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1+1=1 
The Formula for Making 

Teledyne's New Dual 
Monolithic Transistor 

design needs fall into this 
category, call your local Teledyne 
field sales office or circle our 
inquiry card number for new 
application notes and data 
sheets. Teledyne Semiconductor, 
for high quality components, 
better prices and faster delivery. 

,, ., 

" 

Their No. 
2N2913 
2N2914 
2N2915 
2N2915A 
2N2916 
2N2916A 
2N2917 
2N2918 
2N2919 
2N2919A 
2N2920 
2N2920A 
2N2453 
2N2453A 
2N2642 

Our No. 
SA2913 
SA2914 
SA2915 
SA2915A 
SA2916 
SA2916A 
SA2917 
SA2918 
SA2919 
SA2919A 
SA2920 
SA2920A 
SA2453 
SA2453A 
SA2642 

Conventional dual trans istors 
consist of two electrically and 
physically isolated chips. When 
two transistors are diffused on 
the same chip, they act as a 
single device and out-perform 
the conventional transistor pair 
in all critical categories. Current 
gain is more closely matched 
and parameter and temperature 
tracking far surpass the per­
formance capabilit ies of the dual 
transistor. Graphically depicted 
below, Teledyne 's dual mono­
lithic transistor has much tighter 
thermal coupling over the con­
ventional pair by a factor of four. 
Teledyne Semiconductor has 
designed its dual monolithic 
transistors for superior per­
formance in differential amplifier 
type applications, so if your 
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,.'111111 SEMICONDUCTOR 

2 ' I t 10 12 1• 11 1' 20 V,, (VQll'I) 

12515 Chadron Ave. 
Hawthorne, Ca l if. 90250 
Pho ne : (213) 772-4551 
TWX: (910) 325-6217 

TELEDYNE FIELD SALES OFFICES: Palo Alto, California (4 15) 32 1-4681 • Hawthorne, California (2 13) 772-455 1 • Anaheim, 
California (71 4) 635-3 171 • Dallas, Texas (2 14) 357-0259 • Des Plaines, Illinois (3 12) 299-61 96 • Westwood, Massachusetts (6 17) 
326-6600 • Lutherville, Maryland (301) 825-1920 • Little Falls, New Jersey (20 1) 256-8557 • Wappingers Falls, New York (9 14) 
297-43 16 • Winter Park, Florida (305) 647 -7813 • Dayton, Ohio (513) 298-7207 • Liverpool, New York (3 15) 622 -2021 • Wiesbaden, 
Germany 370 243 • Hong Kong K 207764. 
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.. . lilce more capacitance in aluminum 'lytics? 

Get SPRAGUE Type 36D 

INFORMATION RETRIEVAL NO. 4 

POWERLYTIC® 
CAPACITORS 
• Large cylindrical electrolytic capacitors for use in digital computer 

power supplies, industrial control equipment, energy storage 

applications, etc • Low impedance construction • Largest 

case (3" die . x 8 Ya" high} provides 650,000 µF at 3 volts! 

• Can be operated at +85 C • Tapped No. 10-32 terminals simplify 

filter bank assembly • Available with or without outer plastic 

insulating sleeves • Request Engineering Bulletin 343 1 C 

4 SC - 9 153 R2 

... want high volume elf iciency in tubular 'lytics? 

Use SPRAGUE Type 39D 

INFORMATION RETRIEVAL NO. 5 

POWERLYTIC® 
CAPACITORS 
• Provide maximum capacitance in smaller cases 

with axial leads • No internal riveted or pressure connections 

•Welds at critical anode and cathode terminals •Molded 

end covers •Life expectancy of 10 years or more in normal 

service • Very low effective series resistance and 

leakage current • Request Engineering Bulletin 3415 

For Engineering Bulletins as noted above, write to : 

4 SC-9 154 R2 

Technical Literature Service, Sprague Electric Co., 233 
Marshall Street, North Adams, Massachusetts 01247. SPRAGUE® 

THE MARK OF RELIABILITY 
THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 

· O 



The plug-in go-between box. 
It makes your instruments a system. 

Just plug your instruments into one of 
our new Coupler/ Controllers and you'll 
have a complete data acquisition or 
automatic test system of your own. 

It really is that simple. 
Our 2570A and 2575A Coupler/ 

Controllers let your measuring instru­
ments communicate with digital 
printers, tape punches, teletypewriters 
arrd plotters. As well as with your 
voltage and frequency sources and other 
stimuli. And, you can process your 
measurements on-line with an HP 9100 
Calculator, HP 2100 series computer 

or a computer time-sharing system. 
Any kind of setup you want to 

assemble goes together simply, quickly 
and inexpensively, by plugging the 
proper interface cards into the Coupler/ 
Controller. Control of your system can 
come from a pinboard within the 
Coupler/ Controller, a punched tape 
loop, the HP Calculator or Computer, 
or from the time-shared computer. 

Price of the 2570A Coupler/ 
Controller, which can interface up to 
eight devices simultaneously, is $1875. 
For smaller systems, the 25 75A, at$1275, 

Circle Reader Service #3. 

interfaces up to four devices. Interface 
cards range from $450 to $1775 . 

Data sheets on the couplers and in­
terface cards, and technical information 
on instrumentation, calculator and time­
sharing applications are available from 
your HP field engineer. Or write 
Hewlett-Packard, Palo Alto, California 
94304 ; Europe : 1217 Meyrin-Geneva, 
Switzerland. 

06007 

HEWLETT"' PACKARD 

DATA ACQUISITION SYSTEMS 
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Cover: Beca use the methods used to reprodu ce integrated c ircuits 
photographi ca ll y have been too sl ow or suffer from excessive aberrati ons, 

several companies have been looking to the laser for a solution. One 
of t hese compani es is RCA. At RCA 's Zurich Labs., work has been progressing 

on a meth od of holograph ic image mu ltip l ica tion wherein a transparency 
is rep rod uced the number of times required in a single optical imaging step . The 

resoluti on obtained at present exceeds 4 microns . The cover 
photograph was achieved by pro jecting the image di rect ly onto the 

ca mera lens , instead of an IC wafer . (Photo by Eri ch Hartmann) 

54 Desi gn Features 
59 IC Ideas 
63 New Product Features 
64 New Products 

67 Microwor ld New Products 
69 Literature 
73 Ad vertis ing Index 
74 Abstracts 

30 A WAY OF THINKING ABOUT MEMORIES By Stephen A. Thompson 

Streamline choosing the idea l memory for you r spec ial appli ca tion with a brand new aid-the 
Thompson chart. Us ing ca pacity , perfo rman ce, and pr ice. and th ree basic assumptions, your 
memory choice can be eased . 

43 POMEROY'S COMPLAINT By Roger D'Apri x 

In a not-too-fa r-from-true-l ife playl et. Fred Pomeroy, unemployed engineer . learns the facts of 
li fe from the infa mou s Dr. Fri ed, industrial psychiatrist. As Pomeroy wa lks into the sunset. he is 
a wiser man fo r a few basic ground rules from Dr. Fried . 

OPTOELECTRONICS-PART 3b 
49 MORE APPLICATION IDEAS 

We 're adding more ideas fo r applyi ng yo ur optoelect ro nics expertise picked up in ear l ier in­
sta ll ments bf this popular course. From earth mov ing to saving li ves , the design possibi l ities are 
almost infinite . 

54 MEASURE IMPEDANCE THE EASY WAY ... 

USE A VECTOR VOL TM ET ER By J R. Heck 

In the past. impedance and admittance bri dges, elaborate co rrecti on for m ulas, and an extra step 
in the case of VSWR. would give you impedance and VSWR va lu es. Now, a vector vo ltmeter and 
Smith chart curves will solve your proble ms wi t hout calcu lations. 

59 IC IDEAS 
A sure start square wave oscillator by Jack Cramer and Ed Matsumoto 
A low cost microwave field strength meter by J. Agnew 
Convert BCD 8421 to self-co mplementing BCD 2421 by J. V. Sastrey 
Mid-value selector doubles as a voltage limiter by Adrian Moses 
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TM KEPCO TALKS 

POWER SUPPLY 
TECHNOLOGY: 

FERRORESONANCE ... 
the key to simple stabilization 

In this age of high gain, solid-state integrated fee dback 
circuit, it is easy to overlook the simpler ways of con­
trolling voltage and current. The ferroresonant flux-oscil­
lating power transformer, used as the control for a d-c 
power supply, provides an extremely simple-therefore 
reliable- stabilizer that suffers no risk of the overvoltage 
danger to which so many loads are so vulnerable. 

A ferroresonant system consists of two coils on a com­
mon core separated by a magnetic shunt. The primary 
coil is permitted to function linearly, while the secon­
dary is paralleled with a resonating capacitor to excite its 
iron into saturation on alternate half-cycles. The shunt 
provides a flux path for the secondary so that the pri· 
mary is not saturated. 

The voltage waveform across the tank has a roughly 
square aspect because the iron transition from unsatu­
rated to saturated state is a rather abrupt phenomenon 
triggering a rapid discharge from the capacitor (whose 
energy then builds the flux in the reverse direction) . 

When rectified , this square waveform presents a much 
smaller peak/average ratio to a capacitor input filter, 
resulting in a much lower output impedance and smaller 
ripple amplitude than would an equivalent sinusoid. 

Because the tank's voltage, which controls the output is 
independent of the driving source amplitude, the load 
voltage is entirely a function of the magnetic structure 
with about 30 dB or more isolation from source changes. 

RESONANT LC TAHK 
SECONDARY 

PRIMARY FLUX 

SATUllATED FLUX 

RESONANT LC 
TANK 

SECONDARY 
OUT 

THE FERRORESO NANT POWER TRANSFOR MER WITH ITS TANK CAPACITOR STABI LIZES A 
d-c OUTPUT WITH A MIN IMUM OF FUSS ANO BOTHER ; ANO A MAXIMUM OF RELIABILITY 

The ferroresonant approach, in addition to providing sta­
bilization versus the source, and a reduced load effect, 
through lowered impedance, is also self-protecting for 
overloads. Short the output and the lowered tank " Q" 
causes the tank oscillations to diminish and cease . This 
provides a current limiting effect which protects both 
supply and load. 

Power Supplies with the Kepco ferro resonant trans­
former, Flux-0-Tran®, range from 60 watt modules to 
300 watt supplies in single and dual output configu­
rations. The Kepco PRM Series has 58 models in all from 
4.5V d-c to 240V d-c, easily tailored to your application. 
Check out their advantages in your circuit. Get Kepco 
Catalog B-703. 

Write Department D0-19 

KEPCO, INC. • 131-38 SANFORD AVENUE• FLUSHING, N.Y. 11352 
(212) 461-7000 • TWX #710·582-2631 
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LOW- COST, SOLID STATE 

AC RELAYS 

To Turn on: 

MOTORS SOLENOIDS 

Choose from 70 new SPST Solid State Relays 

SERIES 601 FEATURES: 

• Amazingly low cost 
• 1-10 AMPS at 140 V RMS or 280 V RMS 
• Drive directly from TTL logic 
• Total isolation between control and load circuits 

(4-Terminal Network) 
• All solid state (NO REEDS) 
• Zero voltage switching available to minimize RFI 
• Transient protected on input and output 
• PC board or screw terminal mounted 

LI GHTS HEAT ERS ETC. 

r- INPUT 
~T_':!_UMBERING (Economy Line) __ _ 

(CONTROL) OUTPUT OUTPUT (LOAD) CURRENT RATING & PART NUMBERS 

VOLTAGE VOLTAGE 1 AMP 3 AMP 5 AMP 7 AMP IO AMP RANGE RATING ----
601 -1001 601 -1002 601 -1003 
601 -1006 601 ·1007 601 -1008 
601 -1011 601 -1012 601 -1013 
601 -1016 601 -1017 601 -1018 
601 -1021 60I · I022 60I · I023 
60I -1026 601 -1027 60I -1018 
60I -I03I 60I · I032 60I · I033 
601 -1036 60I · I037 60I -I038 60l · I039 

NOTE. Add "P" to P/ N for pnnted c1rcu1t (pm) mounting on ly. 

ECONOMY LINE PRICE / QUANTITY (Typical) 

60I -I040 

LOAD -- - QUANTITY - - J 
Amps @ 140 VAC 10 · 24 ~ 1000 - 2499 -

_31 - ---+- $I 2.20 $8:75 - $ 6 65 
f--- I3 .50 ""9}0 - - 735 

5 I5 .30 loYo -- ~ -
7 I6 .60 - ~- 880 

IO I8 .45 I1.80 9]5-

PART NUMBERING (Zero Voltage Turn-On) 
-

INPUT OUTPUT (LOAD) CURRENT RATING & PART NUMBERS 
(CONTROL) OUTPUT 1--- --- - --.-- -VOLTAGE VOLTAGE 

RANGE RATING l AMP 3 AMP 5 AMP 7 AMP IO AMP 

3·8 voe I40 VAC 60I -1IOI 601 -Il02 60I · ll03 60I :JT04" -60I · ~~ 
280 VAC 60I · Il06 60I · lI07 60I -Il08 601 · 1109 601 ·1 llO ---
I40 VAC 60I · Illl 601 ·111 2 601 -1113 601 -1Il4 601-1115 7-85 voe 
280 VAC 601 -1116 

--- 6olTI18 60I · llI7 601 -lI 19 60I -1I 20 

90 -280 VAC 
I40 VAC 60I · lI2I 601 -11 22 60I · ll 23 601 · 1114 ~ 280 VAC 60I -1116 60I · 1127 60I · ll28 60I · ll 29 601 ·1.!_3!!__ 

ZERO VOLTAGE TURN-ON LINE PRICE / QUANTITY (Typical) 

:~~9 -
83 --

55 
50 

LOAD QUANTITY 
Amps @ 140 VAC IO · 14 IOO . 249 1000 . 

1 $21.60 $I5 .00 $II. 
3 22 .95 - I5 .94 I2. 
5 24.30 

I-
16.88 

--
11. 

7 25.65 17.8I I3 . 
IO 27.45 I9 .06 I4 

For complete information on quantity prices and delivery, call your nearest 
Teledyne Relay Distributor - or us. 

TELEDYNE RELAYS 
3155 West El Segundo Boulevard, Hawthorne, California 90250 •Telephone (213) 679-2205 
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Jobs, concern and leadership 
The year 1970 will certainly be remembered as the year of the slump, the year 
when unemployment a mong electronic engineers reached an all-time high of 
almost 10%, the year when American manufacturers of electronic equipment 
saw their sales shrink while costs continued to rise. While the prospects for 
197 1 aren't any better , there is no question that the products and services of 
e lectronic companies must be in high demand in this deca.de. 

If so, if in the I 970's the world will need the technology of our industry and 
the brainpower of our engineers, shouldn 't the engineers be employed NOW, 
when the products must be developed? They cert ai nly should . However , in this 
com petitive technologica l world of the l 970's, American electronic companies 
will need more than just the natural incentives provided by the Free Enterprise 
system. And the reason they need help is that they a re competing with manu­
facturers from other countries whose governments give them positive econom­
ic help to conq uer new markets . 

For this reason, we have engaged in a campaign to make our government 
a ware of the plight of our engineers, and of the opportunities for electronic 
companies which could not onl y so lve the engineering unemployment prob­
lem, but a lso help our exports of electronic equipment. First , thi s magazine 
endorsed an init iative by Mr. Benj amin Friedman, President of Solitron De­
vices Inc., who back in August 1970 wrote an open letter to President Nixon 
bringing to his attention the plight of engineers who lost their jobs in defense 
cutbacks. 

Then , this editor visi ted leaders from many electronic companies across the 
country, as well as officia ls from the Department of Commerce, to discuss 
a nd single out the opportunities that the l 970's a re a lready offering in the de­
sign of data terminals , video recording, and co mmunications equipment, to 
name a few, and to en list their aid in presenting the industry's case to govern­
ment. 

Also, we contacted editors of other electronic magazines and agreed with 
some of them to cooperate in bringing the engineering unemployment prob­
lem to the a tten tion of government officials. As a first step , we have requested 
a n audience with Senators Warren G. Magnuson a nd Norris Cotton (of the 
Senate Com merce Committee), bringing to their at tention the following para­
dox : 

"While at least 35,000 engineers ( 14,000 of them electronic) have been laid off 
from defense and aerospace industries , the United States will import from Ja­
pan about 80% of the electronic ca lculators it will use in 197 1, for an esti­
mated $ 185 m illion . Since both the development and manufacture of elec­
tronic ca lcul ato rs requires precisely the kind of skill s mastered by many of the 
enginee rs who a re la id off, doesn' t it follow that , had American manufacturers 
been able to compete wi th Japanese manufacturers , there would have been 
more jobs avai lable to the unemployed engineers? And, even if we write calcu­
lators off, the same jobs can be made availab le by the manufacture of data ter­
minals , video recording, pollution control instruments , communications 
eq uipment , medical instrumentation and teaching machines ." 

There is a long and d ifficult road ahead, not onl y for the industry in weath­
ering the hard ti mes next year , but a lso in convincing the proper authorities of 
our need fo r help , and in obtai ning meaningful and constructive help. But we 
are wi llin g to tread that road because on it depends not only the health of our 
indust ry and the job of many of our readers, but a lso whether or not the 
Un ited States will con t in ue to be a techn ologica l leader in the 1970's. 

Ar ix-t-fo S()co/011.r'4 
Editor ( 
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The new UM4000 Series 
is available in a variety of 
packages in voltages from 100v 
to 600v at the lowest prices in the 
industry. (as low as 89c in 10K lots.) 
Such features as low losses, low thermal 
impedances, low parasitics, low distortion and high reliability make 
them ideal for applications from LF to S band. They're especially 
suited for switches, duplexers, TR switches, receiver protectors, digital 
phase shifters, attenuator circuits and AGC loops. For fast action, 
call Steve Nannis collect at (617) 926-0404. 
Unitrode Corporation, 580 Pleasant Street, Watertown, Mass. 02172. 

[1UJ U N IT R 0 D E quality takes the worry out of paying less. 

Circle Reader Service #8. 

r-------------------------~ I Unitrode Corporation 

I 
I 
I 
I 
I 
I 
I 

Inquiry Processing Dept.120, 63 Atlantic Ave ., Boston , Mass. 02110 

D Please send me free UM4001 sample as well as Application Bulletin and 
complete specs. 

NAME _____________ TITLE. _ ______ _ 

COMPANY ______________ ___ ____ _ 

ADDRE SS __________ ___ _ _ _____ _ _ 

CITY ___________ STATE _______ ZIP __ _ 

~-------------------------~ 



UPD-D\TE 
Connect with this thinking ... N. B. Shain, Free Lance 
Co nsult an t, made the following comments at the recent 
connector sympos ium : contact resistance of connectors 
will no longer be a prime co nsideration in many appli­
cations- instead , attention will be directed to impedance 
because of the movement to higher pulse rates. And, be­
cause of their terminal len gths and inherent Z effects, sol­
der connections wi ll be replacing wire wrapping . 

Information processing . .. An approach to computer de­
sign that embodies an array of independent hardware ele­
ments- processors , peripherals, and controllers- inter­
connected through an exchange network and operating in a 
d ynamically se lf-regulatin g ma nner was announced by 
Burroughs. The Burroughs " 700" system consists of three 
series- the B5700 which offer s an a uxiliary memory sub­
system, a sha red disk system, and a new data communica­
ti ons processor ; the 6700 which has greater speed, more 
processo rs and a new memory capability (as compared to 
its predecessor) ; a nd the B7700 which is a fast paralleled 
process system with good versatility of configuration . 

A skin tan? . . . Amana Refrigeration , Inc . is the first to be 
clea red by HEW of producing units that a re safety hazards 
(microwave ovens) . Amana President , George Foerstner, 
believes that this hazzard has been blown out of proportion 
by publici ty-seekers . He has enlisted the support of radi­
a ti on ex pert Dr . J a mes Yan Allen of the University of 
Iowa , who says, " My judgement of its hazard is about the 
same as the likelihood of getting a skin tan from the moon­
li ght. 

Talk about growth ... The Korean GNP grew in real 
terms in 1969 by 15 .9%, the la rges t ever recorded in the 
world, outpacing Japan 's record high of 15.5% in 1961. 
The electronics industry was no small contributor to the 
growth . Exports of electronic goods to the U.S. jumped 
from $19.4 million in 1968 to $41.9 million in 1969. 

Its realistic ... The Cond uctron Co rp . has delivered a 
co mputerized locomotive simulator to the Southern Pacif­
ic ra ilroad for training engineers. The student engineer op­
era tes a n exact rep lica of an engine an d is surrounded by 
very rea list ic audio and visual inputs that duplicate por­
tions of SP's routes. The cab is hydraulicall y actuated to 
simula te a ppropriate train motion . 

NASA the book publisher . .. NASA , from its knowledge 
of many techn ologies, has some best seller books on their 
hands. The latest is a book called "Contaniination Control 
Ha ndboo k," a 400-page manual that tells manufacturers 
how to produce, pack, and deliver super-clean , uncon­
ta minated products. This book is avai lab le throu gh the 
Clea ringhouse for Federal Scientific and Technical Infor­
mation , Springfield, Ya ., for $3 .00. Two other best sellers 
a re "Selected Welding Techniques" and "Soldering for 
Electrical Co nnection ." 
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Light lines . .. Commercially operati ng fiber-optic tele­
phone and TV transmission systems, accord ing to the engi­
neers of ITT's Briti sh subsidiary, STL, are anticipated 
within the next five years . STL has developed a single­
mode optica l waveguide fiber with dimensions ideal for 
very wide-band communications. Optical systems are pos­
sible with bit rates in each pair of fibers from 100 to 500 
Mb/s ( 1500-7500 telephone channels). Systems capacity is 
expected to increase I to 2 Gb/s (30,000 two-way phone 
channels) per fiber pair. 

Help is on the way ... Two professional societies have de­
veloped employment services to help their out-of-work 
members. The American Institute of Aeronautics and As­
tronautics has a Professional Referral Service, which will 
li st unemployed engineers and avai lable jobs. A simi lar ac­
tion was ta ken by the National Society of Professional En­
gineers with their recent launching of PEERS (Profes­
sional Engineers Employment Referral Service). Accord­
ing to NSPE, unemployed or soon-to-be-unemployed engi­
neers will fill out a short resume and return it to the na­
tional headquarters . These resumes are then compi led and 
assigned a code number before being sent to more than 
1000 firms. If the firm is interested , it can contact NSPE 
for more information . 

You can be sure . . . Westinghouse Electric Corp. is mov­
ing into the commercial computer field . Taking advantage 
of its in-house capability, the company has announced its 
first general purpose machine, the 2500. The 2500 has a 
16-bit word, 850 ns cycle time, and 4k words of memory 
expandable to 65k words . First deliveries are scheduled for 
the second qu arter of 1971. Westinghouse will build the 
computer at a new installation in Orlando, Fla . The new 
plant wi ll have 100 people by the end of this year and will 
add 300 more employees during 1971. 

A standard credit card ... A proposa l that provides for 
standardization of credit-card specifications has been ap­
proved by the ANS I Committee X4, Office Machines and 
Supplies, a fter nearly two years of work . The proposal in­
cludes specifications for credit cards; alternate specs where 
name and address are required; a lternate specifications for 
small size cards; and a credit-card account numbering sys­

tem . Free copies of the proposed standard may be ob­
tained from BEMA, 1828 L St. , NW, Washington, D.C. 

All number one ... A lmost immediately after Sylvania 
Electric Products In c. announced that it would phase out 
semico nductor manufacturing operations, a t leas t five oth­
er co mpanies stepped in. One of the product lines being 
dropped by Sylvania is their S uhl I and 2, encouraging the 
oth er manufacturers to claim th at they are now the num ­
ber one Suh! manufacturer. Which one really will be the 
Suh! leader remain s to be seen. 
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nd make your work a lot easier. 
~t...'0"'<..~~ nitro e's new industrial 10 Amp silicon planar NPN Darlington 
~~ · t tors offer you the advantages of a monolithic two transistor 

circuit for less than the price of comparable discrete devices. 
They're ideal for high gain switching applications such as print 
hammer drivers, solenoid, servo and lamp drivers and for 
amplifying applications such as motor controls and linear 
amplifiers. They're available in two hermetically sealed metal 
packages - a lead-mounted T0-33 (U2T101) and a chassis­
mounted T0-66 (U2T201 ). Both utilize overlay (multiple emitter) 
techniques on driver and output transistors. Saturation voltage is 
1.SV max. @SA and current gain is 2000 min @SA. Collector­
Emitter voltage ratings are available up to 1SO volts. U2T201 has a 
power dissipation rating of 2SW@ a case temperature of 100°c. 
For whatever Darlington application you have, Unitrode ¢-Line 
Darlingtons are more efficient and less expensive than any other 
method of performing the function . Why not make us prove it? 
(U2T101 is $2.7S ea. in lots of 100.) 
For fast action, call sales engineering collect at (617) 926-0404 
Unitrode Corporation, 
Dept.12D, S80 Pleasant St. , Watertown, Mass. 02172 [1!JJ Free samples on request. 

-• U N IT R 0 D E quality takes the worry out of paying less. 
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UPD-D\TE 

Computer card reader 
RCA has developed a stationary card 
reader composed of a flat array of 960 
photosensitive elements, auxiliary com­
ponents and interconnections, and a 
light-sensitive thin-film circuit, all de­
posited on a 4 x 8 in. plate of glass. The 
reader follows a layout of 12 rows of 80 
e lements each, matching the 960 posi­
tions on a computer card. 

When a card passes through the read­
er, photoconductive elements sense the 
light passing through the punched holes . 
This then triggers the necessary signal. 
Each of the 960 elements in the sensor 
array consists of a "lateral -flow" photo­
conductor in series with a thin-film 
Schottky diode connected to mutually 
perpendicular address strips . Diode ac­
tion is obtained from the diss imilar con­
tacts to the photoconductor . 

Lookout behind 
Anti-collision devices for automobiles 
are big in the news, but unfortunately 
that 's the only place they're big at the 
moment. Many companies, large and 
small, are working on anti-collision de­
vices, most of which use some form of 
radar. 

But there's a new one that's different. 
It 's an ultrasonic detector that automat­
ically warns a driver when another ve­
hicle is approaching from his left or 
right rear blind zone. The system, de­
signed to be installed in a side mirror or 
in the rear light assembly of a vehicle, 
responds to noise generated by engines 
and tires . A signal sensed by the small 
receivers triggers a dashboard-mounted 
warning light when a vehicle traveling at 
least 35 mph comes within 25 feet of a 
protected car . 

With an ultrasonic system, it is possible 
to have "eyes in your behind " when driv­
ing. Here. noise from an approaching ve­
hicle triggers a warning li ght on the 
dashboard. 

10 

Sound moves light 
Much research is being done toward use 
of guided light waves in thin film struc­
tures. (The Electronic Engineer, p. 14, 
Sept. 1970). Hopefully, this will lead to 
a high information-carrying capacity of 
I aser I igh t. 

With the use of laser light, IC meth­
ods could be used to fabricate complex 
dielectric optical waveguide networks 
on film surfaces . Switching would con­
trol light once it had entered the surface 
of a thin glass film . 

Surf ace 

Undef lected 
optical wa ve 

Glass f i lm 
light guide 
(0.8_..Thick) 

By using surface acoustic waves, IBM 
research Scientists have achieved a 
bending or deflection of laser light in a 
lhin glass film. A 6328A laser light was 
coupled by diffraction into an optical 
light guide. The guide was made of a 
thin glass film deposited on a quartz 
crystal substrate. On the Crystal sur­
face, at right angles to the optical 
guided wave, an acoustic surface wave 
of about 200 MH z frequency was 
propagated . The acoustic wave was not 
disturbed by the glass film light guide 
because of its "thinness," which is much 
less than the wavelength of the ul ­
trasound . 

The acoustic wave produced a period­
ic strain in the film, causing deflection 
in the film plane of the optical wave 
being guided through it. A maximum 
deflection efficiency of 66% was ob­
tained for 0. 18 W of acoustic power. 

Pressure packaging 
How many times would you have liked 
to put your package into a vise to 
sq ueeze it into a sma ller size? Well , 
here 's one company that almost did the 
same thing. 

A rugged, new com puter smaller than 
a desk telephone- but with an 8192-word 
memory of 18-bit words- was made 
through new packaging by the Bunker­
Ramo Corp. 's Electronic Systems Divi­
sion in Westlake Village, Ca lif. 

As a resu lt of Bunker- Ra mo's pro­
prietary Planar Coax packaging, the 
tiny computer offers redu ced main­
frame, memory, and input/o utput units 
equiva lent in size to soap bars. 

This packaging method provides a 
means for coaxia ll y interconnecting cir­
cuits in extremely dense packa.ges with 
negligible heat and cross-ta lk problems. 
All fabrication is by batch processing, 
with no plug-in cards. 

- ...... ...... - - ~ -
i=:-. ~ ~ ::. :~ .::-... :. ------- - - - -- - - -

,.. - - - - -- -- ....... - -~ - - -~ --- -- ----- -- -~ ------------ ·--_., ____ ..... .._ _____ --
Close-up oi component mounting wafer 
in proprietary Planar Coax packaging 
shows dielectric ridges over buried , 
c ross-talk-proof leads. By stacking wa­
fers, interconnects are made in all 
planes-X, Y and Z. 

All devices are built up from three 
basic wafers: 
D Component wafers 
D Interconnect wafers 
D Connector screen wafers 

The component wafers are mounted 
on the integrated circuits and prov ide 
leads from the !Cs to the rest of the 
planar coax system . The interconnect 
wafers provide coaxia l X, Y in ter­
connections as needed. Final ly, the con­
nector screen wafers provide coaxial Z­
axis interconnections between the co m­
ponent and interconnect wafers. Then 
the three types of wafers are stac ked 
vertically to provide a finis hed system 
with !Cs mounted and interconnected . 
The completed stack is held together by 
high mechanical pressure but may be 
easily disassembled for repair or modi­
fication. 

Wafer sizes range from I- th ro ugh 

3-in . squares . The vertical stack height 
varies from a fraction to several inches. 
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Time to 
settled 

ts'" < JOOnsec 

In only 300nsec. the new :Model 1025 
FET op amp reaches 0.01 % of final value. 
l\1odel 1019 takes just 200nsec. longer. 

Both of these new FET op amps are ideal for Model 1025 is a FET input op amp designed 
high speed analog applications such as A/ D for inverting applications where very fast 

conversion , peak detection , high speed settling time and economy are desired . In 
integration, coaxial line driving and fast addition to its 300nsec. to 0.01 % settling time, 

sample and hold circuits. the 1025 features a slew rate of 500V I µ.sec. 

Model 1019 is a differential FET op amp and a high output current of 50mA at + 1 OV. 

featuring, in addition to its 500nsec . to 0.01 % If you don 't want to settle for less than the best, 
settling time, a 1 OOOV I µ.sec. slew rate and a contact your local TPN representat ive or 

high gain-bandwidth product of 100 MHz . .------. Teledyne Philbrick Nexus, Allied Drive at 
Other characteristics include: a full power Route 128, Dedham, Mass. 02026. 

frequency of 10 MHz, a CMRR or 100dB, Tel. (617) 329-1600. 
and a low bias current of - 50pA. Prices F.O.B. Factory U.S.A. 

Send today for complete specs and new Product Guide. 

-,~TELEDYNE 
PHILBRICK NEXUS 
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What makes ours 
the world's best MOS? 

Unique features. 
Like PSG passivation, 

cerdip, MOSAB. 
Things that make Philco® MOS the most 

reliable on the market. 

First, our PSG passivation. We apply a 
unique phosphosilicate glass over the entire 
surface of the chip-not just over the metalliza­
tion. This produces the most trouble-free MOS 
you can buy. 

All-over PSG passivation Passivation over metal only 

The Electronic Engineer • Dec. 1970 
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Our special PSG process ends surface ion 
migration and eliminates field inversion voltage 
effects-the "Fahrenheit freakout" that can 
cause all sorts of logic errors when chip tern- ...... 
peratures rise. It also prevents corrosion, 
scratched metallization, and bridging of metal 
lines by stray conductive particles. 

And PSG's high-temperature capability 
..... lets us give you MOS in cerdip-the low-cost 

Sealing cerdip at 550° C 

hermetic packaging that meets all the environ­
mental requirements of MIL Standard 883. 

Then there's our patented MOSAB input 
device. It ensures permanent over-voltage pro­
tection at every input on every circuit. In con­
ventional MOS circuits the voltage limit in­
creases each time there's a transient surge, as 
shown on the curve tracer. Until eventually ...... 
there's no over-voltage protection left. 

These all add up to yields that are double the industry 
average •.• from a plant that can make up to a million 
perfect chips a week. And that means top reliability at 
attractive prices. See for yourself. Write Philco-Ford 
Corporation, Microelectronics Division, MOS Marketing, 
Blue Bell, Pa. 19422. (215) 646-9100 . 

Or call our nearest sales office: Los Angeles, Calif., 
(213) 641-8105· Palo Alto, Calif., (415) 321-8740 •Melrose 
Park, Ill. , (312) 345-1000 •Burlington, Mass., (617) 272-
1600 • Dearborn, Mich., (313) 323-3797 • Union, N.J., 
(201) 686-7512 •Syracuse, N.Y. , (315) 422-3154 •Dayton, 
Ohio, (513) 223-1832 •Don Mills, Ontario, (416) 444-2541. 

The better idea people in MOS. 
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Cut the Size of Your II 
·Power Supply in Half with Fast, High-Voltage 

I Transistors from RCA. 

Conventional 5 V, 25 A Supply 

I 
I 
I 
I 
I 
I 

I 
I 
I • 

New 5 V, 50 A Supply 

RCJI 
For details and application note, write: RCA, Commercial Engineering, Section 59L /UT14, Harrison, N.J. 07029 
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A good bench DVM 
is fast 
and accurate ... 

A great bench DVM 
is fast, accurate, 
and easy to use! 
HP's 3480 is a great bench DVM. Simple, foolproof con­
trols and full , five-decade autoranging reduce operating 
effort and errors. Fast response time and low noise make 
millivolt adjustments easy. And high noise rejection 
makes the last digit fully useable. 

Low injected noise will not disturb the circuit under 
test. And constant > 1010 !1 input resistance on the lower 
three voltage ranges reduces loading errors. 

The digital readout display is presented in standard 
format for easy reading , easy understanding ; i.e., + 143.17 
mV- not backwards, or inside out. Other convenience 
features include a sampling-rate indicator and a manual 
trigger for quick one-shot samples. 

Options and plug-ins are available to give you com­
binat ions of five DC ranges, five true-RMS AC ranges, 
and six ohms ranges. And you pay for only the capabili­
ties you want. Prices begin at $1500 for five ranges of 
fully autoranging DC. 

For further information, contact your local HP field 
engineer, or write to Hewlett-Packard, Palo Alto , Califor­
nia 94304. In Europe : 1217 Meyrin-Geneva, Switzerland . 

(; !• 

I 4 8 f) 1 

HEWLETT"' PACKARD 

DIGITAL VOLTMETERS 
090/ 45 
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PUT THE 
SWITCH 
WHERE THE 

WITH SWITCHCRAFT PENDANT SWITCHES 

FOR REMOTE CONTROL VERSATILITY 
Now, an all-new, ultra-versati le line of Pen­
dant (Cord) Switches for control, indicat­
ing, counter and data entry applications 
without costly re lays or custom engineering. 
A host of never-before-available featu res 
give remote switch ing the kind of re liable 
action, long life and broad range of f unctions 
you'd expect on ly from console-mounted 

CORDMASTER SERIES 

Most versati le line ever created. Top or edge 
button operation; exclusive remote lighting, 
standard i l luminated, or non-il l uminated 
models. Four different functions ( including 
remote release), with choice of 5 different 
circuits. Lightweight styled to fi t the hand . 
Accepts cables up to .270 diameter. 

leaf-spring switches. By all odds, the best 
looking switches of their type-in a broad 
range of consumer- or industrial-oriented 
colors. Choose f rom momentary non-locking 
action, locking, push -to-lock / push-to­
release, or locking with remote electrical 
release ... with standard circuitry arrange­
ments from 1-A to 2-C plus 2A 

CORDETTE SERIES 

Standout sty ling in a momentary-action re­
mote switch with choice of A, B or C contact 
arrangements. Any length standard 2- to 
4-conductor cable can be permanently molded 
on; or switch supplied with standard phono 
plug termination for use with any phono-jack 
equipped cable. 

WRITE FOR BULLETINS £-534, E-537 and 165 
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5539 No. Elston Ave ., Ch icago, Ill. 60630 

Ca nada: At las Radio Corp., LTD ., 50 Wi ngold Ave., Toronto, Canada 

Circle Reader Service #14. 

Here is your 
copy of a brand new 

reference chart 
sponsored by 

RCll 
Memory Products Div. 

GUIDE TO 
MAIN FRAME 
MEMORIES 

CHART 

Tear it out, ~ 

NOW 

... and 
mount it on 

your wall 

If the chart has been 
removed , Circle Num­
ber 41 on the Inquiry 

Card for a copy. 
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Who speaks for EEs 
in times of crisis? 

Sir : 

I commend you on your editorial 
"Who speaks for EEs in times of cri­
sis?" [The Electronic Engineer, Sep­
tember 1970, p. 7.] An article in the 
Boston Globe on August 16, 1970 by 
Col. R. D. Heinl, Jr. stated ... "Rus­
sia will have outstripped the United 
States in every meaningful military 
and technological field by 197 3 ." We 
must do everything we can to prevent 
this. 

Max W. Clere 
Sharon, Mass. 02067 

Roll up your sleeves 
Sir: 
It seems to be characteristic of the 
times we live in . Individuals with mu­
tual bonds of political ideologies, ethnic 
backgrounds, occupations , or economic 
levels band together and "demand" jus­
tice, their rights, or just a bigger piece 
of the pie from their particular author­
ity image . This authority image can be 

parents, school administrations, police, 
or the federal government. 
Your editorial, "A ca ll for action" (The 
Electron ic Engineer , October 1970) , 
asks the electronics industry to join the 
parade of whiners with pa lms out­
stretched for federal subsidization. Call 
it "sponsorship" or "cooperation" or 
whatever, it still amounts to the same 
thing . 
During the past twenty years the elec­
tronics industry has enjoyed meteoric 
growth and prosperity .... enjoyed it as 
a glutton enjoys a seven cou rse meal 
with double servings. At every manage­
rial , administrative and technical level 
the industry as a whole has become fat 
and lazy . Why? For the simple reason 
that nasty old Uncle Sam gave us too 
much money to play with and we were 
too immature to handle it properly. 
Ah, those were the good years. Those 
were the years of abu ndant CPFF con­
tracts . Those were the years of over­
staffing and over-spending condoned 
and even encouraged by the govern­
ment. ("Better tell the contractor on the 
Belch Project to put fifty more engi-

neers on the job. If we don't spend our 
budget, they ' ll cut it next year.") 
Shortage of engineers in the '60s? A 
myth. Possibly there was a shortage of 
good engineers. Certain ly there was a 
shortage of mature, responsible and in­
dustriou s engineers. Here, Management 
must also share the blame. We engi­
neers took our cue from them. 
What's that your Reader says, Mr. Edi­
tor? "Well , he certain ly can't be talking 
about me," The hell I can't. I'm ta lking 
about him and me and all of us. The 
present situati on call s for us to get up 
off of ou r overstuffed rears and roll up 
our sleeves. The situa tion calls for crea­
tivity, imagination and leadership . The 
situation does nor cal l fo r a federal 
handout to accomplish for us what we 
s h o uld have been accomplis hin g 
through our ow n initi a ti ve while the 
gravy train was sti ll rolling . 

J ames LaMar 
Annapolis, Md . 

Letters to the editor are published at the 
discretion of the magazine . Please say so 
if you do not want to be quoted . Signed 
letters have preference over anonymous ones . 

MS-180 FREON ® TF Degreaser increases 
the reliability of electronic equipment by 
removing grease and dirt . Use MS-180 on 
the production line or in your maintenance 
program to clean up assemblies, compo­
nents and connections. It's safe to apply 

even while equipment is operating. 
MS-180 is available in 16-oz. cans for 
plant use, convenient 6-oz. cans for field 
service kits. You can try it-FREE-merely 
by writing for a sample on your company 
letterhead. 

@ mlller-stephenson chemical co.,lnc. 
Route 7, Danbury, Conn. 06813 

®DuPont TM 
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0 I'm drooling. E. E. 12/70 

Get me CC-50 and CEX-50 data immediately. 
0 Take your time. 

I only need CC-50 and CEX-50 data for my archives. 
Name. ____________________ _ 

Position ___________________ ~ 

Company __________________ ~ 

Street ____________________ ~ 

City _______ State, _______ Zip ___ _ 

Lockheed Electronics Company 
Data Products Division 6201 East Randolph Street, Los Angeles, California 90022 
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A way of thinking about 

MEMORIES 
Dollars, speed, and many bits­
memories are made of this 

Steve Thompson Western Editor 

Looking at a pile of product spec sheets and price lists, 
a semiconductor memory user could easily be over­
whelmed by an impression of chaos. With the aid of a 
few basic assumptions, however, all of this data can be 
correlated, and individual memories can be compared. 
These assumptions are carefully explained below. And 
after looking at the charts, you'll see that their validity 
lies in the uncommon regular linearity of the resulting 
plots over many orders of magnitude. 

Assumption 1: The memory user is concerned pri­
marily with three things: capacity (number of bits), 
performance (speed), and price. Factors such as power 
dissipation, Mos-bipolar compatibility, reliability, pack­
age size, etc., are usually of secondary importance. Our 
goal here is simply to relate capacity, performance, and 
price on a single plot. 

One of the primary parameters-capacity-tends to 
be a design constraint rather than a design variable: 

. there's a job to be done, and it requires a certain ca­
pacity. 

Few would argue with the usual measure of price, 
cost/bit. The inverse, bits/$, is used here so that on 
the charts an increasing number reflects an increasing 
value. 

The remaining parameter is performance, and the 
problem here is how to rate memory speed. The two 
figures commonly quoted are access time, ta, and cycle 
time, tc. Since cycle time can be severely derated by 
system considerations beyond the control of the manu­
facturer, access time was chosen for the charts. Access 
time remains constant because it is a direct measure 
of memory capability. 

However, ta i~ a spec in a vacuum. Considering only 
ta, an 8-bit memory with a ta of 10 ns would be 
judged superior to a 1024-bit memory with a ta of 20 

ns. ·The important question , then, is how many bits per 
unit time do we have access to? 

Assumption 2: The ratio, bits! ta, is the measure of a 
memory's performance, or computing power. In rating 
a memory, bits/ t0 . is a measure of the manufacturer's 
engineering capability, and bits/ $ is a measure of his 
manufacturing capability. (copy continues on p. 34 ) 

Manufacturers ' Code & Inquiry Card Numbers 

INQU IRY 
CARD 

CODE MANUFACTURER NUMBER 

A Advanced M emory Systems 250 
Am Am erican Micro-Systems 251 
c Cogar 252 
CM Computer M icrotechnology 253 
E Electron ic Arrays 254 
F Fai rchi ld Semiconductor 255 
G General Instruments 256 
H Hughes Aircraft Co. 257 
I Intel 258 
Is lntersil 259 
M M ostek 260 
M o M otoro la 261 
N National Serr.iconductor 262 
NA North American Rockwell M icroelectronics 263 
p Philco-Ford 264 
R Radiation Incorporated 265 
Ry Raytheon I 266 
s SEMI 267 
Sg Signet ics 268 
So Sol itron 269 
Sy Sylvania 270 
T Texas Instruments 271 
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I061~~~~~-IO~~~~~-I0~2~~~~----'I0~3~~~~~10,4~~~~~10,5~~~~-l-0-i6 

Memory capacity,(bits) 

Bl POLAR MEMORIES Y= KX 
105 t--i Based on 100 qty. prices 

10 ;i 

.01 

,,._ 
0 

e Bipola r RAM, f ully decoded 
A. Bipol ar RAM , not full y deco ded 
• Co mb ined MOS B bi polar RAM 

Bipolar ROM, ful ly decoded 
Comb ined MOS B bi pola r ROM 

Se e table I for ma nu facturers' code 

T .. 
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MOS MEMORIES Y=LX2 
1-- I 

Based on 100 quantity pri ces 

e MOS RAMS, fully decoded 
A. MOS RA MS, not f ully decoded 

e MOS ROMS, fully decoded 
A. MOS ROMS, not fully decoded r--1 0 .1 

See table I for manufacturers' code 
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TABLE II 

ACCESS 

MFGR 7 
MEMORY ACCESS RATE 

CATALOG CAPACITY TIME, ta (b~!s) CODE NUMBER (bits) (ns) 

F 9030 8 25 .32 
A AMS0161 16 8 2.0 
F 9033 16 20 .8 
Is IM5502 16 20 .8 
Mo MC1036/37 16 17 .941 
Mo MC4004/5 16 20 .8 
Ry RL80,81/82,83 16 20 .8 
Sy SM80 16 35 .457 
T SN54/7481 16 20 .8 
T SN54/7484 16 20 .8 
CM CM2100 64 60 1.07 
F 9035 64 35 1.83 
F 4103 64 60 1.067 
Is IM5501 64 60 1.067 
Ry RR5100/6100 64 45 1.422 
Sg 8225 64 35 1.83 
I 3101 64 60 1.067 
F 4027 128 40 3.2 
A AMS0328E/T 256 15 17.06 
CM 2150 256 100 2.56 
F 4100 256 80 3.2 
Is IM5503 256 100 2.56 
Ry RR5110/6110 256 60 4.267 
A AMS0329E/T 288 15 19.2 
Ry RR5120/6120 512 70 7.31 
A AMS1288E/T 1024 17 60.3 
s RAM18A 1024 180 5.68 
A AMS1289E/T 1132 17 66.5 
s RAM28A 2048 180 11.38 
s RAM29A 2304 180 12.8 
A AMS40961E 4096 25 163.6 
s RAM48A 4096 180 22.7 
s RAM49A 4608 180 25.6 
s RAM50A 5120 180 28.4 
s RAM88B 8192 180 45.5 
c 08C05 9216 40 230.4 
s RAM89B 9216 180 51 .2 
c 15C07 184324 125 148.5 
CM CM2400-1 -2 4096 250 16.4 
c 30C06 1474564 

250 580 

~Combined MOS & Bipolar technology 
See Table I 
N/A · Not Available 

TABLE Ill 

ACCESS 

MFGR 7 
MEMORY ACCESS RATE 

CATALOG CAPACITY TIME , ta 
( b~!s) CODE NUMBER (bits) (ns) 

Mo XC170/ 171 128 45 2.845 
F 9034 256 50 5.12 
Is IM5601 256 50 5.12 
Mo XC270/ 271 256 100 2.56 
Sg 8224 256 50 5.12 
Sy SM320 256 35 7.31 
T SN7488 256 40 6.4 
F 4104 512 70 7.31 
R ROM0512 512 65 7.88 
CM CM2800 1024 60 17.07 
CM CM2850 1024 60 17.07 
I 3301 1024 60 17.07 
Is IM5602 1024 60 17.07 
CM CM2900 1120 60 18.67 
c 06P07 16384 40 409.6 
c 15P06 32768 125 262 
c 3(1>06 1310724 

250 524 

~ 1-9 quantity price 
Mask charges, if any, are unknown 
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BIPOLAR RAMs 

PRICE FIGURE OF MEMORY 
COSTIN PER BIT MERIT, M CONSTANT, K 
100 QTY (-&t) ~ bits FULL 

($) al ($. tal DECODE 

10.50 131 .244 .0305 No 
21 .30 133 1.5 .0938 Yes 

7.00 43.7 1.83 .1142 No 
9.00 56.2 1.42 .0888 No 

13.50 84.3 1.116 .0697 Yes 
7.25 45.3 1.77 .1104 Yes 

30.20 189 .424 .0265 No 
4.55 28.4 1.61 .1005 No 
4.54 28.4 2.82 .176 Yes 
4.84 30.2 2.65 .1655 Yes 

25.60 40.0 2.67 .0416 Yes 
42.80 66.8 2.74 .0427 No 
25.00 39.1 2.73 .0427 Yes 
26.50 41 .4 2.58 .0403 Yes 
26.50 41 .4 3.44 .0538 Yes 
21 .70 33.9 5.4 .0842 Yes 
25.60 40.0 2.67 .0419 Yes 
66.00 51 .5 6.22 .0484 No 

453.10 177 9.63 .0377 Yes 
102.40 40.0 6.4 .025 Yes 
60.00 23.4 13.67 .0534 No 

N/A - - - Yes 
121 .00 47.1 9.06 .0352 Yes 
509.74 177 10.84 .0377 Yes 

N/A - - - Yes 
850.00 83.0 72.6 .0719 Yes 
223.00 21 .8 26.1 .0261 Yes 
955.00 84.3 78.9 .0698 Yes 
312.00 15.22 74.7 .0365 Yes 
355.00 15.37 83.4 .0362 Yes 

3275.00 80.0 204.5 .0501 Yes 
490.00 11 .97 189.5 .0464 Yes 
555.00 12.05 212.2 .0461 Yes 
618.00 12.08 235 .0460 Yes 
845.00 10.32 441 .0538 Yes 

2760.00 29.9 771 .0835 Yes 
960.00 10.41 491 .0533 Yes 

2120.00 11.5 1292 .0696 Yes 
600.00 14.68 111 .8 .0273 Yes 

7280.00 4.94 11750 .0798 Yes 

BIPOLAR ROMs 

COSTIN 5 
PRICE 

PER BIT 
1000TY (t&) ($) 

9.95 7.77 
27.75 10.82 

N/A -
19.90 7.77 
17.90 6.99 
49.002 19.1 

8.80 3.44 
40.00 7.82 
61 .50 12.0 
63.60 6.21 
63.60 6.21 
51.60 5.04 

N/A -
69.40 6.19 

1220.00 7.44 
1310.00 4.00 
1110.00 1.301 

7See Table I 

FIGURE OF MEMORY 
MERIT, M CONSTANT, K 

~ bits FULL 
al ($:-t;J DECODE 

36.6 .288 Yes 
47.3 .1845 Yes 

- - Yes 
32.9 .1286 Yes 
73.3 .276 Yes 
38.2 .1495 Yes 

186 .728 Yes 
93.5 .183 Yes 
65.6 .1282 Yes 

274 .269 Yes 
274 .269 Yes 
339 .331 Yes 

- - Yes 
302 .269 Yes 

5500 .336 Yes 
6550 .200 Yes 

40100 .305 Yes 

4Combined MOS & Bipolar technology 
N/A · Not Available 
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TABLE IV MOS RAMs 

ACCESS PRICE FIGURE OF MEMORY 
MEMORY ACCESS RATE COSTIN PER BIT MERIT, M CONSTANT, L 

MFGR 7 CATALOG CAPACITY TIME, ta (b~!s) 100 QTY (b~t) ~ 1 FULL 
CODE NUMBER (bits) (ns) ($) al ($ . tal DECODE 

G RA-6-4803 32 1500 .0213 11.80 36.9 .0577 5.65 x 10-5 Yes 
F 3530 64 3000 .0213 24.00 37.5 .0568 1.39 Yes 
Mo MC1170 64 500 .128 13.901 21.7 .59 14.4 Yes 
Am RM51 128 700 .183 32.00 25.0 .732 4.46 Yes 
E EA1400 128 1000 .128 25.80 20.15 .645 3.88 Yes 

"' 
CM CM1900 256 800 .32 25.60 10.0 3.2 4.88 Yes 
G RA·1 -0256 256 500 .512 13.00 5.08 10.04 15.4 Yes 
I 1101 256 1500 .171 25.60 10.0 1.71 2.61 Yes 
I 11011 256 1000 .256 30.75 12.0 2.144 3.25 Yes 
M MK4001P 256 50 5.12 32.50 12.7 40.3 61.5 No 
M MK4002P 256 800 .32 26.50 10.35 3.09 4.72 Yes 
p PRW256XIC 256 1000 .256 51 .50 20.1 1.273 1.94 Yes 
Sg 2301 256 750 .341 30.00 11.73 2.805 4.45 Yes 
So UC6550/7550 256 900 .271 25.00 9.77 2.77 4.64 Yes 
T TMS4003JC 256 150 1.71 24.00 9.38 18.2 27.8 No 
T TMS4008JC 256 120 2.13 N/A No 
Am RM52 512 200 2.56 50.001 9.77 26.2 10.0 Yes 
NA RAM30023 512 500 1.024 N/A No 
NA RAM30024 512 500 1.024 N/A No 
A AMS10241 1024 400 2.06 53.00 5.175 39.8 4.72 Yes 

11,000 quantity price 7See Table I N/A - Not Available 

· TABLE V MOS ROMs 

ACCESS 
COSTIN 6 

PRICE FIGURE OF MEMORY 
MEMORY ACCESS RATE PER BIT MERIT, M CONSTANT, L FULL 

MFG R7 CATALOG CAPACITY TIME, ta (b~!s) 100QTY (-J.-) (bits)2 1 DECODE 
CODE NUMBER (bits) (ns) ($) 1$-:t;i ($. tal 

Am 256X4 1024 2000 .512 18.00 1 1.756 29.1 2.78 x 10-5 Yes 
F 3501 1024 2500 .4096 32.00 3.12 13.12 1.25 Yes 
Is IM7601 1024 600 1.707 N/A Yes 
Is IM7602 1024 600 1.707 N/A Yes 
N MMN521 1024 1000 1.024 15.00 1.465 69.8 6.67 Yes 
N MMN522 1024 1000 1.024 16.50 1.61 63.6 6.67 Yes 
p PMS1024C 1024 2000 .512 25.60 2.5 20.48 1.955 Yes 
So UC6525/7525 1024 900 1.138 40.00 3.91 28.1 2.78 Yes 
p PM1024C 1024 2000 .512 25.603 2.5 20.48 1.955 Yes 
T TMS2880JC 1024 600 1.707 25.001 2.44 70 6.67 Yes 
Am MB52 2048 1000 2.048 25.001 1.218 168 4.00 Yes 
Am 512X4 2048 2000 1.024 25.00 1.218 84.2 2.00 Yes 
F 3507 2048 700 2.926 N/A Yes 
F 3580 2048 750 2.73 N/A Yes 
G R0-1-2048 2048 1000 2.048 90.00 4.39 46.7 1. 11 Yes 
H HROM2048 2048 500 4.096 N/A Yes 
Is IM7603 2048 750 2.73 N/A Yes 
N MMN523 2048 1000 2.048 20.00 .976 210 5.0 Yes 
p PMS2048C 2048 800 2.56 39.75 1.94 132 3.14 Yes 
So R UC6548/7548 2048 1000 2.048 50.003 2.44 84 2.00 Yes 
T TMS2600JC 2048 600 3.413 26.303 1.284 266 6.34 Yes 
T TMS4500JC 2048 100 20.48 38.703 1.89 1083 25.9 No 
T TMS4600JC 2048 100 20.48 32.50 1.586 1292 30.8 No 
T TMS4700JC 2048 100 20.48 32.503 1.586 1292 30.8 No 
G R0-1-2240 2240 500 4.48 28.00 1.25 358 7. 15 Yes 
M MK2000P 2240 700 3.2 35.00 1.563 205 4.18 Yes 
M MK2001P 2240 600 3.73 35.00 1.563 238 4.77 Yes 
p PMS2240C 2240 700 3.2 40.50 1.806 177 3.52 Yes 
So UC6577/7577 2240 600 3.73 23.003 1.025 364 7.25 Yes 
T TMS2400JC 2240 500 4.48 25.003 1.115 402 8.0 Yes 
T TMS4100JC 2240 500 4.48 26.303 1.173 382 7.6 Yes 
E EA3000 2304 1000 2.304 42.501 1.843 125 2.35 Yes 
Am MA52 2560 700 3.66 30.003 1.172 312 4.76 Yes 
E EA3100 2560 1000 2.56 42.503 1.658 154.5 2.35 Yes 
E EA3500 2560 850 3.01 42.50 1.658 181 .5 2.77 Yes 
Is IM7604 2560 750 3.41 N/A Yes 
Is IM7605 2560 750 3.41 N/A Yes 
M MK2400P 2560 700 3.66 47.00 1.835 199.5 3.04 Yes 
N MM5240 2560 600 4.267 30.00 1.171 368 5.55 Yes 
So UC6572/7572 3072 1100 2.79 67.003 2.18 128 1.36 Yes 
E EA3300 4096 1000 4.096 54.00 1.32 310 1.85 Yes 
NA ROM30022 4096 350 14.3 N/A No 
So UC6596/7596 4096 2000 2.048 40.00 .977 210 1.25 Yes 
T TMS4300JC 4096 800 5.12 41 .20 1.006 508 3.03 Yes 

! 1,000 quantity price 6Mask charges, if any , are 3 
7See Table I 

Includes mask charge unknown except for note N/A · Not Available 
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Assumption 3: Th e bits/ t" and bits/ $ ratios are 
weighted equally. If both are equally desirable, then 
one can be t raded against the other in the marketplace, 
and th eir product (bits)~/ ($ • t0 ) , is a figure of merit , M , 
which can be used for rating memories. All that re­
mains is to ca lcu late M for all memories and plot it 
aga inst capacity to come up with a plot th at relates the 
three primary user concerns . 

Tabulations are broken down by memory types in 
T ables If throu gh V, and res\,llts are plotted in the fi g­
ures. Except where indica ted , memory costs are for 
quantiti es of I 00. Letters inside the data point shape 
correspond to th e manufacturers ' code in Table I. In 
spite of the devi at ions in the marketin g strategy of in­
di vid ual companies, both the bipolar and Mos markets 
behave in accordance with the assumptions listed . 

Bipolar is well-behaved 
Values of M for bipol ar RAMS and ROMS fa ll into 

well-defined bands. The equation of a line within e ither 
band is of the linear form Y = KX, where K is the con­
stant of proportionality that positions the line verticall y. 
Calculating K allows a user to rate memories by a 
single computat ion . A hi gher K indicates a better ca­
pacity-cost-performance ( ccr) tradeoff. IE we let B = 
the number of bits in the memory, solving for K yields: 

B2! ($ • t0 ) = KB 
K = B/ ($ • ta) 

Values for K are also listed in the tables. The sensi­
tivity of the market to the ccp tradeoff can be inferred 
by notin g that 50 % of the bipolar RAMS have values 
within the range of K = 0.045 + 0 .0 I. All but one bi­
polar ROM fa ll s in the range of K = 0.128 to 0.336. 
It's reassuri ng that th e graph confirms intuition by 
showing that virtu all y all bipolar ROMS have higher Ks 
th an bipolar RAMs, because they are cheaper. 

The plot may be considered as a snapshot of bipolar 
memori es in the June-July 1970 period. Another in­
terestin g analysis would be the vertical motion of the 
average K value as speed and price improve. And 
another plot could include core memor ies. The areas 
of overl ap wo uld be th e market battlegrounds which 
would also change with time . 

MOS-due to change soon 
Two things stand out among the interesting things 

revealed by th e Mos plots: Mos RAMS and ROMS have 
well-defined , non-overlapping (except for one product) 
capacity ranges; and the slope of the plot closely ap­
proximates a square law rel ationship of the form Y = 
LX2 , where L is th e constant of proportiona li ty that 
position s the line vertically on the chart. There is no 
technologica l explanation to support the square law 
phenomenon . The best exp lanation seems to be the 
young, untested nature of the MOS market. We're prob­
ably seeing the result of marketing strategy, rather than 
that of the numerous transactions which have shaped 
the more mature bipol ar a reas . Solving for L supports 

thi s line of reasonin g since 
L = 1!($• tn). 

Just as the ccr tradeoff for bipolar memories could 
be specified by calcul ating K , a tradeoff for MOS memo­
ries can be made by calcul atin g L. Mos memories be­
have as if they we;e marketed solely on the ba~i s of 
the ($ • t

0
) tradeoff independent of the memory capacity. 

This represents an ideal case in the sell er 's market . Since 
MOS is in short supply. those users who want the char­
acterist ics MFS offers are willing to pay a given price 
for a given t,. at any capaci ty. As MOS production in­
creases and competition takes hold , the slope of the 
Mos line will have to change. But where will the pivot 
point be? 

Computing the average K s and L s, the tradeoff inter­
cepts of bipolar and MOS technologies for RAMs and 
ROMS are at 970 and 7380 bits, respectively . Memories 
that are not fully decoded are not included in these cal­
culations because they di stort the end result, especiall y 
in the MOS area. As technology and pricing shift the 
lines upward , and the marketpl ace pivots the MOS 
slope to someth ing less th an X 2 , the c rossover points 
wi ll change. Ri ght now, the plot indicates that if larger 
MOS memories could be built, they wou ld have the best 
cost-performance tradeoff. 

Three other memories , indicated by squares, a re 
plotted on the charts in the bipolar a reas. They are the 
MOS and bipolar hybrid technology memories from 
Cogar and Computer Microtechnology. Plotting their 
fi gure of merit reinforces or extends the bipolar lines 
and indicates that they are being marketed much like 
the pure bipol ar products. 

As a design aid 
Designers should find the inform ation in the charts 

help fu l. Once he knows the req uired memory capacity, 
the designer can choose, accord ing to his needs, from 
the products wi th in th at group. After deciding the 
necessary speed and what cost he can affo rd , he can 
ca lcu late a K or an L and use the charts to determine if 
he is within the state-of-the-a rt. Should he find the K 
or L too large, he' ll have to wai t for progress to catch 
up to him or mod ify his demands. H e can go with a 
low K or L and have a design margin . Even if the cal­
culation falls with in the band , he could have problems. 
A K of 5• I 0-2 for a I 024-bit bipolar RAM would be all 
right , but not if it is predicated on a willingness to pay 
$ I 0,000 for a t" of 2 ns. 

There is no suggestion here th at the designer use the 
highest rated memory on the chart. Each point repre­
sen ts a tradeoff based on certain ass umptions . If a 
single item domin ates the design , such as price , a mem­
ory with a non-optimum K or L cou ld easily be the 
best choice. 

INFORMATION RETRIEVAL 

Semiconductors, Integrated Ci rcuits, 
Computers, Charts and nomographs 
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NOW ... 
the only one of its 
kind available! 

A course in MOS 
INTEGRATED 
CIRCUITS 
The editors of The Electronic Engineer have 
just compiled a complete 9 part course on MOS 
technology, applicat ions and costs which ap­
peared originally in The Electronic Engineer. It 
is a definitive volume that provides you with all 
the background you need as a user or a de­
signer to master this new technology. 

This state of the art course in MOS technology 
presents completely authoritative, up-to-the­
minute guidance in using every aspect of this 
dynamic science. It covers the processing of 
MOS circuits , applications of MOS circuits, 
complementary MOS, MOS memories (random 
access, read only, associative memories and 
cost) and the testing of complex MOS integrated 
circuits. 

This course is an exclusive from The Electronic 
Engineer. It is , in fact , the only one of its kind 
available. The authors, all recognized experts 
in their respective fields, take you with technical 
precision from the fundamentals on through to 
the most sophisticated phases of this dramatic 
technology. This course is the one authoritative 
way to keep ahead in these changing times. 

Order your copy of the only course available on 
the new MOS technology and manufacturing 
processes for only $5.00 per copy. Send your 
order today to : The Electronic Engineer, One 
Decker Square, Bala Cynwyd , Penna. 19004, 
Dept. E-12 

Enclosed is my check or money order for$ __ 
for __ course(s) on MOS technology at a cost 
of $5.00 each . Send as soon as possible to : 

Address ________ Company ___ _ 

City ________ State ___ Zip __ 

Send me special quantity prices O E-12 

The Electronic Engineer • Dec. 1970 

Yo ur products ond profits benefit w he n yo u specify Gri es 
tiny p los tic moldi ngs. 30 years o f research, d eve lo pm e nt , 
and experience; specia l pa tented, a utomatic, ini ection 
molding machines . . . advanced too ling and producti o n 
skills. They odd up GRCs BIG DIFFERENCE. 

NO MINIMUM SIZE! Maxi mum Size: .05 oz., 1'4" long . 

Ask for : PLASTICS SAMPLE KIT, FACTUAL BROCHURES TODAY! 

Gries Reprodii&er Co. 
Division of Coots & Clark Inc . 

165 Beechwood Ave., New Rochelle, N.Y. 10802 (914) 633-8600 
Plants in: New Roc hel le, N. Y.; W arren, R. I. ; Toccoa , Ga . 

In Canada: Gries Div ., Dynacos t Ltd., Lochine, Qu e. 

5 VOLTS 
15AMP 

POWER 
SUPPLIES 

Circ le Reader Servi ce #19. 
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Our TTL family gives you freedom where it counts., 
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The Fairchild TTL family offers the 
freedom -loving designer the broadest 
range of speed/power trade-offs and 
an extraordinary variety of logic and 
memory and interface support functions. 

*Avai lable January, 1971 . 
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Now you can design 
· with Lciw Power TTl:7MSI 

at even less cost 
than with Standard! 

n&.21 13L22 
Dull 1 of4 Quad2 
II.oder Input 

Multlplner 

•11 131.12 ... UL14 .... UL11 
1of11 8 lnl:l Dulll 4 Bit I.Itch 4 Bit 

g::.'l.r 11.odtr Mui pltxer Bit Slllft Arithmetic 
Rt&11ttr Lollc Unit 

Ul.01 Ul.11 131.81 uuo UUI nL24 IJL11 
1of10 8 Input Ouel4 4 Bit Slllft Ou114 5Blt Decide 
11.odtr Priority Input Relllttr Bit Ulch Comperetor Counter 

Encoder Multlplner 

DEC OD I OPERATORS COUNTERS 
DEMULTIPLEXERS PLEXERS 

Our Low Power TTL now sells for the same price as Standard TTL and costs even less to use. 
If you don't need the speed of 

Standard, why pay the freight? In our 
TTL Family you 'll find 15 low cost 
Low Power MSI devices to choose from. 
All compatible. All off the shelf. 

It 's the largest, most complete, most 
versatile selection in the business. 
Designed to give the cost-conscious 
designer freedom now. And freedom 
where it really counts : 

• No board redesign (pin-for-pi n 
equivalent to and compatible with 
Standard TTL/MSI devices) . 

• Smaller power supply. 
• Less noise (fewer decoupling 

elements required). 
• Less heat. 
• High fanout (fewer buffers needed) . 
• Largest Low Power MSl/TTL family 

around . 

FAIRCHIL...CJ 

SEMICONDUCTOR 

Typical performance: 
Gate Tpd = 20ns Gate Pd = 2mW 
Binary Toggle Rate = 1 OM Hz 
MSI Clock Rate = 1 OM Hz 

You might re-examine your current 
design . If speed is not a critical factor, 
then look at our 93L Low Power series. 
If you care about costs, they have a 
lot to give. Our new catalog tells the 
whole story. Send for it. 

Circle Reader Service #21. 

FAIRCHILD SEMICONDUCTOR. A Division of Fairchild Camera and Instrument Corporation, Mountain View, California 94040. (415) 962-5011 . TWX : 910-379-6435. 
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HOR Series Connectors 
High density pin and socket connectors. Available in 
nine sizes-12 to 106 contact positions on .10011 grid. 
Size 20 contacts for wire size ranges 20-30 AWG. 
Posted contacts available for wrap type or TERMl­
POINT* point-to-point wiring devices. Also available 
with crimp, snap in contacts applicable at speeds to 
4000 terminations per hour. 

High Density Printed Circuit Connectors 
Easily hand-mated , two piece printed circuit connec­
tors featuring self-aligning contacts. Available in .075" 
and .100" centers. Low insertion and withdrawal 
forces, yet highly resistant to humidity, shock, vibra­
tion, and other adverse environmental conditions. 
Unique eliptical spring constru ction of socket for four­
point redundant contact. Can be soldered , wrapped 
or welded . Individual contacts are removable even 
after connector is mounted. 

Micro-Connectors 
Ideal for all micro-system packaging. AMP 
design spiral spring construction assures re­
dundant contact and maintains reliability un­
der severe conditions. Stamped and formed 
chevron shaped receptacle and mating pin 
contact are spaced in housing in either 
.050" or .025 11 centers. Connectors can be 
"stacked" without loss of critical contact 
spacing . Circuit contact tines are pre-solder 
coated and need only reflow and plug in . 

38 
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ARINC Type Connectors 
In both sealed and unsealed versions. Fully 
intermateable with all connectors designed 
to the specification. Other features include: 
higher spec i fied dielectric performance , 
greater contact stability, front serviceable 
keying , and faster contact application. Up to 
1200 complete wire terminations with the 
AMP-0-MATIC* Stripper Crimper machine. 

Crimp configuration conforms 

Flexible Flat Cable Connectors 
AMP's Flexible Flat Cable connector is spe­
c ially designed to match the cable 's charac­
teristics and requirements . Available in 9 to 
33 circuits. Unique high-speed automated 
machinery crimps contacts to cable at rates 
up to 5000 per hour. Contacts snap into 
housing fo r cable-to-cable, cable-to-board , 
and cable-to-round wire connections. High 
reliability, low installed costs through auto­
mated tooling . 

Coaxial Connectors 

to MS-3191 or MS-3108 
and meet the specification 

of MIL-C-81659. 

Full line of COAXICON* connectors includes standard , minia­
ture and subminiature types. All are fully crimpable . Industry's 
first automated process for termination of subminiature types 
produces a fully crimped terminal in approximately 20 seconds. 
Low VSWR and reduced noise level. Inner contact stability. 
See-through port for easy inspection. Available for all standard 
cable sizes. AMP's matched tool and terminal concept assures 
uniform reliability . Cuts rejects to absolute minimum. 
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standanl 
make for black boxes 

From input to output, every connection we make 
for a black box (and we make them all) takes into 
account avionics standards for space, weight, 
modularity, reliability and maintainability. Our 
technology is aimed at making things smaller, 
lighter, stackable, reliable and easily maintain­
able. And the proof of our capability is on wings 
everywhere in the world-in business aircraft, 
military planes of every type and the jumbo jets. 

*A trademark of AM P Incorporated. 

The Electronic Engineer • Dec. 1970 

Whatever the need-communications, naviga­
tion , radar .. . airborne electronic systems of all 
kinds . .. AMP's first packaging requirement in 
any black box is reliability. And we offer applica­
tion tooling and techniques that make it avail­
able at the lowest applied cost. 
For more complete details or ideas to fit your 
black box design requirements write : 
Industrial Division 
AMP Incorporated, Harrisburg, Pa. 17105 

INCORPORATED 
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WELCOV1E 
Making it in MOS 

MOS Technology Inc. has devel­
oped with an air of efficiency and 
ambition that indicates it's not just 
another spinoff struggling to survive 
in the midst of a booming semicon­
ductor technology. 

Although concentrating primarily 
?n custom service, MOS Technology 
intends to manufacture several stand­
ard products. These will include shift 
registers, RAMS, and ROMS. "I don't 
intend to go too far beyond this," 
says John Paivinen, president and 
founder of the new company. "Our 
company will deal primarily in custom 
~ervice since we're getting so much 
m the way of electronics on a chip 
that it's difficult to come up with a 
standard product that does everything 
for everybody." 

Standard products include the dual 
100-bit dynamic and 32-bit static 1-
MHz shift registers. One line of shift 
registers is already operational, and 
they're now working on high-density 
shift registers on the orde~ of 512 
bits per package. Five ROM products 
are under development and the 
RAMS are on their way. "We're con-

HELPS YOU FlND 1,000,000 
ELECTRO-MECHANICAL 
COMPONENTS AT A FRACTION 
OF OEM COSTS-
FOR IMMEDIATE DELIVERY. 

• Accelerometers • Autosyns 
• Blowers • Counters • Flow 
Meters • Gyros • Motors 
• Oscillographs • Precision 
Potentiometers • Pressure 
Transducers • Recorders 
• Relays • Servo Motors 
• Synchros • Test Equipment 
• Timing Devices • Transformers 
• 400 Cycle Power Sources 

cern~d about having top-notch engi­
ne~rm_g and manufacturing ability 
built mto our products and this, for 
us, dictates a conservative approach 
rather than going for the flash ." 

As indicated, the major emphasis 
at MOS Technology Inc. will be on 
custom memory products and custom 
circuitry. The new company has the 
facilities and capabilities at their new 
building in the Valley Forge Indus­
trial Park to handle the entire process 
of Mos design. from conception, to 
completed product, to final test anal­
ysis. MOS Technology will work with 
the schematics and/ or logic diagrams 
submitted by its customers. In most 
cas~s their work will involve putting 
entire systems on four or five LSI 

chips via MOS technology. 

Probably one of the most unique 
aspects of this company's develop­
ment is the fact that they were fi­
nanced as a production faci lity right 
off the bat. And the confidence that 
those at MOS Technology have in the 
future of their small semiconductor 
company today reflects the confidence 
the entire engineering market has in 
the MOS field. The four founders. three 

of whom are from General Instru­
ment and one from IIT, all believe 
the future is golden for a small busi­
ness. "Each of the small companies in 
our business today represents talented , 
independent men who have left the 
larger companies. Today, engineering 
theory comes from the smaller com­
panies and the large companies will 
get their share of the business simply 
bec~use they're so big." 

The men at MOS Technology are 
staying with a line of products which 
h ~s wide applicability, and the mem­
ory fiel<l is certainly an area where 
standard products are being used and 
there is a growing demand for custom 
design . Shift registers. RAMS , and 

ROMS represent product lines available 
from a number of companies, thus 
offering the customer the security of 
an alternative supoly. "It is worth our 
while to market these standard prod­
ucts . In addition , when we work 
within this large market. we can also 
incorporate the extra design adjust­
ments for those customers that re­
quire custom service. For this reason, 
we know our engineering effort is 
worthwhile." 

Circle Reader Service #450. 

SPOT DPDT 3PDT 4POT 

We'd rather switch than fight. 
And have we ever switched! If you put any one 
of these 8 new subm iniature switches on your 

" whatever", you'll have a better performing " whatever." 
All C&K switches are competitively-priced and 

Made-in-America. How's that for a switch? 
Ask for our new catalog. 

C&K COMPONENTS, INC. 
103 Morse Street, Watertown, Massachusetts 02172 

Tel: (617) 926-0800 

40 Circle Reader Service #23. Circle Reader Service #24. 
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.. f::i:: · Changes in offset voltage caused by supply irregu-
··. i. 

· larities are eliminated. Four external resistors are 

Second generation IC 
"Multiplier Plus" 

Plus What? ... Plus built-in voltage 
regulator and current converter 

Motorola's new MC1594 / 1494 introduces the 
second generation of monolithic IC four-quadrant 
multipliers based on the variable transconduct­
ance principle. The "multiplier plus" is easier to 
use than the familiar industry standard MC1595 / 
1495, and it offers a new high level of performance. 

"Plus" features for cost reduction 
The built-in current and voltage regulator 

eliminates the effects of power supply fluctuation 
and reduces the number of external components 
required. It regulates all current sources on the 
monolithic chip, effectively immunizing the mul­
tiplier to supply voltage fluctuations. It also pro­
vides two ( +4.3 V) regulated voltages to bias 
the offset adjust potentiometers. Interaction 
among the pots during adjustment is eliminated. 

eliminated. 
At the other end of the multiplier the differ­

ential current converter provides a single-ended 
output current referenced to ground. 

"Plus" features 
for Improved Performance 

Linearity of 0.5 % max (X or Y) for the 
MC1594 sets a new standard of excellence, and 
the MC1494 offers a fine 1.0% max error (X or 
Y) . The "multiplier plus" is easier for the designer 
to use because it handles input and output volt­
ages of ± 10 V with ± 15 V supplies. And power 
supply sensitivity is also significantly improved. 
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Here Is The Second Generation Monolithic IC Multiplier 
Motorola's MC1594/1494 "Multiplier Plus" 

BLOCK DIAGRAM 

15 
v• o------+------------ ---------

Vy 

CURRENT 
ANO VOLTAGE 

REGULATOR 

MC 1594L 
(MC1494L) 

COMPLETE CIRCUIT SCHEMATIC 

DIFFERENTIAL 
CURRENT + 

CONVERTER 

DIFFERENTIAL CURRENT CONVERTER 

TYPICAL MULTIPLIER CONNECTION 

V.,. = +15 Vdc 
~--------------..__------<> 

K ADJUST 

OUTPUT 
ADJUST 

V ADJUST 

X ADJUST 

MC 1741 CG ~_,,___. _ ___,, V 
0 

rGNO 

v-,. - 15 Vdc L.._ _____________________ ..._ _____ --(l 

Check these performance features Learn all about the 
"Multiplier Plus" right away 
The MC1594L and MC1494L are 

available now from you r nearest 
Motorola distributor at 100-up prices 
of $12.00 - MC1594 and $8.00 - MC-
1494. Both devices are in the 16-pin 
ceramic dual in-line package. For a 
14-page applications-specifications 
data sheet, circle the reader service 
number or write Motorola Semicon­
ductor Products Inc., P.O. Box 20912. 
Phoenix, Arizona 85036. 

• Excellent linearity 
0.5% max (X or Y) - MC1594L 
1.0% max (X or Y) - MC1494L 

• Wide input voltage range - ± 10 V 

• ± 15 V supply operation 

• Single ended output referenced 
to ground 

• Improved offset adjust circuitry 

• Adjustable scale factor 

• Power supply sensitivity -
30 mV / V (typ) 

Circle No. 25 

The circuitry shown external to Motorola products is for illustr ative purposes 
only, and Motorola d oes not assume any responsibility for its use or warrant its 
performance or that it is free from patent infringement. 

"Multiplier Plus" 
Special Introductory Offer 

Complete MC1594 or MC1494 
Evaluation and Experiment Kit DC 
and AC applications - A ll you need 
to build it for Multiply • Square • 
Divid e • Square Root • Balanced 
Modulator • Amplitude Modulator • 
Phase Detector • Frequency Doubler. 

403 Off total 1-up price of all com­
ponents and hardware ! 

MCK1594 Kit . . This $38.45 value 
only $23.10 

MCK1494 Kit . . A $32.45 value at 
only $19.50 (substitute MC1494L 
multiplie r) 

Parts list 
MCK1594 and MCK1494 

Quan ti ty Part Description 

MC1594L or 
MC1494L 

1 MCl 74 1CG op amp 
2 1N5241B Zener Diodes 
2 510 ohm, 1/ 4 W, 

20% carbon resi stors 
1 16K, 1/ 4 W, 5% film resistor 
1 22K, 1/ 4 W, 5% film resistor 
1 30K, 1/ 4 W, 5% film resistor 
1 62K, 1/ 4 W, 5% film resistor 
2 20K, 15 turn cermet 

potentiometers 
2 SOK, 15 turn cermet 

potent iometers 
2 0.lµF cera mic disc ca pacitors 
3 lOpF ceramic disc capacitors 
1 16-pin dual in-line socket 
1 PC board 

1 O term inals 

Also contains complete "How T o 
Do It" construction note and data 
sheet with applications information. 

Specify by MCK1594 or MCK1494 
- state quantity - enclose ch eck 
(P.O. is OK for order over $20.00) -
offer expires May 20, 1971 - limit, 
5 (five ) kits. Send order to Motorola 
Semiconductor Products Inc. , P .O. 
Box 20912, Phoenix , Arizona 85036. 

MOTOROLA LINEAR 
- serving a greater range of analog designs ' 

( 
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The scene opens in the exit interview office of Quick- Buck 
Industries wher.e one Fred Pomeroy is awaiting his exit in­
terview, with resignation (no pun intended). He thumbs 
through a sheaf of resumes and job opportunities as a 
slight figure with a goatee enters the office and closes the 
door behind him. 

POMEROY : Why , Dr. Fned, what are you doing here? I 
thought you were still in private psychiatric practice. 
DR . FRIED: Ah, yes ... yes, I am. I'm filling in until 
Quick-Buck is over the hump of this layoff. I'm sorry ... I 
just can't seem to remember your name . 
POMEROY: Fred Pomeroy. Don ' t you remember? I' m 
one of the guys who came to you last year about engineer­
ing obsolescence, and you set me straight.* 
DR . FRIED: Of course, of course ... Now I recall. Well , 
I told yo u not to worry about that obsolescence thing, that 
it was a bunch of ... 
POMEROY: Yeah, but look at me now. I'm being laid off 
for the first time in my life . Maybe if I had taken the 
courses and attended the special seminars, things would 

•The Electronic Engineer, Sept. 1968, pp. 30-37. 
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have been different. ... Say, how come they hired a psy­
chiatrist to conduct exit interviews anyway? 
DR . FRIED: Well, for lots of engineers this is pretty trau­
matic . Quick-Buck just wants to live up to their people ob­
ligation so they brought me in for the duration. Got any­
thing you want to tell me? 
POMEROY : Yeah, plenty. But what's the use now? No­
body around here cares anyway. Let 's forget this exercise. 
DR. FRIED: Now wait a minute! I've been instructed to 
read you this letter from the president, and I'm a lso au­
thorized to give you this sealed, personalized letter of in­
troduction for your very own. Further, you have full access 
to the typing pool and reproduction services for resume 
production. And , as if that 's not enough, I have here a re­
fund check for $343.36 for your contributions to the pen­
sion fund for the last three years. And , oh yes, you are eli­
gible to continue your group insurance for a paltry $132.48 
per month. 
POMEROY: I 'm overwhelmed. 
DR. FRIED: (Ignoring the sarcasm) The letter begins ' 
"Dear Fred. In the course of men's lives, there is always a 
littl e rainfall. For you this is such a time. No one regrets 
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this parting more than I, but I want you to know that the 
company resources will be a t your disposal to find another 
technical job. Just let us know what we can do . Sincerely, 
'Jim ' Robin sen ." 
POMEROY: What they can do is rehire me . I' m fifty-two. 
Where do I find another job now? Boy, I'm sure not goi ng 
to let my kids into this racket. 
DR. FRIED: Oh come now, tet's not be bitter, Pomeroy . 
You know perfectly well that these are the breaks of the 
game. You didn't complain when all those nice regular pay 
increases were coming to you, now did you? 
POMEROY: Look , Fried , I earned all that a nd lots more. 
What bugs me is that nobody appreciates a ll that I did-
50, 60 hours a week for three years , traveling all over hell 's 
half acre, never having a decent meal at home at night. 
And what did it get me? First big contract cancell atio n 
that comes along, and I ' m in the surplus manpower pool. 
Hey , Fried, why did you say that obsolescence was a 
bunch of hokum when .I went to you before? Look at me. I 
got laid off because I was obs.olete. 
DR. FR IED: Now wait a minute! You were obsolete a ll 
right , but not because of half-life or any of that kind of 
stuff. You were obsolete only because there are more bod­
ies around here than the payroll can support. What do yo u 
want? A sinecure? Business is off, boy , way off. 
POMEROY : For two cents I'd yank that beard off by the 
roots, you pompous ass! I' ve given these people an impor­
tant chunk of my career. I'm also locked into this commu­
nity with a big fa t mortgage and more bills than I can 
count. I have no pension rights , and my salary is high 
enough so I probably can' t match it outside. And you ask 
me what I want? This company should care about me . 
That's what I want. 
DR. FR I ED: ( With a sigh ) Mr. Pomeroy , what yo u' re try­
ing to tell me is you want to be loved and needed . You ex­
pect Quick- Buck to worry about you and your needs . 

" ... I was a key member of the team ." 

Whether you realize it or not, they can ' t. In fact if they 
did, they'd be irresponsible. 
POMEROY: Look, Doctor, Quick-Buck claims they are 
co nce rned abo ut the people who work here . Now, if 
they ' re really concerned why do they a ll ow this kind of 
thing? I know there are up 's a nd down's, but why should I 
be the victim? Why can't they take care of us between big 
contracts? Better yet, why do they get so fat at peak peri­
ods that when there 's a little dip, they have a mass layoff'? 
DR. FRIED: Those are good questions, but you should 
have had the answers a long time ago. 
POMEROY: What do you mean- I should have had the 
answers? What control do I have over all of this? I'm just 
a working engineer. 
DR . FRIED: And that ' s the trouble . In a large organiza­
tion of any kind there's on ly one guy who cares what hap­
pens to you. And you' re he. Regardless of all the com­
pany 's high-sounding words, it can ' t deliver to all individ­
uals . In fact , if you think about it , It would be irrespon­
sible for management to make your career or anybody 
else 's career the number one consideration in a business 
decision . Pomeroy, old buddy, you and a ll your com­
patriots are a lone . 
POMEROY : But what abo ut a ll that ta lk about team­
work? Ever since I graduated from Cal Tech and got into 
this business , they've been telling me how important the 
team was and how I was a key member of the team . 
Maybe what we need is a union . At least we'd have some 
protection . 
DR. FR IED: About all a union cou ld do for you in a situ­
ation like this is make the layoff more orderly- you 
know- by seniority . Would you like that better? 

What you're overlook ing is that teams are convenient 
and flexible groups of people gathered to do a job, like go­
ing to the moon. They ' re not lifel ong associations. Pome­
roy, you 've got to learn to take care of yourself. 
POM EROY : Look , I' m not a politic ian , and I never will 
be, if that ' s what you mean . 
DR . F RI ED: Give me strength . How can you be so na ive 
afte r all the experience you 've had? Taking care of yourself 
is not being a politician . It ' s enlightened self-interest. 
POMEROY : What the hell is that? 
DR. FRI ED: It ' s making your career the number one con­
sideration in any decision . No company will do that, but 
you can . You want to be the master of your fate . 
POMEROY : Yes sir! Boy, I will never let my son go into 
this profession if it's the last thing I do . 
DR . FRIED: Well, wait a minute. Things don ' t have to be 
this way. The individual needs freed om and independence. 
The organizati on needs loyalty and so metimes even obe­
dience. 
POMEROY : You don ' t have to tell me a bout that. My 
wife used to get fed up with the travel and the cold dinners, 
especially when I go home at 8 and 9 o'clock, night after 
night. And the kids . There were days on end that I barely 
ever saw them. I won ' t miss any of that. 

It 's funny , but they used to get mad at me for doing my 
job sometimes, but what the hell choice did I have? I'd sit 
there and explai n and defend my hours and the trips, a ll 
the time feeling gui lty for having to do my job. Sometimes 
I fe lt like I was being torn in half. 
DR. FRIED: Right , that's what I'm getting at. 
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POMEROY: Yeah, but how can you fight all of this? No 
matter where I go it'll be like Quick-Buck . I've been down 
this road- every stop is the same. There's no difference . 
DR. FRIED: That 's not necessarily so . You're in a beau­
tiful position right now to make sure the next stop isn 't 
more of the same. 
POMEROY: Are you kidding? What choice do I have? I 
need a job. 
DR. FRIED: That's where you're wrong. You have a lot 
of choice so long as you're willing to make some basic de­
cisions. Like how much money do you want versus how 
much you really need? Or like what kind of life do you 
want to lead? Or how much of a sacrifice are you and your 
family willing to make for a career? Or even how good a 
political in-fighter are you? When you answer those ques­
tions you are ready to decide where your next job will be. 
POMEROY: You mean I should decide who I am and 
who I want to be? 
DR. FRIED: Right. And the sooner the better. When 
that's done you can begin sizing up the job itself. There are 
any number of specific questions you've got to ask about 
the job you're considering so as not to make the same mis­
takes you've been making all these years. 
POMEROY: You know you kill me. You act as though 
I've got all these choices. I don' t have time to be choosy. 
DR. FRIED: Probably not , in the short range. What you 
need first is a paycheck . Well, that shouldn't be too diffi­
cult. Get yourself a reasonable job so you can keep going 
unt il you can find the job you really want. 
POMEROY: Well , what about these magical questions? 
What kind of questions can help me find a company that 
cares? 
DR. FRIED: Man, you've got a fixation on being loved . 
Look, once and for all, you are alone. Nobody is going to 
take care of you except maybe if you are willing to surren­
der your soul and your dignity. And even then there are no 
guarantees . Once you face the fact that you are alone, all 
the rest is easier. 

What you have to know are the conditions that will tend 
to make your services as an engineer valuable. In other 
words, what are the company 's business prospects? How 
good is its profit picture? Not just today, but for the next 6 
or 7 years. Is it tied to a static market? Is it too depend­
ent on government spending? Does it experience drastic 
up's and down 's? How good is its management- not just 
at the top but in the middle as well? Does it give a man an 
opportunity to develop himself? And on and on until you 
get the whole picture. 
POMEROY: Where can I get all of that? 
DR. FRIED: You 've got to dig . Start with the annual re­
port. Talk to financial analysts and see what they think. 
Read as much as you can find in magazines and news­
papers about the company. Then make your decision as to 
how you might fit in. If it looks like a good match, pursue 
a specific job with the company. 
POMEROY: Just like that, huh? 
DR. FRIED: No, not just like that. It's a tough and nerve­
wracking assignment, but what's the alternative? I' ll tell 
you- more of what you've just been through. 

Information gathering is your responsibility. No com­
pany ever spoon feeds information to an engineer or any 
other professional and what it does spoon feed should be 

The Electronic Engineer • Dec. 1970 

suspect. It's got to be balanced by the observations and 
questions of others not because management is necessarily 
devious, but because it can be myopic. (The phone rings on 
Dr. Fried's desk . He reaches slowly for it.) 
DR. FRIED: Excuse me, Pomeroy . . . Dr . Fried speak­
ing. Oh yes, Mr. Robinsen, how are you? (He winks at 
Pomeroy and covers the receiver with his hand.) It's the 
boss, Pomeroy. 

(Then speaking into the phone. ) You say, Jim, you're 
worried about morale? Well, this is a tough one at a time 
like this. Based on my experience, I'd say your best bet is 
to reassure the survivors that things look a little better 
now. You know, tell them that you think you're over the 
hump with this thing and that the job now is to work hard­
er and smarter. Tell them you've got to build a new team 
of dedicated and competent people . (Pause as Fried listens 
to his caller.) 

Yes, definitely . I'd play up that team thing big . None of 
these guys likes to think of himself as being alone . Tell 
them how much the company cares about them and don 't 
forget the bit about how people are our most precious as­
set. That's always reassuring. Don't mention it. When 
you' re ready to put the whole thing together, call me . 
POMEROY: Why you double-dealing S.O .B.! That 's just 
what you've been warning me against. 
DR. FRIED: Sure, but for him that's both sensible and 
logical. To get his job done, he's got to play it that way. It 
would be irresponsible for him not to . His job is to con­
vince you and everyone like you that there is no conflict 
between you and the organization. 

But you' re the buyer, and there's an old adage that sort 
of applies here. It 's caveat emptor or " let the buyer be­
wa:re." 
POMEROY: But isn't th at dishonest to tell people a ll 
those lies? 
DR. FRIED: No. In the first place, they' re not lies. 
Quick-Buck does need these people now, and the team is 
important. The lie is produced by the engineers who inter­
pret this to mean for all time. You know the irony is that 
management doesn't have to be devious about these things. 

In fact, the more honest management is in passing out 
information to people, the more effective this whole ap­
proach is. You can't bl ame the company . In fact, I suspect 
th at even if they told people that they were hired hands 
paid to do a job at a profit, they would sti ll in ven t this idea 
that somebody cares about thei r individual careers as 
much as they do. 

Of course, the trick is to maintain awareness of your own 
best interests while making yourself an asset to the com­
pany. That's the proper posture for a guy like you. 
POMEROY: I'll try to remember that, but I must say I'm 
shocked by your blase attitude about all this . Your cyni­
cism is appalling . 
DR. FRIED: Look, I'm not being blasE or cynical, just 
realistic and I suggest you had better do the same thing if 
you ' re going to maintain your sanity, not to mention your 
dignity and self-respect. It's an uphill fight, my friend, but 
it can be pretty exhil arating if you 've got the guts to admit 
you're alone and to be your own man. 
POMEROY: (distractedly ) You know there's this garage 
for rent in town. I wonder if I could start my own elec­
tronics firm . .. . 
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''When Mohawk decided 
to build a family of tape drives, I 
went out and hired the sharpest 
tape men in the business=' 

Dave Hemphill, ve General Manager, MDS-King of Prussia, talks engineering. 
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"With our reputation for reliability 
and performance, we couldn't 
afford to make our early mistakes 
in public. So we budgeted enough 
time, money, manpower that we 
could build a whole pilot run, work 
it to the ground and scrap it before 
we shipped a drive to a customer. 

"We were building a new drive 
from the casters up; so we could 
take advantage of the latest 
techniques. 

"Knowing that, we went one step 
further. We put together a team of 
men who had grown up designing 
tape drives. 

"With time, money and that 
kind of talent, we didn't set out to 
build just another state-of-the-art 
tape drive. We wanted to build a 
drive that would be flexible, mobile, 
maintainable, reliable, rugged, com­
patible and economical. Every drive 
has some of those characteristics. 
The 2000 series has all of them. 

"Our new transports are 
built to operate at computer drive 
speeds. They're not low-speed 
decks stretched past their design 
limits to reach a richer market. 

"We've reached some kind of 
pinnacle of maintainability with 
these drives, too. The side panels 
open up. The library swings out. 
The single-capstan drive mechanism 
is a model of simplicity. 

"Naturally, the drives are IBM­
compatible. And naturally they're 
economical. 

"What's most unusual about 
them, though, is the flexibility. We 
designed three transport mecha­
nisms. And we built seven electronics 
packages. That's a lot of combina­
tions. I figure we can satisfy just 
about any specifications you have 
without designing a new machine. 

"Right now, we're introducing 
five models. We're particularly 
proud of the model 2000. It reads 
both 7-track ( 200, 556, or 800 bpi) 
and g-track tapes at up to 45 ips. 
And it's the least expensive model 
in the 2000 series. That even 
surprised me." 

Mohawk Data Sciences Corp. 
Herkimer, New York 

Circle Reader Service #26. 
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THE COMPLETE LINE OF SIGNAL-INDICATING, 
ALARM-ACTIVATING FUSES AND FUSEHOLDERS 
FOR USE ON COMPUTERS, MICROWAVE UNITS, COMMU­
NICATION EQUIPMENT, ALL ELECTRONIC CIRCUITRY 

Circle Reader Service #27. 

HGA..C llUlel 
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WRITE FOR BUSS BULLETIN SFB 

BUSSMANN MFG. DIVISION, 
M cGraw-Edison Co., St. Louis, Mo. 63107 
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OPTOELECTRONICS Part 3B 

MORE 

APPLICATION 
IDEAS 

In this last part we continue with more application ideas that will, 
hopefully, trigger your imagination and stimulate your thinking. 

By Jack Hickey, Managing Editor 

Here is a list of many known applications for opto­
electronic devices. These we re supplied by the a ppli -

APPLICATIONS OF OPTOELECTRONIC DEVICES 

Key: E-emitter 
Key: S-sensor 

1. Monitoring Applications (E & S). 
A. Counting parts on a conveyor belt by interrupting or 

reflecting a light beam. 
B. Inspecting for missing labels or componen ts by refl ec­

ting a light beam. 
C. Counting parts falling from a bin by inte r rup\ing a 

·light beam . 
D. A fluid or bin level indicator by interrupting severa l 

light beams at various levels. 
E. Measuring amount of particle or colored gas discharge 

from a smoke stack by amount of attenuation of light 
beam. 

F. A slot car lap indicator by reflecting light beam . 
G. RPM indicator by interrupting or reflecting light beam . 
H. Sha ft angle indicator by reflecting light beam from a 

pattern affixed to the shaft. 
I. A security beam to detect intruders by breaking a light 

beam. 
J. Use in stroboscope instruments by reflected light 

beam . 
K. An edge sensor tor production alignment of parts . 

sheets or bars by breaking light beams. 
L. Flaw sensing of polished or painted surfaces by reflect ­

ed light beam . 
M. A hot spot locator for detecting hot spots on printed 

c ircuit boards (sensor only) . 
N. A t i re detector (sensor only) 

2. Control and Measurement Applications . 
A. Light sensors to control street lights . yard lights tor 
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ca t ions gro up a t Fai rchild Microwave and Opto­
elec tron ics Div. Many of those listed will be new ideas 
for yo u. 

home or factory and direction sign illumination. (S). 
B. Gasoline engine ignition timing by reflection or trans­

mission of light beam. (E&S) 
C. Automatic steering of inplant vehicles that follow 

painted lines by light reflected from the line. (E&S). 
D. Automatic stopping of inplant vehicles that follow a 

painted line by light reflected f rom another line. (E&S). 
E. Automatic speed control tor vehicles by measuring 

shaft rotation (see IG) or speed (time) between spaced sen ­
sors. (E&S). 

F. Noncontacting excitation of semiconductor devices for 
testing by injection of carriers due to source emission . (E). 

G. Constant intensity control of light by monitoring am­
bient light with a sensor. (S). 

H. Garage door opener using coded sources and sensors . 
(E&S). 

·1. Sensor and operational amplifier as a single unit. (S) . 
J. Opto -acoustic mi c rophone using a diaphragm to 

modulate by interruption or reflection of a light beam. 
(E&S). 

K. Dollar bill changer using sources and sensors. (E&S). 
L. Simultaneous switching of silicon controlled rectifiers 

in parallel by sources . 
M. Automotive signal light changes by reflection or inter­

ruption of a light beam. 
3. Optical Couplers (E&S) . 
A. For ground loop isolation . 
B. For use in multiplexing circuits. 
D. Prevents reverse signal transmission . 

4. Reading Applications (E&S) . 
A. Tape Reader 
B. Card Reader 
C. Garment Tag Reader 
D. Inventory tag reader 
E. Credit card verification 
F. Remote page reading with multiplexed sensor arrays . 
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5. Illumination ( E). 
A. Panel indi cator 
B. Status indi cato r 
C. Low level red fl as hlight f o r darkroom, milita ry or 

where ni ght vi sion must not be impaired . 
0 . Mic rosco pe illuminator 
E. Luminance standard 
F. Wave length standard 
G. Alph anumeric displays 
H. Sm al l novelty signs. 
I. Wa rning lights. 
J. Telephon e lights . 

ANTENNA BORESIGHT SYSTEM 

High intens ity l ight source 

Photo FETs 
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LIGHT PENCIL 

L ight 
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site 

Photo FET 
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on orrays of 
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t------- -o E out 
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/, 
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+14 V DC 

amp. 

Source 
antenna 
support 

12.6V -=-

1 

SW 

K. On -Of f light buil t in to switc h or push buttons. 
L. Bl inking ligh ts on toys . 

6. Film annotation (E) 
A. Frame identifica tion 
B. Sound track recording 

7. Communications (E&S) 
A. Short distance data link with light beam as the carrier . 
B. Sound trac k recording. 

8 . Optical recorders using sources and photochromics 
(E&S) . 
9. Armature and hobbyist kits (E&S). 

10. Detection of IR Sonobuoys (S). 

These three applications represent the winners in 
a Fotofetoo applications contest sponsored by 
Crystalonics, and judged by the editors of THE 
ELECTRONIC ENGINEER. 

An inexpensive antenna range boresight system is 
possible with a visible light source and an array of 
ph otoFETs . Here. with four devices it is possible to 
" zero " the system in both hor izontal and vertical 
axis. Submitted to Crystalonics by T . W. Peders on 
o f Texas Instruments. 

A very simple, yet sensitive light pen is possible 
with a photoFET. This c irc uit was used in con ­
junc tion with a CRT. The FET had a piece o f tubing 
pl aced over its lens as a shield to prevent any a f­
fec t from ambient light. Submitted to Crystalonics 
by R. Ravenstein, Spiras Systems. Inc. 

Light actuated relay will respond ve ry rapidly . even 
to a low level light source. This c irc uit is somewhat 
complex because it has time-delay and lockup fea ­
tures inc luded . SW permits unit to be shuto ff when 
desired . Submitted to Crystalonics by L. G. Cowl es. 
The Superior Oil Co . 
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COMPUTER/PERIPHERAL INTERCONNECT 

A LATCHING RELAY 

Load 

, - ------------, 
I -----,_ I 
L ____________ _j 

Here is a simple, reliable method of coupling pe­
ripheral equipment such as data loggers , card 
punches. typewriters. etc .. to a computer system. 
It eliminates ground loops, noise spikes, and other 
common impedance problems. Use a 300 ohm 
twisted pair as a balanced line. and a coupled pair 
as the line receiver. You shou ld avoid the attempt 
to design " photo coupled line drivers , and use an 
IC line driver . Note the pl acement of the line driv­
ers and the use of visible indicators.- Monsanto. 

A coupled pair where one of the devices is a photo 
SCR. Once latched, the relay may be reset only by 
lowering the load current below I H-Monsanto 

PULSE GENERATOR WITH NEGATIVE AND POSITIVE OUTPUTS 

SL 
Input T

-y 
~--i C Output 

--- - _J 

_}.._ '= 

HIGH REPITITION RATE PULSE GENERATOR 

SL 
Input 

,--
1 
I_ _ 
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With no signal to the LED. the SCR is off and C1 is 
ch<Jrged . A positive pulse to LED ca uses the SCR to 
turn on, discharging C1 through F\_. Pulse width 
and amplitud e can be control led by values of 
RL}'C1 .-Monsanto 

The transistor, Q1, supplies a low resistance path 
for Ct t o charge. With the SCR turned on by the 
LED. Ct discharges and the voltage drop ac ross D1 
reverses the bias of the base-emitter. This leaves 
only Rt between th e SCR and power supply .-Mon­
santo 

PC BOARD HOT SPOT DETECTOR D 
,,,, 

A sensor may be used to 
detect hot spots on print­
ed circuit boards .-Fair­
child ~I a 
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OPTOELECTRONICS Part SB 

SOLID STATE 10A N.C. RELAY 

Lood 
to lOA 

120VAC 2N4992 

PULSE AMPLIF IER 

- 15V 

DROP DETECTOR CIRCUIT 

Grd 

r----- -i>--- -0 Output 

Electri col schemot ic 

REFLECTIVE TAPE SENSOR 

* Li9ht 
source 

Control 
current 

~ ~~ -~Oropl!I - f a poth ~ Sensor 
circuit 

Mechonico l schemat ic 

Sl it for shaping light 

Reflect ive tape 

The output of the light-emitting d iode increases 
with decreasing temperatu re, thus compen· 
sating for the photodarlington's temperature 
coefficient of photosensitivity. The circuit uses 
a silicon bilateral switch to trigger the triac 
power switch, operating as a normally closed 
contact. When t he LED is turned on by " coil" 
current, the photodarlington shunts the bias cur· 
rent from the 2N4992, and prevents triac trig· 
gering. The four diodes provide proper polarity 
biasing to the transistor sensor.--General 
Electric. 

Pulse amplification as well as isolation can be 
achieved by using an OCI with a pulse amplifier. 
The circuit shown uses an isolator with an 
operat ional amplifier to ampli fy the pulse 
appearing at the anode of the emitter. Ci rcuit 
gain is controlled by the feedback resistor, 
RF.- Texas Instruments. 

This circuit was designed for use with a light· 
emitting diode to form a highly reliable drop de· 
tector. The output Is connected to a simple ac 
amplifier. Circuit operation Is straightforward­
General Electric. 

Light sensor is used to sense the presence of a 
reflective segment of tape; and associate ci r· 
cuitry is used to provide a squared output signal. 
Reflective ta pe can be used for counting, sort· 
ing and inventory control.--Optron, Inc. 
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BIOMEDICAL TESTING 

Biomedical transducer 

One serious problem found in biomedical 
electronics is the shock hazard to a patient. This 
system isolates the patient from all electrical 
sources external to the body. The output of the 
transducer is chopped, amplified and used to 

PRECISION BALANCE 

___ \\ ~ Movable aperture (see below) 

Resolut ion adjust 

~ a ' ~ LEO Sensors 

LINEAR VELOCITY MEASUREMENT 

l LED 
14 

- \\ -
Object path - \ \ '"' _-_::.::_--- L 

+Vee 
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modulate the output of the LED. A length of 
fiber optic then couples the modulated IR signal 
to the phototransistor. The signal output from 
the phototransistor can then be demodulated 
and recorded and/or displayed.-Motorola. 

Two phototransistors and an LED can be used 
in a bridge as a precision balance. The weight 
difference between the contents of two sample 
pans rotates a shaft through the pivot of the 
balance. A single aperture is fixed to the shaft 
and rotates wit h it. Movement of the aperture 
unbalances the LED radiat ion reaching the two 
phototransistors. This, in turn, unbalances the 
bridge causing the meter to indicate the im­
balance. By allowing adjustment of the plane 
of the aperture relative to the planes of the 
LED and sensors, the resolution can be changed. 
For example, a course range would result by 
placing the aperture very close to the detectors 
wh ile a fine range occurs when the aperture 
is closer to the LED.-Motorola. 

A pair of light emitting diodes and phototran­
sistors can be used in the measurement of linear 
velocity of high speed objects, such as bullets 
or other projectiles. The phototransistors are 
coupled through common base speed-up circuits 
to a bistable multivibrator. As an object moves 
along its path it first interrupts the light coupling 
to Q,, then to Q2. An electronic counter can be 
used to measure the period of the multivibrator 
output i.;u l>.€. 9_ taking the ratio L/t, the velocity 
is obtained.-Motorola. 
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Measure impedance the easy way, 
use a vector voltmeter 

A vector voltmeter provides a shortcut 
to high frequency impedance and VSWR measurements 

By J. R. Heck, Fellow Engineer 

Aerospa ce and Electronics Systems Div .. Westinghouse Defense & Space Ctr .. 
Baltimore, Md . 

In the past, several types of impedance and admittance 
bridges have been available for making measurements 
between 1 and 100 MHz. These usually required (1) 
a balance adjustment, (2) a reconnection of the circuit, 
(3) a null adjustment and (4) a calculation of values 
dependent on frequency. In some cases, elaborate cor­
rection formul as had to be applied to correct for lead 
errors. To determine vswR, an additional step was nec­
essary to relate the measured values to the normalized 
(line) impedance. 

Now, the Hewlett-Packard 8405A Vector Voltmeter 
can be used with a simple set of Smith chart curves to 
determine impedance and vswR values quickly, with no 
calculation. All that is required is a simple fixture to 
feed power from a signal source, through a known re­
sistance, and then to the unknown impedance. The volt­
meter also allows measurement of the voltage at each 
end of the known resistance. Notice, however, that the 
known resistance is not at ground potential, while the 
generator and voltmeter must be grounded. Because of 
this circuit configuration, measurement of the voltage 
across the resistor is not possible and so a direct reading 
of the current phase cannot be made. 

However, using the test setup shown in Fig. 1, volt­
age and phase reading can be made. The data can be 
plotted directly on a Smith chart normalized to the 
value of R . This is simpl ified by drawing a set of curves 
on a standard Smith chart. Figures 2a and 2b show a 
set of curves drawn through points of constant imped­
ance. These are concentric circles centered on the zero 

point of the chart. The lines of constant angle (phase) 
are straight lines extending through zero. The dB curves 
cross the center line at the proper value of 

E 1 r + 1 
E, = --r- • 

A test probe fixture with a 75-0 RN 70D75ROF re­
sistor was built in a 1 x 1 x 211<1-in. enclosure using BNC 

connectors. When used in the setup of Fig. 1, measure­
ments showed negligible error up to 30 MHz. At 60 
MHz, readings were in error by 2 ° or 3 ° due to the 
stray reactance in the resistor, switch , and fixture. The 
cable from generator to test fixture does not affect the 
readings since the generator is reset before each meas­
urement. 

Measurement accuracy is greatest near a value of 1.0 
on the chart. The value of R (and the normalized values 
on the chart) may be any figure desired. The generator 
may be set at any level within the scale of the voltmeter. 
This system will permit measurement of effective imped­
ance of active nonlinear systems at different operating 
levels, providing the known R is capable of handling the 
required power dissipation. 

This method of measurement is especially useful for 
determining the character of an unknown impedance 
over a range of frequencies since it permits quick meas­
urement and observation of several frequencies. Each 
measurement can be immediately related to the other 
measurements . Such determinations are not practical 
with bridges that require time-consuming conversions 
before usable figures are obtained . Since the zero ad­
justment of the voltmeter does not change rapidly with 
frequency, the direction of change over a small range 
may be found immediately by watching the voltmeter 
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I Know: ·,.sistonce 
Detail of Test fixture 

Fig. 1. The test setup shows the simple fixture needed 
to make impedance measurements. It consists of a 
known resistance, R, mounted with a transfer switch. To 
make a measurement, first connect the test probe to the 
reference probe and set the voltmeter to reference 0 dB, 
0 angle. Then read the voltage and angle on the load 
side of R and plot these on the Smith chart. The unknown 
impedance can then be read directly off the Smith chart. 

R 

Unknown 
Generator E 1 E 2 impedance 

The concept behind the impedance measurements. The 
voltages E, and E, are determined by the series com­
ponents of the unknown impedance when an arbitrary 
constant current flows through R, r, and x. E, is always 
smaller than E,, so it is convenient to set E. and read E, 
on the vector voltmeter in dB down from E, and with a 
phase angle e that is positive or negative with respect 
to the angle of E,. 

tHldddrl11 
0 0 5 10 15 20 25 30 

Frequency MC 

Correction for a long cable between the test point and 
the unknown impedance. When the unknown impedance 
cannot be placed close to the test fixture, a correction 
factor may be applied. The required correction for each 
Smith chart point when using polyethylene-filled coax 
line (0.66 propagation factor) is shown above. This 
correction is easily made if the transmisssion line im­
pedance is equal to R. 
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The Vector Voltmeter 

Voltage and phase are so basic to electri­
cal engineering that it is surprising to find 
that while adequate voltmeters are avai lable, 
no convenient method of measuring phase 
angle existed until the advent of the vector 
voltmeter Introduced 4 years ago, but only 
now becoming popular, Hewlett-Packard's 
Model 8405A Vector Voltmeter measures 
amplitude and phase simultaneously, over 
the frequency range of 1 MHz to I GHz. It 
has a sensitivity of 100-µ V full-scale, a dy­
namic range of 95 dB, and a 360° phase 
range with a resolution of 0.1 °. The vector 
voltmeter allows many measurements that 
formerly were difficult or impossible. Among 
the quantities that can be measured are 
complex impedance, reflection coefficient, 
VSWR, amplifier gain and phase response, 
attenuation and phase characteristics of fil­
ters, cable characteristics, group delay, and 
hf transistor parameters. 

The block diagram of the voltmeter 
shows the automatic phase control (APC) 
that uses a phase-locked loop to tune and 
phase-lock the meter to the signal at chan­
nel A . APC adjusts the frequency of the 
voltage-tuned local oscillator (vTo) which 
triggers sampling-type mixers in the probes . 
Voltage and phase are measured from rf 
signals that are reconstructed at an inter­
mediate frequency of 20 kHz from input 
samples. 

55 



A sample measurement 

56 

A graph of the input impedance of a 2-32 MHz band­
pass filter operating into a mismatched load is shown 
above. The measurements were made using the test 
setup described in this article. 

Figs. 2a·2b. Curves of constant impedance and phase 
angle are drawn on the Smith chart to simplify the 
plotting of data points. Constant dB curves are con· 
centric circles centered at zero, while phase angle 

The Smith chart above shows the input impedance 
when the same 2-32 MHz bandpass filter feeds a 
transistor amplifier. For this case the input VSWR as 
a function of frequency is also shown. The VSWR is 
readily derived from the Smith chart by swinging a 
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curves are straight lines passing through zero. The 
expanded Smith chart can be used for increased 
accuracy around the 1.0 point. 

4.0r ·t--1-;-+-+4-~ ..... -+~--+--· 'f )-mi·· 
,­
r--

i I -1-++·· --· - -----t-·1--11--1 

+- -1 1- . ...., 

LO 

I 
·i 

.~. 
2 MHz 5MHz IOMHz 30 MHz 

Frequency 

compass from the measured point to the r line and 
making a reading. The vector voltmeter technique 
is especially useful for making the type of measure· 
ments shown in this example. 
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reading as the generator is changed. This option is im­
possible with any type of null bridge. 

The vector voltmeter measurements plotted directly 
onto a Smith chart are easy to make and all parameters 
of the measurement are immediately apparent. A com­
plex impedance like that of the bandpass filter shown in 
the example would be practically impossible to 
measure on a conventional bridge. It is difficult to tell 
from successive readings with a bridge which direction 
the impedance is going. Insufficient measuring points or 
a small error in calculation of impedance values from 
bridge readings make it impractical to measure this 
type of impedance with a conventional bridge. How­
ever, using a vector voltmeter, each loop on the chart 
is immediately apparent from the voltage and angle 
readings. 

INFORMATION RETRIEVAL 
Instruments and measurements, 

Circuit theory 
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• It has been computed that "debugged" DM30, 10,000 MMF 
units, when subjected to 257,000 hours of life at 85 ° C 
with 100% of the rated DC voltage applied, will yield only 
1 FAILURE PER 43,000,000 UNIT-HOURS! 

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

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

MIL·C·5A. 

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

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

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

trimmers. 
Units can be constructed for special applications. 

• Life tests at 100° C with rated voltage applied have yield· 
ing only 1 FAILURE PER 716,800 UNIT-HOURS for 1 MFD. 
Since the number of unit-hours of these cafacitors is in­
versely proportional to the capacitance, 0. MFD Mylar· 
Paper Dipped capacitors will yield only 1 FAILURE PER 
7,168,000 UNIT-HOURS! 

• Working volts DC: 200, 400, 600, 1000 and 1600. 
• Durez phenolic resin impregnated. 
• Tolerances: ± 10 % and ± 20 % (closer tolerances available) . 
• Dielectric strength: 2 or 21; 2 times rated voltage, depend· 

ing upon working voltage. 
• Exceed all electrical requirements of E.1.A. specification 

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

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

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

Circ le Reader Service #28. 

I "'"""" ~ • El·ffienco • I 
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THIS MONTH'S IDEAS PAGE 

No. 937 A sure start square wave oscillator .. ... .. ....... .. ........ ..... ... .. .... ....... ... .... ...... .. .. .. 60 

No. 938 A low cost microwave field strength meter ... ...... .... ... .. .... .. .. ... ... .. ... ...... ...... .. 60 

No . 939 Convert BCD 8421 to self-complementing BCD 2421 ..... .. .... .. ........ ....... .... .. 61 

No . 940 Midvalue selector doubles as a voltage limiter.. .... .. .... ..... ............. ..... ...... .... 61 

VOTE for the one you like best 
Write the number of the Idea you like best in the box 
on the inquiry card and send it to us . 

SEN.D us pract ica l, reprod ucible ideas tha t are or iginal wi th yo u 
and have been implemented with linear or digital ICs. 
If we publish your idea , you win a check for $25 .00. 
If our readers vote yours the best of the issue in which it appears , 
you have your choice of a Simpson 270 or Tr iplett 600 multitester. 
After 12 issues . our readers will vote on the best idea for all 12 iss ues. 
The winner gets his choice of ei ther a Hewlett -Packard 1206A or a Tektronix 3 104A oscilloscope. 

Submit yo ur IC Ideas to: 
Albe rto Socolovsky , Editor 
THE ELECTRONIC ENGINEER 
Chestnut & 56th Sts . 
Ph iladel phi a, Pa. 191 39 

HOW YOU VOTED 

The winning Idea for the July 1970 issue is, 
" Simple high duty cycle one-shot " . 

You m ay remember the c ircuit as being a si mple and inexpensive 
scheme to ach ieving high duty cyc les with a one-shot. 
Parv iz Ghajar, who is our pri ze-winnin g a~thor this month , 
is employed at (ieneral El ectric's Informat ion Devi ces Dept. 
in Oklahoma City, Oklahom a. He is a log ic design engineer 
and is currently engaged in the design of disc storage devices. 
Mr: Ghaja r has selected the Tr ip lett Model 600 TVO as his prize. 
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937 A sure start square wave oscillator 

Jack Cramer & Ed Matsumoto, Litt on Guidance and Controls. Woodland Hills, Calif. 

Man y oscillator designs share a com­
mon problem in that they do not star t 
reliably. In many cases, the ci rcuit 
requires you to manuall y intro-
duce power supply transients. 

Vee= 5V ! 10% 

RI 
Cr ystal 

D 

This design uses dioqe D, to allow 
the bias circuit to track the gate 
thresho ld voltage . This lets the bi as 
circuit keep the gates on but not 
sa turated (active) during sta rt -up 
even th ough the power supply varies 1/4 SN54HOO 

by as mu ch as ± 10%. 

Resistors R , a nd R , set th e thresho ld 
bias at a minimum of 1.02 Vanda maximum 
of 1.65 Y. Threshold voltage is I. IV nominall y 
and the max. a nd m in. values account for variations 

VT 

Rz 

in the gate input diode drop a nd the resi stor tolerences. 
Capacitor C1 de isolates the output of G1 and G2 and its value 
in pF equals 457 / frequency (MHz). The impedance of the crys ta l ca n be 
ca lc ul a ted fr o m the gain equ a ti on for osci ll a tors a nd fo r this case the ma th 
work out such th at the impedance should be :,; 622 l! a t the frequ ency of opera ti on . 

938 A low cost microwave field strength meter 

J . Agnew, Vicon Instrument Co .. Colorado Springs. Col. 

H ere ' s a field strength mete r th a t will cos t you about $30 to build . Wh en 
operating, a waveguide directs energy o nt o a crys tal detec tor. The detector 
co nvert s the energy int o a de output which is a mplified 
by the o p a mp and read on a sensitive mi croammeter . 

Ronge switch 

The di ode shown is for x-ba nd o pera ti o n, but 
you can design the meter fo r other frequencies . 
The waveguide is a I 1/ 2 in ch piece o f pl as tic 
tubin g with the ends fl a red . The 
pl as tic is coated with a n electrol ess 
copper solution to provide a con­
ductin g surface . The dimen s io ns are 
not critica l. 

For ca librated readings, the meter 
is placed in a kn own field o r e lse 

compa red to a calibrated meter. In 
this way you can m a ke a cha rt o f 
meter reading vs. field strength. 

To opera te the meter , you point 
it away fr o m the signal. Switch 
the meter to the desired ra nge a nd 
adju st the control for a 0 reading. 
Now point the waveguide at the sig-
nal a nd read fi e ld strength direc tly. 
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939 Convert f3CD 8421 to self-complementing BCD 2421 

J. V. Sastry , Westinghouse Transportat ion Div .. Pittsburgh. Pa. 

~-------~co 

- --- A1 

~------------+----~ e, 

Az 
~z __._ _ __________ ...._ _ _,___. B

2 

A3 
_4 _,_ __ _,_ ________ _, _ __.. _ __. 93 

'--- 1----11 A4 r4 

SN7483 

2 

4 

2 

BCD 
output 

Yo u can convert BC D 8421 code t o self­
co mplementing BC D 2421 with one 4-bit 
binary full adder a nd four NANO gates. 
The circuit shown passes the BC D input 
numbers 0 through 4 to the output 
without change . The numbers 5 th rough 
9 however have binary 6 (0 11 0) added 
to convert them to the BC D 242 1 code. 

The circuit uses a SN7483 full 
adder a nd a ny compatible TT L o r DTL 

NAN O ga tes . If the input is fr o m a 

BCD 842 1 counte r , the outputs from 
this c ircuit mak e up a BC D 2421 
counte r. In this case, the NA;\ D gate 
used as an in verte r can be omitted by 
using the rel a ted Q output fr om 
the co unter. 

940 Midvalue selector doubles as a precise voltage limiter 

Adrian Moses , Lear-Siegler Inc .. Santa Monica. Ca lif. 

5.IK.0. 
Here' s a c ircuit th a t was deve lo ped 

Input 

as a mid value selector fo r th e L-10 I I 
Oight control sys tem . It 's a han dy 
add iti on to your bag of trick s beca use 
it a lso performs ve ry well as a precise 
voltage limiter. 

no.t 

Input 

no. 2 

Input 

no.3 
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Output 

Diodes con be disc rete 
IN914 's or o monoli thc 
motrix such as the 
Harr is RMIO. 

The posi tive limit vo lt ?ge is 
app lied to o ne o f th e inputs, th e 
negati ve limit to anoth e r input and 
the sig nal to be limited is app lied 
to the third input. The o utput will 
always be equ a l to the input (± abo ut 
8 mY due to a mplifier offset) as long 
as the input does not exceed ei th er 
o f the volt age limits. 

The limit points a re sharp a nd 
will be within ± IQ m V. The c irc uit 

a lso features a high input impeda nce 
to minimi ze a ny errors due to loadin g 
o f th e limi t o r s ig na l sources . 
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if you make 
Components, Hardware, Instrumentation or Pe­
ripherals Required In The Design, Construction, 
or Testing of Computers and Computer Systems-

J O IN A DISTINGUISHED GROUP OF 
COMPANIES WHO HAVE ALREADY 

SIGNED FOR BOOTHS AT THE 

COMPUTER DESIGNE 
CONFERENCE & EXHIBITI 
Anaheim Convention Center, January 19, 20, 21, 1971 

The Only National Show For OEM Design 
of Computers and Computer Systems 
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(Not The End Use 

PROFESSIONALLY ORGANIZED 
TO ASSURE PROFESSIONAL RESULTS 

In contrast to existing computer shows, the COMPUTER DE­
SIGNER'S CONFERENCE & EXHIBITION will concentrate 
ONLY on the design, construction and testing of computers 
and computer systems and peripherals - not on their user 
applications! The COMPUTER DESIGNER'S CONFER­
ENCE & EXHIBITION will bring together an estimated 
15,000 OEM computer designers ... prime customers for all 
the components that combine to form a system. The 300-
booth exhibit area will display these components while a closely 
related Technical Program will explore new advancements in 
computer design. 

~ 
Sponsored by these leading engineering publications W 
COMPUTER DESIGN 
ELECTRONIC ENGINEER I l 
ELECTRONIC INSTRUMENT DIGEST / -_ -~>·: 

RESERVE YOUR BOOTH SPACE NOW! 
Call or Write For Details and Contract Forms: 

INDUSTRIAL AND SCIENTIFIC 
CONFERENCE MANAGEMENT, INC. 
222 West Adams Street, Chicago, Illinois 60606 
Phone ( 312) 263-4866 
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Digital multiplexer doesn't miss a thing 
Conventional digital dat a acquisition 
system s scan a nd sample data lin es, and 
seq uentiall y print out th e information. 
H o wever , such sys tems only sa mple 
data, a nd never show what happen s be­
tween the sa mples. 

N ow, a new digital multiplexer co r­
rects this situ a tion . Lassen Electronics ' 
M odel CD 101 stores all input da ta in 
buffer memories, and draws on these 
me m o ries as data sources- without los­

ing inform a ti on. 
This conce pt can be applied wherever 

yo u must route BCD da ta fr o m man y 
so urces t o o ne comm o n destin a ti on . 
Y ou can use the 10 I with tota li zing 
co unter s, di g it-a l frequen cy m e ter s, 
DVMS, a nd so forth , and all intermixed . 

Each of the I 0 I 's eight input channels 
accepts 36 bits o f data (nine decimal 
co lumn s), a nd sequentiall y swi tc h es 
th ese 36-bit groups onto a 40-bit output 
bus. (Four output buses a re ha rd-wired 

fo r source identificati on.) 

This mean s th a t with o ne 10-column 
printer connected to the 10 I, you ha ve 
ava ilabl e, s equentiall y, th e same 
a m ount of dat a as eight IO-co lumn 

printers could print simultaneously. 
The eight input lines and one output 

line are TTL- , DTL- , a nd CCS L-com­
patible . If you don ' t need a printout , 
you can use the I 01 's output to feed any 
gea r th at accepts 40 lines o f para llel 

BCD dat a. 
The multiplexer s ta rts the scan cycle 

when it receives a remote signal. You 
can a lso sta rt the cycle via a fr ont-panel 
pushbutt on. The 101 a lso comm a nds the 
data sou rce t o store present in fo rm ati on 

New Mil-C-81511 connectors added 

T we lve new Mil-C-815 11 c ircular 
con nector in se rt config uration s have 
been added to A mphenol's Astro / 348 
line. They o ffe r a ch o ice o f power , 
thermocouple or shielded high -density 
co nt acts in man y of three new shell 

sizes. 
A new one-piece, m olded dielect ric, 

cont ac t retenti o n system provides more 
contacts per squ a re in ch wh il e m a inta in­
in g volt age ha ndlin g capacit y. Th e re­

sult is a s ig nifica nt cost-per-circuit sav-

MIL-C-81511 
MI L -C-8 15 I I (revi s ion "C" 
re cently beca m e a tri- se rvi ce 
coordinated conn ector spec. Ear­
lier specs were basica ll y limi ted to 
a si ngle service such as th e Air 
Force, Army or Navy. 

And , when NEPR-64- a docu­
m ent recommending it as the con­
nector sta nd a rd for a ll military 
electronic equipment produced by 

A TO co untri es- was adop ted 
a nd forma ll y released ea rlier thi s 
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ings in 20, 22 a nd 24 she ll sizes. 
In size 12- 12 (accepts # 12 ga uge wire) 

power ve rsio ns, you ca n get I I co nt acts 
in a size 20 shell , 14 co nt ac ts in a size 

yea r by NATO headq u a rt e r s, 
Mil-C-8 15 11 became the first in­
tern a ti onal connector spec. The 
reco mm enda ti on mu st now be ra­
tified by each NATO electronics 
group member. 

Th e Int ernatio n a l E l ec­
trotechnica l Commi ssion 's T C-48 
" B" co mmitt ee on hi g h-den si t y 
connectors for electronic eq uip­
ment is also cons idering an eval­
uat ion of M il-C-8 15 11 as a sta nd­

a rd . 

until the print cycle finishes . Further, 
for counter so urces, the multiplexer 
generates a SO URCE RESET sig nal th a t 
allows the coun ter to accumulate new 
data during the print cycle. 

Other feat ures include : a SPA CE com­
m a nd for prin ters capable o f spac ing be­
tween groups ; selecta ble print rates of 
2.5, 5, a'nd 10 prints/s; and selectable 
source printout (you ca n skip unused or 
undesired channels) . 

Data input an d output connect ors are 
com pa tible with Systron-Donner, HP, 
M onsan to, and other printers . Th e C D 
101 works directly with printers such as 
th e Systron-Donner 5103 . But present 
o pti o ns in c lud e an interface for HP 
printer leve ls , a nd printer refere nce­
voltage sig na ls. 

The basic C D 101 costs $2970. Las­
sen Electronics Corp ., Box 11 36, Fre­
m ont , Cali f. 94538. (4 15) 792-0709 . 

Circ le Reader Service #204. 

22 a nd 19 in a size 24 . Beyond th e 12- 12 
for power, you have a choice of 16-16 
(# 16 A WG), 20-20 (#20 A WG) and 23-22 
(#22 AWG) co ntacts in a va riety of high­
density config urations with fr o m 24 to 
155 co ntacts per connector in ser t a r­
rangement. 

Highlights o f the new connecto rs in ­
clude high cont act den sity, co nt act rear­
i nse rt io n / fr ont- remova l ca pa bi Ii t y, 
crim ped " P oke- H ome" con t act in­
sertion , and o ne- pi ece mo lded dielectric 
con tac t retention system. They a lso 

have shell -to-shell fin gers that gro und 

pri o r to contac t m a tin g for ma ximum 
emi / r fi s puri ous interfere nce a tt e nu a­
ti o n ; ca ptivated , tripl e tr ac k bayonet 
co uplin g fo r pos itive loc kin g and vibra­
ti on resista nce; multiple ma ting sea l for 
environme ntal protecti on; six key pos i­
ti o ns in each shell size fo r preventi on o f 
mism a tin g; and th e ca pabilit y to gang­
mount si mil a r insert a rrangements. 

Amph eno l Co nn ec t or Di v., The 
Bunk e r- R a m o Co rp ., 2801 S . 25 th 
Ave ., Broad view, Ill . 60 153. 

Ci rc le Reade r Servi ce #205. 
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SUBSTRATE CONNECTOR 

This con nect o r _provides a re liable 

means for conn ecting I x 2 in. pluggable 
MS l/ LSI cera mi c circuit devices . A built­
in guide (against which the critical side 
of the subst rate is positioned) assures 
proper substrate seating. Bellows con­
tacts assure reliab le connection to the 
ceramic substrate. Winchester Elec­
tronics Div., Main St. & Hillside Ave. , 
Oakville, Conn . 06779. (203) 274-8891. 

Circle Reader Service #206. 

FAST-SETTLING OP AMP 
FET-input op amp is built with high­

reliability co mponen ts (such as metal 
can transistors) throu gh out. Settling 
time is < I µs to 0 .0 I% in both inverting 
and non inverting modes, with 0 . 1 % set­
tlin g time of 500 ns. It is for appli­
ca ti ons whose temp . range can on ly be 
met with metal-can transistors, a nd 
whose ultra-fast se ttlin g requirements 
can onl y be satisfied with modular (i.e., 
discrete component rather than mono li ­
thic 1c) c ircuits. Operating temp. range 
is -55° to + 125°C. Ana log Devices, 
In c., 22 1 Fifth St., Cambridge, Mass. 
02142. (617)492-6000. 

Circ le Reader Service #207. 

POWER SUPPLY 
PM 532 encaps ul a ted , PC mountin g 

module provides 5 W of power in a 3.50 
x 2.50 x 1.25 in . package . It is intended 
to provide power for 1c logic. Output is 
5 Vdc a t 1.0 A . Line reg ., ±0.05% 
max.; ripple and no ise, < 1.0 mV rms ; 
TC, 0 .02%/°C. $63.95. Computer Prod­
ucts , In c., 1400 Gateway Dr. , Box 
23849 , Ft. Lauderdale, Fla. 33307. (305) 

933-556 1. 
Circle Reade r Service #208. 

CRYSTAL OSCILLATOR 
Compactly built Model JKT0-78 low 

power consumption osc illator mounts 
on PC boards. A wide freq. range of 1.8 
MHz to 50 MH z is ava il able . Max­
imum freq. drift (stability) is better th an 
±I 00 ppm from - 55° to + I 25°C. CTS 
Knight s, Inc., Sandwich , Ill. 60548. 
(8 15) 786-841 I. 

Circ le Reade r Service #209. 
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PLASTIC TRANSISTORS 
New fa mil y of 26 power tra nsisto rs 

come in plastic T0-66 containers. The 
family consis ts of true npn and pnp 
complements, each bonded with copper 
a ll oy "clip" lead attachm ents fo r max . 
reliability . Al l operate at collector cur­
rents up to 4 A max . and have a power 
rating of 36 W at a case temp. of 25°C. 
Voltage ca pabi lities a re from 40 to 80 
V. Fairchild Semiconductor, 3 13 Fair­
child Dr ., Mountain View, Calif. 94040 . 
(415) 962-3563. 

Circ le Reader Service #210. 

RF.ED RELAY 

New reed relay is on ly 0.275 in . in 
dia . by 0.950 in . long and is ava il able 
fo r coi l vo ltages of I , 3, 5, 6, 12 and 24 
V. The coil bobbins are molded directly 
on the reed capsul e a ll owi ng greater 
flux densities and redu c ing costs 
through auto mation. Contacts are rated 
to I A at 20 W and ha".e a 750 Vdc 
breakdown voltage . $0 .39. Electronic 
Applications Co. , 22 13 Edwards Ave. , 
So. El Mante, Cal if. 9 1733. 

Circle Reader Service #211. 

UNENCAPSULATEDPOWER 
These ac-dc regula ted suppli es are for 

use wi th op a mps and micrologic circuit­
ry. The PC B mountab le Lambd a- Paks ™ 
are fully repairable because the internal 
compo nent s are not encapsu la ted . They 
come in an impact resistant, name re­
tardant pl ast ic housing . Range is from 3 
to JO Vdc with current rating to 900 
mA . Frum $35.00 to $65.00. La mbda 
Elect ronics Corp. , Rte 110, Mel vi lle. 
N.Y. 11 746. (5 16) 694-4200. 

Circle Reader Service #212. 

TOGGLE SWITCH 

New s ubmini ature , high capacity 
switch features a contact rating of 6 A 
at 125 Vac. A min . of 100,000 on / off 
cyc les at rated load is guaranteed. Con­
tac t res. is 10 mil max. at 2-4 Vdc, I A; 
ins . res. 1000 Mil min . at 500 Vdc; and 
dielectric strength 1000 Vac at sea level. 
Shell y Associates, 111 Euca lyptus Dr ., 
EI Segundo, Calif. 90245. (2 13) 322-
2374. 

Circle Reader Service #213. 

HIGH PWR POTENTIOMETER 
Model 3369 c;e rmet single-turn ad­

justment pot has a cor ros ion- resis tant 
metal cover and si licone 0 -ring to keep 
out moisture . Operating temp . ra nge is 
from - 65 ° to + I 75 °C, a nd life ex­
pectancy is I 000 cycles or better . The 

cermet resistance element ha s a ± 150 
ppm f°C TC. Power rating is I W at 
I 25°C. T he 3369 co mes with r c pins or 
so lder lu gs. Standard res. range is !0011 
to 5 M Q Trimpot Pr o du c t s Div ., 
Bourns, Inc ., 1200 Co lumbi a Ave. , Riv­
e rside, Calif. 92507. (714) 684-1700. 

Circle Reader Service #214. 

POWER TRANSISTORS 
Five new series of complementary, 

power Da rlin g ton tran sistors provide 
gai n up to 2500 (typ.) and a re available 
in current ratings from 4 to 16 A. With 
thei r high gain, they can be driven with 
1c milliampere ou tput current level s. 
The silicon transistors come in 60 and 
80 V collector-emi tter breakdown volt­
age ratings (a I 00 V rating is avai lable 
in the 16 A series). Motorola Semi­
cond uctor Products Inc ., Box 209 12, 
Phoenix , Ariz. 85036. (602) 273-3589 . 

Circ le Reader Service #215. 

TRIMMING POTS 
" Pillpo t" pot s with the compa ny's in ­

finite-reso lu tion meta l g laze (cermet) 
element a re for PC B uses. The 170 se ries 
comes in a range of IOI! to 1 M l! and 
has a TC of± 100 ppm f°C max. over a 
temp. range of - 55° to + I 50°C. In lo ts 
of 500, Types 170 and 17 1 are $1.J I ea.; 

a nd Type 172 is $1.88. TRW In c. , 1100 
Glendon Ave. , Los Ange les, Ca lif. 
90024 . (213) 477-6061. 

Circle Reader Servi c e #216. 

OIL HEADER AND CASE 

iii -___ .,.,...,.,, 
-- .. • • " I - - -

These DIP packages were designed for 
delay lines, reed re lays, hybrid circuits, 
pulse tra nsformer mountings, and many 
more uses. Leads of the I 00 mil pin 
spaced units can be formed to fit D IL 

sockets. Plasmetex Indu s tries , 82 17 
Lan ke rshim Bl vd. , N. Holl ywoo d , 
Calif. 91605. (2 13) 767-1532. 

Circle Reader Service #217. 
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LIGHT EMITTING DIODE 

Ga P ligh t so urce with max. spectra l 
em ission region between 630 a nd 690 
mm comes in two con fi gurat ions: a PC 
board type, so ldera ble to PCBs by nor­
mal methods; a nd a panel boa rd type in 
which a std . T in ne r ma n-t ype a tt ach­
ment faste ns case to pane l boa rd . I rev, 
3.0 V (max.); I forward, 50 m A (max.); 
luminance, 1250 fl (avg.). So la r Sys­
tems, Inc., Box 128, Skokie, Ill. 60076. 

Circle Reader Service #218. 

PLUG-IN REED RELAY 

This relay ca n be plugged into a PC 
board. If there is a contact fai lure, the 
relay can be removed from the PCB, the 
end plug pushed out and the faulty reed 
removed . The reed can then be replaced 
with the end plug and the entire re lay 
plugged back in on the PCB. Available in 
I , 2, 4 and 6 po le units with various 
combinations of Form A, B, A/B and 
C. Computer Compo nents, Inc ., 88-06 
Van Wyck Expwy ., J a maica N . Y. 
11 4 18. (212) 291-3500. 

Circ le Reader Service #219. 

TC XTAL OSC ILLATOR 

Model TCX0-2 co mpensa ted crysta l 
osci ll a t or has a freq. stab. of 
±2 / 10 ' over the ra nge o f -40° to 
+75 °C. Pa c ka ge d within 4 in. a nd 
weigh ing onl y 5.0 oz., it is for use where 
power. space a nd weight re str ictions 
preclude th e use o f an oven for temp. 
stabiliLalion. Bulova Watch Co., Inc., 
6 1-20 W ood side Ave ., Woodside, N.Y . 
I IJ77. 

Circ le Reader Serv ice #220. 

DUA L BAND VCO 
Model 200302092 consists of a pair of 

tran sistor osci llato rs in an rfi protected 
enclosure . The oscill ators deliver a min . 
of 65 mW over the freq. bands 3.6 to 
4.3 GHz and 5.8 to 6.5 GHz. Integrated 
ferrite load isolators enab le smooth 
monotonic tuning a nd assure < ±0.05% 
freq . shift s into a 1. 5: I vswR rotated 
through all phases. Addington Labora­
tories, In c., 1043 Di Giulio Ave., Santa 
C lara, Ca lif. 95050. (408) 248-55 11 . 

Circle Reade r Se rvi ce #221. 
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ALPHA-N UMERI C REA DOUT 
New readout features mini a ture size 

(charac ter 0 .40 x 0.40 in .) readability in 
sunlight , front re la mping, with a cho ice 
of colo rs and fi lters. Ma tin g ss c ircuit ry 
is opti onal. Ava il ab le as indi vidu a l unit s 
th a t ca n be stacked , or as custom in­
teg ra ted bloc k s with di g it s, sy mb ols, 
a nd decima l po ints. O ppenh eim er, Inc., 
Wya nd o tte Rd ., Wi llow Gro ve, Pa. 
19090. (2 15) OL 9-6000. 

Ci rcle Reader Se rv ice #222. 

STEPPI NG MOTO RS 
S tepping motors with co mplete pu l­

sing circ uit ry built in e limin a tes th e 
need fo r any ex t. pul sing o f log ic circuit 
ne twork . You on ly need a de input to 
make th em step in increment a l posi ti ons 
of 30°. T wo designs a re ava il able: a free 
run ning mode l $25.20 ( 1-9) and a self­
pul si ng design, $33 .00 ( 1-9). Ledex Inc., 
123 Webster S t. , Day ton, Ohio 4540 I. 
(5 13) 224-989 1. 

Circle Reader Se rv ice #223. 

AUTOMATIC IC EXTRACTOR 
M odel ACE-700 ex t racto r rem oves 

1cs and reta ini ng solder fro m PCS in 30 s 
or less. It extracts prefo rm ed mu lt ihead 
T0-18, 14 and 16 lead DIL IC modu les 
from single- a nd d ouble-s ided , and mul­
t i 1 aye r PCBs. $900 .00 . E nfie ld In­
dus tr ies, Inc., Box 225, Flourtown, Pa. 
1903 1. 

Circle Reader Se rvice #224. 

H EAT DISSIPATOR 

The circuit substra te is potted directl y 
lo the d issipator in thi s method. T he 
substrate- to-di ssipator interface lowers 
thermal resis tance to the point that ty p. 
hybrid 1cs such as fl at I x 2 in . pac kages 
ca n be operated in sti ll air at a I 00% in­
crease in power over the bare ci rcuit 
while ho lding the same ci rcui t temp . 
The dissipa tors are stagge red fin ge r 
types modified to include a mou nt ing 
cup fo r potting the circuit to the hea t 
sink and encapsul ating it with epoxy. 
Internationa l E lectronic R esea r ch 
Co rp .. 125 W. Magno lia Bl vd. , Bur­
bank, Calif. 91502. 

Circle Reader Servi ce #225. 

IC BAC KP LANE 

M odel 4401 high-density bac kpla ne 
ca n accom mod a te 10 1 D IPS (92 14-pin 
a nd 9 16-pin ). Co mp le te with so lde rless­
wra p sockets a nd 50- pin 1/0 connecto r, 
it is made fro m 3/ 16 in. copper clad G-
10 epoxy. Its do uble s ided co nstructi on 
fea tures a la rge g round pl a ne a rea on 
one side and a Yee voltage pl a ne on the 
othe r. $ 178.00 Data Techn ology Co rp ., 
1050 E. Meadow C irc le, Pa lo A lt o, 
Ca li f. 94303. (4 15) 32 1-055 1. 

Circle Reader Se rv ice #226. 

CO N DUCTIVE LUBRICANT 
Dynalube 495 is a silve r a lloy fi lled 

e lectricall y conductive lu brican t. It co n­
ta in s no vo la t iles, requires no m ixin g 

and co mes ready fo r use. It is a viscous 
ma te ria l th a t wi ll no t drip o r run and is 
stable over a wide temp. range. Vo lume 
resisti vity is 0 .0 I fl - cm (avg.) . Three 
oz. kits a re $I 0.00; 8 oz., $2 1.00, and I 
lb ., $39.75. Municiplex, In c., 10 Stuyve­
sant A ve. , Lyndhurst, N .J . 0707 1. 

Ci rcle Rea der Se rvice #227. 

CASTA BLE CERAM IC 

R T C-60TM prec is ion casta ble h ig h 
a lum ina ceram ic cures in 60 min. a t 
roo m tem p. T o use. th e cera mi c powder 
a nd liqui d ac t iva to r a re m ixed a nd 
pou red into nonabso rban t molds. Mos t 
parts ca n be removed and put into se rv­
ice afte r 60 m in. Tri a l "'.valu a ti on ki t is 
$ 15.00, fob New York. Col ro nics Co rp ., 
37 W . 39th St. , New York , N.Y. 100 18. 
(2 12) 695-7997 . 

Circle Reader Service #228. 

P ULSE T RANS FO RME RS 
Series 1200 ba lu n an d iso lat ion pul se 

tra nsfor mers are qu ad-pac kaged in side 
egress, mo lded plas tic DIPS. They con­
form to T0- 11 6 outline specs. T he ba­
luns have a I: I tu rns ratio, and are 
ava il ab le with a pr ima ry ra nge of 5 µ H 
to 2 m H . The iso lation transformers 
have either a I: I or 2: I turn s ratio, an d 
a pri ma ry ind . range of 5 µ H to 500 µ H . 
$14.50 ea. ( 1-9). Ness Pac ific, 470 
Sa n A ntonio Rd., Pa lo A lt o, Ca lif. 
94306. (415) 328-7036. 

Circ le Reader Service #229. 
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NUMERI C DIS P LAY 

New Panaplex™ numeri c panel dis­
pl ays a re available in 8 to 16-digit ver­
sions. The 9-seg ment charac ter format 
e liminates the left or ri ght reading 
"one ." Common cathode construction 
results in many less termin a tion s, e .g.: a 
12-dig it panel has only 22 terminations. 
Burrou g hs Co rp . , Electronic Com­
ponent s Div. , Pl a infield , N.J . 07061. 
(201) 757-5000. 

Circle Reader Servi ce #230. 

DIG ITAL PANEL METER 

New 3 1/2 dig it meter functions over a 
ran ge of input power fr eqs va rying from 
50 to 400 Hz a t either I 15 or 230V. 
T ype 330A meter a lso fea tures auto­
matic zero adjust a nd co nstan t high in­
put Z. Ma ximum sens. is I mV , 100 
nA , I ll. $ 175 .00 sma ll quan. Pri ce in­
c lude s co nn ec to r . Di g i I in, In c., 6533 
San Fernando Rd. , Glendale, Calif. 
9120 I. (2 13) 245-6754. 

Circ le Reader Servi ce #231. 

C HIP RESISTORS 
These 85 x 55 mil chips have a thick 

film element and a palladium go ld ter­
mination . Gold is also applied to the un­
derside of the element. Resistance range 
is I 00 H l to 100 Mn, T C R is < 200 
ppm /°C and to lerances are ±5 and 
± 10%. Airco Speer Electronic Com­
ponents , Niaga ra Falls, N .Y . 14302 . 
(716) 285-9381. 

Circ le Reader Servi ce #232. 

AV ALAN CHE DIODE 
This high-efficiency di ode Y-2075 for 

operat ion at S-band is a si licon mesa 
di ode bonded to a copper heat sink . De­
signed for pulsed service, it produces 
peak powe rs suitable for use in severa l 
applications not previously served by 
o th er ss devices. T ypica l measured re­
sult s show 20 to 40 W of pulsed power 
output at abo ut 3.7 GH z. Measured ef­
fi c ien cy is > 20% for I µs pul ses at a 10 
kH z pul se rate . General Electri c Tube 
Dept. , Owensboro, Ky. 

Circle Reader Servi ce #233. 
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P ULSED MAGNETRON 
This miniaturized mechanically tun­

able magnetron has negligib le freq. 

shift under the most severe environmen­
tal conditions. The BLM-116 delivers a 
peak output of at least 1.4 kW over a 
range of 5.4 to 5.9 GHz. It weighs only 
8 oz. About 1.2 x 1.2 x 2.6 in. Varian 
Eastern Tube Div. , Salem Rd ., Beverly , 
Mass. 01915 . 

Circle Reade r Service #234. 

ULTRASON IC CLEANER 
Models AC-25 and AC-66 are por­

table, self-contained systems for use 
with aqueous solutions and chlorinated 
or fluorinated solvents. M odel AC-25 
($60.00) with tank dimensi ons of 5 x 5 x 
3 in. uses 50 W of ultrasonic energy. 
Model AC-66 ($225.00), with work di­
men sion s o f 11 x 6 x 6 in ., is powered 
by a 150 W ultraso nic genera tor. Ba r­
on-Blakeslee , Inc ., 1620 S. Laramie 
Ave ., Chicago, Ill. 60650. 

Circle Reade r Service #235. 

RF POWER T RANSISTO RS 
Two new series feature silicon nitride 

passivation, hi gh-temp. metalization , 
a:nd emitter-balancing resistors. A 12 V, 
470 MH z lineup includes the MT1401 , 
MTl403 , MTl412 , and MT1425 , with 
outputs of I, 3, 12, and 25 W, respec­
tive ly. The 1425 has 4 dB min . gai n. 
The 28 V, 400 MH z series includes the 
MT2401 , MT240 3, MT 241 2, a nd 

MT2425 , with the same respective out­
puts. The 2425 has 8-dB gain. Fairchild 
MOD, 2513 C harleston Rd ., Mountain 
View, Cal. 94040. (415) 961-9573 . 

Circ le Reader Servi ce #236. 

DIP SOCKETS 

These 14 a m! 16-p in , 2-piece sockets 
have rem ovab le con tact s. Terminal end s 
o f the 20 milli onth s go ld over ni ckel 
co ntacts are ava ilable in two types, sol­
der less a nd so lder . Nominal in sert ion 
fo rce is 4 - 5.5 lbs. wi th an ex tract ion 
force o f 1-2 lbs. Scanbe M fg. Co rp ., 
3445 Fletcher Ave. , El Monte, Ca lif. 
9 173 1. (213) 579-2300. 

Ci rcle Reader Service #237. 

EPOXY RESIN AD H ESIVE 
Tra- Bond 2101 is suited for bonding, 

la minatin g, coa tin g a nd ma intenance 
uses. It is particula rl y effective for coa t­
ing resistors, ca pacitors, diodes a nd o th­
e r co mp o nent s to co pper -c lad P C 

boards. Full y cured , it is a good elec­
trical in sulator . Tra-Co n, Inc., 55 North 
St., Medford , M ass. 02155. (617) 391-

5550. 
Ci rcle Reader Service #238. 

H EIGHT CONSCIOUS RELAY 

Only 0 .225 in . high , the "Centigrid®" 
relay (Series I 12) ha s leads spaced on 
0 . 100 in . centers, with a ll eight lead s on 
the periphery of the can. By contrast, 
the normal T0-5 is 0 .265 in. high , and 
requires a 0 .080 in. high tra nsipad to 
achieve a 0 . 100 in . lead spacing . $29 .95 
in si ngle quan . Teled yne Rel ays, 3 15 5 
W . El Segundo Bl vd ., H awt h o rne , 
Ca lif. 90250. (213) 679-2205. 

Ci rcle Reader Service #239. 

PULSE TRANSFO RMERS 
These tran sformer s co me in a choice 

of three PCB type cases. A wid e range of 
std . designs ma kes them easy to adapt 
to instrumentation and computer appli­
ca tion s. $6 .50 ea. ( 1-14). Aries Tech­
nology, 3475 Victor St. , Sa nta C lara , 
Ca lif. 95050. (408) 244-9366 . 

Ci rcle Reader Service #240. 

COM P UTE RS 
Two new HP computers have twice as 

much memory capacity as their pre­
decessors - in the same size main­
frames. Thus, they don ' t need ext. add­

on memory extenders, even when their 
co re memories a re expanded to max. 
size. The 2 I 16C is a 16-bit machine 
wi th a memory cycle time of 1.6 µs. It ' s 

$20,000 including a n 8 k (8192-word) 
core memory. M odel 2 I 14C, is also a 
16-bit machine , but with a memory 
cycle time of 2.0 µs . With 4 k core 
memory it se ll s for $8,500. Additional 
core can be added to both computers. 
Hewlett-Packard , 150 I Page Mill Rd. , 
Pa lo Alto, Calif. 94304 . (415) 326-7000 . 

Circle Reader Se rvi ce #241. 
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INST RUME NT ATIO N AMP 
Model ZA70 1Dl has a gain range of 

I to 1000, a gain non -linearit y of 
±0.03 % and a CMR R of 110 dB. It 
comes in a 14-pi n DIP and requ ires only 
one resis tor for selection of gain. Price, 
( 1-9) is $S2 .00: I 0-24 is $48 .00. Zeltex 
Inc ., 1000 Cha lomar Rd ., Concord, 
Ca lif. 94S20 . (4 1S) 686-6660. 

Circle Reader Service #275. 

These four mu lti-chip 1cs form a gen­
era l purpose hybrid frequency synthesiz­
er. The devices are designed for use in te le­
comm unications systems up to 200 MHz. 
The buildi ng blocks are the SH809S 
log ic presca ler, the SH8096 progra m­
mab le divider , the S H8097 vhf voltage 
controlled tuner and oscillat or, and the 
SH8098 progra mm able reference divi­
der and osc illat o r . Fair chi ld Semi­
conductor, 313 Fairchild Dr. , Mountain 
View, Calif. 94040. (4 IS) 962-3S63 . 

Circle Reader Service #276. 

POS IT IVE VO LTAGE FOLLOWER 
You can use the Mode l 9708 as a 

"close to ideal" volt age follower. The 
unit features I 0 x Io- " A max. input 
current, 10 m~! output impedance, ± 10 
V swing into 1 000~! load and 300 kH z 
small signal bandwidth. Optical Elec­
tronics, Inc., Box 11140. Tucson, Ariz. 
8S706. (602) 624-83S8. 

Circ le Reader Service #277 . 

BIPO LAR RAM 
The I MSS03 is a 2S6-b it TTL rand om­

access memory. It is full y binary de­
coded, has an access time of 7S ns, and 
di ss ipates I .S mW / bit. Organ izati on is 
2S6 words x I bit. $S7 ea. in I 00 pc 
quantities for 0 to 7S°C operation and 
$8S for the - SS to I 2S°C temp. ran ge. 
Inters il , 10900 N. Tantau Ave., Cuper­
tino, Ca lif. 9SO l4 . (408) 2S7-S4SO. 

Circ le Reader Service #278. 

MSI IN S ILI CONE 
Ten of the manufacturer's MS I 9300 

series devices as well as it s com plete 
fi ve-ci rcu it multi-vibrator fa mil y a re 
available in si li cone. Prices a re at least 
$.40 /c ir cui t below regular herme ti c 
prices in I 000-piece orders. Advanced 
Micro Devices Inc., 90 1 Th om pson Pl., 
Sunnyvale, Ca lif. 94086. 

Circle Reader Service #279. 
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RF AM PLIFIERS 

The CA800 has a S M Hz to SOO M Hz 
bandwidth with 2S dB ga in. It is a uni­
versa l broadband gain block for SOfl in­
strumenta tion and ra di o systems . A 
companion amplifier , the CA600, is de­
signed specifica ll y for 7Sfl CATV use. It 
has a ga in of 28 dB fr om 40 to 300 
MH z usin g a 24 V so urce. TRW Semi­
condu ctor Div .. 14S20 Aviation Blvd ., 
Lawnda le, Calif. 90260. (2 13) 679-4S6 I. 

Ci rcle Reader Se rv ice #280. 

MOS RAM 
The RMS3L is a Sl 2 x I bit read/ 

write memory for hi gh speed scra tch­
pad, mai n frame and low power ap­
plicat ions. The devi ce contains a S 12-
word x I-bit array of memory cell s a 9-
bit address word decoder, a high speed 
current mode da ta outpu t, a chip di s­
able fun ction an d a multiple data bus 
interconnect. American Microsystems, 
In c., 3800 Homes tead Rd ., San ta 
Clara, Ca lif. 9SOS 1. (408) 246-0330. 

Circ le Reader Service #281. 

LINE DRI VI G OP AMPS 
These op amps have slew rates of 

I 000 V / µs min ., and bandwidth of SO 
MHz, min . They have an output capa­
bi lity of ±S V up to 20 MH z when 
driving a SOfl line. The two models dif­
fer onl y in voltage drift specs: ±25 
µV f°C for Model 3341 / ISC ($69 ea., 1-
9) and ±50 µV f°C for Model 3342/ ISC 
($S9 ea., 1-9). Burr - Brow n Resea rch 
Corp., Int ' ! Airport Indu stri a l Par k, 
Tuscon, Ari z. 85706 . (602) 294- 1431. 

Circ le Reade r Service #282. 

RC D D/ A CONVERTE R 

The M N303 is a com plete 8-bi t con­
verter in a 14-lead DIP . Slew ra te is O.S 
V /µs, temp. coefficient is ± 10 ppm /°C, 
and power consumption is 400 mW. 
Operating temperature range is 0 to 
70°(. Pri ce, 1-24 pcs, $79. Micro Net­
wo rk s Co rp ., S Ba rbara Lane, Worces­
ter, Mass. 01604. (617) 756-463S. 

Circle Reader Service #283. 

MICT();\Q<LD 

CO UNT ER/ DECODER/ DRI VE R 
The I TT l l0 7C i s a coun t ­

er / decoder / dri ver that operates with a 
seven-segment numeric-read-out vac­
uum tube . It wi ll direct ly drive seven­
segment di splay tubes such as the Tu ng­
Sol DT1 705D, the GE Yl938 and Syl­
vania 8894. $ 15.20 ea. ( 1-24 pcs) ITT 
Semiconductors, 330 1 Electronics Way, 
W. Pa lm Beach, Fla. 33407. 

Circle Reade r Service #284. 

D UA L TRAC KI NG REGU LATOR 
The SG ISO l / 250 1/ 3501 has positive 

and negative outputs which are factory 
set a t ± 15 V or are variable from ±8 
to ±23 V with a single external adjust­
ment. One I SO I wi ll power over 2S op 
amps and replace two reg ulators and 8 
co mpon ent s in a typi ca l application. 
$4.80 to $9.80 ( 100 pcs). Si licon Gener­
a l, Inc., 7382 Bolsa Ave ., Westminster, 
Ca lif. 92683. (714) 839-6200. 

Ci rc le Reader Se rvi ce #285. 

U P / DOW CO U TE R 

The AM 2SO I is synchron ously pre­
se t!able and offers active pullup ou tputs 
fo r hi gh speed with good noise margin s. 
Th e co unt er features 2S MH z speeds. 
and input clamp diod es to minimi ze ad­
verse line reOection. The indu stri a l unit 
is $7.70 ea. in 100-up quantities. Ad­
vanced Micro Devices Inc .. 901 Th omp­
son Pl. , Sunnyvale. Ca lif. 94086. 

Ci rc le Reader Service #286. 

ST AT IC MOS S HIFT REG IST ER 

.._ -i~ / 
I 
I 
I 

The N20 10K is a sta ti c shift reg ister 
which th e manufactu rer says will re­
place dynamic registers with their at­
tendant refreshin g circuit s. In addition , 
at frequencies over 1.0 M HL. less power 
is consumed by th e N2010K than by 
many dyna mic reg isters. $4.00 ea. (100-
999). Signet ics Corp .. 8 11 E. Arqu es 
Ave .. Sunn yvale. Ca li f. 94086. 

Circle Read er Serv ice #287 . 

TWIN 5 12-BIT DY AM IC S R 

The TMS3309JC is a four-phase dy­
namic shift register / accumulator. Spe­
cifica ll y designed for high-speed app li ­
ca ti ons, th e register will operate, a t 10 
MH z and is the fastest full 1024-bit 
shift regis ter avai lab le. Te xas In­
str ume nt s In corpora ted, Inquiry An ­
swer in g Service, Box S0 12. M/ S 308, 
Dall as, Tex. 7S222. (214) 238-3741. 

Circle Reader Service #288 . 
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COMPLEMENTARY MOS 

Three new co mplemen tary MOS 1cs. two gates a nd a Oip­
Oop, are the initial product s in a family o f dig ital logic ca ll ed 
MC MOS. Quescent po wer dissipation is low, the MC2501 L 
qu ad 2- input NO R gate a nd the MC2502L dual 4-input NO R 
ga te typ ica ll y di ss ipate 10 nW; the M C2503L dual type Oip­
Oop di ssipa tes 50 n W, typi ca l. Anoth er feature is a noi se im­
munit y equal lo 45% of V00 (typ). Thi s, comb in ed with the 
ability to o pera te o n a ny supply fr o m ±4.5 to ±20 Ydc, ca n 
provid e a 9 Y no ise immunity (at V00 = 20 Y). Pri ces in 100-
up quan .: MC2501 L, $5.70; MC2502L. $5.40 ; MC25 03 L, 
$9 .60. T echnica l In formation Ctr ., M oto ro la Semi co nduc to r 
Products In c., Box 209 24, Ph oeni x, Ari z. 85036. 

Ci rc le Reader Se rvice #289. 

HEX, 32-BIT SHIFT REGISTER 
Thi s static MOS LS I device, the TMS311 2, is orga ni zed as 

six reg isters by 32 bits . Because it uses a lo w-thres ho ld MOS 
techn o logy, po we r- suppl y requirem ents are +5 a nd - 12 Y. 
Direct TTL DTL interface is possible without input or output 
resistors, a nd you need on ly a single clock with a TTL swin g . 
The o rga ni za tion is use ful in ma ny CRT di spl ays that use a 
format o f 32 cha racters / lin e with a to tal a lph a bet of 64 char­
acte rs . Rec irculate ga ting o n the chip, permits the reg ister to 
store an entire line of text for thi s type o f di splay. $ 11 .50 
(250-999 quant it ies). Texas In struments In corpora ted , In ­
quiry An swerin g Serv ice, Box 501 2, M / S 308. Dallas, Tex. 
7522 2. (2 14) 238 -374 1. 

Circ le Reader Service #290. 

MOS/ LSI ARRAYS 
These new off-the-she lf standard products in c lude two read­

only me mories, two storage arrays, a shift reg ister , and a n 
a na log switch . A ll will o pera te fr o m - 55 to I 25°C and a re 
ava ilable in either Oa t pac k o r dual in -lin e pac kages. Access 
tim e o f the sto rage arrays is 40 ns. The products a nd prices 
( 1-24 pcs) are: 5 12-word (2560-b it) ROM, $58.00; 256-word 
(2560-bit) ROM, $58 .00; 256-bit (64 x 4) read / write storage ar­
ray, $42.00; 128- bit (64 x 2) read / write s to rage a rray, $36 .00; 
1024-bit dynamic shift register , $45.00; ana log sw itch , $20.00 . 
Co llin s Radi o Co ., Newpo rt Beach, Ca lif. 92663. 

Circ le Reade r Se rvice #291. 

DUA L 100 BIT DYNAMI C REGISTER 
The Y002 uses a si ng le phase, bipol a r compa tible clock, 

and can operate fr o m I 0 kH z to 2 MH z ove r a ran ge of - 55 
to 125°C. The two separate 100-bit registers have comm on 
power a nd clock devices . Because the phase 2 c lock can be in­
dependentl y inhibited for bit positions 2 throug h 100 of each 
reg ister , yo u ca n use ha lf o f the V002 as a di vide by 100 rin g 
cou nter . Powe r di ssipation is typi ca ll y I 111 W / bit a t 2 MH z. 
Price (1 -24) $5 .50. Yarad yne, Inc., MOS Opera ti o n, Semi­
co ndu cto r Div. , 10432 N . T anta u Ave., C upe rtino , Ca lif. 
950 14 . (408) 257-0481. 

Circ le Reade r Service #292. 
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IC MULTIPLEXER 
This digital 1c gating a rray is a na logous to a 4-pole, 3-pos i­

tion sw itch. The array is a 3- input , 4-bit multiplexer . Four 
bits of digital da ta are selected from one o f three inputs and a 
2-bit channel selecti on code determin es the active input. A 
dat a complem en t input ca n in ve rt da ta or allow straight data 
now by controllin g a co mplement circ uit a t the multiplexer 's 
o utput. Two versions are bein g o ffered : the 8263 uses ac tive 
pull-up output structures for minimum de lays, and th e 8264 
has bare collector ou tputs for expansion o f input terms. Price 
(I 00-999) is $15.95 ea. in a 24-pin Oat pac kage (0 to 75°C) . 
Signetics Corp ., 8 11 E. Arques A ve .. Sunn yv ale, Ca lif. 94086 . 

Circ le Reade r Se rv ice #293. 

STATIC MOS READ-ONLY MEMORIES 
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These two devices, the 3507 and 3580 are identica l except 
for their format. The 3507 is organi zed as 256 words by eight 
bits, while the 3580 is organized as 512 wo rds by fou r bits . 
Each device has three chip select ga tes th a t are customized ac­
cording to a customer' s program requirements. The outputs 
ha ve wired-O R capabi lit y, which permit s direc t s tacki ng of up 
to eight packages. Both products are pri ced a t $30 ea. in 1-24 
quan . There is a masking charge for custo mi zation of the chip 
select ga tes for orders of less th a n 100 pieces. Fairchild Sem i­
conducto r, 3 13 Fairchild Dr ., Mountai n View, Calif. 94040. 

Circ le Rea der Service #294. 

IC MEMORY COMPETES WITH CORES 
The 1103 is a 1024-bi t MOS random access memory . The 

manufacturer says th a t the si li con ga te process produ ces the 
1103 at such high yield s th a t th e cost dips below cores for 
memo ries o f a ny size from 10 k- to 10 M-bits. Read / write 
memories with the 1103 have a max imum access tim e of 390 
ns and a read -modify-write cyc le o f 600 ns. The c hip has a 
1024 x I orga ni za tion and is full y decoded . Price, in qu a ntiti es 
of 1-24, $60.00 ea. In quantities o f 100.000 o r more, the price 
is less th a $.01 / bit. Intel Corp. , 365 Middl e fi e ld Rd ., Moun­
ta in View, Ca lif. 94040 . (415) 969- 1670. 

Ci rc le Reader Se rvi ce #295. 

MOS/ LSI CALCULATOR CIRCUITS 
This set o f six circuits pro.vides a ll the log ic required to 

bu ild a n e ight-digit , four fun ctio n (ad d , subtract, multipl y a nd 
di vide), desk-top calcu la to r. Da ta entry by the use r-suppli ed 
key board is lo eight di g its with inte rnal ari thm eti c o perations 
a nd storage to 16 digits. A fixed decimal point can be elec­
tronicall y set and consta nt multiplier / di viso r ca n be entered 
a nd stored. Sign and over- n ow are indi ca ted a nd no nsig nifi ­
ca nt zeroes a re suppressed . The max. so luti on tim e with a 200 
kH z clock is 120 ns. Electronic Arrays, In c., 50 I Elli s St., 
Mountain View, Ca lif. 94040. (41 5) 964-432 1. 

Circ le Reade r Se rvi ce #296. 
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L TERl\TURE 
De power supply handbook 

Written for the user , this 138-page 
handbook di sc usses both traditi onal and 
unusual a pplicati o ns and problems of 
regulated power supplies. The boo k is 

divided into ~ix secti ons which provide 
an understanding of operation , perform-

~II 

Basic series regulated supply 

ance, a nd connection: definiti o ns, prin­

c ipl es of o peration , ac and load connec­
t ions , remote programming , o utput 
vo lt age a nd current ratings, and per­
formance m easu rements. Hewlett-Pack­
ard Co ., 160 1 Ca li fo rnia Ave., Pal o 
Alto, Ca lif. 94304 . 

Circle Reader Service #361. 

Connector compendium 
An expanded series of pin a nd socket 

connectors for rack a nd pa nel cable a p­
plica ti ons is described in a 32-pager. 
Ca tal og #908 in cludes specs, appli­
ca tions a nd dimensiona l d a ta .for the 

high d ensity rectangul ar connector fam­

ily. Semi-automatic a nd a ut o m a tic m a­
chine r y for la rge vo lum e produ cti o n 
wir ing, a nd ha nd tools for m a intenan ce 
an d production a re a lso di sc u ssed. 
AMP In cor po rat ed , H a rri sb urg, P a . 

17105 . 

Circ le Reader Servi ce #362. 

Logic card guide 
Log ic cards and log ic card accesso ries 

a re out lin ed fo r you in this 12-page log­
ic card selection guide. Yo u' ll find data 

o n mo re than 150 s ta nd a rd products, in­

cludin g DTI. , TTL, a nd ana log (A / D, D/ A, 

sa m ple a nd ho ld , multiplexer) ca rd s . 
Th e re's a lso infor m a ti o n o n com­
pl e me nt a ry hardware and accesso ri es 
plu s \ I Si co mplex function card s . Neces­
sa ry info rmation includes power re­
q uire ments, number and type of circuits 
pe r ca rd , and co lor codin g . Da ta T ech­

no logy C o rp ., 1050 E. Mead ow Ci r ., 
Palo A lto, Calif. 94303. 

Circ le Reader Serv ice #363. 
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PC handbook 
Illu stra ted with step-by-s tep in struc­

tion s for printed ci rcuit fabrication, thi s 
ha ndboo k details fo ur techniques- di­
rect mask ing ; photomask / cut-and-peel ; 
mas ter artwo rk , fi lm negative, ph oto­
gra phic; and " B" negative draftin g sys­
tem. The ha ndboo k a lso includ es tips on 
PC board layout , design, a nd fabrica­
tion. All techniques can be used fo r 
si ngle-pi ece prototype as well as full -sca le 
manufacturin g. 50c. GC Electronics, 
400 S. Wyman St. , Rockfo rd , Ill. For 
more information on where to get thi s 

item 
Circle Reader Service #364. 

E IA 1970 yearbook 
Here' s a grea t way to bring yo urself 

up-to-date in the elect ro nics world. The 
19 70 Electro nic M a rk et Data Boo k 
(kn own as the EIA yea rbook) reviews 
sa les a nd trends in th e elec tronics in­
dustry and a nal yzes the co nsumer , in­
dustrial , govern ment , e lectro ni c co m -

MARKns FOR ELECTRONICS AS PERCENT OF TOTAL FACTORY SALES 

I Y SELECTED YEARS 

po nents , a nd world tr a de market s. 
More than 90 tables and 12 charts illu s­
trating sales and trends a re included in 

the book. Single copies are $ 15: bu y 20 
or more and th ey ' re o nl y $9. Electronic 

Indu stries Assoc., Office o f Publi c Re­
la ti ons, 200 1 Eye St., W ashin gton, D. C. 

20006 . 

IEEE publication 
Available o n a bi-monthl y basis fr o m 

the IEEE, th e " IEEE Publi cat ions Bul­

letin " will provide li stin gs for new con­
fe rence pu blicat io ns, specia l IEEE jour­

nal s. new information se rvices. a nd new 
standards publications. Recent ma te ri a l 
avai la ble from the IEEE is listed . a s a re 
new produ cts. The cum ul a ti ve informa­

tion wi ll extend over a one- yea r per iod. 
T. H . Hogan , IEEE In c ., 345 E. 47th 
St.. New York, N .Y. 10017 . 

Circle Reader Service #365. 

Linear chips 
Linear 1cs available in chip fo rm are 

detailed in a 12-page cata log . There a re 
ch ips fo r 23 linear devices in cluding op 
am ps, volt a.ge regu lators, video amps, 

co mpa rators , multipliers, transistor ar­
rays, a nd sense amps . Illustrations give 
yo u the informatio n you need on chip 
sizes , pad locations, a nd pad functions . 
S ilicon General In c., 7382 Ba lsa Ave., 

Westminster , Calif. 92683. 

Circ le Reade r Service #366. 

Semiconductor almanac 
A 52-page sem iconductor a lm anac 

(ETRM-43 11 F) contains about 20,000 
c ross references fr o m JEDEC o r OEM part 

number to GE pa rt numbers for univer­
sal repl ace ment se miconductors and / or 
selenium rectifiers for co lor TVS, dual 
di o des, a nd quartz crys tal s. Appli­
cati o ns and technica l dat a o n universal 
tran sisto rs, as well as specs, prices, and 
termin a l drawings for GE's entertain­
ment tran sisto rs, quartz crystals, and 
zener a nd crys tal di odes a re a lso includ­
ed in the 1970 edi tion . GE Tube Dept. , 
3 16 E. 9th St. , Owensboro , Kentuc ky 

42301 . 

Circ le Rea-der Service #367. 

Conversion circuits 
Application note #25 describes con ­

version circuits (TTL to MOS and MOS to 
TTI.) wh ich can be used to interface this 
\10 S RAM int o on/ TTL sys tem s. The 
RA \ 1 is a I 024 word x I bit random-ac­

cess read / write MOS mem o ry with low 
vo lt age circuit design (Y 00= - 15 Y) 

q 5y 

f rom TTL gate to MOS inpu t s 
(,,. SOpf) 

Buffered outputs for loads to 500 pf 

a nd low capac it ance inputs. Schematics 
illu s t rate th e use of both TTL to MOS a nd 
\ JOS lo TTL inter face fo r greater drive 

c urre nt a nd faster access time . Ad­
van ced Memory Systems In c ., 1276 
Ha mmerwood Ave ., Sunnyvale, Ca lif. 

94086. 
Circle Reader Service #368. 
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Catalog of A/ D / A systems 
A co mplete line of Alo/ A conversion, 

signa l co nditioning, and digital display 
products are described in this 16-page 
brochure. Basic specs and technical in­
formation a re provided for ca rd-mounted 

and modular devices, complete system s, 

9~ F(HM CAV.lDG 
~>lb-~>-; 
kilte; 
;:4':iloca""'5 

powe r suppli es an d o ther peripheral 
eq uipment , digita l panel meters and di s­
plays, a nd hard ware an d enc los ures . 
/\l so, information on th e co mpany's ca­
pab iliti es, facilities, and publica tions is 
in c lu ded. Analogic Corp., Audubon 
Rd ., Wa kefield , Mass. 01 880. 

Circle Reade r Se rv ice #369. 

Temperature compensated ECL 
A new series (9500) o f ECL c ircuits, 

designed to avo id sta ndard des ign prob­
lem s of characteri za ti o n at diffe rent 
tem pe rat ure levels, is di sc ussed in a 
tec hni ca l pape r. The paper discusses 
avo idin g syste m no ise immunity loss 
due to temperature gradients and covers 
theoretica l design, cold tempera ture op­
crat ion o f th e ci rcuits, a nd saturati on 
perfo rm ance. Fairchild Semicondu ctor , 
Box 880A , Mountain Vi ew, Ca lif. 
94040. 

Circle Reader Servi ce #370. 

Mini servo amps 
Bulletin # 100 di scusses 400 Hz m1111 

ss servo amplifiers which are su itabl e 

for co mmercial , industrial , a nd milita ry 
app lica ti ons. The a mplifiers li sted range 
from 2 to 40 W ou tput power and meet 
Mil spec requirements under Mil- E-
5272, Mil-E-5400 a nd Mil-1-26600. Me­
cha nica l an d electri ca l specs and sche­
m a ti cs a re pro vid ed , as is a des ign 
guideline cha rt which shows input and 
output characteri sti cs. Available from 
Servo Products, Electronics Di v., Bu­
lova W a tch Co., In c., 61-20 Woodside 
Ave .. W oodsid e, N .Y. 11 377 . 

Circ le Reader Service #371. 
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Ceramic capacitors 
A comprehensive 76-page catalog 

serves as a ceramic capaci tor handbook . 
In addition to standard product infor­
ma tion , th e brochure contains a guide 
to the use of ceramic capacitors sug­
gested for those wh o may be unfamiliar 
with their nature and behavior. Refer­
ence summary charts showing available 
ca pacitance ran ges, charts depicting 
m onolithic construction, and schematics 
and specs are provided in thi s informa­
tive g uid e. Gulton Indu s trie s In c ., 
Metuchen , N .J . 08840 . 

Ci rcle Reader Service #372. 

Integrated circuits 
This is a gro up of 11 data sheets for 

in se rti on int o yo ur R ay th eo n Dat a 
Manual. Th e upd a ted dat a includes 
specs, descripti ons, and schematics fo r 
J-K nip-n ops , multi vibrators, o p amps , 
differential video amplifie rs, and lamp 
drivers. Desi g n fea ture s, pack ag ing 

! K 1) 1 14 (M ,) 

I K 11 2 13 !M1l 

(CLOCK ) 3 12(0) 

IVccl 4 11 IOI 

(J,t 5 lOG NO 

U1l 6 9 D C SET 

IL11 7 8 !L1l 

75 MHz OR input J-K flip -flop 

data, absolute max imum ratings, oper­
at in g features, and electrica l character­
istics a re incl uded in the product de­
scripti ons. For easy reference a table of 
conten ts, d a ta manu a l in stru ction sheet , 
and product line tab le a re in c lud ed . 
Ray the o n, Semiconductor Operation , 
350 Ellis St. , M ount a in Vi ew, Calif. 

Ci rcle Reade r Se rvi ce #373. 

Electronics catalog 
A comprehen sive ca ta log covers engi­

neering inform ati on fo r a range of man­
ufacturers ' elect ro nic components. The 
I I 0-pager is fully indexed and provides 
design da ta, prices, cross references, a 
brea kd own of pa rt numbers, and mili­
tary specs for such manufacturers as 
Bendi x, Sealectro, Electra , Babcock , 
and Erie . Powell Electronics In c. , Box 
8765, Phil adelphi a, Pa . 19101. 

Ci rcle Reader Se rvi ce #374. 

Environmental control 
Back in February of this year, a semi­

na r, "Envi ronmenta l Control- An En­
g ineering C hallenge," was held in San 
Francisco. Re levant a nd informati ve 
talk s were presented by people in public 
se rvice, eng in eering , an d engineering 
edu ca ti o n . Co pies of these talk s a re 
ava il a bl e, and a lth ough there are no 
"elect roni c" proposals specified , the pa­
pers provide an excell ent introduction to 
the subj ect. You ' ll read of Federal in­
vo lvement , the engineer's potential in­
vo lve ment, educat ion progr a ms , a nd 
va ri o us a pproac hes t o environmental 
co ntrol. Western Electric, 195 Broad­
way . New York , N .Y. 10007. 

Circle Reade r Service #375. 

Phase generation 
The multiphase generato r and refresh 

circuitry illustra ted in Application note 
#26 perform three basic functions : gen ­
e r a t e multiph ase c locks , define the 
memory re fresh time, and provide the 
memory with internal addresses for re­
fresh o pe ra ti on. The note and schemat­
ics expla in the c ircuitry based on a 12-
stage synch ronous binary counter trig­
gered by an ex te rn a l cloc k, and goes on 
to describe the refresh circuitry, cyc le 
t im e, a nd re fr es h cyc les. Adv a nced 
M e m o ry System s In c., 12 76 H am­
merwood Ave ., Sunnyva le, Ca lif. 94086. 

Ci rcle Reade r Service #376. 

Components catalog 
Ca lled the 747, this la rge cata log in­

tr odu ces mo re than 1300 new co m­
ponents being o ffered by this compan y. 
And yo u ca n get three o ther cata logs as 

1·, 
yg¢'.!. 

tlii 

' 

CJ!i1111&1oiil 
, . :tt . 

well. In additi on to the 747 there 's a 
ca ta log fo r IC accessories , logic ca rd s, 
a nd the rm oelectric devices. Cambridge 
Thermionic Co rp ., 445 Conco rd Ave ., 
Ca mbridge, M ass. 02138. 

Circ le Reader Service #377. 
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FET chips 
Junct ion and MO S FET chips , available 

in e ither wafer o r chip fo rm , are the 
subject of this 12-page catalog . It offers 
you 34 standard FET chip types for use 
as single a11d dual ampli fiers , analog 
switches, anq curren t lim iters. Electrical 

• 

§11
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~ .. log 

H 

and visual in spection and probe test ca­
pa bility are described , and a cross-refer­
ence table lists these types aga inst J E­
D EC-registered models . Si liconix In c., 
220 1 Laurelwood Rd ., San ta Clara, 
Calif. 95054. 

Circle Reader Service #378. 

Mini computer 
A series of "skinny-mini" 16-bit com­

puter systems is covered in an informa­
tive 20-page brochure . The systems 
range from small dedicated controllers 
with small read only arid scratchpad 
memories occupyi ng 1 3/4 in . of rack 
space to complete 32k core systems with 
a range of periphera ls. Programmed 1/ 0 

and direct memory access channels are 
gra phically depicted, and support serv­
ices, peripherals, and software for the 
series a re listed . Datamate Computer 
Systems Inc ., Box 310, Big Spring, Tex . 
79720. 

Circle Reader Service #379. 

Silicon power transistors 
A radiation hardened silicon power 

tra nsistor ma nua l describes the co m­
pa ny' s ca pabi liti es in manufacturing 
neutral ha rden ed silicon power tra nsis­
to r s . Desig n parame ters for vari ous 
series a re provided , as a re process ing 
techniques. The an a lys is o f post-radi­
ati on da ta , with the empha sis on hFE 
and collecto r sa turati on volt age pa ram­
eter s, is covered in a sepa ra te secti on. 
The 92-pager is avail a ble from Solitron 
Devices In c., 11 77 Blue Heron Blvd., 
Riviera Beach. Fl a . 33404. 

Ci rc le Reader Se rv ice #380. 
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Metal plate connectors 
A revised 40-page 197 l handbook 

contains design in formation for back­
panel connecto r arrays. The YariplateTM 
metal pl ate inter-connection concept is 
defined , and a discussion of the volt­
age / ground plane and bus bar tech­
niques of power distribution, connector 
grid pattern, plate size, a nd layout di­
mensioning is incl uded. Also described 
a re modular components avai lable for 
co nnector a rrays a nd headers , with 
specs for each . ELCO Co rp., Willow 
Grove, Pa . 19090. 

Ci rcle Reader Service #381. 

De voltage regulators 
Specs , tables, diagrams, and photo­

graphs supplement the text in this 8-
page brochure featuring precision , hy­
brid de voltage regulators. The units of­
fer an output voltage range of 5-30Y, 
a nd an output voltage setting tolerance 
of ± 0.5%. The ci rcuit design allows 

Digital shutdqwn 

programmable fo ldback current limit­
ing , additional internal reference noise 
filt ering, trimrnable output voltage set­
tin g, and digital shutdo~n . Beckman In­
strument s In c ., 2500 H arpo r Blvd ., 
Fullerton , Calif. 92634 . 

Ci rc le Reader Service #382. 

Cathode ray tubes 
CRTs fo r military and ind ustri a l appli­

cati ons a re outlined in a 20-page bro­
chure. Serving as a guide to specific 
CRTS , the cata log pro vides an index to 
industri a l and military types and g ives 
pe rtin ent da ta o n el ectro st a ti c focus , 
and deflection CRTs . Data on fiber optic 
face pl ate and high brightness phos phor 
tubes is a lso included . Dimensioned out­
lines and bas ic diagrams for listed tube 
types are provided , as a re specs and a 
table of standard a nd specia l phos phors. 
Westinghouse Electric Corp ., Electronic 
Tube Div ., Box 284 , Elmir a, N .Y . 
14902. 

Ci rcle Reader Serv ice #383. 

Components catalog 
The 1970-7 l edition of RLC's com­

ponent cata log is now out. It ' s 80 pages 
long, listing their standard product lines 
(attenuators, filters , switches, etc.) and 
new products (double ba lanced mixers, 
tunable band pass filters, etc .). A lso, the 
catalog fea tures design curves of all the 
majo r parameters of the components as 
we ll as design charts . RLC Electronics 
Inc., 83 Radio Cir., Mt. Kisco, N .Y . 
10549. 

Circ le Reader Serv ice #384. 

Test and measuring instru~ents 
More than 45 measuring instruments 

and auxi li ary units , all based on 4th 
gene ration IC design, are described in a 
64-page cata log. The eq uipment portion 
of the catalog is in three basic sections : 
rn unter / timers, auxi liary ins trum ents, 
and signal sources . All equipment is in­
dexed both by function and model num­
ber. Among the many products included 
a re digital counters, frequen cy synthesi­
zers, sine and square wave generators, 
pulse generators, digital programmers, 
multiplexers, and digital comparators. 
Monsa nto Electronic Instruments , 620 
Pas sa ic Ave ., West Ca ld we ll , N .J . 
07006 . 

Circ le Reader Service #385. 

Power supply catalog 
Modular de power supplies and pre­

c ision voltage references are featured in 
this 32-page catalog. Characteristics of 
a ll CEA power supplies include : series 
sta rting, no turn-on or turn-off over­
shoot, qi\ silicon semiconductors, and - -

llOOIJIJR DC POWER SUPPl.l£S -FRECISIOll ¥11. TAGE REfflWiW . 

shie ld ed transformers. New additions to 
the cata log in clude de-to-de converters, 
hi g h e ffi c ien cy po wer s upplies , a nd 
hig hl y shielded line iso lato rs . CEA , 
122 1 S . Shamrock A ve ., Monrovia , 
Calif. 9 101 6. 

Ci rc le Reader Serv ice #386. 
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LITERl\TURE 

Magnetic components 
Mini magneti c components, including 

pul se tra nsfo rmers, SCR trigger tran s­
for mers, delay lin es, a nd in verter t rans­
for mers a re th e subject o f a sho rt fo rm 
6- page ca ta log. Specifi c a pplicati ons fo r 
th e di ffe rent seri es o f the com ponents 
a re li sted in a I-page a ppl ica t io n se lec­
t io n g uide . Also p rovi ded are specs, 
schema ti cs, pri ces, a nd ter m inat ion di s­
gra ms. P u lse Eng in eeri ng In c. Box 
12235, San Diego, Ca li f. 92 11 2. 

Ci rcle Reader Serv ice #387. 

Precision film capacitors 
A com prehensive 28-page cata log de­

scri bes va ri ous types of prec ision fi lm 
capacitors, in cluding polystyrene, a nd 
hermet ica ll y sea led m ylar a nd mica 
types. In c luded in the g uide is capaci tor 
nomenclatu re , t ips for se lect ion, specs, 
a nd info rm a ti o n o n th e compa ny's fac il ­
ities an d produ cti on techn iques. Avai l­
ab le fr o m PFC Mkt. M gr.. A rco Elec­
t ron ics, Co mmunity Dr ., G reat Neck , 
N. Y. 11 022. 

Circle Reade r Se rvice #388. 

t~ 
EX CEll l NT ,., 
XMAS 

G I FT S? 
IOOO's OF HARD -TO-FIND 

BUYS FOR INDU STRY. 
Speed your work! Improve quality! Cut development and pro· 
du<lion costs! Completely new edition loaded with on-the-job 
hel ps, quali ty control ai ds, unique ite~ available nowhere 
e lse . 148 easy-to-read pages packed with new products, 
charts, diagrams, illustrations . A treasure house of opt ical 
and scientific eq uipment availab le direct from stock for ind us­
try, re search labs, des ign eng ineers, experimenters, hobbyis ts. 

AMER ICA' S GR EATEST ONE-SOU RCE MARKET PLACE 
Hard-to-get surpl us bargains. Ingenious scientific tools. Thou­
sands of <Om ponents: lenses, prisms, wedges, mirrors, mounts, 
a«essori es of all desuiptions. Hundreds of instruments : lasers, 
<omparators, magni fiers, miuoS<opes, projedors, teles<opes, 
bino<ulars, photo attadrments, bla<k light e-quipment and the 
largest se le<tion of unique lighting items in the <ountry. 

ORDER DI RECT WITH ABSOLUTE CONFIDENCE 

Lasers and accessories 
Lase r produ cts ra ng in g fr o m low 

energy mini types to high power la bora­
tory a nd materi a ls process ing sys tem s 
a re li sted in a 16-page cata log . Desc rip­
t ions fo r each type a re provided , as a re 
specs, illu stra ti ons. a nd suggested a ppli ­
ca ti ons. H ad ron In c., 800 Sha mes Dr. , 
W estbury, N. Y. 11 590 

Ci rc le Reade r Se rvice #389. 

Thin film deposition 
" Th e S loan Noteboo k" ex pl ai ns how 

this co mpa ny can fill a ll yo ur thin fi lm 
requ iremen ts fr om custom fi xtures a nd 
co m po nen ts for research to heavy duty 
deposi ti on systems fo r high volume pro­
duct ion. You' ll a lso receive notes on 
their depos ition co ntro l sys tem , y-ax is 
beam co ntrol, thin film depos iti on sys­
te m , a nd chamber fi xt uri ng. The group 
uf da ta sheets a nd brochures prov ides a 
fu ll coverage of in strum ent at io n a nd 
syste ms fo r elec t ro nic thin film s. Sl oa n 
Techn ology Co rp ., 535 E. Montecito 
St. , Santa Barbara, Ca lif. 93 103 . 

Circ le Reader Se rvice #390. 

Mercury-wetted relays 
High speed minia ture mercury-wetted 

co nt ac t relays fo r PC boards are the sub­
ject o f 28 pages of technical informa­
ti on. You ' re g iven electrica l a nd me­
cha nical cha racterist ics, detailed techni­
ca l d ata , relay o perat ing cha racteristics, 
a nd co ntac t pro tec ti o n ins tru c ti o n s . 
Thro ughout the text , fi gu res a nd tables 
expand upon g iven in fo rm a ti o n. C . . P . 
Cla re & Co., 3 101 W . P ra tt Bl vd ., Chi­
cago , Il l. 60645 . 

Circ le Reader Servi ce #391. 

Micro-m in iature inductors 
Des ig ners o f micro-circuit s will be in­

teres ted in this 8- page brochure on mi­
c ro- m in ia ture inductors. Electrical and 
phys ica l data a re g iven in convenient 
c ha rt fo rm fo r fi ve mi cro- indu c t o rs 
a nd a shielded PC var ia bl e inducto r. Di­
mens iona l diagrams supplement the de­
sc ripti o ns whi c h indi ca t e th e o ut­
stand ing feat u res o f each des ig na ted 
mode l. Ca m bridge Therm io ni c Corp. , 
445 Co ncord Ave., Cambridge, M ass . 
02 138. 

Circ le Reade r Se rvi ce #392. 

When the heat's on ... 
Varglas "500" performs! 

--

The flexible silicone resin sleeving on spools, 
in coils, in 36" lengths or shorter pieces. 

MAIL COUPON FOR GIANT FREE CATALOG! 

Varglas Silicone Res in "500" Sleev ing is fl ex ibl e in a 
ra nge - 70° to + 500°F. Wi ll not c rac k or c hec k. Meets 
government s pec. MIL-1-3190, (Class H, 200°C.} .010" 
1.0. to 3" l. D. ava ila b le. Up to 7000 vol ts d ie lectric 
stre ngth . Bri 11 ia nt , no n-fad ing co lors . Radi at io n-res ista nt. 
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Circ le Reader Service #30. 

De pe nda bl e, fas t de li ve ry. 1/4 
Vargla s "500" is one of many ~~I.-.., 
s leevi ngs by Va rflex . Call on .~ 
our engi nee rs fo r modificat io n CO RP. 
or deve lopment to meet new 
requireme nts . 
Send for FREE Test Samples . 

506 W. Court St. 
Rome, N. Y. 13440 

Circ le Reader Servi ce #31. 
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CIRCUIT-STIK ELIMINATES: design • drilling • 
art work • photo work • etching 

CIRCUIT-STIK sub-elements are pressure 
sensitive and oiler exceptionally good 
adhesion strength , withs tands solder ing 
temperatures and yet may be rem o ved for 
easy circui'. design modifications 

All typ es o f c ircuit-element conl1gurations 
m ay be m ixed and co mbined on the 
sam e board 

• SEND FOR YOUR FREE CATALOG 
AND SAMPLES 

CIRCUIT-STIK'S EVALUATION KIT FOR LARGE .SYSTEMS APPLICATIONS 
PART # 8951 -M, $110.00 VALUE FOR $89.50 (Plus $1.00 shipping per kit). 

clrc• 1 I t-stlk0
us PATENT3,538,389 

15t8 W. 132nd ST . GARDENA. CALIFORNIA 90249 & other Paten ts Pendi ng 

n 

Circ le Reader Servi ce #32. 73 



Published information is vital to your job. To save time in finding this 
information, we have abstracted t"~ important technical fec,tures 
from eighi electronic engineering publications. Should any of these ar­
ticles interest you, contact the magazine. Reprints of articles with an 
asterisk are available free. Save this sectio'1 for future reference. 

Amplifiers 

Aud io no ise: why settle fo r m or e? J . A. Roberts and N. 
A. Jolly. University Col!eRe of Swansea. Grea t Britain. 
"Electronics ... Vol. 43 . No. 20. Seat. 28. 1970. po. 82-
83. Noise f igu res on small-signal bipol ar transisto rs 
can be misleading to audio designers . Opt1m1z1ng a 
transisto r's collec tor current can yield a much better 
noise f igure . And . this 1s easily calcula ted fo r amol1frer 
design. 

Circuits 

The analog world of function modules, George Flynn. 
Senio r associa te edito r . ·· Erebtronic Produ cts." Vol. 13. 
No 5. Oct. 1970. pp. 28-34 . In days gone by . you 
bough t co mponents and ci rcuits . Now you buy " func­
tions .. and build subsystem s o r systems. This art icle 
goes through some of the concepts and techniq ues 
used 1n today's fu nction modules. 

Components 

*Optoelectronics course, Pa rt 30, Jac k Hic key. Manag­
ing Editor. "The Elect ronic Engineer." Vol. 29 . No. 11. 
Nov. 1970. Con t inuirig the theme of last m onth 's in­
stallment . this portion of the Optoelectronics course 
brings you applica t ions for optoelectronic devices. 

Integrated Circuits 

Programabl e digit al fi lter performs m ultiple f unction s, 
A. T. Anderson. Electron ic Communications Inc .. " Elec­
tronics:· Vol. 43. No. 22. Oct. 26 . 1970. pp . 78-84. You 
can process signals with a programable d igi tal filter 
that cannot be duplicated easily m analog devices. And 
the digi tal com ponents are available comme rcial ly at 
reasonable cos t. 

Coping with feedthrough in ECL integrated c iri:. uits , 
Fred U. Rosenberger. Com puter Systems Lab .. Wash­
ington Univ .... Electronics:· Vol. 43 . No. 22. Oct . 26. 
1970. pp. 98- 102. While ECL claims the fas test speed 
and grea test immunity to many noise sou rces. there is 
one probtPm: ECL 1s susceptibl e to feedt hrough. By 
reJdrng this art icle. you' ll learn how to overcome this 
problem without too much d iffic u lty . 

74 

Putting d-a converters to work: 10 examples show ver ­
satility, W. R. Spoffo rd. Jr . Analog Devices Inc .. " Elec­
tronics:· Vo l 43 . No. 22. Oct . 26. 1970. pp. 91 -97 . 
Computers are no t the on ly prod ucts to bene f it fr om 
d1g1tal signal processing. Many other possible uses ex­
ist. and this ar t icle details ten applications fo r D/ A con­
vert ers. 

Miscellaneous 
Electronics views t he spectacular J apanese market. 
Staff repo rt . ·' Elec tronics:· Vol. 43. No. 19. Sept. 14. 
1970. pp. 85-100. It is no secret that the Japanese elec­
tron ic market 1s boommg. Th is repo rt anal yzes the 
Japanese m arket and indicates some of the directions 
t ha t it is taking . 

* Hour of decision at the FCC, John Mc Nichol. Assista nt 
Ed itor . "The Electronic Engineer ." Vol. 29. No. 11. Nov. 
1970. The eve r -increasing ri se o f tec hnology may 
c rea te a se rio us problem at the FCC that ma y hamper 
thi s same technolo,ey·s effectiveness. Among o ther 
thi ngs. the article discusses Chai rman Dean Burch. 
CATV . domestic communica ti ons satellites. alloca t ing 
spec t r um sp<Jce. and t he bac kg round o1 th e con­
troversial speC1al1zed corTimon ca rrier race 

* Where are th e new jobs for EEs? Deborah P. Wilkins. 
Edi to r ial Assis ta nt: .. The Electronic Engineer ... Vol. 29. 
No. 10. Oct. 1970. pp. 32-36. Three electronic engi­
nee rs tell about t hei r switch from aerospace to c ivili an 
applications and why they believe enginee rs are ca­
pable o f m aking this adj ustment. Al th ough the aero­
space layof fs have left many engi neers without jobs. 
t hese men dis c u~s seve ral of the many new f ield s 1n 
which EEs can use their engineer ing background and 
exper ience. 

* Pom eroy 's complaipt , Roge r D'Aprix . Contn but1ng 
editor . ··The Electronic Enginee r: · Vol. 29 . No. 12. Dec. 
1970. pp. 43-45 . Once again. D'A pr ix takes a light­
hea rted look at a not-so-lighthearted topic-the plight 
of the unemployed engineer . The author asks for a r·ec­
ogni t ion by the ind ividua l engineer of the pr ime irlipor­
tan ce of his own long-range ca ree r goals. Having done 
that. the autho r fu rther ca lls fo r a realistic assessmen t 
of the empl oye r-empl oyee relationship. particular ly in 
industries whe re employmen t peaks and valleys are 
rout ine. and gives certain ground rules to aid the 
abou t-to -be o r unemployed engineer. 

Semiconductors 
• A way of thinking about memories, Steve Thompson. 
Western edito r ... The Electronic Engineer. " Vol . 29 , 
No. 12. Dec. 1970 . pp . 30-34 . The autho r develops an 
ent irely new approach to eva lu<i ting semiconductor 
memories. Two charts (bi polar and MOS) co mpare 
comme rci ally ava ilable memorie s. both RA Ms and 
RO Ms. 

Industry's verdict still a lon g way from unanimous, 
Laurenc e Altman and George F. Watson. edito rs for 
·· Electronics .·· Vol. 43 . No ?O. Sept. 28 . 1970. PP. 74-
76. The question still r emains as to whether 
amorphous semiconductors will ever co me ou t of the 
lab as pract ical devices. Here 1s a rundown o f where 
this tec hnology stands. giv1n_g t he views of severa l 
co mpan ies. 

Nonvolatile and reprogrammabl e, th e read -mostly 
memory is here , R. G. Neale and D. L. Nelson. Energy 
Conve rsion Devi ces Inc .. and Gordon Moore. Intel 
Cor p .. ·· Electronics:· Vol. 43 . No. 20. Sept. 28 . 1970. pp. 
56-60. He re is a ne w one for you-a " read -mostly" 
memory . It features the nonvolatillty of the read-only 
memory plus the f lexibilit y of the random access type. 
Th is new memory. still 1n development stages. can be 
oro_g r ammed. read . and repro_grammed re pea tedly. 
Once 1t es pro_grammed 1t stays that way unless deliber­
ately cha nged. The ICs combine amor phous and c rys­
talline techno logies. 

Test and Measurement 
9 Measu re impedance the easy way-use a vector volt­
meter . J. R. Heck. Westin ghouse Defense and Space 
Ctr .. ··The Electron ic Engineer :· Vol 29 . No . 12. Dec. 
1970. pp . 54-57 . This art icle presen ts a sho rtcut meth­
od of measuring impedance and VSWR at high fre­
quencie.S. The technique makes use o f a HP 8405A vec­
tor vol t meter and a set of simple Smi th cha rt s. 

Forum on programmable test equipment-Part 1. 
Creighton M. Marco tt . Editor. "' Electronic Products.'" 
Vol. 13. No. 5. Oct . 1970. pp. 22-27. More and m ore of 
the test equi pmen t being sold today is programmable. 
One big problem. however. is that what manufacturer 
"'A .. means by programmability may not agree with 
what manufacture r " 8 " means . Here's the f irst o f two 
parts o f the discussion tha t too k place when both test 
equipment and computer m anufacturers sa t down and 
disc ussed this immedia te problem. 

The Electronic Engineer • Dec. 1970 
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These are the 
solid-state displays 
you'll be 
hearing about. 

Starting now! 

-
. ~ c;:. I' 
~ L -- J 

- -)111111' #' 

HP's new solid-state monolithic numeric 
indicators are ready for you right now. 
They give solid-state reliability and long 
operating life to your information 
display. Their small size (5 digits in 0.750 
inch width), low power requirements 
(200 fL at 5mA per segment) and low 
cost ($7.05 / digit in 1 K quantities) 
open up many new applications in the 
display of numeric data. 

Circle Reader Service #33. 

All characters are brill iant, easy-to-use, 
7-segment figures, available in a standard 
DIP or flat-pack package. And lead 
connections are truly minimal - only 13 
connections for 5 characters. 

For more information on these 
5082-7200 series of displays as well as 
our other numerics, alphanumerics and 
LED's, call your local HP field engineer. 
Or write: Hewlett-Packard, Palo Alto, 
California 94304; Europe : 1217 
Meyrin-Geneva, Switzf'rland. 

HEWLETT~ PACKARD 

COMPONENTS 
01012 



Take advantage of 
RCA's ability 
to supply superior 
SCR's and Triacs ... 
when you need them. 
Ask our solid-state specialists why RCA's broad line of indus­
trial SCR's and triacs excel in quality, reliability , and perform­
ance. They'll tell you that RCA thyristors are subjected to some 
of the toughest quality assurance tests in the industry. Thus , 
they save design dollars by virtue of superior performance in 
critical applications. 

Ask users of industrial thyristors why RCA is a key supplier 
and they 'll tell you RCA services the industry! Whatever the 
app lication - area lighting to avionics, regulators to inverters, 
or power supplies to modulators -RCA has SCR's and triacs to 
meet your application requirements. 

-

Use th ese SCR 's and tri acs in your control appl ications: 

SCR Tri ac 
Family Rat ing Family Rating 

IT(RMS) Vo ROM IT(RMS) Vo ROM -- --
40740 10 A 600 v 40795 10 A 600 v 
40752 20 A 600 v 40797 15 A 600 v 
2N690 25 A 600 v 4067 1 30 A 600 v 
2N3899 35 A 600 v 2N5443 40 A 600 v 

NOTE: SCA ratings of 100, 200, & 400 vol ts and triac rating s of 
200 & 400 vol ts are ava ilable in each family. Stud packages & 
isolated-stud packages are also available in each rating . 

For further details and your copy of the latest thyristor cata­
log, THC-500, see your local RCA Representative or your RCA 
Di stributor. Or write RCA Electronic Components, Commercia l 
Engineering Section 59L / UR6, Harrison , N.J . 07029. Interna­
tional: RCA, 2-4 rue du Liev re, 1227 Geneva, Switzerland , or 
Post Office Box 112, Hong Kong . 

RCll 
Thyristors 

Circ le Reader Service #34. 
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Joe Murphy , and Jim Sorenson 
Interfacing MOS and bipolar logic 
MOS arrays in a data terminal • • • • • • • 
MOS associative memories ••• 
MOS random-access memories 
MOS shift registers ••••••• 

Tom Reynolds 
Richard Perrin 

Leon D. Wald 
Warren Crews 

George Landers 
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MOS shift registers in arithmetic operations • • • • • • • • • Jack Irwin 
Performance and convenience trade-offs for MOS read-only memories • • • • 

Dr. Robert J. Proebsting 
Performance and cost trade-offs for MOS RAMs •••••• Vernon G. McKenny 
Semiconductor memory systems--What will they cost? •••••••••••• 

Thomas W. Hart, Jr. and Donald D. Winstead 
Speed/power chart for digital ICs • • • • • ••••••••••••• 
Static or dynamic--two ways to remember •••••• Marcian E. Hoff 
Testing complex MOS: The how and why • • Ron Danklefs and Homer Thornton 
What 1 s your MOS IQ?. • • • • • • • • • • • • • • • • • Arthur J. Boyle 

Instruments and measurements 

All solid-state true rms arrives • • • • • • • • Staff Report 
All word generators are not women • • • • • • Jerry Heyer 
Commercially available word generators • Stephen A.Thompson 
Digital filters become commercial • • • • • • • • • • Staff Report 
Function generators become more universal • • • • Staff Report 
High-speed DVM reads true rms values • • • • • • • • • • • • Staff Report 
Hybrid resistor trimming: An industry report • Stephen A. Thompson 
Low-frequency sweepers beat their way upstream Staff Report 
Measure impedance the easy way--use a vector voltmeter J. R. Heck 
oscillators and function generators revisited Staff Report 
Programmed to tell time • • • • Staff Report 
Sweep measurements cut costs • • •••• Walter White, Jr. 
festing integrated circuits • • • • • • • • • • Staff Report 

Integrated circuits 

Circuit design: The op amp way • • • • • • • • • • • • • • • C. J. Huber 
Complementary MOS logic and applications • • • • • • • • • • S. S. Eaton 
Computer-aided design • • •••• Frank Schenstrom and Robert Williams 
Design shortcuts for microwave frequency dividers •• Willie J. Goldwasser 
Doing logic with MOS • • • • • • • • • • • • • • • • • • • William Penney 
Electrical integration--step closer to molecular electronics? •••••• 

Four ways to get active ••• with filters ••• 
Four-phase logic ••••••••••• 

Staff Report 
Harmon G. Washington 

Lee Boysel, Cloyd Marvin, 
Joe Murphy and Jim Sorenson 

Frequency synthesizing with the phase locked loop • • • • • • • ••• 
Ed Renschler and Brent Welling 

Guide to integrated circuits • • • • • • • • • • • • • • • • • • • • • • • 
Guide to thick film hybrid circuit design •••••••••••••••• 
IC op amp selection charts • • • • A. Boyle, L. Rothstein, and D. Wilkins 
Interfacing MOS and bipolar logic • • ••••••••• Tom Reynolds 
Latch on to phase-locked loops • • • • • ••••••• Staff Report 
Micropower op amp • • • • • • • • • • • • • Staff Report 
MOS arrays in a data terminal • • Richard Perrin 
MOS associative memories • • • • • • Leon D. Wald 
MOS course - Part 1, The basic structures • • • E. Marshall Wilder 
MOS random-access. memories • • • • • • • • • Warren Crews 
MOS shift registers • • • • • • • • • • • • • • • George Landers 
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MOS shift registers in arithmetic operations ••••••••• Jack Irwin 
Motorola antes up the chips • • • • • • • • • • • • • • • • Staff Report 
Multi-octave rf amplifiers in T0-8 cans • • • • • • • • • • Staff Report 
Performance and convenience trade-offs for MOS read-only memories •••• 

Dr. Robert J. Proebsting 
Performance and cost trade-offs for MOS RAMs • • • • • Vernon G. McKenney 
Prograrruned to tell time • • • • • • • • • • • • • • • • • • Staff Report 
Semiconductor memory systems--what will they cost? •••••••••• 

Thomas W. Hart, Jr. and Donald D. Winstead 
Simple, three-layer structure can do IC functions • • • • • Staff Report 
Speed/power chart for digital ICs • • • • • • • • • • • • • • • • • • • • 
Static or dynamic--two ways to remember • • Marcian E. Hoff 
Testing complex MOS: the how and why • • • • • ••••••••• 

Ron Danklefs and Homer Thornton 
Testing integrated circuits • • • • • • • • • Staff Report 
TTL memories get faster, smaller and cheaper • • • • Staff Report 
A way of thinking about memories • • • • • • • • • • Stephen A. Thompson 
What 1 s your MOS IQ? • • • • • • • • • • • • • • • • • • • Arthu t J. Boyle 

Materials 

Hybrid resistor trimming: An industry report • • Stephen A. Thompson 
Is it a battery or a capacitor? • • Stephen A. Thompson 
Printed circuits--make or buy? •••••••••••••• Jack Froelich 
Simple, three-layer structure can do IC functions • • Staff Report 

Microwaves and microwave products 

Design shortcuts for microwave 

Designing wideband amplifiers: 

Sweep measurements cut costs • 

Optoelectronic .devices 

frequency dividers ••• 
Willie 

let the computer help • 
Joseph Goldwasser 

John A. Eisenberg 
Walter White, Jr. 

Application ideas • 
The basics 

•••••••••••• John E. Hickey, Jr. 
Lin C. Wetterau, Jr. and Dr. Robert L. Williams 

Devices sense light • 
Lin Wetterau, 

Emitter packaging and performance • 
Michael Coleman, 

Let the light shine out •••• 
More application ideas 
A new era for semiconductors 

Oscillators 

. . . . . . . . . . . . . 
Millis Miller, and Dr. Robert Haisty 

Richard W. Gurtl er, and Anrold London 
•• Dr. Robert Haisty 

••••• John E. Hickey, Jr. 
John E. Haeni ch en 

Function generators become more universal ••• 
Oscillators and function generators revisited •• 
Pulse system components reach 125-MHz rep rate 
Variable frequency multivibrator has wide range 
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Packaging 

Hybrid resistor trirraning: An industry report 
Motorola antes up the chips •••• 
Poor packaging produces problems 
Printed circuits -- make or buy?. 

Passive components 

• • Stephen A. Thompson 
Staff Report 

Joseph DiCerto 
• • Jack Froelich 

Connector and termination selection guide • • • • • • 
Hybrid resistor trirraning: An industry report •••• 
Is it a battery or a capacitor ••••••••••• 
Mil-Std-200A for filters needs updating •••• 

Stephen A. Thompson 
Stephen A. Thompson 
John E. Hickey, Jr. 

New keyboard simplifies e l ectronics ••• • • Staff Report 
Wire and cable reference chart • • • • • • • 

Semiconductors 

Application ideas •••••••••••• John E. Hickey, Jr. 
The basics • • • • • • • 
Devices sense light • 

Lin C. Wetterau, Jr. and Dr. Robert L. Williams 

Lin Wetterau, Millis Miller, and Dr. Robert Haisty 
Emitter packaging and performance • • • • • • • • • • • • •••••• 

Michael Coleman, Richard W. Gurtler, and Arnold London 
The first MOS • • • • • • • • • • • • • • • • • Alberto Socolovsky 
IC op amp selection chart ••••• A. Boyle, L. Rothstein, and D. Wilkins 
Let the light shine out •••••••••••••••• Dr. Robert Haisty 
Memories are made of this--two diodes • • • • • • • • • • • Staff Report 
More application ideas • • • • • • • • • • • • John E. Hickey, Jr. 
A new era for semiconductors • • • • • • • • • John c. Haenichen 
"Sandwich" has remote control possibilities •••• Staff Report 
A way of thinking about memories Stephen A. Thompson 

Testi,ng 

All word generators are not women ••••• 
Commercially available word generators 

••••• Jerry Hayer 
• Stephen A. Thompson 
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IC ideas 

Add-on network improves op amp bandwidth and slew rate ••• Brent Welling 
BCD to 9 1 s complement converter. • • ••••••••• Ken Erikson 
Bidirectional ripple counter counts up or down • • • • • • • • • • • • 

Robert G. Burlingame 
Binary number comparator • • .• • • • • • • • • • • • C. H. Hal 1, Jr. 
CCO uses voltage regulator as a comparator • • • • • Sam Ben-Yaakov 
Circuit performs up/down counting and shifting ••••••• Ken Erickson 
Clock rate limit circuit • • • • • • • • • • • Stephen Faris 
Coincident pulse eliminator • • • • • • • • • • John M. Irwin 
Collector junction compensates current source in this differential •• 

amplifier ••••••••••••••••••• Walter G. Jung 
Convert BCD 8421 to self-complementing BCD 2421 •••••• J. V. Sastry 
CT)ll buffer as a digital line driver/receiver • • • • • • Raymond S. Lim 
Digital AFSK discriminator • • • • • • • • • • Arleigh B. Baker 
Digital filter replaces bulky components • • • Mario Humberto Acuna 
Digital frequency doubling • • • • • • • • • • • • • David L. Sporre 
Digital gain control for op amps • • • • • • • • William E. Peterson 
Dual bootstrapping improves amplifier performance •••• Basil T. Barber 
Feedback eliminates switch contact transients Veikko Jaakola 
For a square-law transfer function, try this op amp connection •••• 

Robert P. Hennick 
Gated latch retains GO/NOGO information 

Aaron Mall and C. H. Doeller III 
How to gain access to a synchronous device anytime • • • • • Don Fleming 
A low cost microwave field strength meter • • • • • • • • • • • J. Agnew 
Low cost voltage regulator f rom one IC • • • • •••• Les Toth 
Low frequency function generator • • • • • • • • • • Barry Schwartz 
Low frequency sine wave crystal oscillator •••••• Richard S. Bagge tt 
Make a crystal-controlled clock with DTL gates • Richard Juengel 
Man-machine interface circuit • • • • • • • • • • Alphonso H. Marsh, Jr. 
Midvalue selector doubles as a precise voltage limiter ••• Adrian Moses 
Minimum hardware decade counter • • • • • • • • M. V. Pi tke 
Next pulse synchronizer • • • • • • • • • • • • • • • Don :M. Evans 
Noise-insensitive monostable multivibrators • • ••••• E. G. Faris 
One-shot trigger on both edges of input • • • • • • • • • • Ken Erickson 
Op amp makes unique one-shot ••••••••••••• Maxwell G. Strange 
Op amp phase shifter for 0 or 180° • • • • • • • • • • • • • Irwin Cohen 
Oven temperature controller • • • • • •••• S. W. Billingsley 
Pulse rate filter • • • • • • • • • • • • • • • Quon S. Chow 
Regulated supply has two outputs • • • • • • • • • • • • • • Don Purland 
Ripple counter has fixed delay for any count • • • • S. S. Golenski 
Simple high duty cycle one-shot •••••••••••••• Parviz Ghajar 
Simple one-shot multivibrator • • • • • • • • • • C. Musquetier 
Simple priority detector • • • • • • • • • Bill Wiley Smith 
Simple square wave generator uses one IC • • • Henry D. Olson 
Simple word gate circuit • • • • • • • • • • • •• W. K. Lenhardt 
Sine wave oscillator has logic level output • • Walter G. Jung 
Single-pulse generator steps digital systems • • •• Jeffrey Lowenson 
Stable squarewave generator • • • • • • Arnold J. Steinman 
Super-simple square-wave generator • • • • • • • • • Paul Franson 
A sure start square wave oscillator • Jack Cramer and Ed Matsumoto 
Switching-mode heater control • • • • Dennis R. Morgan 
Threshold testing too tedious? Automate • • • • • • • • • R. K. Repass 
Triflop - A three-state memory element • Anatole Turecki 
TTL compatible lamp driver • • • • • • • • • • • • • • • • • Hal Koester 
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IC ideas (cont'd} 

Variable-modulus counter • • • • • • • • • • Ron· Koa.tenbauer 
Versatile triangle wav_e generator • • • • • • • • • • • • · Acirian Hosea 
voltage regulator has extended range, remote . shutdown •• Walter G. Jung 
Zero input impedance preamp • • ••••• • • •. • • • • Albert E. Hayes 
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