 
sharp squarewaves. Incidentally, it can be seen that CMOS circuits with their wide operat
ing voltage ranges produce useful VCOs. This circuit could span the entire AM broadcast 
band with just a few vo lts vari at ion on Vdd . 

lnselek appears to be the produc
tion of conservative, manufactur
able devi ces that can be sold at the 
same prices as standard CMOS. 

As neither Harris nor lnselek 
will have the complete 4000A line 
for a while, most designers will 
be considering these higher-speed 
devices in systems mainly made up 

of the existing slower junction iso
lated CMOS 4000 (or National's 
CMOS replacement for low-power
ed TTL) . Here the degree of advan
tage gained becomes a tricky ques
tion. The Harris gates, for example, 
use larger transistors to reduce the 
ON-resistance from the standard 
CMOS levels of 500-to-750 ohms 

EON NOVEMBER 1, 1972 



or higher down to 200 ohms. This 
is possible because with dielectric 
isolation, Harri s doesn't pick up 
additional output capaci tance with 
larger devices. However, the in
creased device size means some of 
the Harri s gates have higher input 
capacitance- 7 pF vs 5 pF. This 
presents no problem as long as the 
Harri s devi ces are being used with 
each other, for the signifi cantly 
lower ON resistance more th an 
makes up for the sli ght increase in 
input capacitance. But if Harr is 
gates are being driven by regul ar 
CMOS devices, this increase in 
capacitance cou ld actually slow 
down the system! If, on the other 
hand, H arri s (or lnselek) devices 
were driving regu lar CMOS de
vices , the logic fanout and speed 
could be increased, aga in because 
of the lower ON resistances feas
ible with isolation. 

Where both the Harris and ln
selek technologies will really shine, 
however, is not at the gate level of 
the first announced units, but at 
the complex leve l of future MSI 
units. Then there will be enough 
stacked-up on-chip delays, cou
pled with controll able low on-chip 
capacitances, that the performance 
gain will really leave standard junc
tion iso lated CMOS in the dust. 
EDN noted this when it plugged a 
Harri s 401 3 dual D flip flop in 
place of an RCA 4013 in a counter 
ci rcuit. The Harri s unit would con
tinue to toggle at speeds in the 
6 MHz and above region after the 
RCA unit had started to skip. As ex
pl ained by Harris designer Bill 
White, the isolated un it cou ld prop
agate the signal through the five 
gate delays in this master-slave 
flip flop and get the Q output back 
to the D input in time for the next 
clock pulse, while the RCA unit 
could not. 

Our compari son-by-substitution 
tests indicated th at speeds of stan
dard CMOS (from RCA and Motor
ola) and the isolated CMOS (Harri s) 
are equally sensitive to supply vol
tage. At the low-voltage end - 3 V 
- the circuits slow down to just 
the 1 MHz level (though the iso-

Comparison of CMOS Family Types 

~ RCA 
r 

Form of Isolation Junction 
Supply Range (V) 3-15 
Gate Output Resistance 750 

(Ohms) 

Gate Output Cap. (pF) 5 
Gate Input Cap. (pF) 5 
Propagation Delay (nS) 25 

(at 1 OV supply) 

FF Clock Rep. Rate 
(MHz at lOV supply) 10 

Gate Quiescent Power 0.025 
(uW) 

Isolated CMOS Devices 
Now Available 
(in terms of 4000 fami ly num
bers) 
From Harris: 4000, 4001, 
4009, 4010, 4011 , 401 2, 
4013 plus 4809, a Harris ad
dition to the famil y. (35 total 
4000 un its w ithin a yea r) 
From lnselek: 4012 (Two 
more units, 4027 and 4030 to 
be avai lable soon). 

lated unit still retained its 2: 1 to 
3: 1 speed advantage) . White ex
pla ined that this was due to the 
reduced drive margin (over the 1-
1-1 /2V device thresholds) for turn
ing the channels hard ON. At low
er vo ltages the channel ON resis
tance is higher. 

The standard 4000A family test 
measurements do not do the faste r 
isolated units justice at higher vol
tages where they can operate quite 
fast. The standard test waveforms 
have slow 20-nsec rise times and 
are not really representative of the 
operati ng waveforms a 10-nsec 
propagation delay isolated gate 
system would experience. W hite 
says this is one explanation for 
the fact that Harri s 4000-type spec 
sheets showing diminishing in
creases in speeds for supplies over 
1 OV. With sharp step test inputs, 
the Harris devices will show con
tinued improvements in speed as 
the supply vo ltage is raised to the 
full 18V limit (mi litary units), White 
says. 

EDN has not had the opportunity 

Motorola Harris lnselek 

Junction Dielectric Dielectric (SOS) 

3-18 3-18 5-1 5 

500 200 200-300 

5 2 (stray) 2 (stray) 

5 7 5 

25 10 

10 15 

0.025 0.001 0.025 

to examine any of the lnse lek units. 
Carl Rapp of lnselek told EDN that 
lnselek will introduce the 4000A 
seri es with their SOS technology at 
a slower rate than Harris. He agrees 
with Harris that these first gate
level units do not begin to show off 
the fu ll speed and power-saving 
abi lity of dielectric isolation tech
nology. He believes that future im
provements such as self al igned 
gates and ion implantat ion (which 
Harris is phasing into its produc
tion line) will allow speeds up to 
50-100 MHz. But these future im
provements will onl y be meaning
fu l at the LSI level. 

O ne question that will not be 
answered until Harri s and lnselek 
get into volume production is 
whether they can really meet the 
ever- lower pricing of junction iso
lated CMOS. Harris obviously is 
banking its hopes on its ability to 
produce high yields of 3-in dia
meter wafers ... and it appears to 
be hedging its bets by also coming 
out soon with a fine geometry junc
tion isolated version of CMOS, (us
ing the poly-iso-planar process). 
Harri s projects costs as low dS 

0.06¢/gate by 197 5 if it can 
achieve 10 percent overall yields. 
It wi ll probab ly need these yields 
if it is to achieve its targeted 15-25 
percent share of the CMOS market 
by 1975- a market that Harris pro
jects at $130 million. 

Harri s Semiconductor Div. of 
Harris-lntertype Corp., Melbourni:, 
FL 32901. (305) 727-5430 164 

lnselek, 743 Alexander Road , 
Princeton, N J 08540. (609) 452-
2222 165 

s l 



EQUI PMENT 

3-1/2-DIGIT SYSTEM DPM Model AD2003 
features a true-differentia l-instrumentati on
ampli f ier input, fully latched BCD outputs 
and a $93 pri ce in lOO's. The 5V de 
powered AD2 003's input ampli fier provides 
CMR of 80 dB minimum, NMR of 40 dB and 
minimum common-mode vo ltage of 
±2.5V. It accepts bipo lar and di fferenti al 
signals over 0 to ± 199 . 9 mV w ith a maxi
mum error of 0.05% ± 1 digit. Po larity and 
overload indications are provided. The 
AD2003 has a seven-segment green filtered 
incandescent Numitron display and is 
housed in a 1.8 x 3 x 2- in. aluminum 
case. Analog Devices, Inc. , Route 1 Indus

-tria l Park, orwood , MA 02062 . Phone 
(617)329-4700. 200 

C-V SYSTEM FOR MOS-WAFER AND 
VARACTOR-DIODE EVALUATION . The 
Model 179A is a low-excitation- level, 1-
MHz " turn-key" system fo r producing C-V 
data on MOS wafers and va ractor diodes. It 
consists of a Boonton Model 72A, 1-MHz 
capacitance meter, a Boonton Mode l 16A 
ramp vo ltage generator and an 8-1 / 2- X-11-
in. X-Y pen recorder to automatical ly pro
duce capacitance vs de-vo ltage data in the 
fo rm of X-Y plots. Ramp voltages are pro
grammable over a ± 1 OOV range and ramp 
rates may be set from 0. 1 V/sec to 2.0V/sec. 
The system including enclosure costs 
$3650. Boonton Electroni cs Corp., 1279 US 
Route 46, Parsippany, N J 07054. Phone 
(201 )887-5 11 0. 201 

MINIMUM/MAXIMUM DIGITAL INDI CA
TOR SHOWS PROCESS LIMIT CONDI
TIONS. The new meter enables a designer 
to inexpensive ly record actual process ex
treme conditions encountered during a test 
period. Any Digilin 1000, 2000 or 3000 Se
ri es instrument can be used w ith the meter; 
BCD information is fed from the measure
ment meter to the minimum/maxi mum 
m·eter. Depending on whether minimum or 
maximum has been se lected, the display is 
updated onl y when the new reading is 
lower or higher than the old reading. The 
measurement meter displays show the ac
tual reading w hi le the minimum/maximum 
meter shows the extreme va riations. Both 
three ($204) and four-digit ($240) units are 
available. Di gil in, Inc., 1007 Air W ay, Glen
dale, CA 91201. Phone(2 13)240- 1200. 

202 

PANEL-MOUNTED DIGITAL TIMING 
INSTRUMENTS for -use in manufacturing 

54 

test and process-contro l app li cations. The 
LT20B Series digital tim ing instruments pro
v ide accurate measurements of fractional 
time peri ods in 30 different models that 
prov ide the se lection of any range and con
fi gurati on from microseconds to minutes. 
Used as a replacement for many electro
mechani ca l dev ices, all 30 models use start 
and stop action that can be triggered sepa
rately or from a single line. A choice of 2 to 
5- 1 / 2 digi ts wi th prices starting at $106 in 
single quantities is ava ilable. Durgi n & 
Browne, Inc. , 80 Allen Rd ., S. Burlington, 
VT 0540 1. Phone(802)863-6873. 203 

SINGLE AND DUAL-OUTPUT POWER 
SUPPLIES AVAILABLE IN LX- EE PACK
AGES. Lambda has expanded its LX line to 
include seven new single-output vo ltage 
power supplies and one dual-output vo ltage 
power supply in the " EE" package size- 7-
1 / 2 x 16-1 /2 x 4-15/16 in. Al I the sup
plies are guaranteed for al I labor and parts 
fo r 5 years. Some prices and ratings are as 
follows : LXS-EE-5-0V (5V at 25 to 45A, 
depending on temperature) at $425; LXS
EE-1 5 (15V at 14 to 28A) at $400; and LXD
EE-152 (± 15V to ± 12V at 7- 12.5A to 6-
1 OA) at $435. Lambda Electronics Corp., 
515 Broad Ho llw Rd., Melvi lle, NY 11 746. 
Phone(5 16)694-4200. 204 

512-MHZ CO UNTER GIVES 9-DI CIT 
RESOLUTION MEASU REMENTS IN 
1/ lOTH NORMAL TIME. The $895 Model 
5700A counts directl y to 220 MHz and only 
pre-scales by two for its 512-MHz opera
tion. It measures from 5 Hz to 512 M Hz and 
offers a sensitivity of 10 mV rms at 512 MHz. 
It also incorporates an optional $75 fre

quency offset capability; hence, its desgina
tion as the Autoconvert frequency counter. 
O ther features are a quick-recognition dis
pl ay achieved by logica l grouping of the 
di spl ay numerics, and front-panel pushbut
ton blanking of unused or unwanted digits. 
Bal lantine Laboratori es, Inc., Box 97, Boon
ton, NJ 07005 . Phone (201) 335-0900. 205 

IMPULSE GENERATOR GIVES ± 1-dB 
OUTPUT FROM 500 Hz to 35 MHz. The 
output of the Mode l 93453-1 generator is 
useful from de to 400 M Hz. The output lev
el is adjustable in 1 /4-dB steps from O dB 
above 1 µV/MHz to 121 dB above 1 
µV/MHz. Pulse repetition rate is vari able 
from 2 to 100 pps wh i le a single pulse ca n 

·also be obtained from a manual switch. 

Pulse w idth is 10 nsec. Model 93454-1 is 
intended fo r making receiver bandwidth 
measurements, rapid ga in checking of 
tuners, test noise suppression fi lters and 
receiver ali gnment. Singer Instrumentation, 
Los Angeles O peration, 32 11 S. LaCienega 
Blvd., Los Angeles, CA 90016. Phone(2 13) 
870-2761. 206 

HIGH-VOLTAGE PULSE GENERATOR 
Model PG-030 features vari able-output pul 
ses to 30 kV, nominal rise time of 6 nsec, 
negli gible time jitter and total tri gger-to
output delay of less than 100 nsec. It can be 
triggered either by a min imum 5V pulse 
input or by an internal variable repetition 
rate or by a single.-shot trigger generator. 
O utput pulse w idths from 5 nsec to 10 µ sec 
are ava il able by using auxi liary plug-in 
pulse-forming networks. The PG-030 is 
used in light-modulation and laser-contro l 
appli cations. Kappa Scientific Corp., Box 
30585, Sa nta Barbara, CA 93105. 
Phone(805)967-2396 . 208 

3-1/2-DIGIT MULTIMETER COMBINES 
WITH 10 MHZ FREQUENCY COUNTER. 
By combining a frequency counter w ith ac 
vo ltage measurement capability, the Model 
3003 becomes idea lly suited for measuring 
center frequency and deviation limits asso
ciated with FM tape recorder ca libration 
requirements. The unit has 5 de and ac vo lt
age ranges with 100 µV resolution , 6!1 
ranges, 5 current ranges and 5 ranges of fre
quency counting. Price is $395. Valhall a 
Scientific, 7917 Balboa Ave. , San Diego, 
CA 92 111 . Phone(714) 277-2732. 209 

TRUE-RMS POWER MONITOR Model 165 
measures true-rms voltage, current and 
time-average power for standard line vo lt
ages in two vo ltage ranges, with the capa
bility of alternately monitoring two lines on 
the lower vo ltage range. It features accuracy 
of 1 /2 percent of full -sca le range for voltage, 
current and power. Ranges are: power -
1500 to 15000W ful l sca le; voltage- 150 
and 300V single-phase and 150V 3-phase; 
and current - 10, 20 and 50A rms. $3495. 
Monroe Electronics, Inc., 100 Housel Ave., 
Lyndonvi lle, NY 14098. Phone(7 16)765-
2254. 210 
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EQUIPMENT 

PORTABLE $3388 EIGHT-CHANNEL 
RECORDER FEATURES LI GHT WEIGHT 
and extra-wide channels. Ca lled the Super 
8, the recorder is a comp lete unit includ
ing precision high-speed ga lvanometers, 
ampli fiers, power supplies and a mult i
speed chart dri ve. It offers full SO-mm-wide 
channels and is li ghtweight (onl y S7 lbs). 
The instrument will record data from de to 
1 SO Hz w ith a true rectilinear presentation 
at a basic sensitiv ity of 10 mV/mm. Input 
impedance is 100 kn and the input c ircuit is 
si ngle ended and floatin g. Astro-Med, Di vi
sion of Allan-To i Industries, Inc., Atlan-To l 
Industri al Park, W . W arwick, RI 02893. 
Phone(401)828-7010. 211 

SIX-DIGIT COUNTER WORKS TO 15,000 
COUNTS/MINUTE. The Model ECl O 
counts switch-c losure (spelt break-before
make) inputs. The count input is unaffected 
by contact bounce and minimum contact 
c losu re time (e ither throw) is 2 msec. The 
counter employs a 7-segment readout and 
requires 1 OV ac, 60 Hz, at 1 OW for opera
tion (power transformer is inc luded fo r op
eration at 11 SV ac). Size is 2-in. hi gh by S
in. w ide by S- in . deep. $19S each. ENM 
Co., S3SO Northwest Highway, Chicago, IL 
60630. Phone (3 12) 77S-8400. 212 

PORTABLE 10-1 b STRIP-CHART RE
CORDER TR-7 11 is protected by a cast
aluminum case (finished w ith scratch-proof 
epoxy enamel) that w ill wi thstand rugged 
fie ld use. It w ill record vo ltages as low as 
1 OmV/div. over de to 12S Hz. Accu racy is 
1 % w ith a drift characteri sti c of 1 /3 mm/8h. 
Chart speeds ranging from 1 through SO 
mm/sec are switch se lectable. A heated sty
lus records on a 40-mm-wide channel using 
no ink. Culton Techni -Rite Electronics, Inc., 
Route # 2, E. Greenw ich, RI 028 18. 
Phone(401 )884-6800. 213 

ANALOG TELEMETERING PROVIDES 
ACCURATE REMOTE MEASUREMENTS. 
The QA TS-20 system permi ts accurate re
mote measurement of quant ities that can be 
converted into de voltages or currents. By 
means of variable frequency modulation of 
an FS audio-tone channel, accurate read-· 
ings of these quantities ca n then be trans
mitted any distance. Transmiss ion can be 
over leased telephone lines, radio or the 
switched network. Thi s form of telemetering 
uses a portion of a vo ice-grade channel 
bandw idth . Quindar Electronics, Inc., 60 
Fadem Rd., Springfield , NJ 0708 1. Phone
(201)379-7400 . 214 

THERMOCOUPLE THERMOMETER USES 
ROM w ith S 12 po ints of lineari zation that 
provides a 0.2S°F conformity to NBS cu rves 
over an ambient temperature range of O to 
+ S0°C. The digital ROM lineari zer has zero 
TC which eliminates the error that normall y 
occurs due to ambient temperature change 
of conventional lineari zer circuits. The 
Model 9SOO is avail able for use w ith types J 
and K thermocouples in either Fahrenheit or 
Centi grade temperatures. Total instrument 
dri ft in six months is within 0.1 % of full 
sca le. $42S. Electronic Research Co. , 
10,000 W. 7Sth St. , Overl and Park, KS 
66204. Phone(8 16)421-6430. 215 

SELF CONTAINED PULSE GENERATOR 
FEATURES WIDE FREQUENCY RANGE. 
The PG61 0 is a $98, compact 
(2 x 3.7S x 6.2S in .) di gi tal pulse genera
tor that provides output pulses at repetition 
rates from 10 Hz to S MHz in six overl ap
ping ranges. O utput is compati b le with TTL, 
DTL and RTL logic levels. The device has 
independent adjustments fo r spacing and 
pulse width . Computer Products Inc., 1400 
N.W. 70th St. , Fort Lauderdale, FL 33307 . 
Phone (30S) 974-SSOO. 216 

10-INCH STRIP-CHART RECORDER 
COSTS $395. The O mniScribe features a 
multi -speed chart drive independent of line 
frequency. Four pushbutton selectable 
speeds range from 1 in. per minute (2.5 to 
20 cm/min.). The uni t is also avail able with 
a di vide by 1, 1 0 and 60. A sprocketless, 
positi ve-feed paper drive el im inates sprock
ets and sprocket ho les in the chart paper, 
w hi ch is standard 11 in. x 100 ft. Houston 
In st ru ment, 4950 Terminal Ave., Bell aire, 
TX77401 . 217 

STATIC ELECTRICITY DETECTOR/MONI
TOR IS BATTERY OPERATED. Mode l 230 
"Stat-Arc" is a new type of hand-held, bat
tery operated electrostatic field meter for use 
in detecting accumulations of stati c elec
tri city. Its most signi f icant fea ture is the 
smal l probe w hich can be removed from 
the ba rrel of the instrument and mounted 
remotely or hand-held. Pri ce is $39S. 
Monroe Electroni cs, 1 00 Housel Ave., 
Lyndonvi lie, NY 14098. Phone(7 16)76S-
22S4. 218 

a good way 
to reduce 
costs .. _:~ 
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PLUG-IN DESIGN w / THERMOPLASTIC SHEATH 

PLUG-IN DESIGN w / PRE-MOLDED CASE 

TYPE 11Z 
TRIG ATE® 
PULSE 

TRANSFORMERS 
con be obtained promptly 

ot factory prices from 
your nearby Sprague 
Industrial Distributor* 

Call him now for more infor
mation, or write to: 

Sprague Products Co. 
491 Marshall Street 

North Adams, Mass. 01247 

*Popt1lar ratings off-tfte-sltelf, 
badced by extensive factory stodcs. 
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THE MARK OF RELIABILITY 

CHECK NO. 23 

55 



COMPONENTS/MATE RI ALS 

MINIATU RE KEYBOARDS UNVEI LED FOR 
MINI-CALCULATORS. A 0.33 in . package 
profile, 1/16 in . key travel and fast switch
ing of low level signals are among the fea
tures of the new Microthik miniature key
board. The contact has a transient noise of 
less than 1 msec, and requried operating 
force is 3 ozs. Sample boards are available 
at $15 each. Wild Rover Corp., 97 Oak St., 
Norwood, NJ 07648. Phone(20 I )768-
8393. 219 

WELDABLE LEAD RESISTORS ARE SPE
CIALLY ENCAPSU LATED. l/3W, 5% and 
1 0% copperply-weldable lead carbon fi Im 
resistors are ideal for neon glow lamp appli
cations. A temperature coefficient begin
ning at 180 ppm/°C max ., a moisture resis
tance change of± 1.5% max., and shelf life 
change of 0.15% guarantees parameters 
superior to carbon composition type resis
tors. Phier International Corp., 1239 Rand 
Rd., Des Plaines, IL 60016. Phone (312) 
287-1560. 220 

ULTRA-MINIATURE TOROID FITS IN A 
WATCH. The toroid is approximately 0.100 
in. in diameter and 0.150 in. thick, and re
places a much larger cup-core inductor in 
wristwatch circuits. The maker feels the 
new ultra-miniature toroid will find wide 
application in electronic instrumentation 
and in ultra-miniature high-frequency radio 
receivers. Vanguard Electronics, 930 Hyde 

· Park Blvd., Inglewood, CA 90302. Phone 
(2 13)678-7161. 221 

MAGNETICALLY ACTUATED PROXIMITY 
SENSORS OFFER VERSATILI TY. Actuation 
is by permanent magnets molded into 
matching packages. Mode of operation is 
varied, it can be by head-on, slide or rotary 
motion , or by shunting. The 5800 Series will 
switch 1 /2A at 1 OW ac or de, 1 OOV de. The 
5900 series, incorporating a triac, will 
switch 1 1 /2A at 120/240V ac, 50/60 Hz. 
Hamlin Inc ., Lake and Grove Sts., Lake 
Mil ls, WI 53551. Phone (414)648-2361. 

222 
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MOLDED ABS THERMOPLASTIC CON
TAINER AVA ILABLE FOR CUSTOM CIR
CU ITRY. A container molded of high im
pact ABS thermoplastic has been added to 
the popular line of "B LACK BOXES." The 
new box, Model 3850, measures 2.69 
in. x 1.81 in. x 1.37 in., supplied with 
ABS cover and four self-tapping screws. 
Pomona Electronic Co., Inc., 1500 E. Ninth 
St., Pomona, CA 91766. Phone(714)623-
3463. 223 

DO IT YOURSELF KIT MAKES INSTANT 
RESISTORS. " Instant Ohm" is ideal for 
making resistors, shunts, or mu ltipliers, for 
repair, production and experimental use 
on the spot-for about 2c each. Each kit 
contains 7 resistance wires ranging from 0.5 
to 300.!1/ft., 11 epoxy bobbins, instructions 
and simple schematics. Kit price is $12.95 
each. Chronomite Labs., 21011 S. Figueroa 
St., Los Angeles, CA 90047. Phone(21 3) 
320-9452. 224 

DISC THERMISTORS O FFER COST SAV
INGS. These Di>< Thermistors have resis
tance values extending over the very low 
ohmic to the extremely high ohmic range. 
They are ideally suited for use in applica
tions where medium power dissipation is a 
requirement and space not a prob lem. The 
Disc Thermistors are available with stan
dard lead configurations as well as special 
types engineered to satisfy design require
ments. Fenwal Electronics, 63 Fountain St., 
Framingham, MA 01701. Phone(6 l 7)872-
884 l . 225 

STANDARD DI SC RETE RESISTOR NET
WORKS IN DIPs. CORDIP dua l-in-line re
sistor networks in four standard configura
tions for pull-up or in-out functions com
bine up to 15 resistors in a package. The 
standard networks provide savings in han
dling and insertion costs. They also increase 
component density and enable correspond
ing board size reductions. CORDIP net
works are available in 14 or 16-pin DIP 
packages that meet EIA and industry stan
dards and are fully compatible with existing 
automatic insertion equipment. Corning 
Glass Works, Corning, NY 14830. Phone 
(607)962-4444. 226 

8-POSITION ROTARY SWITCH COMES IN 
T0-5 Can. The SP7T (7 live and off-posi
tion) or SP8T (8 live positions) low-energy. 
switching devices for printed circuit or pan
el mount applications are available in knob, 
or screw driver actuated versions. Pri ce is 
$1.63 each for basic rotary switch in 1000 
lot quantity. Chicago Switch, Inc., 2035 
Wabansia Ave., Chicago, IL 60647. 
Phone(312)489-5500. 227 

MINIATURE OPEN TRANSFORMERS ARE 
LOW COST. Miniature open transformers, 
bifilar wound, with solder pot strippab le 
wire offer versati le applications. You can 
eliminate core search and winding time by 
specifying these min i-transformers fo r your 
balun, floating switch, inhibit drive' and 
coupling applications. Order 500 and 
the}i're 25c each. Pulse Engineering Inc ., 
P.O. Box 12235, San Diego, CA 92112. 
Phone(714)279-5900. 228 

COATING FOR METALS ABSORBS HEAT 
and increases light reflection . The newly 
developed Metal Cold Mirror (MCM) coat
ings will absorb up to 75% of the focused 
heat while contro lling co lor and increas ing 
visible light reflectance. Applications of 
MCM coatings will increase the amount of 
light reflected from ·the metal substrate by 
up to 1 So/o. Steel ancj nickel reflectors can 
operate at temperatures up to 950°F and 
aluminum reflectors can operate up to 
550°F. Bausch & Lomb, Rochester, NY 
14602. Phone(716)232-6000. 229 
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BREADBOARD SYSTEM FEATURES CARD
EDGE CONNECTORS. PL-1 and PL-2, Plug
in Socket Boards, feature one or two patent
ed EL SK-10 component sockets on a 4-1 /2 
in. x 9 in. glass epoxy GlO pc board. The 
board includes a 22-pin card edge connec
tor and card extractor hand le. There is no 
soldering required ; connections are made 
with standard 22-24 AWG hook-up wire. EL 
Instruments Inc., 61 First St., Derby, CT 
06418. Phone(203)735-8774. 230 
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GLASS RESISTORS ARE RATED FROM 100 
TO 100,000 M!l. Model 104 high M!l resis
tor measures 0.250 x 0.070 dia. Operating 
temperature is - 200°C to + 150°C. Capaci
tance is 0.1 pF. The res istive element is 
semi -conducti ve glass, fi red as a non-spi
raled, continuous thick film on a ceramic 
rod. Price is $2.50 each (1000) . Eltec Instru
ments Inc., Central Industri al Park, Daytona 
Beach, FL 3201 4. Phone(904)252-0411 . 
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PC TRANSFORMERS. The " Lady Bug", a 
new line of commercial-grade audio PC 
transformers, includes 4 case sizes and 46 
electrica l configurations with power ratings 
from 50 mW to 2W . Lady Bug transformers 
operate to +85°C ambient, withstand stor
age to - 40°C, hand le an axial pull of 2 lbs 
for 5 sec and withstand solder head of 

PHOTOMETRIC SENSOR PRECISELY 
MATCHES HUMAN-EYE SENSITIVITY. 
Called the Y-BAR-1, this new sensor wi ll be 
used fo r the measurement and testing of 
light intensity. The sili con sensor has a spe
cia l computer-designed composi te glass 
absorption fi lter that corrects the specia ll y 
se lected si licon ce ll to match the photopic 
luminosity curve as adopted by the Interna
tional Commission of Illuminat ion. It's re
sultant spectral response is w ithi n 1 % lin
earity over a light- leve l range of six de
cades. Photon Products, Box 1230, Cupert i
no, CA 95014. Phone(408)296-5226. 234 

PRECISION 1/2-IN. POTENTIOMETERS 
WITH 0.15 % LINEARITY. The rotary con
ducti ve-plastic potentiometers include ab
so lute standard lineariti es of 0.35%, w ith 
specia l lineariti es as c lose as 0.15%, a resis
tance range of 250!1 min . to 130 k!l max., 
low inert ia, low torque (less than 0.1 in .
oz.), a power rating of 1 / 2W and an am
bient temperature range of - 65 to + 125°C. 
Overall case length is 1/2 x 1/2 in. New 
England Instrument Co., 14 Kendall L~ .. 
Nati ck, MA 01760. Phone(6 17)873-97 11 . 
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HYBRID THYRISTOR REGULATOR HAN-
260°C for 5 sec. Thi s new line of audio OLES 0.5 TO 3 kVA. The new unit offers the 
transformers is designed for sa le as a stock 
item through distributors. ADC Products, 
Inc., 4900 W. 78th St. , Minneapo lis, MN 
55435 Phone(6 12)929-7881. 232 

MINIATURE . REED RELAY FEATURES 1 
BILLION OPERATIONS in both power and 
dry-circuit applications. The 1 A spdt indus
tri al reed relay is offered in both latching 
and non-latching versions. The new Seri es R 
relay has bifurcated rhodium or gold-plated 
contacts, hi gh sensiti vity, and fast response 
for operation to 500 Hz. Two constructions 
are offered - plastic-encapsulated and mag
netica lly-shielded. Three modes are ava il 
able: polar single-side stable, single-co il 
bistable latching and double-coi l bistable 
latching. Babcock Electronics Corp., 350 1 
N. Harbor Blvd. , Costa Mesa, KA 92626. 
Phone (7 14)540-1234. 233 

faci lity to change from phase contro l to 
burst contro l by a si mple wiring change. 
The hybrid assembly consists of a power 
semiconductor chi p (thyri stor or triac), an IC 
chi p combining fi ring and contro l circuits, 
and ancillary components, all mounted on a 
2- x -1-i n. substrate. The assembly is res in
encapsulated w ith a mild steel plate fo r 
mounting and heat transfer. The package 
measures 2 x 1 x 0.6 in. and operates 
from a 11 0/220V, SO-Hz power line. West
code Semiconductors, 282 Belfield Rd., 
Rexdale, 605 , o'ntario, Canada. Phone(41 6) 
677-588 1. 236 

GOLD V-BAR KEYBOARD SWITCHES fea
ture low-bounce characteristics, 15-million
cyc le expectancy and low cost- less than 
20c each in producti on quantities. These 
mechanica l " go ld v-bar" switches are so
named because of their switching action 
which is accompli shed by moving a thin 
go ld wire beam spring into the vee formed 
by the gold terminals. This arra ngement 
combines the best features and proven relia
bility of w iping and cross-poi nt contact. The 
spring-on-sprin g design has the further ad
vantage of providing high hysteresis. Me
chanica l Enterpri ses, Inc., 5249 Duke St., 
Alexandria, VA 22304. Phone(703)751-
3030. 237 

J30URNS 
COMMERCIAL! INDUSTFi!AL 

TRANSFORMERS 

FOR POWER SUPPLIES, POWER 
ISOLATION, AUDIO, CARRIER 
AND BROAD BAND 
APPLICATIONS 

features 
o Primary Voltages 

to 240 volts, 50 & 60 Hz 

o PC Pins or Flex Leads 

o Designed for Your Application 

o High Quality 

o Volume Production Capacity 

o Low Cost 

J30URNS 
COMMERCIAL / INDUSTRIAL 

INDUCTORS 

29¢ ea. 

36¢ ea. 

45¢ ea. 
features 

in 100,000 piece lots 

in 10,000 piece lots 

in 1,000 piece lots 

o Inductance . .. ..... . 6MH min. 
350 MADC, 1V, 120 Hz 

o DC Resistance . . 0.2 ohms max. 

o Size .... 11/4 /1 x 1 11 x 1V2 11 approx. 

For a prompt " competit ive" reply to your 
special application requirements , contact 

lauR!S~MQ. 
A 01v1s10N oF }30URNS. Inc. 
28151 HIGHWAY 74, ROMOLAND, CA. 92380 
TELEPHONE: 714/ 657-5195 TELEX 67-6446 

or 
P. 0. BOX 544, CONCORD, MA. 01742 

TELEPHONE: 617 369-6249 

CHECK NO. 24 
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CIRCU ITS 

12-BIT D/A CONVERTER M AINTAINS 
+ 1/2-LSB ACCU RACY FROM - 55 to 
+ 125°C. The MN41 3H converter may be 
user-configured either as a straight 12-bit 
converter or as an 11-bit-plus-s ign multiply
ing converter. The linearity of ± 1 /2 LSB and 
absolute accuracy of ± 1 LSB are main
tained over the full -55 to + 125°C temper
ature range. Input logic is both TTL and 
CMOS compatible and power di ss ipation is 
500 mW. Price: 1-24 pieces ($265). The 
MN41 3 (0 to + 70°C) costs $225. Micro 
Networks Corp., 5 Barbara Lane, Worces
ter, MA 01604. Phone (617)756-4635. 170 

HIGH-PRECISION INSTRUMENTATION 
AMPLIFIER Model 8300XWB-E, features a 
gain accuracy of ±0.01 % and a gain linear
ity of ±0.01 % . The amplification factor of 
thi s preset, fixed-gain amp lifier can be spec
ifi ed for any value between 1 and 2000X. 
Bandwidth is also preset, and may be speci
fied for any va lue between 10 Hz to 100 
kHz at the 3-dB point. TC is less than 0.3 
µ,V/°c (referred to input). Preston Scienti fic 
Inc., 805 E. Cerritos Ave. , Anaheim, CA 
92805. Phone (714)776-6400. 171 

SOLID-STATE INDICATIN G TEMPERA
TURE CONTROLLERS feature plug-in con
struction which allows the entire control 
unit to be removed from its housing without 
disturbing the customer wiring on the back 
housing. The controllers are accurate to 
+0.5% and have a sca le length of 5-3 /4 in . 
They are avai lable in " proportioning con
trol " and " on-off limit" types. Omega Engi- . 

neering, Inc. , Box 4047, Stamford, CT· 
06907. Phone (203)322-1666 . 172 

ELECTROM ECHANICAL BCD DECODER/ 
DRIVER WITH MEMORY. The improved 
relay-tree type BCD decoder/dri ver employs 
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a magneti c latching relay which plugs di
rectly into a PC board without soldering or 
sockets. The decoder module is packaged 
on a PC card which measures only 3 x 4 
in . This decoder/driver wil l take any 5, 6, 12 
or 24V binary-coded (1248) de logic and 
ouput the corresponding decimal. $31.50. 
Printact Relay Div., Executone, Inc., Box 
1430, Long Island City, NY 111 01. Phone 
(2 12)EX2-4800. 173 

DIGITAL ANGL[ TRANSLATOR W ITH 
500-nSEC SPEED . The DD-107 translator 
bridges the interface between binary coded 
shaft-angle data and angle sca led numeri ca l 
displays, printers and shaft-positioning de
vices. Input resolution is 15 bits, output res
olution is 0.01° and accuracy is ±0.015°. 
In quantities of 1-9, the 5-digit DD107-5 is 
priced at $190 and the 4-digit DD107-4 at 
$160. Interface Engineering, Inc., 386 Lin
delof Ave., Stoughton, MA 02072. Phone 
(6 17)344-7383. 174 

DIP ATTENU ATORS FOR UHF FREQUEN
CIES. Ultra-high-frequency operation due to 
short conductor lengths (0. 15 in. ) hi ghli ghts 
this new seri es of attenuators. Conservative
ly rated to 500 MHz, they are avai lable in 
attenuation values of 3,6, 10, 15, 20 and 30 
dB at SOD impedance. All are rated at 100 
mW of power dissipation . The seri es fea
tures thi ck-film construction, has a VSWR 
rating of 1. 2: I and is ava ilab le from stock to 
2 weeks. Morris Enterprises, Inc., Microcir
cu it Div., 16799 Schoenborn St., Sepulveda, 
CA 91343. Phone(2 13)894-9 103. 186 

PHASE LOCKED OSCILLATORS CO VER 
5855 TO 8500 MHz. A new seri es of phase 
locked oscillators fo r both the common
carrier and military-band relay- link systems 
operate in the frequency ranges of 5855 
through 8500 MHz. The Model 4818 Series 
provides a minimum of 50 mW of power 
output with ±0.0005% stability over the 
temperature range of - 30 to + 70°C. Zeta 
Laboratories, Inc., 616 National Ave., 
Mountain Vi ew, CA 94040. Phone (4 15) 
961-9050. 187 

CONDUCTION-ANGLE POWER CON
TROLLER LPA-1 is a new single-phase SCR 
unit designed to contro l 50/60 Hz of power. 
It operates into res istive loads and can also 
operate transformer coupled loads under 
certain co nditions. The output power corre
sponds to a command signal from a process 
contro ller. Models are available for 120, 
208/240 and 480V operation. Standard out
put currents are 30 and SOA in a 50°C am
bient. Halmar Electronics, Inc., 1544 W. 
Mound St. , Columbus, OH 43223. Phone 
(614)276-0 131. 175 

ISOLATED POWER MODULES. The 
CEA 1 A Seri es provides integral isolation 
from 20 dB (standard) up to 100 dB (opt ion
al) protecting against destructive and an
noyi ng extraneous voltages. This high de
gree of iso lation is obtained by reducing the 
primary-to-secondary capacitance of the 
power transformer. The Series offers such 
standard features as shielded transformers 
for electri ca l iso lation within the system, 
100% test ing after a 16h burn- in for guaran
teed specifica tion (test data included with 
shipment) and a three-year guarantee for 
parts and labor. CEA, Div. of Berkleoni cs, 
Inc., 1 Aerovi sta Park, San Luis Obispo, CA 
93 401 . Phone (805)544-5454. 176 

LOW CO ST AC/ DC-TO-DC CONVERTER 
LINE. Termed the Q4-25 Seri es, the new 
line operates from 103 to 127V ac, 45 to 
880 Hz and 140 to 1 80V de. Outputs are 
avai lable in 5, 6, 12, 15, 24 and 28V at 
25W . Efficiencies of up to 70% are ava il 
able with regulation of 0.5% for line and 
2.0% for load. Ripple is 0.2% rms, operat
ing temperature is - 20 to + 71°C and size is 
4 x 4 x 2 in . Price is $140 each in 1-to-4-
piece quantities. Aaron-Davis Co., 1720 
22nd St., Santa Monica, CA 90404. Phone 
(2 13)829-1834. 177 

POWER AMPLIFIER PROVIDES 300 mW 
FROM 2 TO 500 MHz. The Model 500 L 
combines the advantages of thin-film hybrid 
ICs with an IC power supply to boost the 

output of any signal source by 27 dB. $295. 
Electronic Navigation Industries, Inc., 3000 
Winston Rd. S., Rochester, NY 14623. 
Phone (7 16)473 -6900. 178 
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TUNABLE L-BAND DIPLEXER COVERS 
962 TO 1213 MHz. Model 2905 diplexer 
has two channels that are tunable over the 
frequency range of 962 to 12 13 MHz. 
Channel bandwidth is constant at 13 MHz 
w ith a 1-dB loss. Isolation is 66 dB with a 
63-MHz channel separat ion. The connec
tors are type N and systems mounting holes 
are provided. Small-quantity pri ce and de
livery is $720 and 4 weeks, respective ly. 
Microwave Filter Co. , Inc., 135 W . M anlius 
St., E. Syracuse, NY 13057. Phone (3 15) 
437-4529. 179 

UNIVERSAL 3-PHASE RFI POWER-LINE 
FILTERS. New 3-phase 5-section T Series 
RFI power-line filters feature the smallest 
hi gh-current types ava il able (4 x 4 x 4 in .) 
and come in 20A (20T 48), 30A (30T 48) and 
60A (60T 48) models for operation at 115 to 
440V ac, 50 to 60 Hz. The T Seri es RFI filters 
have 1.5 mA of maximum leakage current 
and will withstand a 2100V de high-pot 
test. Price ranges from $29.50 to $90. Cor
com, Inc., 2857 N. Halsted St. , Chi cago, IL 
60657. Phone (312)327-6566. 180 

MODULES: Type MHW560 provides 16-dB 
power ga in, 8.5 -dB noise figure and a band
width of 40 to 300 MHz (within ±0.3 dB). 
The MHW56 l provides an additional 15-dB 
gain and is intended as the output function 
in a line extender. Cross-modul ation di stor
ti on is -57 dB at 47 dB mV output (2 1 
channels). Type MHW562 offers 15-dB gain 
which is prov ided w ith cross-modulation 
di stortion of -60 dB (+SO dB mV output 
and 21 channels). Pri ces for 25 to 99 quanti 
ti es are MHW560 ($39), MHW56 l ($44 .50) 
and MHW562 ($50.50). Motorol a Semicon
ductor Products, Inc. , Box 20924, Phoeni x, 
AZ 85036. Phone (602)273-3 466. 181 
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new shaded-pole motor 
speed regulated vvith precision speed control 
Accurate speed control over a wide torque range (see speed /torque curve) . 
Infinitely variable speed adjustment within speed range while motor is running 
-selected by externally setting a potentiometer control. No-load to full-load 
speed regulation throughout the 10:1 speed range of 300- 3000 rpm. Up to .01 
hp with standard control circuitry. Preassembled speed control circuits now 
available for prototype model testing. Consult your Barber-Colman 
representative for details, or write direct for new Bulletin No. F-14897. 

II BARBER- COLMAN COMPANY 
Electro-Mechanical Products Division 
Dept. K, 121 06 Rock Street, Rockford, Illinois 61101 

CHECK NO. 42 

If you buy our DPM's 
because of low price, 

expect some pleasant surprises. 
Newport builds low-cost 

DPM's loaded with standard fea
tures not even possible on compe
titive models. 

Take our new Series 2000B 
- 4 Y2 digits for $280. Reads a full 
20,000-counts at 30 readings per 
second without sacrificing 0.01 % 
accuracy. And only Newport gives 
you *BIG-BCD outputs (*Buffered, 
Isolated , Gated) to reliably drive 
long cables or to form a multiplex
ing data buss. 

Plan to significantly reduce 
checkout time. With the Series 
20008 you can ignore ground loops. 

True differential inputs compensate 
for common-mode noise voltage 
and guarantees immunity up to 6 
volts. All this plus so much more 
are protectively packaged in an 
extruded-aluminum shield-case. 

See for yourself! Ask for some 
pleasant surprises with details on 
the Series 2000B DPM, or any of 
Newport's 150 matching meters . 
The panel instruments you install 
and forget. 

Newport Laboratories Inc., 
630 East Young Street, Santa Ana , 
California 92705 (714) 540-4914. 

SERIES 20008 DPM: ±19,999 counts • DC voltage and current models 
30 rdgs/sec • 2V2"H x 4ll2"W x 5"D. • 0.01% accuracy • BIG-BCD output 

Newport Digital Panel Instruments 
CHECK NO. 43 
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CIRCU ITS 

HIGH-VOLTAG E PO WER SUPPLY DE
SIGNED FOR PHOTO MU LTIPLIER USE. 
Model RMX 308 has an output voltage from 
1250 to 2500V and Model RMX309 from 
2300 to 4000V. Each can deliver 200 mW 
output at all voltages in its range. Input cur
rent is less than 60 mA. Load regulation is 
0.5% for the RMX308 and 2% for the 
RMX309, for no- load to full-load regulation. 
Both units have ±0.05% line regulation for 
28V de, ± 10% input variations. Ripple is 
0.01 % rms. Each encapsulated supply mea
sures 2 x 2 x 2 in. Spellman High Voltage 
Electronics Corp., 1930 Adee Ave., Bronx, 
NY 10469. Phone(21 2)67 1-0300. 182 

LOW COST DOUBLY BALANCED M IXER 
O PERA TES TO 500 MHz. Model DBM-166 
mixer, is for general purpose use in CATV 
translators, low-cost receivers, modulators 
and other commercial communication 
equipment. Conversion loss is typica ll y 6 
dB, and lnterport Isolations of 40 dB are typ
ical up to 100 MHz. Price (1-24, $15.00) 
(100-999, $6.95). The Vari-L Co, 3883 
Monaco Pkwy, Denver, CO 80207. Phone 
(303)321-1511 . 183 

W IDEBAN D TUNABLE COAXIAL M AG NE
TRON O KH1 663 DELI VERS 75 kW PEAK 
POW ER OVER 32 to 35 GHz. Pulse width is 
0.1 to 1.0 µ.sec with a duty cycle of up to 
0.001. Peak vo ltage is 16.5 kV wi th peak 
current of 16.25A. The magnetron can be 
supplied with either a knob-type tuner drive 
or a shaft extension to accommodate a mo
tor drive. The 12- lb tube is air coo led and 
has an integral magnet package. Raytheon 
Co., Microwave and Power Tube Div., 
Foundry Ave., Waltham, MA 02 173. Phone 
(617) 899-8400. 184 

M INIATURE THERMOCOUPLE AMPLI
FIER IS SELF-POWERED. The OMNI-AMP I 
is a completely portab le microvolt amplifier 
that will boost thermocouple signals up to 
100 times . A choice of seven fixed gains 
plus a variable gain are provided. The fre
quency response is from de to 10 kc. Priced 
at only $85 complete with batteries, jacks 
and adaptors. Omega Engineering, Inc., 
P.O. Box 4047, Stamford, CT 06907. Phone 
(203)322- 1666. 185 
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ABCorACB? 
PHASE SEQUENCE INDICATORS 
AND RELAYS PROTECT YOUR EQUIPMENT 
Technical information available on request 

Hl-1'EK CORPORATION 
2220 S. Anne St., Santa Ana, Ca. 92704 • (714) 540-3520 

CHECK NO. 26 

COMPLETE GUIDE TO 

PROJECT 
MANAGEMENT 
by Dennis L. Lock 

Here is the perfect introduction to project management , th e 
technique that was created to deal with th e complex acti viti es 
of modern industry-planning , costing , controllin g and eva l
uating projects so th ey are completed on tim e and to specs 
and budget. 

With over 60 how-to-do-it i llustrati ons and many practi ca l 
examples, this book covers all th e basics inc luding defining 
the task, estimating costs, pri cing , planning th e time scale , 
schedu ling, materia ls control, maintaining the program , modi 
fications , build schedules , concessions and relatin g achieve
ment to expenditures. CPM and PERT are also explained. 

Complete Guide to Project Management is essenti al reading 
for anyone, on either the technical or managerial side of 
industry, with any responsibility for projects . 224 pp. $10.95 

Order Today-15-Day Free Trial-Satisfaction Guaranteed 
or Money Back- Send check and we pay shipping 

Cahners eooK 01v1s10N 
89 Franklin St., Boston, Ma. 0211 O S58/ M0809 

I 
I 
I 
I 

If you 're on the verge of open insurrection 
over frequency counters that deliver too 
much price and not enough performance ... 
JOIN THE HEATH/SCHLUMBERGER 
COUNTER REVOLUTION! 

We've got a new series of high frequency counters 
that combines exceptional performance and features 
with low cost. Standard features on all three models 
include 7-digit LED readout plus overrange ... high sta
bility time base .. . automatic decimal point switching . . . 
very high inpu t sensitivity . . . combination carrying 
handle/tilt stand. 
Revolutionary Idea # 1: our new SM-1 10A .. . Direct 
counting 1 Hz to 200 MHz range . .. input sensitivity : 
10 mV @ 35 MHz, 15 mV @ 200 MHz ... one megohm/ 
15 pf and 50 ohm inputs .. .4 time-base ranges .. . 1 MHz 
crystal time base with 7.5 ppm / yr stability . . . all for 
only $495.00* . 
Revolutionary Idea # 2: the SM-11 OB . . . features the 
same range, input sensitivity and separate inputs as 
the SM-110A above .. . plus 1 MHz TCXO time base 
stab le to 1 ppm / yr . .. complete programmability for 
Range , Reset, Input Select, Count Inhibit, all standard 
TTL-level. Outputs : 7 digits of BCD, Overrange Flag , 
Decimal Points, Print Command, 5 V reference and 
ground . . . just $625.00. * 
Revolutionary Idea # 3: the new SM-11 OC . .. with all 
the features of both the A and B models above . . . plus 
a 600 MHz range (prescaled by 10) for the high fre
quency input. Imagine . . . measurement capability into 
the UHF region for on ly $795.00! * 
Use the coupon below to send for the free SM-11 O 
series brochure . .. and join the Heath / Schlumberger 
Counter Revol ution! 
P.S.: We've also got a complete line of counters, pre
scalers and timers starting at $350 . .. send for our 
free cata log for comp lete information. 

I HEATH I 
- - - - - - - ••iiD@il·l§HDI Heath/ Schlumberger Scientific Instrum ents 

Dept. 531 ·231 I 
Benton Ha rbor, Mi chigan 49022 
D I'm ready to join the Counter Revolution . . . pl ease send the SM-

110 series brochure. I 
D Send complete instrumentation catalog .. . including addresses and 

telephone numbers of the 36 company-owned di stribution centers 

1 that provide sal es and serv ice. 
Na me·~-----------------~ 

Company/ Institution I 
Address _ _ ___________ ____ _ 

I City State ip I 
Prices and specifi ca tions subject to change without notice. 

*Mail order prices; F.O.B. Benton Harbor, Michi gan , 
EK-350 ----------CHECK NO. 27 
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Miniature, Crystal 

Controlled Clock Oscillators 

Have 300,000 Hrs. MTBF 

And at competitive prices too! . Available In 
T0-5 , T0-8, and DIP versions, the new line of 
Q-Tech crystal clock oscillators have an MTBF 
of 300,000 hours. T0-5 units have a range of 
6-25 MHz, while T0-8 and DIP versions have a 
range of 400 Hz to 25 MHz. Temperature ranges 
available from - 55°c to 105 ' C and O' C to 
50 °C. 

These new hybrid, thin film oscll lators have 
outputs capable of driving a multiple TIL load, 
are designed to start under any combination of 
temperature and voltage, and are capable of 
withstanding high levels of shock and vibra
tion . 

Prices start at $13.00 each at the 1000 level 
Write or call for complete details. 

CRYSTAL OSCILLATORS ANO FILTERS 

Q-Tech Corporation 
11529 W. Pico Blvd., Los Angeles, Calif. 90064 

(213) 473-1105 

I •: 

Help college 
help you. 

Bus inesses like yours gave over 
$340,000,000 to hig he r education last year. 

It was good bus iness to do so. Ha lf of 
all college g rad uates who seek wor k go in to 
business. The more graduates there are, 
and the better educated t hey are . t he more 
college ser ves the business communi ty. 

Your money was vita l to colleges. It 
r elieved financial pressures, made planning 
more flex ible, and cont r ibuted to the kind 
of basic and applied researc h that puts new 
knowledge and technology at the se rvice 
of industry. 

So that colleges can conti nue to help 
you, give to the college of your choice now. 
For information on ways to do it. please 
write on your lette rh ead to Council for 
Financial Aid to Educat ion, Inc .. 6 East 
45th Street . New Yor k, N.Y. 10017. Ask fo r 
the free booklet, "How Cor porations Can 
Aid Colleges and Unive rs it ies'.' 

~ Council for Financial Aid to Education'..~~:· 
Advertising contributed for the public good fil'· 

('o., ., c.·" ~ 
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COMPUTER PRODUCTS 

DISC PACK SYSTEM FOR MINIS STORES 
UP TO 44M BITS and is composed of a di sc 
controller and one to eight disc drives. The 
controller is an automatic transfer, block 
oriented devi ce. Read, write, and se lect rou
tines provide the software required to put 
thi s system on-line, while a di agnosti c pro
gram verifi es correct operation, or notifi es 
the user of malfunction. Per Data's disc sys
tem is available for any of the computers in 
use today- mini or max i. Per Data, 102 
New South Rd ., H icksvil le, NY 11 80 1. 
Phone(5 16)938-285 1. 244 

DATA ENTRY SYSTEM IS ACTIVIATED BY 
VOICE. The VI P-1 00 can be used by any 
speaker regardless of language, vocabul ary 
or accent for machine control and computer 
data entry systems. Expansion fo r multi 
speaker operation is ava ilable. A number of 
opti ons are ava il able on the system includ
ing vocabulary expansion to 100 words, 
telephone interface, vo ice response, hard 
copy and special visual di spl ay. The basic 
system, inc luding teletypew riter, mini com
puter and di splay, costs $17,500. Threshold 
Technology Inc., Cinnaminson, N J 08077. 
Phone(609)829-8900. 245 

READ/WRITE CORE MEMORY HAS 330 
NSEC ACCESS TIME. Th is 3D-3 wire mem
ory is available as 4k x 18 or 8k x 8 bits 
with a 900 nsec cycle time. It is fi eld altera
ble to 32k x 18 or 64k x 9 bits, with oper
ating temperature range 0-50°C and features 

a power protect circuit. The board size is 
15 x 10 x 0.6 inches and uses two 72 pin 
edge connectors with 0.125 in . centers. 
Pri ces start at $11 99. Unicom International, 
1275 Bloomfield Ave., Fairfield, NJ 07006. 

246 

DIGITAL PRINTER COMES IN KIT FORM. 
The Model 722k main frame provides for 
10, 20, 30, 40, or 60 lps w ith a line width of 
22 numeric or A/N characters. A/N charac
ters fo llow the ASCI I fo rmat but w ithout 
lower case. Accessories of all kinds are 
ava il able ... from slide tracks to complete 
cabinets, as well as power supplies, circuit 
boards, sw itches and simil ar electronic 
items. Price of the bas ic unit is under $500. 
Datadyne Corp. , 37 A Valley Forge Ctr. , 
King of Prussia, PA 19406. Phone(2 15)265-
1793. 247 

NEW MINICOMPUTER BOASTS EASE OF 
USE. The ee 200 features: a universa l bus 
w ith space for 12 memory and/or peripheral 
devices in the basic unit, DMA, priority in
terrupts, bi po lar or core memory, 69 basic 
instructions w hich are both 8-bit byte and 
16-bit word oriented, 4k bytes of core 
memory standard, 16 leve ls of 16 GP regis
ters, a bootstrap loader and ser.ial teletype 
interface, and a stack pointer for fully recur
sive programming. $1915 w /4k bytes of 
core, $2600 w /8k bytes. Eldorado Electro
data Corp., 601 Chalomar Rd., Concord, 
CA 94518. Phone(41 5)686-4 200. 248 
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CARD READERS READ BOTH MARK
SENSE AND PUNCH CARDS. Models 602$ 
and 6029 are compact units designed to 
read punched and hand-marked data simul
taneously or separately to a computer or 
magnetic tape. Model 602B reads cards in 
the IBM format-BO punched co lumns and 
27 marked columns-and Model 6029 
reads cards with a pre-printed timing 
track -BO columns for punched or marked 
data. The units can read the cards face
down or face-up, at a rate of 225 or 400 
ca rds/min . $27BO and $2900. Mohawk 
Data Sciences Corp. , 7B l Third Ave. , King 
of Prussia, PA 19406. Phone(2 15)337- 1910. 
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READ/WRITE MEMORY ADDED TO PDP-
14 PROGRAMMABLE CONTROLLER. Digi
tal's new read/write memory option is a si n
gle 4k word package priced at $2750. It is 
specially protected for harsh industri al envi
ronments and it allows the user to make 
quick on-line changes in the controlled 
machinery, without dedicating a computer 
to the application. It is implemented with 
standard relay symbology or Boolean equa
tions. Digital Equipment Corp. , M cCormick 
Place, M aynard, MA 01754. Phone 
(617)B97-51 11. 250 

GIVE YOUR MI NICOMPUTER A VOICE. 
The S-11 is a new peripheral for PDP-11 s 
which plugs directly into the UNIBUS. Out
put is th rough a speaker or headset. Also, a 
TOUCH-TONE input decode option pro
vides remote two-way communications. 
Standard software consists of an output rou
tine fo r generating speech from a stored 
vocabu lary table and a composer for use in 
adding words or modifying inflections. In
terfaces and software for most other mini
computers are also ava il able. Interface Sys
tems , Inc. , 5 Research Dr., Ann Arbor, M l 
4B103 . Phone(3 13)769-5900. 251 

ADD-ON CORE MEMORY QUADRUPLES 
MEMORY OF HP 2114 A/B MINIS. The 
DSS system is available in seven sizes, 4k, 
Bk, 12k, 16k, 20k, 24k, and 2Bk, thus allow
ing for combinations of HP and DSS memo
ry totaling 32k words. The DSS extension 
memory is completely hardware and soft
ware transparent to the HP 2114 A/B com
puters. The controller and memory mod
ule(s) are housed in a standard 5-1 /2 in. 
RETMA rack unit. Digital Systems Services, 
P.O. Box 1239, Mountain View, CA 94040. 
Phone (415)96B-4257. 252 

SEMICO NDUCTOR MEMORY REPLACES 
CORE IN PDP-12. The RAM, which plugs 
directly into the PDP-12 chassis, is both 
electri ca lly and physically compatible with 
the DEC core memory. It provides up to 
twice the storage capacity in the same 
space, requires less power drain and has 
wider operating margins. 4k of expansion 
memory costs $2850 whi le Bk is priced at 
$4050. The add-on memory is expandable 
in 4k increments to a total of 2Bk. Signa l 
Ga laxies, Inc., 6955 Hayvenhurst Ave., Van 
Nuys, CA 91406. Phone(213 )9BB-1570. 
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NEW RARE EARTH 

INCREM ENTAL CASSETTE RECORDER 
OFFERS HIGH SPEED. The Pl-72 permits 
bidirectional character by character opera
tion during both record and playback on a 
completely asynchronous bas is at any rate 
from 0 to 300 cps. The Pl-72 is free of al l 
code, format, and record length restrictions 
and it provides a ninth bit for control or for 
use with extended code sets. Thus full B-bit 
binary data can be recorded without restri c
tion. Single unit price is $1015. Internation
al Computer Products, Inc., P.O. Box 
344B4, Dallas, TX 75234. Phone(214)239-
538 1. 254 

SELF AMPLiFYING PIEZOELECTRIC PRESSURE SENS.DR 
RANGES FROM .01 to 50,000 psi 

COUM BIA Series INP-50 Transducers are made with a 
newly d iscovered piezoelectric crystal composition to pro

vide self amplif ication . These completely self-contained 
units did not require au xi liary electronics and are 

ready for immediate use to measure and control 
blasts and surges in all pressure systems. 

COLUMBIA RESEARCH LABS .• INC. 

CH ECK NO. 28 
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Better for you. 
That's right, better for you. And 

for more reasons than one. 
When a company has specialized 

for 25 years in rectifiers and thyristors, 
it can come up with better new prod
ucts to answer almost any design 
requirement. 

New products. Better design al
ternatives. One good example is our 
Schottky Power Rectifier, which 
makes great increases in power con
version efficiency. Another is the 
PACE/ pak™ molded assembled cir
cuits, which reduce costs many ways. 

Now, we are far along in the de
velo pment of some exciting new 
products. Like new series of faster 
recovery rectifiers, low-cost, high per
formance SCRs, and high-frequency 
SCRs, including what we believe is 
the best 125 Amp device ever bui lt . 

But the present and future prod
ucts are just one of the reasons you'll 
do better with IR. 

100% testing. Quality assur
ance programs. Since rectifiers and 
thyristors are our only business, we've 
grown by solving problems for our 
customers. Our products have to be 
tops . Our service has to be exception
al. We can 't afford anything less, be
cause you can't. 

That's why we maintain a highly 
effective QC program, and do exten
sive testing ... still 100% on both 
high and low power devices. Some 
companies may have abandoned this 
practice in the face of today's high 
costs. But for us, abandonment is too 
high a price to pay. 

25 years of applications know
how. We also know it takes more than 
a good data sheet to help equipment 
designers arrive at the best circuit de
sign with the best device. That's why 
we've continued to expand our Appli
cations Engineering group. 

When you need an applications 

engineer with a strong background in 
your product fie ld, that 's what we send. 

Leadership. International 
strength. When you consider a 
source, it is always good to know its 
standing in the field. And in the field 
of power semiconductors, IR builds 
and sells more devices world-wide 
than any other company. 

However, as good as specializa
tion has been for us , it can be even 
better for you. 

If our better design alternatives 
improve your product, you win new 
customers. 

If we can help you lower costs, 
your profit grows. 

And if we provide higher relia
bility, it helps you keep your customers. 

We've done these things for other 
companies. We'd like to do the same 
for you. Write International Rectifier, 
233 Kansas Street, El Segundo, CA, 
90245. 

International 
Rectifier 

... the innovative power people I I~'R I 
CHECK NO. 44 



TEMP·R-TAPE: 
GREAT ELECTRICAL I 
PROPERTIES 

PLUS 
MOST ANYTHING 
ELSE YOU MIGHT 
WANT IN A TAPE. 

Like high tensile or tear 
strength; excellent abrasion, 
thermal, and chemical 
resistance; exceptional 
dimensional stability; 
excellent conformability ; and 
a low-friction , easy-release 
surface. Because 
Temp-R-Tape® is a complete 
tape "family" available in a 
variety of materials like 
polyester, polyester/rope 
paper laminate, Teflon*, 
Kapton*, and fiberglass . 
Supplied with thermosettin g, 
silicone, or acrylic pressure
sensitive adhesive . 

Find your CHR distributor in 
the Yellow Pages under 
"Tapes, Industrial " or in 
industrial directories. Or 
write for details and sample. 
The Connecticut Hard Rubber 
Company, New Haven, 
Connecticut 06509. 

* T.M. of DuPont 

• "'"o oo"""' I c H R I® 
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SEMICONDUCTORS 

90-KEY ENCODER FEATURES TRl-STATF" 
DAT A OUTPUTS. The new MOS/ LSI key
board encoder is a complete interface sys
tem capab le of encoding 90 single pole, 
single throw switches to a usab le 9-bit code. 
It is organi zed as a bit-paired system ca
pable of either N-key or two-key ro llover. 
Pri ci ng in 100-up: Ceramic DIP is $18. 16; 
Epoxy-B DIP is $15. National Semiconduc
tor Corp., 2900 Semiconductor Dr., Santa 
Clara, CA 95051. Phone(408)73 2-5000. 

188 

HIGH SPEED 741 OP AMP IS 4 TIMES 
FASTER. Input offset (1 0sl and input bias (l.J 
currents are also improved. The 741 HS, 
ava ilable in MIL and commercial tempera
ture ranges, is a pin-for-pin equivalent to the 
standard 74 1. 100-piece price for the com
mercial-temp version, packaged in a plasti c 
8-pin M INIDIP or T0-5 can, is $0.95. lnter
sil , 10900 N. Tantau Ave. , Cupertino, CA 
95014. Phone (408)257-5450. 189 

DUAL AUDIO AMP IC IS RATED AT 2W 
PER CHANNEL. The LM377 has a hi gh in
put impedance (> 1 Om!l) which is ideal for 
the cerami c phone cartr idges found in most 
home stereo sets. Gain is 100 dB and distor
tion is only 0.5% at 1 kHz . Power band
width for the LM377 is 65 kHz. Supply volt
age is 18V de. It is priced at $3.95 in quanti 
ties of 1 00. National Semiconductor Corp ., 
2900 Semiconductor Dr., Santa Clara, CA 
95051. Phone (408)732-5000. 190 

LINE DRIVER FACILITATES PARTY-LINE 
OPERATION. The MC75113 was designed 
to be used in data transmission systems 
where numerous drivers and receivers share 
a com mon twisted-pair line. It features a 
TTL compatible four input OR gate and out
put currents of nominally ±20 mA. Output 
cu rrent mismatch is a max. of 3 mA. Propa
gation delay time is 25 nsec. The device 
se lls for $3.10 in 100-up quantiti es. Motoro
la Semiconductor Products Inc., P.O. Box 
209 12, Phoenix, AZ 85036. Phone 
(602)273-6900. 191 

PHOTOTRANSISTORS PROVIDE HIGH 
GAIN AT LOW LIGHT LEVELS. Designated 
the SD 3442 and SD 5442 Series, they offer 
the stable performance associated with reg
ular phototransistors along with the ability 
to function at very low light levels - typi ca l
ly 1 mW per CM2 com pared with the 20 
mW per CM 2 generall y required. Prices are 
$4 each at the 1000-piece leve l. Spectron
ics, Inc., 54 1 Sterling Dr., Ri chardson , TX 
75080. Phone(2 14)23 1-9381. 192 

HIGH SPEED MOS UNIVERSAL SYN
CHRONOUS RECEIVER TRANSMITTER 
(U-SRT) subsystem achieves input strobe 
widths of 200 nsec, output propagation de
lays of 250 nsec, and receiver/ transmitter 
rates of 250 kilobaud. TRI -state output lev
els are also provided for those output signals 
which are busstructured. Available in a 40-
lead dual in line cermaic package, the pri ce 
is $30 in sma ll quantities. Standard Micro
systems, Corp., 1230 Bordeaux Dr., Sunny
vale, CA 94086 . Phone(408)734-8444. 

193 

SI-PLANAR TRANSISTOR OPERATES AT 
FREQUENCIES UP TO 5 GHz. The low
power epitax ial NPN Si licon microwave 
planar transistor is characteri zed by a low 
noise figure, hi gh gain and low distortion. 
The ceram ic strip-line meta l cas ing (approx. 
3.5 mm x 3.5 mm) has been designed for 
use in microwave integrated circuits. Sie
mens Corp., 186 Wood Ave., lse lin, N J 
08830. Phone (201)494-1000. 194 

DUAL LINE RECEIVER FEATURES ± 100 
mV INPUT SENSITIVITY. The device re
quires input curren t of less th an 100 µ,A al

lowing it to be used in bus organ ized sys
tems. As many as 100 receivers may be 

used per line. The SN75140P features ex
tern ally adjustab le threshold from 1.5 to 
3.5V. Price in 100-piece quantities is 
$2.52. Texas Instruments Inc., 13500 N. 
Central Expressway, Dall as, TX 75222. 
Phone(214)238-201 1. 195 
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SEMICO NDUCTORS 
SEVEN MORE FUNCTIONS JOIN 54/7400 
TTL SERIES. 54/741 24, uni versa l pulse gen
erator features c lock and delayed pulse 
generation, and positive Schmitt tri gger 
input. 130, 131, quad 2 input, open co llec
tor AND power drivers, features 100 mA 
1 ,;,,~·· 15 and 30V ratings. 138, 139, quad 2 
input, open collector OR power dri vers are 
pin compatible with 54/7432. 135 and 137, 
quad/hex nand Schmitt tri ggers features 
hi gh input impedance-compatible wi th 

ECL DRIVER AND RECEIVER INTERFACE 
WITH TTL AND MOS. The " 10124" quad 
differenti al line driver ca n also function as a 
TTL-to-ECL translator. Inputs are diode
c lamped and compatible w ith standard 
Schottky TTL levels, and the outputs operate 
at standard " ECL 10,000" leve ls. In pl ast ic, 
they se ll for $4 each when purchased in 
100-piece lots. Signetics, 811 E. Arq ues 
Ave., Sunnyvale, CA 94086. Phone(408)-
73 9-7700. 199 

54/74L, MOS, HLL and high vo ltage trans- ~------------------------------
ducers. ITT Semiconductors, 3301 Elec-
tronics Way, West Pa lm Beach, FL 33407. 
Phone(305)842-24 11. 196 

MONOLITHIC PHASE LOCKED LOOP 
OPERATES TO 500 kHz.The XR-567 oper
ates over a 0.01 Hz to 500 kH z frequency 
band and has a logic compatible output 
whi ch sinks up to 100 mA of load current. 
The center frequency stability rated at 25°C 
case temperature is 35 ppm/°C. Bandwidth 
is adjustable from 0 to 14% and the PLL cir
cuit is designed to reject out-of-band signals 
and noise. Exar Integrated Systems, Inc., 
750 Palomar, Sunnyva le, CA 94086. 
Phone(408)732-7970. 197 

HIGH-POWER SCRs ARE MOU NTED IN 
WATER COOLED PACKAGES. A new fam
ily of high-power SCRs and diodes incor
porating a 2-1 /2 in. d iameter si licon slice, 
designated type Dl 200, is offered in a cap
sule package or in a fl at-base package fo r 
single sided coo ling. The SCRs have current 
ratings of up to 1500A and hand le transient 
vo ltages to 3.5 kV. Surges of up 16,000A 
can be accomodated. Diodes have cu rrent 
ratings up to 1500A. Westcode Semicon
ductors, 282 Belfie ld Rd ., Rexdale 605 
Ontario, Canada. 198 

25Cl:tobuy 
ours to ship 

Low price for open trans-
formers-bifilar wound with 
two color, solder pot strippable 
wire. Try them for your balun, 
floating switch , inhibit drive and 
coupling applications. Order 500 
and they are only $.25 each. 

ELECTRICAL SPECIFICATIONS 

Catalog Turns 
Number Ratio ±5% 

PE 52104 1:1 
PE 52106 1:1 
PE 52108 1:1 
PE 52110 1:1 
PE5211 2 1:1 
PE 52114 1 :1 
PE52116 1:1 
PE 52118 1 :1 
PE 52120 1 :1 
PE 52122 1 :1 
PE 52124 1 :1 
PE 52126 1 :1 
PE 52128 1 :1 
PE 52130 1:1 

PHYSICAL DIMENSIONS 
Lead Length: 

Start 1.5 in . min. 
Finish .75 in. min. 

0 .D.- 0.220 max. 
Height- 0.100 max. 

Primary 
OCL 

µH min 

10 
20 
35 
60 
85 

125 
160 
215 
240 
290 
360 
385 
445 
515 

Inspect ion per MIL STD 105 1 % AOL Level 2 

Quick delivery means shipped 
within 24 hours of your order, 

any part shown below. Delivery is 
in lots of 50. Ask for a quote 
when you want thousands. 
Eliminate core search and winding 
time. 

ET Cww LL OCR 
Volt-µsec pf µH ohms 

Min max max max 

1.0 1.5 0.18 .14 
1.3 2.0 0.20 .17 
1.6 2.5 0.20 .23 
1.8 3.5 0.22 .25 
2.1 4.0 0.22 .28 
2.7 5.0 0.22 .30 
2.8 6.5 0.22 .35 
2.8 8.5 0.22 .35 
3.2 10.0 0.22 .37 
3.6 12.0 0.22 .41 
3.9 12.5 0.24 .42 
4.2 12.5 0.28 .48 
4.4 14.0 0.28 .50 
4.9 14.5 0.32 .54 

Rating Range 
Average Power Rating (40°C Rise ) 
Dissipat ion Rat ing 

250 mw 
75 mw 

50 volts 
200v rms 

10,000M ohms 

Peak Pulse Voltage 
High Potent ial Test 
Insulati on Resistance 

Pulse 
Engineering 

Inc. 

A Varian Subs idiary 

Pulse Engineering, Inc. 
P. 0 . Box 12235 • San Diego, Calif. 92112 
Phone 714-279-5900 • TWX 910-335-1527 
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LITERATURE 

TRIMMERS/POTS/SWITCHES/RESISTOR 
NETWORKS. A new 8-page distributor 
short-form catalog describes the operating 
characterist ics of 56 types of cermet, carbon 
and w irewound trimmers, potentiometers, 
cermet DIP resistor networks, and rotary 
selector switches. CTS Corp. , 905 North 
West Blvd ., Elkhart, IN 465 14. 255 

FRACTION/DECIMAL/MILLIMETER 
EQUIVALENTS CHART. A free frac
tion/decimal/millimeter t'quivalents chart 
on 8-1/ 2- x l 1-in. card >luck includes mil l i

meter equiva lents to the third decimn l con
forming to the adopted standards as pub
lished by the National Bureau of Standards. 
A 15-month calendar on the reverse side 
shows the year 1973 and the first 3 months 
of 1974. Baker's, Inc., 3104 Snelling Ave., 
Minneapoli s, MN 55406. 258 

HIGH-TORQUE AC TIMING MOTOR is 
featured in a new bulletin . The two-page 
bulletin describes the S9100 Seri es indus
tri al ti ming motor. This unit offers high 
torque in the 720-to-20-RPM tim ing range. 
Dimensional drawings, a wiring diagram 
and general electri cal and torque specifica
tions are included. North Ameri can Phil ips 
Controls Corp., Cheshire Industri al Park, 
Cheshire, CT 06410. 269 

'TECH TIPS' EXPLAINS RIGHT AND 
WRONG WAYS TO FIRE THYRISTORS. 
" Tech Tips 4-2," explains the one correct 
way and the two incorrect ways of causi ng a 
thyri stor to turn on . lllustrati<ms help give a 
better understanding of how firing occurs. 
W estinghouse Electri c Corp. , Bo~ 2278, 
Pittsburgh, PA 15230. 265 

LIQUID-CRYSTAL INFORMATION. " Liq
uid Crystals," Kodak Publi cation No. JJ-14, 
describes liquid-crystal compounds and 
their class ifi cations - nemati c, smecti c and 
cholesteri c. For appli cation in the measure
ment of surface temperature vari ations, the 
publication li sts more than 100 liquid-crys
tal mixtures avail able from Eastman Organ-
ic Chemica ls. _ 
Eastman Kodak Co., 343 State St. , 
Rochester, NY 14650. 268 
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DATUM SHORT-FORM CATALOG . Th is 
12-page catalog covers the general product 
areas of each ol the company's four divi
sions. It contains a brief descri ption of the 
company, specif ications on typ ica l magnet
ic tape input/output systems, di gital cassette 
drives and mass memory devi ces, all with 
software and interfaces to a wide range of 
mini computers. DATUM, Inc., 170 E. Liber
ty Ave., Anaheim, CA 92 801. 256 

DIRECTORY OF ELECTRONIC DATA 
PROCESSING FIRMS. The Directory con
tains a listing of nearl y 600 organizations in 
the computer services industry w ho offer 
data process ing, softwa re and timesharing 
servi ces. ADAPSO's membership represents 
more than 40% of the total industry as re
ported in the directory. $10. ADAPSO, 55 1 
Fi fth Ave., New York, NY 100 17. 260 

DIGITAL TRANSMISSION SYSTEMS. This 
short form catalog inc ludes info rmation on 
systems capabi lity, and products such as 
D l , D2 subscriber-carrier, wideband data 
and SM-T terminals. Also detailed are Vl
COM's multi p lex-microwave capability, 
outside line equipment, test equ ipment, and 
span terminating equipment. Vi com, 77 
Ortega Ave. , Mountain Vi ew, CA 94040. 

263 

SOLID-STATE CONTROL DEVICES. A full 
line of so lid-state control devices- timers, 
photoelectri c contro ls, res istance-sensing 
and multi -po le relays - is described in a 
condensed catalog sheet. Regent Contro ls, 
Inc., Harvard Ave., Stamford, CT 06902. 

267 

PROXIMITY-FOCUSED IMAGE INTENSI
FIER. An 1 l -page booklet entitled " The 
Proxim ity-Focused Image Intensifier" ex
plains the basic operation of the proximity
focused image intensifier and compares it to 
other types of image intensifiers. It also con
tains a section on the Channeltron electron 
multiplier array and how it is used in con
junction w ith proximity-focused image in
tensifiers. Bendi x Corp., Teterboro, N J 
07608. 261 

SEMICONDUCTOR MEMORY TEST SYS
TEM. A new page brochure il lustrates 
the Venture II Semiconductor memory test 
system, a dedi cated system that provides 10 
M Hz rea l-time functional testing of M OS, 
TTL, and ECL RAMs, ROMs and shi ft regis
ters. Computes! Corp., 3 Computer Dr. , 
Cherry Hi ll , N J 08002. 257 

MODULAR DATA COMMUNICATIONS 
SYSTEM. An 8-page brochure describes a 
new modu lar approach to adding low-cost 
IBM-compatible data communica tions cap
abil iti es to either an existing or future sys
tem. The brochure contains a functional 
descri ption and suggested design confi gura
tions for the data communica tions modules. 
Pertee, 10880 Wilshire Blvd., Los Angeles, 
CA 90024. 262 

VIDEO DELAY LINE. Product bulletin 
MCA-5.04 entitled "V ideo Delay Line" 
descri bes how the device is used to store 
analog signals for TV verti ca l enhancement 
and other image-process ing functions. The 
data sheet provides a photo of the devi ce 
showing its glass ultrasonic delay line and 
associated circuitry, a block diagram and 
electri ca l and mechanical specif ications. 
Corning Glass Works, Raleigh, NC 27602. 
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IBM REPLACEMENT MEMORY. A new bro
chure descr ibes operation and specifi ca 
tions of the Ampex Model ARM-22 main
frame core memory, which replaces and 
expands IBM 360/ 22 mainframe memory 
economica lly. Request brochure C- 165/5-
72. Ampex Corp. , M arketing Communi ca
ti ons, 1303 1 W. Jefferson Blvd., M arina del 
Rey, CA 90291. 259 

COMPUTER BROCHURE -A new 12-page 
brochure on the 24-bit DC 602 4/5 comput
er inc ludes details on how the new comput
er can be usefu l to end users and ori ginal 
equipment manufacturers, w ith details on 
input/output, 1/0 transfer, operator's di spl ay 
and contro l console, and the CPU . Other 
information inc ludes a description of the 
DC 6024/5 system configuration, software, 
and techni ca l specifications. Datacraft, 
1200 Northwest 70th St. , Ft. Lauderdale, FL 
33307. 266 
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Miniature Solid State 
Audio Indicator 

Mini-Size • Reliability • Low Power Consumption 
80 Decibel Volume 

Compact size and high sound output give this unique 
buzzer wide applicability ... intercom sets, timers, test 
apparatus, automotive warning signals, alarm clocks, 
sensors and other portable or battery-powered products. 
Solid state . . . no moving contacts, no arcing, no spark
ing, no electrical interference or RF noise. Easy to install 
with or without our versatile panel mounts. Weight: 14 oz. 
Sound output 400 Hz. Measures .88" x 
.61" x .39". Current consumption only 

mA at 1.5 volts. Even operates from 
a hearing aid battery! Two models: 
1.5-3 voe and 12 voe. Engineering 
evaluation sample avail
able for $4.50 handling 
charge. Please send 
check or money 
order; $5.95 
each if in
voiced against 
purchase order . 

• 
prqects "!~=~?:! 
unlrnrted@' 

3680 Wyse Road 
Dayton, Ohio 45414 
Tel . 513-890-1918 
TWX 810-450-2523 
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Now there are 3 
Breadboarding Systems I 

Design, layout, test build any 
combination of components FREE for 5 days I 
Elite 1 features built-In Elite 2, advanced design Elite 3, the basic econ· 
wide range pulse gen· concept, features tune- omy package bread-
erator, variable power tlon generator, dual board, Including built· 
supply, Independent output pulse generator, . In. Independent circuit 
circuit monitor logic 3 Independent power 
lights, Isolated push- supplies, 12 buffered monitor logic lights, 
buttons and toggle monitor lamps, 4 SK·lO Isolated pushbuttons 
switch arrays. Plus universal component and toggle switches, 
universal component sockets, isolated switch, plus universal com-
acceptance with SK-10 pushbutton arrays and ponent acceptance with 
Socket Unlimited fan a variety of 1/ 0 con- SK-10 socket, common 
In I fa~ out capablllty r;t~t~~rin~~Uon3·~~- hook-up wire Inter-
and common hook up tacts simulating hi· connections and un· 
wire Interconnections. density p.c. card limited fan In I fan out 
Only $650. layouts. $1,300. capability. Only $350. 

Send purchase order now. Try FREE for 5 days! If not 
completely satisfied, just return! Write for literature. n•Q EL INSTRUMENTS, INCORPORATED 

61 First Street, Derby, Conn. 06418 
Telephone: 203/735·8774 

CHECK NO. 33 
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mi·cro·temp (ml'kro temp') 
A patented, positive safety thermal cutoff. 
It will interrupt a circuit when the operating 
temperature exceeds the rated temperature 
of the cutoff. Normally 

/1 employed as a back-up 
safety protector to cut off 
power to electronic cir
cuits or components that 
develop abnormal tem
perature build-up, this de
vice is fast, reliable and 
accurate to ± 3°F. M 1-
CROTEMPS are UL/CSA 
listed and insure product 
safety. Costing as little as 
7.5¢ each, MICROTEMPS 
are avai I able in a wide 
range of configurations, II 
ratings and terminations 
to suit your individual ap

MICROTEMP 
Safety Thermal 

Cutoff 

plications. MICROTEMPS are hermetically 
sealed; unaffected by vibration, shock, aging 
or positioning. For specific details regarding 
your requirements, call or write: 

Ill MICRO DEVICEScoRP. 'A'Ai 1881 Southtown Blvd.Dayton, Ohio 45439 
~--~Ph. (513) 294-0581 Telex: 28-8087 

CHECK NO. 34 
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The White House responds 

After readi ng a draft of EDN's 
news story concerni ng S.32 (Octo
ber 1, 1972, page 14 ), the Presi
dent's Office of Science and Tech
no logy responds: 

Thank you for the opportunity 
to read over you r proposed article 
on S.32, the Kennedy Bi ll, and let
ti ng us check the accuracy of our 
v iewpoints as expressed in the 
piece. 

The major comment is that the 
section w hich supposedly states 

the administration 's position is 
not accurate. As you are aware, 
we have workec.J on the very prob-
lems thi s bi ll addresses for a long 
time .... Based on our experi
ence in dea ling with these prob
lems, we have concluded: 

S.3 2 is inadequate to meet the 
needs. It cou ld not make a signifi
cant impact in the fo reseeable fu
ture. It fails to bring to bear the 
technica l ca pa b i I it ies of the de
partments and agencies best 
equipped to work on civil prob
lems. The scheme outlined in S.32 
wou ld, therefore, create expecta
ti ons that wou ld not be ful
fil led .... 

Furthermore, the administration 
fee ls th at a much more effective 
and immediate way to put engi-

"W ell naturally if you look for mistakes 

you 're bound to find some." 
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neers to work on civilian problems 
is to expand the R&D going on in 
existing IL·dercJ I agencies such as 
NASA, AEC, HEW, DOT, etc., 
rather than trying to push the nar
rowly science oriented NSF into 
these engineering-type programs. 

As for employment, the admin
istrat ion wants the nation's unem
ployed and underemployed scien
tists and engineers worki ng at real 
jobs, not temporary make-work 
projects. These people are a vital 
nationa l resource and our goal is 
to get them into jobs where they 
can do themse lves and the coun
try the most good. That means the 
creation of jobs. That's our goal. 
We see new jobs in expanding 
agency programs and industrial 
R&D as far more immediate than 
developing potential jobs under 
an expanded bureaucracy. As far 
as retraining is concerned, we in 
the administration agree with 
those representatives of the unem
ployed who testified at the original 
S.32 hearings. They said then, that 
retraining and retreading is a 
waste of time and money if there 
are no jobs .... Many thanks for 
your courtesy. Office of Science 
and Technology, Executive Office 
of the President Washington, DC 
20506 

It won't work that way! 
Dear Sir: 
There were some serious errors in 
my CDA article, "Sine Wave Syn
thesizer" on page 52 in Aug. 15 
EON . These errors will cause the 
reader to seriously doubt the credi
bility of my article. The errors are 
as follows: 

I . Both inputs to the 741 op 
amp (through the 1 OOk resistors) 
are connected to the same point. 
One of the resistors shou Id have 
been connected to the other sum
ming node. 

2. The label SQUARE WAVE 
INPUT is misleading. It should 
have been labeled INPUT CLOCK 
= 16X DESIRED FREQUENCY. 

The square wave input to the 
transversal filter is actually derived 
by the SN74L93 and exists at pin 
12 of that chip. 
3. Capacitors C1 and C2 should 
have had values given along with 
the appropriate comment. For 
example 0.033 µ.F gives -50 dB 
harmonic distortion at 2400 Hz. 
Also, the feedback resistor on the 
op amp should be 100 kfl. 
Sincerely, 
Lee J. Mandell 
Communications 
Data Sys tems Div. 
Litton Systems, Inc. 
Van N uys, CA 91409 

The truth shall win out 

Dear Mr. Egan: 

We wish to take this opportunity to 
thank you for your coverage on our 
new product release outlining 
polypropylene-foil capacitors. You 
may be interested to know that to 
date, this release has generated 
over 300 inquiries from your mag
azine alone. 

There is some speculation on our 
part regarding the validity of these 
inquiries. By this we mean, wheth
er or not a certain percentage of 
inquirers believe what they read or 
are seeking to determine whether, 
in fact, we can make a 150°C po ly
propylene capacitor which, of 
course, is impossible. In our re
lease to you, the maximum tem-

,.,perature specified was 105°C. You 
will note your magaz ine carried it 
as " 150°C". 

Is there some way in which you 
can acknowledge this error? It 
would be appreciated as I am sure 
there will be many people who 
will classify our release as mislead
ing, when comparing the informa
tion to our data sheet. 

Very truly yours, 
James R. De Santy 
Marketing Manager 
Wesco Electrical Co. 
Greenfield, MA 01301 
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PHOTO CONTROLS 
FOR EVERY PURPOSE 

Contains latest released infor
mation on photo-electric con
trols developments, applica
tion survey, B 1 complete 
application sketches and di
mensional diagrams for in
numerable practical uses. 

CHECK NO. 35 

Profit 
Through 
Quality 

By Sidney Weinberg 

A practical guide to help production and general 
managers analyze quality and reliability policies for 
their companies. The author discusses the basic re
quirements for a Q and R policy and shows how and 
where to use them to increase profits. 
CONTENTS: Profit in Quality and Reliability; 
Basic Requirements of Q and R Policy; Human Con
tribution to Quality; Increasing the Proportion of 
Good Quality ; Standardization and Specification; 
Role of Inspection ; Development I : Innovation and 
Improvement; Development II: Increase in Re
liability; Purchase of Quality. 
Order now. If you are not convinced that this book 
will help improve your company's profits, return 
within 15 days for full refund or credit. 

Illus. 192 pp. $10.95 
S58/ M0809 

Ca h ners sooK 01v1s10N 
89 Franklin St., Boston, Mass. 02110 

A compact, solid-state multimeter with 
digital readout - at a fantastic kit-form 
price. The new Heathkit IM-1202 has four 
overlapping ranges to measure voltages 
from 10 mV to 1000 Von DC (either po
larity), 10 mV to 700 V rms on AC, 10 uA 
to 2.5A on AC or DC current. Five resis
tance ranges measure from 1 ohm to 2.5 
megohms. Front panel polarity switch re-·-==••=-"' verses inputs without changing leads. 

"" 6 lbs. 

HEATH COMPANY, Dept. 57-11 
Benton Harbor, Michigan 49022 

• D Please send FREE Heathkit Catalog. 

only 

16995* 

"'D Enclosed is $ , plus shipping. 

I Please send model(s), ____ ______ ____ _ 

Name-------------------~ 

•
Address, _ _________________ _ 

City State ip, ___ _ 

\. 

Prices & specifications subject to change without notice. :-I 
*Mail order prices; F.O.B . factory. TE-275 ------------CHECK NO. 36 

SNAP-IN S\NITCH 

MOUNTING SPEEDS 

ASSEMBLY, IMPROVES 

APPEARANCE 

• Ava ilable in 6 to 20 amp McG ill rocker and paddle 
switches-including min iatures 

• No fasteners needed 
• Positive-action hard ware holds secure ly 
• Att ractive metal and plasti c bezels for clean des ign. 

Choice of color comb inations-enhances co lor 
coord ination. 

• Wide ra nge of rating s and circ uitry to meet appli ca
tion req uirements. 

• U.L. Listed, C.S.A. Approved 

For comple te specifica tions, request Catalog 89 

McGILL MFG. CO., INC. 
ELECTRICAL DIVISION 
VALPARAISO, INDIANA 46383 ENGINEERED SWITCHES 

CHECK NO. 38 
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OPTICS • SCIENCE 
ELECTRONICS 

~(E CATALOG! 
~ 1,000's OF HARD-TO-FIND 

BUYS FOR INDUSTRY ~,.r., 
Q Brand new 164 -page easy-to-read edition packed with new 

products , charts, diagrams , illustrations. On ·the-job helps; 
qua li ty control aids, unique, exclusive items to speed yo ur 
work , improve quality , cut development and production 
costs' Loaded with optical , scientifi c and elec tronic 
equipment available from stock for industry , re se arc h 
labs. design engineers , experimenters , hobbyists . 

ONESOURCEFORALLYOURNEEDS 
Tremendous variety . Terrific savings, Count less hard -to-get 
surplus bargains. Many "one-of-a-kinds" nowhe re else. 
Ingeniou s scientific tools . Thousand s of components: 
lenses, prisms, wedges, mirrors , mounts , all types of ac
cessories . Hundreds of instruments : pollut ion testing 
equipment, lasers , comparators, magnifier s, microsco pe s, 
projectors, telescopes. binoculars , photo attachment s, eco· 
logical items , black light equipment and America's largest 
collection of unique lighting products . 

BUY DIRECT WITH MONEY-BACK GUARANTEE 
Edmund ships over 5,000 orders monthly to Ameri ca's 
largest industrials - every item guaranteed' You must be 
satisfied, or return your purchase in 30 days for your 
money back . Shop the catalog of Ameri ca's largest Science· 
Optics-Electronics Mart with confidence! Get your FREE 

. copy without obligation. No salesman will call. Write now 
for free catalog ''AT • 

a EDMUND SCIENTIFIC CO. 
300 EDBCORP BUILDING 
•ARRINGTON, N•W JER••v 0800? 
TELEPHONE: 609 -547 -3488 

CHECK NO. 39 

INTHE DARK 
OVER SWITCHES? 

Let Maxi-Switch shed some light on the subject. Ask for free 
literature on 1600/1800 Series keystrips, numeric blocks and 
encoded keyboards. Also avai lable: 1200/1400 
Series keys trips and panel assembli es. 

72 

3121 WASHINGTON AVE. NO. • MINNEAPOLIS, MINNESOTA 55411 

See Maxi in EEM 

CHECK NO. 37 

612-529-7601 
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DESIGN DATA 

Application Notes 

TWO ENGINEERING BULLETINS, giving 
application information on Koolmeter elec
tro-chemical timing cells and operating 
considerations for these miniature timers, 
are now avail able. The brochures are in
tended to help circuit des igners looking for 
methods of using so lid state devices to re
place many forms of electromechanica l in
tegrators and timers. Sprague Electric Co., 
55 1 Marshal I, N. Adams, M A 01247. 238 

BULLETIN DESCRIBES APPLICATIONS OF 
FOUR-QUADRANT IC MULTIPLIER. 
Ca lled Bulletin A011 , it discusses in detail 
the uses of the 80 13, a ± 0.5% accuracy 
general-purpose monolithi c an alog multi 
p lier. Block diagrams depict use in multipli 
cation, division, squaring and square-root 
applications. lntersil , 10900 N. Tantau 
Ave., Cupertino, CA 95014. 241 

MAGNETIC DIODES DESCRIBED IN 4- APPLICATION NOTE ON USE OF SOLID-
PAGE APP. NOTE. Magneti c d iodes are 
magneti c-sensitive semiconductor dev ices, 
which (like indium-antimony devices) 
change their internal res istance as a func
tion of an external magnetic field. By alter
ing the magnet ic field, signals may be ob
tained w hich allow the conversion of non
electri ca l quantities into electri ca l quanti 
ties. European Electroni c Products Corp., 
10150 W . Jefferson Blvd., Culver City, CA 
90230. 239 

GETTING HIGH-SPEED DATA IN THE 1-
T0-10-MHz REGION INTO DIGITAL 
FORM fo r on- line storage or process ing is a 
problem w hich is becomi ng increasingly 
preva lent. " How to Make a Thousa nd 
Words as Good as a Picture" discusses the 
types of error which can degrade a signal 
in the A/D process and even turn an 8-bit 
converter in to a 4-bit one. Computer Labs, 
11 09 S. Chapman St. , Greensboro, NC 
27403. 240 

STATE PHOTODETECTORS in small -s ignal 
detection systems ava il able free. " The Use 
Of RCA Solid-State Photodetectors In Small 
Si gnal Detection Systems", RCA AN-4849, 
develops the basic equation for noise equiv
alent power (NEP) and provides two nomo
graphs that will be useful to all users of sol 
id-state photodetectors. RCA, Electroni c 
Components, 41 5 S. Fifth St. , Harri son, NJ 
07029. 242 

RESISTOR ENGINEERING HANDBOOK. A 
newly exranded and rev ised version of 
RCL's " Resistor Engineering Handbook" 
updates technica l specifica ti ons on a large 
se lection of precis ion and power w ire
wound and high-reli ability res istors. Also 
included is information on chip resistors for 
use in computer and peripheral equipment 
applications, plus 100 and 250W alumi 
num-housed res istors. Millimeter conver
sions, as well as a Mil-Spec reference guide, 
are also included. RCL Electronics, Inc., 700 
S. 21st St. , Irvington, NJ 07111 . 243 
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INDEX TO ADS, PRODUCTS AND LITERATURE Use card for free product information • l.R. PG. l.R. PG. l.R. PG. 
NO. NO. NO. NO. NO. NO. 

CI RCUIT MODULES/CARDS Timing Motors 269 66 Passive Networks 7 4 
Ac/de-To-de Converters 177 58 Variable-Speed Motors 47 60 Pulse Transformers 55 23 
A/D Converters 240 73 Resistor, Capacitors 8 6-7 
Angle Translators 174 58 Resistor Kits 224 56 
CATV Amplifier Modules 181 59 ENGINEERING AIDS Resistor Networks 226 56 
Computer Voice Responses 251 63 Decimal/Millimeter Charts 258 66 Resistors 243 73 
Converters 170 58 Engineering Aids 18 Gov.Ill Resistors 255 66 
Core Memories 246 62 Socket Boards 230 56 Transformer Inductors 24 57 
Decoder/Drivers 173 58 Trimming Potentiometers 16 27 
DIP Attenuators 186 58 Weldable Resistors 220 56 
Hybrid Oscillators 48 72 INSTRUMENTATION Instrumentation Amplifiers 171 58 Chart Recorders 22 59 
L-Band Duplexers 179 58 Digital Indicators 202 54 POWER SUPPLIES 
Memories 250 63 DP Ms 43 60 Ac/de-To-de Converters 177 58 
PC Transformers 232 57 Eight-Channel Recorders 211 55 Phase Sequence Indicators 26 61 
Phase-Locked Oscillators 186 58 Electric Counters 212 55 Photo Multiplier Supplies 182 59 
Photomultiplier Supplies 182 59 Electric Counters 205 54 Power-Line Filters 180 59 
Power Amplifiers 178 58 Impulse Generators 206 54 Power Supplies 176 58 
Power Controllers 175 58 Instrumentation Amplifiers 171 58 Power Supplies 204 54 
Power-Line Filters 180 59 Memory Test Systems 257 66 Power Supplies 1 Cov.11 
Power Supplies 1 Cov.11 MOS-Wafer Testers 201 54 
Power Supplies 176 58 Pressure Sensors 28 63 
Semiconductor Memories 253 63 Pulse Generators 208 54 SPECIAL PRODUCTS 
Temperature Controllers 172 58 Pulse Generators 216 55 Audio Indicators 31 69 
Thyristor Regulators 236 57 Read-out Systems 3 Gov.IV Breadboarding Systems 33 69 

Spectrum Analyzers 30 42 MOS Handbooks 17 32-33 
Strip-Chart Recorders 217 55 Optical Components 39 72 

COMMUNICATIONS EQUIPMENT Strip-Chart Recorders 213 55 
CATV Amplifier Modules 181 59 Telemetering Systems 214 55 

SPECTRAL DEVICES Computer Voice Responses 251 63 Temperature Controllers 172 58 
Data Control Systems 245 62 Thermocouple Indicators 215 55 Image Intensifiers 261 66 
L-Band Duplexers 179 58 3-1 /2-Digit System DPMs 200 54 Indicator Lights 19 39 
Phase Oscillators 187 58 Timing Meters 203 54 LED Lamps 32 69 
Power Amplifiers 178 58 Varactor-Diode Testers 201 54 Liquid Crystals 268 66 
Telemetering Systems 214 55 Photo Controls 35 71 

Photometric Sensors 234 57 
Read-Out Systems 3Cov. IV 

DATA HANDLI NG EQUIPMENT 
MATERIALS/HARDWARE Video Delay Lines 264 66 
ABS Thermoplastic 

A/D Converters 240 73 Containers 223 56 
Card Readers 249 63 Cables 49 49-50 SYSTEMS/SUBSYSTEMS Computer Voice Responses 251 63 DIP & Transistor Card Readers 249 63 Core Memories 246 62 Receptacles 5 2 
Data Control Systems 245 62 Liquid Crystals 268 66 Computer Voice Responses 251 63 
Digital Printers 247 62 Metal Products 40-42 48 Core Memories 246 62 
Disc Memories 244 62 Miniature Coaxial Cables 13 18 Data Control Systems 245 62 
Incremental Cassette Reflective Coatings 229 56 Digital Printers 247 62 

Recorders 254 63 Timing Cells 238 73 Disc Memories 244 62 
Keyboard Switches 37 71 Encoder-Counter Systems 207 54 
Memories 250 63 Incremental Cassette 
Minicomputers 248 62 MICROWAVES 

Recorders 254 63 
Readout Systems 3 Gov.IV Memories 250 63 
Semiconductor Memories 253 63 Coaxial Magnetrons 184 60 Memory Test Systems 257 66 DIP Attenuators 186 58 Minicomputers 248 62 L-Band Dup1exers 179 58 MOS-Wafer Testers 201 54 Phase-Locked Oscillators 187 58 Semiconductor Memories 253 63 DISCRETE SEMICONDUCTORS Power Amplifiers 178 58 Telemetering Systems 214 55 High Frequency Transistors 194 66 Varactor-Diode Testers 201 54 Magnet Diodes 239 73 
Photodetectors 242 73 MONOLITHIC/HYBRID ICs Phototransistors 192 66 CATV Amplifier Modules 181 59 TEST EQUIPMENT 
Power Darlingtons 14 19 CMOS Devices 12 12-13 Combined Multimeter/ Power Diodes 198 67 Dual Audio Amp ICs 190 66 Frequency Counters 209 54 Power Semiconductors 44 64-65 Dual Line Receivers 195 66 Curve Tracers 4 1 SC Rs 198 67 ECL Drivers 199 67 Digital Indicators 202 54 Thyristors 2~5 66 Keyboard Encoders 188 66 Digital Multimeters 36 71 

Line Driver I Cs 191 66 Eight-Channel Recorders 211 55 
Monolithic Phase Locked Electric Counters 205 54 

ELECTROMECHANICAL COMPONENTS Loops 197 67 Electric Counters 212 55 
Digital Printers 247 57 MOS Handbooks 17 32-33 Frequency Counters 36 71 
Incremental Cassette Op Amps 189 66 Frequency Counters 27 61 

Recorders 254 63 Operational Amplifiers 6 3 Impulse Generators 206 54 
Keyboard Switches 237 57 RAMs 20 42 Memory Test Systems 257 66 
Keyboards 219 56 Synchronous Receiver/Trans- MOS-Wafer Testers 201 54 
Motors 21 43 mitters 193 66 Oscilloscopes 4 1 
Panel Switches 38 71 TTLICs 196 67 Pulse Generators 208 54 
Precision Potentiometers 235 57 Pulse Generators 216 55 
Proximity Switches 222 56 Spectrum Analyzers 30 42 
Reed Relays 233 57 PASSIVE COMPONENTS/NETWORKS Static Electricity Detectors 217 55 
Rotarh Switches 227 56 High Megohm Resistors 231 57 Thermocougle Indicators 215 55 
Switc es & Potentiometers 255 66 Miniature Transformers 228 56 3-1/2-Digit ystem DPMs 200 54 
Time Delay Relays 10 10 Mylar Capacitors 45 51 Timing Meters 203 54 
Timing Controls 267 66 Open Transformers 30 67 True-RMs Power Monitors 215 55 
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One OEMxy recorder 
works at breathtaking speed. 

Inhale .. . exhale. It takes about 4.5 
seconds. Just about any XY recorder 
could chart the volume of air in a 
human breath-if docrors were willing 
ro settle for a flow loop the size of a 
half dollar. But they won't. In a breath 
analyzer, a small flow loop means 
imprecise, hard-ta-read measurements. 
And Hewlett-Packard 's new Model 
7041A High Speed XY Recorder is the 
only unit fast enough ro chart a large, 
accurate picture of the lung's "vital 
capacity." In real time. 

The 7041A is an OEM machine from 
the ground up, designed for speeds in 
excess of 30 in/ s. It's the only XY 

recorder built on a one piece, die-cast 
aluminum mainframe. And you can 
choose from nearly 40 independent 
options ro cusrom ize the recorder to 

your special application (standard or 
high speed). You'll get just what 
you want ... and only what you want. 

Our standard features make sense in 
any OEM system: Aurogrip electrostatic 
holddown, IC circuitry, long-life hybrid 
potentiometer, disposable pens and 
more. All the things we learned while 
pioneering the development of XY 
recorders for two decades. 

CHECK NO. 2 

H-P's new cast alum inum XY 
recorder : high accuracy at breathtaking 
speed. Make your own diagnosis, get 
specifications and discount data from 
Hewlett-Packard, 16399 West Bernardo 
Drive, San Diego, California 92127. 
Europe: 1217 Meyrin-Geneva, 
Switzerland. 

HEWLETT"' PACKARD 

112-01 
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whatever your computer says ... 

• 

PANEL DISPLAYS 

16/ 18 Character Position Panel, 5 x 7 Dot Matrix , Characters 0.4" High . 
Available as numeric only or alphanumeric panel with 64-character format . 

SELF-SCAN Panel Display Subsystem, 256 Character 
Capacity, 5 x 7 Dot Matrix, Characters 0.25" High. 
64-character format , available with all drive electronics 
including memory, character generator, and timing . 

Whether it 's a police officer in a patrol car requesting informa
tion on a suspect , an architect specifying coord inates for 
plumbing fixtures in a new building , or a type setter verifying type 
for a mail-order catalog , SELF-SCAN panel displays guarantee 
the most accurate transfer of data between the operator and 
the computer . If you need a computer display and demand 
error-free communications, follow the lead of Kustom Electronics 
(1) in Chanute, Kansas ; Science Accessories Corporation 
(2) in Southport , Connecticut ; Automix Keyboards (3) in 
Belleview, Washington , and the many other SELF-SCAN panel 
display users. Have a Burroughs salesman demonstrate his 
" terminal in a briefcase." You 'll see why the SELF-SCAN panel 
dispJay is the most effective man / machine interface device 
available today. 

Burroughs Corporation , Electronic Components Division , 
Plainfield , New Jersey 07061. (201) 757-3400 . 

Burroughs 
CHECK NO. 3 


