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whatever your computer says ... 

• 

PANEL DISPLAYS 

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

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

Whether it's a police officer in a patrol car requesting informa­
tion on a suspect, an architec t specifying coordinates for 
plumbing fixtures in a new building , or a type setter verifying type 
for a mail-order catalog , SELF-SCAN panel displays guarantee 
the most accurate transfer of data between the operator and 
the computer . If you need a computer display and demand 
error-free communications, follow the lead of Kustom Electronics 
(1) in Chanute , Kansas ; Science Accessories Corporation 
(2) in Southport, Connecticut ; Automix Keyboards (3) in 
Bellevue, Washington , and the many other SELF-SCAN panel 
display users. Have a Burroughs salesman demonstrate his 
"terminal in a briefcase. " You ' ll see why the SELF-SCAN panel 
display is the most effective man / machine interface device 
available today. 

Burroughs Corporation , Electronic Components Division , 
Plainfield , New Jersey 07061 . (201) 757-3400. 
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Everything you always wanted 
to know about Drive Motors. 

Into these five booklets 
we've crammed 156 pages 
of the latest information 
on Kearfott's line of 
Drive Motors. 

Kearfott, as you 
probably already know, 
is a primary supplier of 
drive motors. And has a 
reputation for quality, 
service and on-time 
delivery. 

We can furnish you 
' rs in individual units or in packages to 

fit any of you rospace or industrial applications. 
From counters to computers. From business machines 
to printers and tap"! readers. 

Let's take a look at the type and range of motors 
we're talking about. 

DC TACHOMETERS 
Kearfott Tachometers are 
designed specifically for 
precision speed sensing and 
as rate generators to help 
velocity servos achieve fast 
response. 

Features include: outputs 
to 100V dc/1000rpm ; 

minimum ripple at high commutation frequency ; high 
linearity; low friction torque. 

These are ideal for computer tape transports where 
efficient data retrieval is a must. And for business 
machine and numerical control machine tools. 

DC TORQUERS 
You can get sizes 12 through 42, 
uncased for gimbal mount applica­
tions and cased for direct drive 
torque motor positioning. 

Kearfott can also supply them with 
a variety of integral feedback 
elements such as potentiometers, 
synchros and tachometers-in a 
single housing. 

You've a choice of standard 
design, inverted construction (inner 
member is magnetic and transfers 
power to an outer armature) and brushless Limited 
Rotation design. 

DC MOTORS 
These are Moving Coil Motors used 
for high-response DC servos such as 
High-Speed Printer and Capstan 
drives. 

One of their unique features is 
that they need less cooling than 
equivalent competitive units. The 
reason : low internal impedance which 
allows a high cooling flow rate at low 
developed pressures. 

Permanent magnet and wound­
field types are available for standard 

aerospace and industrial applications, including high 
acceleration motors with integral tachometers for 

·terminal printers. 
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AC MOTORS 
Kearfott induction or 
synchronous motors of the 
nysterisis or reluctance type 
come in a broad range of 
frame sizes. And from sub­
fractional power to 1.5 HP. 

We can furnish motors 
that run on up to 440 volts ac, 
single, 2 or 3 phase. 
Induction motors that operate 
on 2, 4, 6, 8or12 pole design. 
And dual speed motors such 

as needed for driving memory discs in large computers. 
You can also get: high-slip motors for aircraft 

requirements at 400 cps ; synchronous motors for 
constant rotating speeds with varying loads; gear 
motors for extremely low speeds or speeds incompatible 
with the power supply frequency. 

STEPPER MOTORS 
If you want precision control­
for example for small peripheral 
devices, small line printers and 
tape readers-Kearfott Steppers 
provide it via discrete steps 
and high slew rates. And in a 
wide choice of stepping rates 
and torque levels. 

Typical Kearfott units have 15° 
stepping angles, compatible with all 
24-tooth sprockets. They give high 
holding torque, high stepping speed and 
fast response. 

Units with other step angles, such as 1.8°, 7.5°, 10°, 
30 ° , 45 ° and 90 ° are readily available in frame sizes 
through 50. 

But why not get all the details? Mail the coupon for 
our new booklets now. The Singer Company, Kearfott 
Division, 1150 McBride Avenue, Little Falls, N.J. 07424. 

SINGER 
AEROSPACE & MARINE SYSTEMS 

r----------------~ 

I The Singer Company, Kearfott Division 1

1 1150 McBride Avenue 
Little Falls, New Jersey 07424 I 
Gentlemen: 

Rush me your new booklets on Kearfott Drive I 
Motors. I 
Name I 
TWe I 
Company I 
Address I I City State Zip__ I 

~----------------~ 
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THE MOST COMPLETE LINE OF 

DUAL-INLINE-PACKAGED REED RELAYS 

Magnecraft is proud to announce its new DIP (dual­
inline-package) line of 8 and 14-pin reed relays. These 
new relays are designed not only to be compatible with 
the standard packaging developed for integrated cir­
cuits, but to offer Magnecraft quality at a low cost. This 
unique design gives further savings by offering the 
user the optimum in automated insertion and other 
economical installation techniques associated with 
printed circuit applications. 

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

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

Ma.gnecita.Ft"eLecTR•c caMPANv 
55l5 NORTH LY NCH AVE NUE • CHICAGO . ILLI N OIS 60630 • 312 • 282 -5500 • TWX -910 221 5221 

FREEi 

81P 
CATALOG 

This 12-page catalog offers the most complete listing 
of DIP reed relays in the entire industry. Including four 
all new position-free mercury wetted types; plus eigh­
teen others. Specifications, dimensions, prices, and all 
other pertinent data necessary to specify is given. 

CHECK NO. 1 
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Elco's Series 6064 discrete card edge connectors 
look like ... and work like . .. other discrete card edge 

connectors. With one major exception. Ours can 
save you ·up to 20% of your total package cost. 

Because we'll supply our Series 6064 connectors 
mounted on our Variframer"' back panel which we'll 

custom design and build to your requirements. 
With connectors wired (up to three levels of wire 
wrapping) to your specs. And with input/output 

connectors and voltage and/or ground buses. To give 
you the best performing package at lowest cost. Fast. 

Then again, if you're in a hurry for a look-alike 
that is, call your local Elco distributor. He has our 

Series 6064 connector in three sizes: 36/72, 40/80 
and 50I100 contacts . With bifurcated bellows 

contacts on .125" grid. All with .025" square tails. 
And diallyl phthalate insulators that accept .062" 

printed circuit cards. And he's got them all on 
his shelf . Plus other card edge connectors at .100", 

.150", .156" and .200" spacings. Ready to go. 

Availability. And economy. These are what 
distinguish our look-alikes from theirs. Just two 

more services in keeping with CONNECTRONICS, 
Elco's Total Connector Capability .. 

For full details and specifications on our Series 6064 
connectors, contact: 

Elco, Willow Grove Division, 10, ~ '" 
Willow Grove, Pa. 19090 ~ jl@ 
(215) 659-7000 

Elco, Pacific Division, 2200 Park Place, 
El Segundo, Calif. 90245 
(213) 675-3311 

Operations in USA, Australia, Belgium, Canada, Denmark, England, France, Germany, Israel and Japan. Sales offices throughout the world . 
Copyright© 1971 Elco Corp. All rights reserved. 
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Look at all the space 
you can save. 

You're looking at two of the smallest discrete 
components available in electronics today. 

The CorningT" C-3 resistor and the Corning 
Minitan™ tantalum capacitor. Together they can 
really shrink a board. And the size of your product. 

But there's another side to the coin. Maybe in 
addition to size reduction, you need flexibility in 
value range, power ratings, and tolerance. In the 
same amount of space. They can meet your require-

ments here too. 
Both the C-3 and the Minitan have proved 

reliable through years of use in a variety of appli­
cations. Both are stock items ready to be shipped 
from inventory. 

For complete information on our Minitan 
capacitors and C-3 resistors check your EEM 
catalog (pages 2732-33, 3280-82) or call Corning's 
INFO LINE service at ( 607) 962-4444, ext. 8598. 

CORN I NO 
ELECTRONICS 

CHECK NO. 4 
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MOS llAtM ar.d ECL !~1r. 
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COVER 
Overl apping gates propagate charge 
along channel from input to output p-n. 
junction . Ill ustrated device is used to 
research bas ic CCD phenomena. Ap­
pl ications for CCDs lie in areas of high 
density memory, delay lines, and imag­
ing devices. Cover photo supp lied by 
North Ameri can Rockwell Corp. See 
pg. 34. 
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DESIGN NEWS 
Implantable heart uses electronics for timing and control .... ... 14 
TPchnique uses LSI to speed addition and multip li cation in compuiers. . Measurement 
breakthrough leads to new value for speed of light . Ullrdv1olet li ght removes excess 
photores ist - may speed semicondu ctor fabri cation. 

DESIGN FEATURES 
Charge coupled devices show promise for storage and imaging . . . 34 
It's not too ea rly to start looking at CCDs. Although still in the development phase, they may 
soon offer simple, low-cost solutions for imaging and high-density storage problems. 

Data-sheet dialogues ................................. 42 
A chance for you, the reader, to speak out on w hat's ri ght and wrong with data-sheet speci­
fi cations. 

Keep up with the latest in engineering information .... . . . ..... 44 
The explosive growth of technology is going to continue. But you can sti ll keep current 
without spending an unreasonable amount of time. 

Get the most out of log amplifiers ........................ 52 
Log amps have a large dynamic range limited only by their accuracies. Knowing the basic 
error mechani sms helps increase their useful ranges. 

What do you know about selecting an LED readout? . . . . . . . . . . . 60 
· Once you 've decided to use an LED di splay in your des ign you may think your readout 
decisions are over. They' re not. You still have to se lect the ri ght LED unit. 

Variable limit switch permits hands-off equipment cycling ...... . 66 
By including end-po int detection directly into the contro ller, continuous cyc ling operations 
are more convenient and effi cient. 

Make sure your logic keeps pace with memory cycle time ........ 70 
Now that semiconductor memory speeds are approaching those of today's CPUs, newer 
and faster CPUs and control logic a're needed. ECL does the tr ick. 

Three-phase A/D conversion has hi~h accuracy and low cost . . . . . 82 
A new conversion technique for those appli cations not requiring high speed improves 
integrated slope performance, yet eliminates costl y circui ts. 

Designers' Round table . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 
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Everybody wants your 
components business. 

But we're doing 
6 things to ea111 lt. 

1 We build extra reliability components. To let you reduce 
into all our components. expediting and invent01·y levels. 
Documented i·eliability 4 Our QC and unique 

from E R thrnugh industrial, from product configurations 
precision thrnugh genernl make your production 
purpose. To let you build extra more efficient. Many of our cus-
reliability into all of your systems. tamers find they can totally elim-

2 Our pricing is more than inate incoming QC testing of our 
just competitive. If it parts. Others find our parts 
weren't, why else would greatly simplify both hand 

our customel's have made us the inse1tion and automatic insert ion 
largest supplier of metal film ope!'ations. 
resistors in the count1·y? And 5 Our new products can 
that metal film market includes give you better alterna-
glazed resistol's. tives. Like our FAIL-

3 We insist on delivery you SAFE'" flame proof resistors. 
can count on. Ou!' "ball They open - never short -
parks" are dependable. under overload. Plus they're 

And om· distl'ibutol's pl'ovicle economical rnplacements for 
off-the-shelf delive1·y from an non-inductive and semi-precision 
inventory in excess of 50,000,000 powel' v\~ 1 ·evvouncl s . 

6 
We back everything with 
the best support team in 
the business. We have the 

industry's largest technically­
trained field fol'ce. And a select 
team of the industry's most 
service-oriented distributors. 
Because we know it takes top 
service to compete for your 
business. 

Like everyone, we want 
your components business. But 
we'l'e intent on doing more to 
earn it. Let us prnve how much 
more on your next project. 
Write: Corning Glass Works, 
Elect1·onic P!'oducts Division, 
Corning, New York 14830 01· Call: 
(607) 962-4444, Extension 8381 

CORNING 
ELECTRON I CS 

Resistors &Capacitors 
for guys who can't stand failures 

CHECK NO. 5 
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Ball Bearings, Not Bushings 
Ball bearing shaft assembly is designed 
to reduce the friction that wears out 
conventional bushing-design fans before 
their time has come. 

Standard models can handle almost any job 
be it an industrial , military , or space applica­
tion. Customized designs take over where the 
standard line leaves off. We welcome special 
ventilation problems. 

Etri is not new. Etri backed by Amphenol 
is new. It's one of the first products from our 
Alliance Marketing Service. Amphenol's AMS 
selects the best components on a world-wide 

Amphenol brings you a whole new line of 
fans. Etri, from France. A complete, 
established line of axial fans. With solid 
design advantages that make them the 
most widely accepted fan in Europe. 
Built to last longer by design. 

Non-deforming 
aluminum body 
designed to conduct 
and dissipate motor 
heat, protecting 
bearings and sensitive 
motor parts from 
premature burn-out 
and wear-out. 

A Lightweight Rotor, Not a Heavy One 
Designed to place less stress on the bearing 
assembly. Laminations and windings are 
stationary. Fan blades are lightweight self­
extinguishing plastic or aluminum alloy. 

basis and brings them to you. You get a broader 
component selection and increased design op­
tions. For more information, contact: Alliance 
Marketing Service , Amphenol Sales Division, 
2875 South 25th Avenue, Broadview, Illinois 
60153 . 13 12 ) 345-4260. 

CHECK NO. 97 



EDITORIAL 

Should we wake the sleeping giant? 
A couple of months ago I was invited for a ride in an experimental safe­
ty vehicle. The first thing I noticed was that as the transmission was en­
gaged, all of the doors automatically locked. This gave me an uneasy 
feeling. It has never happened to me, but I can easily envision c ircum­
stances under which I would prefer to bail out of a moving vehi cle 
(like rolling toward a cliff with defective brakes or to escape a fire). Un­
like the pilot of an aircraft, apparently we of the motoring public will no 
longer have ultimate contro l over our vehicles, and that bothers me. 

The larger symbolism of being locked into that car didn't strike me, 
however, until recently. Will the electronics industry become locked 
inescapably into the automotive industry? 

The electronic calculator came at a time when we all needed a shot 
in the arm, and I'm glad it did. But have you checked delivery times on 
LED or gas discharge disp lays lately? Do you realize that more than half 
of the MOS-IC production of this country is tied up in calculators? 

It was estimated that if all of the proposed "safety" controls for 1975 
models were implemented electronically, it would cost buyers about 
$700 per car. Each of us will be paying that much more for our cars. 
What will that mean to the electronics industry? $100 per car? 200? If 
'75 is a 10 megacar year, that's $1 to $2 billion to our industry. Substan­
tial to say the least, but is it desirable? 

Surely there are problems more worthy of our design efforts than lock­
ing our fami lies in cars, buzzing alarms at our wives when they put gro­
ceries on the seat without belting them in and blowing our children 
through the rear window with an idiot airbag! 

Within the guidelines they were given , Detroit's engineers have done 
a fine job. How long has it been since you delivered a 4000 pound 
mobile system of simi lar complexity for $4000? Yet we insist on trying 
to install 25 custom ICs, 38 LEDs and a radar in each car. 

Let's stop this silly courting of the auto industry before they take us up 
on it. They have some problems that we could probably be of consider­
able assistance with, like cleaner exhaust emissions and anti-skid sensors. 
Let's put the responsibility for safety squarely on the driver. Let's forget 
the frills that are unwanted and will only be circumvented anyway. And 
let's not tie up our production facilities to the point that it will take 2 years 
to get an op amp or a TTL gate. 

The automotive market could be a shot in the arm for our industry, 
but shots are commonly given somewhere else, too. 

Bill Furlow 
Associate Edito r 
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SCR crowbar circuit. Clamps a 
voltage transient to ground within 
500 nsec, at ± 10% of the firing 
voltage you spec. 

Hydraulic-magnetic circuit 
breaker for overcurrent 
protection. Equipment 
disconnect within 10 msec. 

Reliable packaged protection 
for sold-state equipment 
at a price you probably 
can't beat. 

10 

To get comparable capabilities, you'd have to 
spend a lot more, ultimately, than the cost of 
our JA! Q® crowbar/ circuit breaker. 

When you add up the cost of in-house 
design time, procurement, fabrication, testing, 
and overhead for all the foregoing, the JA! Q 
begins to look like the great all-time bargain 
in semiconductor protection. 

This compact device is broadly applicable 
to solid-state circuits whether discrete, IC, or 
hybrid. Its circuit-breaker section is precisely 
calibrated to the exact continuous-duty 
current rating you spec-from 0.020 to 10 amp 
at 38V DC. You have a choice of time-delay 
or non-time-delay response. And you can 
have multi-pole models too, with the same or 
different ratings on each pole. 

The crowbar section is available with 
overvoltage response as standard. But you 
have the option of undervoltage, over I 
undervoltage, or multisense response. 

In sum, with the JA/ Q , you need not 
sacrifice close-toleranc<! protection to gain the 
economics of a standard protective device. 
Quite the other way around, in fact. Our 
Bulletin 3371 will give you complete technical 
data. Yours for the asking. Heinemann 
Electric Co., 2626 Brunswick Pike, Trenton, 
N.J. 08602. 

~HEiNEMANN 
5545 
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All 191 flavors of RESNET™ 
DIPs offer system compatibility 
because we use the same packages 
you use for l.C.s ; plus you get 
ceramic dependability at plastic 
prices. 
Whether you're inserting resistors 
automatically or by hand - call 
your local Beckman/Helipot 
representative and ask how you 
can save money using RESNET 
DIPs. He stocks locally for 
immediate delivery. 

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

a 
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898-1 (15 res is tors) 
Price ( 1,000-4,999) $ .85 

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

R 

STANDARD RESISTANC E VALU ES 
(± 2% or ± 20 ) 

R 

R 

52• 110 330 LOK 2.2K 6.0K 15.0 K 
68 150 470 1.5K 3.3 K 6 .SK 22.0K 

100 220 680 2.0Kt 4.7 K 10.0K 

• Standa rd in 898·3 only. 
t S tandard in 898· l only. 

899-1 ( 13 resistors) 
Price (1 ,000-4,999) $.81 

899-3 ( 7 resistors) 
Price (l,000·4,999) $ .72 

S TA N DARD RESISTANCE VALUES 
(:t241o or ± 20) 
22 62 180 510 l.5K 4.3K 
24 68 200 560 1.6K 4 .7K 
27 75 220 620 !.BK 5.lK 
30 82 240 680 2.0K 5.6K 
33 91 270 750 2.2K 6.0K 
36 100 300 820 2.4K 6.2K 
39 110 330 910 2 .7K 6 .SK 
43 120 360 I.OK 3 .0K 7 .5K 
47 130 390 1.lK 3 .3K 8 .2K 
51 150 430 1.2K 3.6K 9 .l K 
56 160 470 l.3K 3 .9K !OK 

Beckman 

HELIPOT DIVISION 
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11K 
12K 
13.J{ 
15K 
16K 
!SK 
20K 
22K 

~·~~ 1 
1•• •• ... ... •• ~ ·E I 
- -------

898·5· R220/ 330 
Pulse squaring TTL terminator. 
Price (1 ,000-4 ,999) $1.45 

899-5·R220/ 330 
Pulse squaring TTL terminato r. 
Price (1,000-4 ,999) $1.35 

899-19 
D IP interface network providing resistors 
for µA711 core sense amplifier configuration . 
Price (l,000·4 ,999) $1.18 

899-40 
DIP network provides six line terminators 
and the threshold setting divider for the Intel 
3208A sense amplifier. 
Price ( 1,000-4,999) $1.35 
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A New Concept 
in LSI Circuit Design 

. l ........ . 

With the opening of the first LocALomc Design 
Center in the Boston area, Motorola has brought 
complete LSI design capability into the field under 
the direct control of customer engineers. The Design 
Center utilizes the Polycell system ... industry's 
most practical approach for designing custom LSI. 
The techniques are designed for use by customer 
(systems) designers. In this system, Polycells 
(proven, completely characterized logic cells, each 
comprised of several interconnected components) 
are handled as units on the computer as standard 
building blocks. 

At the Center you are assigned an office as a 
base of operation during the course of your pro­
gram. If you are new to the Polycell system, the 
Motorola design staff conducts a training program 
and once a design is started, the staff can help with 
any step in the sequence. Experience proves that, 
after brief familiarization, a logician or circuit 
designer with no prior background in semiconduc­
tor design or processing can very effectively use 
the system. 

The LocALoc1c Design Center is a completely 
self-contained operation covering the design stages 
between original logic definition and mask artwork 
generation. 

Custom LSI approaches are the answer to 
increased system performance and lower costs. 
Now these custom designs can be accomplished by 
designers working close to their own facilities; 
quickly, easily, economically, with utmost design 
security. For complete details write to Motorola 
Sem"iconductor Products Inc., P .O. Box 20912, 
Phoenix, AZ 85036. 

The Boston facility is the forerunner of design 
centers to be located throughout the United States 
and Free World. Investigate this new tool and make 
LocALoc1c a part of your design team. 

q~OCALOG IC is a trademark of Motorola Inc. 

G "!~e7:':?!!'?:!-t~ d~~CALOGIC 
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DESIGN NEWS 

Totally implantable heart depends heavily 
on electronics for timing and con.trol 
Heart disease is the number one 
ca use of death in the U.S. and 
around the world. Of the more th an 
1,000,000 cardi ovascular deaths 
that occur yea rl y, over 500,000 
are direct ly related to the heart. 

W hile prevention of heart d is­
ease is the ultimate medica l goal, 
the immedi ate goa l of researchers 
is the deve lopment of an arti fic ial 
hea rt. Such a totall y implantab le 
arti fic ial hea rt has been designed 
by Dr. Lowell T. Harmi son, Chief 
of the National Heart and Lung 
Institute. Hardware has been de­
ve loped by the Institute and tested 
extensive ly in animals. A version 
of this des ign may be ready for 
implantation in human patients as 

ea rl y as 1975. 
The totally implantable heart 

consists of a left and ri ght heart, 
an energy converter, a heart con ­
trol computer, an energy storage 
pack and an energy recovery unit. 
The arti f ic ial heart (s imilar to the 
natural hea rt) is a four chambered 
pump having two atri a with two 
large valves fo rming the inflow to 
the ventri cles, tri cuspi d and pul ­
monary va lves. 

The heart is designed to sati sfy 
the phys io logic demands of the 
body for proper blood circulation . 
At any given time, the artific ial 
heart will pump all of the blood 
returned to it. It must pump any 
given venous return without de-

~------------------------------, 
COMPUTER I 

manding more than is avai I able at 
normal venous pressure into the 
pulmonary artery and aorta . 

All timing and control for the 
implantable heart ori ginate in the 
heart control computer. Stanford 
Research Institute and Statham In­
struments have simultaneously 
developed two approaches to the 
design of thi s computer : one ana­
log; the other di gital. Both comput­
ers control the motor speed of the 
heart according to an algorithm 
proposed by Dr. Harmi son whi ch 
determ ines whether the heart is 
full or parti ally full or whether the 
left atrium is fill ed or partia lly 
filled. The computer then makes a 
decision to speed up, slow down or 
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Fig. 1- Brushless motor control ci rcuit of imp lantable heart is contro l led by the heart contro l computer. 
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maintain the present heart rate. The 
artificial heart gets this information 
from a solid-state stra in gauge ac­
tivated in the last 5 percent of the 
atrium chamber displacement. 

The computer continuously 
monitors beat rate and stroke vol­
ume, performing an ana lysis every 
five heart beats as fol lows: 

If either the left or ri ght ventricle 
has taken five fu 11 strokes, the 
computer will increase the heart 
rate by five beats per minute and 
automatica ll y sample the next five . 

If the left ventricle has taken 
three or four fu 11 strokes and the 
right ventricle no more than four 
fu 11 strokes, the computer wi 11 sig­
nal to hold the heart rate constant 
for the next five or ten seconds. 

If the left ventricle has taken 
one or less strokes and the right 
ventricle no more than three ful l 
strokes, the computer signals the 
heart to decrease its heart rate by 
five beats per minute and hold for 
five or ten seconds. 

If the left ventricle has taken 
three or less fu 11 strokes and the 
right ventricle four or five full 
strokes, the computer increases 
the rate by five beats per minute. 

The ana log approach to design­
ing the control computer, when 

The first totally implantable artifi cia l heart system inc ludes a heart control computer, 
energy conversion system and blood pump motor. The computer is housed in an implant­
able battery pack (center). No w ires pierce the patient's skin . Batteri es are recharged 
from a wall plug or battery pack outside the patient' s body by means of an implantab le 
pi ck-up coil (left). 

fully refined, may require less 
power than the digital approach. 
However, the analog design re­
quires a large number of capaci­
tors to perform the required sam­
ple-and-hold functions. These 
capacitors not only take up space, 
they also have a tendency to fai I. 
Also, with present integrated cir­
cuit technology, they cannot be 
incorporated on a chip . 

With the digital approach, on 
the other hand, the entire comput­
er can be fabricated on one or two 
chips. Nearly all timing can be 
performed by a timing capacitor 
operating a common clock. 

The only real di sadvantage to 
the digital system is that any small , 

sing le fai lure would cause a more 
catastrophic effect than with the 
analog computer. In either type of 
computer though , redundancy will 
be used to increase reliabi lity. 

Stanford Research Institute, de­
signer of the analog computer, 
uses low-power operational am­
plifiers (HA2705) made by Har­
ris 'Semiconductor, Inc. , to reduce 
power dissipation to a minimum. 
They hope to try the Fairchild 
µ,A776. Statham Instruments, de­
signer of the digital computer, 
uses CMOS devices from RCA's 
4000 Series. The CMOS tech­
nology produces low power dissi­
pation and substanti al size re­
duction .-/ M o 

Technique uses LSI to speed addition 
and multiplication in computers 
An experimental technique for 
addition and multipli cation in 
computer systems provides a good 
example of how Large Scale Inte­
gration can be used to advantage. 
Developed by IBM, the new tech ­
nique results in faster operation at 
an attractive cost/performance 
level thanks to the present eco­
nomics and availability of LSI. 

Traditionally, the " carry save" 
adders used in today's computers 
are designed to add a maximum of 
three rows of numbers at a time 
instead of adding long co lumns. 
The new technique reduces the 
number of add ition cycles by 

breaking the horizontal rows of 
numbers into verti cal partitions of 
numbers several columns wide, 
and adding columns from different 
pa rtiti ons simultaneous ly. The par­
tial sums and carries of these col­
umns are entered in the registers 
of a conventional " carry look 
ahead" adder for the final cycle, 
which completes the addition . 
With this technique, the optimum 
number of column s/partition (m) is 
determined by the formula m ~ 
log2 (k - I), where k is the number 
of rows to be added at one time. 

In the case of a design for ad­
ding an arbitrarily large set of 

numbers with a fixed delay con­
straint, the new technique will 
need fewer LSI chips than the 
conventional technique which 
uses 3-i nput "carry save" adder­
tree structures followed by a " car­
ry look ahead" adder. Alternative­
ly, for a design with a fixed num­
ber of LSI chips as a constrai nt, the 
new technique will add the num­
bers faster than conventional ones. 

A lthough the technique requires 
more ci rcuitry than conventional 
adders, the co lumnar adding ap­
proach becomes practica l because 
of LSI technology, which packs 
greater amounts of logic circu itry 
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in less space at lower cost. When 
conventional adder techniques 
were first formulated, many c ircuit 
components had to be hand as­
sembled on larger circuit cards. 
This created cost and space con­
stra ints on computer designers. 

Although the illustrations shown 
describe implementation of the 
technique for addition , it is equal­
ly applicable for multipli cation 
which, in a computer's binary 
numbering system, is nothing more 
than addition of rows of the same 
number, appropriately shifted. 

According to its developers, an 
arithmetic unit designed with the 
new technique would be particu­
larly useful in computer systems 
used for both scientific and busi ­
ness applications. Scientific users 
frequently have to process large 
amounts of numerical data to get 
small amounts of output. The less 
time it takes them to process this 
data, the more computer time that 
is ava ilable to them and their busi­
ness counterparts. 

The columnar adding technique 
was developed by engineers Ron­
ald Waxman and Shanker Singh at 
IBM's development laboratory in 
Poughkeepsie, NY. It is described 
in detail in their paper, " Multiple 
Operand Addition and Multiplica­
tion," which was presented last 
month at the Fall Joint Computer 
Conference in Anaheim, CA. -
FE o 
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Fig. 1- A 3-bit wide column part ition adds each column, in turn , yielding results at uul ­
puts Sc. through S0 after three cyc les through the 9-number adder for multipl e operands. 

During ihe first cyc le, co lumn 2 is added and the temporary results are stored in the regis­
ters labeled R, . During the second cyc le, co lumn 1 is added with the contents of registers 
R <uitably ,h ifted, and the result is placed back in registers R,. During the final cycle, 
co lumn 0 i< ~dded with the contents of register R,. aga in suitabl y shifted, and the results 
are gated out on outputs Sc

2 
through S0 • 

3 BIT · 9 NO. 3 BIT · 9 NO. 
AMO AMO 

REGISTER A 

REGISTER B 

CARRY LOOK-AHEAD ADDER 

FINAL SUM 

Fig. 2 - The outputs from Fig. 1 are fed into register A and register B which in turn hdve 
their content< f,,r/ in to a carry look-ahead adder, thus yielding the final result in one more 
cycle. A total of 4 cycl es is used to add 9 numbers, wh ich are divided into 3-bit wide co l­
umn partition s. 

Measurement breakthrough leads· to 
new value for speed of light 

The extension of direct frequency 
measurements for the frequency of 
visible li ght, a breakthrough an­
nounced earlier this year, has led 
to a 100 fold more accurate value 
of the speed of li ght. That value is 
299, 792,456.2 meters/sec with 
an accuracy of ± 1 .1 meters/sec 
(or 186,282 .3960 miles/sec ±3.6 
ft/sec). The new value is 100 times 
more accurate than Froome's val­
ue measured in 1957 in England 
and is 20 times more accurate 
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than that which Bay, Luther and 
White made just this year at the 
National Bureau of Standards 
(NBS) in Gaithersburg, Maryland. 

The speed of light is one of the 
important fundamental constants 
of nature. Terrestrial and lunar dis­
tance-measuring experiments de­
pend directly on its value. It is 
also involved directly in several 
fundamental relationships such as 
the famous E = mc2 equation . 

To obtain the new-value of c, it 

was necessary to measure both the 
frequency and the wavelength of a 
very stable laser. The speed of 
light is the product of these two. 
The laser, an infrared 3.39-micro­
meter helium-neon device, is stabi-
1 ized; that is, it has its frequency 
fixed by methane absorption as 
follows: A laser provides very pure 
light by ordinary standards, but 
the light tends to shift in frequency 
or wavelength. Only by accident 
will two lasers emit exactly the 
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same frequency under nonstabi-
1 ized conditions. The NBS research · 
achieved a method of stabilizing 
the laser by passing the beam 
through a gas and locking its fre­
quency to a certain narrow ab­
sorption line in the gas. Any other 
similar laser using the same kind 
of absorption gas wi 11 then operate 
at the same frequency. This repro­
ducibility is essential to the effort 
of improving measurement stand­
ards in general and was crucial to 
this experiment in particular. 

The technique to measure this 
high frequency employs a fre­
quency multiplier chain which 
connected the atomic frequency 
standard at about 9 bi I lion cps to 
an infrared laser nearly 100 times 
higher in frequency. Five different 
lasers and five other microwave 
oscillators (klystrons) were used 
in this chain . 

The world's highest speed de­
tector, a catwhisker diode similar 
to that used in early crystal radio 
receivers , was used to multiply the 
laser frequencies . These diodes, 
developed at MIT and NBS, serve 
to compare successively an inte­
gral multiple of one laser frequen­
cy with the next higher laser fre­
quency in the chain. In this suc­
cession of measurements, the 
atomic frequency standard was 
linked to the frequency of the he­
lium-neon laser. 

The wavelength measurement­
one of the most accurate ever 
made - compared the wavelength 
of the methane stabilized laser 
with that of the length standard -
radiation of the krypton atom. The 
accuracy of this measurement is 
limited only by uncertainties in the 
length standard itself. 

This points to the desirability of 
improving the length standard, 
either by replacing it with a stabi­
lized laser or defining the value of 
c. The first will permit still more 
accurate determinations of c. The 
second alternative, defining c, 
would enable an experimentalist 
to use a frequency standard to 
accurately establish the length of 
the meter. This combined frequen-

Contact adjustment of one of the catwhisker diodes concent~a tes the carbon dioxide laser 
beam on the diode. From right to left are the five lasers used -a hydrogen-cyanide laser, a 
water vapor laser, two ca rbon-diox ide lasers and a helium-neon laser. 

The tip of the pencil points to the catwhisker diode used in the frequency measurement 
experiments. 
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Dia light 
sees a need • • (Need: Find a very small fault in a very large system.) 

See Dialight. 
All printed-circuit boards need a fault indicator; that's flll 
why D1al1ght has developed such a broad family. These w 
tiny LED devices signal where and when a fault occurs 
in a complex electronic circuit - and this can reduce 
downtime to a minimum. With some Dialight fault indi­
cators, you can get as many as 10 units in just l" of 
space. These devices, which come in a variety of sizes, 
are designed to operate from 1.6 to 14 volts and are 
available with both axial and right angle leads. They 

can be driven directly from DTL or TTL logic and can also 
serve as logic-state indicators, binary data displays, or 
just as indicators, as in this p-c board furnished by 
Struthers-Dunn.Inc. ' But Dialight's fault finders are only 
a small part of their fast growing family of light-emitting 
diodes. Additional opto-electronic devices are extensively 
used in cartridges, lighted push-button switches, opto­
iso lators, and readouts, all supplied by Dialight. A wide 
vari ety of discrete LEDs further adds to the broad family. 



Dialight is a company that looks for 
needs ... and develops solutions. 
That's why we developed the ind us­
try's broadest line of switches, indi­
cator lights and readouts using 
LEDs. No other company offers you 
one-stop shopping in all these 
product areas. And no one has more 
experience in the visual display 
field. Dialight can help you do more 
with them. Talk to the specialists at 
Dia light first. You won't have to talk 
to anyone else . We can help you do 
more with LEDs than anyone else 
because we've done more with 
them . 

Here are a few products in this 
family : 1. Ultra-miniature indica­
tor lights 2. Datalamp cartri dges 
3. Bi-pi n LED lamp 4. Opto-iso­
lators 5 . LED solid state lamps 
6. Logic state fault indicators 
* Used in their VI P Programmable Control ler 

s. 

Please send data on your LED products. 

NAME 

TITLE 

COMPA NY 

ADDRESS 

CITY STATE 

DIAL/GI-IT 
D1al1ght Corporation. A Nor th American Philips Company 
60 Stewart Aven ue. Brooklyn, N.Y. 11237 (212) 497-7600 
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cy- length standard wou Id suffi ce 
for both kinds of measurement. 
Thus, it would be possible to elim­
inate the need for a separate 
length standard. 

What the new value means! 
The constant c appears in many 

physical equations describing the 
behavior of the universe. Long­
distance meas urements with lasers, 
and radar measurements of in­
terplanetary distances require pre­
cise knowledge of time of fli ght 
of the li ght or radar pulse; the dis­
tance is calculated by multiplying 
this time by the value of c. The 
new value of the speed of li ght 
wi II enable engineers and space 
sc ientists to more accurately track 
satellite and space vehicles. 

Spin-off benefits open up possi­
bilities for a whole new frequency 
range for telecommunications, a 
1000-fold increase over all the 
frequency bands presently uti­
lized. Also, manufacturers can 
achieve finer accuracy in instru­
ment manufacture. 

A new standard? 
The great accuracy in thi s mea­

surement demonstrates the possi­
bility of a single standard for both 
length and time. The importance 
of linking these standards was 
described by Dr. Lewi s Branscomb, 
former director of NBS, who sa id, 
" Ever since Albert Einstei n showed 
that time can be considered the 
fourth dimension of the space in 
which we live, scienti sts have 
looked forward to the possibility 
of using one gage - one yardstick 
so to speak-not only for the three 
dimensions of space but for the 
fourth dimension of time as well. 
To interchange clocks and rulers, 
sc ientists must know the speed 
with which li ght travels, which is 
equal to its wavelength times its 
frequency. With thi s demonstra­
tion that both the space (wave­
length) and time (frequency) di­
mensions of a single light source 
can be measured with prodigious 
accuracy, this goa l is now within 
our grasp." - RF D 

THIN-DIM® 
r.APACHORS 

FOR 

mRID·CIRCUrr 
DESIGNERS 

ACTUAL SIZ E 

9402 9410 PC 9401 

THIN-TRI M capacitors are a new 
development in miniaturized vari­
able ca pacitors for application in 
circu its where size and performance 
is cr iti ca l . The Thin-Trim concept 
provides a va riable device to hybrid 
circuit designers which replaces 
fixed tuning techniques and cu t and 
try methods of adjustment. 

FEATURES 

• Low profile for 
HYBRID CIRCUIT applications. 

• High capacity values for 
BROADBAND applications. 

•High 0 - low capacity values for 
MICROWAVE applications. 

U .S. Patent 3,701 ,932 
CHECK NO. 17 

MANU FACTURING CORPORATI ON 

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

TWX 710-987-8367 
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Dit-Mco's Gone 
Computer! 
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The New TIO Series 
FEATURING: 
• Computer or punched tape control 
• Pluggable integrated circuit logic 
• A wide choice of program 

controlled instrumentation 
• Switching- including a choice of 

pluggable reed relay, WQB relay 
and solid state 

• Simplicity of programming 
• Extensive software and 

documentation 

In fact, Dit-Mco's new 770 Series of 
tape - programm.ed random - access 
automatic wire-circuit analyzers has 
the speed, reliability, and capacity 
to meet a lmost any conceivab le 
connection-testing need. 

Give us a problem, and we'll put one 
to the test. 

Dit-Mco: 
The Difference In Testing! 

DIT@Mco 
DIT-MCO INTERNAT~ONAL 
5612 Brighton Terrace 
Kansas City, Missouri 64130 
Phone (816) 363-6288 

A Division of Xebec Corporation 

CHECK NO. 11 
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Ultraviolet light removes excess 
photoresist - speeds SC fabrication 

New process uses intense ultraviolet light to clean excess photoresist from semiconductor 
wafers. Here, Dr. Donald A. Bolon, developer of the technique, prepares to run sample 
wafers through a test chamber. 

A long-standing problem in the 
semiconductor processing industry 
has been the cleaning of excess 
photoresist from semiconductor 
wafers. The photoresist, a polymer 
film sensitive to light, is used in 
etching microscopic circuit pat­
terns onto the wafer. After etching 
takes place, the leftover plastic 
film must be completely removed. 

A new process, developed by 
General Electric Co., holds promise 
of speeding and simplifying semi­
conductor fabrication. 

In the new GE process, the pho­
toresist is exposed to intense ultra­
violet light in the presence of air, 
causing the material to break 
down and vaporize. A typical film 
of photoresist plastic (depending 
upon its composition and thick­
ness) can be completely removed 
from a semiconductor wafer in 25 
to 40 minutes. 

The process is reportedly the 
first that lends itself to the continu­
ous removal of excess photoresist 
material. All other known tech­
niques require the processing of 
wafers in batches and are thus 
inherently slower. 

In addition, according to the 

developers, "ultraviolet depoly­
merization " is the first dry process 
that operates at atmospheric pres­
sure and at modest temperatures 
(about 250°C). The most widely 
used methods for removing pho­
toresists currently involve soaking 
the polymer film-either in a sol­
vent that causes it to swell, after 
which it is shaken or abraided off, 
or in an acid solvent, which de­
st.roys the polymer. In many cases, 
however, a semiconductor proces­
sor desires to remove the pho­
toresist without subjecting the 
substrate to solvents or acids. This 
is especially important where soft 
metal overlays are present that 
would be damaged by abrasion or 
by corrosive solvents. 

In tests at the GE Research and 
Development Center in Schenec­
tady, NY, Dr. Donald. A. Bolon, 
developer of the process, has 
found that ultrav iolet depolymeri­
zation of photoresists proceeds at 
rate of about 1000 A per minute. 
The process can be made to oper­

ate some ten times faster simply by 
injecting about 2% ozone gas into 
the processing chamber. - FE o 
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The Unitrode Power Pulser is a hybrid circuit available in two 
series optimized for switching loads up to 500 watts (60V) for 
0.5 to 50ms. Output pulse width tolerance is within 1 % of the 
internally preset time with a temperature coefficient of-0.04%/°C 
from D°C to 125°C. It is a complete, ready-to-use thick film circuit 
in a compact T0-3 package. 

VOLTAGE SWITCH-PIC400 
Upon actuation by an input pulse from an IC logic gate, the 
output of the PIC400 will switch the supply voltage across the 
load independent of the shape or duration of the input. No 
external components are necessary. The load may be placed in 
either the collector or emitter of the darlington output and may 
be driven from either a positive or negative supply. A wide 
variety of options are available, including 1800W switching 
capability (15A, 120V), extended pulse width range (from a 
fraction of a millisecond to several seconds), and controlled 
rise and fall rates. The two applications listed below illustrate 
the versatility of the PIC400. 

TYPICAL PIC400 SERIES APPLICATIONS 
1. Driving electro-mechanical counter from 24V AC. 

2. Solenoid actuation from negative power supply. 

REGULATED CURRENT SWITCH- PIC410 
The PIC410 is a more sophisticated version of the PIC400. The 
output pulse is current regulated to within 1% of an externally 
preset value by means of a switching regulator in the output 
circuitry. This insures substantially lower internal power losses 
and higher efficiency than could be obtained with a series 

regulator. A rapid turn-off circuit insures the fastest possible 
current decay upon termination of the output pulse. The range 
of options available for the PIC410 are the same as for the 
PIC400. Two typical applications follow. 

TYPICAL PIC410 SERIES APPLICATIONS 
1. Constant current switching of high speed print-hammer 

from unregulated supply. 

2. Driving high-speed stepper motor (with SA constant 
current pulse) from 48V AC. 

For more specific information call Vinnie Savoie-collect-at 
(617) 92&-0404, or return the coupon to Unitrode Corporation, 
580 Pleasant St., Watertown, Mass. 02172. 

-----------------• Unitrode Corporation • 
I Dept. 2 Z , 580 Pleasant St. , Watertown, Mass. 02172 I 
I PLEASE SEND INFORMATION ON: I 

0 PIC400 0 PIC410 I D Application Note D Power Darlingtons I 
I My application is: I 
I I 
I I 
I Name: I 
I nue: I 
I Address: I 
: City: State: Zip: __ : 

I Telephone: I 

----------------­See EEM Section 4800 And EBG Semiconductors Section for more complete product listing. 
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Some ladybugs just sit and munch. 

This Ladybug® 
sits and switches, 

passively, with complete input-output 
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isolation. Try one-free.* 

If our newest and lowest cost optical coupler up there 
reminds you more of a mean praying mantis than a friendly 
member of the order Coleoptera, take heart: Sigma Lady­
bugs combine enough economic and performance virtues 
to more than outweigh their somewhat lumpy appearance. 
Such as: 
Inputs AC or DC -2 to 150 V- with infinite isolation . . . 
Outputs AC or DC -up to 250 V (we've made still higher) 
50¢ price tag in production quantities (for single input 
or single output ) . . . 
Passive input and passive output . .. 
Wide choice of lamp-photoresistor switching combina­
tions. 

Ladybug optical couplers contain one or more light 
sources, either incandescent, neon or LED, intimately 
situated with one or more Sigma-manufactured photo­
conductive cells. Input (control) current to the light causes 
smooth, rapid reduction of cell resistance from the order of 
107 to 500 ohms. No feedback , no bounce, no noise gen­
eration, no upset of audio, data processing or RC oscilla-

CHECK NO. 32 

tor tuning circuits. In addition to one-light one-photo­
resistor types, Ladybugs can also be supplied with one 
light controlling several outputs, or multiple lights each 
capable of controlling one photoresistor. They offer ele­
gant simplicity for controlling SCR's, Triacs and such 
from low level IC circuits-with absolute isolation. Some 
combinations are particularly well-suited for firing di­
rectly from logic level signals and thus interface neatly 
with conventional TTL I C's. 

To see for yourself, check the bingo card. We' ll send 
you free of charge a 6V incandescent Ladybug* capable 
of tum-on to IOK in 80 msec max., tum-off to IOOK in 
500 msec max. Thus we would hope to sufficiently in­
trigue you to call or write Jim Seppala to discuss your 
needs and our recommendations. Contact Sigma lnstru­
me~ts, Inc., 170 Pearl St. , SIGM A 
Bramtree, Mass. 02185. /~ 

Tel. (617) 843-5000. INSTRUMENTS INC 
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Reliability is staggered steps 
and a hunk of DAI? 
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Expect over a billion operations. 
Our Class W wire-spring relay is different. In fact, 
there's nothing like it in the entire industry. 
Where else can you find a relay with lots of con­
tacts and a mechanical life of more than a billion 
operations! That's about two and a half times the 
life of the best conventional relay around. 

Another nice thing about our Class W is that it 
takes up a lot less space and costs less than using 
a bunch of other relays. That's because we build 
our Class W relay with one, two or three levels 
of contact assemblies, with 17 form C combina­
tions per level. By the way, they're available with 
gold contacts for low-level switching. 

Making it tough on creepage. 
All those staggered steps you see on the side were 

put in to raise the breakdown voltage between 
terminals. These molded steps add extra creepage 
distance between the terminals. This really counts 
for high voltage testing, or when using our Class W 
in unfavorable ambient conditions. 

These steps, and all the molding 
compound used for insulating 
the contact springs, are 
made from 

diallyl phthalate. (They call it DAP for short.) 
It has great insulating properties and it wears like 
iron. Even if the humidity is high, you have 
excellent protection. 

Redundancy-two springs are better than one. 
Each of our long wire-spring contacts has an 

independent twin with the same function. One 
tiny particle of dust could prevent contact on 
other relays. Not with our Class W. You can be 
sure one of the twins will function. That's back-up 
reliability. 

The twin contacts are twisted together at the 
terminal end. Then we give them a spanking (you 
might call it swedging) to provide solderless wrap. 

We're for 
independence. 

Our springs are longer, 
because the longer the 
spring, the more independent 
they get. And the better contact 
they make. Don't forget, the wire­
spring relay is the most reliable way to get a permis­
sive make or break contact. You can rely on it. 

The middle contact springs have to be sta­
tionary. To make sure they stay that way forever, 
we actually mold them between two thick pieces 
of DAP on both ends. Just try to move one. 

When we say flat, it's flat. 
Each frame, banged out by a gigantic machine 

is extra thick and extra fiat. Then they're planished. 
Planishing is another step we go through in form­
ing the frame to add strength and stability by 
relieving surface strain. 

We've made our spring-loaded pile-up clamp 
extra thick, too. Once it's tightened down, the 
whole pile-up is nice and tight, and stays tight. 

There's more. 
We could tell you a lot more about our Class W 

relays. Like how the tough high-temp molded 

cover protects against dust and has 
molded ribs to keep the spring con­
tacts in place. Or how this relay 
with 51 circuit transfers is so sen­
sitive it requires only four to six 
watts of operating power. 

But why don't you let us prove how much relia­
bility we put into our Class W? We' ll be waiting to 
hear from you. GTE Automatic Electric, Indus­
trial Sales Division, Northlake, Illinois 60164. 

(ij i#I AUTDmATIC ELECTRIC? 
CHECK NO. 26 
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... and what a line-up - depth in every position! A rugged 
team of general purpose relays from 1 to 20 amps, AC and 
DC, 1to6PDT, with ratings to 110 VDC and 250 VAC. At 
the corners, dry reed and mercury-wetted DIP; on the 
line, open frame and covered units, plug-in and axial lead, 
Forms A, B and C, with ratings to 2 amps, 50 watts and 
500 VDC. And in line backer slots, a new series of 
electromechanical and solid state industrial timers and 
sensors with delays of 0.01 to 360 seconds, voltages to 220 
VDC and 400 VAC, and frequencies to 440 Hz. 
Whatever signals you call , you 're the coach with the 
Babcock team . Call your own " audibles " with our general 
purpose units; they're completely interchangeable with 
other models . They' ll plug right into your PC board or 
socket with no time out. And there 's never a fumble on 
delivery-the entire Babcock team is available " off the 
bench ". If you have a design problem, huddle with us on it, 

/~: .. . ' 
i 

too ; our applications engineering staff is ready to join 
your team . 

Send for your FREE program 
today-our new short form lists 
all the players ... with some very 
interesting numbers. Write or call 
Babcock Electronics Corp ., Unit of 
Esterline Corp ., 3501 No. Harbor 
Blvd ., Costa Mesa, Calif. 92626 ; 
Tel: (714) 540-1234. 

~I..__ _ A_B_co_c_K_ 
A UNIT OF ESTERLINE CORPORATION 

CHECK NO. 98 
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GENERAL. ELECTRIC 

HlO SERIES 
COUPLERS 

• 3 hermetically pack-
aged models offer 
choice of SSL-Photo-
transistor, SSL-Photo-
darlington and SSL-
light sensitive SCR 

OUR NO. 1 GOAL: 
TO MAKE 

GENERAL ELECTRIC 
YOUR BEST BUY 

\ 

Hll SERIES 
COUPLERS 

• 6 models offer inter-
changeability with 
popular industry 
types 

• HllAl and HllBl 
offer 50% and 500% 
min current transfer 
ratios respectively 

• 2,500V isolation 

H13 SERIES H15 SERIES 
INTERRUPTER COUPLERS 
MODULES 

• 4 models offer "no • 4000V isolation 
contact" switching • 4 low cost models for 
for use with shaft pulse transformer re-
encoders, counters, placement, SCR and 
position sensing, key- TRIAC triggering 
boards and limit • Solid State reliability 
switch application at low cost 

AVAILABLE NOW FROM 
YOUR AUTHORIZED 

GENERAL ELECTRIC 
DISTRIBUTOR 

CHECK NO. 28 



The 5 fastest 
ways to make 

better inverters. 
0 The new 81 RM - fastest 

125 Amp inverter SCR around. 

It has 20µ.S turn-off, through 1 OOOV, wit 
efficiency that cuts filtering , 
commutating and snubbing 
costs up to 30% in new 
designs. Plugged into existing 
circuits, it can increase overload 
capabi li ty or power rating by 50% . 
Its 30% lower switching losses let you 
operate effic iently at 1 OK Hz. And for 
today 's circuits, a guaranteed turn-off 
time of 25µ,S with an anti parallel diode 
gives unequalled speed. The best " soft 
recovery" in the business assu res the 
lowest RFI generation, minimizes false 
triggering and improves reliability. 
Voltage ratings from 100-1 OOOV. dv I di is 
200V I µS, and di / di is 800A/ µS . 

0 New 35 Amp IR140/141 's. 
None faster. 
Lowest switching losses. 

At 15µ,S and 1 OµS 
turn-off, there are no 
faste r SCRs in their 
range. But what real ly 
sets them apart is the 
30% lower switching 
loss for unequalled 
efficiency at high 
frequencies . No derating to 
4KHz, and 50% of the rated 
current at 20KHz. Excellent as 
commutating SCRs. Conforms to 
JEDEC 2N3649-58. Reappli ed dv / dt is 
200V I µS, and di/di is 400A/ µS. 
Voltage ratings: 50-400V. 

------------------
Want an Inverter SCR 'Data Pack' fast? 
Mail this coupon to: l nterna.tional Rectifier 
233 Kansas Street, El Segundo, CA 90245. 

Title ______________ _ 

Phone ______________ _ 

Company _____________ _ 

Address _____________ _ 

City· ________ State _____ Zip __ ___ 

New - The fastest Turn-Off (101,S) 
high-current inverter SCRs available! 

These low-frequency inverter SCRs turn 
off four times faster than others at their 
power level. You can reduce 
commutating component size and cost 
VJ and still increase inverter ratings with 
greater reliability. Higher surge ratings 
give you bigger safety margins, eas ier 
fuse selection . To top it off , you can 
choose from three package types in 
50-600V ratings to optimize your design . 
E> New 430 Amp (RMS) , 275RF Series. 
The only stud-mounted 430 Amp (RMS) 
inverter SCR available. 7000 Amp 
surge rating . 200,000A2Sec. 121 rating . 
0 New 710 Amp (RMS), 450PF Series. 
Rated 710 Amp (RMS) , this ceramic 
" Hockey Puk" has a surge rating of 
9000 Amps and 121of340,000A2Sec. 
0 New 710 Amp (RMS), 451 PF Series. 
For maximum economy, the first and 
only plastic encapsulated 71 O Amp 
(RMS) " Hockey Puk" SCR. Surge rating: 
9000 Amps. 121 is 340,000A2Sec. 

International 
Rectifier 

... the innovative power people I I~dR I 



These solid state switches offer 
normally-open or normally-closed 
contacts that are compatible with TTL, 
DTL, or MOS inputs (8mW at 4 volts) . 
That's for DC. For AC applications, 
they'll handle 120 or 240 VAC input. 
The output of either variety switches 
140 volts AC at 10 amps. 

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

DC input, N.O. contacts 

MSR101 
DC input, N.C. contacts 

MSR102 
AC input, N.O. contacts 

MSR103 
AC input, N.C. contacts 

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

And they're small (2 V4" x Ht.i" x 
1 l/e "), 4 ounces, with rugged screw 
terminals and a wide operating 
range. Ask for our new data sheet 
on the MSR Series of solid state 
relays from Monsanto Commercial 
Products Co., Electronic Special 
Products, 10131 Bubb Road , 
Cupertino, California 95014. 
Phone (408) 257-2140. 

Distributed by: Alta Electronics, Elmar Electronics, Hammond Electronics, Kierulff Electronics, Kierulff/Sch ley, Liberty Electronics , 
Schweber Electronics , Semiconductor Specialists, Wesco Electronics, Western Radio; Canada: Canadian Dynamics, Ltd., 

Cesco Electronics, Ltd. 

Monsanto 
CHECK NO . 30 
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The Burr-Brown family of T0-99 FET op amps offers you a one. 
stop source for the exact FET units you need, regardless of 
your requirements. The three units highlighted below are rep· Tl 
resentative of the performance and price advantages available 
from Burr-Brown's new 14 unit series. They are pin compatible 
with 741 types and are 100% tested ~o all min/max specifi· 
cations. 

Hybrid /thin -film techniques and a monolithic FET input stage 
provide excellent drift characteristics for source impedances 
to 1 Mn. Active' laser trimming of proprietary Burr-Brown high· 
stability, thin-film resistors cont ributes to outstanding per· 
formance at reasonable prices. Both output short circuit and 
input-to-supply-voltage protection are provided. Units are also 
available with MIL temperature ratings and MIL-883 screening. 

MODEL NO. 3521L 3522L 3542J 

Input Offset Voltage 

vs Temperature, Max. ± lµV/•C ±25µV/°C ±25µV/•C 
Initial Offset, 25°C, Max. 250µV ± SOOµV ±lSmV 

Input Bias Current, Max. - lOpA ±lpA -25pA 
Price, 100 up $28.00 $12.50 $4.50 

FOR COMPLETE INFORMATION, use this publication's reader 
service card or call Burr-Brown. 

~n~a~o~~~t~~ug~~ I BB I 
TH : 602 ·294 ·1431 • TWX:910·952·1111 •CABLE : BBRCORP - -

CHICAGO OFFICE (31 2) 832·6520 
UNITED KINGDOM OFFICE: Watford WDl BBY PHONE 33080/ 30336 

lier 

3542J 
LOW PRICE 

$4.50 100 up 

Burr-Brown amplifiers 
deliver what tliey nromisel 

CHECK NO. 29 
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Buckbee-Mears 
flexible circuit 

goes straight 
to the heart 

BMC lightweight flexible circuit helps this heart pacer work 
continuously for up to four years. 

CHECK NO. 27 

More and more heart patients are wa lkin g around 
with one of our flexible circuits in their chests. 
The circuit is inside a heart pacer - made by 
M edica l Devices, Inc. of Seattle. This compact 
pacer, weighing just 110 grams, is literally a bundle 
of energy. It on ly paces when the heart needs help 
and, upon demand, wi ll pace continuous ly up to 4 
years without replacement . 

We' re mighty proud Medical Devices, In c. chose 
Buckbee-Mears to meet their very exacting circuit 
requirements. They used our flexible circuitry 
because it was lighter weight than a printed board, 
more reliab le, and made the unit easier to assemble. 

Our flexible c ircuit enab led Medica l Devices, Inc. 
to manufacture the entire 83 component assembly 
in a long, narrow, flat shape and fold it to fit into 
the hermetic sea led container. O ur sc ientists had 
to create a special adhesive system to bond the 
annealed copper circuit to the die lect ri c. 
But solving unique problems is a spec ialty with 
our Flexible Circuits Group. Whatever you need in 
flexible circuitry, ca ll us. We'll get to the heart of 
the problem fast. 

Buckbee-Mears Company, 245 E. 6th Street, St. Paul, 
Mn 55101, Telephone (612) 228-6371 , Telex 297080 

f:)Effi0(5 
ST. PAUL, MINN ES OTA 55101 
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If your system calls 
for radiation-tolerant ICs, 

TI can provide full-service support. 

49 standard digital and linear functions. 
Custom capability backed by more than a decade 

of "rad-hard" R&D and production experience. 
Computer-aided design. Comprehensive documentation. 

Full service. 
From materials technology to product design, man­

ufacturing experience and capability, support data 
and program management-Texas Instruments can 
supply everything you need to meet the most chal­
lenging system and program requirements. 

TI has been solving radiation effects problems for 
more than 10 years ... and is a major supplier of radia­
tion-hardened devices for strategic defense systems. 

Technological strength -
now and in the future 

TI is thoroughly experienced in all technologies basic 
to radiation-tolerant integrated circuits, including 
dielectrically isolated substrates, thin-film resistors, 
minimum-size transistor geometries, narrow base 
widths, various packaging options and photocurrent 
compensation, where required. 

Computer-aided design is now a matter of routine 
for both the design and layout of TI radiation-tolerant 
integrated circuits . 

And TI will continue to extend its technological 
capability by combining radiation-hardening exper­
tise with in-depth knowledge of MSI, beam leads and 
low-power Schottky TTL. (In addition, TI has depth 
experience in "rad-hard" discrete devices- both pow­
er and small-signal- and offers a broad line.) 

Complete custom capability 
In addition to its standard rad-hard line, TI has com­
plete facilities, personnel and know-how-including 
all necessary R&D back-up- for the design of 
radiation-tolerant devices to your specifications and 
program requirements. A top-secret facility and stor­
age security clearance, as well as provisions for com­
preh ensive documentation, further strengthen Tl's 
ability to provide full-service support. 

Industry's broadest standard line 
TI today offers industry's broadest line of standard 
rad-hard ICs-49 digital and linear functions, with 
more to come. 

Digital ICs lmW/ 30ns lOmW/lOns 20mW/7ns 
TTL TTL TTL DTL 

Quad 2 NANO RSN54LOO RSN5400 RSN54HOO 
Hex inverter RSN5404 RSN54H04 
Triple 3 NANO RSN54L10 RSN5410 RSN54H10 RSN15962 
Dual 4 NAN O RSN54L20 RSN5420 RSN54H20 RSN15930 
Single 11 NAN O RSN5431 RSN54H31 
Dua I 4 buffer RSN5440 RSN54H40 RSN15932 
Dual 4 power gate RSN15944 
Dual 2-wide AOI RSN5456 RSN54H56 
Single 4-wide AOI RSN54L57 RSN5457 RSN54H57 
Single 2-wide AOI RSN5458 RSN54H58 
Dual 3-2 AOI RSN54H66 
RS flip-flop RSN54L71 
JK flip-flop RSN54L72 RSN15945 
Dual D flip-flop RSN54L74 RSN5474 RSN54H74 
Dual J-K flip-flop RSN54H103 
One shot RSN54L122 
Dual 3 NAN O RSN54L130 
Dual 3 NANO 

w/expander RSN54L131 
3-to-8 decoder RSN54H149 

Linear, Interface ICs and Monolithic Arrays 

Standard operational amplifier 
High-performance operational amplifier 
2-channel/capacitor-coupled 

plated-wire sense amplifier 
4-channel/DC-coupled plated-wire 

sense amplifier 
Dual 500mA word switch 
Quad JFET interface driver 
7-diode array 
16-diode array 
Quad 30mA NPN transistor array 
Quad lOOmA NPN transistor array 

RSN52709 
RSN52800 

RSN55900/55910 

RSN55920 
RSN14026 
RSN21890 
RSN14925 
RSN14097 
RSN21885 
RSN21886 

For more information 
For price and availability, .call your local TI sales 
office. Or call Gerd N oebel, in Dallas, (214) 238-3025. 
For a copy of TI Bulletin CB-146, "Radiation and 
Semiconductors," circle 250 on the Reader Service 
card. Or write Texas Instruments Incor- ~o 
porated, P. 0. Box 5012, M/S 308, Dallas, 'U/ 

Texas 75222. 

TEXAS INSTRUMENTS 
IN C ORPORAT E D 84073 



Designers Guide to: 
Charge coupled devices 
It's not too early to start looking at CCDs. Although still in the development 
phase, they may soon offer simple, low-cost solutions for imaging and high­
density storage problems. 

Barry T. French, North American Rockwell Corp. 

In many repects , the operation of a charge coupled 
device (CCD) is similar to that of the more familiar 
MOSFET. Both rely on the phenomenon of inver­
sion. Inversion amounts to a change in semiconduc­
tor tyre in the narrow region adjoining the surface. 

As shown in Fig. 1, a small positive bias will push 
holes away from the surface, leaving behind a region 
that is depleted of majority carriers . Increasing the 
bias wi 11 bend the energy bands even further, to the 
point where the conduction band approaches the 

SURFACE INVERSION IN MOS STRUCT UR ES 
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Fig. 1- Both MOSFETs and CCDs rely on the phenomenon of inversion for their operat ion. 
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Fermi level. When this happens, the concentration 
of electrons near the su rface increases sharply and 
the material in this region takes on the characteris­
tics of an n-type sem iconductor. 

CCDs operate by moving these minority carriers 

l 
METAL A B 

INSULATOR 

eee--eee 

SEMICONDUCTOR 

P-TYPE SILICON 

Fig. 2- Basic CCD mechanism uses fam ili ar MIS (Meta l-Insu lator­
Semiconductor) structure. Application of a sufficient potenti al at A 
w ill alter the characteristics of the sem iconductor surface so that it 
behaves like n-type silicon (inverts). Application of a greater po­
tential at B will transfer mobile charge from A to B. 

along the surface of a semiconductor in response to 
loca l changes in surface potential. In Fig. 2, a volt­
age applied at electrode A produces a surface poten­
tial sufficient to invert the sem iconductor surface. 
When a larger vo ltage is applied at B, a deeper po­
tenti al "we ll " is produced in that area, and mobile 
minority carriers move from A to B. 

If we build a long chain of these electrodes and 

</>3 

METAL 

SILICON 
DIOXIDE 

SI LICON 

app ly potentials so as to continuously create deeper 
potentia l wells to the ri ght of full wells , then charge 
wi 11 be caused to " flow" from left to ri ght along the 
chai n. 

A simple system for scheduling such a chain of 
potential wells is shown in Fig. 3. Three synchro­
nized ac vo ltages are applied to successive elec­
trodes such that cf>3></>2 > </>1 . The graph below the 
semiconductor surface shows the depth of the result­
ing potential wells. Charge will move into the re­
gions corresponding to the deepest well s. With this 
technique, the potential profile is changed at 120 
degree interva ls, advancing the charge to the next 
station. Three levels are req uired to prevent carriers 
from flowing in a reverse direction. 

At North American Rockwell we prefer a four­
electrode desi gn, using two meta llic layers separated 
by an insulator. Thi s approach allows the use of two­
phase drive vo ltages and also provides for some gate 
overlap, resulting in more efficient charge transfer. 
The potentia l-well diagram is considerably more 
compli cated, as can be seen in Fig. 4 . 

Shift registers require refreshing 
Quantities of charge can be irserted into a CCD 

chain by building a p-n junction into the semicon­
ductor at the beginning of the line of cells. Another 
p-n junction will be required to extract the informa­
tion at the output end. The resulting device can be 
operated as an ana log delay line or digital shift regis­
ter. A simple 10-bit, 4-electrode sh ift register is 
shown in Fig. 5. Such devices have been used exten­
sively for the study of charge transport phenomena. 

It should be noted that not al l of the charge sup­
plied by the input device will be delivered to the 
output diode. A certain fraction is waylaid in traps at 
the semiconductor surface and may be re-emitted 
later as noise. Also, it takes time to transport all of 

Fig. 3- Three-phase ac drive transports charge in CCDs. The graph shows depth of potential " we lls" as seen by charge on the sem icon­
ductor surface. 
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SI LICON DIOXIDE 

Fig. 4- A practical two-phase device. The potential-well diagrams represent su rface potentials at three successive interva ls. Note that 
vo ltages applied to the upper electrodes result in sma ll er surface potenti als because they are farther away from the SC surface. 

Fig. S~ A simple 10-bit CCD is used for the study of charge-trans­
port phenomena. Center " Dogbone" is the conducting channel. 
!-'-diffusions at either end are for insertion and extract ion of minor­
ity carriers. Upper (A) and lower (B) electrodes are sequenced to 
propagate charge along channel. Addi tional pads are provided 
for output gating. 
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the carriers, so transfer efficiency requirements im­
pose limitations on operating frequency for any giv­
en device configuration . 

Transfer efficiency may be improved by injecting 
a uniform small portion of charge in each well of the 
input so that no well is ever completely empty. This 
charge in the channel fills slow traps along the chan­
nel and thus improves charge transfer. A certain low 
signal level is then associated with binary zero de­
tection. (This is termed "fat-zero" operation.) 

When transfer efficiency fal Is below acceptable 
limits , the data may be extracted, restored, and rein ­
serted into the CCD cha in. Fig. 6 shows a refresh 
operation for a simple digital data train . At the end 
of the first CCD chain , an output p-n junction detects 
degraded " bits" and supplies signals to the gate of a 
FET amplifier operated in the saturation mode. A set 
of " clean" ONES is supplied to the next chain, and 
the output of the FET amplifier modulates the input 
circuit of that chain . In practice the refresh circuit is 
fabricated on the same chip as the memory. 

Power dissipation in the CCD shift register is ap­
proximately linear with clock frequency, and is high­
est when large quantities of charge are being trans-

E D N J A N U A R Y 2 0, 1 9 7 3 



N-T YPE Si 

1. OUTPUT CIRCUIT OF CCD " A " DETECTS DEGRADED " BITS" 

2. FET AMPLIFIER IN SATURATION MODE GE NERATES CLE AN LOW LEVEL " ONES" A ND "Z ER OES" 

3. P- N JUNCTION INPUT CIRCUIT OF CCD "B" GENERATES SET OF CCD ONES 

4. CONTROL GATE OF CCD "B" IS MODULATED BY FET AMPLIFIER OUTPUT TO FOR M 

"REFRESHED " ONES OR ZEROES 

Fig. 6- Digital refresh circuit restores degraded signals to ori ginal levels. 

ferred. Typica l values for practical devices with 
small dimensions are in the 1 to 5 µ,W/bit range. 

Ion implantation boosts transfer efficiency 
High transfer effic iency (> 99. 99% per transfer) is 

necessary for high-frequency appli cations req uiring 
long chains. One approach for improving high­
speed transfer efficiency is to construct a potentia l 
slope inside each well so th at charge is propagated 
by the built-in fie ld rather than thermal d iffusion. 
This reduces charge transit time across the well to a 
few picoseconds. Resistive gate layers and very 
close ly-spaced small gates on thi ck insulator layers 
assist in providing built-in fie lds. 

Transfer efficiency is also improved by reducing 
the number of traps (interface states) in the CCD 
channel. O ne promising method buries the transfer 
channel be low the surface of the semiconductor 
where the materi al is more uniform. M inority ca r­
ri ers will follow a buried channel if the region is 
doped preferent ially with ions of opposite charge (n­
type silicon may be doped with boron). Satisfactory 

· doping profiles ca n be attai ned with ion-implanta­
tion techniques. 

Excellent transfer efficiencies up to frequencies of 
many megahertz have been achieved using ion-im­
plantated channels. O ne limitation of this technique, 
however, is that only small quantities of charge can 

TR A NSVER SE CCD 

Fig. 7- ln imaging applications, radiation (A) impinges on 2-D CCD array, penetrates transparent superstructure and generates ca rriers in 
underlying semiconductor. Data is then shifted out, co llected by transverse CCD and delivered to output c ircuit. 
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INPUT TRANSVERSE SHI FT 

l I 
~ :--

~ INPUT TR INPUT DIODE------ ANSFER GATE 

I ,,. 

PARALLE L SHIFT 

""' 
···C 

_,(~ 
.... 

GATE _..i;;:s; ::s: ~ u.. ~ 

J J 

OUTPUT TRANSFER 

UTPUT DIODE 

------ .- OUTPUT TRANSVERSE SHIFT 

Fig. 8- Delay- line configuration is simi lar to imager. The input transverse CCD shi fts information (charge) into device w here it is trans­
ferred to 2-D array. Slower, pa rallel shi ft deli vers charge to output transverse CCD for delivery to output c ircuit. 

be handled. For high signal levels, other methods 
must be employed. 

2-D arrays extend CCD applications 
A number of two-dimensional arrays have been 

constructed, both as imaging devices and for app li­
cations requiring vari able delay lines. Parallel-to-se­
ri al conversion is inherent in the two-dimensional 
imaging array. Radi ation simultaneously impinges 
on the plane of the device, but readout occu rs seri al­
ly as the resulting charge is transferred in x-y se­
quences to the output terminal. 

Here's how an imaging CCD works: During the 
read-in cycle, li ght is directed onto th.e array, 
through transparent conducting electrodes , past the 
insulator (a lso transparent) and into the semiconduc­
tor. There the photons interact with silicon, generat­
ing charge as a fuction of intensity. A shutter then 
closes so that light levels are not altered during the 
read process. 

Readout is accompli shed in straight forward x-y 
fashion. Rows are shifted laterall y where they are 
co llected in a transverse (co lumnar) register as 
shown in Fig. 7. After each row-shift pulse, the trans­
verse CCD sw eeps out the data and directs it into an 
appropri ate output device. 

This design may be contrasted with standard IR or 
v isible-region sensors w hi ch sweep a linea r array 
through the field of view and multi p lex individual 
ce ll outputs. One major advantage of thi s CCD con­
fi guration is the need for fewer connections. Due to 
the two-dimensional charge-shifting schedule, only 
one output term inal is required. Each dimension 
requires two sets of propagating voltages, and these, 
together w ith specialized bi as ing voltage require­
ments, bring the total to 8-10 wires per devi ce. 

If an additional transverse CCD is added at the 
input end of the rows and fed by a p-n junction , the 
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devi ce may be used as a vari able-speed delay line. 
Opaque metalli c electrodes may be substituted for 
the transparent materi al in thi s case, simp lifying de­
vi ce manufacture. Slow clock speeds and long rows 
may be used, providing moderate-to-long delay 
times for large quantities of data (Fig. 8). 

What's ahead in CCDs? 
Two-dimensional arrays are now being made with 

4-micron wide propagation gates using hi gh-preci­
sion opti ca l maski ng techniques. Thi s procedure 
results in arrays measuring 16 microns (0.6 mil) per 
cell. Electron-beam fabri cation techniques promise 
to do better. Lines of 0.5 to 1.0 micron are within 
the state-of-the-art, and the ultimate capability of E­
beam fabri cation is probably less than 0.1 micron. 
These methods may in time yield ce ll densities ap­
proaching 5 x 109 per square inch. As density ri ses, 
the cost-per-bit continues to drop. Right now, pro­
duction estimates indicate a per-bit cost of about 
0.05¢. Higher density devices wi ll eventually be de-
1 ivered fo r a fraction of that figure. 

Author's biography 
Dr. Barry T. French is pres­
entl y group leader of the 
Special Programs Group, 
Research and Technology 
Division of North Ameri ­
can Rockwell Electroni cs 
Group. Dr. French has a BA 
degree in liberal arts, a BS 
in phys ics and electroni cs 
from Ca lifo rni a State Co l­
lege at Long Beach, and an MA and a PhD in phys ics 
from the University of Ca liforni a at Riverside. 
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RCA's new amplifier may turn you off! 
Actually, it may turn your system off. Or turn it on. Because terns (temperature, motor speed controls), alarm systems, 
the new CA3094 linear amplifier is also a very effective analog timers, long time ramp generators, high power 
Power Switch that can operate off a single power supply. 1...n••••1t.11 single-ended class A amplifiers, automotive or process con-
That's right! ... a programmable Power Switch/ Amplifier all trol systems or even household appliances, the CA3094 
in one T0-5 package. And this makes it one of the most should be your top choice. 
flexible devices available to you today. Best of all , it's available in quantity right now in the fol-

For example, the CA3094 has high power capability (10 lowing configurations: 
watts peak or 3 watts average), ideal for controlling thyris- ------------- ----------

Output Current tors, relays, lamps, etc. Yet it can be programmed to idle at 
microwatt power levels, a real plus in low duty cycle appli­
cations. 

And its programmable input impedance allows you to 
design economical timer circuits with delays in excess of 
four hours. 

Add to this , programmable strobing, gating , squelching 
and AGC capabilities and an excellent THO (@ 0.6 W in 
class A operation of 1.4% typ). and you can see why appli­
cation s for the CA3094 are almost endless. 

And variety of applications is where this device really 
shines. Whether you're designing error signal detector sys-

Voltage Voltage 
•Type Single Supply Gain Dual Supply Peak Average 

CA3094T 24V 100dB typ. ::!:: 12 300 ma 100 ma 
CA3094AT 36V 1 OOdB typ. ::!::18 300 ma 100 ma 
CA3094BT 44V 100dB typ. ::!::22 300 ma 100 ma 

*These th ree types are also available in formed-lead T0-5 for dual-in-l ine socket 
configuration, as CA3094S, CA3094AS, and CA3094BS. 

In terested? Let us send you a Data Sheet and Application Note (ICAN-
6048). Write: RCA 
Solid State, Section, 
50A20 Box 3200 
Some rville, N.J. 
Phone : (201) 722-3200 Ren Solid 

State 
International: RCA, Sunbury-on-Thames, U.K .. or Fuji Building, 7-4 Kasumigaseki, 3-Chome, Chiyoda-Ku, products that make products pay off 
Toyko, Japan. In Canada: RCA Limited, Ste Anne de Bellevue 810, Canada . 
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SOLA advances the state-of-the-art 
in voltage regulation by concentrating 
all resources on that objective. And it 
keeps two engineering groups mighty 
busy. Two, because one is assigned 
the mission to make "blue sky" 
practical , while the other concentrates 
on making what's already practical 
a little bit better each time you call. 
SOLA's investment in research and 
development paid off a long time ago, 
so you don't pay extra for reliability 
or performance. And there's only a 
slight charge for extra imagination. 

to buy cheap modular power supplies 
just because you can't afford 
expensive components. It costs you 
later. So we engineered three lines : 
the Premium line, the OEM line, 
and the Modular CV line. 
Thirty-eight models in all. 

Premium Modular Power Supplies 
have all the options. A compact, 
durable package. Overcurrent and 
overvoltage protection. Temperature 
sensing. This design anticipates every 
contingency. And provides for it. 
This is the most advanced modular 
power supply on the market. 

The OEM line eliminates some 
extras. Maybe you don't really need 
overvoltage protection; overcurrent 

will do. Maybe rated current is 
sufficient and temperature 
compensation isn't essential. And the 
cover may not be necessary. It works 
as reliably as the Premium design, 
but you're not paying for anything 
you don't need. 

Simplicity is our secret in the 
Modular CV line. The basic power 
supply is the familiar SOLA CV 
transformer. It gives you tight 
regulation, quick response, isolation 
and current limiting characteristics. 
And proven efficiency. It both 
converts the incoming line voltage 
to the specified level, and regulates. A 
rectifier, through simple conventional 
circuitry, converts AC to DC. A filter 
circuit reduces the magnitude of the 
ripple to the specified level. 

Simple. No bugs to work out. So 
with all models, we concentrate on 
careful manufacturing, meticulous 
quality control and testing. Which 
saves us both a lot of money 
right from the start. 

Premium, OEM and Modular CV 
lines of new SOLA modular power 
supplies are interchangeable with 
other units that may be in use. 
Standard items are immediately 
available for off-the-shelf delivery. 
And custom designs or OEM 
quantities are no problem. 
Sola Electric, 1717 Busse Road, 
Elk Grove Village, Ill . 60007, 
312/ 439-2800. 

SOLA ELECTRIC 

DIVl•tON o~ a OLA •ASIC I NOuaTR I• • 

ALL NEW. THE STATE-OF-THE-ART IN MODULAR POWER SUPPLIES: 
TOTALLY INTERCHANGEABLE, ZERO MAINTENANCE, LONG LIFE, FAIL­
SAFE PERFORMANCE, LOW COST. CHECK NO. 13 
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NEW PREMIUM MODULAR 
POWER SUPPLIES-1-C regulated 
D Regulatlon-0.01 % + line 

or load 

8 PARD-0.01 % RMS 
Integrated circuit for increased 
stability 

D Convection cooled 

B Remote sensing 
Completely protected-short 
circuit proof, automatic 
current limiting 

D Overvoitage protection 

B Overtemperature shutdown 
Complete serviceablllty 

NEW OEM MODULAR POWER 
SUPPLIES-Series regulated 
D Regulation--0.05% + lmV 

line or load 

~ 
PARD-0.01 % RMS 
Convection cooled 
Constant voltage 
Remote sensing 
Completelyf.rotected-short 
circuit proo , automatic 
current limiting 

8 Complete serviceability 
Designed for both bench or rack 

NEW MODULAR POWER 
SUPPLIES--CVDC 
O Ref,ulation-1% line, 4% to 

10 Yo load 

§ PARD-3% RMS 
Convection cooled 
Completely protected­
short circuit proof 

D Ferroresonant design, 
highly reliable 

D Complete serviceability 



THE SMALLEST 
5AMP 
GENERAL PURPOSE 
RELAY 

Available now, Teledyne's 
new Mini-T. 

This industrial , heavy-duty 120 
volt 5 amp relay features a life 
expectancy of over 10 million 
dependable operations. The 
space-saving 2PDT Mini-T with 
transparent dust cover has a 
full line of complementary 
sockets and hold down clips 
for P.C. board or chassis 
mounting. This Teledyne relay 
employs an unusual shaded 
pole design that permits direct 
AC operation without the need 
for rectifying diodes. Available 
with either AC or DC coils and 
demonstrating cost 
effectiveness that 's hard to 
beat, the United States­
manufactured Mini-T is truly 
worth its one-half ounce 
weight. The Mini-T ... another 
finely-crafted relay from 
Teledyne. Call our nearest 
distributor today. 

3155 West El Segundo Boulevard 
Hawthorne, California 90250 
Telephone (213) 679-2205 

..,~ 

TELEDYNE 
RELAYS 
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Data-sheet dialogues 
A chance for you, the reader, to speak o ut o n 
what's right and wrong with data-sheet specifications. 

Specifications and data sheets are as important to 
the designer as are the components and equip­
ments they represent. Without them it would be 
impossible to pick and choose wisely from the 
myriad of similar items on the market today. But, 
as even the most novice engineer knows, the data 
sheets are not always what they could or should 
be. And as a result, countless engineering hours 
are wasted because of lack of needed data. 

Are you one of those often confused by data­
sheet specs? Do you feel that some data sheets are 
loaded with meaningless material and that the 
really important specs, the ones that wi ll make or 
break your design, are not even mentioned? Well , 
here's your chance to sound off and help your fel­
low designers in the process. 

EON will run this year a series of Data Sheet 
Dialogues in which you - the data sheet user -
can de.scribe problems you 've had and pitfalls 
you 've encountered in specifying and designing 
from data sheets. 

The purpose of these dialogues is to get your 

opin ions on what's wrong (or rightj with data-sheet 
specifying practices. In each Dialogue we will 
print a typical product data sheet that wil l be rep­
resentative of other data sheets in that particular 
product area. Readers' responses - in the form of 
gripes, suggestions and praises - will be sorted 
out and published collectively in the next D ia­
logue, when a different data sheet will appear. We, 
the editors of EON, will also include, where appro­
priate, our own observations gleaned from travels 
throughout the industry. Mainly, though, these 
wil l be dialogues between reade rs. 

To start the series off, we are choosing a typical 
digital panel meter (D PM) data sheet. Let's hear 
from you on it. Remember, these Dialogues wi ll 
only be as usefu l as you, the participants, make 
them. 

Send your comments to: 
EON Data-Sheet Dialogue Ed itor 
221 Columbus Avenue , Boston , MA 021 16 

MODEL XXXX ECONOMY DPM common- and normal-mode. rejection and a flut­
ter-free readout. 

Main Features 

1. Top-va lue high-grade components. 

2. Repairable pc boards. 

3. Standard overrange of 25% . 

SPECIFICATIONS 
Ranges : 

Volts 
0-199 mi1; 1volts 
0-1.99 vo lts 
0.19.9 volts 
0-199 vol ts 
001 kilovolts 

Current : 

Input Resistance 
20K 
200K 
2 meg 
2 meg 
2 meg 

0-19.9 m1croamps 10K 
0-199 microamps 1 K 
0- 1.99 milliamps 100 ohms 

This economy digital panel meter makes use 
of analog -type meters obsolete thanks to its 
low cost of under $100 (for xx quantities) . This 
21/ 2 digit instrument is low in cost main ly due 
to its simple input in tegration technique that 
requires very few components. Within the con­
verter is a novel circuit that allows excellent 

4. Takes up less panel space than other DPMs 
- x square inches. 

5. Can be removed completely and qu ick ly. and 
even rep laced with anoth er chassis. in sec­
onds. from the fron t. 

0-19.9 mill iamps 10 ohms 
0- 199 milli amps 1 ohm 

Accuracy : ± 0.5% full scale 
± 1 digit . 25°C 
± 10°C. 

Out-of-Range 
Indication : Indicates when 

unit 1s below 
or above standard 
ra nge. 

Extreme Temp. 5°C to45°C 
Operating Range: 

A panel space of only x square inches is all 
that is needed for the Model XXXX meter . which 
mounts from -the front of the panel. Servicing 
it is simple - just pull out the meters entire 
chassis from the front. A circularly polarized 
filter is standard Options include BCD output. 
remote hold and special captions. 

6. Fro nt-panel mounting. 

7. Fron t w indow is polarized. 

8. Great no ise rejection due to inpu t integrator 
locking in on th e l ine frequency. 

Storage Temp.: - 40°C to +7o°C 

CMR : 80 dB with 1000 ohm 
unbalance at 60 Hz 

NMR : 35 DB at 60 Hz 

Readings/ Second : 10 

Response Time: Approximately 1 sec. 

Power: 11 7 vol t ± 10%, 
50 Hz to 400 Hz. 
about 5 watts 

Weight : Less th an 1 lb. 
(430 grams) 
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new low profile resistor and networks 

--raa 

I l 

Here's a NEW Flat Plate Resistor from Pyrofilm ... 
We call it Flatso. It's not just another "me-too" radial 
lead thick film resistor either - because if we can't 
make it better, we don 't make it. Flatso is available in 
four discrete sizes (listed below) or as a complete 
miniaturized packaged network. The Flatso network is 
matched in Temperature Coefficient, ratio, and/or 
tolerance. Check the specifications for yourself and 
see why Flatso offers you more . . . or is it less. Better 
yet, write for the new descriptive literature. 

FLATSO RESISTOR SPECIFICATIONS 
Resistance Range: 50 ohms to 100 megohms 
Tolerance: 1%, 2%, 5%, 10% standard 
Power Rating:%, 1/2, 1and2 Watts 
Operating Range: -55°C to +125°C 
Temperature Coefficient: ±250 ppm/°C maximum 

Max. Dim. Length Width Thickness Voltage 
FL 1/4 .300 .300 .100 350 

FL 1/2 .525 .300 .125 750 
FL 1 1.125 .375 .160 5,000 
FL 2 2.125 .375 .175 10,000 

913 

60 S. Jefferson Road • Whippany, N. J. 07981 • (201) 887-8100 
CHECK NO. 34 



Keep up with the latest 
in engineering information 
The explosive growth of technology is going to continue. But you can 

still keep current without spending an unreasonable amount of time . 

Karen Takle Quinn, IBM Corp. 

In hi s book Science Since Babylon, Derek J. de So ll a 
Pri ce reported th at it had become evident by about 
1830 that no sc ienti st cou ld read all the journals in 
his fie ld of interest. At th at time, some 300 journals 
were being published and the learned world was 
already experiencing problems w ith an information 
explosion. To solve the problem, the learned world 
invented a too l ca lled the abstract journal. As the 
number of sc ienti fic journals grew through the years, 
so did the number of abstract ing journals. 

Today, it is estimated th at there are more than two 
milli on sc ienti fic and technica l papers published 
annually and over 1000 abstracting journals. In ad­
dition to journals and abstractin g/ index ing sources, 
there are also techn ica l reports, reprints, preprints, 
cassette recordings, data bases on magnetic tapes, 
in formation analys is centers, information di ssemina­
tion centers and libraries . A l I attempt to provide new 
or additional sources of sc ientific, technica l, envi­
ronmental and social in fo rmati on. 

Since engineers, like sc ienti sts, build upon funda­
mental knowledge, along w ith the latest experimen­
tal laboratory techn iques, an engineer must keep up 
wi th new techno logica l advances. His slide rule, 
handbook and computer are necessary but incom­
plete too ls for pursuing innovative work. 

Being an updated rather th an an outdated engi­
neer means be ing fa mili ar wi th the latest ava il ab le 
sources of in fo rmation and knowing how to use 
them properl y. With techno logy rushing forward , 
engineers need to review their knowledge of the 
techniques o f keeping current, since these techniques 
themselves can quickl y become outdated. The pur­
pose of thi s article is to provide such a review. 

Communicate your information needs 
Personal commun ication remains one of the most 

effecti ve ways of keeping up w ith new deve lop­
ments. Reli ance on engineering librari ans o r other 
spec ial ists in the field of current in fo rmati on can 
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open the door to a broad variety of information re­
sources, such as published literature, data analys is 
centers and audio-visual educational aids. It should 

NUMBER OF JOUR NALS 

1,000,000 

/ 
I 

100,000 ,/ 

1700 1800 1900 2000 

DATE 

TE CHN ICA L JOU RNAL GROWTH 

Fig. 1 - The explosive growth in the number of sc ientific and 
technica l periodi ca ls poses a severe " information" prob lem for 
the practic ing engineer. (from Science Since Babylon , by Derek J. 
de Solla Price, Yale University Press, 1961 ) 
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Take advantage of librarians' know-how. 

be noted, though, that there are inefficient ways of 
tapping the large information reservoirs a librarian 
can provide. An engineer accustomed to very spe­
cific answers to very specific questions in his spe­
cialized work can unwittingly fall into one of the 
most inefficient ways. He can become so impatient 
to have quick answers from information retrieval 
special is ts that he blocks or avoids the back-and­
forth communication needed to provide the answers. 

Technical information-finding is a specialized 
field , like engineering. Communication of the prob­
lem at hand is a separate, initial step toward gaining 
information from a librarian. A question-answer ses­
sion is often needed to define the question and the 
manner in which it can be answered. The answer 
may overlap several mission-oriented and discipline­
oriented search tools. Both the engineer's and librar­
ian's terminology are affected by rapid changes in 
technology, with new technologies appearing and 
sometimes dying quickly. Trying to find the latest 
information about these evasive subjects can be dif­
ficu It. The search often takes ti me. 

Defining a problem before talking with a librarian 
and considering different ways to explain it can help 
speed up communication. Using general ly accepted 
terms and acronymns, along with alternate terminol­
ogy when applicable, also help. Remember that to 
find answers to questions, a librarian must often take 
all of the following basic steps: 

•Identify the user's need; 
•Interpret questions; 
•Identify concept and idea relationships; 
•Establish vocabulary (synonyms and related 
terms); 

• Structure the logic; 
• Submit search ; 
•Review results; 
•Review user's evaluation of the results. 

Attend meetings and symposia 
There is no substitute for personal contact for 

keeping up with technology. As a result, conference 

meetings and symposia offer an excellent means for 
keeping up to date. More information often comes 
from casual conversations at these affairs than from 
formal papers. The formal meetings introduce the 
people who are making the decisions. The informal 
discussions often differ greatly from the formal pa­
pers, both in content and emphasis, and the give­
and-take at the end of a talk will often clarify or crys­
tallize an important point. 

Read periodicals regularly 
There is too much to read, but keeping up-to-date 

still requires reading. Selecting 7 to 12 periodicals 
for regular reading can provide an overview of a 
specialized field of interest and other related fields. 

There are many newsletters and trade magazines. 
Their informative " half-life" content is short. A stack 
of magazines will not keep an engineer up-to-date, 
but reading them on a regular basis will. If some is­
sues are missed because of a business trip or vaca­
tion, beginning with the new ones after the absence 
is advisable. Keeping current means developing the 

Use computerized services. 

habit of looking at new technology when it is an­
nounced. 

Selection of periodicals should achieve the dual 
purpose of keeping up-to-date in a specialized field 
and related fields. Since science and technology are 
related, developments in the aerospace industry are 
often applicable to material science, electronics, 
medicine and mechanical areas. 

Read abstract services 
Indexing and abstracting services offer another 

valuable method for keeping up-to-date. If an engi­
neer reads an abstracting service covering the litera­
ture of a particular field, he is actually reviewing the 
literature from several hundred journals. And the lit-
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erature reflects the developments in the fi eld . 
Abstracting services systematically organize the 

technica l literature within disciplines. Many engi­
neers employed by industrial firms have access to 
internal or commercially-available computerized 
information services. Others can refer to abstracting 
services related to their interests. Reviewing an ab­
stracting service on a regular basis can help to keep 
an engineer informed on recently indexed material. 
Abstracts will not provide the complete story, but 
they are a good bas is for selecting articles to be read. 

Computerized current-awareness servi ces, fre­
quently ca lled SDI (Selected Dissemination of Infor­
mation), automatically select abstracts or c itations 
from new inputs for users based on interest profiles. 
The 1972 Engineering Index catalog lists five agen­
cies providing such customized services from COM­
PENDEX tapes. Sixteen information servi ce centers 
presently utilize COMPENDEX (Engineering Index) 
tapes for SDI and searching. When the company 
affiliations of the authors are indicated within the 
citation, reprints can be requested . Otherwise, most 
technica l libraries are ab le to provide copies of re­
quested material in their collections or from other 
library collections. 

In addition to the current awareness capabiliti es of 
abstract servi ces, most can be used effectively for 
retrospective searches and state-of-the-art searches 
through their cumulative indexes. Computerized 
searches can be performed on an increas ing number 
of sc ientifi c, social , economic and technica l data 
bases . A state-of-the-art search is a good starting 
point for any project, job or career ass ignment. 
Again, this provides a review of past developments 
and changing technologies which al lows a forecast 
of the future. 

The more familiar an engineer is with indexing 
terminology and its organi zation, the more effic ient 
these tools become. When requestin g a machine 
search, he will be more familiar with the data base 
being searched and can better communicate good 
search logic terminology to a librarian. 

Use computerized services 
Computerized information centers have grown as 

rapidly as the scientific journal. ASIDC (Association 
of Scientific Information Dissemination Center) re­
ports that there are more than 200 data bases avail­
able to selected information users. AS IDC recently 
published a " Survey of Information Center Services" 
which lists 65 centers offering SDI and retrospective 
searching capabilities. The· survey includes a de­
scription of availab le data bases, along with format 
options and servi ce costs for each center. 

Computerized SDI services are reported in this 
survey to cost $100-$3 00 a year, per data base per 
profile. This is a low price tag for keeping up-to­
date. One industrial firm has realized a 94.5% sav-
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ings in its current awareness program through utili­
zation of a computerized SDI servi ce. 1 

The Science Information Association is presently 
offeri ng on-line retrieval servi ces for multiple data 
bases from remote termin als. As the number of com­
puterized data bases increases, so will servi ce bu­
reaus and data servi ce centers with their personalized 
services. 

Follow the reviews 
Techn ica l disc iplines frequently lend themselves 

to annual reviews of developments. Many of these 
appear as magazine articl es or as chapters within 
books or separate bound volumes, often ca lled "Ad­
vances in " or "Annual Review". 

These reviews as well as annual technica l confer­
ences offer very good roundups of developments in 
a parti cu lar field . It is possible for an engi neer who 
uses hi s intuition to read between the li nes and pre­
dict, from looking at the past, time frames of future 
advances. Technological forecasting can be en­
hanced through analysis of a good review of a 
particular field. 

Investigate guides to literature 
In addition to the specia lized resources al ready 

described, many local libraries have copies of 
"Gu ides to Literature" prepared by members of the 
Engineering School Libraries Division of the Ameri ­
can Society for Engineering Education . These guides 
are 10 to 25 pages long. They list key references, 
including index ing and abstracting servi ces, bibliog­
raphies, yearbooks and surveys, seri als, encyclope­
dias, biographica l directories, standard s, handbooks 
and spec ialized information centers. There are pres­
ently fifteen guides ava il able, including: 

• Aerospace engi neering 
.• Agricultural engineering 
•Bioengineering 
• Chemical engineering 
• Civil engineerin g 
•Computers 
•Electri ca l and electronic engineering 
•Environmental sc iences 
•Industri al engi neering 
•Mechanical engi neering 
•Metals and metallurgy 
•Mining and mineral resources engineering 
•Nuclear engineering 
•Textile engi neering and textile sc ience 
•Transportation 
Currently under compilat ion are the following 

guides: 
•Engineering education 
• Geological engineering 
•Instrumentation 
•Lubrication engineering 
• Ocean engineering 
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Attend professional meetings. 

•Petroleum engineering 
All guides are based on divisions or committees 

within the ASEE. 

Take advantage of reprints 
Exchanging article and technical paper reprints 

with colleagues and other interested engineers 
serves a dual purpose. It disseminates information 
and provides an opportunity for in-depth reading 
about especially interesting developments. Most en-

Know company information flow. 

gineering societies provide reprint services in hard 
copy and microfiche formats. 

Tear sheets which are articles removed from the 
original publication are also made available through 
some information services. Probably the most widely 
advertised tear sheet service is OATS (Original Arti -

cle Tear Sheets), avai I able through the Institute for 
Scientific Information, Philadelphia, PA. 

Know your company 
Last, but not least, engineers should be aware of 

the processes by which information is communicat­
ed within their own companies. These include the 
formal flow process, such as bulletin board notices, 
company newspapers, company memoranda and 
reports, as well as the informal flow processes, 
which are usually relaxed personal contact in which 
technical and company information is exchanged. 
Being aware of these patterns and being able to eval­
uate the relative significance of the information they 
offer can make the difference between being a pro­
gressive member of the firm or an out-of-date office 
fixture. 

Richard S. Rosenbloom and Francis W. Wolek 
from their survey of technology and information 
transfer in industrial organizations point out that "If 
information flow and/or transfer is inefficient, then R 
&D is inefficient and organizational ability to re­
spond to technological progress is inadequate. This 
statement applies to the professional ability of indi­
viduals as well as companies. D 
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DC Voltmeter $47500 
4 or 5 digit 57000! 

Multimeter 
4 or 5 digit 

Multifunction $87 500 
Meter 4 or 5 digit 

Battery 
Pack 

BCD 

SI 100!!!! 
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- lets you match your exact needs 
and budget. Any combination can 
grow with battery pack ($200) or 
BCD ($175). Contact your local 
HP field engineer. Or, call Hew­
lett-Packard, Palo Alto, California 
94304. In Europe: HPSA, P.O. 
Box 85, CH-1217 Meyrin 2 , 
Geneva, Switzerland. In Japan: 
Yokogawa - Hewlett - Packard, 
1-59-1, Yoyogi, Shibuya-Ku , 
Tokyo, 151. 

HEWLETT"' PACKARD 

DIGITAL VOLTMETERS 

093/ 45 

Portable Multimeter $800Q2 
4 or 5 digit Sl025!!!! 

BCD Data Center $105~ 
4 or 5 digit SI275!!!! 
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If you thought our first 
l.C. multiplier solved a lot 

·of your problems, 
take a lool< at this one. 

ADS31. The first programmable 
XV /Z Multiplier/Divider. 
From $20 in lOO's. 

If you have anything to do with l.C. multipliers, you 
know our two-year-old AD530 line of monolithic 
multiplier/dividers has become the industry standard. 

That kind of reputation we like. And we know our new 
AD531 will keep it going nicely. 

The AD531 has our proven high performance design 
of a differential transconductance multiplying element, 
stable reference, and output amplifier combined on a 

single chip. And we've added a variable scale factor 
which allows you to set any fixed value of a Z by an · 
external resistor, or to dynamically vary the value of Z by 
an externally controlled simple reference circuit. 

Plus a differential Vx input with 75dB of common 
mode rejection. All this makes a lot of complex applica­
tions very simple. Like automatic gain control. 

True RMS-to-DC conversion. Absolute value. 
Vector summation. 
You can use the instrumentation amplifier input to 

reject common mode noise. Or to subtract two input 
signals prior to further processing. 

Or you can use the AD531 just to multiply, divide, 
square, or square root. 

The AD531 will help you do all of this and more with 
an error guaranteed to be less than 0.5%. 

The package is the T0-116 14-pin ceramic OIL for 
high reliability and handling ease. You can choose from 
three accuracy versions (J,K,L) for operation over the 
0°C to + 70°C temperature range, and one for -55°C to 
+ 125°C operation(S). 

For the next 60 days We're offering five evaluation 
samples of any version of the AD531 at the 100-piece 
price. 

Call for complete applications and price information. 
We'll also tell you about two other additions to our l.C. 
multiplier line. The AD530L, the highest accuracy addi­
tion to our AD530 line: 0.5% maximum error. And the 
availability of the AD530 in a ceramic 14-pin DIL 
package. 

l.C. multipliers are just another of the unique solutions 
we bring to more of your problems. 

Analog Devices, Inc., Norwood, Massachusetts 02062. 

r.ANALOG a.. DEVICES 

Call 617-329-4 700 
for everything you need to know about multipliers. 

CHECK NO . 50 
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''SCOTCHFLEX'' IS A REGIST ElllEO T RADEMARK OF 3 M CO, 

Build assembly cost savings into your 
electronics package with " Scotchflex" flat 

cable and connectors. These fast, simple 
systems make simultaneous multiple 

connections in seconds without stripping or 
soldering . Equipment investment is minimal ; 

there 's no need for special training . The 
inexpensive assembly press, shown above, 

crimps connections tightly, operates 
easily and assures error free wiring . 

Reliabil ity is bu ilt in , too, with " Scotchflex" 
interconnects. Inside of connector bodies, 

un ique U-contacts strip through flat cable 
insulation , grip each conductor for 

dependable gas-tight connections. 

" Scotchflex" offers you design freedom , 
with a wide choice of cable and connectors. 
From off-the-shelf stock you can choose: 
14 to 50-conductor cables. Connectors to 
interface with standard DIP sockets, wrap posts 
on standard grid patterns, printed circuit boards. 
Headers fo r de-pluggable connection between 
cable jumpers and PCB. Custom assemblies 
are also available on request . 

For more information, write Dept. EAH-1 , 
3M Center, St. Paul , Minn. 55101 . 

3 m ''Scotchflex'~ Your~ms approach 
c:amPANY to circi.aitry. 

CHECK NO. 36 
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Get the most out of log amplifiers 
by understanding the error sources 
Log amps have a large dynamic range limited only by their accuracies. 

Knowing the basic error mechanisms helps increase their useful ranges. 

Dennis R. Morgan, General Electric Co. 

The advent of low-cost op amps has led to an in­
creasing use of precision logarithmic amplifiers to 
perform many electronic functions, including the 
generation of arbitrary functions and the compression 
and expansion of signals having a wide dynamic 
range.1 These amplifiers use the nonlinear 1-V rela­
tionship of semiconductor p-n junctions. Their out­
put voltages are logarithmic functions of the input 
voltages, where the use of a diode or a transistor as a 
feedback element in the op amp circuit provides for 
logarithmic amplification. 

It is well-known that the transfer conductance of 
a diffused silicon transistor is by far the best expo­
nential feedback element for a precision logarithmic 
amp lifi er circuit. 2·=i Indeed, well defined operation 
over 9 decades (diodes are useful over approximately 
6 decades) is not uncommon. In practice, the limiting 
factor on performance is due to errors associated with 
the implementation circuitry. A basic understanding 
of these error sources is necessary to realize the full 

1, -
v, Ro 

R 
Vo 

":' 

(a) 

co 

1,-
v, 

R 
Vo 

o, 
(ti 

Fig. 1 - Two basic logarithmic amplifier circuit configurations. 
The top circuit uses a diode as the exponenti al feedback element 
and is generally useful over approximately 6 decades. The use of 
a transistor for the feedback element, as shown in the bottom cir­
cuit, increases this to 9 decades of amplifier operation. 
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potential of the logging transistor characteristics. 
Fig. 1 shows the basic implementation of a loga­

rithmic amplifier circuit. The ideal functional rela­
tionship between input and output is given by 

(1 a) 

or 

- a log (~) 
e R I 

s 

(1 b) 

where 

a = kT/q 
k Boltzmann's constant = 1.380 x 10- 2:1 

joules/°K 
q = charge of an electron = 1.6 x 10- 19 coulomb 
T = absolute temperature, °K 
1
8 

= emitter saturation current 

The components R
0 

and C
0 

are used to stabilize the 
ci rcuit3 •4 and do not affect the de characteristics 

v, 

":' 

,,--, 
\ 

I I 
MATCHED PAIR I I 

I I 
I I 
I I 

Vo 
":' I 

I I 
I I 
\ 

' / --

Fig. 2 - To cancel out emitter saturation current for a transistor 
feedback element in a logarithmic amplifier, matched differential 
transistor pairs are used. A transistor's emitter sa turat ion current 
is very dependent on temperature and doubles for approximately 
every 10°C. 
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SYNC 

_JL_JL_ ~ ~ 

PULSE ~ 1--------->----l<O>>rn \ ' • 

/1 / 
i7 v 

LOG 1--v-'o'-O>---+---O v E RT. SWEEP 

OUTPUT 

ERROR 

VOLTAGE 

GENERATOR 

':' 

Fig. 3- To measure the feedback transistor's error effects in a 
logarithmic amplifier, use this circui t arrangement. The expon­
entia l decay of an RC network is used as an input to the logarithmic 
amp lifier. The idea l output is then a linear sweep. A portion of the 
sweep output of the osci lloscope is used to balance out the linear 

given by Eq. (1 ). The ga in constant a is proporti onal 
to abso lute temperature and is equal to about 26 mV 
at room temperature. The emitter saturation current 
Is is very temperature dependent (it doubles about 
every 10°C) and vari es from transistor to transistor. 
For thi s reason , these circuits are usually used in 
di fferenti al pairs with matched transistors in order 
to cance l out the 1

8 
term .1 •4 ·5 ,6 

One poss ible matched-transistor confi guration is 
shown in Fig. 2. For thi s arrangement, the output 
is given by 

Vo = Cl' loge(lt / lst) - Cl' loge( l) ls2) 

(2) 

If ls1 and ls2 are perfectl y matched and track w ith 
temperature, then the second term in (2) vani shes and 

(3) 

Error analysis 
In practi ce, several important effects cause dev ia­

tions w ith the idea l behavior given by Eq. (1) . Tem­
perature vari ations of the parameters in Eq. (1) have 
already been mentioned. Another source of error is 
the b ias current and offset vo ltage dri ft of the op amp 
used. These anamo lies directl y affect the input cur­
rent and give ri se to a normali zed input error of 

AV! A Voffset + R Albias 
E =-- = 

t Vt V t 
(4) 

where V offset and lb ias are the offset vo ltage and b ias 
current variations over the des ign temperature range, 
respect ive ly. Thi s express ion assumes th at Voffset 

and lbias have been trimmed to zero at some nominal 
temperature. As can be seen, thi s type of error in­
creases at low input leve ls. 

At hi gh input levels, the bulk semiconductor junc­
tion res istance rb limits the useful range. Thi s term 
reduces the intrinsic base-emitter j unction vo ltage 

AMP 

':' 

':' 

component of the logari th mic amplifier output and the error volt­
age is then viewed di rectly on the scope as a function of the ampli­
fier's input level. Th is measurement is related to the actual nor­
malized fractiona l input error by Eq . (6). 

at hi gh cu rrents and its effect is descri bed by mod ify­
ing Eq. (1 a) to read 

(5) 

An output error term, AV
0

, can be referenced to 
the input by the relationship 

AV! AVO dVl AVO v: =v: dV
0 

:= -~ (6) 

By substituting the output error term of Eq. (5) into 
Eq. (6), the hi gh-level input error can be w ritten 

E 2 = l1rb/a = V 1rb/aR (7) 

In contrast to Eq. (4) , thi s type of error increases w ith 
input leve l. Actual error measurements are most con­
venientl y accompli shed by the arrangement shown 
in Fig. 3 . An actual error curve fo r a typi ca l transistor 
is shown in the so lid line of Fig. 5 . This corresponds 
to a bul k res istance of about 7.5!1, although the 
actua l effect is somewhat nonlinear. 

Dynamic range 
For low input levels, the bias cu rrent and offset 

R, 

Fig. 4 - To control transistor bulk junction resistance, r0 , this 
modified logari thmic ampli fier ci rcui t can be useful. A portion of 
the input via R, and R, is substituted for the ground reference and 
is used to cancel the V1r0

/R error term. R, and R2 can be chosen 
such that th is error term can be substantially reduced as ind icated 
by Eq. (12). 
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+7% 

+6% 

+5% 

er; +4% 0 
er; 
er; +3% w 
f-
::i +2% "-
~ 

+1 % 

0% 

- 1% 
0.001 

RANG E WITH COMPENSATI ON 

RANGE WITHOUT 
COMPE NSATI ON 

0.01 
1
1

(mA) 
0.1 1.0 

Fig. 5 - junction bu lk resistance error characteristics of a typical 
transistor. Although the actua l error effect is somewhat nonlinear, 
the bu lk res istance here corresponds to about 7.511. 

vo ltage drift of the op amp determine the minimum 
input fo r a given accuracy requirement and tempera­
ture range. For a given error specification , E, the 
minimum input is given by Eq. (4) as 

v = 
1mi n 

v, 

HIGH 
LEVEL 

ADJ. 

a vofjset + R a lbias 

E 

LOW 
LEVE L 

ADJ. ":' 

R1 
33k, 0.1 % 

R,3 
1k 

R,, 
10M 

R,s 
33k 

c, 
100 pF 

(8) 

At high input levels, the bulk res istance error term 
given by Eq. (7) limits the maximum input to 

(9) 

Combining Eq. (8) and (9) then gives the dynami c 
range 

V a R/rb 
~ = -------- E2 

V1 min avoffset + R albias 

(10) 

Thus, the dynamic range is proportional to the square 
of the tol erable error. Thi s express ion also show s 
that for 

av 
R >>~ 

al bias 

the maximum dynamic range is achieved; however, 
this cond ition usually leads to unreasonably hi gh 
input voltage levels. 

Error control 
Errors due to the mismatch of 1

81 
and 182 can be 

minimized by using matched transistor pairs that 
track closely in temperature. Exce llent perform ance 
may be reali zed by using the Fairchild µA726 tern-

D3 
1N9 14 R,. 

9.76k , 1% 
R2s 
619k, 1% 4 ,,,,,.-- ...... ,,3 

'------+,~ .r-~,c---...... -----Alll'------+---..lllV'-~ 

HIGH 
LEVE L 

ADJ . 

I 18 +15V 

'-----------"
2

4
1
---' :"'----() GA IN ADJ . 
I FA IRCH ILD ~6 

1 I µA726 I R,g R20 
...-----------..... ~ 47k 50k -

I I • 

9 
I 1

10 
- 15V 

.-------J 
' / 
___ .,,, 

±15V 

D. 
1N914 

CMR R21 
ADJ . 500 

v

2
n--+--~11A,.._ ___ ...... ____ ~...,. 

RB 
33k, 0. 1% 

R12 C2 
lOM 100pF 

LOW 
LEVEL 

---.11.Al'----.11./\f\---.() +15V 

":' ADJ . 
R,. 
1k 

R,6 
33k 

R22 
9.76k, 1% 

±15V 

R23 
619k , 1% 

ANALOG 
DEVICES 

184L 

Fig. 6 - Get the most precision and the largest dynamic range 
from a logarithmic ratio circuit w ith th is configuration. The di f­
fe rent ial feedback element is a Fairchild µ.,A726 transistor pa ir 

which has exce llent low differential vol tage drift of on ly 0.2 µ.V/°C. 
The transistor's chip is temperatu re regu lated at + 125°C. Low-drift 
op amps also reduce temperature drift. 
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perature regu lated differenti al pair. This component 
also has the effect of stabilizing the gain coeffic ient 
a . Typical units are specified at 0.2 µV/°C differential 
voltage drift at a regulated chip temperature of 125°C. 
Using Eq. (6) , this drift corresponds to a normali zed 
input error of 

0. 2 µ,V/°C = 0.00057 %/°C 
35 mV 

Therefore, the maximum input error over a 100°C 
temperature ran ge due to this effect is only about 
0.06%. 

Low-level errors due to op amp offset vo ltage and 
bias current are more difficult to contro l. Bipo lar op 
amps are avai lable with very low offset vo ltage drifts 
but have moderate ly high offset current drift. On the 
other hand, FET op amps have low bias current drift 
but suffer from hi gh offset vo ltage drift. Chopper 
stabili zed op amps have much lower drift but are 
limited in bandwidth. In addition , any chopper noise 
will result in a de error since the logarithmic amplifier 
is a nonlinear devi ce. A ll things considered, a premi­
um bipolar op amp, such as the Ana log Devi ces 
Model 180K, is probab ly a good choice. It has a spec­
ified offset voltage drift of 0.5 µ,V/°C and offset cu r­
rent drift of 0.02 nA/ 0 C. 

High-leve l errors due to the bulk junction res is­
tance can be controll ed by modifying the circuit of 
Fig. 1 b as indicated in Fig. 4 . A portion of the in put 
via R, and R2 is substituted for the ground reference 
and is used to cance l the V, rb/R error term . If R2 is 
small so that load ing is negli gible, then the transfer 
function is accordingly modified to 

( 
V, ) ( R2 rb) V = -a log - + - - V 

0 e R 1
8 

R
1 

+ R
2 

R 1 
(11) 

If R, and R2 are chosen such that 

R2 rb 

R, + R2 R 
(12) 

then the error term is complete ly cancel led out. In 
practice, a complete cancell at ion is not poss ible 
since the bulk res istance effect is sli ghtly nonlinear. 
However, a substantial improvement can still be 
reali zed in this manner. 

An actual error curve achieved by thi s method is 
shown by the dotted I ine in Fig. 5, and is compared 
with the uncompensated error. As can be seen, a 
substanti al improvement in range is realized. For 
example, with a ±0.5% error specification , more 
than an order of magnitude of increased range is 
achieved by compensation. 

A complete circuit 
A logarithmi c ratio circuit using the techniques 

described here is shown in Fig. 6 . Each input is con­
nected to a modified logarithmi c amplifier ci rcuit 
and the outputs are combined by a differential ampli -

f ier. A Fairchild µ,A726 temperatu re regu lated dual 
transistor is used for the feedback element. 

In the upper circuit, R, , R3 and R5 provide the 
compensation vo ltage fo r bulk resi stance effects. 
Res istors R, 1 , R,

3 
and R,

5 
provide an offset current 

compensation at low input levels. The network com­
posed of R9 , D, and D3 fo rms a clamp for negative 
inputs. 

The gain of the differential amplifier is chosen such 
th at the output is ideally, 

V0 = 5 log10 (V)V). 

This express ion assumes a ga in constant of a = 35 
mV which corresponds to a chip temperature of 
125°C fo r the µ,A726. A trimmer, Rw is provided to 
adjust the gain to this value by varying the control 
temperature. Trimmer R21 is used to balance the dif­
ferential amplifier and hence maximi ze the common­
mode rejection ratio (CMRR). 

In addition to the use of a temperature regulated 
feedback element, low-drift op amps are used to re­
duce temperature drift. o 
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incredible 
difference! 

Nobody else 
111akes tlie111. 

56 

Voltage-to-Frequency, Frequency­
to-Voltage Converters. Our Models 
4 701 and 4 702, respectively. Offer­
ing high accuracy at low-low-cost. 
A modular concept so new that it is 
revolutionizing data acquisition and 
signal conditioning techniques. 

The Model 4701 V / F converter provides precise conversion 
of analog data to a digital pulse train with a repetition rate propor-
tional to the analog voltage. Linearity is typically± 0.008%. 
Price: only $51 in lOO's. 

The Model 4 702 is the F/ V converter. A perfect companion 
to the 4701 for unusually accurate encoding and decoding of data. Or use 
by itself. It provides precise conversion of Frequency-encoded information 
to an analog voltage whose amplitude is proportional to the frequency of 
the input signal. Again, linearity typically 0.008%, price $51 in 1 OO's. 

Applications for these modules are virtually limitless, espe­
cially in process control and data acquisition and communication systems. 
Specific examples include isolated data conversion, phase detectors, syn­
chronous speed controls, servo loops, flow meter transducers, optical or 
magnetic pickup amplifiers, and frequency monitors, to name just a few. 

Get the full story from your local Philbrick representative 
or write Teledyne Philbrick, Allied Drive at Route 128, Dedham, 
Massachusetts 02026. For toll-free ready data dial (800) 225-7883. 
In Massachusetts ( 61 7) 3 29-1600. 

Philbrick Data Converters. 
The best makes the difference. 

CHECK NO. 37 

E D N ) A N U A R Y 2 0, 1 9 7 3 



We provide the comprehensive 
data you need for every one of our 
filter and capacitor components . 
Attenuation curves (by current, 
voltage or in combination at room 
temperature and maximum). Test 
procedures. Application aids . 
Specs. Dimension drawings. That's 
why the Allen-Bradley family is 
much easier to work with. We also 
give you high volumetric efficiency 
and a wide variety of styles. Backed 
by our famous track record for qual-

Actual Size 

ity and performance. Request your 
personal copies of our free litera­
ture from your nearest appointed 
Allen-Bradley electronics distrib­
utor, circle the inquiry card number 
indicated or write: Allen-Bradley 
Electronics Division, 1201 South 
Second St., Milwaukee, Wisconsin 
53204. Export: Bloomfield, New 
Jersey 07003. Canada: Allen­
Bradley Canada Ltd ., Galt, Ontario. 
United Kingdom : Jarrow, County 
Durham NE32 3EN. 

Publ ication 5409: ty pe FA. FB . FW, S B . 
SS ce ram ic disc capac ito rs for VHF/ UHF. 
Publ ication 541 0 : type FCS. S MFB. S MFO 
fi lters fo r t he 50 MHz to 10 G H z ran ge. 
Publ ication 5411 : ty pe CL mult i- layer. 
coax ial capac ito rs fo r co nn ectors. 
Publi cat ion 5414 : ty pe MT. M S by-passi ng 
ca pac ito rs for 50 KH z to 1 GHz . 
Publi cat io n 5416: ty pe BE filters fo r RFI / 
E M I suppression . 

Pu b licati o n 5417: ty pe SF filt e rs fo r RFI / 
EM I suppression . 

Publ ication 541 8 : ty pe AB broa d b a n d 
filters in Pi, T and L configuratio ns. 

Pu bl ication 541 9 : ty pe DA feed-thru ca­
pacitors for VHF/ UHF inte rference. 

Pu b lication 54 21: ty pe S U tu bu lar feed­
thru fi lters fo r 30 MH z to 10 G H z range. 

Circle No. 
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Allen-Bradley 
Milwaukee, Wisconsin 53204 

EC72-24 C Allen-Bradley 1972 



Schmitt, 
the name that made 
the trigger famous, 
now makes HiNIL 

universal. 
Schmitt is Teledyne 's new HiN IL 367, 
noise-proof line receiver. It's the new 
way to go for a universal input-port to 
logic blocks. In industrial applications, 
for example, most inputs are either a 
switch or a relay closure . They usually 
cause contact bounce. But the most 
amazing thing about the 367 is that it 
has a truth table that simply eliminates 
contact bounce by definit ion . 

And by the way, the noise immun ity of 
the 367 is more than enough to handle 
any long lines between the logic and 
input. It has a 5.0 volt worst-case noise 
immunity and an additional 2.5 volt 
dead-zone Schmitt Trigger margin . 

Because the 367 is a Schmitt Trigger , 
it holds that 2.5 volt noise immunity 
even during logic transit ion. Slow-down 

capacitors , as you all know, do not pro­
vide true noise immunity during switch­
ing . But, with the 367 in there , you can 
use those slow-down capacitors at the 
rate of 4msec/ uFd and achieve a high 
guaranteed noise immunity too. 

For fussy people, we put an inhibit pin 
on the 367 that allows information to be 
accepted only at times of low noise. 

The new Quad Schmitt 367 is available 
now at $2.98 in 100 up quantities . 
Order now or get in line. 

the challenger 

~~TELEDYNE SEMICONDUCTOR 
1300 Terra Bell a Avenue Mountain View, California 94040 (41 5) 968-9241 TWX: 910-379-6494 Telex: 34-8416 

CHECK NO. 41 
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Only Perkin-Elmer could produce a 12 bit D-to-A converter 
with 1/2 LSB accuracy over the full military temperature range. 
Introducing Varidac™ Multiplying­
Digital-to-Analog Converters from 
Perkin-Elmer. Accuracy at tempera­
ture extremes is only half the story. 
Reliability is the other half. These 
new Varidac Converters deliver long 
term stability of more than 0.001 % 
per year. Perkin-Elmer has added 
input gate protection and infinite 
short circuit protection to +125 °C. 

Varidac Converters are small -
2.32" x 2.87" x .48" hi gh - and 
weigh only three ounces. All thi s at 

a low cost - significantly lower than 
any comparable converter. 

This advanced new product won't 
surprise anyone who knows Perkin­
Elmer. Or even knows a few Perkin­
Elmer achievements in science and 
technology. Such as its alignment 
systems for missiles and space plat­
forms. Astronomical telescopes for 
the Copernicus orbiting observa­
tory. Flight guidance and control 

PERKI 
CHECK NO. 40 

instruments . Atomic absorption 
spectrophotometers. Laser measur­
ing instruments . Precision trans­
formers and ac potentiometers. 

Perkin-Elmer would like to send you 
a data sheet on the new Varidac 
Converters. Write or call Perkin­
Elmer Corporation, Electronic Prod­
ucts Division, Main Ave., Norwalk, 
Conn. 06856. Tel. (203) 762-4786. 



What do you know about 
selecting an LED readout? 
Once you've decided to use an LED display, you may think your readout 
decisions are over. They're not. You still have to pick the right LED unit. 

Sanford Roth, Diali ght Corp. 

Proper selection and application of the readout de­
vice can play a critical role in the success of an 
equipment or system design, whether it be a large 
million dollar system or a simple $200 instrument. 
And many factors enter into the decision on just 
what is the best readout in a given ci rcumstance. 

Suppose, thou gh, that you've decided that a li ght­
emi tti ng diode (LED) readout is best for your appli ca­
tion. How do you choose the type that is most s uit ~ 

able. There are many kinds ava i lab le; and although 
they all have most of the same bas ic solid-state char­
acteri st ics that led you to use a LED readout in the 
first place, there are differences between them -
some being obvious and others subtle. These differ­
ences must be known and carefu lly considered if the 
best possible se lect ion is to be made. 

~ 
~ 

" 100 
E 
-§, 

~ 
" > 

·~ 75 a; 
a: 

50 

25 

RELATIVE BRIGHTNESS VS. CURRENT(Gallium Arsenide) 

(Dialight 521 -4171 LED) 

PR F = 330H z 

Sta tic 

67% Duty Cyc le 

33%0.C. 

17%0 .C. 

6.7%0.C. 

3.3%0.C. 

20 40 60 80 100 120 140 160 

Input Current(mA) 

Fig. 1- Gallium-phosphide LEDs saturate at relati vely low values 
of input current (a). Gallium-arsenide phosphide LEDs, on the 
other hand, deliver a li ght output that continues to increase with 
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Some basic facts 
Presently, LED readouts are available in three 

common versions: a 7-segment display, a 5 x 7 dot 
matrix, and a 4 x 7 dot matrix. The 7-segment dis­
play produces any di git from 0 through 9. The 5 x 7 
dot matrix is an alphanumeric readout that provides 
any letter of the a I phabet or any di git from 0 to 9 
and the 4 x 7 dot matrix is a hexadecimal readout 
that provides letters A through F of the alphabet, any 
di gi t from 0 to 9 and a dec imal. 

LEDs are basically monochromatic light sources 
that provide a glow in onl y one co lor. At present 
they are avai lab le in red, green or yellow, but cur­
rent technology can't produce green or yellow with 
good efficiencies. Consequently, the cost of LEDs in 
these colors is high, making them impractical for 

RELATIVE BRIGHTNESS VS. CURRENT(Gallium-Arsenide Phosphide) 

(Dialight 521-4120) 

125 

100 

~ 

'fil 
c: 
.§, 

75 ·;: 
CD 

" > 
·~ 
a; 
a: 

50 

25 

20 40 60 80 100 120 140 160 

Input Current( mA) 

increasing input current (b). As a result, multiplex ing which require 
high pul se current levels ca n be accompli shed with gallium­
arsenide phosphide types. 
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many applications. Thus, it 's safe to say th at fo r most 
practical appli cations LEDs are ava il able in any co l­
or as long as it is red . 

In addi tion to configuration and co lor, LED rea­
douts come in various sizes. These range from a low 
of 0.125 in . to about 0.625 in . in height. 

Can you read the number? 
Before a readout can be of any va lue to the view­

er, he must first be able to see it. Size, bri ghtness and 
contrast are the most important factors that affect 
such readability . In essence, the bi gger and bri ghter 
a display, the more easily it can be seen . 

There are many ways in which a bri ghtness mea­
surement can be performed. Unfortunately, no stan­
dard has yet been e.stabli shed in the industry fo r 
brightness in the visible spectrum . 

In measuring bri ghtness, the concern is with that 
portion of the electromagnetic spectrum in w hich 
the wavelength of radiation li es between 4 x 10- 7 

and 7 x 10- 7 meters, or 400 to 700 nm. Photome­
ters that measure foot-lamberts (fl) include a co lor 
filter that shapes the response to approx imate that of 
the human eye, whi ch is greatest at 555 nm, corre­
sponding to green in w avelength . The response 
curve of the eye fa l Is to nearly zero at the ex treme 
wavelengths. 

5V 

RB l 

NOTE : 

DECODER DRIVER 
704-1549 

D C B 
Vee '---..r----' LA P 

BCD INPUT TEST 
(LT) 

A 

Typical resistor values 

for IF of 20 mA: 

R
1 

180 

R
2 

91 

1. The blank ing input (81) must be open or held at a high logic level when 
outpu t functions 0 through 15 are desired. The ripple-blanking input (RBI) 
must be open or high if blanking of a decimal zero is not desired . 

2. When a low logic level is applied directly to the blanking input (Bl ). all 
segment outputs are off regardless of any other input. 

3. When the ripple blanking input (RB I) and inputs A. B, C, and D are at low 
logic level w ith the lamp test input high, all segment outputs are off and 
the ripple -blank ing output (RBO) of the decoder goes to a low level 
(response condition) . 

4. When the blanking input/ ripp le blanking output (Bl / RBDI is open or held 
high and a low is applied to the lamp-test input, all segments are illumin­
ated . 

Fig. 2- Readout assemblies like this 5 x 7 dot-matrix alphanu­
meri c uni t can be purchased complete w ith all necessary cir-

Bri ghtness, or luminance as it is sometimes called, 
is specified in units of fl , w hi ch is based on the in­
put current to the LED. Efficiency can be defined as 
a function of radiated energy at a parti cular wave­
length fo r a given input electri cal energy. However, 
a more practi ca l unit is fl per mA. 

Unfo rtunately, the fl is a measure of li ght intensity 
at a poi nt-source; therefore, the bri ghtness wi l l va ry 
at di fferent di stances from the po int-source to the 
area illuminated. 

Another way th at bri ghtness can be measured is in 
candelas. Here, the measurement of li ght is taken 
over a unit area . Since the bri ghtness is considered 
uni form over the unit area, the li ght intensity leve l 
could be a smaller number than with the fl , but it 
will also be more accurate. Milli -candelas per sq cm 
or mi Iii -candelas per sq ft are the usual practi ca l units. 

A quick compari son of the literature ava ilable 
from the different manufacturers shows that each 
company puts hi s LEDs in the best li ght by spec ify­
ing those parameters that give the highest number. 
For example, some LED readouts exhibi t a bri ghtness 
th at vari es markedl y from poin t to po in t. In these 
cases, averaging the luminance (in candelas) would 
give a fa irer descripti on than would the commonly 
spec ified peak luminance in fl. Similarl y, if extreme­
ly high luminance occurs over a very narrow segment 

Truth Table 

Deci mal Inputs 
or Bl / RBOt NOTE 

__il! netinn ...LI __filil ...Q. ...Q. -6. ..A 

0 H H L L L L H 1 
1 H x L L L H H 1 
2 H x L L H L H 1 
3 H x L L H H H 1 
4 H x L H L L H 1 
5 H x L H L H H 1 
6 H x L H H L H 1 
7 H x L H H H H 1 
8 H x H L L L H 1 
9 H x H L L H H 1 

10 H x H L H L H 1 
11 H x H L H H H 1 
12 H x H H L L H 1 
13 H x H H L H H 1 
14 H x H H H L H 1 
15 H x H H H H H 1 

Bl x x x x x x L 2 
RBI H L L L L L L 3 

LT L x x x x x H 4 

H = high level (logical 1 in positive logic), L = low level (logical 0 in positive 
logic), X = irrelevant. 

tBl / RB O is wi re-AND logic serving as blank ing input (B l ) and I or ripple­
blanking output (RBO) . 

1-1 I =1 =11_11= I_ -1 
l_I ll __ I l_ll_I I 

0 1 2 3 4 5 6 

8 9 10 11 12 13 14 15 

cuitry, as shown . Or the des igner can buy the bas ic readout and 
provide his own electronics . 
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The character disp layed by thi s alphanumeric display is a function 
of six input lines A, through A .. . The seven rows of the 5 x 7 dot 
matrix are scanned sequenti ally one at a time. The timing is con­
trolled by the clock which drives a bin ary counter, w hose outputs 
ABC contro l the row to be se lected. This ensu res that the read-only 
memory's (ROM) five outputs C, ·_ C5 correspond to the row of 
dots whi ch are enabled by the 1-out-of-8 decoder. The SN74155 
is a dual 2- to-4 line decoder, used here as a 1-out-of-8 decoder. 

For example, let's assume that the letter Kisto be displayed. Kin 
a 5 x 7 array of dots looks as depicted in@. The ASC11 code 
A, - A6 for se lecting K is 00 1011 . The SN7416 inverter buffer/ 
drivers and the SN7417 buffer/driver are used to interface the in­
puts and outputs of the ROM. The binary counter's outputs ABC 

SN 74 155 
1 OUT OF 8 
DECODE~ 

0 
0 
0 
0 

0 0 
0 0 
0 0 
0 0 
0 
0 
0 
0 

0 
0 
0 
0 

HEX BUFFER / DR IVERS 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

+5V 
82 

+5V 
82 

+5V 
82 

+5V 
82 

+5V 
82 

3 

10 

c, c, c, c. c. 

8 14 13 

DI ALI GHT 
745-0005 

A LPH AN UMER IC 
DISPLA Y 

GE D29E4 (7) 

Resultant 
A, Display 

0 

0 

0 

0 
3 

0 4 
5 

0 6 

0 8 
9 

0 

0 < 

0 > 

c, 

R, 

R, 
!---+--+--+---+-~ 

continuously cyc le from 000 to 111 and back to 000. When ABC 
equa ls 000, the ROM outputs C, and C5 will be HIGH and C,, C3 

and C4 will be LOW, as shown in@. Simultaneously the 1-out-of-
8 decoder drives Q, O N, and this enables the first and fifth dots of 
the first row to be illuminated. O n the next clock pulse, the coun­
ter advances to .001. C, and C4 w ill become HIGH, and Q2 will be 
dri ven ON thereby illuminating the first and fourth dots of the 
second row. Thi s process is continued and repeated rapi dly, so 
that the final resu lt appears to be the letter K. 

The 745-0005 in conjunction with any su itab le ASC11 ROM will 
display 64 alphanumeric characters . These are shown in @as a 
fu nct ion of the six bit inputs A, - A6 . 

Fig. 3- 7-segment readouts of thi s type are ava ilable in sizes up to 0 .625 in . in height. The readout is made up of an array of 
diodes w hose li ght is di ffused by seven segmented shaped lenses. 
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width, the peak luminance reading may not provide 
a fa ir compari son. 

In addition to bri ghtness, contrast is also an impor­
tant parameter that affects readability. It relates to 
the different luminances between the readout char­
acter and its background . Contrast dimini shes wi th 
increased ambient li ght leve ls; it is increased by sur­
face treatment to reduce reflection and glare, and by 
other techniques such as c ircularl y polari zed filters 
and color filtering. 

There is also a di stinct di ffe rence in bri ghtness 
between LED readouts of different manufacturers. 
Thi s is caused by the di ffe rent materi als used and the 
way in which they are pl aced. Some of them have 
bri ght spots in the individual segments of a readout 
and these can make for uncomfortable viewing and 
an unattractive di splay. 

Readability is also dependent on such factors as 
the di stance the viewer is from the readout, the 
bri ghtness of the digits and the width of the bar in a 
7-segment display. If the bar is too narrow , the view­
er could see an asti gmati c di stortion in the line, 
making it di fficult to read . It w ill also be uncomforta­
ble for the vi ewer to look at this type of image fo r 
too long a period. _ 

What about power requirements? 
Light-emitting diodes operate from a current rather 

than from a voltage. To be compati b le wi th IC cir­
cuits where 5V is ava ilable, seri es, current lim iting 
resistors must be used to meet the operating vo ltages 
of 1.8 to 2.2V for the diodes. The operating cu rrent 
for an LED is.usually specified as so many mA per seg­
ment. For example, in Diali ght's 739 seri es readouts 
(0.625 in . character heights) ga llium-phosphide 
lamps are used that require 15 mA per segment. These 
offer fa irl y good efficiency as compared w ith LEDs 
made from ga llium-arsendide phosphide, w hich use 
about 27 mA per segment. 

Although ga llium phosphide is a more efficient 
materi al than ga llium-arsenide phosphide, requiring 
less power fo r the same li ght output, ga llium phos­
phide saturates at a low-current leve l w hile ga ll ium­
arsenide phosphide does not (Fig. 1 ). Thus, mult i­
plex ing (or ,strobing) whi ch req uires high pulse cur­
rent levels to maintain bri ghtness, can be accom­
pli shed only with ga ll ium-arsenide phosphide. This 
is an important tradeoff that the des igner must take 
into considerati on. 

Multiplexing cuts the costs of dri ve circuitry by us­
ing common electroni cs fo r a number of readout 
characters. It also reduces the amount of current re­
quired to drive these units. But you can' t multi p lex 
ga llium phosphide without a large loss of li ght output. 
No matter how much more current you put through it 
after saturation, the LED is not going to put out any 
more light. 

By strobing ga llium-arsenide phosphide, you pump 

in more power and get out more li ght. In a 10-digit 
assembly, fo r example, the unit can be multiplexed 
at a 10% duty cyc le. Thi s means th at for 10% of the 
time power is app li ed to each digit. However, six is 
the recommended max imum number of digits for 
mu ltiplex ing. 

The make or buy decision 
Even after a spec ific type of LED is decided upon, a 

choice must be made on w hether to buy j ust the 
readout and design your own c ircuitry (dr iv ing, de­
coding, etc. ) or to buy a complete readout assembly 
that inc ludes ci rcui try. M ost engineers li ke to des ign 
their own ci rcui ts, w hich makes sense w hen the 
quantities invo lved or unusual c ircu it considerat ions 
just ify it. However, there are many types of complete 
readout assemblies ava ilable off-the-shelf capab le of 
satisfyi ng a w ide variety of appl ications. Assemblies 
spec ifica lly ta ilored to a customer's needs are also 
ava i lable from various manufacturers. A ll the user 
has to do in his equ ipment is allow for a spec ific 
sized readout assembly and w ire the output of hi s 
ci rcuit to the decoder-dri ver. This approach can of­
ten save both time and money. 

Some of the features ava il able in these complete 
di splays are: 

•Latched BCD and decimal-point logic outputs 
to drive logic processors simultaneously with 
the disp layed data. 

•Overrid ing blanking fo r suppress ing of the en­
tire d isplay or fo r pulse-modulation of LED 
brightness. 

• A LE D test input for simul taneously turnin g on 
all d isplay segments and dec imal poin t. 

• Capab il ity of being operated in a rea l-time 
mode or latched-update-onl y mode w ith latch 
strobe input. 

• Capabil ity of bei ng bl anked by entry of a digi­
ta l code or by use of a b lanking input. 

•Deci mal po int controlled independently with 
deci mal-po int latch. 

• Constant-current-source TTL-LED interface. 
Two examples of the types of complete readout 

assemblies avai lable to the des igner are detailed in 
Fig. 2 and 3. D 
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Sanford Roth is product 
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li ght Corp., Inc., Brook lyn, 
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marketi ng and business de­
ve lopment for al l new Di a-
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pli cat ions. Pr ior to going to 
D iali ght one yea r ago, Roth , \ 
spent 20 yea rs as an engi-
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Here's FABRl -TEK's New 

of Core Memory 
Systems. 

You expect a memory system to provide maximum performance and fast 
access times. You expect off the shelf items to be reliable and to perform at 
minimum cost. Well, Fabri -Tek's new 600 Series combines all the 
above . . . and more. 

For starters, consider the modular construct ion of the 600 Series. Ferrite core 
memories designed on a single card to permit operation of up to eight core 
modules from a single timing and control assembly. Developed for a 
wide variety of data application, the entire 600 Series is completely 
compatible with TTL logic. You get the flexibility so important in meeting a 
wide range of memory system requirements. Plus this : All Fabri -Tek 600 
Series Core Memories are available for immediate delivery. 

The 620 Core Memory System. Capacity up to 1024 words by 10 bits on a single 
card. Planar 3-0, 4- wire configuration measures just 6.0 X 6.4 inches. 
High-speed. Expandable. Access time: .350 usec. Cycle time: 1.0 usec. (full cycle) . 

The 684 Core Memory System. Basic module capacity of 8,192 words by 
18 bits. Expandable to 32K, 64K or 128K by 9, 18, or 36 bits. Planar 3-0, 
3-wire module is a compact 11.0 X 14.75 inches. Options include enclosures, 
printed circuit back panels, power supplies and test exerciser. Access time: 
300 nanoseconds. Cycle time: 650 nanoseconds (full cycle) . 

The 688 Core Memory System. Single card capacity of 32,768 words by 20 bits. 
Expandable to 64K, 128K, 256K or 512K by 10, 20, or 40 bits. Maximum 
storage capacity from a single control assembly is over 5 million bits. 
Planar construction 3-D, 3-wire configuration. System options include 
enclosures, printed circuit back panels, power supplies and test exerciser. 
Access time: 500 nanoseconds. Cycle time: 1.2 microseconds (full cycle). 

For more details, see your Fabri -Tek Salesman or contact: Fabri-Tek Inc., 
5901 South County Road 18, Minneapolis, Minnesota 55436. 
Phone 612/935-8811. TWX: 910-576-2913. 

Leaderin ~ 

M ~~~r~v;,e~'D~~~~~ LLD IF A 183 ~II ® lr ~I~ 1 NC. 

REGIONAL Boston Chicago New Jersey Phoenix Long Beach Sunnyvale 
OFFICES: (617) 969-5077 (312) 437-4116 (201) 263-2330 (602) 266-4448 (213) 420-2493 (408) 739-4780 
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The new EPl-218 
mare mini lar the manev 

• 18-bit word length 
• Direct addressing to 32K 
• 92 hardwired instructions 
• 8 hardware registers 

If those high 
aren 't enough to co 
you our new minicompu 
has the com petition beat col . 
then how about these-

The EPl-218 provides direct, single-or multi-level 
indirect. displacement and immediate addressing. 
Three hardware index registers allow pre- and/or 
post-indexing, and auto-indexing. Both single-word 
and double-word instructions can be used. 

And of course, the 218 is supported with exten­
sive standard software, numerous peripheral de­
vice controllers, and thorough documentation ... so 
you can use it to do almost anything from process 
control to heavy theoretical analysis. 

Probably the only thing that will really convince 
you our 218 is as good as we say it is, will be to get 

• Complete software 
relocatabi I ity-no fixed 
page boundaries 

• $3,490 

the complete 
specs and then see it in action. 

For starters, send in the coupon. Or phone 
us. Either way, our Miss 218 will see that you get the 
information you need. 
Electronic Processors. Inc. Home Office, 5050 
South Federal Blvd .. Englewood. Colorado 80110. 
Telephone: (303) 798-9305. TWX: 910 935 0874. 
Eastern Office, Ringwood. New Jersey. Telephone: 
(201) 962-6485. Midwest/Southwest Office, Hous­
ton , Texas. Telephone: (713) 461-7619. Western Of­
fice, San Jose, Calif. Telephone: ( 408) 371-2381 . 

l-1· 111~ ~e~ :~:t::n t~: EPl-2;-I I 0 I'd like to talk to a sales engineer. 
I My requ irement will be 

0 immediate 0 6 months 0 1 year. 

CHECK NO. 43 

Titl e ______________ _ 

Com pany _____________ _ 

Address _______ Pho ne ____ _ 

City ______________ _ 

State ___________ Zi p __ _ 

Mail to Electroni c Pro cessors , Inc ., 5050 South Fede ral Blvd .. 
Englewood . Colo rado 8011 O. 



Variable limit switch permits 
hands-off equipment cycling 
By including end-point detection directly into the controller, 
continuous cycling operations are more convenient and efficient. 

William J. Dobbin, IBM Electronics Systems Center 

In the operation of thermal-scanning instruments, 
many instances occur when it would be desirable to 
let equipment run unattended. However, the opera­
tor must be present at some point to recycle the pro­
gram (for instance, a maximum temperature limit on 
the material under investigation). This is especially 
true in the case of thermal-mechanical experiments 
where the effect of continuous thermal cycling on 
material properties is required. While timers can be 
used to alert the operator, it would be more conve­
nient and efficient to incorporate end point detection 
directly into the temperature programmer. 

+5V 

+5V 
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Rl 

+20V 

"':" +20V 

To 110V" 

A
1
,A

2 
· Voltage Comparator, UA710 

Al · Semiconductor, HA2602 
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2 

- Diodes, 1N4148or Equivalent 

K
1 
,K

2 
- DPDT Relays, 24Vdc Coil 

Kl - 3 PDT Relay, 110Vac Coil 

Following is a system that permits the operator to 
pre-select the upper and lower temperature limits for 
a program. Included is a switching arrangement 
which allows for any one of several modes, ranging 
from manual operation to fully-automatic continu­
ous cycling. 

While the circuit was specifically designed for a 
temperature programmer with an output that varies 
from 0 to + 24V de, it may be readily adapted to 
other instruments where the output voltage variation 
is greater than SV de. In most cases, the only change 
required will be in the input resistor network (R

1 
and 

K, _, 
High 

Low 

K, _, 

To Programming 
Drive Source 

4 9 

I 
I 
I Kl -1 

I .---<>---. 
I 
I 
I 
I 
I 
I K 
I r-l -_, ~.>--. 

MANUAL 

ISOTHERMAL 
I 0 
I 0,__-.,..---r­l cYC LE 

I 
I 

s, • I 

SINGLE 
CYCLE 

START 

~ 2 

S
1 

- 4 Pole - 3 Position Rotary Switch 

S
2 

- SPST N.O. Momentary Contact Switch 

Sl - SPST Toggle Switch 
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Fig. - Variable upper and lower limit switch is programmable for four different operating cyc les. 
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R2 in figure) . The wirin g and parts pl acement is not 
criti cal , and familiarity with basic electroni c circuitry 
wiring techniques is the only prerequisite to success­
ful assembly. 

How the circuit works 
The operation of the programming drive motor is 

controlled by the position of the contacts of relay K3 . 

When this relay is energized, the motor is driven in a 
forward direction (increas ing temperature) ; when it 
is de-energized, the motor is reversed . The condition 
of K3 is determined by whi ch of the two limit relays 
K1 or K2 has been most recently acti vated ; energizi ng 
K1 opens the coil c ircuit of K3 while energiz ing K. 
c loses it. Relay contact K:1_3 acts as a " latching'; 
switch - once the programming motor relay c ircuit 
has been changed by either of the limit relays, only 
the other limit relay can affect a change back to the 
ori ginal condition . 

Rotary switch S1 se lects the mode of operation. In 
the " Isothermal " position, the down drive of the 
programmin g motor is di sabled ; in the " Manual" 
position, both up and down drives are di sconnected 
from automati c control. In the "Cycle" position, 
both up and down drives are operative. Switch S3 , 

when turned to "S ingle Cyc le," disables contacts 
K2_1• In thi s mode, the low limit is inoperative and the 
programmer will decrease until its lower stop is 
reached. Momentary contact switch, S.,, is included 
to start the cyc le. -

The high and low limit relays are energized by a 
control ci rcuit whi ch samples the output of the tem­
perature programmer. The de input signal is reduced 
to a SV maximum by the voltage div ider network 
(R1-R2 ). After pass ing through the vo ltage follow er 
A

3
, the signal is impressed on both A 1 and A21 the 

high and low limit voltage comparators respecti ve ly. 
In these two ampli f iers, the input signal level is 
compared to a reference voltage set by the operator . 
Thi s voltage is continuously variable from 0 to SV 
arid is pre-selected by the adjustment of the 10-turn 
potentiometers R3 and R4. 

Fo llowing the signal throu gh A 1, the high limit 
ampli f ier; as long as the in put signal leve l is below 
the reference vo ltage, there is no output from the 
ampli f ier and transistor Q 1 remains cut off. When the 
input signal level equals or exceeds the reference 
voltage, the output of A 1 becomes positive and base 
current (limited by R

6
) fl ows through A 1• The transis­

tor goes into saturation and the co llector current 
energizes upper-limit relay K1 • The action of the low­
limit circuit is similar except that relay K., is ener­
gized when the input signal level is equal -to or less 
than the reference vo ltage. 

Indicator lamps PL 1 and PL2 are lit when the relays 
are energized. They are used in sett ing the lim it po­
tentiometers. Diodes D 1 and D2 are included to pro­
tect the transistors from the back EMF w hen the 

respective inducti ve c ircuits are opened. 
The entire controller is powered by a 32 V de 

power supply and draw s 250 mA. 

Setting the cycle 
In setting the high- and low-limit potentiometers, 

switch S1 is turned to " Manual" and the temperature 
programmer turned to the highest temperature de­
sired . Ra is turned unti l pilot li ght PL 1 is extinguished, 
and then slowly backed-off until the li ght glow s. Thi s 
procedure is repeated using R4 , PL2 and the program­
mer set at the low temperature of the cycle. The 
thermal profile des ired is se lected throu gh switches 
S1 and S3 • The operating modes ava il able are as fo l­
lows: 

• M anual - The limit switch is deacti vated and 
complete control of the programmer is returned 
to the operator. 

• Isothermal - The instrument temperature is pro­
grammed up to a pre-se lected upper limit and 
left at thi s temperature until manually changed. 

• Single Cycle- The instrument is programmed 
up to the upper limit, then programmed down 
to the lower stop of the programmer and left at 
thi s point until manually changed. 

• Cycle-The instrument is continuously pro­
grammed between the upper and lower limits 
until the cycle is interrupted manually. 

After all adjustments are made, switch S., is closed 
to start the cycle. -

It should be noted that while the input impedance 
of the contro ller is high, it cannot be assumed that 
the original temperature programming ch aracteri sti cs 
are unchanged. While temperature calibration of 
thermal equipment is routine, it is stressed that the 
temperature response should be checked w ith the 
controller attached. 

Finall y, the operation of the limit switch is respon ­
sive to the voltage output of the programmer and not 
the temperature of the sample. It is left to the opera­
tor to ascerta in that the sample temperature is track­
ing the program temperature through all parts of the 
cycle where data is required . o 
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COMPUTER HARDWARE 

Make sure your logic keeps 
pace with memory cycle times 
Now th at SC memory speeds are approachin g those of today's CPU s, 
newer and faster CPUs and control logic are needed . ECL does the trick . 

Dick Brunner, M otorola, Inc. 

M emories in present and past computers fo r the 
mos t part have been extremely slow compared w ith 
the logic used in the central processor (CPU ). How­
ever, w ith the advent of semiconductor memori es, 
the memory speed is approaching th at of the CPUs 
of present-day computers. In order to take advantage 
of these high-speed semiconductor memories, future 
CPUs and memory control logic w ill most likely 
employ high-speed current-mode logic, such as the 
M ECL 1 0,000 Seri es. 

Large-sca le dynamic MOS memori es for main­
frame memory have been the first to evolve due to 
their low power, small size and speed. This artic le 
descri bes the design of a 4k word by 18-b it memory 
system that is expandable in 4k-word segments. 
An 11 03-type memory (1 k-word by 1-bit dynami c 
MOS) makes up the memory porti on of the system, 
and emitter coupled logic (MECL 10,000 Seri es) is 
used to generate the timing and contro l signals neces­
sary to operate the memory. 

The storage building block 
A bri ef description of the operati on of the 

11 03-type memory should be helpful in understand­
ing w hat control logic is needed to operate and inter­
face the memory with the CPU. 

The basic memory device contains 1024 bits of 
storage organi zed in a square matrix of 32 rows by 32 
co lumns, together w ith logic fo r decoding and gating 
(Fig. 1). The basic storage ce ll , w hich consists of 
three transistors, stores data on the gate capaci tance, 
C, of Q2 • Since data sto rage is done on this gate 
capacitance, additi onal ci rcuitry is required to keep 
these capacitors charged. The operati on of the mem­
ory w ill be explained w ith the aid of the ti ming dia­
gram given in Fig. 2. 

During the time precharge is low , one row is se­
lected by the row decoder. When C enable (chip 
enable) goes low , all 32 memory ce lls of the se lect-
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ed row send their data through the read transistor, 
q 1, to their respecti ve co lumn refresh buffers. The re­
fresh buffers are also connected to 32 co lu mn read/ 
w rite buffers . 

When precharge returns high, the data stored in 
the 32 refresh buffers is returned to the ce lls of the 
se lected row by way of w rite transistor, Q 1, and the 
dynamic co lu mn address decoder se lects one co lu mn 
buffer. 

At the end of t,,
0

, the se lected co lumn read/write 
buffer output is val id. If new data is desi red, the 
read/write amplifier is placed in the write mode at 
the end of tvw· In the w rite mode, the new data pres­
ent on the co lu mn input overrides the data previous­
ly sto red on Q2• At the end of C enable, Q1 is turned 
off and the data is held on the gate of Q2 • 

Since the memory ce ll is a charge-storage type, 
charge w i 11 leak off of the gate of Q2 over a period of 
ti me, and the stored data w i 11 be lost. Therefore, the 
cel l must be periodi cal ly recharged to reta in the 
data. To insure that data is not lost, the enti re memo­
ry must be refreshed at least once every 2 msec. In 
order to red uce the amount of time spent refreshing, 
the memory is organized so that all 32 memory ce lls 
in a row are refreshed during one read cycle. There­
fore, onl y 32 refresh cyc les are required every 2 
msec to comp letely refresh the w ho le memory. Th is 
means that a refresh cycle must be initi ated every 
62.4 µ,sec, w hich represents less than 1 % of the total 
avai I able cycle time w hen the memory is operated at 
max imum frequency. 

Organizing the memory system 
The memory system consists of one contro l card 

and as many memory cards as are req uired to give 
the des ired word capac ity. The control card gener­
ates all of the tim ing signals to operate the memory, 
as shown in Fig. 2. Add itional logic is conta ined on 
the card to generate and keep track of refresh cycles, 
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Fig. 1- The dynamic MOS 1 k RAM, is organ ized in a matrix of 32 
rows x 32 co lumns. 

as well as to interface the CPU with the memory. 
Each memory card contains 4k words x 18-bits of 

memory organized into four 1 k word segments. Pre­
charge and C enable are used for decoding the 1 k 
word segments. The ten address bits from the control 
card select one 18-bit word from among the selected 
1 k words. 

All translation, MECL-to-MOS and MOS-to-MECL, 
is performed on each memory card. Although this 
results in duplication of circuits on each memory 
card, it does have several distinct advantages: 

• The lines connecting the control and the 
memory cards can be terminated transmiss ion 
lines. The features gained from using termi ­
nated transmiss ion lines are: 

CENABLE 

a. There are no reflections to cause over­
shoot and undershoot. 

READ/WRITE 

DATA IN 

DATA OUT 

t PO - · ---~t·'--------
1~---------1~ 

l Acc 2 L.'._ DAT A OUT 
VALID 

Fig. 2- Timing diagram for operation of 1 k MOS RAM. 
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Fig. 3 - Memory control card is divided into 3 di stinct sections. 

b. High fan-out capability is possible with 
minimum degradation in speed. The 
output gates on the control card can fan 
out to as many as 16 memory cards if 
MECL 10,000 Series gates are used. 

c. By transmitting MECL 10,000 logic level 
signals rather than MOS level signals, the 
cross-talk between lines can be greatly 
reduced. 

• The capacitance per translator can be held to 
a minimum. This reduction in capacitance 
enhances speed and simplifies the driver de­
sign in some cases. 

• The data output capacitance of the 
memory is very small ; 3 pF max. However, 
in a large memory system many data outputs 
have to be " OR"ed together, which can result 
in appreciable total capacitance. In turn , such 
capac itance can slow down the read-access 
time of the memory due to the low memory 
output current of 0.5 mA. 

By providing MOS-to-MECL translators on each 
memory card, only four memory outputs are tied to 
one translator . The memory can be expanded by 
"OR" ing the outputs of the translators. Since trans­
mission lines are used, little if any speed is lost with 
this method . This scheme keeps capacitance low 
and read-access time to a minimum, regardless of 
the size of the memory. 

Control card is partitioned ' 
Fig. 3 shows the interrelationship of these three 

memory control sections. 
Memory timing control. A brief inspection of the 

detailed diagrams given in Fig. 4a and 4b indicates 
th at the control signals and their overlap could be 
di vided into multiple 20 nsec increments. The 
scheme illustrated in Fig. 5 provides the necessary 
timing pulses in 20 nsec increments when clocking 
is at a 25 MHz rate. This simple scheme requires 
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one 4-bi t binary synchronous counter, two 1-of-8 
decoders (MCl 0162) and three latches with appro­
priate gatin g. The four output bits of the counter 
dri ve the address and enable inputs of the two de­
coders. The most significant bit of the counter is 
used to se lect the decoder to be enabled. The re­
maining three bits are attached to the decoders so 
th at the decoder output will be selected sequentially. 

When the contro l card receives a start command 
(enable) , the count on the output is zero, i.e., the first 
decoder is enab led ana the second is disab led. As 
the synchronous counter is clocked at a 25 MHz 
rate, the first decoder wi ll output a sequence of 40 
nsec pul ses starting with D,. At the end of the sev­
enth count, the first decoder is di sabled and the sec­
ond decoder is enab led. This allows the second 
decoder to perfo rm exact ly as the first. As these 40 
nsec pulses propagate down the decoder, they can 
be pi cked off at the appropriate times to set and reset 
latches for generati ng the desired control signals . 

Note from the timing diagram that it becomes 
necessary to gate the clock pulse with appropri'ate 
decoder pulses to get suitable delay and overlap. If a 
read cycle is desired, the read/write pulse is neglect­
ed, the counter is reset to zero and the clock is dis­
abled at the start of D 12 . For a write cycle, the counter 
is not reset to zero until the leading edge of D, 5. 

It was mentioned earl ier that precharge and C 
enable were used in decoding 1 k out of 4k words of 
memory. The fi rst 10 address bits from the CPU se­
lect one word from a selected 1 k words of memory. 
The remain ing address bits from the CPU are used to 
decode precharge and C enab le. 

' PRECHARGE r-' ---'---i 

Decoding of precharge and C enable is accom­
plished through a 1-of-8 decoder (MCl 0162) em­
ployed as a data distributor. The address on the de­
coder determines which 1 k words of memory will 
receive precharge and C enable. All that is needed 
to expand the memory is additional data distributors 
for precharge and C enable. This control card con­
tains sufficient decoding for 8k words of memory. 

During a refresh cycle, the whole memory must 
receive precharge and C enable. This is accom­
pli shed by disabling the data distributor, and gating 
precharge and C enable to the whole memory. It 
should be pointed out that it is not necessary to de­
code precharge for a read or write cycle. However, 
by decoding precharge, it is possible to reduce c lock 
driver and de memory power comsumpt ion by al­
most a factor of three for a 4k word memory system. 

Refresh control. In order to completely refresh the 
who le memory every 2 msesc, one row must be re­
freshed every 62.4 µsec. A sequential address ing 
scheme can be employed to insure that each row is 
selected during this time. A 5-bit binary ripp le coun­
ter can be used to sequentially generate the five 
address bits necessary to se lect the 32 rows during 
refresh (Fig. 5). A 16 kHz clock is used to increment 
this address and initiate the refresh control circuits. 
Two flip-flops (MCl 0131) make up the refresh con­
trol logic. On the positive edges of the 16 kHz clock, 
a logic " 1" propagates through the two flip-flops. A 
logic "1" on the last flip-flop enables the 25 MHz 
clock, forces the read/write control circuit into the 
read mode, sets the busy flip-flop and switches the 
external row address coming from the CPU to the 

PRECHAR E ~==t=~===- 1

1 I I 
DRIVEROUTPU I • '------ PR ECHAR_gjf------'---i 

C ENABLE (04 . Ci _r-! -4-5-++---+
1--i1-i~ (D 10 . Ci PRECHA 

c ENAB nsec 1 __ 1~5~5 .±~s~ecjl_Jt;;:::=;f=== DRI VER 

DRIVER OUTPUT 125 nsec "'--'-+----+--'---" 85 nsec g~~~UBTL 
DATA S_T_R_O_BE_&_D_AT_A_V_A_L_ID_· --~ri'~ ------

--V MEMOR Y ADDR ESS x __/\ ___________ _, '----- READ /WR 

/ ~I ------ REA D/WR 
(RESET ON D

11
i 

I ' I 

AGE I .; I 
I I 100 nsec 

I I I I - I I 
E ,(0 4 . Ci -J 45 

; ~ Hie "'"" 
I 125 nsec 

I 

ITE & DATA VA LI D (0 10 ·Ci -J L 
ITE DRIVER OUTPUT ~ 

REFRE~REFRESH FF ENAB LED FOR 

REFRE SH CYC LE ON LY 

• DATA STROBE & DATA VALI D SIGNA L IS 
DISABLED DURING REFRE SH ~-----M_E_M_O_R_Y_A_D_D_R_Es_s ____ _,X,,_ __ _ 

Fig. 4- System timing contro l for read and/or refresh (fig. 4a) and write (fig. 4b) cyc les. 
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refresh address. Thi s gating of addresses can be ac­
complished with a multiplexed dual D-latch 
(MCl 0134). The refresh control also disables the 
precharge and C enab le decoders so that these sig­
nals can be sent to all of the memory devices. 

Since the refresh cycle is identical to a read cyc le, 
the counter is reset to zero and the clock disabled at 
D 12 . The refresh contro l flip-flop, however, is preset 
on memory control pulse 0

11 
(fig. 4a) , which returns 

control back to the CPU. If, by chance, a memory cy­
cle is in process when a refresh is requested, the 
second refresh contro l flip-flop is prevented from be­
ing set until the memory cycle has been completed. 
At the comp letion of the memory cycle, the flip­
flop is set by the synchronous counter reset pulse, 
0 12 or D, 5 , and refresh cycle is initiated. 

Memory-CPU interface. There are 13 flip-flop reg­
isters for add ress storage and 18 registers for data 
storage (Fig. 5). Other circuits include the enable 
latch and the 25 MHz delay-line oscillator. 

The major advantage of a delay-line oscillator is 
that it can be turned on with a definite fixed time 
delay and turned off within less than half a clock 
cycle. This is important because turning off a high­
speed clock in a closed-loop system can be a prob­
lem, especia lly if the number of gate delays trave lled 
by the reset pulse represents more than half a c lock 
cycle. 

Memory card includes translators 
The memory card contains seventy-two 

memory chips arranged in a matrix- in 4 rows by 18 
co lumns. Each row has separate precharge and C 
enable lines for decoding. The 10 address lines are 
connected to respective address in puts of the 72 
memories and the read/write lines are connected to 
9 memories in each of 4 rows. This scheme allows 
data to be stored in the memory in 9-bit segments as 
well as in 18-bit segments. The four data inputs are 
common in each co lumn, as are the fou r data out­
puts. Also included on the memory card are 38 
MECL-to-MOS translators and 18 MOS-to-MECL 
translators. 

MECL-to-MOS translation 
The recommended memory supply vo ltage for 

min imum cyc le time is that V55 - V DD be + 16V. 
The memory input logic swing has to be 16V for the 
supply va lues given. For maximum memory speed 
the transition times of the control and address signals 
should be 20 nsec. For a large memory system, the 
capacitance on the control and address lines can 
become appreciable, making it difficult for the trans­
lators to meet the transition times· specified. By pro­
viding translators on each memory card, the capac i­
tance per translator can be held to a minimum. This 
also makes the translator independent of the size of 
the memory system. 

The maximum capacitance per line for thi s mem­
ory system is : 

Precharge 
C enable 
Address 

324pF 
324pF 
504pF 

Read/Write 
Data Input 
Data Output 

540pF 
20pF 
12pF 

Due to the low capacitance and non-critical tran­
sition times imposed on the data input lines, the 
simple driver illustrated in Fig. 6 can be used. In 
order to drive the other lines in the time specified , it 
is necessary to add current boost ing as in Fig. 7. 

MOS-to-MECL translation maintains speed 
The output of the memory device is an open-drain 

MOS device with a minimum capab ility of 0.5 mA . 
Note from the timing di agram (Fig. 2) that the output 
always goes HIGH when C enable is brou ght LOW. 
At time tvo' the output will go LOW if the data bit is 
a logic " l ", or stay HIGH if a logic " O". This means 
that detection becomes critical on the trailing edge 
of the data output current, rather than on the leading 
edge. 

The minimum logic swi ng for MECL 10,000 is 600 
mV, and a minimum load res istance of 1.2 kfl would 
be required to convert the MOS output to MECL log­
ic leve ls. Two RC time constants for the maxi mum 
memory output capacitance (not including wiring or 
MECL gate capaci tance) is 28.8 nsec. When the 
wiring, gate capacitance and translator propagation 
delay times are added, this time can be as high as 50 
nsec. It is then obvious that a single load resistor 
should not be used for translating to MECL if the 
read access time is to be he ld to a minimum. 

For optimum access time, the impedance seen at 
the data output should be as small as possible. The 
MOS-to-MECL translator given in Fig. 8 has a load 
resistance of 200.fl and wi ll easily convert the mem­
ory output to.a MECL leve l within 10 nsec. 

Power supply considerations 
The recommended power supply voltages for 

MECL 10,000 are ground and -5.2V. The output 
emitter fo llowers of MECL 10,000 require external 
pulldown resistors to either -5.2V or -2.0V. Due to 
the large power sav ing as well as the advantages of a 
transmission line environment, a -2.0V line was 
chosen. For example, the average power diss ipation 
of a 510.fl pulldown resistor to -5.2V is 32 mW. 
This is in contrast to only 9 mW for a 91 .fl pulldown 
resistor to - 2.0V. The sav ings in power is approxi­
mately 3.5 to 1, which would more than justify the 
use of a third power supply in most large systems. 

For MECL 10,000, the -5.2V power-supply cur­
rent drain is essentia lly independent of the logic 
state and speed of operation. This constant-current 
feature results in negli gib le current variations on the 
-5 .2V line, insuring a quieter, more troublefree sys­
tem. Although the current drain is nearl y constant, 
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bypassi ng on the supply is recommended. A 1.0 to 
10 µ.F capacitor at the - 5.2V supply inputs, and at 
least a 0.01 to 0.1 µ.F capacitor for every four or five 
packages should be adequate for most systems. 

Current transients are present on parallel terminat­
ed li nes ; therefore, the -2.0V supply will be subject 
to considerab ly more noise than the - 5.2V line. To 
insure adequate bypassing, good RF-type capacitors 
(0.01 to 0.1 µ.Fl placed every three or four packages , 

-· 

and 1.0 to 10 µ.F capacitors at the - 2.0V supply 
inputs, are recommended. 

Two additional voltages are required for the 
11 03-type MOS memories. They are + l 9V (Vu8 ) 

and + l 6V (V55 ). In the memory, an equivalent sili­
con junction diode must be reverse biased. If for 
some reason the Vu 13 line should drop below the V5 8 

line during turn-on or during normal operat ion , ex­
cessive current could flow through thi s diode and 
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Fig. 5- Complete logic diagram tor the memory control card . The three conlro l sec tions are shaded in difrerent co lo rs. 
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permanently damage or destroy the memory. To in ­
sure proper turn-on as well as proper VJJ 8 voltage 
regulation, the VJJJJ vo ltage should ei ther be gener­
ated with a 3 to 4V power suppl y in seri es with V5s, 
or the V55 vo ltage should be regulated 3 to 4V below 
VHJJ' Either scheme insures that the v/JB line will ri se 
at least as fast as the V55 line during power turn-on . 

To further insure that the si li con diode is never 
fo rward biased through accidenta l grounding of v/1/1 1 

a hi gh-current hot-carrier diode, such as an 
MBD5300, should be placed across the Vss and V13 JJ 
lines. The forward voltage drop of the MBD5300 is 
far less than that of the silicon junction diode of the 
memory, so all of the current from V55 will be shunt­
ed through the hot-carrier diode, rather than through 
the memory devices. 

A 4k word x 18-bit memory array produces large 
current surges on the V88 supply during normal oper-
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ation. To maintain proper vo ltage leve ls, adequate 
bypassi ng of V58 is essential. At least a 0.5 to 1.0 µ,F 
low-inductance capacitor should be used for every 8 . 
or 9 devices and should be placed as close to the 
devices as possible. Bypassi ng on the V line 8 /J 

shou ld be with respect to V ss rather than with re-
spect to VDD· This insu res that the V 88 line will track 
the Vss line. To further insure tracking of these sup­
plies, a sma ll impedance (3000) can be placed be­
tween the two supplies. 

How much power is needed? 
Memory control board. The memory control 

board contains suff icient logic to handle 8k words 
by 18-bits of memory. Thirty-seven MECL 10,000 
packages are required to implement thi s logic with a 
typical - 5.2V current drain of 1.6A. The - 2.0V line 
typically draws 0.8A. 

For each additional 8k word of memory expan­
sion , one MC10133 quad latch , two MC10162 1-of-
8 decoders and four MC10101 quad gates are re­
quired. These additional packages increase the 
- 5.2V current by a total of 330 mA, and add 150 
mA to the - 2.0V supply. 

Memory board power. Power for the memory 
board is divided into two segments. The first is the 
power consumed by the memory array itself, and the 
other is used in the level translators. 

For the memory array, the power consumed is a 
fu nction of the memory cycle used and the number 
of devices made active during a si ngle cyc le. With a 
memory cycle time of 580 nsec and a precharge 
pulse width of 190 nsec, the max imum average V 

I 
ll 

supp y current specified is 25 mA. A close examina-
tion of the memory specifications revea ls that pre­
charge accounts for over 70% of the memory power 
for these conditions. Therefore, in large memory sys­
tems considerable power can be saved by decoding 
precharge. For inactive memories the maximum av­
erage V55 current specified is 4 mA. With these V55 

cu rrent va lues, the maxi mum average V55 current for 
a 4k word by 18-bit memory employing precharge 
decoding is: 

lss = 18 X 25 n;A + 3 x 18 x 4 mA = 666 mA. 

LOW CAPACITANCE DRIVER 
+ 16V 

680 _ _____ v •• , 

v.n o----1 

10101 

- 5.2V 

Fig. 6- Low-capacitance MECL-to-MOS driver . 
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101 01 

HIGH CAPACITANCE DRIVER 
+16V 

- 5.2V 

Fig. 7- High-capacitance MECL-to-MOS driver adds current 
boosting. 

If precharge decoding is not employed, then 158 be­
comes : 

188 = 18 X 25 mA + 3 x 18 x 21 mA = 1580 mA. 
Thus, not decoding precharge for a 4k word x 18-
bit memory system results in approximately a 137% 
increase in V55 supply current. 

Level translators account for the remainin g power 
on the memory board . The memory board contains 
18 low-capacitance translators for data input, and 20 
high-capacitance drivers for address se lection, pre­
charge, chip enable and read/write. In order to con­
serve power, all of these translators are forced hi gh 
during the time the memory system is not being 
used. Both the high- and low-capacitance drivers 
supply constant current to the - 5.2V supply, regard­
less of their logic state or frequency of operation. 
This feature greatly reduces the current variations on 
the -5.2V line, which otherwise might cause noi se 
problems. Total -5 .2V supply current for the low 
capacitance drivers is: 

.IEE,= 18 x 50 mA = 900 mA. 

For the high capacitance drivers, total I is: EE2 

IEE
2 

= 20 x 67 mA = 1340 mA. 

Therefore, the tota l -5 .2V current for the 38 MECL­
to-MOS translators is: 

IEE = 1£.E, + IEE
2 

= 2240 mA. 

As for the V55 line, it only supplies de current dur­
ing the time the translator outputs are in the LOW 
state (V DD) . In the LOW state, the low-capaci tance 

·driver draws typically 23 mA and the high-capac i­
tance driver draws 40 mA. Therefore, the typical 
worst-case de current for 18 data and 1 O address 
translators is : 

155 = 18 x 23 mA + 10 x 40 mA = 814 mA. 
Due to the low duty cycle of the 1 O clock drivers 
their power di ss ipation is considerably less . Maxi~ 
mum typi ca l 185 for precharge and chip enable is 13 
mA and 23 mA, respectively . 
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MOS 
DATA 1N 

MEC L 

ALL RESISTORS IN OHMS 

Fig. 8- MOS-to-MECL translator has low impedance to maintain 
high speeds. 

In the high-capacitance level translators, the cur­
rent-boost transistors dissipate power only when 
charging and discharging high-capacitance loads. 
Thi s power can be found from the following rela­
tionship: P = CV2f. With a memory cycle time of 
645 nsec, the fol lowing dynamic translator powers 
are: 

Precharge/Chip En ab le: 
P = 324 pF (16V)2 (1 /645 nsec) = 129 mW. 

Read/Write: 
P = 540 pF (16V)2 (1 /645 nsec) = 214 mW. 

Address : 
P = 504 pF (16V)2 (1 /645 nsec) = 200 mW. 

The remaining translators on the board are MOS­
to-MECL. These 18 data translators require a total 
-5.2V current of 210 mA. The - 2.0V line requires a 
typica l current of 700 mA. 

ECL layout considerations are important. 
With large systems, multi-layer boards are pre­

ferred. However, double sided boards were used for 
thi s system, which added somewhat to layout di ff i­
cu lty. MECL 10,000 is compatible with double sided 
boards, but for best results the fol lowing layout rules 
should be observed . 

Since MECL is most senstive to V cc (Gnd) varia­
tions, a good ground plane or bus is one of the most 
important considerations. Idea lly, a ground plane 
should cover one side of the board, with the inter­
connections and supplies on the other. However, in 
most cases the layout will be too complex to permit 
all interconnects and supply lines to fit on one side. 
Therefore, on the ground side of the board , the lay­
out should be pl anned so that interconnecting paths 
wi II not cut off a section of the ground plane, or iso­
late a section so that it is connected to the rest of the 
ground plane only with a narrow meta l striP, . 

If ground buses have to be used, such as on the 
memory board, their width should be kept as large 
as poss ible, with at least 0.15 in . of width for each 
10 packages. A good ground plane or bus will re­
duce current transients aris ing in parallel terminated 

lines, and also elim inate possible high-frequency 
ground loops. 

If possible, the interconnect ions on one side of the 
board should run perpendicular to the interconnec­
tions on the other side. Since the -5.2V line (V81.) is 
not as critica l as the V cc line, it can be routed as 
necessary. 

The layout of the contro l board was relatively 
si mple due to the small number of packages. O n the 
other hand, the memory board presents a consider­
ab le layout problem because of the large number of 
devices. A 4k word by 18-bit memory requires 72 
memory packages, 38 MECL-to-MOS translators and 
18 MOS-to-MECL translators . 

In order to insure reasonable success, the fo llow­
ing layout rules should be considered. Dynamic 
MOS memories exhib it two undes irab le characteris­
tics: one is high surge current during precharge, and 
the other is large chargi ng current encountered dur­
ing switchi ng of the contro l signa ls. As mentioned in 
the power suppl y section, adequate bypassi ng is es­
sential to supply peak surge current demands . Also, 
the fast switching contro l lines can couple noise to 
adjacent lines, wh ich can cause the system to fa il. 
To reduce crosstalk and ground current noi se, the 
fol lowing guidelines shou ld be fo llowed: 

• Clock drivers and add ress level shi fters shou ld 
be placed as close as possib le to the memory array 
to keep rin ging problems to a minimum. For examp le, 
assume that the read/write line is 16 in . long and has 
a measured characteri stic impedance (Z

0
) of 1200. 

The line, when mounted on G-10 fiber-glass epoxy 
board , has a width of 0.015 in. and exhibits a propa­
gation delay of 0.15 nsec per in . The high-capaci­
tance driver used is the one given in Fig. 7. This 
driver has a typical output impedance for both the 
HIGH and LOW states of approxi mately 1 Ofl without 
the damping res istor. Since two read/write translators 
are used for each 4k words of memory, the maxi­
mum capacitance seen by each driver is 540 pF. 

Us ing these values in a computer program de­
signed to ca lculate the overshoot and undershoot of 

+ 16V 

CONTROL LINE 

/ 

- 5.2V 

Fig. 9- 0utput translators use 1 k pull down resistors to reduce 
cross talk and ground current noise. 
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an unterminated line, reveal s that the overshoot will 
be 41 .6% and the undershoot 17.7%. These are the 
va lues with zero damping resistance. 

The actual ringing encountered at the end of the 
16 in. line with zero damping resistance is 51.5% 
overshoot and 39% undershoot. 

Ringi ng can be greatly reduced by inserting a small 
damping resistance in series with the line. By addi ng 
1 on to the line, the calculated overshoot and under­
shoot become 19.2% and 5.3%, respectively_. The 
actual measured overshoot is 26.6%. 

The overshoot is still too high to meet specified 
limits, but it could be reduced further with a larger 
damping resistor or by clamping diodes. An increase 
in damping resi stance is undesirable as it will de­
grade rise and fall times. 

Clamping diodes can be avoided if the line length 
can be greatly reduced. The ca lculated overshoot for 
an 8 in . line with a 1 on damping resistance is 8.2%. 
Measured overshoot was 6.7%. 
• Data- in and data-out lines should be on the oppo­
site side of the board from, and run perpendicular to, 
the control lines. 
• If possible, V ss and V DD should be distributed in 
a grid fashion to help reduce power supply noise. 
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PERIPHERAL 
PERFORMANCE 
IMPROVERS ... 
Low-Inertia DC Motors 
from MCD! 
Designed solely for the EDP mar­
ket, by Control Data®'s own 
" inside peripheral component 
experts," our units all offer per­
formance-proved , low-inertia 
advantages: high resonant fre­
quency, high acceleration , high 
heat dissipation , and lower oper­
ating cost!-for the life of your 
products! 

These MCD " lmprovers" can be 
supplied with a performance 
package option , too : Motor, Cap­
stan, Vacuum Manifold and Tach­
ometer- ready to go - and keep 
going for the goingest peripherals 
in the field! 
DETAILED DATA and performance 
brochures can be on their way to 
you fast-Write Now! 

MAGNETIC 
COMPONENTS 

QIVISION 

CONTROL DATA 
CORPORATION 

7801 Computer Ave. So ., Minneapolis. Minn. 55435 
(612) 920-8600 TWX 910-576-2978 

CHECK NO. 73 

• The ground lines of the translators and memories 
should be separate from that of the MECL 10,000 
logic. 

• Clock lines should be shielded from each other 
and the distances between translator lines should be 
as large as the I ayout wi 11 perm it. 

• Emitter-fo l lower output-type translators (Fig. 7) 
should have a pu lldown resistance (typica lly 1 k!!) 
to ground at the end of the line (Fig. 9). o 

Author's biography 
Dick Brunner is a senior 
computer app li cations engi ­
neer at the Motorola Semi­
conductor Products Div. , 
Phoenix, AZ. He received 
his BSEE from the Univer­
si ty of Colorado and is com­
pleting hi s MSEE require­
ments at Arizona State Uni­
versity. 
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WHAT'S 
MY LINE? 

Making things happen! ... as arc 
suppressors, multivibrators, oscillators, 
photochoppers, voltage regulators, 
relays, SCR controllers, wave generators 
and lots of other things. I'm low-cost 
and long-lasting with close tolerance 
and reliability . . . I 'm an lnner-Vator 
from Glowlite. Take the blindfold off. 
Write for my catalog :ff EDN-172 . 

~!!?l!'~ite 
Subsidiary o f El -Tron1cs, Inc. 
Pauls Val ley, Okla. 73075 • (405) 238-5541 
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The WESTON Model 4442 
tells it like it really is. 

Some manufacturers brag 
about the accuracy of their DMM's. 

But none of them can match 
the amazing new Model 4442's 
-+- .05% of reading,-+- one digit. 
It tells it to you just like it is. 

Others talk about the size 
and weight of their instruments. 

Well, how does 2.25" x 
5.45" x 7" sound? And less than 
2.5 pounds? You can even slip 
it into your brief case. 

Still other meter-makers 
claim to have the lowest prices. 
They don't mention the cost of 
the accessories such as batteries. 

The 4442 does everything 
any other 31h-digit meter can do, 
and it does it all for just 

CHECK NO. 19 

$325, complete-probes, batteries, 
fuses, case, and AC line converter. 

There's nothing else to buy. 

So, whenever you're ready 
for a 31/2-digit DMM with 20 full 
ranges and dependable LSI chip 
circuitry, head for a Weston 4442. 
It's the only one you can rely on to 
tell it like it is. 

See your Weston Distributor 
or write Weston Instruments, Inc., 
614 Frelinghuysen Ave., 
Newark, N.J. 07114. 
We're either first or best. Or both. 
WES I ON® M.-ani'.fo.J 



The inside story 
on Spectrol trimmers . •• 

Cp.s. they're a bargain!» 

High quality/low prices 
Don 't let the high quality of our Spectrol trimmers 
fool you ... check our prices - they're competitive! 

Broad line/ all types 
Rectangular, square, round, cubic, or T0-9 
packages, wirewound or cermet elements, 
industrial or MIL-Approved models- we've got 
them all! 

Local stock/ off-the-shelf 
Looking for products in a hurry? Try your local 
Spectrol distributor . . . there are over 75 

authorized outlets in the United States and 
Canada, and we have factories in England 
and Europe as well. 

Get a Spectrol quote before you buy! 
Break that careless habit of sole-sourcing your 
trimmer buys - or that dangerous habit of buying 
on price alone .. . demand high qual ity as well as 
low prices - get a Spectrol quote before you buy! 
Contact our local distributor or call us directly. 
(The reader service card will get you our Short 
Form Catalog.) 

spectrol 
SPECTROL ELECTRONICS GROUP 

UNITED STATES Spectrol Electronics Corporation 11010 E. Gale Avenue, City of Industry, Ca l if . 91745, U.S.A . • (213) 964-6565 •TWX (910) 584-1314 

UNITED KINGDOM Spectrol Reliance Ltd. Drakes Way , Swindon, Wiltshire , England • Swindon 21351 •TELEX : 44692 

ITALY SP Elettronica spa Via Carlo Pisacane 7. 20016 Pero (Mi lan) Italy . 35 30 241 • TELEX : 32242 

CHECK NO. 47 
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Three-phase A/D conversion has 
high accuracy and low cost 
A new conversion technique for those applications not requiring high speed 

improves integrated slope performance, yet eliminates costly circuits. 

Harold S. Goldberg, Data Prec ision Corp. 

In general, there are three main types of analog-to­
digital conversion techniques used in digital mul ti­
meters: conversion by successs ive approximation, 
conversion by circul ating remainder and conversion 
by integrated slope. The integrated slope technique 
offers the best accuracy, linearity and immunity to 
noise, but not the hi ghest speed. However, this is not 
a handi cap for relati ve ly low-speed appli cations, li ke 
in digita l multimeters, where the human response in 
reading data requires more time th an is normall y 
needed fo r accurate conversion. Conversion rates of 
2 to 3 per second are easily obtained; greater speeds 
may produce undes irable fli cker and may be di fficult 
to read or interpret. 

Updating integrated slope techniques 
The earl y fo rm of the single-s lope integrator circuit 

was configured as in Fig. 1. Logic circuitry (not 
show n) provides a clock and counter for contro l of 
the conversion cycle and for driv ing a di sp lay with 
the developed count. Briefl y, the circuit accompli sh­
es the conversion by developing a time interva l (t) 
proporti onal to the magnitude of the input vo ltage 
(V 1N) and scaled as a proportional pa rt of the full - · 
sca le excursion from - v1• to + VJ.,. 

At th e start of each conversion cycl e, the i ntegra­
to r output voltage (VA) is at some negati ve va lue 
-(Vuul, whi ch is algebraica ll y less than the nega­
ti ve full sca le - V18 . Th e - V ut:F leve l is connected to 
the integrator input and the voltage VA ri ses linearl y 
at a rate determined by the time constant RC, where 
R = R1 • When the va lue of V A reaches - V18 , the 
output of A2 changes polarity and starts the counter. 
When voltage VA reaches the va lue of input V1,, ,, the 
output of A3 changes polarity whi ch stops the coun­
ter. The timin g logic permits the integrator to con­
tinue fo r a planned interva l T, suffic ient to allow VA 

to exceed the posi ti ve full-sca le range va lue + V18 . 

Then the logic switches the reference input to + V ut:F 

and the discharge of the integrating capaci tor C is ac­
compli shed at the relatively fas t time constant, RC, 
where R now is R2 < < R1• The cycle then repeats. 
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In the no rmal meter appli cations, the previous 
counter va lue is held , or latched, in a buffer storage 
w hile the counter is changing, so th at the di splay is 
updated onl y after the counter is stopped, and does 
not refl ect the changing va lues as the counter incre­
ments to the next measured result. 

The time interva l, whi ch determines the counter 
va lue, is obtained accord ing to the equation : 

VA + v j.s 
and t = RC 

V REF 

The techn ique is trul y simple to implement and is 
relati ve ly inexpensive. However, accuracy is depen­
dent on the precis ion of R1 and C, and of the genera ­
ti on of the references vfs and v /IEF" M oreover, ampli ­
fiers 2 and 3 acting as comparato rs must fl oat and 

START 
COUNTER 

">--0 STOP 
COUNTER 

Fig. 1- Single-slope integrating a/d has poor accuracy. 
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t=-TorV =-v,., 1n T 

Fig. 2 - Dual-slope integration ,1/d improves accuracy but suffers from long-term drift. 

are subject to common mode voltage problems in Note that this result is independent of the values 
determining the cross-over polarity points as they of R or C, and that the instrumentation utili zes a 
start and stop the counter. In addition, the resu Its are grounded comparator; both are improvements over 
affected by drifts of the reference generating circuit, the single-slope technique. Also, with thi s technique 
the comparator amplifiers and the integrator. Digi- a single up counter is all that is needed, rather than 
tally , for bipolar operation, the input requires an an up/down counter, to get both polarities on the 
up/down counter. display. However, a longer conversion time is re-

Some of the single-slope integration problems are quired for the two phases instead of one; two voltage 
solved by the dual -s lope technique . A typical dual - references of equal but opposite polarity are re-
slope circuit is illustrated in Fig. 2. Its operation pro- quired and the performance is still dependent on the 
ceeds in two well defined phases, as controlled by long-term drift of integrator and comparator ampli-
digital logic circuitry not shown in the illustration . fier units. 
Briefly, the voltage to be measured is integrated for a ,..-----------------------. 

constant interval during phase 1, and then the 
charged integrating capacitor is discharged at a con­
stant rate during phase 2. Because the charge at the 
end of phase 1 is theoretically proportional to the 
input unknown voltage, the time to discharge is then 
proportional to this value. The counter circuit trans­
lates the di scharge time to a sca led count that repre­
sents the input voltage. 

At the start of ph ase 1, the integrator output vo lt­
age VA is zero, and the unknown input is connected 
to the integrator by switch 1. The integrator acts for a 
fixed interval T, as controlled by the master c lock 
and digital logic circuitry. At the end of time T, the 
value of VA will be proportional to the input v,.v and 
the value of time constant l/RC. 

At the sta rt of phase 2, switch 1 opens removing 
the unknown input and connecting either + V HEF or 
-VllEF' depending Upon the polarity Of the input V1,y, 

so as to reduce the charge on C during phase 2. 
Phase 2 proceeds unti I the output of the comparator 
changes polarity, indicating the zero-cross ing (com­
pared to ground ). The time (t) to discharge C is then 
a measure of V1:V according to the equation: 

T 
t = -V V1N, where T and V1u:r are constants. 

Ut."F 

EFFECT OF DRIFT - INTEGRATOR 

/~ 

~/ 

EFFECT OF DRIFT - COMPARATOR 

ERROR 

V'in = Vin + e drift 

-1, I- ERROR 

TRUE READING 

v =2...v t 
compannor offMt RC ref • 

Vcomp ott•t (RC) 

I I-ERROR t, =-v;:;-
------COMPARATOR 

NEW ZERO 

TRUE READING 

Fig. 3- Drift components that reduce clu Jl-o, lope'> accuracy. 

It may be of interest to indicate the error impact of 
the integrator drift, as illustrated in Fig. 3. The inte­
grator drift introduces an offset input whi ch alters the 
rate of charge and discharge of the capac itor, and 
hence the va lue of VA reached at the end of interval 
T, and the ti me of zero crossover (t). 

The comparator drift introduces an offset which 
affects only time t, at which the zero crossover end­
ing phase 2 may be detected. 
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TRIGGER 
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SWITCHES 1 SWITCH 2 SWITCH 3 
ARE CLOSED IS CLOSED IS CLOSED 

END OF 
CON VERSION 

I 
<l> l 

Fig. 4- Self zeroi ng in Triphasic technique el imina tes long-term 
d ri ft compone nts . 

Triphasic conversion eliminates drift 
Thi s is similar to the dual-s lope technique, but as 

its name impli es, a third ph ase of operation is incor­
porated in each conversion cyc le, whi ch effectively 
eliminates the drift impact on accu racy. The TRl ­
PHASIC (TM) circuit is illustrated in Fig. 4. The mas­
ter clock, digital timin g and contro l logic, and coun­
ter circuitry are not shown. 

During ph ase 1, the switches marked 1 are closed. 
These accompli sh two functions: fi rst, the integrator 
input is grounded, presenting zero signal to the input, 
and second, the integrator-comparato r loop is closed, 
so th at any non-zero signal components in the acti ve 
or passive elements of the loop wi II be servoed out 
by the charge stored on capaci tor C1 I built up by the 
servoing action during ph ase 1. Thi s is the value 
needed to compensate for "zero dri ft". At the end of 
phase 1, switches marked 1 are opened, leaving the 
stored value of C1 connected to the non-inverting 
input of the integrator. 

During phase 2, switch 2 is c losed, connecting the 
unknown voltage (V 1.v) to the invertin g input of the 
integrator. The integrated va lue, appearing at the 

c, 
:I: 

Fig. 5- How to compensate for drift in Triphas ic a/d. 
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output of the integrato r, is thus corrected fo r the zero 
drifts determined during phase 1. As in normal dual­
slope action , the integrator action proceeds fo r a 
fixed interval (T), defin ing phase 2. 

At the start of ph ase 3, the unknown vo ltage v,.v is 
di sconnected from the integrator input, and the ref­
erence voltage of proper po larity is connected by 
switch 3 to drive the vo ltage on the capac itor to 
zero. The zero crossover is detected by the ground 
referenced comparator, and phase 3 is completed . 
The time for phase 3 is indi cated by a counter va lue 
and di spl ayed as a sca led measure of the input. 

Drift compensation 
The foll owing analys is indi cates how the charge 

bui It up on the memory capac itor C effecti ve ly 
co mpen sates fo r the dri fts of the integr~ to r and for 
the comparator. 

Consider the effects of integrator drift first, and let 
the dri ft be represented by an equi va lent vo ltage (e) 

Fig. 6- Input buffer amplifier a lso adds to dr ift. 

at the inverting input to A, as shown in Fig. 5 . Dur­
ing phase 1, the loop is dosed and the servo actio n 
continues until the voltage (v) at the non-invert ing 
input to A , is equal to the effect of e at the invert ing 

I I 

input. 
The o utput of A1 is - A1 (e1 - v), w hich is the input 

to A2 • 

The output of A2 is -A2 (-A) (e1 - v), and thi s is 
also v. 

v = A 1A2(e1 - v) = A1A2
e - A1A2v 

A1A2e1 
v= 

1 + AIA2 

For high gain va lues of A1 and/or A2, 

A1A2 ~ 1 , and 

v = A1A2 e = e . 
Al~ I I 

Thus, v se lf-servos to the e1 leve l. 
To i 11 ustrate the compensation fo r the effect of com­

parator A2 drift, refer aga in to Fig. 5. Let the co mpara­
tor dri ft result in an equiva lent offset (e2 ) introduced 
at the non-i nvert ing input to the amp li f ier A.,, and let 
the closed loop ga in of A1 be represented by G1. 

If o is the output of A1 applied to the inverting in-
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Usual Method 

SER VOED de RAILS 

..----o +REF 

MIN Tc 
ZENER 

Fig. 7- Typical method for generating voltage reference requi res 
high-cost components. 

put of A2, then the output of A
2 

is: 
A2(e2 - o), and thi s is fed back to A

1
, so that the 

output of A 1 is: 
G 

1 
( A

2
) ( e

2 
- o) , 

wh ich is also o. Therefore 

0 = G ,A2e2 - G,A2o 

s:o = G 1A. 
u - e., 

+ G 1A2 -

And for high gai ns of G 1 and/or A2, so th at 
G 1 ~ ~ 1, o = e2 • 

But the error output signal is v, w here v is the out­
put of A, wi th o and e2 its inputs, thus: 

v = A:(e2 - o), so that using o from above, 

G 1A., ) _ A., 
e2 - e., 

+ G
1
A

2 
1 + G 1A2 -

e., f A v = --- e = - - or ~ 1 
1 2 G, 2 

;;:+ c, 
2 

If a high-impedance input buffer ampli f ier is used 
preceding the integrator-comparator c ircuitry, it is 
also a source of dri ft error, and its contrib uti on to the 
stored compensation in the Triphas ic des ign may be 
calculated as indi cated in Fig. 6 . 

If the zero dri ft of the amplifier is eA and its closed 
loop ga in is GA, then the amplifier output is GAeA, 
and the in put to A 1 is: 

(v - G;1 e) 
w hich is ampli fied by A 1A2 

and becomes v. 

Thus, 

Combining all the zero dri ft components of v in a 
linear manner incl uding that of a buffer input ampli ­
fier, 

Thi s indi cates the magni tude of offset error which 
appears at the comparator ampli f ier output using 
the Triph as ic des ign. Without thi s feedback , the 
open-loop output would be: 

V 1 = G;1 A1A2e11 + A 1A2e1 + A2e2 

obviously we ll into saturati on. Thi s is the dri ft that 
must be min imi zed by expensive and exoti c ampli f ier 
des ign or by frequent and annoying front-panel ad­
justments. 

In the Triphasic approach, ampli f ier dri fts in the 
order of 10 to 30 mV referred to input may be to l­
erated with amplifier ga ins of GA = 8, A 1 = 10,000, 
and ~ = 50,000. A minimum of 30 msec is ass igned 
to thi s se lf-servo phase between each conversion, 
assuring continuous correction. 

Reference accuracy counts too 
The second source of analog-to-digital conversion 

error ari ses from the accuracy and drift of the refer­
ence source for the down-ramp integration. The 
accuracy of the reference voltage determines the 
sca ling accuracy of the conversion. Where the refer­
ence vo ltage for the conversion is also used as the 
reference fo r the sensor at the origin of the data, 
maintain ing the accuracy is a relati ve ly minor prob­
lem, requiring careful attention to the interconnec­
ti on between source and converter. The generation 
of equal reference voltages of opposi te pol arity 
however, is a converter function and is typica lly 
accompli shed as shown in Fig. 7. 

A minimum temperature-sensitive zener diode is 
usually connected in a servo c ircuit in order to 

2V 2 

lV 

OV 

Fig. 8- l sopolar reference generation eliminates costl y parts. 

mainta in a stab le vo ltage as the positive reference. 
Then a unity-ga in invert ing amplifier deve lops the 

. negati ve po larity of the reference fo r converter use. 
The c ircuit depends fo r its accu racy on the tempera­
ture compensation of the zener and ampli fie r, and 
on the zero dri ft characteri sti cs of the amplier. In 
additi on, the c ircuitry to develop the oppos ite pol ari ­
ty represents an added cost and reduced reli ab ility as 
the source of potential failure. 

The three phases of the Tri phas ic a/d conversion 
prov ide a logic control sequence which is used in a 
pass ive circuit to generate the equal and oppos ite 
po larity reference vo ltages. Thi s des ign technique is 
known as the lsopo lar reference generation Fig. 8 . A 
minimum Tc zener diode is incorporated in a ser­
voed loop as in the typi ca l des ign. An improved 
temperature characteri sti c is obtained by enc los ing 
the diode in a thermal controlled oven, y ie ld ing at 
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least a 10: 1 improvement. The servoed constant 
current in the loop is then directed through a preci­
sion resistor divider network to establish precise val­
ues of + 2V and + 1 V with respect to reference OV. 

During phase 1 of the Triphasic operation , switch­
es designated "1" in the illustration are closed. This 
charges capacitor C to + 1 V with the charge polarity 
as indicated. At the end of phase 1, the "l" switches 
are opened and the capacitor remains charged, be­
coming in effect a battery of 1 V potential. The FET 
switch, through which the selected reference value 
(VA ) will be connected to the a/d integrator compar­
ator c ircuit, is of very high impedance and no charge 
of any consequence is conducted from the capacitor 
in the time sequence of one conversion cycle. 

Now, at the end of phase 2, the polarity of the 
unknown input is sensed, and the reference of the 
opposite polarity is to be connected at VA through 
the Hi-Z FET. If a + 1 V reference is required (to con­
vert a negative unknown voltage), then switch 2 is 
closed . This action places the high side of the capac­
itor at + 2V potential, delivering + 1 V with respect to 
reference 0 at VA. If a -1 V reference is required (to 

controlled r1'S... 
~products 

convert a positive unknown voltage), then switch 3 
is closed . This connects the high side of the charged 
capacitor to reference 0, delivering -1 V with re­
spect to reference 0 at V11 • The charge on the capaci ­
tor is updated to 1 V at the start of each conversion 
cycle. o 
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Corp. , Wakefield, MA. He 
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dent of Analogic Corp. Mr. 
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look at a 

IPEllALllEI 
Pl\VEI 111111 
this way ... 

PREE brochure from the co,mpany that custom 
builds power units at low cost per KW output. 

Specialized power sources WITH PROVED INGREDIENTS 
FOR PRODUCT SUCCESS come from controlled KW prod­

ucts, a division of Miller Electric Manufacturing Company 
. . . known for technological and design excellence in 
power sources, for over 40 years. 

Wide Range of OEM Requirements 
controlled KW products custom builds power units for lowest 

cost per KW output in environmenta l testing ... motion pic­
ture projection and lighting ... solar simu lation . .. plasma 
arc heaters ... induction furnaces ... desalinization ... 
high temperature furnace melting ... vacuum plating . .. and 
count less other applications. We move quickly in design, 
engineering and manufacture. We join our technological com-

petence with yours, creating controlled KW power to fit 
your needs. Ask for brochure #FLDEM. 

P.O. Box 1087 • APPLETON, WISCONSIN 54911 
A Division of Miller Electric Manufacturi ng Company 

CHECK NO. 49 
CHECK NO. 51 ~ 
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This problem should take you 
about 17 minutes to solve. 

Four shapes make a perfect square. t So do f ive. 
As an engi neer, you should solve this in 17 minutes.* 

With P&Bs Reed-Triggered Triacs you solve 
critical switching,longevity and mounting problems. 

Controlled and isolated by a reed 
relay, these solid state AC switches 
provide a modern means for inter­
facing DC logic signals and AC­
powered loads such as motors, re­
lays, solenoids and lamps. Expected 
life exceeds 1 million operations so 
they are especially suited to highly 
repetitive applications. 

Switching capabilities range from 
1.7 to 20 A rms, 60 Hz depending 
upon type of package and mounti:ig 
method. All have a 1 Form A (SPST­
NO) " contact" as well as an internal 
RC network that provides dv/dt sup­
pression. All feature the inherent 
long life and the ability to switch 
high inrush loads that characterize 
thyristors. 
ECT Series. Steady-state rms current 
ratings (at 25°C) range from 2 to 20 
amperes depending upon the method 

Immediately. 

of mounting. Coil voltages are from 
5 to 48V DC. Power requirements 
are 290 mW for 120V, 60 Hz opera­
tion and 450 mW for 240V, 60 Hz. 
.250" quick-connect terminals are 
standard with .187'' and .205" also 
available. 
EBT Series. The solid-state " con­
tact" is designed to carry a maxi­
mum load current of 7A rms, 60 Hz 
at 25 ° C ambient. This series pro­
vides the convenience of octal plug­
in terminals and may be mounted in 
a socket having screw terminals. 
JOB Series. This fully-encapsulated, 
low-profile (.350" height) hybrid will 
switch 1.7A AC loads. It is being 
used in modern machine tool con­
trols, food packaging equipment and 
similar applications requiring DC in­
put and AC out-put switching. 
EKU Series. Rated at 7 amperes, 60 

Solving switching problems is what we're all about. 

t"Madagaacar Madness". Copyright Behavioral Sciences, Inc. 

CHECK NO. 51 

EBT 

Hz at 25°C, the EKU is housed in the 
versatile KU-style case and has .187" 
quick-connect terminals. It may be 
mounted direct to a chassis or in a 
socket having screw, solder or 
printed-circuit terminals. A wide 
variety of P&B relays and solid state 
time delays are housed in this same 
case. 

For complete information , call 
your local P&B representative or 
Potter & Brumfield Division AMF 
Incorporated , Princeton, Indiana 
47670. 812 385 5251 

• Like to try your hand at solving the 
puzzle shown above? Ask your P&B rep­
resentative for one. 

Potter & Brumfield 



1973 
B@~ 

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

Don't miss this unique opportunity. 

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

§~ 221 Columbus Ave I Boston, Mass. 02116 

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

Watch for the detailed tour schedule in our next issue. 
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DATE 

January 10 
A.M. 

January 10 
P.M. 

January 11 
A.M.-P.M. 

January 12 
A.M. -P.M. 

January 18 
A.M.-P.M. 

January 19 
A.M .-P.M. 

January 22 
A.M. 

CO-HOST 

January 22 
P.M. 

INVITEE 
INVITEE 

January 23 
A.M. 

January 23 
P.M . 

January 24 
A.M .-P.M. 

January 25 
A.M . 

January 25 
P.M. 

INVITEE 

January 26 
A.M . 

January 26 
P.M. 

January 29 
A.M. 

INVITEE 

January 29 
P.M. 

January 30 
A.M. 

January 30 
P.M. 

January 31 
A.M. 

January 31 
P.M. 

TIME 

Wednesday 
9:00-11:00 

Wednesday 
2:00-4:30 

Thursday 
10:00-2:00 

Friday 
10:00-2:00 

Thursday 
10:00-2:00 

Friday 
10:00-2:00 

Monday 
9:00-11:00 

Monday 
1:30-4:30 

Tuesday 
9:00-11:30 

Tuesday 
2:00-4:30 

Wednesday 
10:00-2:00 

Thursday 
9:00-11:30 

Thursday 
2:00-4:30 

Friday 
9:00-11:30 

Friday 
2:00-4 :30 

Monday 
9:00-11 :30 

Monday 
2:00-4:30 

Tuesday 
9:00-11 :30 

Tuesday 
2:00-4:30 

Wedn esday 
9:00·11 :30 

Wednesday 
2:00-4 :30 

EON CARAVAN JANUARY ITINERARY 

SITE 

Honeywell, Inc., 4800 Dry Creek Road, Littleton, Colorado 

Hewlett-Packard , 815 S.W. 14th Street, Loveland, Colorado 

Hewlett-Packard, 1900 Garden of the Gods Road, 
Colorado Springs, Colorado (Parking: Building " A") 

IBM , 6300 Diagonal Highway, Boulder, Colorado 
(Parking: West of Building 021) 

Singer, Friden Division , 2350 Washington, San Leandro, Calif. 

Ampex Corporation , 401 Broadway, Redwood City, California 

Precision Instruments, 3170 Porter Drive, Pa lo Alto. 
California (Parking: Parking Lot) 

S. C.-Marchant Division, 3210 Porter Drive 

Philco-Ford , Western Dev. Lab., 3939 Fabian Way, 
Palo Alto , California 

Philco-Ford , Electronics Group 
Varian Associates 

Sylvania Electric , 100 Ferguson Drive, Mountain View, 
California 

Vidar Corporation, 77 Ortega Avenue, Mountain View, 
California 

Applied Technology, Division of Itek, 645 Almandor Ave., 
Sunnyvale, California (Parking: Building 849) 

Hewlett-Packard, 11000 Wolfe Road, Cupertino, California 

Information Storage Systems, 10435 North Tantau Avenue, 
Cupertino, California (Parking: Building 3) 

Four-Phase Systems, 10420 North Tantau Avenue 

Memorex, Central at San Tomas, Santa Clara, California, 

IBM, Montry & Cottle Roads, San Jose, California 

Burroughs Corporation, 6300 Hollister Avenue, Goleta .. 
California (Parking: North Parking Lot) 

Raytheon, 6380 Hollister Avenue 

Litton Systems, 5500 Canoga Avenue, Woodland Hills 

Bunker Ramo, 8433 Fall Brook, Canoga Park, t,alifornia 
(Parking: Visitor 's Lot) 

Teledyne Systems, 19601 Nordhoff, Northridge, Cailfornia 

Electronic Memories & Magnetics, 12621 Chadron, 
Hawthorne, California (To Be Confirmed) 

Northrup Aircraft, 2301 West !20th, Hawthorne, 
California (Parking: East Lot) 

FEBRUARY THROUGH MARCH CALENDAR TO BE RELEASED SOON. 
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Designers' Roundtable 

Designers discuss IC op amps: 
are they as good as they should be? 
You've heard all of those "good things" about JC op amps. 

Here are some of the pitfalls encountered by six engineers. 

When EON asked some local design engineers to 
participate in a discussion of IC op amps, we were a 
little hesitant about restricting the conversation to 
such a limited topic. In fact, during the interview ses­
sions, we discussed their feelings toward most linear 
modules and ICs, but it turned out that we could 
actually do several articles on just op amps. 

Surprisingly, there were very few beefs about the 
manufacturers or their hardware, but a great deal of 
discussion centered around the software deficiencies 
of op amps. 

Spec sheets take it on the chin 
If there is one area of unanimous opinion, it must 

be EEs unhappiness with manufacturers' spec sheets. 
Today's designers are as cynical about a manufac­

turers' spec sheets as they are about last years cam­
paign promises. Here are a few comments: 

"The first cardinal ru le-don't believe the data 
sheets-it's pretty hard to beat just plain basic em­
pirical lab results. " -Frank Slater. 

" Because of the competitive situation, a lot of 
things that should be mentioned on the spec sheets 
aren ' t, until the manufacturer has solved his prob­
lem. Then the problems are talked about because 
they have been solved. Offset voltage drift with tem­
perature, for different offset currents, for example, 
should be better spec'd. If you are using a device that 
is spec'd at 5 mV offset and a certain temperature 
drift, and you adjust that down to 1 mV, the drift gets 
worse. Very few devices are spec'd for this, and may­
be it's a rather elaborate parameter to specify for 
general-purpose devices, but a discussion on the 
data sheet of what to expect would be very valuable 
to designers." - Garrett Myers. 

"There are many specs that just don't show on the 
spec sheet. My requirements are mostly de, so speed 
doesn' t mean that much to me. One thing that is 
important to me is what happens to the input current 
when you go over the common-mode range. For that 
matter, what is common-mode range? Is it the volt­
age at wh ich you begin to see some distortion at the 

90 

output? That's one manufacturer's definition. I feel 
that the specified common-mode voltage shou ld be 
that voltage range over which all of the specifica­
tions of the op amp hold - period . If they tel I me the 
bias current is 1 0 nA, I expect it to be 10 nA over 
whatever common-mode voltage they specify. That 
is a spec that is rarely given. Sometimes the input 
current goes way up when you ' re up near the posi­
tive common-mode limits, especially in FET-input op 
amps." - Dick Davis. 

" I'd like to see a good discussion of all interac­
tions on the spec sheet. If there is a pin that I can get 
my hands on , I want to see it fully characterized. I 
don't want to be told simply to put a 1 OOk pot be­
tween pins x and y; I want to know everything that 
can happen." - Ed Merrick. 

"I think we are victims of specsmanship on all 
spec sheets. If you go to the spec sheet, you'll see 
some pretty strange tests. Now I don 't doubt that if 

· you go back and do the tests the way they did , you ' ll 
get the same answers, but the trouble is that it's real­
ly not a very valid test. An op amp with a 1 OO!l in­
put resistor and a 1 oon feedback resistor just doesn't 
exist in my world . It makes a good looking spec 
sheet, but I'm sorry, I don 't work that way. I have to 
live with a 1-kO input and 10-kO feedaround, and I 
don ' t get the same performance. Now whether they 
do that because it's easier to automate under those 
condit ions or they do it to make the spec sheet look 
better, I don't know. I'm inclined to say it's done 
because it looks better on paper. " - Frank Slater. 

" Spec-sheet parameters for input currents are only 
true at zero volts or at narrow common-mode 
ranges, and if you try to use those input current 
specs while you ' re using it at one of the approved pa­
rameters , you can 't do it; yet the spec sheet doesn't 
tell you that. It doesn't say that it will, but it doesn't 
say that it won't. A comprehensive spec that covers 
everything would be about 20 pages long and make 
the op amp too expensive, so that 's out, but a little 
bit of discussion on the spec sheet as to what these 
"tradeoffs are would be very useful. " - Garrett Myers . 
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Participants in the EDN 
Designers Roundtable 

on IC op amps 

Paul Levesque 
manager, materials 

engineering 
Hewlett-Packard Medical 

Electronics Div. 
Waltham, MA 
Electrocardiograms and 

patient-monitoring 
equipment 

Ed Merrick 
project leader 
Hewlett-Packard Medical 

Electronics Div. 
Waltham, MA 

Irving Chase 
chief engineer 
Vacuumetrics 
Waltham, MA 
Medical and research mass 
spectrometers 

Understand the manufacturers' problems 
If the designer is quick to criticize al I manufactur­

ers' spec sheets, they also have a deep understand­
ing of their problems, for most of them have seen 
firsthand how data sheets are born. They realize that 
marketing has more control than engineering and 
that marketing is not as conservative as engineering. 

"Somebody has to start talking about the short­
comings of the devices. Nobody wants to go broke 
because they have integrity, but I think this would 
show unusual character on the manufacturer's part, 
and I would support him". -Garrett Myers. 

Most of those present concurred in thi s statement. 
Incomplete spec sheets do nothing but waste time 
for everyone. If the part isn't right for the job, a spec 
sheet won 't se ll it, but it will create ill will. 

Typical values are typically useless 
"Typical spec ifications are of no value to me or 

any other engineer I've ever talked to. We cannot 
se l I instruments to typical specifications, so we can­
not design around anything but guaranteed compo­
nent performance. Unfortunately a good deal of 
space is wasted on some of the data sheets touting 
typi ca l values. " - Paul Levesque. 

" If I'm goi ng to do a selection process and a man-

Frank Slater 
program manager 
Military Data Systems 
Sanders Associates 
Nashua, NH 
High performance video 

displays 

Garrett Myers 
operations manager 
Jodice Contro ls Corp. 
Waltham, MA 
Industrial controls 

Dick Davis 
design engineer 
Teradyne, Inc. 
Boston, MA 
Test systems 

Bill Furlow 
associate editor 
EON Magaz ine 
Boston, MA 

ufacturer's willing to guarantee that a certain per­
centage of a typical lot will meet hi s typical specs, 
then typical would mean something. I could then 
use the fallout in some less severe application. But 
typicals are of questionable value unless the manu­
facturer defines typical." - Dick Davis . 

Testing is not a luxury 
All of the engineers EON talked to felt that some 

sort of screening of linear ICs was required . 
" Typically, you will experience 1 to 5% rejections 

against the manufacturer's data sheet. So the guy 
who's buying linear circuits without testing them 
must be experiencing a very high fai lure rate at some 
other point. 

The ICs that pass initial screening seem to do pret­
ty well, especial ly if you're using metal cans. Field 
failure rates on properly screened parts are impres­
sively low." - Garrett Myers. 

What about the equipment involved in testing op 
amps? Is it something that can be justified? Especial­
ly, what can a small company do to screen incoming 
devices? 

"Sm al I $5-1 Ok testers help but aren't really worth 

the effort. It takes $SOK to properly test an op 
amp with all of the interrelated variables to assure 
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that it will work in all of your circuits. The manufac­
turer cannot be entrusted to final screen for you even 
though he may have the best equipment and pro­
gram, because he is prone to logistica l errors (ship­
ping the reject bin). A good testing servi ce is the 
answer for the sma ll user." -Garrett Mayers. 

Has anyone had problems getting the manufactur­
ers to take back their defective parts? Not one person 
at the roundtable had. Most manufacturers, they 
q.greed, are eager to back up their guarantees. How­
ever, most felt that the manufacturers did not do an 
adequate analysi s of the failed components. 

"Only one manufacturer had taken my word that 
an evaluation part w as bad, and bothered to run a 
study on that part. Most of them will just say, 'ah, ya 
blew it up'." - Dick Davis. 

Power aging may be necessary 
" If you could see my field' failure logs-coveri ng 

thousands of ICs -and see the difference between 
off-the-distributor's shelf ICs and those which have 
been through a burn-in, or power-age you 
would never again put an IC into your ci rcuit with­
out a complete screening. If you're too small to do it 
al I yourself, you'd better buy 883 or 38510 parts. 

That means that a 15¢ part may cost $1.50." -
Frank Slater. 

On this subject there was considerab le difference 
of opinion. Some felt power aging was required for 
commercial servi ce; some didn't. 

" We only power age if we're suspicious of the lot 
for some initi al test result or something. Usually we 
do thermal cycle them, but not under power, and we 
experience less than 1 % field failures. We' re as wor­
ri ed about that as anyone because we guarantee our 
systems for ten years." - Dick Davis. 

"Even on commercial units we have to test 100%, 
at the IC level and perform 100% burn-in, because 
you can' t afford to make a $400 servi ce ca ll to repai r 
a $4000 unit in the field " - Frank Slater. 

" I haven't found, though , for returnable commer­
cial devices, that power aging buys much. It all de­
pends on what leve l of reliability you want or 
your customer needs." - Garrett Myers. 

Popcorn can choke a system 
Bear in mind that all of our participants work in 

areas of the industry where reliability is crucia l. Per­
haps for this reason, they were more aware of, and 
concerned with, popcorn noi se than would gener­
ally be the case. 

Popcorn noise is one of those parameters that 
manufacturers have only recently begun to talk 
about. How can you test for it? 

"Popcorn noise is hard to test for, usually taking 
one or two seconds, but it can take even minutes in 
some op amps." - Dick Davis. 

" The only test th at is realistic , at least for our use, 
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is peak-to-peak output voltage as a function of time. 
I run a chart recorder at 25 mm/sec for at least 20 
seconds on every op amp that we use in a popcorn­
critical application . Another important thing is that 
the input must be terminated as it will be in the ap­
plication, because popcorn noise is predominently a 
noise current, and sensitive to source impedance. 
100 kfl seems to be about the worst case condition 
for this noise." - Paul Levesque. 

What about the op amps themselves? 
Several years ago the proponents of both compen­

sated and uncompensated op amps were each out to 
capture the entire market. Most designers today feel 
they need both. 

"We chose, after a very painful selection process, 
to go with an uncompensated (30 1 type) op amp in­
stead of a 741, even though we had to use a capaci­
tor every time. Maybe in 90% of the applications the 
compensated op amp would have been ok, but it 
didn' t offer that extra degree of flexibility - to make 
it a littl e faster or more stable." - Garrett Myers. 

A few problem areas still exist 
It isn't surprising, since there are so many op amps 

available, but, except for a few sma ll details, most of 
the designers fe lt that op amps had taken great 
strides in the last few years. They had no loud or 
general complaints about the designs they were 
presently offered. FET input op amps did receive 
some rather mild criticisms, though. 

"Being a systems house, we don' t care to get in­
volved in discrete designs, but last year I needed an 
FET input amplifier for a mass-spectrometer design. 
Across the board every FET input op amp-even the 
modules - went into osci ll ation in the mode in 
which I was using them. Capacitive-feedback 
schemes would stop the oscillations, but then the 
rise times just wou ldn 't make it. I went back to the 
manufacturers and asked what I was doing wrong, 
and they al l said, 'Nothing, you can' t stop the oscil­
lation without losing speed' - but when I asked why 
I couldn ' t have access to some internal points for 
compensation, I found out that the marketing groups 
wouldn't let engineering do it. No one wanted to 
admit that their amplifiers needed external compen­
sation. So in 1971 I had to design my own amp lifier; 
that's unbelievable! When a salesman comes in now 
with an FET amp lifier, I have him for breakfast. I 
can't be that unique now, and a lot of FET amplifier 
users must have run into my problem. Maybe they 
can't bring out the pin I need on a monolithic de­
vice, but on the square epoxy modules they could 
damn wel I do it. " - Irving Chase. 

" I build my own FET input op amps because I can 
do it cheaper for one thing, and because I don 't want 
the input and outputs as close, physically, as they are 
on monolithic op amps. " - Ed Merrick . 
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Cans are still the most popular packages 
Aga in , because of their unusually stringent re­

quirement, the designers at the roundtable usually 
specify metal cans for op amp packaging. They felt 
th at the envi.ronmental hermeticity afforded by the 
metal containers more than offset the sli ght premium 
in pri ce. However, none of them w as involved with 
large volume production run s, so automatic insertion 
w as not a factor in their decision . Plasti c devices are 
under evaluation by all of the manufacturers repre­
sented, and they all fee l that these packages have 
shown considerable improvement. 

" There are p lasti c encapsulated devi ces that are 
extremely rugged. But that's a process that seems to 
be hard to control. Not everyone knows how to do 
it. Plasti c can be a good heat conductor and should 
sea l the leads very well. Any plastic encapsulated 
device will rece ive a very thorough evaluation be­
fo re we' ll use it. There is a dramati c difference from 
one manufacturer to another in plasti c enca psula­
tion ." - Dick Davis. 

Another interesting comment concerned the need 
fo r more power handling capability than is presentl y 
ava il able in ICs. 

" Power I Cs are needed - buffers, servo-drivers and 
consumer c ircuits - but for that to happen we need a 
packaging breakthrough. The standard T0-3 can just 
isn't that attracti ve, but no one has a better answer 
yet. " - Ga rrett Myers. 

What would you like to see? 
Are there improvements or new products you'd 

like to suggest to the manufacturers, we asked the 
parti c ipants of the roundtable. 

" When I needed ±60V common-mode range with 
10-ppm stability, I had to build it myse lf. 

High-power buffers are another area th at need 
enlarging. And I' d rea ll y like to have an overload 
indication from op amps. Perhaps they could moni ­
tor the input stages to know when the amp is out of 
its linear range. Plus or minus overload indi cation 
would be even more valuable. One of the bi ggest 
drawbacks to IC op amps has been thermal feed­
back. About 20-30 msec after. you drive the output 
stage, the chip heats up enough to change the input­
offset vo ltage by as much as 200-300 µV. Attempts to 
so lve thi s prob lem have onl y begun." - Dick Davis. 

" From w hat I see, there isn' t any JAN IC program 
for linea r devices like there is in the digital lines. 
They' re going to have to get somethin g like that 
going. Someth ing along those lines would be 
idea l. " - Irving Chase. 

" Invari abl y wi th a high-speed op amp, I have to 
se lect the compensation capacitance for a given re­
sponse. They rea ll y don' t track too well ; lots of times 
I end up wi th no capaci tance-sometimes 10 pF, 
somet imes 20. It's a pain in the --, if you have any 
vo lume at all. " - Frank Slater. D 

need precision resistors with 1ppm/°C 
TC? ... 10ppm? ... +o.001% tolerance 
.. +1%? .. 5ppm/yr. stability? .. what­
ever . .. VISHAY HAS A RESISTOR THAT 
MEETS YOUR REQUIREMENTS 

TEMPCO 
l YAM l 

8102 

HP202 
I 

1ppm/ °C 5ppm/ °C 10ppm/ °C 

TOLERANCE 

11• 

±0.001% ±0.01% ± 0.1% ±1.0% 
± 0.005% 

PRICE 
V&M 

1ot 

75¢ $3.00 $7.00 

TYPICAL PRICES. OEM QUANTITIES EVEN LOWER! 

Actual Size 
V&M Series 
Direct replacement 
for precision 
wirewounds. 

Circle (38) 

• 
Actual Size 
S102 
Ultra-precise 
resistor 

Circle (39) 

Actual Size 
HP202 
Hermetically 
sealed ultra-precise 
resistor 

Circle (40) 

All Vishay S102 & HP202 resistors are virtually non­
inductive with 0.08 1.th inductance max, and capacitance 
less than 1/2 pf! Additionally their TC tracking is within 
3ppm/°C standard! Send for technical information and 
descriptive literature now. Circle reader service num­
ber above. 

® ~'~~~=~~~~:~~:~r~~~:~~~!.~ 
TELEPHONE : (215) 644-1300 • TWX : 510-668-8944 

CHECK NO. 100 
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Get'em 
straight 
from 
Damon I 
Whether you're in a sweat on a VCXO prototype for a tough 
application - or need a production run in a hurry, you can 
get 'em straight from Damon. Speedy proficiency in design 
and production of VCXOs allows Damon to deliver all­
silicon solid state devices with linearity to within 1 % of 
best straight line and frequency deviation to ± 0.25%. 

Just glance at the specification guide below for more 
good news on available characteristics. Computer-assi$ted 
designs are available, too. Ask Damon today for a quote OD 
VCXOs tailored to your specifications - and deadlines. 
Call or write: Damon/Electronics Division, 80 Wilson W 
Westwood, Mass. 02090. Tel: (617) 449-0800 

SPECIFICATION GUIDE* 

Basic and Mixer and Mixer-
Parameter Multiplier VCXOs Multiplier VCXOs 

Center Frequency 1 Ktlz to 300 MHz 100 Hz to 300 MHz 
Frequency Deviation ±0.01% to ±10 Hz to ±1 MHz 

±0.25% of C.F. 
Frequency Stability ±1 to ±10 ppm ±0.5% of peak 

24 hr. @ 25·c deviation 
O to 65°C (no oven) ±10 to ±50 ppm ±2% of peak deviation 

Linearity to with in 1 % of best to within I% of best 
straight line straight line 

Minimum Deviation o (de) o (de) 
Rate 

Maximum Deviation 0.2% of C.F. 10 KHz to 100 KHz 
Rate (100 KHz max.) 

Mod . Voltage (Typical) ±5 V peak ±5 V peak 
Mod . Input Impedance > 50 K ohms > 50 K ohms 
Output Power Available 0.5 mw to 20 mw 0.5 mw to 20 mw 
Load Impedance 50 ohms to 50 ohms to 

10 K ohms 10 K ohms 
Power Requirements -25 v ±1 v@ - 25 V ±IV@ 

(Typical) 30 ma 40-50 ma 
C.F. Manual ±0.01% ±5% of peak 

Adjustment Range deviation 

* Obviously, the limits are not absolute. lhe interrelationship of param­
eters for VCXOs are of such a nature as to permit optimization of 
any one or more characteristics to satisfy customer requirements. 

CHECK NO. 101 

Shown approximately '¥• size 
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§[Q)~ DESIGN AWARDS 

Phase-locked loop stereo decoder is aligned easily 

Bruce Korth 
Motorola Semiconductor Products, Phoenix, AZ 

Stereo decoders normally incorporate LC filters both 
to provide 19 kHz selectivity and as part of a dou­
bling circuit to generate the required 38 kHz subcar­
rier. One of the problems with these decoders has 
been system alignment, since it is necessary to adjust 
the coils very accurately to obtain maximum stereo 
separation. Even after obtaining the correct align­
ment, the problem of aging of the coils and temper­
ature and humidity variations still exists. 

A solution to the problem is the phase locked loop 
stereo decoder shown. The MC1310 requires only 
one adjustment, which is controlled by a potentio­
meter. The correct procedure for alignment is to open 
the input, pin 2, and monitor pin 10 with a frequen­
cy counter. The potentiometer is adjusted until a 
19.00 kHz frequency reading is obtained. 

For those having limited test equipment, a very 
simple procedure may be followed which will result 
in separation of within a few dB of optimum. This 
method consists of simply listening to a stereo 
broadcast and adjusting the potentiometer until the 
stereo pilot lamp turns on. Then the center of the 
lock-in range is found by rotating the potentiometer 
back and forth unti I the center of the lamp ON range 
is found. This method produces separation of 40 dB 

R• 
16k 

c, 
470pFJ:' 

c. 
0.25µF 

c. 
0.05µF 

19 kHz 
OUTPUT 

MOTOROLA MC1310 

LEFT RIGHT 

c. 
0.25µF 

CHANNEL OUTPUT CHANNEL OUTPUT 

All adjustments for the stereo decoder are made with R5 . 

8 

(typical) with total harmonic distortion typically 
0.3%. D 

To Vote For This Ci rcui t 
Check 160 

Convert a CMOS gate to a wide-hysteresis Schmitt trigger 

Jim H alligan 
Motorola Semiconductor Products, Phoenix, AZ 

The threshold level of a CMOS gate can be varied by 
interconnecting the gate's input terminal s. This vari­
ation in threshold level can be used to produce the 
hysteresis effect desired in a Schmitt tri gger ci rcuit. 

Let us examine the transfer characteristics of a 
3-input CMOS NANO gate with V DD = + 1 SV. With 

two inputs logica lly HIGH (+ V DD), the threshold of 
the third input is approximately SV. When two inputs 
are tied together and driven in parallel, the threshold 
is about 7.SV. When all three inputs are tied together 
and driven in paral lei , the gate threshold is about 
8.SV. Fig. 1 implements a Schmitt trigger with com­
plementary outputs using a Motorola MCl 4023 triple 
3-i nput CMOS NANO gate. It also shows the hystere­
sis loop actually obtained with thi s circuit. 

With Vin = OV, the outputs of gates A and B are 
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Tansitor 
your first choice 

in Miniature Solid 
Tantalum Capacitors. 

• Subminiature size 
(HA-Cylind rical/ 
TC-Rectangu lar) 

• Low DC Leakage 

• - 55° C to + 125° C 

• Polar or non-polar 

• Capacitor range 
0 .001 µ F to 220 µ F 

• Radial or axial leads 

• Plastic case­
epoxy sealed 

• 24 case sizes 

For quality, pr ice and the best delivery . call your first c ho ice in 
tantalum capacitors. Tansitor 

For more informat ion call your Tansitor Representat ive or wri te : 

1T1 T~U!!!~! 
DIVISION OF AE ROTRON, INC. 

West Rd , Bennington, Vt. 05201 • Phone: (802) 442-5473 • TWX: (710) 360-1782 

CH ECK NO. 102 

PHOTO CONTROLS 

96 

FOR EVERY PURPOSE 

CHECK NO. 104 

Contains latest released infor­
mation on photo-electric con­
trols developments, applica­
tion survey, 61 comp lete 
application sketches end di­
mensional diagrams for in­
numerable practical uses. 

HERE'S THE INSIDE STORY 
of ATOMICLAD® II 

Gibson Electric 's " Silver Saver" 
COMPOSITE CONTACT RIVETS 

Metallurgically 
bonded to 
prevent separat ion 

OFHC Copper 
for economy, 
heat dissipat ion 

Full Contact Surface Area 
The proper 
th ickness of 

outside corners 

Available with 
!'!----- flat or indented 

sha~k end 

The new, improved second generation of Gibson Electric 
ATOMICLAD II composite electrical contact rivets are avail­
able in standard and custom sizes and various materials 
to solve your contact problem economically without sac­
rificing dependable performance. 

SEND FOR FREE CATALOG 

Gibson AND SAMPLE 

OF ATOMICLAD ll 's ELECTRIC IHC. 

+ 

--
WHEN 

A Subsidiary of GTE Sylvania 

DELMONT," PA. 15626 
CHECK NO. 103 

FOR 
+ ISOLATED + 

DC TO DC 

POWER 
~ 

DESIGNING YOUR SYSTEM 

CHECK NO. 105 
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HIGH, and the output of gate C is LOW. As Vin in­
creases in magnitude, the cross-coupling between 
gates B and C will retain this condition until the in­
put voltage is high enough to switch gate A, changing 
the state of the flip-flop. Since all of the inputs to gate 
A are driven in parallel , this occurs at the upper 
threshold level of 8.5V. 

After the state change of the flip-flop, the output of 
gate C is HIGH. Thus, all but one of the inputs to gate 
B are held HIGH. As the input voltage decreases, gate 
A will revert to its original condition (output HIGH) 
with no effect. When V;

11 
decreases to the lower 

threshold level of 5V, gate B will switch, returning 
the flip-flop to its original state. 

The circuit retains a constant 25 to 30% of V DD hys­
teresis over a wide range of V DD from 5 to 15V. The 

© 

0 

v., 

V
00

,(output B) 

15 

I 
I 

10 I 

• v 
I out 

181 

5 I 
I 
\ 

Vin 

5 10 15 

Fig. 1 - A triple 3-input CMOS NAND gate connected as a 
Schmitt trigger (a). The gate is Motorol a's MC14023. Its transfe r 
characte ri sti cs as a Schmitt trigger (b) are shown . Note the hyste re­
sis loop obtained from +5 to about +8.S V. 

Increasing 
Hysteresis 

J ....------.":" 

Fig. 2 - A continuously va riable upper-threshold-level Schmitt 
trigger can be obtained from a CMOS gate usi ng a Quad 2- input 
NAND gate (Motorol a's MC14011) and a potentiometer. This c ir­
cuit can be adjusted from ze ro to app roximate ly 50% V 0 ,, hys­
teres is. 

lower thresho ld level is essentially fixed for a given 
V DD' but the upper level is adjustable. For example, 
the upper level can be reduced to 7.5V by connecting 
one input of gate A to + V Do and applying the input 
signa l to the other two gates (dashed cu rve in Fig. 1 ). 

A continuously variable upper threshold level can 
be obtained using an additional MC14011 Quad 2-
input NANO gate and a potentiometer, as shown in 
Fig. 2. Thi s circuit can be adjusted from zero to ap­
proximately 50% VDD hysteresis. Note that the value 
of the potentiometer used here is 100 k!1. A larger or 
sma ller potentiometer could be used here si nce abso­
lute resistance value is not critical. However, the po­
tentiometer is the only significant power-drain com­
ponent in the circuit. Too sma ll a potentiometer could 
mean an overly large power consumption. On the 
other hand, if the value of the potentiometer were 
made gross ly larger, the resulting sensitiv ity of ad­
justment of hysteresis level would suffer. o 

To Vote For This Circuit 
Check 161 

Differentiator circuit produces a relative change 

Fred W. Etcheverry 
Southwest Regional Laboratory, Los Alamitos, CA 

In simple differentiator circuits , a voltage is produced 
proportional to the absolute change of an input signal. 

However, it is often desirable to develop a voltage 
which is proportional to relative change. Such a rela­
tive-change ci rcuit can be realized by feeding the 
input signal to a differentiator and dividing the out­
put of the differentiator by the input signal , as shown 
(top ci rcuit). This circuit, however, does not have the 
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MMI breaks the character density barrier-128 characters, 
9x9 resolution, in one 24-pin DIP. Bipolar! 

Who but the memory industry leader could bring you this kind 
of character generator selection? 

MIL specs. Cost is low; interfacing is simple as TTL. 

Look what you get with MMI character generators: 
• Highest character density per package (even more than with 

MOS). Yea! Fewer packages on your boards.·. lower system cost. 

• Up to 128 characters in a single package 
and in any character organization up to 
9 x 9 for better display resolution. 

• Bipolar speed you can rely on-access 
times to 35 nsec. 

II 
(Japanese characters 

for Banzai) 

• Lower power dissipation-450 mW per package. What's more, 
no clocks are required and the whole family is made to meet 

Somewhere in the MMI family are just the 
characters you want for your CRT or LED 
displays. They're standard ASCII definition . 
Format is 5 x 7 or 7 x 9 in either column 
or row scan. 

Custom characters use 35 ns MMI ROMs 
for stroke writing techniques or MMI high 
density (128-character) ROMs for foreign 
language characters or special symbols. Get 
all the custom info from - ready?­
Customer Service. 

Meet the whole family: 

LITHIC MONO 
MEMO 

AS 
CHARA 

GENER 
(BIPO 

RIES 
Cll 
CTER 
ATORS 
LAR) 

MMI 
Part No. 

MM6051 
MM6052 
MM6055 
MM6056 
MM6061 
MM6062 
MM6071 
MM6072 
MM6073 
MM6074 

DESCRIPTION 

Character No. of 
Size Characters 

5x7 32 
5x7 32 
5x7 64 
5x7 64 
5x7 128 
5x7 128 
7x9 64 
7x9 128 
7x9 128 
7x9 64 

SCAN ACCESS Pkg. 
ns Pins 

Row 60 16 DIP 
Row 60 16 DIP 
Row 90 18 DIP 
Column 175 24 DIP 
Row 175 24 DIP 
Column 175 24 DIP 
Row 175 24 DIP 
Row 175 24 DIP 
Column 175 24 DIP 
Column 175 24 DIP 

Just think what 
you could custom 
genera te with a 

10xl3 matrix ! 
Our custom 

MM5255 
ca n hand le it. 

Call, write, TWX or Telex us today. 

Monolithic Memories, Inc. DD 
1165 East ArQues Avenue , Sunnyvale, CA 94086 • (408) 739-3535 •TWX: 91().339-9229 • TLX: 346301 MMIRlllUllCI 

emar es 
1 " ' 0 ~ •O ~ • • t o 

Representing your best buy in memories: ALABAMA, Huntsville (205) 539-1771; ARIZONA, Phoenix (602) 264-7971 ; CALIFORNIA, Los Angeles (213) 945-2341; San Diego (714) 
747-3015; Palo Alto (415) 369-4671; COLORADO, Denver (303) 623-8713 ; CONNECTICUT, North Haven (203) 239-9762; FLORIDA, Orlando (305) 423-7615; ILLINOIS, Chicago 
(312) 455-5100; INDIANA, Ft. Wayne (219) 744-4331 ; Indianapolis (317) 844-3241 ; IOWA, Cedar Rapids (319) 362-8155 ; KENTUCKY, Louisville (502) 893-7303 ; MARYLAND, 
Baltimore (301) 825-3330; MASSACHUSETTS, Boston (617) 653-3158; Needham (617) 444-2484; MICHIGAN , Detroit (313) 358-2020; Grand Rapids (616) 451-8901 ; MINNESOTA, 
Minneapolis (612) 929-6721; NEW JERSEY, Teaneck (201) 692·0200 ; NEW YORK, N.Y.C./ L.I . (201) 692-0200 ; Utica (315) 735-5566; NORTH CAROLINA, Raleigh (919) 834-6591 ; 
OHIO, Cincinnati (513) 521-2290; Dayton (513) 298-9546; Columbus (614) 888-9396 ; Cleveland (216) 228-7525; OREGON, Portland (503) 292·5656 ; PENNSYLVANIA, Willow Grove 
(215) 674-3850 ; Pittsburgh (412) 242-0100 ; TEXAS, Dallas (214) 233-4489 ; Houston (713)783-1872 ; WASHINGTON, Bellevue (206) 455-2778. 

CHECK NO. 106 
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accuracy within the dynamic range characteristic of 
signals with interesting relative change. 

With the bottom circuit, the input si gnal is fed to a 
logarithmic amplifier. The output of the logarithmic 
amplifier, ln(s), is then fed to a differentiator. The dif­
ferentiator's output, l/s (ds/dt) (-RC) , is then propor­
tional to relative change. 

Logarithmic amplifiers can be purchased in mod­
ules or constructed from IC op amps by placing a 
transistor in the feedback loop. If a high degree of 
stability and accuracy is desired, transistors , such as 
Fairchild's µJ26, and IC op amps, such as Fairchild' s 
µ,A727, both fabricated on temperature regulated 
chips, can be used. D 

ds 
dt (- RC) 

m(S) 

_!_~(-RC) 
s dt \ 10 

Relative change from a differentiator circuit can be obtained with 
either of these two circuits. The top circuit, however, does not 
have the accuracy within the dynamic range of signals with inter­
esting relative change. By using a logarithmi c amplifi er, as in the 
bottom c ircuit, this problem can be solved. 

To Vote For This Circuit 
Check 162 

Quad NANO full adder uses two ICs 

Will iam Scott Dawson 
Computer Science Corp., Huntsville, AL 

If in these times of Medium Scale Integration (MSI) a 
discrete gate circuit can be considered compact, 
then that is the appeal of this NANO full adder. 

Tucked neatly in two DTL packages, such as the 
MC846P, which is a quad 2-input NANO gate pack­
age, the circuit is easily cascaded on a printed cir­
cuit board. Two three-gate exclusive NOR's (EZ-1 
and EZ-2) generate the sum, which is of course the 
same as odd parity for the three inputs (AB and C;nl . 

AB is available at EZl pin 3 to OR in EZ2-6, and 
AB + AB appears at EZl -8 to NANO in EZ2-11 
with the input carry C;n· Thus, all inputs and outputs 
are ones, and no inverters are required for use with 
MSI counters having only true outputs. Of course, 
DTL must be used for the wired-AND function . 
Gates of EZ-1 are designated 1 on drawing and 
gates of EZ-2 are labeled 2. D 

0 1 
0 0 1 0 
0 1 1 0 1 

0 0 1 0 
0 1 0 

0 0 

Two DTL NANO-gate packages are all that is required for this full 
adder. 

To Vote For This Circuit 
Check 163 

Circuit shifts asynchronous high-frequency clock sources 

Scott C. Miller 
Varian Data Machines, Irvine, CA 

Switching between two asynchronous clock sources 
can be a hazardous event. The circuit shown re­
duces the hazard by allowing an asynchronous con­
trol signal to select between two asynchronous clock 

sources without producing narrow clocks or glitches 
and by minimizing the amount of clock time lost 
during a transfer. 

In this circuit, there are three possible states and 
two possible stable states for flip-flops QA and QB 
(see Table). Assume that the circuit is in state 1, with 
the select control HIGH and clock source A enabled 
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Terminal 
block assemblies 
Curtis builds them better , with 
precision-machined inserts mold­
ed as an integral part of the block. 
This gives you a full mechanic.al 
thread for secure grip. Get any ter­
mination you need. And get it in 
weeks-not months. Capacities to 
125 amps. 

Relay 
socket assemblies 

Quality sockets for all common re­
lays - even 20-pin models -
mounted on glass epoxy G-10 and 
wave-soldered. Mount in pre­
punched, vinyl track. All terminal 
types readily available. 

Track-mounted 
terminal blocks 
Fast! Custom-build a terminal 
block in minutes, without end re­
tainers, tie points or clamps. Just 
snap a terminal block - as many 
as you need-into a pre-punched, 
plated steel track. Capacities to 75 
amps. Rapid delivery. 
Circle 48 on Reader Service Card. 

CURTIS 
DEVELOPMENT & MFG . CO ., INC . 
325!iJforth 33 Street, Milwa-ukee, Wj~consin 53216 
Cal l ( 414) 445 - 18 17 f o r the name of a d 1str1bul o r near y o u 
tn Canada A C Simmon ds & Sons , lid., Willowdale , Ontario 

9195-1 

100 

For price, delivery, quality 

look to wabash 

For relays and switches 

look to wabash 
All components in Wabash's complete 
line of NPE reed relays and switches are 
manufactured by us, assuring complete 
control of each unit. We are true manu­
facturers, not assemblers. 3 billion daily 
reliability test cycles hold highest quality 
level; pricing is competitive because 
NPE shares combined purchasing by all 
Wabash divisions; 3 weeks lead time is 
typical of fast delivery. Call now. 

For all relay types 

look to wabash 
NPE/ New Product Engineering, Inc. 
a subsidiary of Wabash Magnetics, Inc. 

First and Webster Streets , Wabash, Indiana 46992 
Phone 219 / 563-2191 TWX 810-290-2722 

•RF SWITCHING & MERCURY WETTED RELAYS • SUBMIN IATURE REED SWITCHES 
• DIP REED RELAYS • SSR MODULES • STANDARD & MINIATURE REED RELAYS 

CHECK NO. 107 

BRIDGE <) RECTIFIERS 
J:BR 
SILICON 0 
AVALANCHE 
INTEGRATED 
BRIDGE 
RECTIFIERS 

EPOXY 0 
BRIDGE 
RECTIFIERS 

• lOA and 25A (l o) • lOOV, 200V, 400V, 1 AMP 2 & 6 AMP 
600V (V • .,) • 250V, 450V, 650V min . ava -
lanche Voltages • Fast recovery time series • IA, 2A, 6A (l o) • lOOV, 200V, 400V, 600V 
• Low thermal impedance (Z8Jc) allows op- (V • .,) • Controlled avalanche series (250V, 
eration at full rated load to l00 ° C, Tc 450V, 650V min) • Fast recovery time se.ries 
• Electrically insulated case • Th.ree mount· (200 ns, t") • Minimum size and maximum 
ing options : press -fit.stud mount, T0 -3 out- mounting ease result in substantial space 
line mounting flange • $2.50 ea ., (lOA, and cost economies • 91¢ ea . ( lA, 200V, 
200V, T0-3 mounting flange in 1000 qnty.) controlled avalanche in 1000 qnty.)G 

Design us in; we'll stay there 
WRITE FOR NEW CATALOG . 
(Also Cataloged in EEM & REM) VARO 

VARO SEMICONDUCTOR, INC. 
P.O. BOX 676, 1000 N. SHILOH , GARLAND, TEX . 75040, 214 / 272 -4551, TWX 910 ·860.· 5178 

Distributed by : 
ALLIED ELECTRONICS, Chicago, Ill. 312 / 421 -2400. THE ALTAIR CO., . Richardson, Tex. 
214/ 231 -5166. BELL ELECTRONICS, Menlo Park, Cal. 415 / 323-9431. BLUFF CITY DIST. 
CO., Memphis, Tenn . 901/725-9500. BRIDGEFIELD SUPPLY, Twinsburg, Ohio 216/ 425-4209. 
CRAMER ELECTRONICS, Nationw ide; Newton, Mass. 617 / 969 · 7700; Rochester, N. Y. 
716 / 275-0300. ELECTRONIC PARTS CO., Denver, Colo. 303 I 266-3755. FARWEST, INC. 
Bellevue, Wash. 206/747-1515. MERQUIP ELECTRONICS, Skokie, Ill . 312 / 965-7500. MERRILL 
ELECTRONICS, Chicago, Ill. 312/ 286-2525. MILGRAY ELECTRONICS, Freeport, N. Y. 
516/ 546-6000. WESTATES ELECTRONICS, Chatsworth, Calif. 213 / 341-4411 . 
In Canada: 
ELECTRO SONIC, Toronto, Ont . 416/ 924-9301. R. A. E. IND. ELECTRONICS, Vancouver, B. C. 
604/ 687-2621. WESTERN RADIO SUPPLY, Hamilton , Ont. 416/ 528-0151. 
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State QA QB Condition 

0 0 0 State during moment of transfer 
(unstab le) 

1 1 0 Cl ock source A selected 

2 0 1 Clock source B selected 

3 1 1 Illegal state (unstable) 

to the output. When the select control transitions to 
LOW, flip-fl op QA will synchronously (with c lock A) 
inhibit clock source A to the output and will release, 
or enable, the de preset termin al on flip-flop Q B. 
After flip-flop QA has released flip-flop QB, flip-flop 
QB will synchronously (with c lock B) enable clock 
source B to the output. Flip-flop QB will now hold 
flip-flop QA in the reset state. The ci rcuit is now in 
state 2 and will remain in state 2 until the se lect con­
trol goes HIGH aga in. 

HIGH FOR 
CLOCK A 

SELECT CONTROL 

LOW FOR 
CLOCK B 

CLOCK 
SOURCE 

A 

PERIOD = TA 

PE RIOD = T
8 

CLOCK 
SOURCE 

B 

SELECT 
CONTROL 

CLOCK A 

QA 

CLOCK B 

OUTPUT 

74H74 

;TATE J 1 I 0 I 2 

TL = TIME LOST DURING TRANSFER 
I al \ 

The "select control " signal determ ines which c lock source is de­
livered to the output. This is done w ithout either glitches or short­
ening of the output clock pulses. 

Flip-f lops QA and QB are interlocked in such a 
man'ner th at one flip-flop must complete a synchro­
nous disable of its clock before the other can per­
f~rm the synchronous enab le of its clock. Returning 
to state 1 occurs in the same manner as above, es­
tablishing a clean , glitch-free transfer between two 
asynchronous clock sources. The average time lost 
during a transfer is about one-half clock period of 
the clock source being selected. o 

To Vote For This Circuit 
Check 164 

Design Entry Blank 

$20 Cash Award for all entries selected by editors. 
An additional $50 U.S. Savings Bond Award for 
winning circuit each issue, determined by vote of 
readers. Additional $1000 Bond Award for annual 
Grand Prize Circuit, selected among semi-monthly 
winners by vote of readers 

To Circuit Design Program Editor 
EON 
Cahners Publishi ng Co., Inc. 
22 1 Columbus Ave. , Boston , MA 02116. 

I hereby submit my entry for the CIRCUIT DESIGN 
AWARD PROGRAM of EON 

Name ________________ _ 
Ti t le _________________ _ 
Company _______________ _ 
Div ision (if any) ____________ _ 
Street ________________ _ 
Ci ty __________ State _____ _ 
Ci rcuit Titl e ______________ _ 

Print full name (no initials) and home add ress on 
line be low exactly as you wish it to appear on Bond, 
if entry is se lected for publication. 

Entry blank must accompany all entries. Circu it en­
tered must be submitted excl usively to EON, must be 
original with author(s) and must not have been pre­
vious ly published (limited-distribution house or­
gans excepted) . 

Circuit must have been constructed and tested. 
Exc lusive publ ishing ri ghts remain with Cahners 
Publishing Co. , Inc. , unless entry is returned to author 
or editor gives written perm ission for publication 
elsewhere. 

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

Signed ________________ _ 

Date _________________ _ 

Your vote determines this issue's winner. All 
circuits published win $20 cas h. All issue win­
ners receive an add itional $50 U.S. Savings 
Bond and become eligible fo r the annual $1000 
U.S. Savi ng Bond Grand Prize. 

Vote now, by circli ng the appropriate num­
t ier on the reader inquiry card. 

Submit your own circuit, too. Mai I entries to 
Circuit Des ign Program Editor, EDN , 22 1 Co­
lumbus Ave., Boston, MA 02116. 

101 



PROGRESS IN PRODUCTS 

Dual, TTL-output voltage comparator combines 
high speed and excellent input characteristics 

PROGRESS IN 
INTEGRATED CIRCUITS 

If you have ever searched for a 
very fast, high gain transistor , you 
know the combination does not 
come easy. In fact , when you scan 
transistor selection guides, you see 
that you must usually trade speed 
for hfe' or visa-versa. A good rule 
of thumb for finding a fast transis­
tor from a selection guide is to 
look for the ones with low h1e in 
that column of the guide. Among 
the low-gain transistors there are 
both cheap ones and fast ones. 

A similar tradeoff is usually 
necessary in choosing a high­
speed comparator, especially 
where input performance is criti­
cal. Higher speed most often 
means heavier input currents. 

Combining Schottky gating with 
high-performance linear process­
ing, Si gnetics Semiconductor Corp. 
now offers dual comparator ICs 
that combine good input per­
formance with the lowest propa­
gation delay of any TTL compara­
tor to date. Fig. 1 shows the new 
NE521 in action. The 521 has a 
totem-pole output capable of driv­
ing 10 TTL loads directly. Notice 
the " glitch" in the rising edge of 
the 521 ' s output in Fig. 1; it is 
evidence of the "active-base pu 11-
down" circuit used to improve the 
rise time. This pull-down configu­
ration is shown in Fig. 2. There is 
a circuit description with the cap­
tion which may be useful as a de­
sign idea. The circuit decreases 
the turn-off storage time of the 
output transistor. Perhaps this 
concept might be useful in speed-
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Fig. 1- Here superimposed are drive and 
response signals fo r a 52 1 comparator with 
a 15-pF load . The dri ve signal (square posi­
tive-going) is ± 100 mV on the compara­
tor's inputs. · The output trace is shown at 1 
volt/div w ith the reference ground trace 
also shown. The time base setting is 5 
nsec/div. Propagation delay for a 1 to 0 
transition is about 7 nsec; the delay for the 
O to 1 transition is about 1 0. With the 
open-co llector version, the NE522, the O­
to-1 transition time is slower and depen­
dant on the res isti ve termination used. 

ing up discrete transistor switches. 
Si gnetics' NE522 is the same as 

the 521, except it has open-collec­
tor outputs to enable AN b-tiei ng. 

FROM 
GATE'S 

Performance and versatility 
The 521 will operate at 50 

MHz; the open-collector 522 can 
be used at 30 MHz. The 521 and 
the 522 propagation delay, from 
comparator inputs to the Schottky 
gate output, is a mere 1 0 nsec 
maximum with 100 mV overdrive 
and 20 nsec maximum with 5 mV 
overdrive. To beat that, an ECL 
device could be used, or some 
other animal, but the 521/522 is a 
10-load TTL device with common 
strobe and enable inputs on the 
output gate. 

The 521 and 522 use +5V, 
ground and - 5V. That gives a 
common-mode voltage range of 
± 3V. 

The comparator inputs are 
Schottky transistor bases. Input 
offset voltage does not exceed 10 
mV over the full operating temper-

5-----.., 

LP+5V 

6 
2 

4 

OUTPUT 6- - ---
,----
1 .___-+--I" a. 

12 

I 750 

I 
I 05 I 
I PULL·DOWN I 

L _:~~~~---_ ... __ _J_._ __ ..... 
-:-

7 

l 
13 

~-5V 

9 

11 

8---- --' 
GATE OUTPUT STAGE LOGIC DIAGRAM 

Fig. 2 - The circuit is a curious mixture of Schottky and non-Schottky transistors, orga­
nized in three basic sections: video amplifier, hi gh-speed level shifter and Schottky gate. 
Note the "acti ve-base pull -down " transistor, Q5 . It decreases the turn-off time due to 
charge storage in the base of the output transistor, Q,. For example, when the output is 
making a O- to- 1 transition, the base of Q4 is actively pulled down by Q5 through the 350 
n resistor, depl eting the stored base charge in Q4 • Thi s speeds o :s turn-off time and im­
proves the ri se time of the gate. 
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ature range. Also specified over 
the full temperature range, input 
bias current is 40 µ,A max. and 
input offset current is at most 12 
µ,A. Typical values of these pa­
rameters are, of course, much 
smaller (if you don' t anticipate 
worst cases happening and dor:i 't 
use the fu 11 temperature range). 

These performance characteris­
tics make the new dual compara­
tors useful for a host of applica­
tions, including MOS memory 
sense amplifiers (the pin configu­
ration is compatible with the 
75107), fast peak detectors, line 
receivers and many other compar­
ator uses, common and unusual. 

Both ceramic and plastic 14-pin 
DIPs are available. In ceramic, 
one will cost $5.25 , and 1000 will 
cost $3.45 each. In plastic, one is 
$4.75 and 1000 are $2.95 each . 
Information requests on company 
letterhead only. Signetics, 811 E. 
Arques Ave., Sunnyva le, CA 94086. 
Phone (408)739-7700. 

The quad 7 41 op amp is here 
in a 14-pin DIP 
PROGRESS IN 
MICROCIRCUITS 

Raytheon introduces the quad 
741, four independent, high-gain 
operational amplifiers internally 
compensated and constructed on 
a single silicon chip. 

Designated the 4136, the unit is 
a compactly desi gned, low-cost 
quad op amp featuring low heat 
dissipation, low noise and high 
impedance inputs. 

The 741-type amplifier has long 
been popular because of its good 
performance record and low cost. 
The 4136's 14-pin dual in-line 
package can be used with stan­
dard pc board layout techniques 
and automatic insertion equip­
ment. 

The 41 36 was conceived to be 
as simple in design and circuit 
layout as possible. It has two 

14 13 12 11 10 9 8 

3 4 5 6 

Fig. 1 - The 4136 has low noise charac­
teristics, making it suitable for transducer 
preamps and signal conditioning. 

stages of voltage gain and a class 
AB complementary emitter follow­
er output stage (fig. 2). 

The 4136's input stage is biased 
by a constant current source, thus 
stabilizing de and ac parameters 
with wide variations in supply 
voltage. A current source was 
chosen in place of the usual resis­
tive load for several reasons . First, 
it provides a method for getting 
single ended differential voltage 
gain ; and second, the high output 
impedance of this input stage af­
fords a convenient node for inter­
nal frequency compensation with 
a relatively small capacitor (one 
end connected to the base of Q6 ). 

+ 

The input bias current is 500 nA 
maximum. Furthermore, the PNP 
input configuration shown in Fig. 
2 performs level shifting with a 
minimum of noise-producing 
junctions. 

The second stage, using Q 10 as a 
current source, is Darlington con­
figured to provide a high-gain 
common emitter stage. 

The complementary emitter fol­
lower output stage is cu rrent pro­
tected by resistors R6, R7 and R8 • 

The 4136 op amp meets or ex­
ceeds all specifications for 741 
type op amps. It is suitable for 
applications in low-noise signal 
processing because of its low-

- - - o, o., 

Fig. 2 - The PNP emitter coupled pair used as the front end of the op amp has several ad­
vantages over the more common NPN pair. Since the lateral PNPs' emitter and collector 
are formed in processing at the same phase as the NPN base diffusion, breakdown volt­
ages, BVceo and BVebo' of these PNPs exceed 90V. This makes it virtually imposs ible to 
overstress the input transistors. 
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noise PN P front end transistor. 
Ri ght now Raytheon is the so le 

manufacturer of the quad 7 41 . 
Other manufacturers, however, 
may not choose to second source 
it with the sa me pin configuration . 
For instance, pin 7 is conven­
tionally the negative supply input 
and pin 14 is the positive supp ly 
input. In Raytheon's 4136, pin 11 
is the positive power input and pin 
7 the negative power input. It is 
possible that the pin confi guration 

of the Raytheon IC may not be the 
industri al standard, should the 
quad package become popular. 
The semi conductor industry has 
failed at times in the past to get 
their pinouts together. 

Also, the input currents are 
opposite in polarity to those of 
most 741 op amps because PNP 
transistors are used rather than the 
usual NPN . Thi s may have some 
effect on your c ircuit design. 

The 4136 is now available from 

Water-soluble paper speeds assembly 
of printed circuit boards 

PROGRESS IN 
PACKAGING 

Two new products from Vector 
Electronic Co. combine with Vec­
tor's prepunched tenth-tenth " P" 
pattern Vectorbord@ to provide a 
novel circuit-board production 
technique. 

Raytheon distributors. The 
RC41 36 DP (plastic) runs 1-100 @ 
$2.08; 1000@ $1.76; 5000@ 
$1.05; 10k @ 98¢ ; and 1 OOk for 
80¢ each. RMl 36D (cerami c) runs 
1-100 @ $6.75 ; 1000 @ $5.40; 
5000 @ $4.04; 1 Ok @ $3.86; and 
1 OOk for $3.64 each. 

Raytheon Semiconductor Div, 
350 Ellis St., Mountain View, CA. , 
94040. Phone(41 5)968-92 11 . 

For more info rm ation, check 169 

One product is a water-soluble 
paper that can be used for compo­
nent layout in the design phase 
and also as an assemb ly document 
in production . The other is a new 
terminal ca lled a " Trifurcated" T-
49 Klipwrap that combines a 
0.025 square wrapping post with a 
c li p-action terminal ab le to accept 
leads from 0.010 to 0.040 inches 
in diameter. 

Assembly diagrams printed on water-solub le paper are placed d irectly on both sides of 
circu it board to speed assemb ly and minimize errors. 

Wrapping of component leads 
around the terminal is not neces­
sary because of the c lip action . 
When insta ll ed in prepunched 
Vectorbord with a hand tool , the 
terminals withstand automatic 
Wire-Wrapping torque. 

To make a c ircuit board, a fu ll ­
scale layout of component place­
ment is made direct ly on a sheet 
of the so luble paper that has a 0.1-
inch grid pattern. A wiring dia­
gram is drawn on a second sheet 
with the wiring posts in mirror­
image relationship to the compo­
nent layout. 

Copies of the original drawings, 
made by offset printing on plain 
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water-so luble paper or on Xerox­
type 4000 duplicators, are then 
included in a document package 
for production assembly pu rposes. 

During assembly, the compo­
nent placement and wirin g docu­
ments are taped or pinned to their 
respecti ve sides of the circuit 
board. The assembler install s ter­
minals (T-49 or others), sockets 
and components directly over the 
sheet as indicated by the layout. A 
styrofoam block provides a conve­
nient working surface. 

After component installation, 
the board is turned over and wir­
ing is done by wrapping or so lder­
ing as indicated by the attached 
wiring diagram. Because the as­
sembler is looking at the docu­
mentation and the work at the 

same time, fewer errors and great­
er speed shou Id result. 

Finally, the board is rinsed in 
water to disso lve the document. 
Any components that are subject 
to damage by water are, of course, 
installed after rinsing and drying. 

The paper is available in pack­
ages of 50, 8-1 /2 x 11 -inch sheets 
for $5. 95 with 0.1-inch grid pat­
tern and $5.50 without grid for 
copies. T-49 terminals are avail­
able with tin or gold plating. 
Prices are $20 per 1000 and $27 
per 1000, respectively, in quanti­
ties of 1 000 to 4000. 

Vector Electronic Co., Inc. , 
7 2460 Gladstone Ave. , Sy/mar, 
CA 91342 Phone(2 13)365-966 1. 

For more information, check 168 

CHECK NO. 62'-+ 
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A new function generator 
for isolated situations. 
The truly portable Model 5600 provides sine, 
square and triangle waveforms from 0.002Hz to 2MHz ... 
with or without external power ... wherever it's needed. 



SEM ICONDUCTORS 

PHOTOTRANSISTOR TAPE READER AR­
RAYS INTRODUCED. These standard ar­
rays employ 9 optically isolated, high sensi ­
tivity phototransistor detectors, encapsu lat­
ed in clear epoxy resin and mounted on a 
ceramic substrate. The NSL-2565 array is 
unique in that mounting/ locatin g ho les are 
provided to assure precise registration be­
tween the detector head, its light source and 
the punched tape. National Semiconductors 
Ltd .. 33 1 Cornel ia St., Plattsburgh, NY 
12901. Phone(518)56 1-3160. 207 

TTL BU S BUFFER GATES OFFERED. Im­
proved versions of 2 TTL quad bus buffer 
gates have been introduced . They are the 
SNS4/74 125 and the SNS4/74126. The 
new Tl circui ts featu re reduced propagation 
delays and improved output disab le times. 
The average propagation delay time has 
been reduced 2 nsec. When enab led , the 
three-state output performs the same as a 
TTL totem-po le output and provides sharp 
rise times even when driving highl y capaci­
tive loading such as bus lines. The output of 
the 125 is enabled when the control input is 
low, and the 126 output is enab led when its 
control is high. Texas Instruments Inc., 
13500 N. Central Expressway, Dall as, TX 
75222. Phone(214)238-2011. 208 

SCHOTTKY TTL CLOCK IS ST ABLE. The 
C0-238 DIP compatible crystal oscill ator is 
now avai I able at frequencies up to 100 
MH z to drive Schottky TTL logic. It operates 
from SV de, drives 10 TTL loads and plugs 
into a 14-pin DIP socket. The standard C0-
238 provides stability of ±0.0025% over 
0°C to 70°C. Vectron Labs., Inc. , 121 Water 
St., Norwalk, CT 06854. Phone(203)853-
4433 . 209 

HIGH-SPEED OP AMP IS SUPER STABLE. 
The Aml 18 1 which is pin compatib le with 
the like numbered ci rcu it from National 
Semiconductor, features (al l va lues are typi­
cal) : slew rate- 70 V/ µ,sec; input offset vo lt­
age - 2 mV; input bias cu rrent - 120 nA and 
offset cu rrent - 6 nA. The device has a 15 
MHz smal l signal bandwidth and operates 
over a ±5 to ±120V range. Prices fo r the 
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amp li fiers in the 100-up quantity are: 
Aml 18 (T0-5), (-55°C to + 125°() $19.95 
and Am318 (T0 -5), (0°C to +70°C) $4.95. 
Advanced Micro Devices, In c., 901 Thomp­
son Pl. , Sunnyva le, CA 94086. Phone(408) 
732-2 400. 210 

8-BIT D/A HAS INTERNAL REGISTER. 
Model MN3 28B contains an input storage 
register, monolithic switches, precision lad­
der network, internal reference and opera­
tional amplifiers. The unit is housed in a 
hermeti ca lly sea led 16-pin DI P package 
and requ ires only ±lSV suppl ies and a 
+ SV supply. The input ci rcu itry is TTL 
compatibl e, and the ou tput vo ltage is linear 
to 1 / 2 LSB over the operatin g temperature 
range of 0°C to 70°C. Storage temperature is 
-55°C to + 125°C. The MN328B has an 
ouput vol tage of +5 to -4.91V. Price on 
the MN328B is $41 each in 100 quantity. 
M icro Networks Corp., 5 Barbara Lane, 
Worcester, MA 01604. Phone(617)756-
4635. 211 

HEX AND QUAD D-TYPE FLIP-HOPS 
TOGG LE AT 110 MHz. S54S/74S174 hex 
arid S54S/74S l 75 quad flip-flops utilize 
Schottky TTL technology. Al l have a direct 
clear input, and the 175 features comple­
mentary outputs from each flip-flop. Pin as­
signments are identical to the standard TTL 
vers ions. Prices are expected to be sl ightly 
more th an $5 per unit when purchased in 
lots of 100. Si gneti cs, 811 E. Arques Ave., 
Sunnyva le, CA 94086. Phone(408)739-
7700. 

pROMs ASSEMBLE PROGRAMS FOR 
MICRO COMPUTERS. The 4 pROMs (A0-
7 40, 74 1, 742 and 743) p lug into the proto­
typing board for the MCS-4 micro computer 
and perform all the functions of a Fortran IV 
assembler, eliminating al l need for a gen­
eral -purpose computer. Pri ce is $364 for the 
set of 4 assembler pROMs. Intel Co'rp., 3065 
Bowers Ave., Santa Clara, CA 95051. 
Phone(408)246-7501. 212 

MOS pROM PROGRAMS 10 TIMES FAST­
ER. Intel Corp. has introduced a 2048-bit 
erasable stati c MOS pROM th at programs in 
2 minutes, 10 times fas ter than any other 
MOS pROM on the market. Des ignated 
1702A, the new pROM may be pro­
grammed in the field using Intel's Model 
7600C tape actuated programmer. It may 
then be erased like its predecessors by shin­
ing ultraviolet light through a transparent 
quartz cap on the package. The pROM may 
be erased and reprogrammed as often as 
desired without impa iring its performance. 
The 1702A has a maximum access time of 1 
msec. It may be rep laced at any time by a 

pin-compatible mask programmed ROM, 
Intel 1301. Pri ce is $45 in 100-piece quanti­
ties. Intel Corp., 3065 Bowers Ave., Santa 
Clara, CA 9505 1. Phone(408)246-7501. 
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WORLD'S SMALLEST RADIO RECEIVER. 
The ZN4 14 dramatica ll y reduces the cost 
and size of a radio receiver. Al I that is re­
quired to produce a radio receiver capab le 
of covering medium and long wavebands is 
the ZN4 14, a battery, an aeri al , a speaker, 
two resistors, a tuning and two fixed capaci­
tors. Ferranti Electric Inc. , E. Bethpage Rd., 
Plainview, NY 11803. Phone(Sl 6)293-
8383. 214 
10 D~VICES ADDED TO 54C/74C CMOS 
FAMILY. Following are the 10 new 
54C/74C with 100-up pric ing in epoxy 
packages: 
MM7.4C04/MM64C04/MM/54C04 Hex 
Inverter, $1.1 5; MM/ 74C73 Dual J-K M as­
ter-Slave Flip-Flop, $2.5 1; 74C76 Dual J-K 
Master-Slave Flip-Flop, $2.5 1; 74C74 Dual 
" D" Flip-Flop, $1.62; 74C107 Dual J-K 
Master Slave Flip-Flop, $2 .51; 74Cl 60 Syn­
chronous Decade Counter, $6.35; 74C l 61 
Synchronous 4-bit Binary Counter, $6.35 ; 
74C l 62 Ful ly Synchronous Decade Count­
er, $6.35 ; 74C163 Fu lly Synchronous 4-Bit 
Binary Counter, $6.35; 74C195 4-Bit Paral­
lel Access Shift Registors, $4.16. Letterhead 
inquires onl y. National Semiconductor 
Corp., 2900 Semiconductor ' Dr., Santa 
Clara, CA 9505 1. Phone(408)732-5000. 

215 
AMPLIFIERS IMPROVE PERFORMANCE 
OF MULTIPLIER/MODULATOR. The XR-
2208 con tains a 4-quadrant mult ipl ier, op­
erationa l ampli fier, buffer ampli fier and bias 
regulator. With a few passive components it 
performs analog arithmetic computat ions 
such as mu ltip lication, division and square­
root extraction. As a co mmuni cations signal 
processor, it will modulate, demodulate, 
detect, mix and amplify (or ampl ify with 
automati c gain control) over a wide fre­
quency ran ge in AM, double-sideband, su­
pressed-carrier and phase-shift systems. The 
buffer increases the 3-dB bandwidth of the 
mulupl ier to 10 MHz (versus about 1 MHz 
for conventional mu lti pl iers) and decreases 
output impedance to SO!l. The suppl y range 
is ±4V to ± 1 SV. Input voltage range is 
±6V. Exar Integrated Systems, Inc., 750 
Palomar Ave., Sunnyvale, CA 94086. 
Phone(408)732-7970. 216 
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SEMICONDUCTORS 

MINIATURE SILICON RECTIFIER 
BRIDGES. This second generation of si ngle 
phase mini ature sili con rectifier brid ges 
boasts a PIV range of from SO to 1 OOOV. The 
average de output of the new Junior Mini­
bridge has been upgraded from 8 to 12 A 
and the peak surge rating from 100 to 1 SOA 
at no increase in cost. Electronic Devices, 
Inc., 21 Gray Oaks Ave., Yonkers, NY 
10710. Phone(914)96S-4400. 217 

TRIAC SERIES RATED AT 6, 8 AND 10A, 
AT 85°C. Each of the 3 seri es is ava il able in 
6 vo lt ag~- (10DRM) 100 to 600V. Half cycle 
on-state surge current is 66, 88 and 11 OA, 
respectively. Gate trigger cu rrent is SO mA 
at 2S 0 C, gate tri gger vo ltage is 2.0V at 2S 0 C. 
Prices range from $1.84 to $S.4S in 100 
quantity. Sarkes Tarzian, Inc., Semiconduc­
tor Div., 41 SN. College Ave., Bloomington, 
IN 47401. Phone(8 12)332-143S. 218 

4-BIT TTL PRIORITY REGISTER replaces 6 
551 packages. Designated the SNS4/74278, 
this IC consists of 4 input data latches and S­
line priority decoder, in a single package. 
The fifth priority decoder input perm its im­
plementation of cascading circu itry so that a 
number of these registers can be connected 
to perform N-line priority decoding. Price 
of the SN74278N is $2.70 in 100-piece 
orders. Texas Instruments Inc., Box S012, 
Dallas, TX 7S222. Phone(214)238-3741. 
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FIRST SEMICONDUCTOR ABSOLUTE 
PRESSURE TRANSDUCER replaces electro­
mechanical devi ces. The LXl 600A is ex­
pected to have a w ide range of app li cati ons 
in fuel metering and igniti on controls, heat­
ing, refrigeration, automotive safety and 
diagnostic controls. It is pr iced at $70 in 1 to 
99 quantities and $S8 in 100-up quantities. 
National Semiconductor Inc., (Letterhead 
inquires on ly), 2900 Semicondcutor Dr. , 
Santa Clara, CA 9SOS 1. Phone(408)732-
SOOO. 

RF TRANSISTOR KIT DELIVERS 1 OOW 
With 20 dB GAIN. This 2-stage kit, in ce­
ramic packages, has a low input Q for better 
broadband capab ility. Used in class "C" 
operation, at 150 MHz, 40V, it will deliver 
lOOW with 20 dB min. gai n. This family of 
devices is also sui table for 28V operations. 
Nichrome resistors are used for stabi li zat ion 
and durability. Delivery: 6-8 weeks ARO. 
Dertron Inc., 7S 16 Central Industria l Dr. , 
Riviera Beach, FL 33404. Phone(30S)848-
9606. 221 

Which Of these 
Ceneral Electric lamps 

can help you most? 
New Green Glow Lamp! 

~-============================~ Actual 
Size 

Finally, a broad spectrum bright green 
glow lamp from General Electric, that 
gives you greater design flexibility 
than ever before. It emits green and 
blue light with suitable color filters. 
It is called G2B. 

What's more, the G2B is directly 
interchangeable electrically and 
physically with our high-brightness 
C2A red/orange/yellow glow lamp. 

cu 

So you can use the G2B alone for 120 
volt green indicator service. Or to­
gether with the C2A to emphasize 
multiple functions with color. For 
example: for safe/unsafe functions, 
dual state indications and to show 
multiple operations in up to 5 colors. 

And remember. Both the G2B and 
C2A save you money because of their 
low cost, small size and rugged con­
struction. 
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New Sub-Miniature Wedge Base Lamp. 

If space for indicator lights is your in the same relation to the base. It 
problem, this new GE T-1% size all- won't freeze in the socket, which 
glass wedge-base lamp is your solu- virtually ends corrosion problems. 
tion. It measures less than % " in And like its big brother - the T-3% 
diameter. wedge base lamp - it features a 

The filament is always positioned simplified socket design. 

Three Potent Infrared Solid State Lamps (LEDS). 

Get more than twice the useful out­
put of other GE solid state lamps 
with GE SSL-54, SSL-55B and 
SSL-55C. 

The increased energy concentrated 
in a narrow 20° cone allows you to 
use less sensitive detectors. Or to 
operate the lamps at lower current. 
Or to space lamps and detectors 

fl 
farther apart. 

All are excellent matches for GE 
photodetectors and can be used in 
many photoelectric applications. 
They're also particularly useful in 
applications demanding an infrared 
source capable of withstanding 
severe shock and vibration . 

To get free technical information on any or all of these lamps, just write: 
General Electric Company, Miniature Lamp Products Department, Inquiry 

Bureau, Nela Park, Cleveland, Ohio 44112. 

GENERALf) ELECTRIC 
CHECK NO. 63 
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ERC's Digital Instruments 
may look like just another "black box" 
unti l you put them to work. Then you 
can count on dependable control in all 
applications because the quality is de­
signed-in. 

We pack a lot of quality performance 
into a little space and if they weren't 
worth a lot more we couldn't charge 
a I ittle more. 

It takes more than manufacturing fa­
cilities to build a quality product. It 
also takes people who think service 
is as important as sales. Our service 
dept. will make any adjustment to fit 
your special requirements. 

Get the "straight" story from our Digi­
tal Sales Dept. Write or call (913) 631-
6700 TWX 910 / 749-6477. 

·-·~ .. "!> ... ~::~ " -
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lectronic research co 

Box 913 • Shawnee M1ss1on, Kansas 66202 
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SEMICONDUCTORS 

COMMUNICATIONS TRANSISTOR DE­
LIVERS 75W AT 400 MHz. The dev ices are 
specifi ca ll y des igned for operation in Class 
A, AB, B, or C broadband or narrowband 
appli cations covering the frequency range 
of 200 to 500 MHz. The three transistors in 
the seri es are rated at 20, 40 and 75 W , all 
des igned fo r extremely rugged serv ice. An 
altern ate 75W transistor is also avail abl e fo r 
hi gh power CW or pulsed operation , or as a 
linear transistor. When operated in a seri es 
of one 3W , one 20W and two 75W transis­
tors, an output of 150W can be obtained 
from a 0.2W input. Pri ces in quantities of 1 
to 99 are: 20W device, $45; 40W device, 
$90 and 75W dev ice, $135. Communi ca­
tions Transistor Corp., 301 Industri al W ay, 
San Carlos, CA 94070. Phone(41 5)59 1-
892 1. 222 

5-BIT MONOLITHIC SWITCH SAVES 
COST and space in 10-bit conversion. 
Model AD552 has been introduced fo r 
building precision 5- and 10-bit A/ D and 
D/A converters. Until now des igners either 
graded and se lected their own di screte tran­
sistor switches or used a matched tripl et of 
4-bit current switches, such as the AD55 1, 
to obtain 10-bit resolution and accuracy. 
The switch c ircuitry is geometri ca lly pro­
porti oned to attain virtually perfect v,,.­
matching and trackin g in the recommended 
circuit confi gurations. The AD552 requires 
complementary b inary input coding, fea­
tures an M SB output current rating of 2.0 
mA and settl es to 0.05% (± 1/2 LSB) in 120 
nsec. An alog Devices, Route 1 Industri al 
Park , P.O. Box 280, Norwood, M A 02062. 
Phone(6 17)329-4700. 223 

THE WORLD'S FIRST RADIO TRANSMIT­
TER ON A CHIP, is des ignated the LP2000 
" mi crotransmitter". The dev ice produces 
100 mW pulse modulated, or 50 mW am­
plitude modul ated at 27 MHz from a hi gh 
stability, regulated monolithi c osc ill ator 
using external crys tal control. The circuit 
operates from + 15 down to + 3V suppli es. 
The LP2000 is priced at $12.50 in quantities 
of 100. Lithi c Systems, Inc., P.O. Box 869, 
Cupertino, CA 95014. Phone(408)257-
2004. 224 

TEMP·R-TAPE: 
GREAT ELECTRICAL 
PROPERTIES 

PLUS 
MOST ANYTHING 
ELSE YOU MIGHT 
WANT IN A TAPE. 

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

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

*T.M . of DuPont 
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E D N J A N U ARY 2 0, 1 9 7 3 



lhelrishinvented 
incentive travel. We're 
carryi~ 0!1. the greal 

had1t1on. 

We are Cahners Travel Group-a 
division of Cahners Publishing, pub­
I ishers of this magazine and 28 
other leading business journals . 

We're one of the largest travel 
organizations in the country, with 
some 30 offices in the U.S . and 
Canada. 

Cahners Publishing specializes 
in b usiness information, Cahners 
Travel specializes in business travel . 
In particular, in incentive travel pro­
grams for small, medium and large 

businesses. 
<J We handle these programs 

from inception, work ing out the de­
tails of the incentive system, its im­
plementation, the travel plan, the 
trip itself (we go right along to 
make sure things go smoothly )-all 
the way to follow-up programs that 
set the stage for your next year's 
sales goals . 

We do all this a little better be­
cause we know business and we 
know travel . 

CHECK NO . 66 

The important thing is making 
certain the award winners get to 
the end of their rainbow-Paris, 
Rome, Spain, the Caribbean, Ha­
waii, wherever it is-and have a 
whale of a time while there . 

When you call us we can't p rom­
ise that a leprechaun will answer­
but a Cahners business travel ex­
pert will . 

CAHNERS TRAVEL 
a division of m Cahners Publ ishing 
205 E.42 St., llUll N.Y., N.Y.10017 (212) 679-2100 



CIRCUITS 

AH-t-2 
OPTIM A)( > 

MINIATURIZED MODULAR AMPLIFIER 
FOR MICROSTRIP CIRCUITRY. The Model 
AH-52 modular microstri p amplifier oper­
ates at a frequency of 10 to 500 MH z and 
has a nominal gain of 14 dB at l 6V de. A 
major feature of thi s modular amplifier is. its 
hi gh reliability- it has an MTBF of 
1.44 x 10'; hours/MIL-Handbook 217A. 
Specificati ons include a no ise fi gure of S dB 
and output power at 1-dB gain compress ion 
of + 10 dBm. $7S. Optimax, Inc., Box lOS, 
Adva nce Lane, Colm ar, PA 189 1 S. 
Phone(2 1S)822-1311 . 225 

16-BIT D/A $350 CONVERTER HAS LIN­
EARITY ERROR OF 0.003 %. The DAC4S is 
a new 16-bit D/A converter whi ch features 
linea rity error of 0.003%, max., dri ft of only 
1 ppm/°C fo r offset, 1 ppm/°C fo r linearity 
and S ppm/°C for ga in. The current output 
of this modular unit settles to 0.003 % in less 
than 10 µ sec while the voltage output set­
tl es in SO µ sec. The linearity error of the 
DAC4S is only 0.003%. The DAC4S can 
operate over a ±3°C temperature range 
with less than one part in 6S,000 error and 
over a ± 10°C range with less than one pa rt 
in 16,000 error. Burr-Brown Research 
Corp., International Airport Industri al Park, 
Tucson , AZ 8S706. Phone(602)294- l 43 l. 

226 

SOLID-STATE LINEAR-ANGLE dc-TO­
SYNCHRO CONVERTER. A seri es of new 
modular so lid-state linear-angle dc-to-syn­
chro converters convert de info rmation re­
presenting angle into 3-wire synchro out­
puts w ith a standard accuracy of ±30 min­
utes of arc. The converters are avail able 
with de inputs of ± lOV or ± l OOV, corre­
sponding to a ± 180° of angle. Synchro volt­
age outputs of l l .8V line- line and 90V line­
line at 400 Hz, or 90V line- line at 60 H z are 
avail able. The units can dri ve loads up to 
7Sf! line- line at l l .8V, and 4000.f! line- line 

110 

at 90V. Prices in production quantities are 
less than $800 each. Computer Conversions 
Corp., 6 Dunton Ct. , E. Northport, NY 
11 73 1. Phone(S l 6)261-3300. 227 

FLATPACK SOLID-STATE SWITCH DRIV­
ER. A SPOT switch driver whi ch provides 
switching input to p-i-n diode switches and 
is full y compatibl e with both TTL and DTL 
circuits is Model SD-2 101. The new dri ver 
provides 2 outputs from a single input and is 
used fo r dri ving shunt, series and ser­
ies/shunt switches. It has a total switching 
time of less than 1000 nsec (from SO% TTL 
input gate to 90% current output) and oper­
ates from +Sand - 12, +5 and - l S, and 
±5 and ± 12V inputs. $75. LRC, Inc., 11 
H azelwood Rd. , Hudson, NH 030S l. 
Phone(603)883-800 1. 229 

TO-S SWITCH DRIVER. A mini aturi zed 
swi tch driver, packaged in a TO-S transistor 
can, permits any coaxi al or waveguide elec­
tromechani ca l switch to be driven from TTL 
gates. The relay driver (Model SD-1601) 
drives electromechanical switches by pro­
viding either a low-impedance (logic 1) or a 
high-impedance (logic 0) path to ground for 
the switch soleno id. Model SD-1601 switch 
dri vers are designed for operatin g under 
stringent military environments and over 
temperatures ranging from - 55°C to 
+ 12S 0 C. $22. LRC, Inc., 11 Hazelwood 
Rd., Hudson , NH 0305 1. Phone(603)883-
8001. 228 

SYNCHRO-TO-LINEAR de CONVERTERS. 
Series B678 compact so lid-state units con­
vert all standard synchro or resolver inputs 
to a linear de voltage th at is proporti onal to 
the input shaft angle. Accuracies of ±6 
minutes at 25°C and ± 10 minutes over the 
temperature range of -SS°C to +8S°C are 
ava il able. This seri es offers infinite resolu­
tion, does not require adjustment of any 
kind , is short-ci rcuit proof, is avail able ei­
ther fo r pc-board mounting or connector 
termination and is ful ly transformer iso lated. 
All models are hermetica ll y sealed. $S9S. 
Transmagneti cs, Inc., 210 Adams Blvd., 
Farmingdale, NY l l 73S . Phone(S 16)293-
3100. 230 

COS/MOS PULSE GENERATOR MODULE. 
The COS/MOS-compati b le pulse generator, 
Model 727, is a small module th at offers 
frequencies from 1 Hz to 1 MHz and pulse 
widths from 1 µ sec to 100 msec. Additi on­
ally, a level detector, a non-capacitive dif­
ferenti ato r, a NOR gate, a " D" fli p-fl op and 
a pushbutton are provided. Q and Q out­
puts and complementary inputs allow the 
synthesis of a wide range of digital functions. 
Powerin g is either by the circuit under test 
or from its own supply (3 to l SV) whi ch has 
up to SO mA avail able fo r powering external 
circuitry. $125. Ameri can Laser Systems, 
Inc., 3888 State St. , Sa nta Barbara, CA 
93'105. Phone(80S)687- l 212. 231 

LOW-COST MINIATURE POWER SUP­
PLIES. A new line of low-cost, modular 

power suppli es includes single-, dual - and 
tri ple-output units available at prices rang­
ing from $16. Fifty four di fferent models are 
featured, incl uding a mini ature seri es whi ch 
is packaged into a 2 x2 x0.4-in . DIP-com­
patibl e model. Supplies are offered to in­
clude a wide range of input voltage require­
ments- 11 S, 100 to 230 and 2SOV ac and 
S, 12 and 28V de. Output voltages of 5, 200 
and ± 1 SV at current ratings ranging from 
20 to 1 000 mA are avai I able. Most models 
feature regulated outputs. Zeltex, Inc., 1000 
Chalomar Rd ., Concord, CA 94S20. 
Phone(4 l S)686-6660. 232 

OEM OPEN-FRAME POWER SUPPLIES. The 
M Series line is initi all y ava ilable in 3 sizes 
covering 7 vo ltages, wi th corresponding 
current ratings. Standard voltages cover the 
range of 4.S to 26V, with currents as hi gh as 
l 2A in lower-vo ltage ranges. Regulation is 
by means of ICs, thus minimiz ing parts re­
quired and increas ing rel iability. OEM unit 
costs are $29 for the M A size; $4S for the 
MB size; and $72 for the MC size. Com­
bined quantity discounts are avai I able. 
Dynage, Inc., 133 1 Blue Hills Ave., Bloom­
field, CT 06002. Phone(203)243-03 l S. 233 
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Value 
Priced 

From $J50 
• PAD/LOAD® Paper Handling 
• 8V2in.x11 in. and 11in.x17 in. 
• Electronic Overdrive Protection 
ii Differential Guarded and Shielded Signal Inputs 
• Disposable Fibre Cartridge Pens (Capillary 

Pen optional) 
• Sealed Follow-Up Potentiometers buffered for 

noise immunity 
• l/C Circuit Design 
• Time Base Generator (optional) 

Represented in Canada by: 

• ~ • 
:::ii =Ji Whittaker Eiectronics Ltd., 
.... 1478 Merivale Rd., 

CORPORATION Ottawa, Ont. K2E 6Z5 
Keewaydin Drive, Salem, N.H . 03079 •TEL. {603) 893·1921 •TELEX 947477 •TWX 710 366 1887 

CHECK NO. 69 

Noise sensitivity 
problems go away. 

With Topaz Ultra-Isolation Transformers. 

Box-shielding techniques achieve maximum coupling be­
tween windings while offering a very low impedance for 
common-mode noise to ground. 

Three grades of shielding excellence are offered with 
guaranteed values of: 1. 0.005 picofarads 

2. 0.001 picofarads 
3. 0.0005 picofarads 

SPECIFICATIONS: 
Common-Mode Noise Rejection: 
to more than 145 qB. 
Transverse Noise Suppression: 
greater than 125 dB at 1 kHz. 
Input/Output Voltages Available: 
115, 230, 240 and 480 VAC 
at 50 or 60 Hz. 
Models Available: 
125 VA to 20 kVA 1 phase; 
3 kVA to 60 kVA 3 phase. 

Priced from $75.00 

TOPAZ 
ELECTRONICS 

3855 Ru111n Road, San Diego, CA. 92123 
Ph.(714) 279-0111 TWX: (910) 335-1526 

CHECK NO. 68 

All-in-one-card RAM. Very fast access 
time: 125 ns. Very fast delivery: right off 
the shelf. Contains memory address regis­
ter, decoding, storage sense amplifiers, 
write amp I ifiers, output buffers-every­
thing needed for complete memory func­
tion. Up to 18K on a single card. For more 
words by more bits, just wire the cards to­
gether. Power consumption is less than 
one milliwatt per bit. Price is lower than 
any other card memory in this speed range. 
Give us a call. We'll quote price on the 
phone and ship one to you on a memoran­
dum receipt that gives you a Free Thirty 
Day Trial Period. 

All this from the people who know mem­
ories. Electronic Memories 
& Magnetics Corp. Phoenix ...,,._,._.....,.. 
Semiconductor Facility, 
3883 North 28th Avenue, 
Phoenix, Arizona 85017. 
Phone : (602) 263-0202. 

CHECK NO. 70 
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at the bottom .. . 
of every portable low-voltage 

operated instrument, tape 

recorder/player, calculator, 

garden tool, toy, etc. is a 

WALL PLUG-IN 
CHARGER/CONVERTERS 

designed and built by DYNAMIC 

• • 

... with each manufacturers' product 
having specific requ irements demanding 
careful planning and designing to match 

the required performance 
to the usage demand. 

DYNAMIC's close cooperation with the 
battery manufacturers keeps them right 

ON TOP of all the latest requirements 
of the battery you choose. Mass-produced 

to specific needs at highly competitive 
prices and designed within U/l and CSA 

Standards, makes DYNAMIC's low-voltage 

power supplies, chargers and converters, 
the most widely used 

throughout industry today. 

Feel free to call our Engineering staff 
for a complete discussion of your needs 

get "to the bottom" of your pro· 
right at the 

I> DYNAMIC INSTRUMENT CORP. 
MANUFACTURERS OF POWER CONVERSION AND 

6ATTERY CHARGING SYSTEMS TO THE 
ORIGINAL EQUIPMENT MANUFACTURER 

115 E. Bethpage Rd., 

Plainview, N. Y. l 1-803 

516 . 694-6000 

CHECK NO. 71 
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CIRCUITS 

SUB-M ODU LAR POWER SUPPLIES CUT 
CUSTOM/IN-HOUSE COSTS. A new seri es 
of sub-modu lar de power supplies, the SM 
Seri es, provides the user with a " bui lding­
block" concept. The basic building block is 
a sub-modular supply with an excl usive 
built-in rectifi er, fi lter, regulator and protec­
tive functions. The other building blocks 
include an ac transformer, wi ring harness, 
heat sink for the sub-module(s) and a 
mounting chassis or case if desi red. Power­
tec provides any one or all of the " building 
blocks." Prices are up to 90% lower than 
other power kits which sti l l require the user 
to add des ign , labor and test costs. Power­
tec, Inc., 9168 DeSoto Ave. , Chatsworth, 
CA 913 11 . Phone(213)882-0004. 234 

-

MINIATURE HIGH-PERFORMANCE ac­
TO-dc POWER SU PPLY. A new seri es of 
miniature ac-to-dc power supplies, the Se­
ri es 800, come in epoxy cast modules mea­
suring 1.25X2 X3 in . and weigh 19 oz. 
They feature input vo ltage of 105 to 125V 
rms (0.75A), 50 to 400 Hz, a single-output 
voltage of +5, -5, +28, and +30V de, 
dual-output vol tages of ±6, ±10, ± 12 ± 15, 
±18, and ±24V, accuracy of 0.05V de, and 
zero-to-full- load regu lati on of 0.02%, max. 
Line regu lation is ±0.05%; ripple is 0.5 mV 
rms max.; and operating temperature is 0°( 
to +71°C. From $63 for si ngle-output mod­
els. Anadyne Div. of Ca lifornia Linear Cir­
cu its, 1274 1 Los Nietos Rd., Santa Fe 
Springs, CA. Phone(213)698-799 1. 235 

TINY HIGH-PERFORMANCE POWER 
SU PPLY. An output of+ 5V de at 1 A, 0.05 % 
line regulati on, 0. 1 % load regulation and 
less than 1 mV rms ripple and noi se in less 
than 11 in ." (2 .5 X3.5 Xl .25 in .) are the 
basic specifi cations of the Model 21-1000 
power supply. The 11 0/220V ac unit has 
unregulated power sepa rately available to 
drive lamps, relays and recorders without 
loading the regulated power. A spec iall y 
designed low-profi le transformer gives out­
standing isolati on. $48. Ca lex, Box 555, 
Alamo, CA 94507 . Phone(415)932-39 11. 

236 
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ROW StROMG 
lRE lOUR 

coMMECl\OMS? 
Model "TT" Pull Testers provide rapid measurement 
of the breaking strength of solderless joints, adhesive 
bonds, miniature welds, crimped terminals, wire or 
metal strip. Tests tensile or pull strength of specimens 
up to 12 'l's" long with ranges from 0-500 grams to 0-500 
lbs.; accurate to -+- 0.5%. Return stroke is virtually in­
stantaneous; "hold-at-maximum" indicator resets with 
a touch of the finger. Units .are portable, air operated; 
suitable for production testing, research or inspection 
functions . Write or call : AMETEK/ Hunter Spring, 1 
Spring Avenue, Hatfield, Pa. 19440. (215-822-2971) . 

.\Ml!Tl!K / Hunter Spring 

GAUSS METERS 

'6~~ 
[ ~ 

'"" •• 

model 811 

high accuracy 
excellent repeatability 
rugged 

Bell gaussmeters measure magnetic field strength 
from .0001 gauss to 100,000 gauss. There are six 
gaussmeter models and 110 probe models for each 
gaussmeter. The resulting combinations meet the 
challenging requirements of all magnetic field mea­
surement applications. 

F. W. Bell has the experience and know-how 
to offer you the best instruments that are available. 
Your local representative is equipped to give you 
a demonstration . Use the inquiry card to find out 
how these instruments can benefit you. 

4949 Freeway Drive East 
Columbus, Ohio 43229 
Phone: 614/ 888-7501 
TWX: 810-337-2851 

a subsidiary of Arnold Eng inee rin g 

CHECK NO, 74 

AND A SIMPLE ANSWER 
FOR DATA ACQUISITION 

AND PROCESS CONTROL IS HERE! 

- I I 

COMP AC has arrived. 
The days of the rack and stack of individual 

components are over. COMPAC was designed using 
the systems approach ... which means the elimination 
of redundancy, increased economy, plus superior per­
formance and expandability. 

What's more, COMP AC is an off the shelf 
system, which means it is ready now! 

For strain, temperature , and pressure; AC 
DC, frequency and resistence, the COMP AC provides 
an efficient system that does the job better. In the 
test cell , research lab, and factory, COMP AC provides 
simple solutions to complex problems. 

COMPAC uses a 16-bit mini computer with 
SK of core memory as the heart of the system. The 
basic Compac System includes: 300 analog inputs, 
precision 5-digit A/D converter, 32 IC-compatible 
outputs, 6 digit display, Teletype 33ASR, and the 
conversational SIMP AC software. 

The price ... $16,500. 
COMP AC, the complete Data Acquisition 

and Process Control System has the revolutionary 
impact of a thunderbolt. 

Yet the price is little more than a drop in 
the bucket. 

~ NON-LINEAB SYSTEMS. INC. ~ BOX N. DEL MAR. CALIFORNIA 92014 

"Ideas That Become Reality" 

CHECK NO, 99 
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How would you get 
a measureable signal 

from only 6,000 
electrons per second? 

Most people do it Victoreen's way 
With just 6,000 electrons, our 1012 RX-1 will give you a good clean one 

millivolt signal . • • 
We've been making hi-meg resistors for over 30 years, making it pos­

sible for engineers like you to make big things out of little things. And with 
Victoreen RX-1 resistors, hi resistance is just one of the nice things you 
get ••• how about accuracy to ± 1 %, good stability, and ranges from 
107 to 1014 ohms ... 

Victoreen • • • where else can you get so many accurate ohms for your 
money? 

VICTOREEN 

VICTOREEN 
INSTRUMENT DIVISION 
10101 Woodland Avenue 
Cleveland, Oh io 44 104 

114 

OMA 722 

_J_ 
.t>--,>----10·15AMPS lWM-1 (6000 elect ./sec.) 
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CIRCU ITS 

Ac POWERED FREQU ENCY SENSOR, 
Type FS, de-energizes electrica l systems or 
acti vates alarm systems when the power­
line frequency vari es above or below pre­
spec ifi ed limits. The new sensor is available 
w ith ±5% accuracy, an input operating 
vo ltage (nominal ac) of 120/208 or 
11 5/200V rms±20%, input operating fre­
quency (nominal) of 60/400 Hz±20% and 
dpdt or 3 pdt output contacts. Contact ratin g 
is 2 to 1 OA res isti ve and operatin g tempera­
ture is -55°C to + 125°C. Logitek, Inc., 42 
Central Dr. , Farmingdale, NY 11 735. 
Phone(5 16)694-3080. 237 

FRACTIONAL-HORSEPOWER MOTOR 
CONTROL. A new so lid-state motor contro l 
fo r use w ith fracti onal-horsepower electri c 
motors is Model 4001 whi ch is des igned fo r 
use w ith motors up to 1 /8 hp and is avai 1-
able in ac and de models. Bu i lt-in feedback 
sensing of the contro l operates over its full ­
wave capability. The unit measures 3-
3/8X3-3/4x 1-1 /4 in . and weighs 7 oz. Cir­
cuitry is compati b le w ith either shunt­
wound or permanent-magnet motors. De 
models are avai I abl e in 105 or 21 OV arm a­
tu re and field. Ac models are ava il able in 
11 5 or 230V, 50 or 60 Hz. Controni cs, Inc., 
2629 Johnstown Rd., Co lumbus, O H 
43219. Phone(6 14)47 1-6466. 238 

.. . • 

LINEAR M ICROW AVE PHAS E SHIFTER. A 
new seri es of linear phase shi fters operates 
at frequencies up to 2.5 GHz. Mechani ca l 
phase adjustment is through a unique mi ­
crometer on Models 1000 and 2500, w ith 
Model 500 using a screwdri ver adjustment. 
All models are fitted w ith a lockin g device. 
Linearity is ± 1 /2°, and insertion loss is 0.2 

dB at 2.5 GHz. Very precise contro l of 
phase is prov ided through the ca librated 
micrometer, w ith 5 electri ca l degrees per 
mechanical turn. $500. Andersen Labora­
tor ies, Inc., 1280 Blue Hills Ave., Bloom­
field , CT 06002. Phone(203)242-0761.239 
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Doyouhavea 
digital printer 
application you 
need to solve 
reliably ... and ~ 
at low cost? · : 

See what 
Ke Itron 
has to off er. 

DM500 Series : 

• Completely packaged 
• Rack or bench mounted 
• Print mechanism slide 

mounted 
• $600.00 DM500-7 

(Quantity 10) 

DM550 Series: 
• Separate logic bd., print 

mechanism and power 
supply 

• Interconnect ing cables and 
connectors 

• $515.00 DM550-7 
(Quantity 10) 

Digital printers up to 21 
columns available either com­
pletely packaged or as separate 
components. 

Keltron has a complete line of 
compatible clocks and panel meters 
for this compact, rugged series of 
printers. For immediate assistance, 
call us collect, or write . .. 

KELT 

25 

CH EC K NO. 77 

The People Who 
Brought You The 
$J2 Power Supply 

Servotron . .. the only manufacturer 
of modular encapsulated lab sup­
plies, wi th specifications compatible 
to industry's standard SE 900 series. 

CHECK NO. 79 
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25WATT 
DC·DC 
REGULATED 
CONVERTERS 
High power 
in a compact, low 
profile package 
FEATURES 

• 25 Watts output (greater than 
1 watt/ cu . in.) 

• Triple, dual or single outputs 

• Short circuit protected by 
current limiting 

• Low output impedance by 
post regulation 

• High powered addition to the 
proven 9500 series 

SPECIFICATIONS 

• 28 voe input, outputs 
available from 5 to 24 voe 
in single, dual , or triple 
output models. 

• regulation: line, 0.1 % 
load, 0.2% 

• meet MIL-E-5400K 
spec ifications (selected) 

• low profile package 
(4 x 4 x 1.5 inches} 

• output impedance: 0.02 
ohms, 0 to 10 kHz 

• EMI : Input filtering 
included 

• MTBF: Calculated per 
MIL-HDBK-217 

Prices: 
Single output, 
Dual output, 
Triple output, 

$240.00. 
$270.00. 
$330.00 

For immediate delivery call 
(303) 442-3837 

tecnetics, Inc. 
Box 910 
Boulder , Colorado 80302 

tecnetics 
CHECK NO. BO 
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EQU IPMENT 

BATTERY POWERED 3-1/2-DIGIT DPM. 
The new portable Model 1220 DPM is a full 
b ipo lar 3-1 /2-digit instrument that weighs 4 
oz, requires only 4 in .2 of panel space and 
uses onl y 3/4W of power. The M odel 1220 
operates from a battery of 5.SV ± 10%. Four 
"C" cells provide 18 hours of continuous 
operation w ith all digits fully lit. The DPM 
uses Weston's patented dual-s lope tech­
nique and an LSI/MOS plug-in chip for ad­
ded reliability. Available from stock in 
ranges of 100 mV to 1 OOOV and 10 µ A to 
100 mA. Under $100 in OEM quantiti es. 
Weston Instruments, Inc., 614 Frelinghuy­
sen Ave., Newark, N J 071 14. Phone (201) 
243-4700. 170 

SEVEN-SEGMENT 3-3/4-DIGIT DPM. The 
AN2534 is a 3-3/4-digit DPM (it can read 
up to 3999) w ith a seven-segment Sperry 
display that offers an accuracy of 0.05%, a 
resolution of 0.0025% (fu ll sca le) and a 
measurement overrange of 300%. The unit 
se lls fo r $189 in si ngle-unit quanti ti es, with 
quantity discounts sa id to be ava i lable. An­
alogic Corp., Audubon Rd ., W akefield, MA 
01880. Phone (6 17) 246-0300. 171 

A DIGITAL MULTIMETER KIT FOR LESS 
THAN $100. The IM -1202 is a 2-1 /2-digit 
b ipolar mu ltimeter kit, pri ced at just $79.95, 
ma il order. Assembly time is sa id to be 2 or 
3 evenings. The instrument's accuracy is 
w ithin 1 % on de volts, 1-1 /2% on ac vo lts 
and ac/dc cu rrent and 2% on ohms. Its 29 
selectable ranges measure vo ltages from 10 
mV to 1 OOOV on de, 10 mV to 700V rms on 
ac, 10 µA to 2A on ac or de current and 1 !1 
to 2 M!1 on res istance. Heath Co., Benton 
Harbor, M l 49022 . Phone (6 16) 983-396 1. 

172 

-Ac/de 4-1/2-DIGIT MICROVOLT MULTI-
METER. The Model 171 ac/dc digita l multi ­
meter offers 1-µ V de reso lution and 10-µV 
ac reso lution, ac/dc current and res istance 
measu rements fo r onl y $895. As a de volt­
meter, it measures 1 µV to 1 OOOV in 6 full­
scale ranges at +0.02% accuracy. On the 5 
ac voltage ra nges, the 171 permits measure­
ments over 40 Hz to 100 kH z with +0.3% 
midband accuracy. Keithley Instruments, 
Inc., 28775 Aurora Rd ., Cleveland, O H 
44139. Phone (216) 248-0400. 1 73 

SPECTRUM ANALYZER USES A VARIABLE­
PERSISTENCE DISPLAY. The Model 711 
variable-persistence display unit offers a 
persistence range of 300 msec to 100 sec. It 
can store an image for up to 6 hours or be 
used in a conventional, nonstore mode, and 
utili zes plu g-in tuning modules covering the 
audio, video and baseband frequency 
ranges . $2600. Systron-Donner Corp., Mi ­
crowave Div., 14844 Oxnard St. , Van Nuys, 
CA9 1409. Phone(2 13) 786- 1760. 174 

LOW-COST BISTABLE STORAGE SCOPE. 
The telequi pment DM64 10-MHz bistabl e 
storage scope is a dual-trace unit that fea­
tures compactness and light weight. Storage 
writing speed can be vari ed from 25 to 250 
cm/msec. Sweep speeds from 2 sec/cm to 
100 nsec/ cm (40 nsec/cm with XS magni­
fier), X-Y measurement ca pabi lity and 5% 
accuracy make the DM64 idea l for general 
usages. $1095. Tektronix, Inc., P. 0 . Box 
500, Beaverton, O R 97005 . Phone (503) 
644-0161. 175 
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FREQUENCY CO UNTER MEASURES 
DOWN TO 0.001 Hz IN 1 SEC. A new 
counter that makes highly accurate direct­
reading measurements of audio and low­
frequency inputs is the Model 6220, 2-MHz 
frequency/multiplier counter. The 6220 can 
reso lve 0.001 Hz in 1 sec. Features inc lude 
AGC, w hich sets all input adj ustments auto­
mati ca ll y, zero suppress ion to blank out all 
leading zeros and an auto ranging dec imal 

point. $350. Systron-Donner Corp., 10 Sys­
tron Dr., Concord , CA 94520. Phone (41 5) 
682-6161. 176 

---·"· 
DU AL-BEAM SCOPE HAS 2-mV SENSITIV­
ITY ACROSS 10-MHz BANDWIDTH. Sen­
sit ivi ty of 2 mV/cm across the full 10-MHz 
bandwidth plus true dual-beam operation 
characteri ze the Phi lips PM 3232 general­
purpose scope. O ffered at approx imately 
$900 as the successor to the Ph i li ps 
PM3230, the PM 3232 fea tures de trigger­
ing, automati c leveling, de coupling and 
automatic TV line/frame se lection. Tes t & 
Measuring Instruments, Inc. , 22 4 Duffy 
Ave., Hicksv ill e, NY 11 802. Phone(5 16) 
433-8800. 177 

HIGH-ACCURACY LOW-CO ST )-1 /2-
DIGIT MULTIMETER. Model 4442 digital 
multimeter for onl y $325 fea tures de-volt­
age accuracy to +0.05% of read ing and ac­
voltage accuracy to +0.3% of reading (40 
Hz to 10 kH z) and +0.6% of reading (10 to 
20 kHz). It measu res from 199.9 mV to 
1 OOOV full sca le de and ac in 5 ranges each. 
It also measures from 199.90 to 19.99 Mfl 
fu l l sca le in 6 ranges with accuracies to 
±0. 1 % of reading. W eston Instruments, 
Inc., 614 Frelinghuysen Ave., Newark , N J 
07 11 4. Phone(201 )243-4700. 178 

SWEEP GENERATOR FOR IF APPLICA­
TIONS. Model 1202 is a small , low-cost 
sweep generator that covers the freq uency 
spectrum from 1 00 kH z to 100 MHz and 
provides full range sweep with a fl atness of 
± 0.25 dB, 2% linearity and 1 V output. The 
single-chassis, modular construction of the 
1200 Seri es prov ides a compact size of 8-
3/4 x 6-3/4 x 12 in. and ease of mainte­
nance. Plug-in markers (up to 7) and a bui lt­
in 102-dB attenuator (1-dB steps) are also 
ava il able. $895. Teloni c Industries, Inc., 
21282 Laguna Canyon Rd., Laguna Beach, 
CA 92652. Phone(7 14)494-9401. 179 

5-MH z 8-BIT AID-CONVERTER SYSTEM. 
Model IAD-2208 AI D-converter system fea­

tures a 300-psec aperture time, 8-bit reso lu­
tion at conversion rates up to 5 M Hz and an 
accuracy of ± 0.02 % of full sca le ± 1 / 2 LSB. 
The IAD-2208 incl udes a sa mple-and-ho ld 
ampli fier, an AI D-encoder system, ti ming 
and decoding and power supplies. It oper­
ates either asynchronously from an internal 
clock or synchronously from an external 
signal source. It is completely modular in 
des ign and is rack-mountable. Inter-Com­
puter Electroni cs, Inc., Box 507, Lansdale, 
PA 19446. Phone(2 15)822-2929. 180 

PROGRAMMABLE RFI M ETER PERFO RMS 
PRECISION AUTO M ATIC TESTING. A 
new programmab le EMl/RFI test rece iver 
covering the frequency range of 30 to 1000 
MHz in 8 bands is the NM-37/57. With suit­
able programmin g, it wi ll perform all auto­
mati c and semi-automati c testing required 
by MIL-STD-46 1 A and M IL-STD-826A. 
Model NM-37/57 is portable and can oper­
ate off ac power or fo r 8 hours on internall y 
rechargeable batteri es. Signal-level range is 
0. 1 µ,V to l V or - 20 to + 120 dB. Singer 
Instrumentati on, 32 11 S. LaCienega Blvd., 
Los Angeles , CA 90016. Phone(213)870-
276 1. 181 

MINIATURE 
DC·DC 
CONVERTER 
Converts voltage 
at point of load 
FEATURES 

• high efficiency: typically 
75% (at full load) 

• hermetic or non-hermetic 
case 

•PC board mounting 
(2XDIP pin spacing) 

• miniature DC-DC 
unregulated converters 

• output tracks input 

SPECIFICATIONS 

• input voltages available: 
5, 12 or 20 voe. 

•output voltages avai lable: 
5 to 300 voe 

(single output models) 
± 12, ± 15, ± 18 or± 25 voe 
(dual output models) 

• 3 watts output power (2 
watts for 5 Vin model) 

• Case Size: 1.05 x 0.94 x 
0.32 inches (for 1/ 2 inch 
board spacing) 

Price: $49.00 for non­
hermetic and $59.00 for 
hermetic case. 

For immediate delivery call 
(303) 442-3837 

tecnet ics, Inc . 
Box 9 10 
Boulder , Co lorado 80302 

tecnetics 
CHECK NO. 81 
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COMPONENTS/MATERIALS 

ONE-PIECE CONNECTORS ARE RATED AT 
175A. The single-piece structure provides 
qui ck and easy assembly of indi vidual con­
tacts. A snapping sound ass ures that the 
contact has latched onto the spring. The 
175A connectors are also keyed and co lor 
coded. The keys form an integral part of the 
connecto r and, together with contrasting 
co lor coding (gra y, b lue, orange and yel­
low), prevent the poss ibility of connecting 
nonidenti ca l voltages. The lightweight po ly­
carbonate housings have superi or dielec­
tri c, heat and arc resistance characteri sti cs. 
Anderson Power Products Inc., Power 
Equipment Div., 145 Newton St. , Boston, 
MA 02 135. Phone(6 17)787-5880 182 

MINIATURE THERMISTORS COVER WIDE 
RANGE. The Mi nitherm N40-90002 spans a 
range of - 30°C through -10°C, w ith a 1° 
accuracy. 90003 covers - 20°C through 
+ 25°C w ith a 2° accuracy. 90004 has a 
range from + 25°C to + 100°C. It also has 2° 
accuracy. The fourth Minitherm (N40-
90005) ranges from + 100°C through 
+ 200°C. Its accuracy margin is from 2-
1 /2°C on the low side through 3°C on the 
high side. In quantity, pri cing runs 20¢ to 
30¢ each. MEPCO/ ELECTRA, Inc. Co lum­
bi a Rd. , Morri stown , N J 07960. Phone­
(201)539-2000. 183 

ALL-PURPOSE ADHESIVE IS W ATER­
PROOF. A new super-strength all -purpose 
adhes ive, ca lled M AGIGRIP, has been de­
veloped w hich makes it possible to bond 
di fficult-to-adhere materials. It w il l adhere 
rubber to almost any surface, and it will 
bond glass, metal, wood and ceramic to 
almost any surface. The adhesive is merely 
app lied to one surface and placed in con­
tact with the other surface to effect an al­
most instantaneous bond whi ch continues 
to grow stronger as the adhes ive dri es. 
MAGI GRIP is avai lable in 1- and 5-ga l. con­
tainers as well as 55-ga l. drums. Adhesive 
Products Corp. , 1660 Boone Ave. , Bronx, 
NY 10460. Phone(2 12)542-4600. 184 

DIP NETWORKS PROVIDE UP TO 23 
COMPONENTS. Fourteen- or 16-pin 
CORDIP resistor networks for pull -up or in­
out functions are ava i lable combining up to 
15 resistors in dual in-line packages. Stan­
dard res istance values range from son to 22 

118 

kn , w ith tolerances of ±2% and tempera­
ture coefficients of 100 ppm/°C. Custom 
CORDIP networks ca n be made with up to 
23 res istors, capacitors and diodes intercon­
nected to specifi ca ti ons. Corning G lass 
W orks, Corning, NY 14830. Phone(607)-
962-4444 . 185 

NONI NDUCTIVE POWER RESISTO RS. 
This new power resistor product features an 
improved dielectri c coat ing and a terminal 
corona ring fo r reducing the potentia l fo r 
terminal arcing w hich may be corona initi­
ated. Increased " vol tage-w ithstand" of up 
to 50% has been obta ined in appli cati ons 
such as capaci tor current li miting, impulse 
generators, X- ray equi pment, electroni c 
precipitators, surge li miters with spark gaps 
and antenna terminations. The No-Arc re­
sistor ca n be provided fo r all standard cata­
log Carborund um AS resistors in ratings 
from 15 to 150W. The Ca rborundu m Co., 
Niagara Fal ls, NY 14302. Phone(7 16)2 7J3-
2706. 186 

SCR TRIG GER TRANSFORMER LINE EX­
PANDED. Th is 6-pin mode l is des igned for 
direct pc board mounting w ith leads spaced 
on a 0.600-in. di ameter circle. Transformers 
are ava il ab le open or encapsulated w ith 
#20 AW G tinned copper leads. Low inter­
w inding capacitance reduces prob lems of 
fa lse tri ggering. Standard turns rati os in­
c lude 1 : 1, 1 : 1 : 1, 2: 1, 2: 1 : 1, 5 : 1 and 
5: 1 : 1. Mode ls are ava i I able for operation 
from - 10°C to 70°C. BH Electroni cs, 245 E. 
6th St. , St. Pau l, M N 55 101. Phone(612J-
228-6463. 187 

I ' I 
WIRE-WRAP IC SOCKETS USE REPLACE­
ABLE PIN S. Thi s replaceab le-pin feature is 
ava il able for 2 and 3-wrap or standard (3-

w rap) pins to fit sockets w hi ch accept 14, 
16, 18, 24, 28, 36, and 40-pin DIPs. These 
sockets are molded of dia ll yl phthalate. The 
W ire-Wrap pins are made of phosphor 
bronze finished in go ld or electro-tin . Ter­
minal size is the standard 0.025-in square. 
Replacement pins are identica l to or iginal 
equipment. Cambridge Thermioni c Corp., 
445 Concord Ave., Cambridge, MA 02 138. 
Phone(617)491-5 400. 188 

LOW-CO ST IMPACT SWITCH AVAILABLE 
FOR W IDE USAGE. An inexpensive, yet re­
liable unidirectional impact inerti a switch 
w ith patented magneti c restraint, ori ginally 
deve loped fo r aircraft ELT (Emergency Loca­
tor Transmitter), has now been made avail ­
able fo r general industrial appli ca tions. 
Model 6U0-600 Impact Sw itch is $1.80 per 
unit in vo lume orders. Its patented magnetic 
restra int system not only provides an accu­
rate switch, but eliminates the usual reso­
nant freq uency problems inherent in the 
conventi onal spring-mass system. Model 
6U0-600 has un idirectional sensitivity, with 
a range of 1 to 25 Gs. O perating tempera­
tures are -65°F to + 165°F. Switch contacts 
are SPST, NO, Momentary. Inert ia Switch, 
Inc., 311 W . 43 rd St. , New York, NY 10036. 
Phone(2 12)586-5880. 189 

COOLING MODU LES FOR POWER SEMI­
CONDUCTORS ARE LIGHTWEIGHT. A 
simp le, compact and highly effective pack­
age for cooling 1 to 7 case-common power 
semiconductor devices has been intro­
duced. Highl y effecti ve cooling is provided 
by air forced through 2 rows of convoluted 
fin stock. COOL-PAX Wells may be mount­
ed on other sys tems where cooling air is al­
ready ava il able or may be provided in inte­
gral assemb lies inc luding fan. Where elec­
tri ca l iso lati on between devices is required, 
separate We lls may be prov ided. Thermal­
loy, 202 1 W. Va lley View Lane, Dall as, TX 
75234. Phone(2 14)243-432 1. 190 

PADDLE-LEVER SWITCHES ARE RATED AT 
10A. The MCT-1 l OD-49 and MCT-2 19N-
49 subminiature fl at paddle lever switch se­
ries is the latest addition to the ALCO­
SWITCH fam il y. They are U.L. listed at 1 OA, 
125V ac and SA, 250V ac and have a 
pinned lever in a 1 /4-in . bushing to prevent 
lever rotati on. Tough, all -metal 1/2 in . di ­
ameter construction with high-impact elec­
tri ca l insu lation allows use under extreme 
environmental com'f itions. Life expectancy 
is in excess of 150,000 cyc les. The single­
po le, doub le-th row MCT-11 OD-49 is pri ced 
at $2.55 in single lots and $1. 28 in lots of 
500. The doub le-po le, double-throw MCT-
21 ON-49 is pri ced at $3. 15 in single lots 
and $1.58 in lots of 500. Al co Electronic 
Products, Inc., 155 1 Osgood St. , N. Andov­
er, MA 01845. Phone(6 17)685-437 1. 191 
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Toggle Switch! 

24 PDT 

T-Bar Toggle Switches are designed 
specifically for manually switching 

many parallel lines. 8 - 144 pole 
T ~Bar Toggle Switches are available 

in Form A and C contacts. For low 
level switching, specify Series 902 
T-Bars w ith bifurcated contacts for 

high reliability. 

Off-the-shelf from 
• CRAMER • NEWARK 
• ALLIED o • HOLLYWOOD 

For information, write or phone T-Bar, 
refer to d istr ibuto r catalog or eem. 

~---=..,SWilChlnu 
T·Bar comu~9,1m! 

INCORPORATED 
SWITCHING TECHNOLOGY 

141 Danbury Road , Wilton , CT 06897 
Telephone: 203 / 762-8351 

CHECK NO. 82 
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TRIMMER CAPACITORS ARE WAFER 
THIN. VARI-Thin subminiature trimmers 
measure 0.221 in. diameter x 0.080 in. 
thin and have a capacitance range from 5 to 
30 pF. The low profi le VARI-Thin was de­
signed original ly for the quartz-watch in­
dustry, and now the advantages of its sub­
miniature size, stab ility and capacitance 
range are being uti lized in miniature instru­
ment and communication gear. Erie Tech­
nological Products, Inc., 644 W. 12th St., 
Erie, PA 16501. Phone(814)453-5611. 192 

LOWEST VSWR TERMINATION AN­
NOUNCED. Coaxia l SMA termination is 
said to be the sma llest device of its kind 
ava ilab le as a standard unit. Maximum 
VSWR from de to 18 GHz is 1.1 5, w ith 
readings below 1.10 as typica l (VSWR from 
de to 10 GHz is 1.05, max.). Maximum 
power input is 1.0W, with a temperature 
range from -54°C to + 1 25°C. The unit 
measures 0.42 in . long w ith a standard SMA 
ma le connector. The device weighs only 
0.9 oz. The Model T1 80M is priced at $15. 
Enge lmann Microwave, Skyline Dr., Mont­
v ille, NJ 07045 . Phone(201)334-5700. 193 

GREEN LEDs AVAILABLE IN DISCRETE OR 
READOUT FORM. Both the displays and 
lamps feature ref lector des ign which, when 
comb ined w ith the high electroluminescent 
efficiency of Ga llium Phosphide, gives dis­
tinct fu nctional advantages . Evenly lighted 
segments are achieved in the 0.33-in . dis­
plays, resulting in except ional readability . 
In lamps, the "pinpoint" effect is overcome, 
creati ng a bright, evenly lighted 0.200- in. 
diameter dome which is visib le over a wide 
angle. The disp lays may be mounted in a 
standard 14-pin DIP socket or directly into a 
pc board and operate w ith standard IC de­
coder/drivers at IC power leve ls. Opcoa, 
Inc. 330 Talmadge Rd ., Ed ison, NJ 08817. 
Phone(201 )287-0355. 194 

WHO MAKES 
THE WIDEST 

SELECTION OF 
PRECISION 

WIRE-WOUND 
RESISTORS AND 

RESISTIVE 
NETWORKS 

IN THE ELECTRONIC 
INDUSTRY TODAY? 

ULTRONIX~ 
' $• ' ' 

u ,,. .,. .. "'. _, ~ 

- ' 
~ .. - • N ~ 

ULTRONIX PROVIDES: 
• The widest selection of re-

sistors available. 
• Total product reliability. 
• Competitive prices. 
• Fast delivery. 
• Immediate service through 

nation-wide representatives. 
• New line of power resistors 

now available. 

Write or call today tor complete 
information. 

ULTRON1Xli
1
Nc. 

TECHNOLOGICAL LEADERSHIP IN 
PASSIVE COMPONENTS 

461 North 22nd St ., Dept. EON 
Grand Junction, Colo . 81501 

(303) 242-0810 

CHECK NO. 83 
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COMPUTER PRODUCTS 

PROGRAMMABLE TERMINAL MULTI­
PLEXER HAS COMPUTER/TERMINAL 
COMPATIBILITY. The MultiTerm 2 uses a 
built-in microprocessor and programmed 
memory to emulate a computer or terminal 
to meet a specific application. For example, 
it can make a video display termin al com­
patib le with a previously noncompatible 
computer. Or, it permits computers to work 
with previously noncompatible video di s­
play terminals. MultiTerm 2 is programmed 
in Read-Onl y rather than Random-Access 
Memory, preventing program loss in the 
event system power is cut off. Delta Data 
Systems Corp., Woodhaven Industrial Park , 
Cornwells Heights, PA 19020. Phone(2 15) 
639-9400. 245 

ASYNCHRONOUS, SERIAL IMPACT 
PRINTING TERMINAL operates at a maxi ­
mum speed of 120 cps and is available in a 
variety of forms ranging from the basic print 
mechanism alone to a complete KSR with 
modem and all-electronic components. The 
Execuport 1200 prints a full 132-column 
line from a buffer, producing up to 5 cop­
ies and an original on standard perforated 
paper stock. Spacing can be varied for pa­
per widths from 3-1 /2 to 14-7 /8 in. Basic 
character set of the Execuport 1 200 is 
ASCII with generation of the complete 
128-character ASCII code. Computer Trans­
ce iver Systems, Inc., 66 Midland Ave., 
Paramus, N J 07652. Phone(201)26 1-6800. 

246 

CORE MEMORIES HAVE CYCLE TIMES OF 
900 NSEC AND FASTER. The Series 4000 
comes in 40-bit word size and capacities up 
to 16,384 words per module and costs less 
than $0.008 per bit in quantity. The new 

memories use 18-mil Ampex cores in a 3-
wire, 3D configurat ion , spaced in a high­
density packaging arrangement. By use of 
multiple modules, 4000 Series memories 
may be expanded to a capacity of 131, 072 

120 

words of 40 bits each without modifi cation . 
Power requirements are +S V and -28V. 
Ampex Corp., 1303 1 W . Jefferson Blvd. , 
Marina del Rey, CA 9029 1. Phone(213)821-
8933. 247 

DIGITAL TAPE DRIVE OPERATES AT 10 
TO 50 IN. PER SEC, has low-maintenance 
tape tension control s and a mechani ca l 
design that reduces the number of moving 

parts by 25% compared with its predecessor 
tape drives. Th e unit uses 10-1 /2- in . reels , 
has standard tape speeds of 12.5, 24, 25, 
37.5 and 45 ips and offers packing densities 
in pairs: 200 and 556 bits per inch , 200 and 
800 bpi , and 556 and 800 bpi. Phase en­
code capability for 1600 bpi also is avail­
able. Price is approximately $4000 in OEM 
quantities. Ampex Corp., 13031 W. Jeffer­
son Blvd., Marina del Rey, CA 9029 1. 
Phone(213)821 -8933. 248 
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DIGITAL CASSETTE MEMORY SUBSYS­
TEM directly rep laces paper-tape-read­
er/punch units. The TERMI-138E is a char­
acter oriented incremental cassette memory 

for general-purpose store-and-forward ap­
pli cations. It is designed for use with low­
speed data termin als or input/output de­
vices, features unique ed iting capability and 
control via data encoded commands. The 
unit operates at switch selectable rates of 
10, 15 or 30 cps. Incremental operation is at 
30 steps-per-second, with fast forward/re­
verse at 330 cps. Telex, 9600 Aldrich 
Ave. S., Minneapoli s, M N 55420. Phone 
(6 12)884-4051. 249 

CARD READER READS STANDARD 80-
COLUMN CARDS. The Model ZU960HC-
31L is composed of a light sensor matri x 
(12 x 80). a card slot and light sou rces. 
Cards are inserted into the slot, manually, 
one card at a time, read, then automatically 
ejected. The TTL compatible output can ei­
ther be parallel or serial , depending on the 
scan method. The reader uses inca ndescent 
li ght sources, operating at SV de with a 
power consumption of 12W. Delivery is 4 
wks. Panasoni c, 200 Park Ave., New York, 
NY 10017. Phone(2 12)752-2200. 251 

KEYBOARD MEETS Mil STD 81 OB. The 
MK-28M keyboard ach ieves high reliability 
through the use of a patented ROM encoder 
and a crossbar switch with precious alloy 
contacts. It is cu rrently being delivered with 
2-key ro llover and data interlock features. 
N-key rollover can be ordered as an option. 
The keyboard uses a standard 5-level Bau­
dot code. Optional codes avai lable are 
FIELDATA and ASCII. Data Electroni cs 
Corp. , 12 Cambridge St., Burlington, MA 
01803. Phone(6 17)272-7460. 252 

10-1/2-IN. MAGNETIC TAPE TRANSPORT. 
The Series 10000 tape transport provides for 
tape speed from 12.5 ips through 45 ips 
with rewind speeds of 200 ips. Data density 
is available from 200 CPI through 800 CPI 
NRZI and 1600 CPI PE. A combination 
model PE/NRZI 1600/800 CPI is avai lable. 
Series 10000 tape transports are plug com­
patibl e w ith most other 10-1 /2 -in. units in 
the field. Producers Service Corp. , 1 200 
Grand Central Ave. , Glendale, CA 91201. 
Phone(2 13)2 45-8424. 253 

TWO VISUAL DISPLAY TERMINALS The 
Nova Display 6010 display terminal is de­
signed for appli cations where a faster, quiet­
er and more reliable terminal than a tele­
typewriter is needed. It has a standard 53-
key keyboard and operates in a roll mode, 
with new tex t appearin g at the bottom of the 
screen. $2300. The Nova Displ ay 6012 
termin al has a movable cursor for hardware 
editing anywhere on the screen, 3 modes of 
operation and a hardware protection fea­

ture th at a programmer can use to format 
the screen in data entry applications . 
$2700. Data General Corp., Southboro, MA 
01772. Phone(617)485-9 100. 254 

FORTRAN IV COMPILER SPEEDS EXECU­
TION TIME. Users of 16-bit computers now 
have ava ilable an expanded version of 
ModComp's FORTRAN IV compiler whi ch 
can reduce execution times up to 50%. The 
new compi ler enables performance to 
match that of many 32-bit machines. The 
additions to the ex isting compiler are de­
signed to optimize both code generation 
and execution time for users operating un­
der the MODCOMP, MAX 11 and MAX Ill 
operating systems. An optional pass has 
been added to the compi ler which optimiz­
es subscript ca lculations on data arrays and 
common subexpress ions within a block of 
FORTRAN IV statements. Modular Comput­
er Systems, 1650 W. McNab Rd., Ft. Lau­
derdale, FL 33309. Phone(305)974-1380. 
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FAST PACK 
Save a fast 40% on your IC packaging 

with low-cost EECO plug-in hardware. 

Cut production time to 
5 weeks for finished 

products from your 
logic diagrams 

(wrapped, tested, 
debugged and fully­

documented thanks 
to our CAD facility) . 

Knock out 
switching transi­

ents and main­
tain high noise 
immunity with our 
integral advanced 
power distribution 

system. 

Triple the density of 
PC boards, lower 

production costs and 
increase reliability 
(thanks to point-to­

point wiring and 
the need for fewer 

connections) . 

Get all the flex­
ibility you need 
for easier field 

modification, 
maintenance 

and prototyping (low-
cost kits available) . 

Free. We can save you ti~e . money and a lot of head­
aches on your IC packaging. Our free IC Packaging Package 

tells all about the world 's largest selection of sockets , 3::»-
cards, panels , drawers and special assemblies, as well as ________ __, 

our computerized wiring service. Send for it. Today . ......_ _ ___ ___ _.. 

~~©~IC PACKAGING 
EECO, 1441 E. Chestnut Avenue , Santa Ana, Califqrnia 92705 •Tel: (714) 547-5651 
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Single and Dual Regulated 
Outputs as low as s1 g9s 

(1-9) 

LCD POWER SUPPLIES 
PRICE 

(1-9) 
• ± 15V@ 25mA $19.95 
• ± 15V @ 50mA 35.00 
• ± 15V@ 100mA 45.00 
• ± 15V @ 200mA 59.95 

NEW • ± 5V @ 250mA 59.00 
NEW• ± 5V @ 500mA 69.00 

• 5V @ 500mA 37.95 
• 5V @ 1000mA 49.95 

REGULATION: 0.20% max. 
RIPPLE & NOISE: 1 mV rms 
SHORT CIRCUIT PROTECTED 
Plus 9 other standard models 
See our ad in EEM , pages 948 and 949 

SEMICONDUCTOR CIRCUITS, INC. 
306 RIVER STREET •HAVERHILL. MASSACHUSETTS 01830 

(6171 373- 9104 
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Reduce Car 
Maintenance 

Increase 
Engine 

Performance. 
Put a Mark Ten Capacitive 
Discharge Ignition (COi) 

System On Your Car. 

Even Detroit finally recognizes that elec­
tronic ignition systems dramatically in­
crease engine performance. Chrysler is now 
putting them on their new models. The Mark 
Ten COi, the original electronic ignition 
system, has been giving Increased perfor­
mance with lower maintenance to hundreds 
of thousands of satisfied customers for 
over eight years. Install a Mark Ten COi on 
your car, boat or truck and eliminate 3 out 
of 4 tune-ups. Increase gasoline mileage up 
tp 20%. Enjoy Improved engine perfor­
mance. Or put a Mark Ten B on your car. it 
was especially designed for engines with 
smog control devices. By reducing combus­
tion contaminants, the Mark· Ten B restores 
power losses caused by these devices. 
Equipped with a convenient switch for 
instant return to standard ignition, the Mark 
Ten B is applicable to ANY 12 volt negative 
ground engine. Both systems install in 10 
minutes with no rewiring. Order a Mark 
Ten or Mark Ten B COi today. 
Mark Ten (Assembled) $44.95 ppd. 
Mark Ten {DeltaKit) $29.95 ppd. 

(Kit available in 12 volt only. 
positive or negative ground.) 

Mark Ten B $59.95 ppd. 
(12 volt negative ground only) 

Superior Products at Sensible Prices 
Mfg. In U.S.A. ,-------------., 

DELTA PRoDuCTs, licE.DN 1 
P.O. Box 1147 / Grand Junction , Colo. 81501 

(303) 242-9000 

Please send me free literature. 
Enclosed is$ __ D Ship ppd. D Ship C.O.D. 

Please send : 
_ Mark Ten 8@$59.95 ppd. 
_ Standard Mark Ten (Assembled) 

@ $44.95 ppd. 
_ 6 Volt : Neg. Ground Only 
_ 12 Volt : Specify 
_ Positive Ground _ Negative Ground 
_ Standard Mark Ten (Deltakif")@ 

$29.95 ppd. 
(12 Volt Positive Or Negative Ground Only) 

Car Year __ Make1 _______ _ 
Name ___________ ~ 

Address. ___________ _ 

City/State ______ Zip __ _ 

L --~-.....__! 
CHECK NO. 86 
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LITERATURE 

CATALOG OF SWITCHES AND KEY­
BOARDS co"ntains co'mplete listings, engi ­
neering drawings, specifi cations, operating 
characteristi cs and techni ca l data. Inc luded 
are snap-action switches, leverwheel/ 
thumbwheel switches , keyboard switches, 
matri x se lector switches and keyboards. 
Other information on Cherry's plant fa­
ci lities, equipment, in-house manufactur­
ing capabilities and worldwide sa les offices 
is pictured and described in Cata log C-73. 
Cherry Electri ca l Products Corp. , P.O. Box 
718, Waukegan, IL 60085. 195 

THUMBW HEEL SWITCH BROCHURE 
DESCRIBES MOST POPULAR TYPES. This 
16-pg. short-form catalog describes the fea­
tures of Type M , H and P thumbwheel 
switches. It also introduces the industry's 
latest and smallest thumbwheel switch - the 
Type L, that measures only 0.71 in. (18mm) 
high and 0.3 15 in . (8mm) wide. Inc luded 
are electrical, mechanica l and environmen­
tal specifications and a complete descrip­
tion of options ava i lab le and thei r applica­
tion . lnterswitch, 770 Airport Blvd. , Burlin­
game, CA 94010. 196 

LITERATURE AVAILABLE ON SOLID 
STATE LED NUMERIC DISPLAYS. The data 
sheets cover the spec ifications on 0.33 -in . 
and 0.77-in. characters using ga llium phos­
ph ide red light-e-mitting diodes. The units 
covered are: 5LA-1 - 7-segment numeric 
display (decimal point on left) ; 5LA-1R-7-
segment numeric di sp lay (decimal point on 
right); SLA-1 C- 7-segment numeri c disp lay 
with co lor; SLA-2 - numeral one plus and 
minus signs; SLA-3- 7-segment numeric 
display (decima l point on ri ght); SLA-4-
numeral one plus and minus signs (dec imal 
point on ri ght) ; and SLA-4A - numeral one 
plus and minus signs (2 decimal points). 
OPCOA, Inc. , 311 Talmadge Rd ., Edison, 
NJ 0881 7. 197 

POWER SUPPLIES FOR LOGIC AND OP 
AMPS. Power supplies for IC logic and op 
amps are described in a 4-page brochure. 
Single-output 5V suppl ies with current rat­
ings from 250 mA to 32A and dual-output 
modules providing ± 5, ± 12 and ± 15V at . 
25 mA to 8.5A are inc luded in the li stings . 
Acopian Corp., Easton, PA 18042. 198 
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DATA-CONVERSION CATALOG from Tel­
edyne Philbrick. A comprehensive fold-out 
data-conversion short-form cata log features 
the latest products in a rapid ly expanding 
line of data converters. A/D- and D/A- con­
verter spec ifications are arranged for quick 
se lection by key parameters. Teledyne Phil­
brick, A llied Dr. at Rte 128, Dedham, MA 
02026. 199 

6-VOLUME SET OF 1973 DATABOOKS 
AVAILABLE. The SSD-200A 6-vol. , 3400-
pg. set of DATABOOKS is now ava il ab le on 
RCA Sol id State's complete commercial line 
of linea r integrated circuits, di screte MOS 
devices, COS/MOS digital integrated cir­
cuits, power transistors, thyristors, rectifiers, 
RF devices and hybrid circuits. The set con­
tains complete techni ca l data sheets and 
app li cation notes on all commercial types 
and has been expanded editori ally to in­
c lude : quick se lection guides and charts, 
cross-reference indexes to show current 
commercia l designations on devi ces that 
formerly carried developmental type desig­
nations, subject indexes to data and appli ­
cation notes in all volumes so that a user 
can check the index in any volume to deter­
mine whi ch volume he needs. The entire set 
may be ordered for $12 or volumes may be 
ordered individually. RCA/So lid State Div ., 
Route 202 , Somerville, NJ 08876. 200 

HIGH-VOLTAGE POWER SUPPLIES. A 28-
page cata log inc ludes data on module-type 
and a line of rack mounted high-voltage 
power supplies for CRTs, photomultipl iers, 
capacitor charging and general high-vo ltage 
uses. The line includes unregulated, full y 
regulated and remotely programmable sup­
plies from 200V to 75 kV. Ac line operated 
uni ts as well as de-to-de converters are de­
scribed . Advanced High Voltage Co. , Inc. , 
14532 Arminta St. , Van Nuys, CA 91402. 
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REGULATED HIGH-VOLTAGE POWER 
SUPPLIES. A 2-page data sheet describes a 
line of regulated, miniature high-voltage de 
power supplies . Over 40 models covering 
13 output ranges to 30 kV are listed. De­
tailed specifi ca tions are included along with 
several options. Spel lman High Voltage 
Electroni cs Corp. , 1930 Adee Ave. , Bronx, 
NY 10469. 202 

SHOCK RECORDER FOR SHIPPED PROD­
UCTS. Shock damage to packages or prod­
ucts bein g shipped can now be accurately 
recorded for direct reading by the " Transit 
Guard" shock recorder, which is detailed in 
this catalog. The time based, self-contained 
recorder provides 10 channels fo r measur­
ing shock magnitude, direction and the 
number and time of occurrences. Inerti a 
Swi tch, Inc. , 311 W. 43rd St., New York, 
NY 10036. 203 

SU PPLY BU LLETIN DETAILS IC RELI ABILI­
TY PROGRAM . A 4-pg. pamphlet, Bulletin 
84019, is ti tled, " Rel II High Reli ability Inte­
grated Circuits from Tl Supply." It exp lains 
thatthe Rel II program is primarily intended 
for plastic ICs which fill the need for prod­
ucts more reli ab le than standard products, 
yet not as cost ly as military grade ceramic 
products. Leve l I products are baked, 100% 
tested and then must pass a 0.25% AQL per 
Mil 105D. The added feature for Level II 
products in the Rel II program is power 
burn-in per Mil Std 1015 Condition D . Bul­
letin 84019 explains that power burn-in is 
the most widely accepted and positive 
means of increased reli abi lity. Rel II prod­
ucts are avai lable from stock at Tl Supply. 
Also avail ab le are MACH IV and JAN inte­
grated ci rcuits. Texas Instruments Inc. , 
13500 N. Central Expressway, Dallas, TX 
75222. 204 

PORTABLE ELECTRICAL THERMOMETER. 
Described in a 4-color, 2-page brochure is 
the RFL Industri es' Model 290 electri ca l 
thermometer. This unit is a low-cost ($99.95 
including general-purpose probe and bat­
tery) thermometer with a wide temperature 
range. The brochure describes typ ica l appli ­
cations, specificati ons and li sts the 4 dif­
ferent types of probes ava ilable for all types 
of appli cations. RFL Industries, Inc. , Boon­
ton, NJ 07005 . 205 

DIGITAL PH OTOM ETER. A new bulletin 
on Pacific Photometric's digital photometer, 
Model 124, describes the instrument's neg­
ative high-vo ltage power suppl y (-50 to 
-2000V), cu rrent measuring circuit, dark­
current cancellation and sca le expansion. 
Features detailed inc lude 100 pA to 1 mA 
full sca le, 0.1 -pA resolution, 100% over­
ranging and rear-panel BCD output for digi ­
tal data- logging appli cations. Pac ifi c Photo­
metric Instrumentations, 5745 Peladeau St., 
Emeryville, CA 94608. 206 
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DESI GN DATA 

APPLICATION NOTES 
APP NOTE EXPLAINS PROBLEM-SO~V­

ING RELAY APPLICATIONS. A 10-pg. 
booklet, depi cting complex electroni c inter­
face problems and how they were sol ved by 
various dry-reed and mercury wetted re lays, 
has been published by C. P. Clare & Co. 
Selected applications, each representati ve 
of a wide vari ety of industrial e lectron ic sys­
tems, are di agrammed and explained briefl y 
in terms of problem and so luti on in order to 
estab lish a qui ck understandi ng of d ifferent 
types of relays and the kind of appli cation 
for whi ch each is parti cularl y well suited. 
The booklet, ti t led " Six Tough Interface 
Designs," also offers a co mplete techni ca l 
dissertation on the design and application of 
dry-reed and mercury wetted relays, includ­
ing performance characteri sti cs. C. P. Clare 
& Co., 3101 W . Pratt Blvd., Chicago , IL 
6064 5. 240 

CMOS ICs IN AUTOMOTIVE APPLICA­
TI ONS is the topi c of a new techni cal bulle­
tin issued by Solid State Scientif ic. AN-103 
discusses chi p des ign techniques as appli ed 
to automotive requirements and offers data 
on some of the usefu l circuits now being 
implemented in automotive electroni c sys­
tems. Also detai led are the advantages of 
using CMOS w here hi gh reli ability, ultra 
lower power, wide operatin g temperature 
range and high noi se immun ity are require­
ments. Necessary configurations as well as 
a scale drawing of an automobile il lustrat­
ing various applications have been inc lud­
ed. Solid State Scientifi c, Inc. , M ontgomery­
vil le, PA 18936. 241 

CATCHING NOISY PRODUCTS IN PRO­
DUCTION BY AUTOMATIC TESTING. 
Federal Scientific's 12-pg. appli cation note 
entit led " Quality Evaluation of Automotive 
De Motors" reports on a continu ing pro­
gram by Ford Motor Co. to integrate a Ubi ­
qu itous rea l-time spectrum analyzer into 
sm al l-motor production for hi gh-speed au­
tomati c noise testing. An automatic analyz­
er/computer system is used to make ac­
cept-reject decisions on-li ne in less than 4 
sec. The noise evaluation is based on the 
frequency spectrum of the motor under test. 
Federal Scientific Corp., 61 5 W . 131 st St. , 
New York, NY 10027. 242 

SIGNIFICAN CE AND TYPES OF TRUE RMS 
MEASUREMENTS. The app lication note 
" True RMS M easurements" is directed to 
sc ienti sts, engineers, techni cians and pur­
chasing personnel w ho are first encounter­
ing nonsinusoidal ac waveforms in their 
measurements. In addition to exp laining 
wh at true rms is, the note describes how the 
quantity is measured by va rious detectors. 
Lim itations and advantages are given for 
each method. Also crit ica l specifi cations, 
such as crest factor, are exp lained, so that a 
user and/or buyer can better eva luate instru ­
ment purchases. Hi ckok Electri ca l Instru ­
ment Co. , 10514 Dupont Ave., Cleve land , 
O H 441 08. 243 

BROADBAND RECEIVER DESIGN TECH­
NIQUES. A paper entit led " Des ign of a 
Commun ications Securi ty Test Receiver For 
M ax imum Broadband Dynamic Range" is 
offered by Ameri can Electroni c Labora­

tories, Inc. The paper describes the prob­
lems associated w ith detection of broad­
band signals, offers insight into the so lution 
of those problems and presents the requ ired 
receiver des ign technique to max imize 
broadband sensitivity and linear, instanta­
neous dynami c range. Charts, graphs and 
di agrams accompany the text. American 
Elec troni c Laborator ies, Inc. , Box 552, Lans­
dale, PA 19446. 244 

~ electnOCLJb8 .. . Series 230 line of metallized Mylar * 
" " 

1
' capacitors feature package sizes nearly 

40% smaller than conventional uni ts-without the expected 
compromises in performance and price. D Capacitance ranges from 
0.001 O to 50.0 mfd ., with voltage ratings of 100, 200, 400 and 600 VDC, 
are offered . Nearly 900 sizes are available in wrap and f ill , epoxy and 
metal cases, in round , oval and rectangu lar configurations, 
with axial and rad ial leads. D No waiting for small quanti­
ties, and production orders are sh ipped in 4-5 weeks. Write 
or call Electrocube, 1710 So. Del Mar Ave. , San Gabrie l, -
Cal if. 91776, (213) 283-0511 ; FREE ... app li cat ion bull etin seri es -
TWX : 910-589-1609. ava ilabl e upon request. 

MINl·METALLIZED 
CAPACITOAS I 

/ /l1 
~ ./L-
~~ 

*My lar is a regis tered TM of Du Pont 
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Want to be an editor? 
If you like to write, meet people, 
be on top of the latest happenings 
in electronics, why not try tech­
nica l editing? EON is looking for 
a top man to work in the Boston 
main offi ce. 

Send resume and salary requ ire­
ments to Frank Egan, Editor, Bos­
ton, MA. 

' "WE'VE PUT YOU THROUGH OUR COMPUTER 
AND IT LIKES THE CUT OF YOUR JIB ." 

ISSCC to celebrate 20th 
birthday in '73 
New York, NY, November 24-
The transistor, which in 1954 had 
achieved suffic ient stature to war­
rant a nationa l conference at the 
University of Penn?ylvania, will be 
toasted next year at the 1973 IEEE 
Internati ona l So lid-State Circuits 
Conference, reflecting two de­
cades of spira lling progress. 

The occasion will be commem­
orated on February 14-15-16 by 
in-depth worldwide reports on 
advancements in solid-state cir­
cuitry, authored by over 150 from 
here and overseas, including Ja­
pan, Holland, Germany, England, 
France and Belgium. 

For the first time, all conference 
acti vities wil ~ be concentrated at 
one site, the Philadelphia M arriott 
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Motor Hotel on City Avenue, off 
the Schuykill Highway. 

Programs with registration forms 
can be obtained from the Moore 
School or Lewis Winner, 152 
West 42nd St., New York, NY 
10036. 

It's a thought! 
Dear Sir: 
Re free-lance business-mag writer 
E. W . Fai r's arti c le (EON , Nov. 1) 

on how to beat monotony: It 
sounds great if you own your own 
business or a hunk of one. I, for 
example, get bored with engineer­
ing sometimes, and so go home 
and lie down, or maybe mow the 
lawn or perhaps visit a local bar. 

The suggestions of Mr. Fair, 
who is no engineer nor even a 
corporate employee, do not, how­
ever, ring true. He may under­
stand the mores of big organiza­
tions, but if he does, he concea ls 
the fact. 

The way to combat boredom in 
a big organization is limited, be­
cause it is c lose ly involved with 
holding your job. There is only 
one way in that environment. It is 
to appear busy, whi le getting 
nothing done. Thi s is a difficult 
art. It is not everyone's dish of tea, 
but I suggest, on the basis of expe­
rience (pa rti cularl y in government 
funded work), that it is by far the 
best and safest way. 

Part of the technique is stren­
uous, but not rea lly if you adopt 
the ri ght frame of mind. Confer­
ence telephone conversations, 
one-day trips to the opposite coast 
and writing long reports and 
memoranda are essential parts of 
the relax ing technique. It may 
seem that such activities are hard 
w.ork, but they are hard on ly if you 
try to make them good. Once you 
real ize that, in a big organization , 
nobody wi 11 read the reports or 
remember the conferences or care 
what was accomplished on the 
trips, you can fashion these activi­
ties in a rel axi ng manner, secure 
in the knowledge that you are 

doing yourself good, and getting 
ahead in the organization . 
Sincere ly, 
Milburn K. Christopher 
V-P 
Innes Instrument 

To wire-OR not to­
ls that the question? 
Dear Sir : 
Jesse Pipkin ("On Engineers and 
Profits," EON , O ctober 1, 1972) 
spoke out fairly well in his arti c le, 
but succumbed to "foot-and­
mouth" disease (open mouth, in­
sert foot) when belittling the wire­
OR. He found "it amusi ng that 
such an i I I-begotten method of 
design should also be misnamed! " 

Perhaps Mr. Pipkin has never 
heard of the CT µ,L (Complemen­
tary Transistor Micro Logic) family 
sold by Fairchild Semiconductor 
and (to the best of my knowledge) 
used by Hewlett-Packard . CT µ,L 
implements true AND/OR logic 
and (except for two minor excep­
tions) provides no OR gates - the 
wire-OR (and I do not mean wire­
AND or wire-NANO or whatever!) 
provides the OR capab ility in 
normal logic desi gn. It was bui lt to 
function this way and (if I may in­
terject a personal note) is a logic 
designer's dream to use and also 
lends itself we ll to testing if the 
tester knows his business. 

It is the problem of Mr. Pipkin 
(and others) if he wants to use a 
wire-AND in place of a wire-OR. 

In order to illustrate the effec­
tiveness of the wire-OR, may I re­
fer you to the article "SYMBOL 
Hardware Debugging Facilities" 
and the associated bibliography 
published in Vol. 40 of the AFIPS 
Conference Proceedings of the 
1972 Spring Joint Computer 
Conference. 

There is a wire-OR, Mr. Pipkin; 
it is alive and doing well. VIVA 
CT µ,L! 
Sincerely yours , 
Myron A. Ca lhoun 
Kansas State Univers ity 
Department of Computer Science 
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COMPACT- PORTABLE 

STROBOSCOPE 
VISUALLY STOPS MOTION 

MEASURES RPM 
WITHOUT CONTACT 
60 TO 30,000 RPM 

View all types of motion as if it were standing still. A 
valuable tool for inspection and quality control op­
erations, motion analysis, maintenance, production , 
research and educational projects. Also used as 
touchless electronic tachometer to measure RPM . >---- WRITE FOR BULLETIN 30-K ----•C: 
MEASURE RPM INSTANTLY 

HAND HELD 
MEASURES 

SPEEDS 
UP TO 

12,000 RPM 

PIONEER Photoelectric 

TACHOMETER 
8 MODELS 

NO WIRES - NO CONNECTIONS 
ACCURACY• PORTABILITY• SAFETY 

Self contained , Pioneer Tachomet­
ers are easy to use. Hold like flash­
light, point at rotating object, press 
a button and get an instant RPM 
reading on the dial. No contact nec­
essary . Immediate delivery. 

WRITE FOR BULLETIN 72 
Available under GSA Contract No. GS-005-04519 

..... I D N E E R ELECTRIC & 

.... RESEARCH CORP. 
Subsidiary of Johnson Service Co. 

743 Circle Avenue, Forest Park, Illinois 60130 
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Profit 
Through 
Quality 

By Sidney Weinberg 

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

Illus. 192 pp. $10.95 
S58/ M0809 

Cahners sooK 01v1s10N 
89 Franklin St., Boston, Mass. 02110 

only 

93¢ 
IN 1000 LOTS 

•Size: 
less than 0.4 cu . in . 

• Current ratings : 
50 milliamps to 3 amps 
at 250V AC or 24V DC 

• Trip-free and fool-proof 

For more information please write or call 

New NL-0051 
from 

NATIONAL ELECTRONICS 

• Segmented Phosphor Display 
• Low Cost • Low Power 
• Direct Drive from MOS 

CHECK NO. 93 

125 



Free Application Data 

Catching Noisy Products in Production 
Application Note 5 by Automatic Testing 
QUALITATIVE EVALUATION OF 
AUTOMOTIVE D-C MOTORS 

Free new 12-page " Application 
Note 5" reports on a conti nu ing 
program by Ford Motor Co. to 
integrate a Ubiqu itous® Real­
Time Spect rum Analyzer into 
small motor product ion fo r 
high-speed automati c no ise­
testin g. Based o n the fre ­
quency spectru m of the motor 

using real -time spectrum analysis 

~- under test, an autom atic ana -
i·~ .ill~£i= lyzer/ computer system makes 

•11111111111~_;;)<~-~!e~.-~~~-~}8 accept-reject decisions on-l ine 
in less than 4 seconds. 

Defects in small DC blower m oto rs can also be pinpoin ted 
by analysis of frequency peaks or frequency signatures. 
Automatic evaluation of the signatures and com puter­
generated statistics of the reject-causes aids production 
in increasing product quality and lowering reject rates. 
Defects identified included shaft out-of-round , loose bear­
ing retainers, bad brushes, and rotor unbalance. 
The product ion-line test results shown were obta ined using 
a Federal Scientific Mini-Ubiq™ UA-14A 400-li ne Rea l­
Time Spectrum Analyzer interfaced with a Nova 1200 Min i­
com puter. The system was designed to be operated by non­
technical personnel. Accept-reject test results are shown 
on green and red lights. CH ECK NO. __ _ 

Federa I Scientific Corp 
615 West 131st St., New York, N.Y. 10027 (212) 286-4400 
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Select from the complete line - from 
the smallest preci sion snap-action on 
the market to 20 amp. Proven McGill 
mechanisms assure reliability. Actu­
ators, circuitry and ratings to fit your 
most exacting needs. Request Cat. 89. 
McGill Mfg. Co., Inc., Electrical Div., 
Valparaiso, Indiana 46383. 

1 lc G I LI ® Available from /Y\• L recogn ized McG ill 
Master Switch 
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N•w~~~liver long-ter_m_..~~J~rt!a~~~~~~tion 
embossed metal foil backings Easy to apply, Scotch Brand Shielding Tapes end 
provide an easy, low-cost way the need for plating, painting or other expensive shield-
to apply lasting EMI shielding ing methods. Can be applied in the factory or in the 
in applications up to 12 GHz . field and permit easy on-the-spot shielding repairs. 
Insertion loss levels remain Scotch Brand X-1245 has an embossed copper foil 
constant in year- long tests. backing which permits solder connections. Scotch 
(Applied to a copper substrate, Brand X-1267 has an embossed aluminum foil backing. 
over a V2" x 23/4" open slot ra- These tapes are ideal for shielding enclosures, cables 
diating at 143 MHz, Scotch and electronic test equipment and for static charge 
X-1245 tape held the insertion draining and trouble shooting. 
loss level at a steady 65 db.) For complete facts write : DM&S Div., 3M Company, 
Insertion losses are equally St. Paul , Minn. 55101 . 
consistent on steel , aluminum See our complete catalog in eem. 

Dielectric materials 3m 
E. Systems Division· comPANY 
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Highly respected company with 
reputation for fast handling of spe­
cial resistance projects seeks chal­
lenging assignments in thick film. 
Completely equipped to design 
and/or produce special circuitry 
inside DIP and SIP packages. 
Laser trimming facilities for high 
volume needs. Also special capa­
bilities for non-standard config­
urations, hybrids and high power 
requirements. Custom substrate 
preparation, including LED metal­
lization, a specialty. References 
furnished. Contact your Dale Rep­
resentative or call 402-564-3131 . 

Dale Electronics, Inc., Box 609, 
Columbus, Nebraska 68601 . 
In Canada: Dale Electronics 
Canada, Ltd. A subsidiary of 
The Lionel Corporation. 
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