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MODEL 

power supplies for op-amps . .. $14 

These 2.3xl.8xl-inch modules have tracking 
outputs of ± 15V with regulation of ±0.l % and ripple 

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

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

Same prices. Three-day shipment guaranteed. 

Acopian Corp., Easton, Pa. 18042 
Telephone: (215) 258-5441 

CHECK NO. 1 



Swing out 

Nobody has to babysit this 
OEM strip chart reconlei: 

No more 2 a. m. bottles. 
Electric writing option makes 

child's play of long-term unattended 
operation. Get a crisp clear trace 
without pen and ink. 

OEM from the ground up. 
HP's new 7100 strip chart recorder 

is built for dedicated OEM applications. 
You select from nearly 50 options 

to customize this 3V2 -inch-high 
recorder for any end-user system. 

No more messy early morning 
pen changes. 
Disposable pens make changes quick and clean. 
(Or electric writing eliminates pens altogether.) 

An electronic integrator is the simplest way 
yet to measure the area of a curve. Set zero along any point 

on the main chart. 

to reload, half-rack One 

or full-rack.~. ~-----.....:.----------...., 

Four- speed incremental chart drive option . 

CHECK NO. 17 

A unique linear servo motor eliminates 
all those complicated pulleys, cables 
and slip clutches . No wirewound slidewire 
or boards full of touchy adjustments. 

The uncomplicated new Model 7123 
never cries for attention. Get details and 
oem discount data from Hewlett-Packard , 

Palo Alto, California 94304; Europe: 
1217 Meyrin-Geneva, Switzerland. 

HEWLETT ?P PACKARD 
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low-power 
Schottky TTL 
54LS/74LS • 1-~~-91~__;;~~~~~-11,_--~-+--:::-:-"t--~ 

11-~~-1-~~~~~~~1--~---H~~~~ 

Low-power Schottky: lOns at <2mW. 
Now available in ceramic DIPs. 

T he 21 SS I a nd U :\I S i c irc uit s in Tl 's ne w low­
powe r Sc hottky fa mily now come in b oth plas ti c 
a nd ce r a mic dua l-in-line pac kages. The new family 
offers all the performance of low-power TTL (Series 
54L/74 L) yet provides three ti mes the speed (10 ns) at 
a power inc1·ease of less than 1 mW/gate. This greatly 
imprnved speecl/powe1· product makes low-power 
Schottky ideal for portable or remote systems or for 
any application where minimum power and TTL 
speeds are prime considerations. 

NEW LOW-POWER SCHOTTKY SSI CIRCUITS 
SN54LS/74LSOO Quad 2 NANO gate 
SN54LS/74LS01 Quad 2 NANO gate. open collector 
SN54LS/74LS02 Quad 2 NOR gate 
SN54LS/74LS03 Quad 2 NANO gate. op en collector 
SN54LS/74LS04 Hex inverter 
SN54LS/74LS05 Hex invert er. open collector 
SN54LS/74LS10 Triple 3 NANO gate 
SN54LS/74LS20 Dual 4 NANO gate 
SN54LS/74LS22 Dual 4 NANO gate. open collector 
SN54LS/74LS30 Single 8 NANO gate 
SN54LS/74LS51 Dual 2 AOI gate 
SN54LS/74LS54 4-wide. 2-input AOI gate 
SN54LS/74LS55 2-wide. 4-input AOI gate 
SN54LS/74LS73 Dual J-K edge-triggered flip-flop 
SN54LS/74LS74 Dual 0-type edge.triggered flip-flop 
SN54LS/74LS76 Dual J-K flip -flop. preset and clear 
SN54LS/74LS78 Dual J-KJlip-flop . common clock 
SN54LS/74LS109 Dual J-K edge-triggered flip-flop 
SN54LS/74LS112 Dual J-K edge-triggered flip -flop 

54LS 
C-OIP 
$3.28 

3.28 
3.28 
3.28 
3.61 
3.61 
3.28 
3.28 
3.28 
3.28 
3.28 
3.28 
3.28 
6.56 
6.56 
6.56 
6.56 
6.56 
6.56 

74LS 
PLASTIC 

$0.96 
0.96 
0.96 
0.96 
1.14 
1.14 
0.96 
0.96 
0.96 
0.96 
0.96 
0.96 
0.96 
1.91 
1.91 
1.91 
1.91 
1.91 
1.91 

Fully compatible, r eadily arn ilab le 
This new series is compatib le with a ll TTL- standard, 
high-speed, low - power and Schottky. Evaluation 
quantities are immediate ly available from autho1·ized 
distributors or factory inventories; production quan­
tities for C'-DIP (54LS on ly) and plastic (74LS only) 

54LS 
C·OIP 

SN54LS/74LS113Dual J-K flip -flop , no clear $6.56 
SN54LS/74LS114 Dual J-K flip -flop . common clock and clear 6.56 

NEW LOW-POWER SCHOTTKY MSI CIRCUITS 

SN54LS/74LS83 4-bit full adder 16.39 
SN54LSl74LS95A 4-bit left-right shift register 16.39 
SN54LS/74LS138 3-to-8-line decoder / 

1-to-B-line demultipl exer 16.39 
SN54LS/74LS139 Dual 2-to-4-line decoder / 

Dual 1-to -4-line demultiplexer 16.39 
SN54LS/74LS153 Dual 4-to-1 data sele ctor/multipl exer 1639 
SN54LS/74LS155 Dual 2-to-4-line decoder 16.39 
SN54LS/74LS181 Arithmeti c logic unit/fun ction generator 36.35 
SN54LS/74LS194 4-bit bi-directional universal shift register 16.39 
SN54LS/74LS195 4-bit parallel -access shift register 16.39 
SN54LS/74LS196 Presettable decade counter 16.39 
SN54LS/74LS197 Presettabl e binary counter 16.39 
SN54LS/74LS253 3-state version ofSN 54LS/74LS153 19.67 
SN54LS/74LS295 3-state ver sion of SN 54LS/74LS95A 19.67 

74LS 
PLASTIC 
$1.91 

1.91 

3.51 
4.78 

4.78 

4.78 
4.78 
4.78 

25.85 
4.78 
4.78 
4.78 
4.78 
5.74 
5.74 

All prices are 100-999 quantities. 

TEXAS INSTRUMENTS 
I NCORPORATED 



If we didn't put 
a lot more quality into our 
capacitors, e couldn't 
get a little m r r them 

Sure : claiming quality is like coming out for the 
flag, motherhood and Girl Scout cookies ; anyone 
can. But in the case of TRW's specialty, wound film 
and tantalum capacitors-and particularly with 
the tricky-to-make, metallized type-our quality is 
demonstrable. 

Start with why we make certain of quality. It 's 
because (are you ready?) we ... care! 

Before you get all choked with emotion, maybe we 'd 
better explain our tough-minded reason . Obviously, 
one operation can 't be run at two different levels of 
quality. And our business is based on long-term 
customers - who 'd quickly become ex-customers 
if we didn't maintain superior quality. 

So TRW has made caring a matter of policy. With 
SOP's for training, manufacturing and testing that 
eliminate even the possibility of cutting corners 

,.~" 

or of fudging on quality- anywhere along the line. 

Of course caring , alone, won't turn out a quality 
product. You also need considerable ability. That's 
where specialization comes in. It means we have 
more experience-a key factor with metallized 
capacitors, where every step from correct design to 
proper application is critical. It also means we make 
or process, in-house, more than the usual amount 
of basic materials - giving us better control over 
the quality of what goes into our product. 

In short, we're willing-and able. Otherwise, would 
so many shrewd companies pay even the pittance 
extra that our capacitors have to cost? If that's not 
enough proof, put us to the final test : try us yourself. 

Write or call TRW Capacitors, an Operation of 
TRW Electronic Components, Box 1000, Ogallala, 
Nebraska 69153. (308) 284-2611. TWX 910-620-0321. 

TRW 
CAPACITORS 

CHECK NO. 5 
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Fire insurance. 
In the event of a circuit failure when your components are 
suddenly subjected to extremely high overloads, our flame 
proof resistor is pretty low cost insurance. 

Resistors often burst into flame under these conditions 
and cause equipment fires. CORNING® flame proof resis­
tors open rather than short to protect the rest of your sys­
tem. This eliminates a heat source and any open flame. 

Some people offer you flame retardant resistors. That 

means they slow down the fire. 
We're talking about a fl ame proof resistor. That means 

the fire never gets started. 
A wide range of manufacturers have been using our 

flame proof resistors. Maybe you should. Remember what 
you learned in grade school: the best time to stop a fire is 

beforeitstarts. QQRNINQ 
ELECTRONICS 

CHECK NO. 6 
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Everybody wants your 
components business. 

But were doing 
6 things to ea111 lt. 

1 Extra reliability. We build 
extra reliability into our 
components to let you build 

extra reliability into your systems. 
We offer documented reliability 

from ER through industrial, from 
precision through general 
purpose. 

2 
Pricing you'll like. For 
many product styles, our 
quantity resistor pricing 

is under 5¢ and often less than 3¢. 
And that's for CORNING® metal 
film resistors that significantly 
outperform other metal films 
(including glazed), wirewounds 
and carbon comps. 

3 Faster de livery. Our 
distributors can give you 
off-the-shelf delivery from 

an inventory of over 50,000,000 

components. And our "ball parks" 
are firm, real and reliable. This 
lets you keep expediting and in­
ventory levels to a minimum. 

4 Production savings. Our 
unique product configura­
tions greatly simplify both 

hand insertion and automatic in-
sertion operations. This saves you 
money. And our QC is so stringent, 
many of our customers have to­
tally eliminated their incoming 
QC testing of our parts. This 
saves them money. 

5 Product innovations. 
Like our new CORDIP™ 
Component Networks. 

With up to 23 discrete resistors/ 
capacitors/diodes in a miniature, 
pre-tested, plug-in package to 
save you time, money, and a whole 

lot of board space. 

6 
Sharper support. We've 
hand-picked the 30 most 
competent distributors in 

the country and built the indus­
try's largest technically trained 
field force-then backed every­
thing with a full team of specialists 
- to give you all the in-depth 
service you want and then some. 

We too want your busi­
ness. But we're doing() extra 
things to earn it. 

Give us a chance Lo prove 
it. Write: Corning Glass Works, 
Electronic Products Division, 
Corning, New York 14830. Or call: 
(607) 962-4444, Extension 8381. 

CORNING 
ELECTRONICS 

Resistors &Capacitors 
for guys who can't stand failures 

CHECK NO. 7 



Fluke problem solvers 

A new AC calibration system 
with wide range, superb stability, 
high accuracy and complete 
programmability. 



EDITORIAL 

What's new in electronics? 
Here we are going into the fourth and final quarter of 1972 - a year 
that, if not as good as 1971 was bad, is still turning out to be a respecta­
ble year as far as electronics and the fields that it serves are concerned. 
Sales and profits are up for all but a very few companies, and the down­
ward employment trends of 1970 and 1971 have been reversed. One 
could probably say, without fear of contradiction, that the field of elec­
tronics is resuming the upward spiral that began in the early 1950's and 
has continued with minor pauses ever since. 

It is encouraging to see the transition that is being made from a military/ 
aerospace dominated technology to a technology that is giving us items 
like hand-held calculators and electronic wristwatches that can be af­
forded by the masses. Everyone knows that if the electronics industry is 
to move upward from its $24 billion plateau, it must penetrate in a very 
large way the consumer, industrial, and commercial markets; and, hap­
pily, it appears to be doing just this. 

At the risk of being a wet blanket, we'd like to interject a negative note 
in an otherwise positive picture. This has to do with what might be called 
revolutionary developments. The field of electronics has been carried 
forward over the past 20-25 years on the shoulders of such developments. 
The transistor, the integrated circuit, planar technology, digital-readout 
instrumentation - these are the types of developments that have advanced 
electronics without regard to area of application. And these are the types 
of developments that have kept American electronics in the forefront of 
what has become an international, no-holes-barred battle. 

There are also the kinds of developments that are necessary if we are to 
continue the growth, both domestic and worldwide, that we have be­
come accustomed to. 

But where are the revolutionary developments? There hasn't been one 
in a while. So far it hasn't hurt us, because no other country has come 
up with one either. But this is a fierce competition we are in . Not just 
for today's markets, but for tomorrow's as well. And if we concentrate 
too much on penetrating today's markets, at the same time scrimping on 
R&D, which provides tomorrow's markets, we could find ourselves in 
dire trouble in not too many years. So if we have any leverage on ex­
penditures for R&D activity, let's exert it. 

,r~r 
Editor 
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NEW COOL-PAX 
I I u AR 

FOR 

PowerSemiconductors 

10 

New concept in forced-air cooling using con­
voluted fin stock in modular assemblies ac­
commodates any number of devices in case­
common or single, isolated modules. 

Modules are easily removed from 
system via a simple latching mech­
anism. Shown, a two-unit module. 

Brazed aluminum compact cooling packages: 

• Provide .65°C/W cooling for each transistor at 8 CFM 
• Provide parallel air flow to all devices 
• Greatly reduce volume and weight 

The COOL-PAX Modular System is a new generation in elec­
tronic cooling. Its superior performance and greatly reduced 
volume and weight make the heavy extrusion obsolete. 
COOL-PAX systems improve packaging versatility and lower 
overall systems costs. Devices are easily accessible and 
wiring complexity is reduced. 

COOL-PAX Systems are simple to specify, to 
analyze, and to predict performance. For tech­
nical applications data to analyze your own 
system, write for our new COOL-PAX Catalog 
72-CP-7. 

WRITE FOR FREE CATALOG 

Thermallby 

P.O. BOX 34829 
2021 W. VALLEY VIEW LANE 
DALLAS, TEXAS 75234 
(214) 243-4321 TWX 910-860-5542 

CHECK NO. 9 
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Six reasons 
~hy you'd like 
being a Hughes 
Field Engineer 

Status 
You'd belong to one of the top 

groups in the aerospace industry . 
As a graduate electrical engineer, 

you'd be a member of the Technical 

Staff and an expe.rt in your area. 

And you'd be representing one of 

the most respected companies in the 
business. 

"Hands On" 
You'd be working with the actua l 

hardware in its real-li fe environment. 

You'd be responsible for seeing that 

it did the job it was designed to do. 

"Big Picture" 
You'd be exposed to the total system . 

You'd acquire an in-depth understand­

ing of the problems related to keeping 

it operationa l. 

Mobility 
You'd be on the move and where the 

actio n is, in the U.S. or abroad. 

Progress 
You'd be growing professiona ll y all 

the wh ile, preparing yourself for 

greater responsib ility. 

r------------------, 
I I 

i HUGHES i 
I I 

L------------------~ 
HUGHES AIRCRA FT COMPANY 

Future 
You'd be working for the company 
that's the bright light in a troubled 

industry. Whi le others have suffered 

cutbacks and layoffs, our sa les and 

backlog are reaching new highs and 

our emp loyment record has been 

remarkably stable . We're at work in 

80 major areas of technology, with 

550 products and services. Best job 

insurance you could ask for! 

Sound good? Then send your resume 

to Professiona l Staffing, Field Service 

& Support Division, Hughes A ircraft 
Company, P. 0. Box 90515, Los 

Angeles, Ca 90009. 

U.S. citizenship required • Equal opportun ity M/F employer 

~------------------------------------------------------~ 
CHECK NO. 10 
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The most usable TTL Data 
Book for the most usable TTL 
Family. 250 circuit functions in 
plastic or ceramic packages. 

Our new TTL data book is like 
our TTL Family: most compre­
hensive, practical, easiest to use 
by far. 
The TTL bible is structured to 
provide the designer with precise 
data on our TTL family in the 
most accessible form. He can 
find what he's looking for 
quickly and easily, whether he 
starts with a device number in 
any well-known series (9300, 
5400/ 7 400, etc.) or simply the 
device functional nomenclature. 
The indices and selection guides 
will direct him instantly to those 
devices suitable for his applica­
tion, and complete specifications 
from which he can determine his 
best choice. A comprehensive 
industry cross-reference provides 
an overview of all major sources 
of TTL devices and their 
Fairchild equivalents. 

The Fairchild TTL Family is a 
mix of more than 1,000 propri­
etary and second source device 
and package combinations 
selected to give the designer the 
broadest choice of performance/ 

cost trade-offs to optimize his 
system design. Over 100 new 
devices have been added to the 
family in the last year alone. 
There are logic, memory and 
interface functions in plastic, 
ceramic or flatpak, commercial 
or military temperature grade. 
Together, they provide a compre­
hensive line of standard off-the­
shelf building blocks that can be 
interfaced directly with each 
other in the same system for 
maximum speed/ power efficiency. 

We offer more than 100 MSI 
devices, both proprietary and 
second source, that are widely 
accepted as the keys to optimum 
TTL system design. 

For example: Our proprietary 
devices include the most complete 
range of TTL memories 
available anywhere - from 8-bit 
scratchpad registers to our new 
93415 1024 x 1 bit RAM (made 
by Isoplanar) that has 60ns 
access time at 0.5m W / bit. 
Our 9344 parallel multiplier 
eliminates a lot of hardware 
and software. 
For simple solutions for A/ D 
converters, minicomputers and 
high-speed systems, our 9334 
8-bit addressable latch for general 
purpose storage, our 9338 8-bit 
multiple port register for high­
speed storage in ALUs, and our 
93HOO and 93H72 high-speed 4-bit 
shift registers. Our list of design­
time and cost-saving proprietary 
devices is long and impressive. 

250 proprietary and second 
source circuit functions: 

· 54/ 7 4 & 9000 Standard SSI 
· 74HOO High Speed SSI 
· 7 4SOO Schottky ssr 
· 9300 and 54/ 7 4 Standard MSI 
· 9600 Monostable & Interface devices 
· 93400 Memory devices 

Book and family are designed 
for practical use. To get a copy 
of the former, about the latter, 
please write us on your company 
letterhead, giving us your name 
and title. 

FAIRCHILD SEMI CONDUCTOR, A Division of Fairchild Camera & Instrument Corp. , 464 Ellis St. , Mountain View, Ca. 94040. (415 ) 96~-5011. TWX: 910-379-6435 



DESIGN NEWS 

Bill to put engineers on civilian priorities 
has chance of congressional passage 

92n CONGRESS 
2D SESSION S.32 

AN ACT 
To amend the National Science Fow1dation Act 

of 1950 in order to establish a framework of 
national science policy and to focus the Na­
tion's scientific talent .and resources on its 
priority problems, and for other purposes. 

AUGUST 18, 1972 

Referred to the Committee on Science and Astronautics 

Bi ll S.32 that would set up a " NASA­
Like" program to work on domestic 
problems such as pollution, transpor­
tation, housing, etc., passed the Senate 
on August 17th with a 70 to 8 vote, 
and •looks as though it w ill pass the 
House thi s year if the Representatives 
can get to it before adjournment. The 
Senate cut the bi 11 down from its orig­
inal $1.8 bi llion level to $1.025 billion, 
but otherwi se substantially retained the 
spirit of the proposals by sponsor ­
Senator Kennedy. According to esti ­
mates by Kennedy's office, thi s would 
st i II be enough to create about 23 ,000 
new jobs for engineers by 1975. 

The fact that 32 of the passi ng votes 
came from Republi cans is considered 
important by Kennedy's office as S.32 
was strongly opposed by the White 
House and a number of government 
agencies. It has been warmly sup­
ported by engineerin g organizations 
such as the N .S.P.E., IEEE, ASME and 
the Ameri can Society of Meta ls. 

The bill provides $800 million to 
set up the programs to tackle spec ifi c 
national problems. The remaining 
$200 million would be used to help, 
aerospace engineers make the transi­
tion to the programs. It wou ld be ad­
ministered as· a new autonomous part 
of the National Science Foundation . 
The membership of the NSF's policy­
making board will be broadened by 
S.32 to include more industrial and 
technica l members (rather than just the 

14 

university science types running the 
NSF at present) to provide the direc­
ti on for the new programs. They will 
be nominated so lely on the basis of 
their eminence in science and engin­
eeri ng, accordin g to the bill's wordin g. 

Elli s Mottur, who serves as sc ience 
advisor under Kennedy on thi s bill , told 
EON, "This is only the beginning. I 
think thi s could have as big an impact 
in thi s decade as the Space program 
did in the last. O ur bill ties the em­
ployment of scientists and engineers 
to these domes ti c problems in ratio to 
the growth of our country's GNP. " 

In the wording of S.32, " Federal ob­
ligations for c iv ili an research and engi­
neering activities must be increased so 
as to reach a leve l of parity with Fed­
eral obligations for defense research 
and engineering activities, whereupon 
the leve l of parity must be maintained 
or exceeded, except when inconsistent 
with overriding considerations of na­
ti onal security." 

The White House's objections 
Engineers who have the feeling that 

they and their talents have been ig­
nored by W ashington will be fascinated 
to learn that they have become a po lit­
ical football between President Ni xon 
and Senator Kennedy, with respect to 
thi s bill. Nixon 's offi cial view as ex­
pressed in writing to Kennedy's office 
and reaffirmed by the office of the 
White House Science adv isor, Dr. 
Edward E. Dav id Jr., run along the 
followin g lines. 

Engineerin g unemployment has 
been greatly overblown. The present 
programs advan ced by the White 

House are suff ic ient to take ca re of en­
gineering unemployment. S.32 wou ld 
amount to preferential we lfare for en­
gineers who are but a small segment of 
the total U.S. population. 

Mottur countered these object ions 

by emphas izing that the bill is really 
more important to the Nation than to 
engineers. The important thing is to 
direct the talents of engineers towards 
our pressi ng domesti c problems. They 
represent a national resource we can­
not afford to waste. (Bes ides, EON 
gathered from remarks by Mottur that 
Democrat Kennedy considers most en­
gineers conservative Republicans at 
heart, men th at he could not easi ly ex­
pect to win over to his party. 

Both the White House and Ken­
nedy's office agree in princip le that 
putt ing engineers to work o n earth­
bound domesti c prob lems is, like 
motherhood , a good idea. The differ­
ence seems to lie in how much of that 
Nation 's budget ought to be directed 
tow ards thi s end. Kennedy (like M c­
Govern) talks in the billions; the White 
House talks in the hundreds of mil­
lions. Another difference is that the 
White House believes that private in ­
dustry ought to be doing more of the 
job of putting engineers back to work 
on its own, now that the economy is 
recovering. 

How about technical content? 
One bone of contention with re­

spect to usi ng sophisti cated aerospace 
engineers on c iv ili an projects has been 
the question of whether these earth­
bound domestic problems rea lly need 
an engineer' s talents. It w as on this 
score and c iting the low technica l 
content they saw in prolilt'lll'- like 
urban renewa l that Senators Dominick, 
Packwood and Taft asked that the au­
thorizat ion leve l for S.32 be reduced. 

However, an interesting counter­
argument appears in one of the para­
graphs that accompanied the original 

bill . Thi s paragraph suggested that 
even mundane prob lems can have a 
sophisti cation if they are viewed on the 
"systems" level. D 
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Product trial reveals flaws 
that lab tests did not 
A designer can never be too sure of a 
product until it has had its " bath -of­
fire" in the hands of customers . Thi s 
truism w as illustrated again in August 
by the fie ld trial of a new electronic 
gambling machine at the Riverside 
Hotel, Reno, Nevada . The machine, a 
numbers-type console by Datek W est 
(an affiliate of Datek Corp.), Sparks, 
Nevada, had already performed flaw­
less ly during engineering laboratory 
evaluations and a previous month 's 
tri al at the Nevada Gaming Commis­
sion. But once it got into the hands 
of customers on the Riverside's casino 
floor, it showed up several unforseen 
flaws. 

The design was quite sophisticated 
for a gambling machine for there were 
about 70 IC logic packages (7400 TTL) . 
These performed as expected accord­
ing to Datek designer Barry Brown. " I 
was well aware of the static electricity 
that a customer can app ly after walk­
ing across the typical plush carpets 
of these Nevada gambling rooms," 
Brown said, "and I kept the wiring 
lengths as short as possible." 

" We got problems not from the elec­
tronics directly, but from an electro­
mechanica l wheel we _used to generate 
the random numbers. We could have 
generated them electroni call y but that 
wouldn' t have given the customer the 
feelin g that he could see the action 
taking place- like a whee l of fortune 
spinning and slowing to halt at a given 
number. Our wheel has rivets whi ch 
are sensed by variable-reluctance 
pickups." 

" Unfortunately, we made it too easy 
for the customer, and some of the more 
determined gamblers at the Riverside 
began to time their pull of the actuating 
handle so as to up their odds just 
enough to turn the machine intp a 
looser for the casi no. W e fixed this by 
putting in three P.U.T. type oscillators 
to introduce a chance delay at the be­
ginning of the wheel 's spin, so we 
could regain control of the odds." 

" Thi s fix led to our second problem," 
Brown said. "We had placed a sign on 
top of the machine to attract cus­
tomers. A shift-register drive caused 
thi s to fl ash a come-on, 'Win a thou­
sand coi ns with your lucky number,' 
and then all the machine's lights would 
flash on in gaudy sequence. This seem-

ingly harmless addition caused the ma­
chine's internal temperature to rise 
from 40°C to 60°C, and that caused 
the three P.U.T. oscillators of our first 
fix to become errati c. So our second 
fix was to substitute hex inverter os­
ci I la tors. The wire-wrap packaging 
I'd used for the prototype made these 
changes easy, thankfully." 

Elect ronic gambling machine on trial at the 
Riverside Hotel , Reno, Nevada. It was 
learned that a dedicated gambler could 
beat it and more electronics was added to 
return the machine to profitability. Ma­
chine's insides show the extensive use of 
TTL logic and the motor that drives the ran­
dom-number generator. The wire wrapped 
connections on the large Cambion board 
made design fixed during the tria l easy. 
The electronic gambling machine was de­
signed and manufactured by Datek West, 
Sparks, Nevada. A futu re article by Datek 
West design engineer, Barry Brown, will 
describe the layout technique he devel­
oped for minimizing wi re lengths. 

In retrospect, Brown says that every 
designer ought to have some watchdog 
like the Nevada Gaming Commi~sion 
that forces gambling-machine design­
ers to go through these tri al steps. 
" Now, as we swi ng into production of 
our first lot, we have a lot more con­
f idence that most of our surprises are 
over," he sa id . o 
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Demand for engineers rises while 
decrease in college enrollment continues 
The need for techni ca l people, showed 
a 44.6% increase during the first six 
months of 1972 reports Deutsch, Shea 
and Evans, Inc. , New York. At the same 
time that the immed iate employment 
pi cture for engineers begins to brighten, 
the source of future engineers contin­
ues to drop. 

ENGINEER/SCIENTIST DEMAND INDEX 
(1961 = 100.0) 

In doctorate-granting institut ions, 
fi rst-year, full-t ime graduate science 
enrollment decreased 5% between 
1970 and 1971, after decreasing 2% in 
the previous year accordin g to the Na­
tional Science Foundation. (NSF), 
Washington, DC. 

New York University, one of the 
nation's largest private school s, has 
announced plans for closing its schoo l 
of engineering. 

The Engineer/Scienti st Demand In­
dex, Table 1, maintained by DS&E 
(Deutsch, Shea & Evans), shows a con­
tinuing upward trend, which in June 
reached 67.2 (the year 1961 is used 
to provide a base of 100), the hi ghest 
level in 27 months. " Though overall 
demand still remains relatively low," 
says a DS&E spokesman, " thi s sus­
tained upturn is encouraging evidence 
that the employment market for tech­
nical people has turned a corner." 
The demand index is compiled from 
new spaper and technica l journal ad­
vertisements. 

Jan. Feb. March 
1962 138.0 134.7 131 .2 
1967 170.7 152.8 133.1 
1971 37.4 43.1 42.7 
1972 46.4 56.7 55.6 

While engineering held f irst place 
in the total number of graduate stu­
dents enroll ed in 1971, the general de­
cl ine in graduate enrollment occurred 
in all areas of science except psy­
chology and the soc ial sciences. 

The continuing downward trend is 
due to a number of fac tors including 
the decline of the engineer/sc ientist 
demand from 1967 to the present. 

In 1971, the Federal Government re- · 
duced its share of support of full-time 
graduate students to 32 % from 37% in 
1969. There w as a co rresponding in­
crease in se lf supported students ­
from 19% in 1969 to 22% in 1971. 
From 1970 to 1971 federall y supported 
fe llowships and traineeships were re­
duced by 13% and research ass istant­
ships by 5% . 

The physical science students relied 
on self-support to the least extent; 
social science students the most. The 
Federal Government provided support 

Thin LED display to replace CRT radar 
pictures for air-traffic controllers 
A prototype of thi s new display w as 
demonstrated at the Farnborough Eu­
rope '72 Airshow thi s September by 
GEC-M arconi Electronics Co. The 
displ ay itself is less than an in ch thi ck 
and was used as a Distance-From­
Threshold-Indicator (DFTI)- a small 
radar display used to provide air traf­
fi c controllers with approach or take­
off path radar pictures. Display bright­
ness can be as high as 1000-foot lam­
berts, thus it is quite suitable for hi gh 
ambient li ght levels. 

The new display uses a matri x of 
gallium arsenide phosphide diodes, 
mounted in groups and wired directly 
on a pc board . The diodes are wired 
in rows and columns so that any diode 

16 

can be energized by supplying a volt­
age across one row and one co lumn, 
similar to addressing a memory array. 
Spacings are close enough to provide 
1 /4 mile resolution of the rad ar picture. 

Apart from a 5V, 15W power supply, 
the only inputs required are the radar 
turning information and the raw radar 
signals after they have been passed 
through a moving target indi cation 
system. 

Turning information is converted to 
digital form to provide 'x' and 'y' 
co-ordinates of the rad ar range and 
azimuth. The radar video signals are 
passed through a target extractor un it 
and then to a small 51 2-bit central 
memory. As each radar signal enters 

April May June 
140.0 141 .6 120.2 
158.2 155.4 140.7 
39.2 42.5 37.3 
65.6 58.5 67.2 

to almost 40% of the full -time students 
in four areas of sc ience- physica l and 
life sciences, psychology, and engi­
neering. Students receiving institutional 
support were concentrated in the phys­
ica l and mathemati ca l sciences. 

W hi le total graduate enrollment de­
cli ned, from 1970 to 1971 full-time 
graduate facul ty (those teaching at 
least one graduate course or d irecti ng 
at least one graduate student) increased 
slightl y although less than 1 % and 
post-doctoral appointees increased by 
5%. A lso, as in past years, over one­
fourth of all graduate faculty were en­
gaged in the life sciences . 

Over 80% of the postdoctoral ap­
po intees were engaged in the physica l 
and life sciences. This percentage 
closely corresponds with the propor­
tion of R & D expenditures in these 
fields reported by doctorate-granting 
institutions for the academ ic year 
1970-197 1. D 

the memory, the 'x' and 'y' pos1t1on 
co-ordinates are stored together with 
a time signal deri ved from a central 
timing clock. This time information 
controls the effect of 'persistence' and 
the point at which each new signal is 
erased from the memory. 

Switching current is reduced for 
each successive sw eep in which a par­
ticular stored position is scanned to 
give the effect of a gradual decay in 
brightness, similar to the afterglow of 
a CRT. Thi s also gives a " directi onal 
tai l" to the aircraft as it moves across 
the screen. The memory is com pletely 
scanned at a 400 Hz rate, which pro­
duces no observable fli cker on the dis­
play panel. 0 
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Schottky Barrier Rectifiers 
Break Through To 40 V, 40 A 

In I 970, Motorola technology brought 
yo u the first Schottky barrier rectifiers -
with a peak inverse voltage rating of 
20. In 1972, Motorola technology breaks 
through again - with the first 40 volt 
devices in the industry . Now you can get 
12 new Schottkys ranging from 5 to 40 
amperes in 20 V, 30 Y, or 40 V PIV. 
And they're all JEDEC registered!! 

Motorola Schottky technology uses 
majority carrier operation to do away 
with stored charge resulting in reverse 
recovery times that are virtually unmeas­
urable. Operation continues well up into 
the megahertz range. 

Motorol a Schottky technology uses 
epitaxial construction , oxide passivation 

and very closely controlled metal overlay 
con tacts to produce surge capacity 3 to 
5 times greater and forward voltage less 
th an half that of conventional silicon 
power rectifiers. 

When you use Motorola Schottky 
technology, you get: 

• Rectification efficiency flat to 
beyond I 00 kHz - perfect for high-effi­
ciency switching power supplies. 

• Power loss 50% less than with con­
ventional power rectifier diodes. You use 
smaller hea tsinks and transformers. Save 
space, weight. 

Even when compared with existing 
Schottkys, Motorola technology comes 
through. The new Schottkys feature 
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much lower leakage and transient voltage 
sensitivity, greater temperature stability 
and a higher operating junction tempera­
ture range to + 125 °C. 

The new Schottkys are supplied in 4 
current ratings, each in the 3 voltages -
20 Y, 30 V, and 40 Y. l N5823 , 4, 5 are 
5 A versions in a metal axial lead case; 
IN5826, 7, 8 are 15 A, D0-4 stud 
devices ; I N5829 , 30, 31 are 25A, D0-4 
stud cased devices ; and l N5832, 3, 4 are 
40 A, D0-5 versions. And Motorola 
Schottkys will soon be available in plastic. 

Let Motorola Schottky technology 
rectify your situation. See your Motorola 
salesman for evaluation samples and 
information . 



INTEGRATED CIRCUIT NEWS 

Where Op Amps Go, +ts V Regulator Follows 
Mary had her little lamb, and now 

linear system designers have the MC-
1568. For, everywhere their op amps 
go this dual ± 15 V tracking regulator 
is sure to follow. 

Both the MC 1468 version and the full 
MIL temperature range MCI 568 repre­
sent the best value I price-performance 
combination available in dual polarity 
tracking regulators. In addition to the 
standard metal and dual in -line ceramics, 
Motorola offers the " R" metal power 

package. Its 2.4 W power dissipation 
permits full use of the MC l 568's 100 
mA load current capability when run­
ning at higher voltages. And the MC 1568 
can handle input voltages up to ±30V. 

Other important features of the MC­
I 568 regul ator are excellent tracking 
with output voltages balanced to ± 1 % , 
and output voltage temperature stabi l­
ity assured to a maximum 1 % . 

Outputs are pre-set internally to ±I 5 
V with initial tolerance of 0.2 V (max) 
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at currents up to 100 mA. When desired, 
a simple external adjustment is all that's 
needed to change them. Line and load 
regulation are 0.6% . 

Prices are amazingly low for devices 
of this soph is tication . The MC l 468G is 
a mere $2.80, the L version onl y $2.90, 
and the R a modest $3.75. MC l 568G, L, 
and R range from $6.25 to only $7 .00. 
Give a littl e Jamb a place to go. Contact 
your Motorola distributor or sales office. 

McMOS Grows On All Sides! 
McMOS is the name, growth is the 

game. We've regularly recited the com­
plementary MOS litany for more than a 
year: CMOS is the new logic for low 
power systems ... CMOS is the new 
logic for noisy control systems ... CMOS 
is the new logic for battery operated and 
battery back-up remote systems ... And 
it's true. McMOS is the low power logic 
of the seventies. 

And before you can say "Leading 
Edge Of Digital Technology," CMOS 
will present to designers like you a full 
range of system optimized functions on 
a broad scale providing a combination 
of benefits other digital technologies 
can't. No complementary MOS line has 
met this need completely. But McMOS 
is stretching ... maturing ... growing 
fast! And growth has already led to new 
lower pricing, too. 

Twenty-nine new MSI and simpler 
functions were introduced from the first 
of the year through September. The 
result is an effective combination of the 
most popular second-source devices with 
carefully-designed , original Motorola 
functions filling in the gaps. 

Benefits are as great as they have 
been from the beginning! And prices are 
even better. 
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• Lowest quiescent power dissipation 
. . . 10 nW per gate. 

• Top noise immunity - 45 % of V vD 

(typ). 

• Single supply operation - plus or 
minus - over a 3 to 18 V power 
supply range. 

EXPANDING McMOS FAMILY 

• Simple digital interfacing. 

• C hoice of standard mil operating 
tem perature r a nge : -55 ° to 
+ 125 °C or unusually wide com­
mercial temperature range : -40°C 
to +85°C. 

• And more! 

All types listed are ava il ab le now. 

These recent introductions have been added to the 20 devices previously available in the continu· 
ously expanding McMOS low power logic family. New low prices are available on McMOS logic, 
too, with some devices reduced more than one third. 

Motorola 
Dev ice # 

MC14000AL/ CL 
MC14006AL/ CL 
MC 14007 AL / CL 
MC14008AL/ CL 
MC 14009AL/ CL 
MC14010AL/ CL 
MC1 4016AL/ CL 
MC14023AL/ CL 
MC14028AL/ CL 
MC14032AL/ CL 
MC 14038AL/CL 
MC 14040AL/ CL 
MC 14506AL/ CL 
MC14516AL/ CL 
MC 14522AL/ CL 
MC14526AL/ CL 
MC14527 AL/CL 

Function 

Dual 3- lnput NOR Plus Inverter 
18-Bit Shift Reg ister 
Dual Pair and Inverter 
4-Bit Full Adder 
Hex Inverter/ Buffer 
Hex Inverter 
Quad Analog Switch/ Quad Multiplexer 
Triple-3 NANO Gate 
BCD Decimal Decoder 
Triple Full Adder (pos) 
Triple Full Adder (neg) 
12 Stage Binary Counter 
Expandable A.0 .1. 
Binary Up/ Down Counter 
Programmable BCD Divide-by-N 4-Bit Counter 

Programmable Binary Divide -by-N 4-Bit Counter 
BCD Rate Multiplier 
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Re places 
Pin-for-Pin 

CD40DOAD/AE 
CD4006AD/ AE 
CD4007 AD/ AE 
CD4008AD/ AE 
CD4009AD/AE 
CD4010AD /AE 
CD4016AD /AE 
CD4D23AD /AE 
CD4028AD/ AE 
CD4032AD/AE 
CD4038AD/AE 
CD4D4DAD/AE 

Price 
(100-999) 

3.lD/D.78 
9.10/3.89 
2.65/0.78 

10.15/4.D2 
5.25/ 1.69 
5.25/1.69 
5.15/1.62 
3.40/0 . 78 
7.92/3.67 
6.91/4.24 
6.91/4.24 

10.20/5.40 
4.64/2 .24 

11.47/6.35 
11.85/ 6.60 
11.85/6.60 

11.85/6.60 

Published by Motorola Semiconductor Products Inc., P. 0. Box 20912 • Phoenix, Arizona 85036 
The circuitry shown external to Motorola products is for illustration purposes only, and Motorola 
does not assume any responsibility for its use or warrant its performance or that it is free from 
patent infringements. 
The information and prices in this issue are believed to be accurate and correct at the time 
of publication . However, they are subject to change without notice at any time by Motorola. 
MECL 10,000, MHTL, McMOS, MECL II , MTTL, THERMOPAD, Controlled-Q, l soThermal, Localogic 
are trademarks of Motorola Inc. Annular semiconductors are patented by Motorola Inc. 



Twelve MTTL Complex Functions Increase Your Design Options 
Reduce package count, increase logic 

per function with 12 new MTTL build­
ing blocks - four data selectors, three 
counters, two shift registers, a bus trans­
fer switch, encoder, and decoder. 

Idea l for data-routing and multiplex­
ing, the MC54150/74150 16-channel 
data selector generates any five-variab le 
Boolean function . And for multiple data 
in and/or multiple data out jobs use 
the MC54460/74460 bus transfer switch. 

Looking for 4-bit storage? The MC-
8280/7280 4-bit shift registers can 
divide decade or binary (MC828 l /7281) 
or act as storage registers. The MC8280/ 
7280 is sectioned into divide-by-two and 
div ide-by-five functions (decade) whi le 
the MC828 l /7281 is sectioned into 
divide-by-two and divide-by-eight func­
tions (binary). 

Decoding is simple with the MC9307 I 
8307 BCD-to-seven segment decoder. 
lt accepts a 4-bit BCD 8421 code input 
producing outputs for seven-segment dis­
plays. The MC93 l 8/83 l 8 8-input prior­
ity encoder converts a one-of-eight code 
to a 3-bit binary code in order of priority, 
with 5 assigned the highest priority. 

Input/output conversions are prime 
appl ications for the MC8270/7270 and 

MC827 l /7271 4-bit shift registers. And 
the MC9306/8306 presettable decade 
up/down counter offers four synchron­
ously driven master-slave J-K flip-flops. 

All are exact replace ments - pin and 
function - for older designs and are 
available in limited and full temperature 
ranges. Call for evaluation units today. 

TYPE NO. 

MC54150L 
MC74150L,P 

MC54151L 
MC74151L,P 

MC54460F,L 
MC74460F,L,P 

MC8266F,L 
MC7266F,L,P 

MC8267F,L 
MC7267F,L,P 

MC8270F,L 
MC7270F,L,P 

MC8271F,L 
MC7271F,L,P 

MC8280F,L 
MC7280F,L,P 

MC8281F,L 
MC7281F,L,P 

MC9306L 
MC8306L,P 

MC9307F,L 
MC80307F,L,P 

MC9318F,L 
MC8318F,L,P 

FUNCTION 

16·Channel Data Selector 

8-Channel Data Selector 

Bus Transfer Switch 

2-lnput, 4·Bit Data Selector 

2-lnput, 4-Bit Data Selector 
(Open Collector) 

4-Bit Shift Register 

4-Bit Shift Register 

Presettable Decade Counter 

Presettable Binary Counter 

Pre settable Decade Up/ Down Counter 

BCD To Seven Segment Decoder 

8-lnput Priority Encoder 

F Suffix = Ceramic Flat Pack 
L Suffix = Ceramic Dual In -Lin e Pkg. 
P Suffix = Pl asti c Dual In-Line Pkg. 
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PRICES (1 00-UP) 

$9.70 
6.45(L)/4.30(P) 

$9.00 
6.00(L)/3.45(P) 

$8.05(F,L) 
4.10(F,L)/3.15(P) 

$6.08(F,L) 
4.05(F,L)/2.70(P) 

$6.08(F,L) 
4.05(F, L)/2.70(P) 

$6 .42(F,L) 
4.28(F,L)/2.85(P) 

$6.42(F,L) 
4.28(F,L)/2.85(P) 

$5.40(F,L) 
3.60(F,L)/2.40(P) 

$5.40(F,L) 
3.60(F,L)/2.40(P) 

$11. 55 
7.70(L)/5.15(P) 

$7.88(F,L) 
5.25(F,L)/3 .50(P) 

$12.00(F,L) 
6.00(F, L)/4.20(P) 

MECL 10,000 Translators And Multiplexer /Latches Now Available 
Mate low speed TTL sections with 

high speed ECL systems easier with the 
MC10124 MTTL to MECL translator 

MECL 10,000 translators can materially 
improve data transmission within a TTL 
system. 

and the MC10125 MECL to MTTL 
translator. 

The MC 10124 is a quad translator 
having TTL compatib le inputs and 

M ECL complementary open-emitter out­
puts that allow its use as an inverting/ 
non -inverting translator or as a differ­
ent ial line driver. Typical prop delay is 
5.0 ns. MC I 0124 can drive 50 ohm lines 
with high fanout capabi lity. 

MC I 0125 is a quad translator incor­
porating differential inputs and Schottky 
TTL "Totem Pole" outputs. Differential 
inputs allow its use as an invcrting/non­
inverting translator or as a differential 
line receiver. And a V 1rn reference vol­
tage is available for Schmitt trigger appli­
cat ions. 

The translators can also improve data 
transmission between TTL equipments. 
Jn the illustration, the complementary 
outputs of the MCl0!24 drive a twisted 
pair data line connected to the differ­
ential receiver inputs of the 10125. This 
app licat ion provides a toggle rate typic­
all y in excess of 75 MHz, excel lent noise 
rejecti on, and the quad translators offer 
minimum package count over conven-
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tional duals. 
Two new multiplexer/latches are ideal 

for application in high speed central pro­
cessors, register fi!es, instrumentation, 
and high speed digital communication 
systems. The MC I 0 13 2 dual multiplexer 
with latch and common reset provides 
a common select input for both latches. 
Inform atio n selected at the input is 
latc hed on the rising edge of the clock 
pulse . The common reset input is used to 
reset the latches . 

The MC I 0 134 offers two latches with 
separate select inputs for each of the two 
pairs of data inputs. Each select input 
determines the information that will be 
provided to the appropriate latch. 

All four devices are avai lable in the 
16-pin dual in-line ceramic package (L) . 
I 00-up prices are: MC I 0 l 24L - $4.50; 
MC10125L-$4.50; MCL0132L-$5.02; 
MC!Ol34L - $5.02. 

Evaluate these new addi tions to the 
expandi ng MECL 10,000 line. 



SOLID STATE NEWS 

First Plastic Power Darlingtons Registered 
Here they are! - the first 2N-regis­

tered plastic power Darlingtons with 
super-high gain, voltage and current for 
those super-low-priced series regulators , 
hammer drivers and general-purpose 
amplifiers. 

They 're the 2N6040 series of 5 and 
8 A THERMOPAD devices in two opti­
mum plastic packages. And they're 
complementary, too, for your transform­
erless, direct-coupled designs. 

Gain? Much! 2,500 hFE typically at 
4 amperes with 1,000 minimum spec'd. 
Lets you go from milliamperes to 
amperes directly, compatibly and easily 
with T~L-to-Da rlington hookups. No 
bother with interface componentry. 

Voltage? High! Up to 100 V sustain­
ing capability for your more demanding 

designs. Safe operating area is excellent 
with all types providing 1.5 A @ 40 V 
SOA. On the other end of the scale, a 
low. low, 2V maximum saturation volt­
age ensures minimum power loss. 

Packaging? Optional! Your choice of 
the ever-popular, THERMOPAD case 
90 with all the traditional , high-effi­
ciency, compact mounting advantages or 
the newer, easy-mounting THERMO­
p AD case 199 offering more power-han­
dling, more lead forms, more chip sizes , 
and more technology than T0-220 parts. 

Other advantages include 60 and 80 V 
ratings, monolithic construction with 
emitter-base resistors on the one chip , 
and low price tags . To prove the last, the 
2N6043 is only $1.64, 100-up. Not only 
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better-than-discrete performance, but 
better in price, too! 

Check the specs ... then see your dis­
tributor about evaluation units. 

1-99 100-999 

Case 90/199 2N6040/MJ E6040 $3.05 $2.31 
2N6041/MJE6041 3.33 2.52 

8 A 2N6042/MJE6042 3.83 2.90 
60-100 v 2N6043/MJ E6043 2.14 1.64 
NPN/PNP 2N6044/MJE6044 2.37 1.83 

2N6045/MJE6045 2.77 2.14 

Case 90/199 MJE1090/2090 2.70 2.05 
MJE1091/2091 2.90 2.23 

5 A MJE1092/2092 3.10 2.40 
60-80 v MJE1093/2093 3.50 2.65 

NPN/PNP MJEll00/2100 1.82 1.40 
MJEllOl/2101 1.99 1.53 
MJE1102/2102 2.21 1.70 
MJE1103/2103 2.44 1.88 

2N3725 Joins The Motorola Core Corps 

Whether your 
frames are large 
or small, Mota· 
rola's 2N3725 
gets to the core 
of the induction 
problem by pro­
viding a 50 volt 
BVcm· 

For details, circle 56 

Here's a new recruit to help you restore 
core to its rightful place in the store war. 
After a short campaign as a house quad 
in the dual in-line ceramic case, the NPN 
silicon Annular memory driver transistor 
that offers the best trade-off between high 
breakdown voltage and fast switching is 
here fully armed and JEDEC registered 
as the 2N3725. 

The high tr and low C0 u of the 2N-
3725 assure fast switching (at 500 mA, 
t,. is typically 18 ns, tr is 15 ns) yet BV<'EO 
is a high 50 V minimum to prevent prob­
lem s from the "kickback voltages" 
induced by switching highly inductive 
lines. And Motorola's 2N3725 is the first 
to offer the JEDEC-required 500 mA 
Y1rn 1sa t l of 0.8 to I.IV. 

Whether your application is voltage 
or current driving or both, 2N3725 has 
the gain, hp 1.; is 35 (min) at 500 mA. 
And the popular driver is supplied in the 
T0-39 outline package with untwisted 
V2" leads for quick , easy assembly into 
your systems. 

Look for the core corps to grow into 
a driving army. 2N3725 is just the latest 
recruit. More enlistments announced this 
fall. 

See your nearest Motorola salesman 
for more information on the 2N3725. 
And don't let its 100-up price of 75¢ 
change your battle plans - we're com­
petitive. 

Up your esprit de core. Think 
2N3725 ! ! 



Controlled·Q RF 
transistors 
employ MOS 
capacitor chips to 
transform base 
impedance and 
improve broad· 
band perform· 
ance. 

RF Technology Controls Q 
For Broadband Performance 

Brilliant new lights in the RF spectrum 
- the new MRF618 and MRF620 NPN 
silicon RF power transistors for large 
signal appl ications to 520 MHz in fre­
quency - modulated industrial I commer­
cial equipment. They're operated by 12.5 
V supplies. 

And , they have Controlled-Q! 
Latest evolutionary highlight in the 

Motorola-developed Stripline-Opposed­
Em i tter configuration , Contro ll ed-Q 
devices employ internal impedance-trans­
forming techniques to lower Q at the base 
aiding broadband designs. An MOS 

For details, circle 57 

capacitor chip is connected in a T-net­
work with internal and external lead 
inductances to transform the typical 0.5 
ohm input impedance to 4 ohms at 470 
MHz. Broadband performance is im­
proved, input matching network prob­
lems reduced. And the flange-mounted , 
Controlled-Q package permits easy, one­
sided assemb ly into your amplifiers. 

Characterization provides series-equiv­
alent, large signal parameters. Major 
specs are: With a 12.5 V supply, MRF-
620 offers 40 W at 470 MHz, 4.3 dB 
minimum common-emitter gain. Collec­
tor efficiency is 55%. Under the same 
conditions, MRF6 I 8 provides 15 W, 6.0 
dB minimum gain and collector effi­
ciency of 60% . 

Rugged? . . . MR620 and MR6 l 8's 
Isothermal chips utilize nichrome-resis­
tor emitter ballasting techniques for load 
mis-match protection. Isothermal design 
decreases emitter current under load mis­
match conditions and compensates for 
variations in local temperatures over the 
chip. They're tested for a 20: 1 VSWR at 
all phase angles at rated output power. 
So you know they'll last and last!! 

To focus on the potential performance 
of an amplifier built using MRF618, we 
did just that, built a broadband amplifier 
using 2N5944/ MRF6 l 8. Testing showed 
that with 120 mW in, the 11 W output 
was flat from 410 to 510 MHz. VSWR 
was less than 1.5 : l across that band. 

Try MR F620 or 618 in your amp! ifier. 
They're on your distributor's shelf today 
at the 25-99 price of $40.00 ( 620) and 
$21.00 ( 618). But wear your sunglasses. 

Hybrid IC Line Fattened By Five Fet Analog Switches 
Five new analog switches - the MCH-

2222-1 ,2 and MCH2223 , 1,2,3 - are now 
offered as standard ofT-the-she lf func­
tions. 

The hybrid I Cs feature as low as I 0 
ohms (max) drain-source "ON" resis­
tance at 1.0 mA and a signal handling 
capacity up to 20 volts peak-to-peak. 

Minimum signal error is assured by 
zero intrinsic offset voltage and outstand­
ing logic noise isolation. 

They're designed for switching appli­
cations in A I D and D/ A converters, 
sample and hold circuits, and track and 
hold circuits for instrumentation and in 
modulators and demodulators for com­
munications equipment. 

Both the MCH2222 and MCH2223 

Separate FET, transistor and diode chips 
on a common substrate are wire·bond 
connected in the MCH2222/23 series of 
Fet Analog Switches. 

For details, circle 58 

series have other important applications 
in solid state relays, commutators, gain 
changers and in general-purpose low­
level switching. Their low static drain­
source "ON" resistance capability offers 
designers minimum voltage loss and they 
have a nimble 300 ns typical turn-on 
and turn-off switching time. 

Available in 6-leaded T0-5 metal 
cans, and are mechanical pin-for-pin 
replacements for competitive devices. 

Warehouse shelves are now well­
stocked with devices carrying the follow­
ing I 00-u p price tags: 
MCH2222-1: $5.60 and MCH2222-2: 
$6.00; MCH2223-1: $10.00; MCH-
2223-2: $15.00 and MCH-2223-3: 
$21.50. 



NEW PRODUCT BRIEFS 

MLM 101A OP AMP SERIES 
- Leads Growing Linear Second Source Availability 

Two op amps and a negative voltage regulator expand Motorola's linear 
second source offerings. Heading the new intros are the MLM I 0 I A series, pin­
for-pin equivalents to the popular general purpose LM I 0 l A series op amps. 

MLM21 OG and MLM 31 OG are direct repl ace ments for the LM2 I 0 and 
LM310 op amp/voltage followers, and the MLM 104G series negative regul ators 
directly replace the LM 104 types. These three introductions join the M LM I 05G 
series positive regulators, M LM I 07G series internally-compensated op amps, 
and the fixed 5.0 V MLM109K regulators, bringing to six the number of LM 
device series made available by Motorola in recent months. All are supplied in 
standard metal packages, and the MLM 301 A is also available in plastic. 

Prices (100-999) range from $7.95 for the MLMIOIA down to $0.60 for 
the MLM301AP and from $8.00, MLM 104, down to $2.50, MLM304. MLM210s 
sell for $6.00 and MLM3 I Os for $3.25 in l 00-999 quantities. All are available 
off-the-shelf. 

For details, circle 59 

SENSITIVE GATE TRIACS FORM IC ALLIANCE 

- Operates Loads To 4 A-600 V 
Hooking T"L, HTL, McMOS and op amp drives to full-wave Triacs is a 

snap - all you need in one hand is your own IC drive ... and the new 2N-
6068A/B series sensitive gate plastic Triacs in the other. Put them together and 
presto: simple, economical control logic functioning for most any design. The 
2N6068A/B series will trigger in various quadrants to match input drive require­
ments - 11 and Ill for HTL, l and IV for McMOS buffers and op amps and 
II and Ill for McMOS NANO gates and T"L. Trigger levels for this series in 
the 4 quadrants vary from 3 mA (for McMOS) to 60 mA for higher-level drives. 
Voltage ratings range from 25 to 600 V and surge current protection reaches to 
30 A. You can also get control completely free of electromagnetic interference 
by combining a Triac, MFC8070 zero voltage switch and an MOC series opto 
coupler. With 100-up prices low as 59¢ you ought to try the 2N6068A/B series. 
You'll like it! 

For details, circle 60 

MECL II QUAD TRANSLATORS 
- Speak System Savings Language 

Now your high speed MECL II systems TTL sections of digital equip­
ment can "talk" through the MCI067P/1267L MECL II/TTL and MC1068P/ 
I 268L TTL/M ECL ll trans lators. Both devices are quad translators; i.e., 
four translating circuits on one chip in a single package - thereby reducing 
board space and package cost. 

The MC1067/1267 features complementary open emitter outputs from all 
gates and a strobe input to facilitate bussing and wired-OR capability. Com­
plementary outputs permit balanced transmiss ion on twisted pair cable. The 
MC I 068/ 1268 provides the quad NOR logic function with standard M ECL II 
inputs and Schottky TTL "Totem Pole" outputs. Typical propaga tion delay for 
both devices is 5 ns. 

MCI067P and 1068P (0° to +75°C versions) are available in 16-pin 
plastic dual in-line packages at a unit cost of $4.33 (l 00-up). For wide tem­
perature versions (-55°C to +125°C) specify MCI267L or 1268L in ceramic 
dual in-line. Unit price is $5.42 ( l 00-up) . 

For details, circle 61 

MHTL 4 -BIT SHIFT REGISTER 
- First In 30-Device High-Noise Immunity Line 

The MC686 is Motorol a's first high-threshold logic shift register. It con­
sists of four J-K flip-flops connected in serial fashion and offers designers the 
shift register function for applications in high-noise industri al environments. 
The new device brings the total number of noise-immune M HTL lCs to 30. 

MC686's flip-flop change state on the negative transition of the clock pulse . 
Q outputs are available from all four stages, and Q from the last register stage. 
A clock-independent asynchronous master reset (MR) clears all flip-flops simul­
taneously. Individual set inputs (S) enable any flip-flop to be set regardless of 
the state of the clock. 

This new MHTL 4-Bit sh ift register operates across the -30°C to +75°C 
temperature range and is also available for use over the -55 °C to + 125 °C 
range and/or with hi-rel processing on special order. I 00-up prices, in the dual­
in-line 16-pin pl astic or ceramic package are $3.25 and $4.25, respectively . 

For details, circle 62 

... ------------------------------------~~~~~~~ 

Vss= l5V 
OPTIONAL 

BUFFER 

60 Hz 
AC LINE 

• 
McMOS NANO - SENSITIVE GATE 4A TRIAC 

OPERATION IN MODES II & Ill (MOS DRIVE LEVELS) 

COUNT D Q3 Q2 Ql QO 

0 1 0 0 0 0 
1 1 0 0 0 1 
2 1 0 0 1 1 
3 1 0 1 1 1 
4 1 1 1 1 1 

0 0 1 1 1 1 
1 0 1 1 1 0 
2 0 1 1 0 0 
3 0 1 0 0 0 
4 0 0 0 0 0 



NEW LITERATURE 

Put Opto To Work With 
New "Opto At Work" Book 
Suddenly, optoelectronics has become a hot topic in 

the electronics industry, with many des igners looking to it 
for the answers to long-standing problems. Like reli able, 
top-performing solid-state rel ays . .. simple, line-voltage 
indicators ... so lid-state displ ays ... lTL-to-MOS inter-
facing ... computer/peripheral interconnects ... and on 
and on. 

You' ll find man y of the basic answers to these and 
other design problems in this new "Optoelectronics At Work" 
book. Compi led with the express purpose of furnishing an 
all-around look at what optoelectronic devices can do in a 
variety of circumstances, the contents include more than 
40 complete circuits , the industry's most comprehensive 
compila tion of opto terminology, a selection guide to Moto­
rola devices and the latest cross-referencing of those dev ices 
with other industry types. 

All in all, up-to-da te info on a fast-moving technology. 
Write on your company letterhead for your copy. Put 

"Optoelectronics At Work" to work in your circuit designs! 

Initial MECL 10,000 
Reliability Report Available 

A repo rt summarizing re li ability levels achieved by 
Motorola 's MECL I 0,000 family of Emitter Coupled Logic 
integrated circuits over an 8-month period has been pre­
pared . The report presents results determined from oper­
ating and sto rage life tests as well as thermal and mechanical 
tests. Failure rates are estimated and di scussed. 

The report has been prepa red in the form of an Applica­
tion Note . When you write for your copy, ask for AN572 . 

Meanwhile, testing goes on. We'll report periodically. 

B 
~ 
:J 

I CT 
I 11' 
I Cl: 
I 11' 
I 00 

•2 
I VI 

I ~ 
I , o 

· ~ I 
I·-
I CO 
I::;; 

I .~ 
I 
I C. , e 
r O 
I "0 
IC: 
I CO 

I 11' 
c: 

:::; 
"O 

2 
~ 
0 
't: ., 
a. 
00 
c: 
0 
<( 

, ~ 

I ill 
I I-

LITERATURE ORDER FORM 

NOTICE: Requests for literature on items described in this 
publication cannot be honored after December l, 
1972. 

NEWSBRIEFS No. 15-72 

Pl ease circle the Reader Service number of item(s) you a re interest ed 
in receiving. 

EDN 

50 51 52 53 54 

55 56 57 58 59 

60 61 62 63 

Please Print Clear ly 

NAME 

TITLE 

COMPANY NAME 

DIVISION 

DEPARTMENT 

COMPANY ADDRES S (Street or P.O. Box) 

CITY 

STATE ZIP CODE 

If you wi sh to receive m ai l at a different address, fill out be low: 

ADDRESS 

C ITY 

STATE ZIP CODE 

Do you wish a Motorola Representa ti ve t o contact you? 

D VISIT D PHONE 

Phone No. ___________ Area Code _____ _ 



Four New Dielectrically Isolated IC's 
For Radiation Environment Applications 
Need to specify radiation-hard devices to satisfy com­

puter and peripheral applications in radiation environments? 
If so be sure to check out these four new D.l.C.s: 

Designated the MCE7003 (7-Diode Array), MCE7005 
(Diode-Resistor Network), MCE7006 (16-Diode Array), 
and MCE7007 ( 12-Resistor Network), the new devices all 
use a dielectric isolation instead of the usual junction isola­
tion to combat the effects of gamma radiation. Each com­
ponent is isolated by a high-resistance ( 1010 ohms) layer ~f 
SiO.,. Dielectric isolation also lowers inter-component capact­
tan~e and improves efficiency. 

These D!Cs utilize nichrome resistors. post-metalization 
passivation, monometallic interconnections, and very small , 
high-frequency transistor structures. Their circuit designs 
feature the isolation of individual components in high-resis­
tance islands, preventing metal interconnection burnout or 
power failure due to destructive photo currents. 

For details, circle 63 

D. l.C. 100-UP 
DEVICE PRICE 

TYPE NO. FUNCTION PACKAGE UNIT 

MCE7003 7 -Diode Array (Case 607) TD-86 $14.00 
14-pin ceramic 
flat pack 

MCE7005 Diode-Resistor (Case 606) T0-91 11.00 
Network 10-pin ceramic 

flat pack 

MCE7006 16-Diode Array Case 606 16.00 

MCE7007 12-Resistor Network Case 607 8.00 
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I NEWS BREAKS 

Localogic ... A New Concept 
In LSI Circuit Design 

With the opening of the first LocaLogic Design Center, 
Motorola has brought complete LS I 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. In this 
system, Polycells (proven. completely characterized logic 
cells, each comprised of several interconnected components) 
are handled on the computer as standard building block 
units. 

Localogic design - a look into "do it yourself" LSI. 

Upon arrival at the center you are assigned an office 
as a base of operation during the course of your program. 
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. Experiern.:e 
proves that . after brief on-site training, a logici an or circuit 
designer with no prior background in semiconductor design 
or processing can very effectively use the system. 

The LocaLogic Design Center is a completely self-con­
tained operation and covers the stages of design between 
original logic definition and mask artwork generations. For 
most design programs, the center has two outputs: 

I. A verified data base for generating production mask 
artwork. 

2. A completely graded program for computer testing of 
the final product. 

In Motorola's new Localogic Design Center, two designers use 
an X-Y plotter to visualize cel l placement. 

Custom LSI approaches are the answer to increased system 
performance and lower costs. Now these designs can be 
accomplished by designers working close to their own facili­
ties ; quickly , easily and economically designing their own 
custom LSI. J nvestigate this new tool and make LocaLogic 
a part of your design team. Write for details. 



CHECK NO. 8 

25 . 



The monolithic phase locked loop: 
a versatile building block 
Here 's a rundown on the many ways the PLL can be used 
as well as a look at the kind of devices now available. 

Alan B. Grebene, Exar Corp. 

The bas ic concept of the phase locked loop (PLL) has been 
around since the early 1930's and has been used for a va­
ri ety of app licati ons in instrumentation and space teleme­
try. However, before the advent of monolithic integration, 
cost and complex ity considerations limited its use to preci­
sion meas urements requiring very narrow bandwidths. In 
the past few years, the advantages of monolithic integra­
ti on have changed .the phase locked loop from a special­
ized des ign technique to a general-purpose building 
block. Therefore, what is " new" at this point is not the 
concept of the PLL, but its avail ability in a low-cost self 
contained mono lithi c IC package. 

In many w ays, thi s is simil ar to the case of the monolith­
ic operati onal amplifier, whi ch1 until less than a decade 
ago, was an expensive building block. Today, with the 
advent. of monolithi c technology, it has become a basic 
bu ilding block in nearl y every system design. The mono­
lith ic phase locked loop also offers a similar potential. In 
fact, many of the app lications of the PLL outlined in thi s 
arti cle become economica lly feas ible only because the 
PLL is now ava il able as a low-cost IC building block. 

Today, over a dozen different integrated PLL products 
are ava i I ab le from a number of IC manufacturers. Some of 
these are des igned as "general-purpose" circuits, suitable 
fo r a mu ltitude of uses; others are intended or optimized for 
specia l app li cati ons such as tone detection , stereo decoding 
and freq uency synthes is. Thi s articl e is intended as a brief 
su rvey of the expanding field of monolithic phase locked 

Fig. 1- A frequency multiplier/divider can be constructed using a 
phase locked loop. 
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loops. Its purpose is to famili ari ze the reader with their 
individual characteri sti cs, capabiliti es and appli cations. 

Applications for PLLs abound 

As a versatile bu i lding block, the PLL covers a wide 
range of appl icati ons. Some of the more important are the 
following: 

FM demodulation: In thi s app li cation , the PLL is locked 
on the input FM signal, and the loop-error vo ltage, V d(t) in 
Fig. A (see Box) , w hi ch keeps the VCO in lock with the 
input signal, represents the demodulated output. Since the 
system responds only to input signals w ithin the capture 
range of the PLL, it also provides a high degree of frequen­
cy se lectivity. In most app li cati ons, the quality of the 
demodulated output (i.e., its linearity and signal/noise ra­
ti o) obtained from a PLL is superi o r to that of a conven­
tional discriminator. 

FSK demodulation: Frequency-shi ft keyed (FSK) signals 
are commonly used to transmit di gital inform ation over 
telephone lines. In thi s type of modul ati on, the ca rri er sig­
nal is shifted between two discrete frequencies to encode 
the binary data. W hen the PLL is locked on the input sig­
nal, tracking the shi fts in the input frequency, the error 
vo ltage in the loop, V d( t), converts the freq uency shi fts 
back to binary logic pulses. 

Signal conditioning: W hen the PLL is locked on a noisy 
input signal, the VCO output dupli cates the freq uency of 
the desired input but greatl y attenuates the no ise, unde-

REFEftENCE 
INl'UTfw 

OFFSET 
INPUT 

t, 

LOW·PASS 
FILTER 

vco 

Fig. 2- Frequency translation can be accomplished with d phase 
locked loop by add ing a multiplier and an addi ti onal low-pass fil ­
ter to the basic PLL . 
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Fig. A - The basic phase locked loop consists of three fun c­
tional blocks. 

Basics of phase locked loops 
The phase locked loop prov ides frequency selec­

tive tuning and filtering w ithout the need for coils or 
inducto rs. As shown in Fig. A, the PLL in its most 
basic form is a feedback system comprised of three 
basic functional blocks: a phase comparator, low­
pass filter and vo ltage controlled oscillator (VCO). 

The basic principle of operation of a PLL can 
briefly be exp lained as fo llows: With no input signal 
applied to the system, the error voltage V d is equal 
to zero. The VCO operates at a set frequency, f

0
, 

which is known as the free-running frequency. If an 
input signal is applied to the system, the phase 
comparator compares the phase and frequency of 
the input signal with the VCO frequency and gener­
ates an error voltage, V, (t), that is related to the 
phase and frequency difference between the two 
signals. This error voltage is then filtered and ap­
plied to the control term inal of the VCO. If the input 
frequency, f8 , is sufficientl y close to f

0
, the feedback 

nature of the PLL causes the VCO to synchronize, or 
lock, w ith the incoming signal. O nce in lock, the 
VCO frequency is identica l to the input signal, ex­
cept for a finite phase difference. 

Two key parameters of a PLL system are its lock 
and capture ranges. They can be defined as fo llows : 

Lock range: The range of frequencies in the vicin­
ity of f0 , over which the PLL can maintain lock with 
an input signal. It is also known as the tracking or 
holding range. Lock range increases as the over-a ll 
ga in of the PLL is increased. 

Capture range: The band of frequencies in the 
vicinity of f0 where the PLL can estab lish or acquire 
lock with an input signal. It is also known as the 
acq uis ition range. It is always smaller than the lock 
range and is related to the low-pass filter bandwidth. 

sired sidebands and interference present at the input. It is 
also a tracking fi lter since it can track a slowly va rying 
input frequency. 

Frequency synthesis: The PLL can be used to generate 
new frequenc ies from a stable reference source by ei ther 
frequency multiplication and division, or by frequency 
translation. Fig. 1 shows a typica l frequency multipli cation 
and division circuit, using a PLL and two programmable 
cou nters. In this application, one of the counters is inserted 
between the VCO and phase comparator and effectively 

' divides the VCO frequency by the counter's modul us N. 

+ 

v. 0 
FREQUENCY 

FREQUENCY 

Fig. 8 - Typical PLL frequency- to-voltage transfer chhrac­
teristics are shown for increasing (upper diagram) and de­
creas ing (lower diagram) input frequency. 

It decreases as the filter bandwidth is reduced. 
The lock and the capture ranges of a PLL can be 

illustrated with reference to Fig. B, which shows the 
typical frequency-to-vo ltage characteristi cs of a PLL. 
In the fi gure, the input is assumed to be swept slow­
ly over a broad frequen cy range. The verti ca l scale 
corresponds to the loop error vo ltage. 

In the upper part of Fig. B, the loop frequen cy is 
being graduall y increased. The loop does not re­
spond to the signal unti I it reaches a frequency f1 , 

corresponding to the lower edge of the capture 
range. Then, the loop sudden ly locks on the input, 
causing a negative jump of the loop error vo ltage. 
Next, V d varies with frequency with a slope equal to 
the reciproca l of the VCO vo ltage-to-frequency 
conversion gain, and goes through zero as f, = f

0
• 

The loop tracks the input until the input frequency 
reaches f2 , corresponding to the upper edge of the 
lock range. The PLL then loses lock, and the "error 
vo ltage drops to zero. 

If the input frequency is now swept slowly back, 
the cycle repeats itse lf as shown in the lower part of 
Fig. B. The loop recaptures the signal at (1 and traces 
it down to f4 • The frequency spread between (f1, f

3
) 

and (f2' f4 ) corresponds to the tota l capture and lock 
ranges of the system; that is, fa - f1 = capture 
range and f2 - f4 = lock range. The PLL responds 
only to those input signals suffi ciently close to the 
VCO frequency, f

0
, to fa ll within the " lock" or "cap­

ture" range of the system. Its performance character­
isti cs, therefore, offer a hi gh degree of frequency 
se lecti vity, with the selectivity characteri sti cs cen­
tered about f

0
• 

When the system is in lock, the VCO output is related to 

the reference frequency, f1u by the cou nter moduli M and 
N as: 

By adding a multiplier and an additional low-pass filter 
to a PLL (Fig. 2), one can form a frequen cy translation 
loop. In this application, the VCO output is shifted from 
the reference frequency, f,u by an amount eq ual to the off­
set frequency, f

1
, i.e. , f

0 
= (f11 + f1). 

27 



L. P. 
FILTER 

L.P . 
FILTER 

DEMOl>ULATED 
OUTPUT 

Fig. 3- AM and tone detection are possible by adding three func­
tional blocks to the bas ic phase locked loop. 

Data synchronization: The PLL can be used to extract 
synchronization from a compos ite signal, or can be used 
to synchronize two data streams or system clocks to the 
same frequency reference. Such appli cations are useful in 
PCM data transmission, regenerati ve repeaters, CRT scan­
ning and or drum memory read-write synchronization . 

AM detection: The PLL can be converted to a synchro­
nous AM detector w ith the addition of a non-criti ca l 
phase-shi ft network, an analog multiplier and a low-pass 
filter. The system block di agram for thi s appli cation is 
shown in Fig. 3. 

In thi s appli cation , as the PLL tracks the ca rri er of the in­
put signal, the VCO regenerates the unmodulated carrier 
and feeds it to the reference input of the multiplier sec­
tion. In this manner, the system fun ctions as a synchro­
nous demodulator with the filtered output of the multiplier 
representing the demodulated audio informati on. 

Tone detection: In this appli cation , the PLL is aga in 
connected as shown in Fig. 3. When a signal tone is pres­
ent at the input, within a frequency band corresponding 
to the capture range of the PLL, the output de vo ltage is 
shifted from its tone-absent level. Thi s shift is easily con­
verted to a logic signal by adding a thresho ld detector with 
logic-compatible output leve ls. 

Motor speed control: Many electromechanica l systems. 
such as magneti c tape drives and di sk or drum head driv-

PHASE 
COMPARATOR 

PLL 

vco 

L.P . 
FILTER 

ANALOG CONTROL 
INPUT 

ers, require prec ise speed control. Thi s can be achieved 
using a PLL system, as shown in Fig. 4. The VCO section 
of the monolithic PLL is separated from the phase-com­
parator and used to generate a voltage controlled refer­
ence frequency, fw The motor shaft and the tachometer 
output provide the second signal , frequency fM , which is 
compared to the reference frequency. The controller is a 
power amplifier whi ch drives the speed-control windings 
of the motor. Thus, the motor and tachometer combina­
tion essentiall y fun cti ons as a VCO which is phase locked 
to the voltage controlled reference frequency, fw 

Stereo decoding: In commercia l FM broadcasting, sup­
pressed carrier AM modulation is used to superimpose the 
stereo information on the FM signal. To demodulate the 
complex stereo signal, a low-leve l pilot tone is transmitted 
at 19 kH z (1 /2 of actual carri er frequency). The PLL can 
be used to lock onto this pilot tone, and regenerate a co­
herent 38 kHz carrier which is then used to demodulate 
the complete stereo signal. A number of hi ghly spec iali zed 
monolithic c ircuits have been deve loped for thi s appli ca­
tion . Typica l examples of monolithic stereo decoder cir­
cuits using the PLL principle are the M C 1310 and CA 
3090E, manufactured by M otorola and RCA, respectively. 

A survey of monolithic Plls 
Presently, a relati ve ly wide choice of monolithic PLL 

circuits are commerciall y available, and thi s li st is bound 
to grow rapidl y in the coming months. The user of a mo­
nolithic PLL is usuall y faced with two questions at the onset 
of his des ign: (1) What is availabl e? (2) What is the most 
suitable PLL circu it fo r the job? These questions are an­
swered in the fo llowing paragraphs, based on avai lable 
circuits at the time of thi s writing. 

What is avai lable? 
Table 1 is a comparati ve li sting of some of the presently 

ava i lable mono lithic PLL c ircuits. In the table, the c ircuits 
are li sted in ascending order of their product numbers. The 
table also li sts some of the key performance characteri sti cs 
and major appli cations of these circuits. All data li sted are 
typical values unless indicated otherwise. It should be 
noted that such a brief tab le does not do justi ce to the full 
potential of a devi ce for a speci fi c appli cation, since the 
measurement techniques for some of the specifications 
vary from manufacturer to manufacturer. 

TACHOMETER 

MOTOR 

Fig. 4 - Very precise motor speed control is possible with a ph ase locked loop system of this type. 
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The monoli thic PLL c ircuits listed in Table 1 also i llus­
trate the wide range of des ign philosophies used by IC 
manufacturers. In one extreme are the " uncommi tted," or 
multi -function designs, such as the XR-S200 and the SL-
650, which strive for maximum versatility by keeping each 
of the functional blocks on the same substrate indepen­
dent of each other. In the other extreme are the "commi t­
ted" specia l-function devices, such as the SE-567 and the 
XR-2567 tone decoders. Each of the PLLs of Table 1 are 
briefly reviewed on the bas is of their functional b lock 
diagrams and most common applications 

The XR-5200 (Exar Integrated Systems) is a multi -func­
tion PLL contain ing a four-quadrant analog multi plier, a 
high-frequency VCO and an operational amplifier (Fig. 
SA), and is housed in a 24-pin package. Each of the fun c­
tional blocks and thei r control inputs are independent of 
each other. In other words, they can be extern al ly con­
nected in any order. Thus, it is essentia lly a custom, or 
do-it-you rse lf, PLL. The user determines the function and 
performance characteristics by his choice of external con­
nections and components. 

The XR-210 (Exar Integrated Systems) w as designed 
for FSK modulation/demodulation applications (Fig. SB). 
In addition to the bas ic PLL, it contains a voltage com­
parator and and a RS 232-C compatible output logic driver. 
The VCO section can be used for FSK modulation and has 
independent mark/space adjustments. 

The XR-21 S (Exar Integrated Systems) is a general-pur­
pose PLL circuit parti cularly suited for FM demodu lation, 
frequency synthes is, and tracking fi lter (Fig. SC). The high­
gain amplifier section can be used as an act ive fi lter, or 
can functi on as an audio preamp!ifier for FM detection . 
The VCO section has sweep and gain contro l options. A 
single PLL circuit can be time-multiplexed between two 
input channels by applying a bi nary input to its range-se­
lect control. 

The SE-S60 (Signetics) was the first monolithic PLL cir­
cui t to be introduced (Fig. SD). It is a high-frequency cir­
cu it suitab le for FM demodu lation or signal conditioning. 
It contai ns a limiter b lock in series wi th the VCO section 
to contro l tracki ng range. The VCO output is internall y 
connected to the phase comparator. 

The SE-S61 (Signetics) is similar in basic des ign and per­
formance to the SE -560 (Fig. SE). However, it contains an 
additional mu ltip lier/modulator section which is internally 
connected to the VCO. Thus it can be used for AM demo­
dulation as well as for FM detection. AM demodu lation is 
achieved by placing an externa l RC phase-shift network 
between the AM and FM input channels. 

The SE-S62 (S igneti cs) has basic features simi lar to their 
SE-560, except that the VCO output is not interna ll y con­
nected to the phase comparator input (Fig. SF). Thi s allows 
the c ircuit to be used for frequency-synthes is applications 
by inserting an external binary-counter into the loop. The 
VCO section has buffered differenti al outputs which have 
higher voltage swings than the 560 and 56 1 circuits (4.5V 
p-p., VS 0.6V p-p). 

The SE-S6S (S igneti cs) is a genera l-purpose PLL de­
signed for low-frequency FM and FSK detection and fre­
quency synthes is (Fig. SC ). Its frequency range is limited 
to 500 kH z (typi ca l); however, its temperature stab ility is 
better than the other 560-Series circuits. The VCO section 
prov ides both square and tri angular w ave outputs, not in­
tern ally connected to the phase-comparator inputs. How ­
ever, the outputs can be de coupled by shortin g two adj a­
cent pins in the package. (S igneti cs' SE-565, Nati onal 
Semiconductor's LM-565 , and Raytheon Semi conductor's 
RM-565 are electrica ll y-equiva lent and interchangeab le. 

The SE-S67 (S ignetics) mono lithic tone-decoder con­
tains an intern al current controlled osc illator (CCO ) and 
two separate phase-detectors driven from the same osc illa­
to r (Fig. SH). The quadrature phase detector, along with 

Table 1 - A Summary of Commercially Available PLL Circuits 

High VCO stabi!i!Y 
Product Package Operating Frequency Power Temp. Primary Applications 

designation supply range Limit supply (ppm/"C) 
(%/Vj 

XR-S200 24 Pin 6V to 30V 30MHz 0.08 (typ) 300 (typ) Multi-function building block for 
DIP ±3V to ±15V 0.5 (max) 650 (max) FM/ FSK detection fr~uen9'_ ~nthesis 

XR -210 16 Pin 5V to 26V 20MHz o.0~ 1 (typ) 200 (typ) FSK modem, frequency synthesis, 
DIP 0.5 max) 550 (max) rfat" ~· jzrition 

XR-215 16 Pin 5V to 26V 35 MHz 0.1 (typ ) 250 (t yp) General purpose PLL. FM demodulation, 
DIP 0.5 (max) 600 (max) tracking filter, frequency synthesis 

SE-560 16 Pin Not specified 30MHz 0.3 (typ) 600 (typ) FM demodulation, signal condi t ioning 
DIP 2 (max) 1200(max) tracking filter 

SE-561 16 Pin Not specified 30MHz 0.3 (typ) 600 (typ) AM and FM detection 
DIP 2 (max) 1200 (max) 

SE-562 16 Pin Not specified 30MHz 0.3 (typ) 600 (typ) Frequency synthesis, FM detection, 
DIP 2 (max) 1500 (max) signal conditioning 

SE-565, 14 Pin DIP ±5 to ±12V 500 kHz 0.1 (typ) 100 (typ) FM, SCA detection, FSK demodulation 
LM565 RM565 10 Pin TO 1 (max) 525 (max) 

SE 567, XR567 8 Pin DIP 4.75V to9V 500 kH.z 0.5 ityp~) 30 ± 140 (typ) Tone detection 
LM567 RM567 8 Pin TO 1 max 

SL-650 24 Pin ±3V to ±12V 1 MHz 0.05 (typ) 20 (typ) Multi-function building block for signal 
DIP generation/detection; FSK modem, 

FM detector 

XR-2567 16 Pin 4.75V to 15V 600 kHz 0.05(typ) 80 (typ) Dual tone decoder, (Dual 567 equivalent) 
DIP 0.2 (max) 

Hl -2800 16 Pin ±5V to ±15V 30MHz 0.1 (typ) 250 (typ) FM demodulation, frequency synthesis, 
DIP signal conditioning 

Hl -2820 14 Pin ±6V to ±12V 3MHz 0.1 (typ) 100 (typ) FSK modems, data synchronization, 
DIP 250 (max) motor speed control 
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the buffer amplifier, is used to generate a binary output 
pulse if a signal tone at the input is w ithin the pass-band of 
the system . Its detection bandwidth (capture range) and 
response time are controlled by external filter capacitors. It 
has hi gh-current (100 mA) logic driver output. (National, 
Exar and Raytheon also manufacture this devi ce.) 

The SL-6SO (Plessey Microelectronics) multi-function IC 
contains a current controlled oscillator (CCO), a phase 
comparator, a two-bit binary interface circuit and an auxil­
iary amplifier in a 24-pin package (Fig. SJ). The circuit can 
be used in a variety of signal generation or modulation 
applications; or it can be connected as a phase- locked 
loop for demodulation or signal conditioning. The oscilla­
tor frequency can be swept over a 1000: 1 range in fre­
quency by an external control current, and exhibits exce l­
lent temperature stability (typically ±20 ppm/°C). 

The XR-2S67 (Exar Integrated Systems) dual tone-de­
coder system contains an equivalent of two independent 
567 decoders on the same chip (Fig. SK). It is particularly 
well suited for decoding mu ltiple-tone inputs, such as 
those used in telephone dialing systems. Its operating volt­
age range is wider than that of the 567, and can switch 
two simultaneous 100 mA loads at the outputs. If only one 
of the two decoders is used, the remainin g one can be de­
activated to minimize power dissipation . 

The Hl-2800 (Harris Semiconductor) high-frequency 
PLL uses a current controlled oscillator (CCO). The oscilla­
tor and the phase-detector sections are not internally con ­
nected (Fig. SL). The phase comparator section provides 
two independent high-impedance outputs. The loop band­
width and the demodulation output bandwidth can be 
independently controlled. The CCO section has dif­
ferential outputs with 1.2V p-p minimum swing. 

The Hl-2820 (Harris Semiconductor) low-frequency PLL 
has TTL compatible VCO outputs (Fig. SM ). It contains 

independent phase detector and oscillator sections and 
offers higher frequency stability (100 ppm/°C, typical) than 
its high-frequency counterpart, the Hl-2800. 

What is the best PLL for the job? 
The PLL circuits listed in Table 1 cover a wide range of 

applications and also a relatively broad range of parameter 
distribution. It is often difficu lt, if not impossible, to deter­
mine at a glance the best circuit for a given application, 
particu larly in the case of the general-purpose or multi ­
function Plls. 

Table 2 gives a brief listing of some major classes of PLL 
applications and lists a number of " recommended" cir­
cuits for each. It should be noted that Table 2 reflects the 
professional opinion of the author and is not an endorse­
ment of one product over any other. The products are list­
ed in numerical order by part numbers. 

FM demodulation: Essentially all the PLL circuits listed 
in Table 1 can be used for FM demodulation . However, it 
is often possible to narrow the choice down to 2 or 3 cir­
cuits, based on the particu lar performance criteria. In gen­
eral , there are three key performance parameters which 
should be examined: 
D Quality of demodulated output: This is normally mea­

sured in terms of the output level, distortion, and signal/ 
noise rat io for a given FM deviation. 

O VCO frequency range and frequency stability : For reli ­
able operation, VCO upper frequency limit (see Table 1) 
should be at least 20% above the FM carrier frequency. 
VCO frequency stability is important, especially if a 
narrow-band filter is used in front of the PLL, or multi ­
ple input channels are present. If the VCO exhibits ex­
cessive drift, the PLL can drift out of the input signal 
band as the ambient temperature varies. 

D Detection threshold : This parameter determines mini -

TABLE 2. 
Applications for commercially available monolithic PLL circuits 

PRODUCT AND 
MANUFACTURER 

MAJOR 
APPLICATION 

• • l 
FM DEMODULATION 
HIGK FREQUENCY (>5 MHz) • • • • • 
LOW FREQUENCY (<5 MHz) • • • • • • • • • • • • 

I FREQUENCY SYNTHESIS • • • • • 
HIGH FREQUENCY (>5 MHz) 
--------+--+---+-~~--4---+---+-~ 

LOW FREQUENCY (< 5 MHz) • • • • • • • • • • 

FSK DEMODULATION • • • • • • • •• 
SIGNAL CONDITIONING • • • • • • • • • • • • 
TONE DETECTION • •••• • 
AM DETECTION • 
MOTOR SPEED CONTROL • • • • • • 
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mum signal level necessary for the PLL to lock and de­
modul ate an FM signal of given devi ati on. 
In most FM demodulation applicat ions, it is also des ir­

able to control the amplitude of the demodulated output. 
Thi s feature is provided in some of the PLL circuits (such 
as the XR-215, SL-650 or Hl -2800) by means of a va riable­
gain amplifier contained on the chip. 

For the low-frequency FM demodulation appli cations 
(in the kH z range) the following circuits are recommended : 
XR-215, SE-565 (or its equivalents), SL-650, Hl -2820. 

For high-frequency FM demodulation (1 MHz and 
above), the preferred circuits are the XR-215, the SE-560 
and the Hl -2800. 

FSK decoding: Frequency-shift keying used in digi tal 
communications is very si milar to ana log FM modulation . 
Therefore, any PLL IC can be used for FSK decoding, pro­
vided that its input sensitivity and the tracking range are 
sufficient for a given FSK signal deviation . Some of the 
basic requirements and desirable features for a PLL used in 
FSK decod ing are: 

D Center frequency stabi lity. 
O Logic compatible output. 
O Control of VCO conversion ga in. 

Center frequency stability is essential to insure that the 
VCO frequency range stays within the signal band over 
the operating temperature range. A logic compatib le out­
put is des irab le to avoid the need for an external voliage 
comparator (s li cer) to square the output pulses. It is parti c­
ularly convenient if the output conforms to RS-232C stan­
dard, thereby eliminating the need for a separate 
line/driver c ircuit. Control of the VCO's conversion gain 
allows the ci rcuit to be used for both large deviation FSK 
signals (such as 1200 baud operation) as well as for small 
deviation (75 baud) FSK signal s. 

Concerning frequency stab ility, the recommended PLL 
circuits for FSK decoding are the XR-210, the SE-565 (and 
equiva lents), the SL-650 and the Hl-2820. Of these, the 
SL-650 has the highest frequency stability. Both the XR-
210 and the SL-650 contain internal slicer and logic driver 
sections, whereas the SE-565 and the Hl-2820 need an 
external voltage comparator to provide logic compatible 
outputs. In the XR-210, VCO conversion gain is controlled 
by means of an extern al res istor. With the SE-565 this con­
trol can be achieved by using an external PNP transistor. 

Frequency synthesis: This appli cation requires a PLL 
ci rcuit with the loop opened between the VCO output and 
the phase comparator input. This includes most of the cir­
cuits listed in Table 1 ; namely: XR-S200, XR-210, XR-215, 
SE-562, SE-565, (or its repl acements, LM-565, RM-565) 
SL-650, Hl -2800 and Hl -2820. Most frequency synthes is 
applications require hi gh-frequency operation, which nar­
rows the choice to the five devices shown in Table 2. One 
of the basic requirements for frequency synthes is appli ca­
tions is that the TTL logic-compatible output swings from the 
VCO. Thi s requirement is met by all of the PLL c ircuits list­
ed for frequency synthesis on Table 2. However, depend­
ing on the choice of ci rcuit and supply voltages, de level 
shifting may be necessary to interface with TTL logic. 

Signal conditioning: Most signal conditioning applica­
tions require very narrow-band operation of the PLL. This 
in turn may require the use of active filters within the loop 
(between the phase detector and the VCO). The PLL c ir­
cuits which allow active filters to be inserted into the loop 

are the XR-S200, the XR-215, the SL-650, the Hl -2800 and 
the Hl-2820. XR-S200, XR-215 and SL-650 already con­
tain an op amp on the chip for active filtering. 

Time decoding: The two different PLL c ircuits espec ially 
designed for this application are the SE-567's and the XR-
2567. Both circuits have comparable performance charac­
teristics. The XR-2567 contai ns two independent 567-type 
c ircuits on the same chip; therefore, it may be more eco­
nomical to use in multiple tone-detection systems. Both 
circuits have relatively high input thresho ld (= 20 mV, 
RMS), and may require input preamplification. 

AM detection: This application requires an additional 
multiplier section to be added to the basic PLL. O nly Sig­
neti cs SE-561 has this parti cular design feature. However, 
all the other PLL circuits can be modified for thi s applica­
tion by adding an external balanced modul ator (such as 
Motorola's MC-1 596) to the basic PLL. 

Motor speed control: In most speed-control app lica­
tions, a tachometer connected to the motor shaft is used as 
the VCO in the loop and the actual VCO on the monolith­
ic chip is either not used or used to generate a reference 
frequen cy (see Fig. 6). Thus, a PLL system which can be 
broken between the low-pass filter and the VCO is need-

ed. The circuits which fit the need are the XR-S200, the 
XR-215, the SL-650, the Hl -2800. 

There is no simple defin ative answer to the question, 
" What is the best PLL for the job" . The answer depends 
on the many specifics of the app lication and the ove"rall 
performance requirements. Therefore, the recommenda­
tions given in thi s section are no more than a rough guide 
line. o 

Manufacturers of monolithic Plls 

Signetics 
811 East Arques Ave. 
Sunnyvale, CA 94086 

National Semiconductor 
2900 Semiconductor Dr. 
Santa Clara, CA 9505 1 

Raytheon Semiconductor 
350 Ellis St. 
Mountain View , CA 94040 

Harris Semiconductor 
Post Office Box 883 
M elbourne, FL 32901 

Plessey Semiconductor Div. Exar Integrated Systems 
170 Finn Court 733 North Pastori a Ave. 
Farmingdale, NY 11735 Sunnyvale, CA 94086 
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Think Twice: 

What's one of the biggest 
measurement problems in the· 
computer industry today? 

Low Duty-Cycle Measurements -
Making riming-pulse adjuscments, and 
finding noise pulses in, or locacing miss­
ing bics from low ducy-cycle digical 
signals. Countless lose hours and eye­
scrain have resulced from chis prob­
lem-crying to view low rep-race sig­
nals like chose found in disc, cape, or 
drum peripheral unics. Bue wich your 
refresh cycle occurri ng ac such long 
intervals, coup led wich short phosphor 
persiscence, ic's no wonder char you've 
spent an inordinace amount of rime 
making such measurements. And ic's no 
wonder char you ofren came our from 
under your scope hood rubbing your 
eyes. Well, no more! 

Storage CRT With Unmatched 400 
cm/ µs Writing Speed. Hewlen-Packard 
jusc made ic possible for you to chrow 
away your scope hood by developing a 
new brighc, burn-resiscant, high-speed, 
variable-persiscence CRT-available in 
eicher 100 cm/µs or 400 cm/µs wricing 
speeds. Placing chese new CRTs inco 
an all new mainframe chac's opcimized 
for high-wricing-speed storage measure­
mencs, HP now gives you a new dimen­
sion in storage scopes-che HP 184A. 
This unique co mbinacion offers rhe 
highesc wricing speed available, and a 
display wich brighmess as greac as you 
can find anywhere. For che firsc rime you 
can find chose elusive cransients char 
before were too fasc for your storage 
scope to follow- like nanosecond noise 
pulses. 

Display True Replicas of Your Wave­
forms. You'll appreciace bei ng able to 
adjusr persisrence down to 0.2 seconds; 
chat's 75 times lower than a major com­
petitive unir. For those measurements 
that require faster sweep times, you' ll 
know you are displaying true replicas 
of your waveforms when you're using 
an HP 184A. Capture low duty-cycle 
pulse trains, through repeticive sweeps, 
simply by adjus ting the persistence to 

"maximum,' ' to build up the intensicy of 
dim traces. This feature in che new 
184A oscilloscope lets you do many 
jobs you previously al located to expen­
sive, single-shoe scope/camera systems. 

Variable-Persistence Storage and Stan­
dard in One Scope. Further, you'll find 
that your 184A is a true general purpose 
scope that offers you che capabi lity to 
choose, by way of plug-ins, all the func­
tional features of the HP 180 Series of 
osci lloscopes, including such items as 
selectable-input impedance, and sam­
pling to 18 GHz. And for simplic ity of 
operacion, we think you're in for a 
pleasant surprise when you compare che 
184A against the competitive unit. 

Superior Technology. HP believes the 
most important part of a scope system 
is the CRT-the interface between you 
and your measurement. As the pioneer 
in practical applications of dome-mesh 
magnification, HP was first to expand 
the size of high-frequency CRTs to 
6 x 10 cm; first to 8 x 10 cm ; and first 
to 10.4 x 13 cm -all in high-frequency 
mainframes. HP was also the first to use 
dome-mesh technology to substantially 
lower power requirements for CRT de­
flecti on (making possible che only line 
of 35 and 75 MHz porcable scopes with 
built-in banery packs-scopes that 
really are portable). 

From The Storage Leader. HP was first 
with variable-persistence mesh storage 
for commercial applications- to give 
you a stored trace many times brighter 
than bi-stable tubes, and without annoy­
ing flicker. Variable-persistence, wich 
its ability to build up waveform bright­
ness, was the first CRT innovation that 
gave you a crace bright enough to lee 
you tack le most single-shot or low rep­
race measurements problems. All you 
do is adjusc persistence until the inte­
grating storage effect brings your wave­
form up to a bright, clear display . 

CHECK NO. 14 

Burn-Resistant CRT's. HP placed 
variable-persistence in many of its 
scopes including the 181A, l 702A, and 
l 703A storage units. And now HP has 
developed, for its current line of stor­
age instruments, carefree CRTs so 
highl y burn resistant they require little 
more care than conventional CRTs. 
The new 184A high-writing-speed 
scope also has unprecedented inherent 
resistance to burns. 

Yes, Scopes Are Changing. How many 
times have you wished for a scope char 
cou ld d isplay a low rep-rate digital 
signal brightly and clearly, and one that 
could also be used for a variety of 
general purpose measurements. Thar 
scope is here now in HP's 184A storage 
mainframe, $2200 (for only $500 more, 
you can boost your 184A's writing 
speed co 400 cm / µs), with plug-in capa­
bility to 100 MHz real rime, or 18 GHz 
sampling. Think twice ; put away your 
scope viewing hood and call your local 
HP field engineer for a demo today. Or 
write for our "No Nonsense Guide to 
Oscilloscope Selection." It covers the 
ocher members of HP's variable­
persistence storage scopes. Hewlett­
Packard, Palo Alto, California 94 304. 
Jn Europe: P.O . Box 85, CH-121 7 
Meyrin 2, Geneva, Swiczerland. In 
Japan: YHP, 1-59-1, Yoyogi, Shibuya­
Ku, Tokyo, 15 I. 

Scopes Are Changing; 
Think Twice. 

HEWLETT WP PACKARD 

OSCILLOSCOPE SYSTEMS 



Slew-rate limiting of IC op amps 
is easy to predict, and to avoid 
Slew-rate limiting is -a grey area, not a black and white dividing line. You 
can operate inside that area, but you must make some tradeoffs. 

Marvin K. Vander Kooi, National Semiconductor Corp. 

The simple equations and graphs presented here should 
help you avoid the pitfalls of slew -rate limiting, and also 
provide a means of using engineering tradeoffs to extend 
the response of the single dominant-pole type of amplifier. 

This analysis of sine- and step-vo ltage responses applies 
to all si ngle dominant-po le op amps, such as the LM101A, 
107, 1 OBA, 112, 118 and 741 . Each of these op amps has 
an open-loop response curve with a shape similar to the 
one shown in Fig. 1 _ The distinguishing feature of thi s 
curve is the single low-frequen cy breakpoint from a flat 
response to a uniform -20 db per decade of frequency 
(-6db/octave) drop in gain, at least until the curve passes 
through the 0 db line. Closing the loop to 40 db (XlOO 
gain), as shown with a dotted line on Fig. 1, does not 
change the shape of the curve, but it does move the break­
poi nt to a higher frequency. These open loop and closed 
loop response curves determine the gain applied to small 
signal inputs. The logical question, then, is when does a 
signal cease to be a small signal and when does the ampli ­
fier response begin to deviate from this curve? 

The answer li es in the slew-rate limit of the op amp. 
The slew-rate limit is the max imum rate of change of the 
amplifier's output voltage and is due to the fact that the 
compensation capac itor inside the amplifier has only a 
finite current' ava il able for charging and discharging. A 
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Fig. 1 - Small signal response of the most common ly used op 
am1» is typified by this curve. The - 20 db per decade rolloff is 
unchanged by gain limiti ng; however, the break-point will shift 
as a function of the c losed loop ga in . Large-signal response wil l 
deviate from this curve due to slew-rate limiting_ 
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sinusoidal output signal will cease being small signal when 
its max imum rate of change equals the slew-rate limit S,. 
of the amplifier. The max imum rate of change for a sine 
wave occurs at the zero crossi ng and may be derived as 
follows: 

v
0 

= v,, sin 27Tft (1) 

d v 
dt 

0 = 27Tf v/J cos 27Tft (2) 

d Va 
= 27Tf vv (3) dt 

t = 0 

S,- = 27Tfmox V/J (4) 

where: 
v

0 
= output voltage 

V,, = peak output voltage 

. d v. 
S,. = max imum dt 
The max imum si ne-wave frequency an amplifier with a 
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Fig. 2 - The peak amplitude curves demonstrate the relationship 
of sine wave frequency and peak amplitude. These cu rves define 
the borderline between small signal response and slew-rate limited 
response. The obvious design tradeoff here is th at of amplitude for 
frequency. 
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Av = 100 BANDWIDTH = "' 

1 
f3db = 2~ Rc f3db = lOkHz 

Fig. 3 - An op amp can be thought of as an RC low-pass filter 
input section followed by a broadband amplifier section. The 
response time of such an input section circuit can seriously limit 
step function response time. 

given slew rate will sustain without causing the output to 
take on a triangular shape is therefore a function of the 
peak amplitude of the output and is expressed as : 

(5 ) 

Equation 5 demonstrates that the borderline between 
small signal response and slew-rate limited response is 
not just a function of the peak output signal, but that by 
trading off either frequency or peak amplitude you can con­
tinue to have a distortion-free output. Fig. 2 shows a quick­
reference graphical presentation of equation 5 with the area 
above any V,,eak line representing an undistorted small si g­
nal response. The area below a given Vveak line represents 
distorted sine-wave response due to slew rate limiting. 

As a matter of convenience, amplifier manufacturers 
often give a " full-power bandwidth" or " large signal re­
sponse" on their specification sheets. This frequency can be 
derived by inserting the amplifier slew rate and peak rated 
output voltage into eq (5 ). The bandwidth from de to the 
resulting fmax is the full -power bandwidth or " large si gnal 
response" of the amplifier. For example, the full -power 
bandwidth of the 741 with a 0.5V/µsec \is approximately 
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Fig. 4 - Step-voltage response curves allow a designer to accu­
rately predict the required slew-rate, and 3db down frequency 
requirements for a given step-voltage amplitude. Conversely, you 
may find that your frequency and step requirements dictate an 
op amp with higher slew-rate. 

6 kHz while the fullpower bandwidth of the LMl 18 with 
an Sr of 70 V/µsec is approximately 900 kHz. 

The step-voltage response at the output of an op amp 
can also be divided into a small signal response and a slew­
rate limited response. The single turnover and uniform 
- 20db/decade slope shown in the small signal frequency 
response curve of Fig. 1 are also characteristic of a low 
pass filter and you can, in fact, model an op amp as a low 
pass RC filter followed by a very wideband amplifier. Fig. 3 
shows a model of a circuit with a gain of 100 and a 3db 
down rolloff frequency of 10 kHz. From basic filter theory2 

the 10% to 90% rise time of a single-pole low-pass filter is : 

(6) 

which for this example would be 35µ.sec. Again this small 
signal or low-pass filter response ceases when the required 
rate of change of the output voltage exceeds the slew-rate 
limit Sr of the amplifier. Mathematically stated : 

where: 

v 
~> s 

tr - r 

v stev = amplitude of the output step. 

(7) 

This means that as soon as the amplitude of the output 
step-voltage divided by the rise time of the circuit exceeds 
the Sr of the amplifier, the amplifier will go into slew-rate 
limiting. The output will then be ramp function with a 
slope of Sr and a rise time equal to : 

(8) 

Substituting equation 6 into equation 7 gives the critical 

value of v step directly in terms of f3db: 

v ste!) f3db > s 
0.35 - r 

(9) 

which can be plotted as shown in Fig. 4 . Any point in the 
area above a v,

1
. ,, line represents an undistorted low pass 

filter type response and any point in the area below a 
given V step line represents a slew-rate limited response ._ D 
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With a complete family of amplifiers, 
nonlinear function modules, and data conversion 
modules. What makes us different? We have the best 
design team, so some of our modules have the best 
performance available .. . some have the lowest price .. . 
and others have both the best performance and the lowest price I 
These are some of our new modules .. . 

AMPLIFIERS 
INSTRUMENTATION AMPLIFIERS 

Model 310 Low Drift , 10-1000 Gain 
Model 312 FET-lnput, 1-2000 Gain 
Model 316 General-purpose, 1-1000 Gain 
Model 330 250V CM Input, 0.1-100 Gain 

OPERATIONAL AMPLIFIERS 
Model 350 FET-1 nput, Low-Drift 
Model 360 Noninverting Chopper 

Amplifier 
Model 370 Low Noise, Low-Drift 
Model 380 Electrometer Amplifier 
Model 390 Chopper-Stabilized 

Amplifier 

NONLINEAR FUNCTION MODULES 
MULTIPLIERS 

Model 550 ± 0.5% Accuracy 
Model 551 ± 0.25% Ac cu racy 
Model 560 ± 0.1 % Accu racy 

RMS-to-DC CONVE RTERS 
Model 591 RMS-to-DC Converter, 

±0.2% 
Model 592 RMS-to-DC Converter, 

± 0.1% 

LOG AMPLIFIERS 
Model 530 Positive Input, 160dB Range 
Model 531 Negative Input, 160d8 Range 

were in 
the Big 

Leagues 
Now! 

DATA CONVERSION MODULES 
AID CONVERTERS, Integrating Types 

Model 104 31/2 Digit, 8msec Conversion Time 
Model 105 31/2 Digit, 750µsec Conversion Time 
Model 106 31/2 Digit , Bmsec, Sign & Magnitude 
Model 115 31/2 Digit , Sign & Magnitude 

with Differential-Input 

A/D CONVERTERS, Successive- Approximation 
Model 160 & 161 10 & 12-Bit, 20to100µsec 

DI A CONVERTERS 
Model 411 8,10, & 12-Bit, Voltage or Current 

SAMPLE-AND-HOLD MODULE 
Model 190 ± 0.01 %, 25µsec Acquisition 

MULTIPLEXER 
Model 192 8-Channel, 1µsec 

And we have the most responsive engineering team in the business for customized versions of 
these modules. So circle the bingo card and get to know us better. 

~ FUNCTION MODULES, INC. 2441 Campus Drive Irvine, California 92664 • (714) 833-8314 

CHECK NO. 4 
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oesa1ob 
for your 
competitor. 
But it might 
not be 
for you. 

1'kTorin 

Torin Flexibility 
Problem: A computer manufacturer handed us a 
knotty air-supply problem. Their new model had 
a memory and a logic system with gates of 18 
cards each. Both systems required an equal air 
flow for each card, and the rate of flow was 
different for each system. 

Installations would be at a wide range of 
altitudes, and since their market was foreign as 
well as domestic , both 50 and 60-cycle motors 
were called for. 

Because of the proximity of the motors to the 
gates, a high degree of EMI containment was 
vital. And, finally, guards were required for 
maintenance protection. 

Solution: Our engineers considered the hori­
zontal configuration of the gates and utilized 
transverse blowers . Impeller length was matched 
to the width of the gates to provide an equal 
air flow to each card . 

We used shaded-pole motors for altitudes up to 
3,000 feet. Both 50 and 60-cycle versions . 
For altitudes above 3,000 feet we selected a 
permanent split-capacitor motor. 

That makes three motor capacities, each with 
left and right-hand mounts. Six in all , and all 
adaptations of one basic blower. Each met 
the high EMI containment, and the maintenance 
guards were designed so as not to hinder 
flow requirements. 

See? There 's a lot to it, even when you know how. 

Your competitor's air-moving prob­
lems are his . Yours are yours. And 
both are firmly dictated by optimum 
product performance. Often we can 
produce exactly what you require 
through modifications of existing 
units. But if custom design is called 
for we can turn that out too. More 
than 500,000 square feet of modern 
production space results in competi­
tive pricing and realistic deliveries. 

You see here just one example of our 
flexible problem-solving experience. 
There 's so much more to the Torin 
story. Get it first hand from one of 
our twenty Technical Sales Repre­
sentatives. Or, write or phone for our 
tells-it-all booklet. 

CHECK NO. 16 

Torin Corporation 

United States : Torrington. Conn. 
Van Nuys, Calif. 
Rochester. Ind .. Elgin, Ill. 

Canada : Oakvi l le, Ont. 

England : Swindon, Wilts. 

Belgium: Nivelles 

Australia : Sydney 



Jesse Pipkin of Hewlett-Packard speaks out 

On engineers and prof its 
Many engineers think strictly in terms of the ingenuity of their designs. As a result their 
products are not only prone to failure, but almost impossible to test. 

It's really unfortunate, but too many design engineers don' t 
care about profitability - or perhaps it's just that they don't 
consider all the factors that constitute a profit. Every time 
I hear an engineer talk about how many IC packages he has 
eliminated, or how small the final product is, I appreciate 
how expensive it can ultimately be to isolate the designer 
from the profit responsibility. Production test costs and 
warranty repairs come directly out of profit. And these 
can represent far more dollars than the saved packages, or 
the imagined value of a mini-sized product (Fig. 1). 

It would seem that an 8-input integrated-circuit NANO 
should be easier to test than a comparable circuit of dis­
crete transistors. The problem with the integrated NANO 
is that the troubleshooter has 9 pins to worry about simul ­
taneously. In the discrete case, he can isolate single com-

Q8 31 Q2 3 5. 

Fig. 1 - Reducing size while maintaining equal capability should 
not compromise serviceabi lity. The small counter above will not 
only out perform its large predecessor at a fraction of the cost, but 
it also has test circuits th at di agnose its own malfunctions. 

ponents and, on a 1-pin- or 2-pin at a time basi s, determine 
whether it works properly or not. Thi s is an example of 
analog testing applied to digital problems -single-path 
signal tracing. It worked well for the early digital systems 
using discrete component desi gns, but it won't for complex 
IC systems (Fig. 2). Face it, the ground rules for di gital 
troubleshooting have changed. 

Digital troubleshooting is a multi -pin , multi-signal, ten 
fingered complex problem. The troubleshooter must look 
at two (a signal and a clock) or more lines, hence, the 
popul arity of four-channel scopes and the absolute neces­
sity for two-channel capacity. But ICs don' t lend themselves 
to attaching multiple probes with any degree of ease. One 
hundred mil centers conserve space, but they don 't invite 
probes on adjacent pins. 

Several compani es have addressed the multi -pin prob-

40 

lem and manufacture products that can aid the digital 
troubleshooter. A number of companies (AP, Pomona, 
Jermyn) make clip-on devices that allow probes to be 
attached to many pins. A couple of companies (Stanley 
Electronics, HP) make a " viewer" which clips onto an IC 
package, letti~g the troubleshooter monitor the states of 
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Y = (AB) + (C OE) + (FGH) + ( IJ) 

Fig. 2 - The integrated circuit at the top of the illustration, an 
AND-OR gate, is functionall y equivalent to the co llection of di ­
odes, res isto rs, and transistors shown . Troubleshooting the dis­
crete implementation allows concentration on individual co mpo­
nents, at worst a 2-node problem. For the 74L54 integrated circuit, 
though, the Y output is a funct ion of all inputs A through J, with 
no access to internal nodes. Simultaneity of signals becomes a 
severe problem when co mponents are crammed so closely that 
access to intermediate nodes is imposs ible. 
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all pins via lights, one per pin. HP makes an in-circuit 
tester that " clips" onto an IC and allows a functional test 
of the IC without removing it. These devices require but 
one design concern- a little physical space around the IC. 

When product designers attempt to cram 10 pounds of 
components into a 2-pound sack, something must give. 

Usually, it's the space around the IC. I've seen a com­
puter board with 175 ICs on a 10-layer board. It must, at 
best, be impossible to troubleshoot and repair. Production 
testing costs soar, field repair gives way to board-exchange 
programs (an extremely expensive method of servi ci ng), 
and no one with less than 5 years of test experience can 
fi nd failures with such products. We have statisti cs showing 
that a simple test instrument (HP 10529A Logic Comparator) 
can save $50 per warranty repair for a relatively complex 
piece of equipment. 

In another studied application, thi s test instrument cut 
typical production test times for troubleshooting from 
1-1 /4 hours to under 10 minutes. In addition, functional 

Fig. 3- All 60 ICs on this PC board are accessible by multi -pin 
clips. Thoughtless placement of resistors and capacitors immedi­
ately adjacent to DIPs will resu lt in troubleshooting problems when 
several pins on an IC must be accessed simultaneously. Your de­
sign guidelines should requ ire allowing sufficient room for this 
type of clip. 

fa ilures were found in boards that had been decl ared "un­
fixable." This is real money back in terms of profits. But 
such test instruments require about 100 mils around the 
c ircumference of the ICs it tests. No space, no test (Fig. 3) . 

I cannot subscribe to the theory that "a ll else being equal, 
smallness is · goodness," except perhaps in aerospace pro­
ducts for missiles, aircraft and satellites. Smallness means 
heat, heat means aging a~d aging means early fai lure. 
There is a popular rule of thumb that for each 10-degree 
temperature rise, failure rates double (Fig. 4). There is 
another w ay of express ing thi s: For each 10-degree tem­
perature rise, warranty costs double. 

Smallness also complicates repai"r. How do you fix some­
thing that you cannot access? When designing w ith his 
breadboards, the engineer doesn' t try to cram ICs on top 
of each other or so lder in his pass ive components so close 
that he can' t get his scope probe into the circuit. Invariab ly 
he'll leave enough room to get an AP cl ip on the ICs so 
that he can convenientl y look at waveforms on his osci 1-
loscope. But somewhere between the breadboard and the 
final production prototype, the spectre of size has ordained 
the smallest possible package that won' t burst into flames. 

The production and w arranty servi ce technicians are then 
barred from using the multi-pin testing aids that would cut 
costs and raise profits. 

If you don't make your boards testable, it's your com­
pany's profits. 

In the last six months, I've talked to dozens of manufac­
turers about scores of new digital products. The guys that 
claim the most for the buck seem to have the most untest­
able boards! The more ICs on a given board, the lower the 
percentage of test points that may be brought to connectors. 
Vast sums that production faci liti es spend on automatic 
board testers and their expensive fault- iso lation software 
are wasted. Few key test points are ever brought out to 
connectors, mostly because designers do not take the 
necessary time to determine just what the " key" signals 
for testing really are. Everyone gets hurt (the buyer and the 
seller) when circuits are not testable. The buyer, of course, 
pays the tariff; he is hurt hardest. His problems, unfor­
tunately, never end. How is he to repair his defunct pur­
chase after the w arranty has expired? 

Even if you can afford the best in test equipment to find 
bad ICs, what happens when you are faced with the inev­
itable and often fatal prob lem of multi-multi - layer boards? 
One minicomputer manufactu rer is proud that they can 
make 10-layer boards for thei r solid-state memory. Can 
you imagine replacing a defunct IC with some confidence 
that you are going to successfu ll y get the new IC in? Multi­
layers come from one problem- not enough room on the 
two sides of the board to accommodate a high pack ing 
density. 

I just hate to see manufactu rers throwing away good 
profits. M anagers with profit responsibility shou ld insist 
upon the designs being testab le. Tricks that clever engi­
neers play, li sted below, are practi ces that no engineering 
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Fig. 4 - The precise relationship between heat and IC aging is not 
clear, but studies of a considerable amount of data at Hewlett­
Packard indi cate that fai lure rates double every 9°C between the 
ranges of 20°C to 60°C. Two other reports, from Bell Labs and TRW, 
plotted above, ind icate the accelerated aging of components with 
temperature to be considerable. 
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manager shou ld condone: 
• making ICs operate at not quite legitimate, but toler­

able leve ls, 
• stretching loading to an absolute limit, 
• implementing components between ICs to alleviate 

critical timing problems and pulse races, 
• wire-ORing, 
• et cetera. 

The guy with the profit responsibility, who has to pay out 
of the profit for extra test time in production or excess 
warranty repairs-he is the one who should clamp down on 
the prima-donna engineer who is more concerned with 
his neat design that its shabby side effects. 

Wire-ORing should be outlawed and designers using it to 
save packages should be sent to production 

The real scourge of in-circuit testing is the "wire-OR" 
connection. (I find it amusing that such an ill-begotten 
method of design shou ld also be misnamed !) If ever there 
were a paradox, it can hardly compare to thi s situation: 
An IC device is supposed to operate "improperly" some of 

Fig. 5 - Due to a complex timing problem, the engineer who de­
signed this circuit was "i mpelled" to wire-AND several outputs. 
To insure testability, he brought the outputs to the edge connector 
and joined them on another board. This simplifies testing, as the 
connection is easil y " unbugged." 
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the time, (when another device on the bus is LOW). When 
it actually does operate improper ly, some tester is supposed 
to figure out why. Catch 22? Which device on the bus is 
caus ing the erroneous LOW state? 

If you have some profit responsibility, or as a profes­
sional , have some personal regard for what you are build­
ing, I suggest that you take a long look at the design pro­
cedures you follow. 

Take advantage of the digitally oriented test equipment 
ava il ab le. Appreciate that ICs are multi -pin so lutions. A 
little more time spent laying out you r PC boards; a little 
thought as to what are good signa ls to bring to connectors 
for board testers; and a little space around ICs that will 
allow the various multi-pin test devices to help will be 
rewarded in greater profitability. o 

Who is Jesse Pipkin? 

Five years as a US Air Force navigator taught Jesse 
Pipkin how to get where he wants to go. So far, that's 
been to the University of Florida, where he got his 
BSEE degree in 1967, and then to HP as an applica­
tions engineer specializing in the 8540A Network 
Analyzer. Coincidentally, among the duties of that 
job was to be navigator/pilot for a mobile network 
analyzer demonstration unit. Jesse ·finally landed at 
HP's Santa Clara Division, where he's now product 
manager for logic test devices. He's a member of 
IEEE and an avid skier. 

From the fall of 1968 to mid-1969, Jesse managed 
a tour bus on the west coast giving seminars on 
microwave measurements. He left HP in late 1969 
to attend the University of California at Berkeley for 
a short time, then returned to HP in 1970. He joined 
the systems group, worked on the Fourier analyzer 
project, then got involved in an IC test program. This 
led to his present position in logic test devices, and 
his present title is Product Manager, Digital Circuit 
Testing. 
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To isolate 
power switching devices, SCR's, 
Triacs and the like, 
from low level IC control circuits -

-Optical couplers (a) and reed relays are among the most 
attractive alternatives. One form of optical coupler is made by 
Sigma and doesn't cost three or four bucks (50¢ is more like it) ; 
unlike those using phototransistors or diodes, its output is 
totally passive. 

Reed relays (b) are the classical electromagnetically oper­
ated mechanical switch, but with the switch totally enclosed 
in a minute glass envelope inside the actuating coil. They are 
available either separate ly or combined with a triac (at c): 
operate fast (200 usec.), have life expectancies of man y mil­
lions, and may have elaborate configuration, both multipole 
and transfer switching contacts (Form C). Their cost is moder­
ate , ranging as low as 75¢ or less, and they have close to zero 
output circuit resistance. Because our reed capsules are made in­
house, quality control is a particular Sigma reed relay advantage. 

tight subs titutes for magnetism as the connecting link for 
the other class of isolating couplers offered by Sigma. In-house 
manufacture of photosensitive resistors led us to develop 
Sigma's optical couplers which contained a photoresis tor and 
an internal light source. Control current to the internal light 
causes a rapid (stepless) decay of output resi stance from circa 
IOmeg to a few hundred ohms. There is no electrical feedb:):ck , 
either conductive or inductive ; there is total isolation, at kilo­
voltages when required ; and there is no noise generation in the 
output (a good deal for audio control also). Best of all, output 
is passive, can be either AC or DC. 

The Ladybug featured above is the latest and lowest cost 
Sigma optical coupler. (It was developed by a lady-our se nior 
physici st') For 50¢ in production quantities , you can get them 
as pictured (at a) with one input and one output. The light can 
be incandescent or neon (attractive for lock-on potenti al plus 
absence of circuit loading til energized). You can also, for more 
money, have an LED light source. Also one may specify two 
or more lights, either capable of controlling the photoresistor 
(and isolated from each other). Or there can be several photo­
resistors controlled by one light . . . passive input , passive 
output, infinite isolation ... all for 50¢. 

You will need details, and to give our best, we will need 
yours . If you outline your project and purpose in a personal 
letter or phone call to Jim Seppala, Applications Manager, 
you ' ll be well pleased with the promptness and thoroughness 
of our reply. Write or call Sigma Instruments, Inc., 170 Pearl 
St., Braintree, Mass. 02185. Telephone 617-843-5000. 

SIGM~ 
IN STRUMENTS INC 

CHECK NO. 15 
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Conductive plastics emerge as 
unique problem solvers 
First introduced to EEs as an RF/ gasketing material, metal filled polymers 
are finding their way into unique designs that solve a lot of tough problems. 

Richard Seeger, Chomerics, Inc. 

Conductive polymers are one group of materials that have 
found new applications due to the profound impact of 
MOS/LSI in the last few years. Many such new materials 
have become viable design components due primarily to 
two -·MOS/LSI characteristics: high impedance and pile­
driver pricing. First, the high impedance of MOS has meant 
that conductors less efficient than copper are now accept­
able. In addition, the fantastic price erosion of MOS/LSI 
has brought increasing pressure for price reduction on all 
associated hardware. 

Conductive polymers are general ly as flexible as rubber 
(see Fig. 1 ) and nearly as conductive as copper. Typically, 
these are dispersions of micron-size metal particles in a 
cross linked polymer. Such a composite might consist of a 
copper base filler in a silicone rubber binder. Usually, the 

Fig. 1- Flexible conductive elastomers, such as this sample from 
a low cost keyboard, offer designers a new dimension in interfac­
ing MOS devices. 

copper particles must be segregated to an optimum size 
and particle shape and subsequently plated to prevent sur­
face oxidation. The properties of the composite resulting 
from the mixture of metal and plastic can be made to ap­
proach the most useful parameters of each of its constitu­
ents; that is, it becomes an elastomeric (stretchable) con­
ductor. Metal filled elastomers are, typically, orders of 
magnitude more conductive than conventional carbon 
elastomers and give greater electrical stability. A volume 
resistivity of 1 o-~n cm is attainable with a 65 durometer 
elastomer. These metal filled composites typically contain 
80% metal, by weight, and are capable of 300% elonga­
tion and tensile strenghts of 200 psi. By using the combi­
nation of properties offered by such elastomeri c conduc­
tors many new and complex design concepts are now 
within the reach of system designers. As an example of the 
utility of these composites, consider the new generation of 
special function terminals and electronic ca lculators pres­
ently arriving in the marketplace. 

44 

1 • r r , • f 1 t • ' < , ' ''-: 

' ' f • t ( ( t r f I f f t ' ' • ff f, 

Fig. 2- Leadless MOS/LSI, shown at top, can be connected direct­
ly to the pc board by using a conductive elastomer carrier, bot­
tom. This allows mounting without soldering and without the 
cost ly plated-through holes that are normally required. 

These devices typically consist of one or two monolithic 
MOS/LSI chips with some associated discrete electronic 
components, a keyboard and display unit. The cost and 
packaging of the keyboard and display unit can dominate 
the cost of the low-cost ca lcu lator, something that certa in ­
ly wasn' t true before LSI. Due to the high impedance of 
the MOS/LSI circuitry, highly conductive metallic contacts 
and etched printed circuits are not required in calculator 
applications. In many cases a conductive elastomer can 
perform the same interfacing function more reliably, and 
at less cost. 

Packaging and mounting of LSI 
Conductive elastomers might prove beneficial in the 

packaging of small digital systems. By the use of an inter­
connector (EDN, Aug. 1, 1972), shown in Fig. 2, a ceramic 
(or plastic) package can be mechanically and electrically 
connected to a printed circu it board. The interconnector 
consists of an array of elastomer contacts molded in place 
on a non-conductive carrier as shown in more detail in 
Fig. 3 . This array of resilient contacts can be used to con­
nect the LSI package to the circuit board. This connection 
is made without the use of leads, pins or solder; thus elimi-

Fig. 3- Conductive plactic connectors for lead less LSI are con­
structed of inexpensive plastic with conductive elastomer contacts 
inserts. The elastomer compresses against the LSI contacts on one 
side and the pc board on the other. 
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Fig. 4- Experimental elastomer carriers for LSI chips may elimi­
nate wirebonding from chip to carrier assembly. Flexible conduc­
tive inks are screened on an insulating elastomer substrate. 

nating the problems of solder and lead-frame damage. 
Such a connector technique can also be used to make 

connection to some of the new glass/ceramic display 
modules used today where so lder or connectors are cum­
bersome. This system will provide good long term connec­
tions. Additional benefits are good shock mounting and 
easy replacement. 

Elastomers may yield direct mounting for LSI chips 
There are also many applications using conductive elas­

tomers in packaging at the chip/wire~bond level. Fig. 4 
shows an enclosed contact array with conductor widths of 
0.006 in. screened onto an insulating, flexible substrate, 
using an ink made from conductive polymers. Even at 
these dimensions, this unit retains all the properties of the 
elastomers previously mentioned. Such printing tech­
niques permit direct mounting of a monolithic chi p with­
out the use of conventional wire-bonding procedures. The 
pressure contacts provided by this method can produce a 
very reliable contact and also permit extraction of the cir­
cuit without damage. A closer vi ew of these patterns is 
shown in Fig. 5. 

Alternatives to etched copper boards are here, too. 
Next, consider the circuit board. It, too, can be fabricat-

Fig. 5- Closeup of elastomer chip carrier shows conductive ink 
patterns. Pad areas are 0.006 in. wide, and can be screened by 
conventional techniques. 

INTERCONNECTION 
OF CONDUCTING LAYERS 

nzzftf l~~mf ~ '~~::x~r 
~[~~~~---,~~-~~~~~~"=:=::J~- ~~ SUBSTRATE 

CONDUCTING POLYMERS 

Fig. 6- Conductive inks can be screened onto circuit boards to 
form multil ayer circuits. Two layers of insulation are used to min­
imize pinholes and accidental connections between conductors. 

ed from composite materi als, specifica ll y by screening 
conductive inks onto a ri gid substrate. 

In reason able vo lume, thi s technique is very econo mi ­
cal, especial ly when a multil ayer board is required. Con­
ductive inks or coatings consist of a metal dispersed in 
some po lymer matrix. Here, other parameters of the com­
posite become important such as proper viscosity and cure 
cycles to permit efficient screening. Circuit boards con­
taining up to five layers can be produced by the screening 
of alternate conductive and non-conductive layers by the 
method shown in Fig. 6. The savings here result from the 
absence of plated thru holes and the avoidance of etching 
or plating operations. The polymer inks are si mply 
screened on and cured in place. With proper processing 
they will remain sta_ble indefi nitely. The only limitation 
with this technique is the resistivity (approx imate ly 10- 3n 
cm). But, as previously mentioned, this does not present a 
problem with high-impedance circuits. Also, unless these 
coatings are subsequently plated, the coati ngs are not 
so lderable. An example of a board used to provide BCD 
output from a calculator keyboard is shown in Fig. 7. 

Suitability is already proven. 
While some of these uses are conjecture, the suitabili ty 

of the materi al is not. Calculator keyboards made by this 
technique are availab le from severa l manufacturers. The 
switch contacts have been, as shown in Fig. 8 , fabricated 
entirely of elastomeric composi tes. Elastomer switches are 
already a rea lity and potentially they offer reli abi lity equal 
to more complex switches at a much lower cost. 

Conventional moving gold or si lver-p lated contacts are 
rep laced by the deflection of an elastomer onto a circu it 
board. Thus, in some cases the entire keyboard can have 
fou r or five parts, only one of wh ich moves. In its simplest 
form, such a keyboard would consist of a printed ci rcuit 
board, a non-conductive separator, the elastomer contact 

Fig. 7- Production multilayer board made with conductive inks 
provides BCD coded output for calculator circu its. Five layers of 
conductive ink are used in this model. 
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Fig. 8- All plastic keyboard uses conductive ink and a conductive 
polymer sheet with plastic spacer and faceplate. Other than the 

pad and a legend to indicate key locations and functions. 
It is also possible to construct a more conventional key 

switch by adding a key and guide assembly if desired. 
Neither of these concepts contain any metallic parts other 
than springs. The use of inexpensive molded parts in con ­
junction with the conductive elastomer yields a simple, 
low-cost device. Note though, that due to the conductivitv 

1013 OHM-CM 
VOLUME RESISTIVITY 

0 10 20 30 40 50 60 70 80 90 

WT % METAL (SILVER PLATED COPPER) 

Fig. 9- Characteristic curves for conductive polymers as a func­
tion of metal content. The major changeover, from insulating to 
conducting, occurs between 70 and 80% loadings of meta l. Me­
tallic content in excess of 80% brings only slight improvement in 
conductivity, while tensile strength continues to degrade. 
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metallic fillers in the conductive plastics, absolutely no metal is 
used in the entire keyboard. 

of the composite materials, the closed resistance of such a 
switch might well be up to 1 OD. This is well under the 
threshold of a typical MOS device. Many MOS system 
designers are now specifying switch contact resistances of 
up to 10000. 

The graph in Fig. 9 shows some typical properties of a 
metal filled silicone rubber. Notice the sharp change in 
volume res istivity as the loading of the metallic filler 
reaches 75 to 80%. It is at this loading leve l of approxi­
mately 80% weight of metal that the electri ca l and thermal 
properties tend to flatten out. Increased loading on ly de­
grades the physical properties. 

With an understanding of the behavior of this new fami ­
ly of materials and the options available in their formulat­
ed properties, many heretofore complex switching and 
connecting applications can become a reality for a reason­
ab le cost. o 

Author's biography 

Richard Seeger is General 
Manager of Components at 
Chomerics, Inc. in Woburn, 
Mass. Rick received a BSME 
from Northeastern University 
and holds seven patents. He is 
a member of Pl TAU SIGMA 
and his hobby is sailing along 
the New England coast. 
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New42R 
motors/gearmotors 

From the people at Bodine: 
More power. Smaller package. 
The 4 2R ! A new line 
of totally enclosed fan cooled 
AC motors and gearmotors. 
With new cool. New quiet. 
Power capabilities you'll find 
hard to believe in a NEMA 
42 frame configuration. Ratings 
of higher hp Bodine 42R motors 
are comparable to many NEMA 
48 frame motors . 

. . . the people 
with the drive 
to solve your 
fhp problems 

BODINE 

ELECTRIC 

COMPANY 

BODINE MOTORS 
GEARMOTORS 
SPEED CONTROLS 

42R-E Parallel - Shaft 
Gearmotor line: Gear 
ratios up to 300: 1 avai lable. 
Hel ica l steel gearing. High output­
to-size loading ratio. Output shaft 
rotates in large needle bearings provid­
ing high overhung load capa bilities. 

The Bodine 42R runs cool to 
the touch, even after hours of 
continuous use. Because die cast 
aluminum frame, rotor fan and 
extruded aluminum center ring 
dissipate heat fast. Ball bearings 
are used throughout. And the 
42R delivers Bodine's traditional 
long-life service and dependability. 
Another plus: Bodine application 
engineers are ready to help you 
apply the 42R. We'd like to 

be of service. Bodine Electric 
Company, 2500 W. Bradley 
Place, Chicago, Illinois 60618. 

42R Motor line: Standard continuous 
ratings from 1 /20 through 1 /4 hp. 
Available in all AC winding types 
including specia l arrangements. Options 
include capacitor mountings. overload 
protectors. etc. 

CHECK NO. 18 
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CMOS and LPTTL gates make low-power Schmitt trigger 

Roger Cox 
Hewlett-Packard Co., Lov.eland, Co lo. 

One half of a low power NANO package, and one CMOS 
inverter make a low-power Schm itt trigger, for applicat ions 
where the power consumption of a 7 413 IC Schmitt trigger 
is acceptab le. 

The two NANO gates form an SR flip-flop. Q goes hi gh 
when Vin > 2.1 V, the CMOS threshold Q will not go low 
until Vin < 1.2, the low-power TTL threshold. 

Both polarities of the output signal are avai I ab le. The 
power savings of this circu it over standard TIL methods is 
quite impressive, as shown in Tab le I. D 

+~" El
00

,,,,, 

OF CMOS 

Bk ":' ":' f (Veel 

THIS PUTS THE CMOS 
THRESHOLD AT ABOUT 2.lV 

Fig. 1- One CMOS and l LPTTL gates are a 11 that are needed for 
a very low power Schmitt tri gger. Threshold for the CMOS gate is 
dependent upon its Vee. Using 4V for Vee as shown, wil l result in a 
threshold of approx. 2.1 V. 

Table I 

Power Comparisons: 
STANDARD TIL 

1 SN7413 32 mA 

(for 2 Schm itt triggers) 
LOW POW ER TIL/CMOS 

1 SN74LOO 
1 CD4001AE 

1.4mA 
.SmA 

(for resistors) 
Worst case current: 32mA 
Worst case power: 160mW 

TRANSFER FUNCTION (for Vee CMOS = 4V) 

GOUT 

l 2< 4.5V --- - ------..---

0 "' 0.2V ~---~-~---­
1.2 2.1 v,N 

1.9mA 
9.SmW 

Fig. 2- Switching thresholds for the low-power Schmitt circuit, 
when Vee for the C:MOS gates is 4V, provide about 900 mV of 
hysterises. The l .2V threshold is fixed, but the upper threshold 
can be varied from 2.1 to 2.SV by increasing CMOS Vee· 

To Vote For This Circuit 
Check 150 

Simple stair-step generator uses 1 IC and 3 transistors 

Edwin E. Morris 
General Electric Corp., Utica, N.Y. 

Synchronized stai r-step generators are needed for, among 
other things, a gray-scale test signal for television equip­
ment. 

The illustrated circuit is a synchronized LC oscillator 
driving the stair-step generator, both of which are reset by 
the horizontal-b lanking input signal. 

N HEDOSCILL~OR 4 0 
c, 

lk 

R, 
6 c, 

A 9 
, 5 

7 001 10 

SN5400 

The synched osci llator is a simple, positive-feedback LC 
oscillator composed of two TIL gates biased at their linear 
rilnge by negative feedback res istors R, and R

2
• With a LOW 

input on pin 10 of G,, pin 8 goes to its HIGH output leve l 
regardless of the input on pin 9. During this OFF condition, 
C,, C2 and L, assume their steady state conditions. As a 
result, the oscillator always starts in the same condition. 

The circu it generates a stair-step by integratin g a train of 
equally spaced pulses. The voltage across C4 is - lOV at 

+5V v 
,_ _ __,_C _ __ __. 2N~:60 l 

4 l,500 pf OUTPUT 
l. 4.7k 

R• 
2N2222A 

a, - lOV 

- l OV 

Synchronized stair-step generator, designed as a gray-scale test generator for video equipment, is reset by the horizontal blanking signal. 
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the start of the stair-step due to the clamp Q2 . As a func­
tion of time the vo ltage across C4 is expressed by: 

1 f' . V C4 = - 10 + c I dt. 
4 0 

The only currents into C4 are a smal l amount of leakage 
from Q

2 
and the gate of source fo llower Q1 and the input 

current from Q1• 

The current from Q1 is a seri es of pulses due to input 
cu rrent to this common base stage. The input current pu l­
ses result from applying a series of step voltages across the 
capacitor C3 . The current into C3 is expressed by: 

. C dv 
IC3 = :J dt 

Since the step voltage of the low output impedance TTL 

gate is app lied d irectly to both C3 and the low impedance 
input to the common base stage, Q1, the current approx i­
mates one pu lse. 

C3 charges rapidly into the emitter of Q1 on the positive 
going transition of the square wave input. On the negati ve 
going transition Q1 is turned off and C

1 
slowly discharges 

through R3 . 

The magnitude of each step is determined by: 

[(G 1 Step Voltage Change) - (VEH)J x [C
3 

..;- C
4

] 

The number of steps is determined by the frequency of 
the oscillator. 

Q3 is simply a source follower buffer stage. D 

To Vote For This Ci rcuit 
Check 151 

Two TTL gates drive very long coax lines 

Robert W. Stewart 
Control Data Corp., Santa Ana, Calif. 

Need a great TTL coax driver and receiver? This circuit has 
all the good features you w ant and haven't been ab le to 
find. It will transmit information via coax or twisted pair 
over long lines at bit rates exceed ing 10 Mb per sec. And 
the best part is its cost, that of standard logic gates, plus a 
few res istors. 

The distance over which thi s driver/ receiver w ill work is 
a functi on of the channel used (coax or twi sted pair) and 
the data bit rate, due to both rol loff and phase distortion in 
the channel. 

Safe operating maximums for two types of coax can be 
derived from Fig. 1. Twisted pair typica ll y has a character­
istic impedance in the ran ge of 50 to 120.fl and has ap­
proximately the same loss characteristi cs as RG 174 below 
1 0 MHz. For a conven ient rule of thumb, the channel at­
tenuation shou ld not exceed 10 db for the data clock fre­
quency. That is, if the clock frequency is 5 MHz, the over­
all channel attenuation should not be greater than 10 db at 
5 MHz to support a data rate of 5 Mb per sec. 

In Fig. 2, the device types have been chosen to prov ide 
two drivers or two rece ivers per IC package. The unused 
input in the receiver cou ld also be connected as a strobe. 

Success of the ci rcuits depends upon operating about 
the threshold point of the receiving gate. This threshold is 
very accurately determined by connecting output to input 
of an adjoi ning gate on the same IC chip. The diffusion 
process by which the ICs are fabricated insures that the 
bias gate and the receiving gate have ident ica ll y the same 
thresho ld and will track each other with temperature and 
vo ltage. Being a linear feedback ampli fier, the bias gate, 
G,l' exhibits a low output impedance and can easi ly term i­
nate the channel load resistor. Operation of the receiver is 
enhanced by fo rcing the driver to operate symmetrically 
about the receive threshold voltage. When the input to the 
dri ver is high, the driver output becomes saturated at near 
ground potential and when the input is low, feedback 
around the driver limits its output to twi ce the driver thresh­
o ld voltage. Although different from the receiver threshold , 
close matching is not necessary and only becomes impor-

10,000 

;: 3,000 

w 
w 
u.. 

1,000 w 
u 
z 
<( 
f- 300 
~ 
e. 

100 

lOOK 300K lM 3M lOM 

BIT RATE (B ITS/SEC) 

Fig. 1- Performance curves for driver ci rcu it when used with 
RG59 or RGl 74 coax. Twisted pair lines approximate the perfor­
mance of RGl 74 at data rates be low 10 MHz. 

:---.. ~. . ·­. •· . . ___ ..... 

SN74H01 

+5V +5V 

+5V 

Rs 

270 

;--- ... ~ ""'----. :::~ -
~- __ ... ' 

Fig. 2- Driver/receiver pairs require only 4 TTL gates, and a few 
resistors. Ri; is the coax termination resistor. 

tant for channel losses greater than 20 db. The logic input 
to the driver circu it should be a standard TTL gate with a 
posit ive swing of 3.0V or better and a saturated zero level 
of about 0.25V. 

If you're at all concerned about operating these gates in 
their linear mode, a quick check of the open co llector gate 
circuits will show that power dissipation is being kept 
within reasonable bounds and that nothing catastrophic 
can happen. o 

To Vote For This Circuit 
Check 152 
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Reader responds to odd modulo divider in July 1st EON 

Charles W . Hardy 
Rixon Electronics, Silver Spring, Md. 

After reading your July 1, 1972 edition, in parti cul ar the 
Circuit Des ign Awards, I was compelled to write this let­
ter. The odd modulo 50/50 duty cycle divider circuit vi o­
lates two "good des ign" princip les, 

1. It is too "partsy' ', contains 5 bits of storage and 5 gates 
for a symmetri ca l -c- 5. A -c- 5 should require 3 bits plus 
gates, a -c- 7, 3 bits plus gates, a -c- 9, 4 bits plus gates. 
2. Interm ix of too many digital chip types 741 63, 7404, 
7402, 7400 and 7474. 
The circu it I w ill describe has all the advantages of the 

July 1 version wh i le having less total chi p count and con­
ta in ing only two digital chi p types. In addition, the des ign 
is more flex ible, allowing any odd modulo count. 

Fig. 1 is a logic di agram of the ci rcuit. An input clock is 
altern atel y inverted and non-inverted to c lock a -c- 3 coun ­
ter. The result is a -c- 2 1 /2 whi ch toggles A3 yielding a 
symmetri cal 5 output. 

Examining the circuit in detail , assume the initi al condi ­
tions as shown in Fig. 2 at the start position. With®at log­
ic ZERO, the input clock when passed thru the A 1 ~A2-A3 
gate structure y ields non-inverted clock at ® The AS-A6 

1' 846 

SYMMETRICAL + 5 

c 

D ~ v v 

+5V Ya 852 CLK + 5 
A, 

• I 

START I I I I 
E j 

1 2 3 

50 

FIG. 2 

Rules & Announcements 

Your vote determines this issue's winner. A l l ci r­
cuits published win a $20 cash award. In add ition, 
al l issue wi nners receive a $50 U.S. Savi ngs Bond 
and become eligible for the annual $1000 U .S. 
Savi ngs Bond Grand Prize. 

Vote now, by checking the appropriate number 
on the Information Retrieval card. 

Submit your own circuit, too. M ail entries to Cir­
cuit Design Program Editor, EDN, 22 1 Columbus 
Ave., Boston , MA 02116. 

SQUARE WAVE + 7 

+5V +5V +5V 

Y. 852 Y. 852 

SQUAR E WAVE + 15 

CLK FIG. 3 

shift register is clocked unti l logic ONE is sensed at both 
AS-Q and A6-Q at which time@ goes from logic ONE to 
logic ZERO clocking A7 and cl earing AS and A6. After the 
shift register has been cl eared,@returns to logic ONE by 
action of the feedback invo lved. Thi s point is shown by 1 
in the timing diagram. Now ® having changed to logic 
ONE, causes the input clock to be inverted at po int@and 
the shift register begins another cycle 1 /2 clock period af­
ter 1 in the timing di agram. When time 2 is reached, an­
other regenerati ve cycle starts causing A7 to toggle once 
more and the clock to become non-inverted at @ The re­
sult at A7 output is a perfect square w ave of one fifth the 
output frequency using only 2 1 /2 chips. 

Note:. A 1-A2-A3 are actuall y performin g an "excl usive 
OR" of the input clock and signal © The circuit 
would appear even more simple by showing A 1-A2-
A3 as a single "excl usive O R" gate. I have elected to 
use the remaining 3 gates from 846 needed to per­
form the decoding of A4. 

To illustrate the flex ibility, Fig. 3 shows logic di agrams 
of a -c- 7 and a -c- 15 using thi s princip le. Note that only 3 
bits are required for the -c- 7 and only 4 bits fo r 
the -7 15. D 

To Vote for This Circuit 
Circle 153 

Readers have voted: 
Lesl ie A. Mann winner of the 
July 1st Savings Bond Award. 
H is w inning circuit is " D ivider 
ci rcuit maintains pu lse sym­
metry" . M r. M ann is wi th Radi­
ation Inc. , M elbourne, Fla. 
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Copy a ROM 
in 10 

seconds. 
Fast Programming 
MMI P. ROMS Save Memory Money 

• Program a new memory on the spot - no masking time 
or expense. 

• Production req uirements - our high speed programmer 
makes P. ROM copies in 1 O seco nds including veri f icat ion. 
The t ime savi ngs trans late in to higher profi ts. 

• Equipment shipment stalled? Fi ll empty ROM sockets 
with MM I P. ROMS and meet your delivery dates. 

• Field change req uirements? 10 second programming 
t imes get you and your customer back on the ai r fast. 

MMI , the first manufactu re r to introd uce a 1024-bit P. ROM , 
offers more reliability, more ex peri ence and more P. ROM types 
than the rest of the industry combi ned. Immed iate delivery on 
most requ irements. 

When you' re ready for volume, we make a mask programmab le 
ROM MATE that's pi n fo r pin compati ble wi th its P. ROM. 

MMI P. ROM CHOICES 

P. ROM Size 

MM 6300 256x4 
MM 5300 256x4 
MM 6305 512x4 
MM 5305 512x4 
MM 6330 32x8 
MM 5330 32x8 
MM 6331 32x8 
MM 5331 32x8 
MM 6330N 32x8 
MM 6331N 32x8 

' 

Access Unit Price 
(nsec) Output @ 100 Qty. ROMM ATE 

60 Open Collec tor $ 35.00 MM 6200 

60 Open Collector $ 57.00 MM 5200 
90 Open Collector s 60.00 MM 6205 
90 Open Col lector $100.00 MM 5205 
50 Open Collector $ 12.00 MM 6230 
50 Open Collector $ 20.00 MM 5230 
50 Tristate $ 12.00 MM 6231 
SC Tristate s 20.00 MM 5231 
50 Open Collec tor $ 9 .00 MM 6230N 
50 Tristate $ 9.00 MM 6231N 

Model 530 Programmer ... $2100 
It's the world 's fastest - makes 1 O second ROM copies 

with our P. ROMS. Jt skips words and bits that don 't 
need programming . Flexi b le, too. Has manual and 
auto modes for programming , copying , verifying. 

Remote operation, tape and computer inter­
face standard . Opt ional tape reader Model 

531 plugs right into the 530 programmer. If you want 
more information, ca ll , write, TWX or TLX us today. 

ROM cost - 1.2¢ per bit in 100 lots. 

Monolithic Memories, Inc. lllJ 
1165 East Arques Avenue , Sunnyvale, CA 94086 . (408) 739-3535 · TWX : 910-339-9229 • TL X: 346301 MMOAOlit

1
hic 

emor es 

Representing your best buy in memories: ALABAMA , Huntsville (205) 539-1771 ; AR IZONA , Phoenix (602) 264-7971 ; CALIFORNIA, Los Angeles (213) 945-2341 ; San Diego (714) 
747-3015; Palo Allo (415) 369-4671; COLORADO, Denver (303) 623-8713 ; FLORIDA, Orlando (305) 423-7615 ; ILLINOIS , Chicago (312) 455-5100 ; INDIANA, Fl. Wayne (31 7) 
844-3241; KENTU CKY, Louisvi l le (502) 893-7303 ; MARYLAND, Balti more (301) 825-3330 ; MASSACHUSETTS, Boston (617) 653-3158 ; MICHIGAN, Delroil (313) 358-2020 ; Grand 
Rapids (616) 451-8901 ; MINNESOTA, Minneapolis (612) 920-8200; NEW JERSEY, Teanec k (201) 692-0200 ; NEW YORK, N.Y.C./ L.I. (201) 692-0200 ; NORTH CAROLINA, Raleigh 
(919) 834-6591; OHIO, Cincinnati (513) 521-2290 ; Daylon (513) 298-9546 ; Columbus (614) 888-9396 ; Cleveland (216) 333-2585 ; PENNSYLVANIA, Willow Grove (215) 674-3850 ; 
Pi ttsburgh (41 2) 242-0100 ; TEXAS, Dallas (214) 233-4489. 

CHECK NO. 19 
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PROGRESS IN PRODUCTS 

The mighty-mite multimeter unveils 
small size, low price but big performance 
PROGRESS IN 
INSTRUMENTATION 

How would you like to have a 4-1 /2-
digit multimeter costing about the 
same as the lowest-cost 3-1 /2-di git 
meters, yet performing just as well or 
better than 4-1 /2-di git units costing 
twi ce as much-and have it fit into 
your jacket pocket bes ides? Th at's what 
you get with the new $2 95 Data Pre­
cision M odel 245 Multi rlleter. 

Think of what this does for the fi eld 
engineer. He can tuck a 245 into one 
pocket, slip a new , powerful , pocket 
ca lcul ator into another, and maybe 
cl ip a tin y portable oscilloscope onto 
hi s belt. He then becomes a w alking 
lab capable of di agnos ing almost any 
fi eld problem. With all this equipment, 
he still has both hands free to ca rry 
spa re parts and operating manuals. 

In order to eval uate just how good 
the " mi ghty mite" is, compare it with 
its rivals- the 3-1 /2- and 4-1 /2-di git 
meters. Why? Because the 3-1 /2-di git 
DMMs compete pri ce-wi se but not 
perform ance-w ise, whil e the 4-1 /2-
digit units compete perform ance-w ise 
but not pri ce-wise. None rea ll y com­
pete in size. 

Some 3-1 /2-digit DMMs se ll in the 
$285-300 range, but most se ll in the 
$385-495 range. M ost 4-1 /2-d igit mu l­
ti meters are in the $495-695 pri ce 
bracket. 

Like the competiti ve DMM s, the 245 
offers res istance and ac/dc vo ltage and 
current-measurin g sca les. However, 
unlike most of the other meters, the 
245 has less sensiti v ity by offerin g onl y 
four vo ltage and current ranges vs. fi ve. 
But thi s appears to be the only place 
where it suffers in the comparison. 

Accuracy in the ac and de vo ltage 
ranges compare favorably (0.05% on 
de and 0.08-1.0% on ac, depending on 
frequency) with competitive 4-1 /2-
di git meters and are better in most 
cases than 3-1 /2-di git meters. Input 
impedances (1000 M.0 on 1 V range 
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Pocket-size DMM features full capabilities 
and easy reading w ith bri ght Sperry 7-seg­
ment di splay. 

and 1 0 Mf1 on other de ranges- and 
1 Mf1 on ac ranges) are about the same 
across the board , except for the lowest­
cost 3-1 /2-digit meters. The 245 spe­
ci fi es accurac ies at frequencies from 
30 Hz-50 kH z whil e most others 
spec ify 40-60 Hz to 10-20 kH z. 

Although the 245 has 4 cu rrent 
ranges vs 5 for other meters (except 
low-cost 3-1 /2-di git units which have 
onl y one), de accuracy (0.1 0%-0.20%, 
depending on range settin g) is better 
than most 3-1/2- and 4-1/2-di gi t me­
ters. Accu racy in the ac ranges are 
comparab le, except th at the 245 spec i­
fies both hi gher and lower frequencies . 

For res istance measurements the 
245, like its 3-1 /2- and 4-1 /2-di git 
competitors, offers 5 ranges (a couple 
may have 6 ranges). However, it has 
about tw ice the accuracy (0.07%-
0.25% depending on range setting) as 
both classes of competitors. 

There are some areas where other 
DMMs don't compare at all w ith the 
" mighty mi te" . These incl ude: size­
s x 1-3/4 x 3-1 /2 inches, weight - 1 lb 
w ith batteri es, intern al batteri es (6 hrs. 
min. operati on) and automati c zero 
(no front pane l tweaking). 

How does Data Prec ision achieve 
thi s minor miracl e? For one thing, they 
don' t use any bl ack magic. Instead, 
they improved their Tri -phas ic AID 
converter and lsopolar reference tech­
niques, both of whi ch proved to be 
signifi cant factors in the design of their 

low-cost DVM introduced in 197 1 (see 
EDN/EEE July 1, 1971 pgs. 12-13 for 
details) . In addition, many individual 
circuits and functions have been com­
bined into ICs and IC packages. For 
example, one P-channel si I icon gate 
MOS chip includes the counters, di s­
pl ay multiplexing circuits, BCD to 7-
segment display converter, logic to 
drive the AI D converter and latches 
for the displ ay. 

Another innovat ion uses clever 
switching to al low some prec ision com­
ponents to do a va riety of jobs. There 
are only two prec ision res istor strings 
in the entire measuring c ircuitry and 
both are housed in DIP packages. O ne 
string serves as a de attenuator, ac 
feedback ga in contro l, and as ratioh­
mic resistance standa rds. The other 
contains all the current shunts. 

A ll of these des ign tri cks, along with 
the use of about one-half dozen CM OS 
circuits fo r control logic, help to ho ld 
power consumption to 0.75W, with 
all digits displ ayed. 

The 245 provides 1 00% overrange 
on all sca les except 1 OOOV ranges, and 
an automati c fast-time-constant return 
functi on in the A/D to allow accurate 
readings to be taken on the next cycle 
after remova l of an overl oad condition. 
Current measurement protection is 
provided by a fuse located in the spe­
cia ll y constructed probes. 

The DMM w ill run off of either the 
rechargeable N iCad batteri es or 
through the transformer/ recti f ier charg­
er supplied. When connected to the 
ac line, the 245 wi ll operate normally 
even though the batteries may be com­
pletely discharged. The batteries al­
w ays receive a tri ckl e charge, whether 
the meter is in operation or not, as 
long as the charger is connected. 

Full producti on of Model 245 is ex­
pected by November 1972, with de­
li veries 30 days ARO. Price is $295 in 
unit quantities. Data Precision Corp, 
Audubon Rd., W akefield , MA 01880. 
Phone(617)246-1600. 
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High-resolution integrating A/D converter 
features extremely low linearity errors 
PROGRESS IN 
CIRCUIT MODULES 

A new 16-bit AID converter boasts 
max imum linearity errors of 0.005 %, 
maximum accuracy drift of 5 ppm/°C, 
and a unit price of $200. 

Aimed at industri al process control , 
data logging and high-accuracy instru­
mentation app lications, the Model 
ADCl 00 is a true- integrating-type con­
verter. Integration of the input vo ltage 
occurs over the entire convers ion 
period, thus eliminating random high­
frequency noise and those frequencies 
having an integer number of cycles 
during a conversion period. The con­
version time can be eas il y adj usted to 
obtain 50 or 60 Hz rejection . 

These converters are designed so 
that the resolution of a BCD unit may 

ANALOG 
INPUT 

ADC100 

With expanded resolution and lowered 
linearity error, the ADC100 could be used 
in a high-resolution 5-digit voltmeter. 

be expanded to 4-1 /2 or 5 di gits by 
using no more than two extern al logic 
!Cs. Expansion to 4 digits will double 
the bas ic 30 msec conversion time, 
while 5-d igit conversion will require 
300 msec. Provision is included to al­
low the linearity error of the ADCl 00 

to be adjusted typically to 0.002 %. 
With expanded resolution and lowered 
linearity error, it should be possible 
to use the ADCl 00 as the heart of a 
hi gh-reso lution 5-digit voltmeter. 

The ADC100 is housed in a low-pro­
file 2- in. x 4-in. x 0.4-in. module with 
dual-in-line pin spac ing. The module 
is avai /ab le mounted on a PC card, as 
well as in a rack enclosure for mount­
ing in any of severa l racks, including 
Burr-Brown 's 16A powered or unpow­
ered rack. Both options include gain 
and offset-adjust potentiometers and 
connections for clock and linearity­
adjust potentiometers. Units are avai l­
able 2 weeks ARO in small quantities. 

Burr-Brown Research Corp., Inter­
national Airport Industrial Park, Tuc­
son, Ariz. 85706. Phone (602) 294-

1431. 268 

Optically coupled logic gates 
provide 2000V isolation 
PROGRESS IN 
MICROELECTRONICS 

High speed opto-isolator projects are 
presently underway at most companies 
that produce LEDs and/or photodiodes. 
One of the first of these projects to 
reach fruition is Monsanto's. Their 
introduction of the MCL 600, 601 , 610 
and 611 goes much deeper than merely 
annou ncing higher operating frequen­
cies. These new devices are called 
"optically iso lated logic gates" and 
like conventional opto- isolators, they 
incorporate an LED and a photodiode. 
• It is the circuitry which follows the 
detector that sets the logic gates apart. 
As shown in the schematic in Fig. 1 
the new logic gates incorporate a 
comparator and a Schmitt trigger. A 
standard TTL active (totem pole) out­
put ci rcuit is provided on the 600 and 
610 while open collector outputs will 
be ava il ab le for the 601 and 611 . De­
signed to operate from a standard TTL 
SV supply, these four devices are char­
acterized as follows: 
• MCL 600 - 1 mA input diode current 

- Act ive TTL output 
- 1 00 kHz data rate 

• MCL 601 - 1 mA input 
- Open collector output 

'""' ~v" -_ou_T _...___+-----it---0 ~.-- +Vee 

SYMBOL 75011 6011 

OUTPUT 

47011 3.6k 

._ ___ _., ___ ,._ __ .__---4..._-0 GND 

A= Differential Amplifier Comparator, S = Schmitt Trigger. Values are typical 

SCHEMATIC DIAGRAM 

Fig. 1 - Optically Isolated Logic Gates incorporate an LED, photodiode, comparator, 
Schmitt trigger and TTL output ci rcuitry, either " totem pole" as shown here or open 
collector, in a single 8-pin plastic DIP. 

- 1 00 kHz data rate 
• MCL 610 - 10 mA input 

- Active TTL output 
- 1 MHz data rate 

• MCL 611 - 10 mA input 

- Open collector output 
- 1 MHz data rate 

The MCL 61 0 and 611 provide 1 0 nsec 
rise and fall times and their swi tching 
characteri stics are shown in Fig. 2. In-
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put current requirements for the 600 
and 601 are roughly one tenth of those 
shown, and switching times are slower. 

All four units are pri ced indenti ca ll y: 
$9.80 each in smal I quantiti es and 
$5.95 each in lots of a thousand or 
more. 

An app li cation note, Ai\J -510, soon 
to appear is now being prepared by 
Monsanto. Monsanto Commercial 
Products Co., 10131 Bubb Rd. , Cuper­
tino, CA 95014. Phone (408) 257-2 140. 
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3.5 
V l 5 OV cc . 

3.0 

OUTPUT 
2.5 

Vo 
0.4 

VOLTS 

0.2 

0 
0 1 2 3 4 5 6 7 8 9 10 

MCL610 INPUT IF (mA) 

Fig. 2 - 0utput of the MCL 610 logic gate shows noise immunity afforded by the threshold 
and hysteri ses characteri sti cs of the internal Schmitt tri gger. Data rate of the 610 is 1 MHz. 

3-digit panel meter 
smashes $50 price barrier 

PROGRESS IN 
INSTRUMENTATION 

Analog panel meters have maintained 
control of a multimillion dollar seg­
ment of the readout market because 
they: 
• Are priced lower than a DPM. 
• Are 2-terminal , free-floating devices, 
therefore eas ily applied. 
• Don ' t requ ire separate supplies. 
• Can be sca led with external shunts or 
attenuators to provide direct readout 
in an arb itrary unit. 
The introduction of Analogic's 

AN2530 and AN2330 3-digit DPMs 
signals a direct frontal assau lt on those 
strongholds of the analog meter. While 
it's true that the 2530 requires its own 
5V power (3W of it, in fact), its easy 

3-digit DPM provides most of the desirable 
features of both analog and digital meters 
- 3-place reso lution at less than $50. 

readability and resolution will offset 
that objection for many designers. 

The 2530 can sca le any input to 
arbitrary readout units. External shunts 
and attenuators can be used, as with 
ana log meters , and jumper connec­
tions to the counter-circuit terminal s 

can provide least-count reso lution of 
1, 2, 5 or 10 units. 

The units have 0.2 % full scale (± 1 
count) linearity and rel ative accuracy. 
They can be used in hi gh common 
mode environments-up to 300V de 
or ac peak - as a 2-input, free-floating 
meter. 

In addition, the 2530 features guar­
anteed monotoni city, independent 
deci mal po int selection , arbitrary over­
load blanking indi cators , over-range 
capability, and paral lel TTL compati ­
ble BCD output. 

Price is less than $50 in orders of 
100 or more, and single units are ava il ­
able for $75 each. 

Ana logic, Audubon Rd. , W akefield, 
MA, 01880. Phone (617) 246-0300. 
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Ceramic semiconductor fuses cut thermal 
performance problems 
PROGRESS IN 
COMPONENTS 

The first line of semiconducto r protec­
tive fuses to utilize a metal -ceramic 
package, eliminating many problems 
of conventional phenolic packages, 
has been introduced by the Semicon­
ductor Division of International Recti­
fier Corp. 

Initial versions will be ava ilable with 
ratin gs of 130 and 250V and 10 to 
800A. Units with higher voltage ratings 
will be introduced at a later date. 

Conventional fuses use a phenolic 
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case, creating several performance 
problems. When conventional fuses 
get too hot, the package chars, creating 
ca rbon , and thus permitting conduc­
tion on the surface of the fuse. That 
circumvents the function of the fuse 
and can result in the loss of the sem i­
conductors before the dangerous con­
dition is noted. 

By contrast, the IR package is far 
more rugged and is more temperature 
stab le due to the metal -ceramic con­
struct ion and the greater inherent heat 
sink ing capability. All-welded construc­
tion eliminates the need for solders. 

In addition, the IR design allows a 
hi gher case temperature without the 
effects of thermal fati gue. A much low­
er operating temperature is requ ired 
by conventiona l fuses. 

Prices for the new fuses are competi ­
tive with conventional types. List 
pri ce for the 130V, 1 OOA version in 
small quantities is $3.50; delivery of 
all types is from stock. 
Sem iconductor Division 
International Rectifi er Corp. 
233 Kansas 
El Segundo, CA 90245. 
Phone (213) 322-333 1 266 
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NOTHING ISOLATES 
LIKE OUR ISOLITES 
Replace those old relays, reed relays and 
pulse transformers with up-to-date 
opto-isolators. 
Litronix lsolites give you faster switching 
speeds, no contact bounce, better reliability 
and 2500 volts electrical isolation. lsolites 
can transmit from low frequency ac down 
to de and eliminate grou nd loop problems. 
In long lines where common mode noise 
can build up, they may protect your 
equipment against a thou sand volt jolt. 
Write for free application note and data 
sheets. 

The&. 
~ 

bright guys 

litronix 
19000 Homestead Road, Cupertino, Ca lifornia 95014 
(408) 257-7910 TWX: 910-338-0022 

CHECK NO. 22 

LOW-COST, MODULAR 

(]CJNT~CJL 
SYSTEMS 

numerical & computer 

Quickly built with field-proven modules custom­
ized lo your exact need, but giving you the benefit 
of production-type economies. Open and closed 
loop control types, pluggab le integ rated circui ts. 
Opera tor training, field service furnished . Soft­
ware and optiona l eq uipment available. Prompt 
quotations, fas t delivery. Free literature and tech­
nical bulletins on request. 

ELECTRONICS r.:JouDAILLE 
ELECTRONICS DIVISION, HOUDAILLE INDUSTRIES, INC. 
9034 Wehrle Dr., Clarence, N. Y. 14031 716-632-8412 

CHECK NO. 21 

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 R equirements 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 R e­
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 
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SEMICONDUCTORS 

~·~~---o 
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SU PER-BETA O R AMP FEATURES 2nA 
M AX. INPUT CU RRENT. The SSS l OBA rro­
vides excell en t performance in high-source 
resistance circuits because of the 200 pA 
max. offset current and 2.5 pA/°C max . off­
set current drift. Power supply current re­
quired is on ly 300 µ. A over the range of 
±5V to ±20V. Prices for T0-99 devices 
at 100 pieces are from $2. 95 to $ 1 9:95 
each. Prec ision Monolithi cs, Inc., 1500 
Space Park Dr ., Santa Clara, CA 95050. 
Phone (408)246-9225. 225 

5,184-BIT STATIC CHARACTER G ENERA­
TO R PROVIDES 7X9 M A TRI X OUTPUTS. 

Available in a 64 x 9 x 9 organi zatio[l for 
use in vertica l or raster scan displays and 
billboards, micro-programming appli ca­
tions, and code conversion. Model 2526 
has TTL compatible inputs and outputs and 

requires + 5V and - 12V power supplies. 
Featu res include a 450 nsec typica l access 
time. Signetics, 811 E. Arques Ave. , Sunny­
va le, CA 94086. Phone (408)739-7700. 

226 

MOS/LSI SUBSYSTEM CONVERTS DATA 
FROM SERI AL COMMUNICATIONS 
LINKS to data processing equipment. The 
TMS601 0 combines ful I transmit, receive, 
and format functions on a single MOS/ LSI 
chip. Operation is from de to 160 kHz. 
Immediately available in a 40-pin plasti c 
dual-in-line package, it is priced at $1 5 in 
250-piece quantities. Texas Instruments, 
Inc., 135 00 N. Central Expressway, Dall as, 
TX 75222. Phone (2 14)238-2011. 227 

LED DRIVERS HAVE THICK-FILM CUR­
RENT LIMITING RESISTORS. Four models 
are avail abl e: the 1001 RL decoder/driver, 
the 1002RL quad latch (memory) de­
coder/dri ver, the 1003RL decade counter 
decoder/driver. The 1004RL includes 
counter, latch, decoder/driver and output 
limiting res istors. Prices range from $6 to 
$1 1 in standard plasti c packages (1 to 

24). SCS Microsys tems, Inc., 11 50 N.W . 
70th St., Ft. Lauderdale, FL 33309. Phone 
(3 05 )974-5400. 228 

DSAS SILICON SURGE-VOLTAGE SUP­
PRESSORS are control led ava lanche sym­
metri ca l blocking diodes connected back 
to back. Two all diffused P-N-P structure 
diodes are integrated on one silicon w afer. 
These surge suppressors feature µ.sec. 
response. Brown Boveri Corp., 1460 Living­
ston Ave. , N. Brunswick, NJ 08902. Phone 
(201 )932-6066. 229 

/V 
I ~ 

PRICES REDUCED ON MOV VARISTORS. 
----------------------------------~ The MOV offers signifi cant advantages in 

MICRO-VECTORBORD® AND 
D. I. P. PLUGBORDS ARE HERE! 

Save tim e - Save work - Save money 

"" WRAP POST TYPE 

WIDE S ELECTION OF SIZES AND MATERIALS 

MICRO-VECTORBORD " P" .042" holes match 
D.1.P. leads. Epoxy glass or paper, cop. cld . also 
1/64" to 1116" thk . 

MICRO-VECTORBORD " M" .025" holes match 
Flat-Paks, l / 32" Epoxy glass, cop. cld . also or 
.007" Mylar. 

NEW SOLDER-PAD D.l.P. PLUGBORDS - 3677 
Series Epoxy glass, " P" pat. , 1/16" thick wi th 44 
etched plug contacts (2 side total ) power, ground 

busses, pads for up to 24 D.l.P.'s (14's). Also 21 
units 16-leads D.l.P.'s, T-O's and discretes. 

NEW WRAP POST D.l.P. PLUGBORDS - 3682 
Series Simila r to above but closely spaced bus 
lines for higher density. Up to 48 D.l.P. 14 lead 
wrap post sockets mountable or T-O's and dis· 
cretes. 

TERMINALS - Micro-Klips, Mini· wrap posts, Rd. 
Pins, Patch Cords, etc., available. 

Send for complete literature 
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ELECTRONIC CO ., INC . 
12460 Gladstone Ave ., Sylmar , Ca l ifornia 91342 
Phone (2 1 3) 365 -9661 • TWX (9 10) 496 - 1539 

CHECK NO. 24 
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voltage clamping and current handling over 
ex isting voltage suppress ion products. MOV 
vari stors range in max. energy-handling 
capability from 10 Wsec., or joules, to 
1 60 Wsec. Max. peak current rating is 
1 250A. General Electri c, Semiconductor 
Products Dept. , Electronics Park, Bldg. 
#7, Mail Drop 49, Syracuse, NY 13201. 
Phone (3 15)456-202 1. 230 

MULTICHIP D/A CONVERTER IS 
MOUNTED IN A 16-PIN DIP. The unil 
inc ludes monolithi c sw itchi ng networks, 
a precision thin film resistor network, and 
internal reference. Settl ing time is 3 µ.sec 
max. Power consumption is 600 mW max. 
and output voltage is 0 to - 1 OV. Price is 
$39.00 in sma ll quantities. Micro Networks 
Corp., 5 Barbara La., Worcester, M A 0 1602. 
Phone (6 17)753-4756. 231 

2048-BIT MOS RAM IN PRODUCTION. 
The AMS 6003 offers 360 nsec max access 
time and 595 nsec max cyc le time; it 
features TTL-compatible inputs and in­
corporates address registers, chip-select 
registers and data output latches within 
the chip fo r easy memory-system imple­
mentation. Pri ce is $20.48 each in orders 
of more than 250 pieces. Advanced Mem­
ory Systems, Inc., 1267 Hammerwood Ave., 
Sunnyva le, CA 94086. Phone (408)734-
4330. 232 

EDN OCTOBER 1, 197 2 



TWO HIGH-GAIN TRANSISTORS FOR 
CLASS C VHF/UHF SERVICE. Sil icon n-p-n 
overlay transistors feature high power 
ga in: 6 dB min. The 40964 is especiall y 
useful as a frequency tripler in the 4SO­
to-470-MHz band; the 4096S is intended 
for amplifier service in this band. Pric ing 
in 1000-unit quantities is $1.20 for the 
40964 and $1.08 for type 4096S. RCA 
So lid State Div., Box 3200, Somervi lle, N J 

08876. Phone (201 )722-3200. 233 

AUDIO PREAMPS ADDED TO CON­
SUMER IC LINE. The LM381 has a total 
equivalent noise input of only 0.4S µV 
The LM382 is similar to the LM381 except 
it has a built-in resi stor network for NAB 
and RIAA equalization. Both the ga in and 
equalization are selected by external pin 
connections. The LM381 sells for $4 .9S 
and the LM382 for $2.2S each in quantities 
of 100. National Semiconductor Corp. , 
2900 Semiconductor Dr., Sa nta Clara, CA 
9SOS 1. Phone (408)732-SOOO. 234 

8 AMP THYRISTORS OFFERED IN MINIA­
TURE CERAMIC CELLS. The Cerma-celsr" 
are miniature ceramic cells conta ining 
an 8 Amp triac or SCR. They are avai lablr 
in 200V, 300V and 400V (V 0110.11 ) ratin ~' 

The Cerma-cel combines the hand ling ease 
and thermal character istic advantages of ,1 

packaged thyri stor, but requires on ly slight­
ly more space than direct chi p mountin g. 
Hutson Industries, 2019 W. Valley View 
La., Dallas, TX 7S234. Phone (2 14)241 -
3S1 1. 235 

ION IMPLANTED RECTIFIER FEATURES 
ULTRA-FAST RECOVERY. A lA glass body, 
hermetica ll y sea led rectifier featuring .1 

forward voltage drop of less then 1 /2V 
reverse recovery of 9 nsec max., and for­
ward recovery of 1 nsec max., designated 
HSR-OA, is manufactu red by an ion-im­
plantation process which produces recti ­
fiers with the fastest forward and reverse 
recoveri es ava il able at their cu rrent rat ing. 
So li d State Devices, Inc., 1274 1 Los Nito> 
Rd. , Santa Fe Springs, CA 90670. Phone 
(213)698-37 11 . 236 

12 DIGIT MOS CALCULATOR CHIP DE­
SIGNED FOR 5.5 to 7.5V OPERATION. 
The CTS002, has a current drain of typica lly 
S mA. The CTS002 has four functions and 
perm its chain calculations. Multiplexed 
seven segment outputs wi ll drive a variety 
of displays with a minimum of external 
parts. Ca l-Tex Semiconductor, Inc., 3090 
Alfred St., Santa Clara, CA 9SOSO. Phone 
(4 18)247-7660. 237 

4-DIGIT, COUNTER/DISPLAY DECODER 
WITH BCD OUTPUTS. The S007 is an ion­
implanted, P-channel MOS four-decade 
synchronous counter with latches and 
mu ltiplexing circuitry for BCD outputs. 
Prices for the MK S007 Pare $20.00 each in 
unit quantities and $11.7S at the 100-499 
piece level. Mostek Corp., 121 S W. Crosby 
Rd ., Carro llton , TX 7S006. Phone (2 14) 
242-0444. 238 

ECL TO TTL TRANSLATION EASED WITH 
INTERFACE FUNCTIONS. The MCl 0124, 
TTL in, ECL out, and the MCl 012S, ECL in , 
TTL out, are designed for use with the MECL 
10,000 Seri es. MCl 067/1267, TTL in , ECL 

out, and M Cl 068/1268 ECL in , TTL out 
interface with the MECL II Seri es. Motorola 
Semiconductor Products Inc., P,O. Box 
209 12, Phoeni x, AZ 8S036. Phone (602) 
273-6900. 239 

SIX SCRs IN T0-5 CANS INTRODUCED. 
The 2N2322, 2N4212, IRS and IR6 are all 
ava ilable with rated voltages of 2S to 400V; 
and the 2N 1S9S and 2N 1S9SA, with rated 
voltage of SO to 400V. Four of the types 
have sensitive gates: the 2N2322, 2N4212 
and IRS, for examp le, require onl y 200 uA 
max. gate current to trigger at 2S 0 C. Semi­
conductor Div. , International Rectifier 

Corp., 233 Kansas St., El Segundo, CA 
LJ024S. Phone (2 13)678-628 1. 240 

HIGH VOLT AGE, HIGH CURRENT TRAN­
SISTORS OFFER FAST SWITCHING. The 
2N6249, SO and S 1 feature a Vern (sus) 
of 3S OV and typi ca l switching speed of 
2 usec at 1 OA. They are manufactured using 
a double epitaxia l process and hard solder 
construction in a copper T0-3 case. Prices 
in 100 lots or greater range from $4.74 to 
$7. 14. Si li con Transistor Corp., KSC Way 
(Katrin a Rd .), Chelmsford , MA 018 24. 
Phone(617)774-0S77. 241 

**When you place that order with us 
todQy you'll go to bed relaxed and 
confident your orders are in good hands. 
Quality and delivery when you 
need it most! 

WE MAKE AND PLATE : 

PINS-TERMINALS 

P.C. JACKS 

TEFLON * INSULATED TERMINALS 

WIRE WRAPS 

SLOTTED-FEED THRU 

SOLDER TERMINALS 

Mil Specs Met. Send For Catalog 

~'ONCORD ELECTRON/CS (; CORPORATION 

37 GREAT JONES STREET NEW YORK . N. Y 10012 

(212) 777-6571 TWX 710-581-4930 

CHECK NO. 39 
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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 
rel iability 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 

loo'k 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 SWI TCHING & MERCURY WETTED RELAYS • SUBMINIATURE REED SWITCHES 
• DIP REED RELAYS • SSR MODULES • STAN DARD & MINIATURE REED RELAYS 

CHECK NO. 26 

new low-cost d-c motor 
@$1.60 - $2.00 in quantities of 10,000 and up 
Now . .. for your volume productS that need more t han a "toy" motor, but can't 
justify a precision-motor price: Our new low-cost ungoverned FYQM motors include 
prelubricated, porous bronze bearings; hefty 1 /8" dia shaft ; 7-p0le winding; 
rugged 1-1 /4" dia housing construction that reflects the quality engineered into 
your own product. Write for Bull et in F-1 5058, plus complete quantity pricing. 

Bl I 

' 

BARBER-COLMAN COMPANY 
Elec tro-Mechanical Products Division 
Dept. J, 12106 Rock Street, Rockford, Illinois 61101 

CHECK NO. 27 
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J30URNS 
COMMERCIAL! INDUSTRIAL 

TRANSFORMERS 

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

features 
o Primary Voltages 

to 240 volts, 50 & 60 Hz 
o PC Pins or Flex Leads 

o Designed for Your Application 

o High Quality 

o Volume Production Capacity 

o Low Cost 

29¢ ea. 

36¢ ea. 

45¢ ea. 
features 

in 100,000 piece lots 

in 10,000 piece lots 

in 1,000 piece lots 

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

o DC Resistaoce .. 0.2 ohms max. 

o Size ... . 1V4 11 x 111 x 1Y2 11 approx. 

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

louR!~MQ 
A DIVISION OF J30URNS. Inc. 
28151 HIGHWAY 74, ROMOLAND, CA. 92380 
TELEPHONE: 714/ 657-5195 TELEX 67-6446 

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

TELEPHONE: 617 369-6249 

CHECK NO. 25 
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CIRCUITS 

FET INSTRUMENTATION AMPLIFIER fea­
tu res guaranteed input offset dri fts of 
1 µV /°C. The Model S2S3/01 (and 42S3 
with 2 µV 0 /C drift) precision ampli fiers 
are des igned to extract and accura tely 
ampli fy small di fferenti al signals from large 
common mode vo ltages. The 42S3 fea tures 
single resistor gain se lection. Pri ced at 
$67 and $1 l S, respecti ve ly, in 2S-pi ece 
quantity; the Models 42S3 and 42S3/0 l 
are available from stock. Teledyne Phi l­
bri ck, Allied Dr. at Rte. 128, Dedham, M A 
02026. Phone (6 17)3 29-1 600 208 

ECONOMICALLY PRICED DC/DC VOLT­
AGE CONVERTER IS DESIGNED FOR 
DISPLAY USERS. The VC-S 23 model, 
fea turing compact modular construction, 
operates from a SV de supply to prov ide 
an output over an adj ustable range includ­
ing 190 or 22SV de. The l 90V output is 
intended for di sp lays operating in standard 
de appl ications. Load current is set at l S mA 
max. Pri ced at $12. 90 each in 1000 quan­
tities. Sperry Info rmation Di splays D iv. , 

P. 0. Box 3S79, Scottsdale, AZ 8S2S7. 
Phone (602 )947-8371. 209 

A/D CONVERTERS OFFER 13- AND 14-
BIT RESOLUTION. The MP291 3A and 
MS29 14A provide conversions up to 13 
bits or 14 bits, respecti ve ly, in 10 µ,sec, 
with linearity within 0.006%. The convert­
ers are housed in a 1-in . x 4-in . x 0.4-in . 
module and feature 7 ppm/°C ga in and 3 
ppm/°C differenti al linearity stability. Ex­
ternal pins permit selection of four voltage 
input ranges. The MP2913 A sells for $7 1 S 
and the MP29 14A cost $76S. Analogic, 
Audubon Rd. , W akefi eld, MA 01880. Phone 
(61 7)246-0300. 210 

5V MODULAR POWER SUPPLY HAS 55 % 
EFFICIENCY. Model 6SOAOS delivers SV 
at l 2A over the operating temperature 
range of - 20°C to + 40°(, SV/l OA at 
+S0°C and SV/8A at + 71 °C. It offers com­
bined line and load regulation of 0. 2%, 
operates from line frequencies of 47 to SOO 
Hz. Priced at $200 each. Trio Labs, Inc. , 
Dupont St. , Plainview , NY 11 803. Phone 
(S l 6)681-0400. 211 

i 

FOUR SIGNAL CONVERTERS PACKED ON 
SINGLE INTERFACE CARD. The ca rd 

features four SV de to 11 SV ac signal con­
verters in a standard size 4.S- in . x 4.S -in . 
ca rd with CAM BIO N's 70-pin connector 
edge fo r easy incorporation into standard 
systems and intermi xing w ith other CAM­
BI O N Cambi-Cards(R). Typica l input re­
quirements fo r the converters are 2.3V de 
and 9.0 mA. O utput is typi cal ly 11 SV ac 
at 7.S mA. Cambridge Therm ioni c Corp. , 
44S Concord Ave., Cambridge, MA 02 138. 
Phone (6 l 7)491 -S400. 212 

HIGH PERFORMANCE DC AMPLIFIER IS 
LOW IN COST. The Model SSO de amplifier 
from Ectron Corp. is a low-cost unit. Stan­
dard or optional capability includes 1 µ,V/°C 
stability, de to 80 kH z pass band, 100 mA 
output, 114 dB CMR, switch se lectable 
filters, 10 direct reading gain steps from x l 
to x l 000, and gain verni er. Prices start at 
$ l 3S fo r the fixed ga in version. An addi ­
tional $1 S adds 10 selectable ga in steps. 
Ectron Corp. , 8133 Engineer Rd ., San Diego, 
CA 921 11. Phone (7 14)2 78-0600. 214 

PRECISION VOLTAGE REFERENCE IS 
DESIGNED FOR USE WITH ACCURATE 
A/D CONVERTERS AND COMPARATORS. 
The A-803 fea ture<; .1 brn.1d in rrn t volt .1ge 

range 0 1 + I 1 to + 2SV de .111d i' preadjusted 
to an in it idl outpu t voltage of 1 OV de 
± 0.01 %. Mockl A-803 is ' pecified at l .S 
ppm!°C and tlw A-802 is ; pcc ified at 3. S 
ppm/°C stabilit y over the full temperature 
range. Unit prices fo r the A-803 is $8S and 
A-802 is $6S. lntech, 1220 Co leman Ave., 
Santa Cl.ir,1, CA 9SOSO. Phone (408) 
244-0SOO. 213 

~~ 
. ) .... 

MODULES CORRECT FOR PINCUSHION 
DISTORTION IN PRECISION CRT DIS­
PLAYS. Models are avail able for defl ection 
angles in S0 increment up to 70°, with an 
accuracy of 0.02 % at 20° to 0.2 % at 60°. 
Model Cl 02 fea tures 10 mHz bandwidth 
with a ga in temperature stability of SO 
ppm/°C max. Model Cl 03 is an economy 
version of the Cl 02 with SOO kH z band­
w idth . Pri ces are $39S (1-9) for the Cl 02 
and $2 4S (1-9) for the C103. lntronics, 
S7 Chapel St., Newton , MA 021S8. Phone 
(617)332-73SO 216 

INDUSTRIAL LOGIC MODULE PROVIDES 
HIGH NOISE REJECTION. The Njl 9 con­

tains four digital-power iso lators to provide 
+ 4 or + SV of isolated voltage which can 
be used as reference or regulated power. 
Additionally, four signal isolator circuits 
on the module isolate digital inputs from 
digital outputs. The NJ seri es modules use 
photo isolation to provide extremely high 
noise rejection and up to l SOOV of ground 
isol ation . Pri ce is $1 SO. Xerox Corp., 280 
Park Ave., New York, NY 1001 7. Phone 
(2 12)972-1600. 217 

FSK MODEM MODULES USE SWITCHED 
ACTIVE RESONA TOR CIRCUITRY. The 
technique eliminates many of the problems 
associated with phase- lock-loop circuits 
and requires a min. of external components. 
For a typica l 300 bps 103 compatible 
modem utili zing the CH1 211 demodulator, 
the CH1 212 modulator and the CH1 2S6 
bandpass filter the modules occupy only 
2.3S square in. of board space. Combined 
cost for the three modules in 100 quantity 
is $33 .SS. Cermetek, Inc. , 660 National 
Ave., Mt. View , CA 94040. Phone (41 S) 
969-9433. 218 

HIGH PERFORMANCE MICROWAVE AM­
PLIFIERS OFFER AN ORDER OF MAGNI­
TUDE REDUCTION IN BOTH SIZES AND 
WEIGHT. Designated the UDP-203 2 and 
U DP-4000 Seri es, the amplifiers cover 
the frequency ranges of 1-2 GHz and 2-4 
GHz, respectively. The devices initi all y 
offered provide a minimum of 24 dB gain, 
1 to 2 GHz (UDP-2-32) and over 10 mW 
(+ 11 dBm) linea r output power from the 
UDP-4003. Prices start at $SSO. Avantek, 
Inc. , 2981 Copper Rd. , Santa Clara, CA 
9S OS l . Phone (408)739-6170. 219 

16-BIT A/D CONVERTER CARRIES A 
$895 PRICE TAG. The ADC-HR16B A/D 
converter is characterized by resolution 
of 16 binary bits with a linearity error of 
± 0.0001 So/o and a remarkably low temp­
erature coefficient of S ppm/°C Conversion 
time is SO µ,sec. Overall accuracy is speci ­
fi ed at ± O.OOS% of ful l sca le with a long 
term stabi lity of ± 0.001 %/year. Datel 
Systems, Inc., 1020 Turnpike St. , Canton, 
MA 02021. Phone (61 7)828-639S. 220 
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Power Rating 

Temperature Coefficient 

Diameter 

Depth Behind Panel 

Resistance Range 

Resistance Tolerance 

Bushing 

*Prices are 
in U.S. Dollars, 
F.0.B., U.S.A. 

2 watts at 70°C 

± 150 ppm/°C 

¥.!" 

%" 

son to 5 megohms 

±10% 

metal and plastic 
snap-in ; locking 
and non-locking 

1 watt at 125°C 

±150 ppm/ °C 

Yz" 
Y2 11 

10on to 5 megohms 

± 10% 

metal; locking 
and non-locking 

ouo 
FOR COMPLETE DETAILS, OR TO 
ENTER YOUR ORDER, CONTACT YOUR 
LOCAL BOURNS SALES OFFICE, . DIS­
TRIBUTOR, OR THE FACTORY-DIRECT. 

TRIMPOT PRODUCTS DIVISION • 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507 

CHECK NO . 28 

60 

CIRCUITS 

INDUSTRIAL DC TO DC CONVERTER OP­
ERATES FROM 24V BATTERY SOU RCES. 
Outputs are available in 5, 6, 12, 15, 24 
and 28V de at 20W. Efficiencies of up to 
55% minimi ze heat di ss ipation and prolong 
battery life. Regu lation is 0.01 % for line, 
and 0.2% for load. Operating temperature 
is - 20°C to + 71°C. Six different models are 
avai lab le. Price is $165 each. Aaron-Davis 
Co., 1720 22 nd St. , Santa Monica, CA 
90404. Phone (2 13)829- 1834. 221 

RFI POWER LINE FILTERS PROVIDE POSI­
TIVE CONTROL INTERFERENCE AT MOD­
ERATE COST. The K seri es fi lters are 
particularly suited where pulsed, continu­
ous and/or intermittent RFI interference is 
present. Available in 6 case/termination 
styles and in current ratin gs of from 1 to 
10 amrs. The seri es is designed for orera­
li on from 11 5 to 250V ac 50 -400 Hz. 
Pri ce ranges from $8.25 to $3.40. Corcom 
Inc., 2857 N. Halsted St., Chicago, II 60657 . 
Phone(312)327-6566. 222 

' HIGH POWER FERRITE ISOLATORS AND 
CIRCULATORS cover the UHF through X­
band frequency ranges. The new line in­
cludes the FCC-1100 Series High Power 
Coaxia l Circulators, which achieve high 
power handling through the use of non­
-; tandard ferrite material s. Eleven standard 
models are avail ab le with average power 
handling capabiliti es to JO kW and with 
peak powers to 500 kW. Merriman Indus­
tri es, Inc., 41 Fairfield Pl. , W. Ca ldwell , 
NJ 07006. Phone (201 )228-3890. 223 

DOUBLE BALANCED MIC MIXER COVERS 
12-18 GHz. Utilizing a patented balun 
confi guration and mounled on a teflon ­
fiberglass board with beam lead Shottky 
diodes, the DM 12- 18 ach ieves low noi se 
iigure, (9 dB typi ca l), good VSWR (2 .5: 1) 
and low IM di stortion leve ls. The miniature 
unit occupies less than 2 cu. in. Priced at 
5c;qc; in small quantities. RHG Electroni cs 
Laboratory, Inc., 94 Milbar Blvd ., Farming­
dale, NY 11 735. Phone(S 16)694-3 100. 

224 
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COMPUTER PRODUCTS 

GRAPHICS COMPU TER TERMINAL OF­
FERS FULL UPPER & LOWER CASE. New 
features on the 4012 display terminal in­
clude a TTY-style keyboard with full ASCII 
capability, a bright graphic cursor to im­
prove write-through capability, improved 
linearity and higher resolution plus the 
compatibility with all peripheral acces­
sori es of the 4010 family. $4950 with a 
basic communications interface. Informa­
tion Di splay Products Div., Tektroni x, Inc., 
P.O. Box 500, Beaverton, OR 97005. Phone 
(5 03) 644-0161. 197 

CASSETTE SYSTEM REPLACES PAPER TAPE 
IN GRI MINIS. A single Gri sette II cassette 
can ho ld all GRl -99 computer library pro­
grams on one side and all computer diag­
nosti cs on the reverse. The full duplex ver­
sion with both read and write units allows 
assembling and editing programs during 
software development. Phillips Type II 
cassettes are certified for 1600 bpi and can 
store up lo 1 million characters. Dala rale 
is 270 cps. $1000 for full duplex system 
inc luding interface/controller and OS soft­
ware. GRI Computer Corp., 320 Needham 
St. , Newlon, MA 02164. Phone (617) 969-
0BOO. 198 

SC MEMORY SYSTEM SPORTS 125 NSEC 
ACCESS TIME. The RAM1 25 is avail able 
in configurations ranging from 12B x B up 
to 512 x 16. The SC system consists of 
memory modules plus support modules 
which contain memory address register, 
decoding and read/write amplifiers. All 
systems operate from ± 5V and are supplied 
on a 4 x 5.5- in. or 7 x 5.5- in . pc card. Sys­
tem terminals are access ible through a 
60-contact, double-edge connector. $3B4. 

Electroni c Memories, 12621 Chadron Ave. , 
Hawthorne, CA 90250. Phone (213) 
644-9BB 1 . 199 

ADD-ON MEMORY FOR DATA GENERAL 
MINIS. Low-cost 4k and Bk x 16-bit add­
on core memory boards are electri ca ll y and 
mechani ca lly compatible with Data Gen­
eral 's 1200 and Digital Computer Controls' 
Dl 16 com puters. 4k is priced al $2500 and 
Bk is $3900. Digital Compuler Controls Inc., 
12 Industri al Rd., Fairfield, NJ 07006. 
Phone (201) 227-4B61 . 200 

4800 BPS AUTOMATICALLY EQUALIZED 
MODEM FEATURES MOS CIRCUITRY. The 
ADS-44B/IV operates over unconditioned 
or conditioned voice-grade telephone lines. 
The unit can be switched to 2400 bps when 
errors from deteriorating line conditions 
become intolerable. The modem is avail ­
able as a compact, standalone unit or as a 
pc card in custom sizes. The unit features 
2-channel multiplexing and 3 loopback test 
modes. American Data Systems, BB51 
M ason Ave., Canoga Park, CA 91306. 
Phone (2 13) BB2-0020. 201 

CARTRIDGE DISK SYSTEM STORES 10 
MILLION BYTES ON LINE. Half of the data 
is stored on a front-loading single-disk 
cartridge, and half on a fixed di sk which is 
permanently mounted in the drive. All is 
made removable by transferring it to and 
from the cart ridge automati ca lly. The 2004 
doubles the capacity of previous systems 
with a pri ce increase of less than 10%, and 

interfaces with most minis. $3395. lomec 
Inc., 345 M athew St., Santa Clara, CA 
95050. Phone (40B) 246-2950. 202 

- .e"" ___ .,,,. 
TEST SET MONITORS DATA TRANSMIS­
SION COMPONENTS. The Checktran data 
transmission test set tests and monitors 
multiplexers, modems, transmission facili ­
ti es, individual multiplexed channels for 
computer and terminal equipments, and en­
tire communications systems. It has many 
test features inc luding a data rate selection 
technique from 45 to 4BOO bps asynchron­
ous up to 2 million bps synchronous. 
$1450. Computer Transmission Corp., 
150B Cotner Ave., Los Angeles, CA 90025. 
Phone (2 13) 477-5020. 203 

MATRIX BOARD SIMPLIFIES CUSTOM 
ASSEMBLIES. The programmer consists of 
an x-y matrix with two or more contact 
decks in the verti cal plane. Interconnection 
between decks is made with shorting pins 
with se lectively insulated sections, and by 
component-ho lding pins which connect 
components between contact points. The 
cordless program pin arrangement elimi ­
nates the need fo r patch cords. The as­
sembly can include relays/or power switch­
ing. Sealectro Corp., 225 Hoyt St., M amaro­
neck, NY 10543. 204 

DIGITAL PRINTERS FOR RECORDING 
MEASURING DATA. This new fami ly of 

digital printers includes paper strip and 
programmable carri age printers, in bench 
type or rack-mountab le versions, with 5 to 
16 digits. Maximum speed is 4 lines or 64 
cps. They accept 1 in 10 or BCD codes. All 
printers are equipped with an interrogati on 
unit, permitting simultaneous print-out of 
all digits. $7B5. Traco Inc. , 509 Ro lling Hills 
Rd., Somerville, NJ OBB 76. Phone (20 1) 725-
5333. 205 

CONTENTION CHANNEL EXPANDER 
HAS FULL CONTENTION. The CCE ca n 
now concentrate M channels to N inter­
faces. It ca n be used to concentrate mo­
dems, terminals and multiplexers on a 
first-come first-served bas is to a given num­
ber of computer ports. The CCE connects 
two or more full-dup lex channels to one or 
more full duplex RS-232 interface con­
nectors including data, clock and contro l 
signals. $11 5/ tri ad. Timep lex Inc. , Box 202 , 
65 Oak St., Norwood, NJ 0764B. Phone 
(201) 767-1650. 206 

INTERFACE TO MATE CASSETTE SYSTEM 
TO PDP8, for both positive and negative 
buss machines . Software fo r the PDPB 
family inc ludes 1/0 drivers for each of the 
Mini-cette's 12 instructions. The Mini-cette 
2000 digital cassette system includes self­
correding features (like read-after-write 
checking), CRCC check characters and dual 
threshold recording. At its 24 ips file read 
speed, it can read a 12k, 16-bit program into 
core in less than 10 sec. Cipher D ata Prod­
ucts, Inc., 7655 Convoy Ct., San Diego, 
CA92 111 .Phone(7 14)277-B070. 207 
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EQUIPMENT 

FET PROBE PROVIDES HIGH OSCILLO- TWO DIGITAL PANEL METERS. The low-
SCOPE PERFORMANCE. A dc-to-900 MHz, 

nonattenuating, low noise, FET probe lets 
you see faster and lower level signals. 3 pF 
input capacitance minimizes circuit load­
ing. The probe is excellent for both SO!l 
sampling and 1 M!l conventional scopes 
(internally switchable). Plug-on 1 OX and 
lOOX attenuators are available. The probe 
is designed for the TEKTRONIX 7904, 48S, 
7704A and 47S scopes. $37S Tektronix, 
Inc., P.O. Box SOO, Beaverton, OR 9700S . 
Phone (S03) 644-0161. 170 

TWO-CHANNEL OSCILLOGRAPHIC RE­
CORDER HAS 3 PLUG-INS. A choi ce of 
input plug-ins, a new ink system, and car­
bide tipped, stainl ess-steel pens and at least 
ten different combinations of signal condi­
tioners can be used with Model 7402A. 
Three preamplifier plug-ins have sensiti vi­
ties of: 1 µ,V/div, 1 mV/div, and 20 mV/div. 
Chart width is SO mm, overshoot is less 
than 2%, and chart speeds are from 1 to 
12S mm/sec. Basi c pri ce $14SO. Hewlett 
Packard, 1 SOl Page Mill Rd. , Pa lo Alto, 
CA 94304. Phone (4 1 S) 493 -1 SO l . 171 

cos t seri es 2000B is sma ll er and faster at 
30 readings/sec. than series 2000A and fea­
tures buffered, isolated , and gated digital 
BCD outputs. Series 2000A will store a 
reading indefinitely, on extern al command, 
and feature autopolarit y, ratio and 39. 999 
counts full scale. Reading rate is up to 20 
read ings/sec. with an error of ±0.01 o/c. A 
3-po le active filter attenuates all frequencies 
over 50 Hz by at least SO dB. $280 for 
Series 2000B . Newport Lab., Inc., 630 E. 
Young St. , Santa Ana, CA 9270S. Phone 
(7 14) S40-4914. 172 

FET INPUT IN PORTABLE SCOPE IN­
CREASES BATTERY OPERATING TIME. 
Operating time for the Phil lips PM 3200 on 
the optional battery pack is extended from 
4 1 /2 to S 1 /2 hrs. Triggering is full y auto­
mati c. Sweep speed is selectable from 100 
nsec to O.S sec/d iv. in 21 ca librated steps. 
Response is flat to 3 dB from de to 10 MHz; 
sensitivity is 2 mV/div. The unit operates 
on 22 to 30V de or of 100 to 12SV or 200 
to 2SOV ac at 40 to 400 Hz. Test & Measur­
ing Instruments Inc., 224 Duffy Ave. , Hicks­
ville, NY 11802. Phone (S 16) 433-8800.173 

at $113 
it has''built-in'' 

•• 
It's ournew RX~'!;p ~ 
power supply-one of five in the 

new RXC series from NJE. This new 
OEM modular series offers current 

protection, remote sensing, .1 % load 
and line regulation , 5 mV ripple , and is 
system compatible with our RS series 

and Lambda's LM and LX series : 

Voltage Current Voltage Unit 
Rating 41JOC Range Model Price OVP 

5V 10 4.75 to 5.5 RXC-5/0VP $113 .00 incl. 
6V 9 5.75to6.5 RXC-6 $110.00 $5 .00 

12V 6.5 II to 13 RXC-12 $110.00 $5.00 
15V 5.5 14 to 16 RXC-15 $110.00 $5.00 
24V 4.0 23 to 25 RXC-2 4 $110.00 $5.00 

For our new system catalog, write or 
call NJE Corporation , P.O . Box 50, 
Dayton, N.J . Phone: (201 )329-4616. 

CHECK NO. 29 
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DIGITAL LOGIC CARD TESTER IS POR­
TABLE. Model 200B features a hand-held 
high impedance probe with a four-digit 
display that shows logic transitions. Also 
on the probe are the start-test button , a 
level-set control , and indicators (LED) 
showing relative leve l and end-of-tes t. 
Overlay templates for the matrix panel 
permit rapid set-up of internal test circuitry. 
Four independent programmable power 
supplies provide -24 to +24V de. $449S. 
Data Test Corp., 822 Challenge Dr., Con­
cord, CA 94S20. Phone (415) 689-3583. 

174 

ROM READER CONVERTS SCOPE TO A 
DISPLAY UNIT. The model RR-832 allows 
viewing of the contents of an 8 x 32 (256-
bi t) ROM on any osc illoscope. ROM con­
tents are displayed as an 8-bit hori zontal 
by 32 word vert ica l pattern. A "zero" bit 
in is represented by a dot whil e a "one" bit 
i'i represented by a short line. In order to 
' implify identifi cation of word addresses, 
every eight words are underscored on the 
display. $150. Digital Appl icati on s Co., 
225 13 S. Normandie Ave., Torrance, CA 
'J0.501. 175 

AUTOMATIC DIGITAL CAPACITANCE 
METER IS FAST AND ACCURATE. Model 
~75 provides automati c capac itance and 
di,,ipation measurement accuracies of 
typ ica lly 0.1 % + 1 digit. The instrument's 
I EDs and 3 1 /2 digit readout give instant 
ver ifi cation of setting and C or D measure­
ments, seri es or parallel. The display settles 
in 1 sec., and repetitive measurements are 
tracked at the rate of 4/sec. Electro Scienti ­
lic Industries, 13900 N.W. Sc ience Park 
Dr., Portland, OR 97229. Phone (503) 646-
-1141. 176 
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LOGIC PROBE SELLS FOR UNDER $12. 
The LT-1 is a rugged, compact pencil type 
instrument used to determine logic levels. 
It operates from the de supp ly of the system 
under test. Logic levels are detected by a 
LED indi cator light. The LED is on at the 
(+) logic " 1" level and off at the "O" 
level. The LT-1 is a high impedance device; 
therefore, there is no circu it loading. The 
frequency response is de to 12 MHz. 
$11 .95. EL Instruments Inc., 61 First St., 
Derby, CT 06418. Phone (203) 735-8774. 
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HIGH-COST FEATURES ARE STANDARD 
ITEMS ON NEW DPMS. The 3 1 /2 digit 
DPMs have suppressed or elevated read­
ing, range-indi cator lights, ratiometric 
reading, selectively blanked digits, special 
noise rejection, variable sample rate, two 
or more ranges, etc. avai lable as standard 
additions to the basic DPM. A choi ce of 
terminal arrangements allow output for 
the operation of digital printers and other 
digital equipment. $143 for a basic bipolar 
DPM. Beede Electri ca l Instrument Co., Inc., 
Penacook, NH 03301. Phone (603) 753-
6362. 178 

CURVE TRACER ALLOWS DEVICES TO BE 
TESTED IN-CIRCUIT. The LTC-905 fea­
tures a horizontal length adjustment to 
1 OOV of sweep to enable use with all osci l­
loscopes. It checks for opens, shorts and 
leakages and tests such devices as transis­
tors, UJTs, triacs, SCRs, zener diodes, FETs 
and MOSFETs-both depletion and en­
hancement mode types. $120. Leader In­
struments Corp., 37-27 Twenty-Seventh 
St., Long Island City, NY 111 01. Phone 
(212) 729-7410. 179 

PHASE ANGLE STAN DARD MEASURES 
AND GENERATES PHASE ANGLES. The 
311 / RT-1 /717S can generate a precise 
phase shift, or measure phase angle. The 
full phase range from 0° to 360° is covered 
with an accu racy of 0.015 over the mid­
frequency range. Operating frequency is 
from 30 Hz to 10 kHz. This instrument em­
ploys a unique "primary" concept where 
operation is not affected by changes in 
component values. $7800. Dytronics Co., 
Inc., 4800 Evanswood Dr. , Columbus, OH 
43229. 180 

WAVEFORM GENERATOR/PROGRAM­
MER DELIVERS COMPLEX W AVESHAPES. 
All the indi vidu al parameters whose values 
determine the exact shape of the final wave­
form can be independently selected . Model 
175 allows independent se lect ion of· up to 
4 inflection points and 2 va lues of either 
time (in pulse mode) or slope (in sweep 
mode) so that complex waveforms of up to 
4 variab le-length segments can be gener­
ated either singly or repetitively. $1650. 
Princeton App lied Research Corp., Box 
2565, Princeton , N J 08540. Phone (609) 
452-2111. 181 

SCOPE TRACER ELIMINATES CAMERA 
FOR REPETITIVE TRACES. A new clear 
plastic film with a 6 x 10 cm grid pattern 
on it and an adhesive backing allows trace 
records to be drawn in black, red and green 
using a normal single co lor osci lloscope. 
A direct positive record with high contrast 
results in excellent electrostatic copies as 
well as excellent reproduction by other 
techniques-e.g., offset printin g. Kit price 
$11 .75. JTEM, P.O. Box 211, Arcad ia, CA 
91006. 182 

RF CU RRENT PROBES MEASURE RFI TO 
1 GHZ. A special feature of these probes 
is their split, two-piece structure enabling 
them to be clamped around a conductor. 
Window diameters range from a maximum 
of four inches to as small as 3/4 inch. 
Models are available with RF current ratings 
as hi gh as 1 A, maximum power current as 
high as 350A and pu lse cu rrent as high as 
SODA. Singer Instrumentation, 32 11 S. 
LaCienega Blvd., Los Angeles, CA 90016. 
Phone(213)870-2761. 183 

PROGRAMMABLE STANDARDS CALI­
BRATE DIGITAL AND ANALOG INSTRU­
MENTS. Series 300 models can be used for 
the rapid, precision checking and adjust­
ment of 3, 4 and 4 1/2 digit ac and de am­
meters, voltmeters, multimeters and A/D 
converters, as well as a broad range of 
classic analog instruments. Voltage accu­
racy is 0.005% de and 0.05% ac. Six vo lt­
age ranges are provided to 1 OOOV, 6 current 
ranges to 1 OA, and 6 resistance va lues to 
1 M!1. Rotek Instrument Corp., 40 Guinan 
St., W altham, MA 02154. Phone (617) 899-
4611. 184 

PERFORATED 
MATERIALS 

FOR INDUSTRIAL OR 
DECORATIVE USES 

H & K can perforate the desired pattern 
and open area in metallic or non-metallic 
milterials available in coils, sheets or 
plates-from foil thin to 1" thick. 

A vast number of existing dies pro­
vides you with a se lection from literally 
thousands of patterns, which can be 
perforated to you r specifications with­
out a tooling charge. In addition, many 
designs are availab le fo r immediate 
shipment in stee l , aluminum and tin 
plate sheets, and brass rolls. 

See what a difference ove r 80 years of 
qual ity and experience can make . 

Wr ite lo r FREE 
• 176 ·PAGE GENERAL CATALOG NO . 85 
• STOCK LIST OF PERFORATED METALS 

•••••••••• • • • • • • • • • • • • • • • • • • • • . . . . . . . . . . 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Round holes 

B 
Oblong holes 

• Decorative patterns 

H arrington & King 
PERFORATING CO., INC. 

CHICAGO OFFICE AND WAREHOUSE I EASTERN DIVISION 
5650 Fi llmore Street E. Crescent Ave. al Arrow Rd. 

Chicago, Illinois 60644 Ramsey, New Jersey 07446 

CHECK NO. 30 

Square holes • 

Slots 

Oval holes 

ANO NEAllEST 
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Y..,;Pages' 

listed Under 
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COMPONENTS/MATERIALS 

THUMBWHEEL SWITCH IS EASILY IN­
STALLED. Des ignated the Seri es 25000, 
the new un it is snapped into a punched ho le 
from the front of the instrument panel, eli­
minating close tolerance cut-outs, end 
brackets and excessive handl ing duri ng 
install ation. Currently avail abl e onl y in 
single-pole, 10-position configuration. The 
Digitran Co., 855 S. Arroyo Parkw ay, Pasa­
dena, CA 911 05. Phone (2 13) 449-3 110. 

252 

LEAD FRAME ANNOUNCED FOR WIRE­
LESS BONDING. A photoetched lead frame 
des igned for flip chips and beam leads 
ca lled Selectoframe eliminates the need 
for wi re bonding between the pads of the 
chip and the fingers of the lead frame. Se­
lectoframe is fabri cated by joining two 
selective lead frames together with a propri ­
etary brazing process. Plessey Inc., M ateri ­
als Div., 2274 Mora Dr., Mt. View , CA 
94040. Phone (4 15) 968-72 15. 250 

ACRYLIC-FIBERGLASS SLEEVING OFFERS 
UNIQUE PROPERTIES. Acryli glas 727N is 
a fl exib le sleeving with a thermall y stab le 
acrylic coating on a spec iall y designed 
fiberglass base. The sleeving has a thermal 
li fe of over 30,000 hours at 155°C. Acry li ­
glas 727N is avai lable in al I sizes, dielectric 
grades and colors. Natvar Corp., 21 1 Ran­
do lph Ave., W oodbridge, N J 07095. Phone 
(20 1) 388-8800. 253 

FOR 
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THOSE WHO KNOW THE BEST 
IN PIEZOELECTRIC TRI-AXIAL 

ACCELEROMETERS 
RANGES FROM .01g to 50,000g 

Proven the most complete and versatile 
line of Tri-axial Accelerometers made 
today . They provide the simultaneous 
measurement of vibration and shock in 
three mutually perpendicular direc­
tions. All units are equipped with 
detachable cables for longer life and 
utilize a newly discovered crystal 
composition to give unexcelled per­
formance under the most extreme 
environments. Available in standard, 
miniature, and microminiature sizes. 

COLUMBIA RESEARCH LABS .• INC . 
Call or Write : Woodlyn , Pennsylvania 19094 

Telephone: (215) 532-9464 

CHECK NO. 31 
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MINI-FRAME FOR INTEGRATED SOCKET 
STRIPS. This small , single bay mounting­
frame assembl y will accommodate up to 
six CAM BIO N Integrated Socket Strips, with 
30 DI PS (14- or 16-pin). Each integrated 
socket has Wire-Wrap term inals and ho lds 
up to five dual-in-line packages w ith ei ther 
14 or 16 leads. A total of 4 strips can be 
used wi th this mounting. Cambridge Ther­
mioni c Corp., 445 Concord Ave., Cam­
br idge, M A 02 138. Phone (617) 49 1-5400. 
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FREE GUN OFFERED TO INTRODUCE 
NEW NYLON CABLE TIES. To introduce 
its new li ne of WRAP- IT TIES, self- locking 
nylon cable ties, Rich lok Corp. is offering 
a free LOCK N' SN IP tension fastening gun 
wi th initia l orders for 25,000 ties. For free 
samples of the tie and add itional info rma­
tion on the free gun offer, con tact Rich lok 
Corp., 5835 N. Tr ipp Ave. , Ch icago, IL 
60646 . Phone (312) 539-4061. 251 

DISCRETE . RESISTOR NETWORKS IN 
DUAL-IN-LINE PACKAGES. Four standard 
configu rations for pu ll -up or . in-out func­
tions combi ne up to 15 resistors in a pack­
age. Pr icing depends on quantity and resis­
tance va lues required. As an example, 
1000, 14 pin pull-up networks w ith any of 
20 standard resistance values cost 83!t each. 
Electronics Products Div. , Corn ing Glass 
Works, Corning, N Y 14830. Phone (607) 
962-4444. 255 

PLASTIC OPTICAL MONOFIBERS AVAIL­
ABLE IN FIVE STANDARD DIAMETERS. 
Spool lengths ran ge from 1000 to 100,000 
ft. Standard nominal fiber diameters are 
0.005 in. , 0.010 in. , 0.020 in. , 0.040 in. 
and 0.060 in. Transmission range is from 
400 to 1500 nm. Prices range from 1 /1 Oit 
to 1 Oit per ft. in sma ll quantities. Dolan­
Jenner Industries, Inc., 200 Ingalls Ct., 
Melrose, MA 02176. Phone (617) 662-
8200. 256 
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FLEXIBLE HEATERS HAVE CONTINUOUS 
SERVICE TEMPERATURE OF 500°F. M anu­
factured fo r use in industrial and commer­
cia l appli cation, these fl ex ible blanket 
heaters can be ceme~ted in place or 
clamped on. Sizes up to 35 ins. x 120 ins. 
are available. Wattage up to 28W per 

sq uare inch -can be supplied and single or 
3-phase vo ltages, as required. Wat low Elec­
tric Mfg. Co. , 12001 Lackland Rd. , St. 
Louis, MO 63141. Phone (3 14) 878-4600. 
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WORLD'S SMALLEST TWO CONT ACT 
CONNECTORS. These units consist of a 
male plug and a female receptac le which 
have bodies that are less than 1 /16 in. thick 
x 1/8 in . wide x 1/8 in. long, and 1/4 in. 
long respectively. The pins and sockets are 
gold plated brass. Prices are from $1.25 
each in si ngle quantities to $0.65 each in 
quantities of 1000. Microetch, Inc., 777 
Henderson Blvd., Folcroft, PA 19032. 
Phone (215) 532-3388. 258 

SUPER FLEXIBLE FLAT SHIELDED CABLE 
ELIMINATES RADIATED INTERFERENCE. 
This cable has unique structure of flat con­
ductors laminated between polyester vinyl 
fi lm and jacketed with a solid copper shield 
and vinyl sheath . The Seri es 141 (si ngle­
side shield) and Series 142 (double-sides 
shielded) are both extremely flexible and 
are ideal ly suited to laying in ducts and 
raceways. Price : from 60¢ per ft., depend­
ing on quantity. Ans ley Electronics Corp., 
Old Easton Rd., Doylestown, PA 18901. 
Phone (215) 345-1800. 259 

ELECTRODE PASTES FOR MONOLITHIC 
CAPACITORS provide a uniform electrode 
layer, resulting in higher capacitance and 
lower dissi pation factors. There are no glass 
or other inorgani c fluxes in these pastes. 
Metals contained in the pastes are Pd 
(#6006), Pt/Pd/Au (#6586) and Pd/Au 
(#6086). Electro-Science Labs., Inc., 1601 
Sherman Ave. , Pennsauken, N J 08110. 
Phone (609) 663-7777 . 260 

CERAMIC INSULATORS WITH MOLDED­
IN-PLACE METAL MEMBERS. Ceram 
molded-i n-metal components give elec­
tronic engineers considerably more latitude 
in component design and positioning of 
meta l members. Also, they permit a hole 
pattern of much greater density then cur­
rently ava il able and with exceptionally 
close member-to-member tolerances. 
Ceram Corp., El Cajon (San Diego), CA 
92020. Phone (7 14) 449-4522. 261 

SUB-MINIATURE TRIMMER CAPACITORS 
are avai lable with capacitance ranges from 
1 to 25 pF and having Qs of > 500 each at 
100 MHz. These cerami c trimmer capaci­
tors are for applications such as crystal 
oscil lators and filters, tuning CATV ampli ­
fiers, as well as various broadband uses in 
communication and test equipment. Price 
is 47¢ each in large volume. Johanson Mfg. 
Corp. , 400 Roackaway Valley Rd., Boon­
ton, NJ 07005. Phone (201) 334-2676. 
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SHIELDED INDUCTORS COME IN 0.265 
IN. DIA. PACKAGE. A subminiature 
shielded RF inductor, designated the " Pee 
Cee Ductor" is ava il able for printed ci rcuit 
appli cations. It is designed to meet MIL-C-
15305D grade 1 Class B requirements. 
Pri ces range from $1.55 to $2.10. Nytronics 
Inc., Darlington Div., Orange St., Darling­
ton, SC 29532. Phone (803) 393-542 1. 263 
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The Perfect Combination 
With 19 measurement ranges, 
the 51/z digit DMM-50 combines 
the speed of successive 
approximation (SA) with the high 
NMR of Integration (INT), re· 
suiting in our unique "SAINr' 
logic system. Features include 
photo-coupled input/ output, 
remote programming, automatic 
zeroing on each conversion, 
ohms protection to 220 VAC 
RMS, and .005% DC accuracy. 
Priced from $1195. Write or 
call for detailed brochure. 

LEAR SIEGLER . INC. 

HIGH SPEED 
HIGH NMR 

ELECTRONIC INSTRUMENTATION DIVISION 

CIMRON INSTR UMENTS 
714 NORTH BROOKHURST STREET 

ANAHEIM, CALIFORNIA 92803 
PHONE 1714) 774-1010 

CHECK NO. 32 
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POWER INSTRUMENTATION. The color­
coded 24 page catalog includes informa­
tion , specs, dimens ions, and connection 
diagrams for the Scientifi c Co lumbus watt, 
var, power factor, cu rrent, vo ltage, fre­
quency and phase angle transducer, in ad­
dition to its demand computer, temperature 
transducer, power test console, digiwatt 
wattmeters, and transducer calibrators. Sci ­
entific Co lumbus, a Unit of Esterl ine Corp., 
1035 W . Third Ave., Co lumbus, OH 432 12. 

185 

MAGNETIC TAPE DATA TERMINAL. The 
complete line of Teletype 4210 magnetic 
tape data terminals is described in a new 
four-page brochure. Of particu lar interest 
is the description of the new unattended 
automatic rewind and loca l print-out op­
tion. The brochure also includes a postage­
paid ca rd which enables the reader to order 
more techni cal information and a systems 
p lanning guide. Teletype Corp., 5555 Touhy 
Ave. , Skokie, IL 60076. 186 

INTERFACE FOR ALL MINI COMPUTERS. 
A six-page brochure explains how " Inter­
facing a Minicomputer to Your Process Is 
No Lon ger a Custom Engineering Problem." 
The company's concept of standard-type, 
plug-compatible process 1/0 interface and 
equipment is described featuring the entire 
family of rea l-time peripherals. Included is 
a compil ation of condensed technica l data 
and prices. Computer Products, P.O. Box 
23849, Ft. Lauderdale, FL 33307. 187 

FAST RESPONSE EVENT RECORDERS. A 
new data sheet provides full detail s on 20, 
40 and 60-channel sty lus deflect ion event 
recorders. Recorder styli respond to signals 
in 3 msec and provide full deflection in 6 
msec. A wide range of chart speeds are 
provided: from 3/8 iph to 3 ips. The data 
sheet discusses theory of operation, the 
various choices of chart drive and stylus 
actu ati on , and typica l applications. C ulton 
Techni-Rite Electronics, Inc., Route # 2, 
East Greenwich, RI 02818. 188 
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CRT TERMINALS. A 2-co lor data sheet de­
scribes the appli cation of the Series 200 
video-display controller to industrial pro­
cess and production control systems. Fea­
tures inc lude: software control of data and 
data format, display in English instead of 
abbreviations and mnemoni cs, black/white 
or color capability, multiple display opera­
tion using conventional TV sets or 525-line 
video monitors, and a built-in memory. 
Ann Arbor Terminals, Inc., 6107 Jackson 
Rd., Ann Arbor, Ml 48103. 189 

THERMAL DIGITAL PRINTER. A 2-page 
bulletin describes a newly announcedTP-10 
thermal digital printer and TP-lOM plug-in 
print module. The brochure includes fea­
tures, capabilities, paper, options, specifi ­
cations and prices of both units. The TP-10 
is a complete, high-performance, simple 
and compact instrumentation printer which 
accepts parallel data in BCD form. PPM, 
Inc., Subsidiary of Torq Engineered Pro­
ducts, Inc., 32 W . Monroe St., Bedford, OH 
44146. 190 

BELL & HOWELL SHORT FORM CAT A­
LOG describes representative examples of 
the company's extensive line of magneti c 
tape recorders/reproducers, transducers, 
recording osci llographs, computer periph­
erals and associated equipment. The 12-
page color document contains photographs 
and brief, informative descriptions of the 
various products. Bell & Howell Electroni cs 
& Instruments Group, 360 Sierra Madre 
Villa Ave., Pasadena, CA 91109. 191 

DYNOGRAPH RECORDERS. Type R and 
Type RC Dynograph Recorders are de­
'cribed in a new four-page bulletin which 
gives complete operating specifications 
and price information. Type R dynograph 
is a hi gh-sensitivity unit which can record 
simu ltaneously up to 24 analog signals and 
several event functions on a single per­
manent chart. Type RC dynograph is a 
medium-sensitivity system which can be 
expanded readily to Type R capability. Bul­
letin 5017 A, Beckman Instruments, Inc., 
3900 River Rd. , Schi lier Park, IL 60176. 
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PERIPHERALS GUIDE. This guide simplifies 

se lect ion of Remex perforated tape and di gi­
ta l magneti c tape cassette systems. It pro­
vides basic techni ca l data on perforated 
tape readers, spoolers, reader/spooler com­
binations as well as punch mechani sms, 
perforator systems and perforator/ reader 
combinations. Also included is information 
about Remex digital magnetic tape cassette 
systems. Ex-Cell -O Corp ., P.O. Box 386, 
Detroit , Ml 48232 . 193 

RF WATTMETERS AND LOADS. An 8-page 
supplement to the 1971 general ca talog 
li sts over 30 new RF directiona l wa ttmeters, 
RF load res istors, and a 1 OOW attenuator. 
Shown for the first time are 75!1 wattmeters 
for UHF-TV and 75 !1 loads, in addition to 
the usual 50!1 equipment. Prices are in­
cluded with equipment photos and perfor­
mance specifications. General Catalog Sup­
p lement GCS-72, Bird Electronic Corp., 
30303 Aurora Rd., Cleveland , OH 44139. 
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DIGITAL VOLTAGE & TEMPERATURE 
MEASURING UNIT. A 4-page bulletin de­
tails the D-2400 two-range or two-functi on 
digi tal vol tage or temperature measu rement 
and display unit. Descri bed are the device's 
interchangeable plug-in modules, unique 
co ld junction reference and 40,000 count 
resolution (0.0 1 mV or 0.1 ° For C sensit ivi ­
ties). Bu lletin D-2400, Esterline Angus, a 
unit of Ester line Corp. , P.O. Box 24000, 
Indi anapo li s, IN 46224. 195 

DUAL PROCESSOR. A four-page bu ll etin 
describes the Micro 1600D, a computer 
system consisting of two microprogram­
mable CPUs capab le of simultaneously exe­
cuting independent programs while sharing 
a common main memroy. The bulleti n con­
tains a general description, app lication in­
formation and a complete list of specifi ca­
tions. Photographs and diagrams illustrate 
functional characteri stics, data flow and the 
physical packaging of the system. Micro­
data Corp. , 644 E. Young St., Santa An a, 
CA 92705. 196 
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B~aDaddy 
THE MINNESOTA ROM ~s here! 
if WINS 46 of these ... 0 .125 ctrs. 

Here's a hot new idea in direct card connectors . .. 
our new Series 9 has 92 standard models: 0.100 or 
0.125-inch centers, any number of dual positions 
from 5 to 50! Bifurcated dual contacts, 5 mounting 
options, .025 sq . wrap tails. Between-contact polari­
zation even on the 0.100-inch size. And we won 't 
freeze you out on delivery ... or cost, they' re all 
standard! 
Write for free information today: 

NATIONAL CONNECTOR 
5901 So. County Road 18 I Minneapoli s, Minnesota 55436 / (612) 935-0133 

DIVISION OF ~ FABRl~TEK INC. 

CHECK NO . 33 

Now there are 3 
Breadboarding Systems I 

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

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

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

CHECK NO. 35 

The EA 16K Read Only Memory 
The World 's biggest MOS ROM is in town and you can get it now. The 
EA4800, 16,384 bi t ROM is designed for custom, high density micro­
programming, high resolution character generation, and other big Read 
Only Memory tasks. 

But the EA4800 is not just BIG, it also has many big benefit s and is easy to 
use. For example, it's static, no c lock s are necessary. Full add ress 
decoding is performed on the chip. The big ROM has two output enable 
controls, allowi ng wire-OR'd outputs, for ease of memory expansion, and 
organiza tion as either 2048 x 8 or 4096 x 4. Maximum access time is 
1.2 ."sec and a .032 mW/ bit power dissipation maximum lets your system 
operate at next to nothing. Works directly with TTL and operates on 
+ 5V and - 12V supplies. 

The EA4800 comes in either metal ceramic or Jaw cost silicone, 24-pin Dip 
package. The price is a small $52.50 in 100 quantities in the silicone package. 

We'll give you fast turn-around on custom patterns. Write or ca ll your 
nearest EA representative or ca ll us direct. Ask for the Big Daddy. 

[ill] 
electronic arrays, inc. 
501 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA 94040, (4 15) 964-4321TWX:910-379-6985 

Stocking distributors: Cramer, Computer Components, Burstein-Applebee Company 

CHECK NO. 34 

.. . the day Handy Andy swallowed 
a screw . . . then invented the 
wildest non-electric use for 
Mueller Clips: he magnetized a 
batch, clipped them to his belt 
and used them as small magnets, 
to hold nails, screws and small r,::::=:::::::!:::==:~;:d~ 
parts when both his hands were 
full. You can do a lot with 
Mueller Clips if you try. Try! 

At Jobbers everywhere. 

~ Write factory for FREE sample clips and catalog. 

1576G East 31st Street• Cleveland 14, Ohio 

CHECK NO. 36 
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But ours don't. If you're looking tor the unplain 
place to go, where everything is right, luxurious, 
exciting, relaxing-where the only thing down to 
earth is the cost to go-then come along to un-plain 
Spain with us. 
Cahners Travel invites you to go to glorious Marbella, on 
the Mediterranean, for 7 unforgettable days and nights. 
You'll stay at the deluxe Atalaya Park Hotel & Country Club. 
(Naturally, there 's an 18-hole championship golf course.) 
Your luxurious room for 2 will be air-conditioned, balconied, 
with private bath. Fly to Southern old world Spain on Iberia's 
jet fleet with gourmet dinner en route. Si, there are a number 
of other unplain features & services included: a cocktail 
party, complimentary golf privileges at 2 other golf courses, 
continental breakfast daily .. . The little touches that make 
a vacation the time of your life. When? We're conveniently 

68 

--- The planes 
lo Spain 

land 1nainly 
in lhe P-lain, 

IDOSlly. 
scheduled to depart evenings, every Friday from November 
through March. (Except between Dec. 15th and Jan. 4th.) 
The plain, down-to-earth price is $300 per person* from 
New York & Boston; Chicago, $398*; Cleveland, $366*; 
St. Louis, $428*; Philadelphia,$315 *; Baltimore, $323*; 
Washington, $327*. Rates slightly higher (about $11) in 
February & March. 
*plus $17.90 tax and service based on GTE/Y fare. 
All travel arrangements are supervised and operated by 
Cahners Travel , a division of Cahners Publishing Company. 
For reservations, information or an unplain brochure with 
all the details. write or call : 

CAHNERS TRAVEL 
a division of m Cahners Publishing 
205 East 42nd U Street, New York, N Y 10017. (212) 679-2100 

CHECK NO. 23 
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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 
with drive motors in individual units or in packages to 
fit any of your aerospace or industrial applications. 
From counters to computers. From business machines 
to printers and tape 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 Capatan 
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. 

AC MOTORS 
Kearfott induction or 
synchronous motors of the 
hysterisis or reluctance type 
come in a broad 'range of 
frame sizes. And from sub­
fractional power to 15 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, 8 or 12 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 discreet 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: I 

Rush me your new booklets on Kearfott Drive 
Motors. I 
Name I 
Title I 
~m~~ I 
Address I 

: City State Zip__ I 

~----------------~ CHECK NO. 13 
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~ 1,000's OF HARD-TO-FIND 
BUYS FOR INDUSTRY '="" .. 19". 

Q Brand ne w 164 ·page easy·to-read edition packed with new 
products, charts, diagrams, illustrations. On-the-job helps; 
qual ity control aids, unique, exclusive items to speed your 
work, improve quality, cu t development and production 
costs' Loaded with optical, scientific and electronic 
equipment available from stock for industry, research 
labs. design engineers, experimenters, hobbyists . 

ONE SOURCE FOR ALL YOUR NEEDS 
Tremendous variety . Terrific savi ngs. Countless hard-to-get 
surplus bargains . Many "one-o f -a- kinds" nowhere else. 
Ingeniou s scien tific tools . Thousand s of components , 
lenses, prisms, wedges, mirrors, mounts, all types of ac· 
cessories. Hundreds of instruments ; pollution testing 
equipment , lase rs, comparators , magnifiers, microscopes, 
projectors, telescopes. binoculars , photo attachments , eco­
logical items, black light equipment and Amer ica's largest ,..,.....,~_,....._. 
collection of unique light ing products . 

BUY DIRECT WITH MONEY-BACK GUARANTEE 
Edmund ships over 5,000 orders monthly to America' s 
largest industrials - every item guaranteed' You must be 
sat is fied, or return your purchase in 30 days for your 
money back. Shop the catalog of America 's largest Science­
Opt ics- El ectronics Mart with confidence' Get your FREE 

. copy without obliga t ion . No salesman will call . Write now 
for free cata log '·AT • 

EDMUND SCIENTIFIC C O . 
300 EDBCDRP BUILDING 
BARRI NGTON , N EW JERBEY 08007 
TELEPHONE : 609·547-3488 

CHECK NO. 37 

Competition 
is hot ... stay cool 
with Glowlite. 
Glowlite takes the heat 
off manufacturers 
who require special 
design neon lamps. 
Whether used as in­
dicators in electrical 
appliances . . . or 
industrial and com-
mercial equipment . . . 
Or as lnner-Vators .. . 
as arc suppressors, 
flashers , fuse indica­
tors, humidity sensors, 
oscillators, power line testers, relays and lots 
of other things ... Glowlite neon lamps give 
you the benefits of low cost, long life and 
reliability. Stay cool. Write for our catalog 
# EDN-372 . 

<iL'lJ!l~ite 
Subsrd ra ry of E l-Tronics . Inc 

Pauls Valley, Okla. 73075 • (405) 238-5541 

CHECK NO. 38 
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DESIGN DATA 

Application Notes 
" HOW TO GET BETTER TEMPERATURE 
CONTROL". Written for des ign engineers, 
thi s 64-pg. 1972 ed ition inc ludes informa­
tion on two- and three-mode control for 
dynamic heating processes where line 
vo ltages and heati ng load changes affect 
temperatu re control. It also contains infor­
mat ion on overheat safety protection related 
to new OSHA requ irements. Fenwal Inc., 
400 M ain St. , Ashland, MA 0172 1. Phone 
(6 17)881-2 000. 242 

DATA LIBRARY CONTAINS SPECS FOR 
ALL EIA REGISTERED DEVICES. Book 1 
and 2 complete data sheet spec ifications 
of all Motorola discrete semiconductors. 
The Reference Volume contains a technical 
description of all EIA-registered semicon­
ductors made by the industry (regardless of 
manufacturer). The pri ce is $6.50 for the 
basic set, $10.00 for the set and updatings. 
Motorola Semiconductor Products Inc. , 
5005 E. McDowell Rd. , Phoenix, AZ 85008. 
Phone (602 ) 273 -6900. 243 

CATALOG FEATURES EXACT REPLACE­
MENT FUSE AND CIRCUIT BREAKER 
ASSORTMENTS for every electronic equip­
ment service requirement. Punched for 
easy reference use, the new two-co lor cata­
log " FCA" describes the convenient 2- in-1 
assortment of eight popu lar c ircuit breakers 
and 30 of the most widely used fuses. Littel­
fuse, Inc., Dept. PR., 800 E. Northwest 
Highway, Des Plaines, IL 60016. Phone 
(3 12) 824-1188. 244 

CATALOG OF SWITCHES LISTS OVER 
200 STANDARD TYPES of Snap-Action 
Switches, M atrix Selector Switches, Thumb­
wheel Switches and Keyboard Switches plus 
everythin g you need to know in order to 
specify or order them. Cherry Electrical 
Products Corp., P.O. Box 718, Waukegan, 
IL 60085. Phone (3 12) 689-7600. 245 

COST ANALYSIS OF DIP NETWORK vs 
DISCRETE RESISTORS presents statistica l 
data for production quantities of 500 and 
1000 assemblies and also includes the basic 
formulas for ca lculating other quantities. 
Technica l Information Section, Helipot 
Div., Beckman Instruments, Inc., 2500 
Harbor Blvd. Fullerton, CA 92634. Phone 
(714) 871-4848. 246 

BROCHURE ON VERSAWATT POWER 
TRANSISTORS ISSUED. A 12-pg. brochure 
" VERSAWATT - The Plastic Package for 
Power," PTV-427, discusses the perfor­
mance, reliabi lity, and long- li fe capabil ity 
of VERSAWATT power transistors. The il ­
lustrations contained in the brochure show 
the internal structure of the basic package, 
lead-configuration, device performance, 
and production and testing facilities for 
VERSAWATT power transistors. RCA Sol id 
State Div. , Box 3200, Somervi lle, NJ 08876. 
Phone (201) 722-3200. 247 

" WHAT'S NEW IN BREADBOARDING" 
IS AN 8-PG. BROCHURE depicting various 
breadboarding devices with supporting 
hardware and power supplies. 5 basic 
breadboard fixtures are described, each 
being an adaptation of the EL socket. All 
systems are DIP oriented and contacts are 
rated beyond 10,000 insertions. EL Instru­
ments, Inc., 61 First St. , Derby, CT 064 18. 
Phone (203) 735-8775. 248 

FAST PROTOTYPE METHOD FOR PC 
BOARDS DESCRIBED IN 4-PG. BlJLLETIN. 
Here is an easy new way to transform de­
signs into a printed circuit board . An art­
work kit for the size board required con­
sists of pre-spaced patterns with adhesive 
backings which are simply transferred to a 
sheet of layout mylar to make up the de­
sired pattern. Blakesley Electronics, Box 
686, Syracuse, INI 46567. Phone (2 19) 
457-4396. 249 
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INDEX TO ADS, PRODUCTS AND LITERATURE Use card for free product information 

l. R. PG. I. R. PG. I. R. PG. 
NO. NO. NO. NO. NO. NO. 

CIRCUIT MODULES/CARDS Drive Motors 13 69 MOS Calculator Circuits 237 60 
A/D Converters 220 59 Fuses & Circuit Breakers 244 71 MOS Counters 238 60 
A/D Converters 210 56 Motors 27 58 MOS Interface Circuits 227 56 
Ampl ifiers 4 38 Motors 18 47 Opto-lsolators 22 55 
De/de Converters 221 60 Potentiometers 8 25 RO Ms 19 51 
De Voltage References 215 59 Potentiometers 28 60 Super Beta Op Amps 225 56 
5V Power Supplies 211 59 Reed Relays 26 58 MOS RAMs 232 56 
FSK Modems 218 59 Swit ches 3Cov.lll 
Instrumentation Amplifiers 208 59 Switches 245 71 

PASSIVE COMPONENTS/NETWORKS Matrix Boards 204 61 
Memories 199 61 Acceleromete rs 31 64 

Memories 200 61 Capacitors 5 3 

MIC Mixers 224 60 ENGINEERING AIDS Components 6 6-7 

Photo-Isolators 217 59 Electro-Optical Devices 37 70 DI P Resistor Networks 246 71 

Pincushion Correction 216 59 Potentiometers 8 25 

Power Supplies 29 62 Potentiometers 28 60 

Power Supplies 209 59 Thermistors 242 71 

RFI Filters 222 60 INSTRUMENTATION Transformers 25 58 

Voltage Converters 212 59 Curve Tracers 179 63 
De Amplifiers 214 59 
Digital Capacitance Meters 176 62 POWER SUPPLIES 

COMMUNICATIONS EQUIPMENT Digital Multimeters 32 65 De Voltage References 215 59 
Channel Expanders 206 61 Digital Panel Meters 178 63 De/de Converters 221 60 
Computer Graphics Digital Panel Meters 172 62 5V Power Supplies 211 59 

Terminals 197 61 Event Recorders 188 66 Power Supplies 209 59 
Computer Interfaces 207 61 Instrument Calibrators 184 63 Power Supplies 29 62 
CRT Terminals 189 66 Instrumentation Devices 208 59 
Data Terminals 186 66 Oscillographic Recorders 171 62 
Data Transmission Osei I loscopes 14 34-35 SPECTRAL DEVICES 

Testers 203 61 Phase Angle Standards 180 63 Neon Lamps 38 70 
FSK Modems 218 59 Portable Oscilloscopes 173 62 Opto-lsolators 22 55 
Modems 200 61 Power Instrumentations 185 66 

RF Current Probes 183 63 
SYSTEMS/SUBSYSTEMS DATA HANDLING EQUIPMENT RF Wattmeters 194 66 

Cartridge Memories 202 61 ROM Readers 175 62 Breadboard Systems 35 67 
Cassette Memory Systems 198 61 Scope Probes 170 62 Cartridge Memories 202 61 
Channel Expanders 206 61 Strip Chart Recorders 17 43 Cassette Memory Systems 198 61 
Computer Graphics Voltmeters 195 66 Channel Expanders 206 61 

Terminal s 197 61 Waveform Generators 181 63 Computer Graphics 
Computer Interfaces 207 61 Terminals 197 61 
CRT Terminals 189 66 Computer Interfaces 207 61 
Data Transmission Testers 203 61 Data Transmission Testers 203 61 
Digital Printers 205 61 MATERIALS/HARDWARE Digital Printers 205 61 
Dual Processors 196 66 Breadboard Systems 35 67 Logic Card Testers 174 62 
1/0 Interfaces 187 66 Breadboard Systems 248 71 Matri x Boards 204 61 
Matrix Boards 204 61 Circuit Breakers 24 56 Memories 199 61 
Memories 34 67 Connectors 36 67 Modems 201 61 
Memories 199 61 Connectors 33 67 Modular Control Systems 21 55 
Memories 200 61 Cooling Fans 39 39 Modular Power Supplies 1 Cov.1 1 
Modems 201 61 PC Boards 249 71 Strip Chart Recorders 17 43 
Oscillographic Recorders 171 62 Perforated Blocks . 30 63 
Peripherals 193 66 Reed Relays 26 58 
ROM Readers 175 62 Terminals 39 57 TEST EQUIPMENT 
Scope Probes 170 62 Curve Tracers 179 63 

Digi tal Capacitance Meters 176 62 

DISCRETE SEMICONDUCTORS Digital Multimeters 32 65 

High Gain VHF Transistors 233 60 MICROWAVES Instrument Calibrators 184 63 

High Voltage Switching Isolators & Circulators 223 60 Logic Card Testers 174 62 

Transistors 241 60 MIC Mixers 224 60 Logic Probes 177 63 

MOV Varistors 230 56 Microwave Amplifiers 219 56 Modular Control Systems 21 55 

Power Transistors 247 71 RF Wattmeters 194 66 Oscillographic Recorders 171 62 

SC Rs 240 60 
Oscilloscopes 14 34-35 

Semiconductor Data Library 243 71 
Phase Angle Standards 180 63 

Signal Suppressors 229 56 
Portable Oscil loscopes 173 62 

Thyristors 235 60 
MONOLITHIC/HYBRID ICs RF Wattmeters 194 66 
Character Generators 226 56 ROM Readers 175 62 
D/A Converters 231 56 Scope Probes 170 62 

ELECTROMECHANICAL COMPONENTS IC Audio Preamps 234 60 Scope Tracer 182 63 
Accelerometers 31 64 LED Drivers 228 56 Strip Chart Recorders 17 43 
Circuit Board Busses 20 55 Memories 34 67 Voltmeters 195 63 
Digita l Printers 205 61 Microwave Amplifiers 219 59 Waveform Generators 181 63 
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McGILL RELIABILITY COMES IN ALL SIZES 

From the smallest precision snap-action switches made, through the most complete switch 
line available, you can depend on McGill quality and reliability. We offer a wide variety of 
sub~miniature and standard size snap-action , rocker, toggle and push-button switches. If our 

standard models don 't fit your exact style, operational or assembly needs, we'll modify or 

design t o your specifications. You'll find our switches on more and more consumer, 
commercial and industrial products every day simply because they met design 
and performance requirements. For details , request McGill 
Catalog 89. McGill Manufacturing Company, Inc., 
Electrical Division , Valparaiso , Indiana 46383 . 

. . . also in many styles and colors 

M~GILL 
ENGINEERED SWITCHES 

Available from recognized McGill Master Switch Distributors 

CHECK NO. 3 



CA3118AT 
CA3118T 

CA3146AE 
CA3146E 

CA3183AE 
CA3183E 

We've UPPED our VcEo to 40 volts ... 
to give you flexibility with extra muscle 

We've taken our already popular 
CA3018, CA3046, CA3083 transis- . 
tor arrays and upped their VcEo rat­
ings from 15 volts to 30 and 40 volts. 
The new CA3118AT, CA3118T, 
CA3146AE, CA3146E, CA3183AE, 
CA3183A now bring you a new level 
of design flexibility in our widely ac­
cepted line of monolithic transistor 
arrays. 

They offer a broad variety of con ­
figurations - Darlingtons, differen­
tial amplifiers and uncommitted tran­
sistors - for communication, con­
trol, and instrumentation equipment. 
High-current types CA3183E and 
CA3183AE offer capability up to 75 
mA. 

If compact, economical design 

and high voltage are important to 
you ... use these new RCA arrays, 
CA3100 Series. They're the logical 
choice for lamp and relay drivers, 
thyristor triggering, and fo( most sig­
nal processing and switching systems 
from DC to 120 MHz. (If Vern to 
15 volts meets your requirements, 
specify the standard CA3018, 
CA3018A, CA3045, CA3046 or 
CA3083.l 

If you have been using discretes, 
take advantage of RCA's unequalled 
experience in the design and manu­
facture of high-quality transistor 
arrays. If you've been voltage- or cur­
rent-limited by previous arrays -
check RCA's six new types now. 

For more information see your 

International: RCA, Sunbury-on-Thames, U.K., or Fuji Building, 7-4 Kasumigaseki, 
3-Chome, Chiyoda-Ku, Tokyo, Japan. In Canada : RCA Limited, Ste. Anne de Bellevue 
810, Quebec. 

CHECK NO. 2 

RCA Representative or your local 
RCA Distributor. All types are avail­
able from stock in quantity for new 
designs. For technical data, write 
RCA Solid State, Section 50J-1 
Box 3200, Somerville, N .J. 08876. 

ic Price 
(max .I (1000-unit 

Type Vceo mA Package level) 

CA3118AT 40 50 12L ro.5· $1 ,40 
CA3118T 30 50 12L ro.5· .98 
CA3146AE 40 50 14L DIP .. 1.40 
CA3146E 30 50 14L DIP .. .98 

CA3183AE 40 75 16L DIP .. 1.50 
CA3183E 30 75 16L DIP .. 1.25 

•operates over full military temperature 
range of -550C to 125oc 

••operates over ambient temperature 
range of -400C to +asoc 

Rell Solid 
State 

products that make products pay off 


