FOR ENGINEERS AND ENGINEERING MANAGERS

APRIL 12 , 1975

Scopes and cameras abound, offer the performance of larger
making selection a difficult task. units. Cameras are available for
Modular scopes can be tailored most scopes, but some storage
for special jobs, but costs can scopes may lessen the need for
soar. And some portable scopes them. Get the details on p. 48.

ultra-miniature
transformers
Y4/x%//

z:r
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and Are ermetical ly Se:ilcd in a Metal Case
PICO is a QPL source
± 3 db. 400 Hz-250 KHz
Frequency R
at 1.0 milliwatt.
Maximum Dlstortl : 5% With Rated Power
Level at 1 KHz.
its Tested at 200 V RMS .
Dielectric Strength: All
Insulation Resistance: Greater thRn 10.000
Megohms at 300 V DC.
Weight: 1.1 GRAMS.
Operating Temperature: -55°C to 5° C (All
Units Can Be Supplied to Class S Req irements
130°C maximum).
Terminals: .012 Diameter Gold Plated Du met
Wire In Accordance With MIL-STD-1276 Type D.
Leads May Be Welded or Soldered.
Thermal Shock: 25 Cycles, Method 107C,
MIL-STD-202D, Test Condition A-1
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PICO now offers a Designer's Kit containing ten (10) representational Y4" x Y4 "
transformers. The kit contains PICO's F5710 and G6025; F5730 and G6045;
F5755 and G6065; F5770 and G6090; F5795 and G6110.
PICO's Designers Kit No. FG-100 . . . $50.00 each
In addition to the 1/4" Series PICO offers
over 600 other standard transformers to choose from.
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Starting now,
the function generator
market
doesa180.
This is where W avetek
turns it around again. With
three new high-performance,
low-cost generators.

The Model 180 Sweep/
Function Generator $275
Believe it or not, this is a
full sweeper-from 0.01 Hz to
2 MHz-with internal 1000 to
1 sweep. The 180 has sine,
square and triangle wave outputs (20v output p-p), plus
de voltage, de offset, and
a separate TTL output. It
also has a full attenuator
which means you get
super-clean signals down
to -50dB. If you measure
price vs. performance, no
other instrument even comes
close.

The new
180Series
from
Wavetek.

m""!!ll!!I-··

The Model 184 Sweep
Generator $495
The 184 has all of the
above, plus some other
features that you wouldn't
expect for the price. First of
all, the 184 goes all the way
up to 5 MHz, and provides
continuous, triggered and
gated operation. For precise
adjustment of continuous
sweep, there's a control to individually set start and stop
points. There's also a variable
symmetry control and another

\
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for amplitude-down to
-60 dB. Like the rest of the
instruments in this series, the
184 comes in a tough, lightweight package.

The Model 185 Lin/Log
Sweep Generator $595
As you can see, the 185
has two frequency dials, which
give you the ultimate in precise sweep start/stop settability.
Now you can sweep up or down
the frequency range, which
goes from 100 µHz to 5 MHz
with continuous and triggered
ramps or discrete steps. Like
the 184, this model has continuous, triggered and gated
operation. Of course, there
are both linear and logarithmic modes, and log sweep
width is an incredible
100,000 to 1.
We haven't told you
everything.
There's a lot more to the
180 series than the three
instruments described here.
But that's another story.
When we let that out, the
market may just do a 360.
For more information,
contact Wavetek, P.O . Box 651,
San Diego, California 92112.
Phone(714)279-2200.
TWX 910-335-2007.

Save Space. Save Weight. Increase Reliability.
Paralleling transistors doesn't pay
-not when an inherently rugged
single device can do the job far
more reliably, using much less
space, weight, and at lower total
system cost. That's why PowerTech's unique single-chip NPN
silicon high-power transistor is
the one way to go.
Used alone, our space-saving
single-chip device eliminates
multiple failure sources while reducing the environmental testing
costs inherent in parallel arrays.
Because of their simplicity they're
available off-the-shelf-pre-rated,
pre-tested and inventoried to
meet virtually any hi-rel JAN and
JAN-TX hi-current requirements
without custom prices and long

custom waits. For information,
application assistance, and free
design guide call Sales Engineering, PowerTech, Inc., 9 Baker
Court, Clifton, N.J. 07011; (201)
478-6205.
(pk .)

Type#
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2N5926
PT-7511
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PT-9502 *

le
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350 Watt Power Rating
*625 Watt Power Rating
Guaranteed SOAR

@~

0.6V @ 50A
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0.5V @ 300A
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Vold-tree bonding
techniques el/minates hot spots.

Si Iicon transistors
to 500-amos with
lowest VcE [saf J-A
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PowerTech, Inc.
"BIG IDEAS IN
BIG POWER"
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News Scope
U.S. seeking a wrist transmitter for citizen use in emergencies,
Satellite altimeter to measure wave heights to 10 % accuracy.
Small $10 magnetometer reported a rival of bulky kilo-buck units.
Need an 'invisible' vhf antenna in a vehicle? Open the door a bit.
Laser-computer system rejects defective POS codes at the press.
Washington Report

TECHNOLOGY
48
58

66

72
78

84

FOCUS on scopes and scope cameras: Zeros in on tradeoffs and limitations
and gives helpful hints for choosing and using oscilloscopes and cameras.
The ABCs of CCDs. They're basically MOS analog registers that can be
employed in either analog or digital applications. Here are pointers in
evaluating them.
Design a precision a/d converter. You can build a 16-bit
successive-approximation unit that's accurate to 0.00_5%
with controlled thermal transients and noise.
How to make R&D pay off. Make the researcher responsible for newbusiness success, and form product boards to speed up decision-making.
Ideas for Design: Squaring circuit generates second harmonic for con·
trolled-distortion test signal .. . Circuit converts single-trace scope to dual·
trace display for logic signals . . . Calculate capacitor tap impedance with
correct expression and avoid errors.
International Technology

PRODUCTS
87
102
92
94
98

Data Processing: 32-bit minicomputer runs at average 450 ns.
Power Sources: De/de converters tolerate 2:1 input-voltage swing.
Integrated Circuits
106 Components
Instrumentation
109 Packaging & Materials
Modules & Subassemblies
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45
Editorial: Let's climb out of the hole
7
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118 Advertisers ' Index
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"If you're an OEM, I'd like you
to join in an exciting
new sales building program:•
William Long
VP OEM Group
Digital Equipment Corporation

It's our brand-new catalog of
OEM systems.
A book Digital salesmen will
be using regularly to point out
Digital OEMs to potential users of
OEM systems.
A book which should mean
bigger sales for everyone who's in it
- and one of them can be you.
The OEM catalog is the key to
a massive new program. Its whole
intent is to help our OEMs sell
computerized systems to end users.
It's the OEM Referral Program.
Here's how it works.
We're compiling a catalog of
information supplied by our OEM
customers on their systems.
With the total support of our
worldwide sales force, backed by
an advertising campaign in industrial magazines, we're offering help
to anyone contemplating the purchase of major equipment.
That help takes the form of
detailed suggestions on how to buy

computerized equipment. Suggestions on where to buy the type of
equipment they need, and who
they can buy it from.
The systems we suggest, of
course, are sytems sold by Digital
OEMs.
What the catalog does is to
categorize these systems (which
span virtually the entire spectrum
of OEM systems on the market
today) so our salesmen can match
prospects' needs with appropriate
OEM systems.
The catalog, like the whole
program, is serious business. It has
only one purpose: to help your
sales effort. After all, every system
you sell to your customers is one
more computer we sell to you.
But while the OEM Referral
Program will be an increasingly
important part of our own marketing strategy, it's not the whole story
by any means.
We will continue to come out

INFORMATION RETRIEVAL NUMBER 4

with new breakthroughs in the
areas of price and performance.
And we will continue to work
with our OEMs in every way we
can to help keep us both profitable
in these profit-squeezed times.
In short, we will continue the
policies that have kept us the leader
in the OEM computer field ever
since it started. Because in all that
experience, we've learned something about the OEM marketplace:
We're a success only if
you are.
For more information, write
Digital Equipment Corporation,
Maynard, Massachusetts 01754.
(617) 897-5111. European headquarters: 81 route de l' Aire, 1211
Geneva 26. Tel: 42 79 50.
Digital Equipment of Canada Ltd.,
P.O. Box 11500, Ottawa, Ontario
K2H 8K8. (613) 592-5111.

~nmnomo

Vice President, Publisher
Peter Coley

Editors
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Rochelle Park, NJ 07662
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(across the desk
A reader bugged
by 'obiter dicta'
Alan J. Rider's article on the
techniques of interviewing engineers is amazing, to say the least
("'Meet' the Applicant Before
Talking to Him," ED No. 25, Dec.
6, 197 4, pp. 86-88 ) . A close analysis reveals that the author has
done nothing more than package
his own prejudices into a collection
of obiter dicta.
His example of the worthless
Ph.D. is atypical, trite and certainly does not attest to his expertise regarding hiring practices.
He seems to exhibit a contempt for
educated engineers, noticeable in
the absence of any degree notations in his background description.
The article explains in great
detail ·how to exploit the engineer,
but it mentions nothing about what
the company should give the engineer in return, save the unrealistic
salary of 12 k to 13 k a year and
all the unpaid overtime one can
work.
The sort of philosophy created
by this sort of mentality is the
reason I have left the logic/circuit design field for areas of technology that are state-of-the-art but
not exploitive in nature.

Charles Zabilski
Video Tap e Engineer
Consolidated Film Industries
959 North Seward St.
Hollywood, CA 90038

The author replies
I fou nd Mr. Zabilski's letter
somew hat difficult to comprehend.
though I am pleased that he found
our article "amazing."
It is unfortunate that he failed
to grasp the implicit message;
therefore I s hall state it expli citly.

Electronic Design
in the magazine's
tronic Design, 50
under 200 words.

The process of hiring engineers
and other personnel is treated too
casually and too inexpertly in our
industry. The result is that the
compatibility of candidates and positions is left to chance more often
than is necessary. Predictability of
a good match between the two can
be significantly improved.
One of my first experiences as a
manager was in hiring a Ph.D in
theoretical physics to design circuits, only to have him turn out to
be ineffective. Mr. Zabilski will be
pleased to know that I also supervised another Ph.D who was truly
a superb circuit designer.
I consider my educational background irrelevant to the value of
the ideas contained in the article.
However, if it will put Mr. Zabilski's mind at ease, I hold a
BSEE from George Washington
University, plus about 20 credits.
I don't understand how he could
interpret the article as explaining
how to "exploit" the engineer. The
fact is it suggests how to lessen
the chance the engineer will be
exploited in the hiring process.
A cruel hoax practiced too frequently in our industry is the hiring of people on a trial basis without informing them of the factthe "let's see how he works out"
technique.
Mr. Zabilski did turn up a glaring error in the article. The 12-k
and 13-k figures refer to starting
salari es.
Alan J. Rider
Reston Consulting Group
12206 Quorn Lane
Reston, VA 22091

That perfect gift
Editor-in-Chief George Rostky
normally gets lots of phone calls
and letters in response to his edi( continued on page 14 )

J.i): Tucked in the corner of this
~
Pulsar Watch is a miniature
capacitor which is used to trim the crystal.
This Thin-Trim capacitor is one of our
9410 series, has an adjustment range of 7
to 45 pf., and is .200" x .200" x .050" thick.
The Thin-Trim concept provides a variable
device to replace fixed tuning techniques
and cut-and-try methods of adjustment.
Thin-Trim capacitors are available in a
variety of lead configurations making
them very easy to mount.
A smaller version of the 9410 is
the 9402 series with a maximum
capacitance value of 25 pf. These are perfect for applications in sub-miniature circuits such as ladies electronic wrist
watches and ph ased array MIC's.
Johanson Manufacturing Corpo ration,
Rockaway Valley Road., Boonton, N.J.
07005. Phone (201) 334-2676, TWX 710987-8367.

welcomes the opinions of its readers on the issues raised
editorial columns. Address letters to Managing Editor, ElecEssex St. Rochelle Park, N.J. 07662. Try to keep letters
Letters must be signed. Names will be withheld on request.
INFORMATION RETRIEVAL NUMBER 6 ....
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MANUFACTURING CORPORATION

100 NANO second Trr 00-5
FMC has developed a very fast
switching, high power diode , having
a low Vf of .90* volts at 60 amp peak .
Designed specifically for UPS
systems requiring reliability and
high efficiency operation.
For detailed information, contact :
FMC Corporation
Semiconductor Products Operation
Homer City , Penna. 15748
(412) 479-8011

,.it!MC

,.,

Special
Products

*at1so 0 c
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Another
technical
knockout
the first rugged, SOV, SSB deYice
The biggest RF power chip -150 W PEP- in
production today now makes base station/ marine
linear amplifiers small enough to fit into one single
desk top cabinet.
The MRF428 is state-of-the-art 50 volt Vee ...
supply, drive and output stages for 1 KW SSB linear
amps can now be single-unit designs. No more separate, outsized high-current power supplies.
The '428 offers unprecedented ruggedness: 30: 1
VSWR at all phase angles and load-pull tests to 50
volts.
Computer-designed , the
single-chip package ensures

TYPICAL INTERMODULATION DISTORTION
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minimized die and wire bonding, controllable
asse mbly techniques, ruggedness and consistency.
Performance runs out to 320 W power dissipation, 13 dB minimum gain at 150 W PEP and
0.5 °C/W 6Je for excellent heat dissipation under
stress. And cooler chips mean improved linearity,
enhanced IMD.
Big is small now with the MRF428. See your
Motorola rep for OEM applications help in building HV SSB radio. Be first with the first ...

/tPJ!!lfuJtitf/;11
from Motorola, theARF producer.
INFORMATION RETRIEVAL NUMBER 8
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ugh in mass termination.

lower-cost coaxial ribbon
cable assemblies.
In any length.
New AMP coaxial ribbon cable
is just that-true coax in ribbon
form. With no compromises.
No degradati~n in system performance.
Solves the long-existing coaxial cable termination problem.
We can provide complete assemblies for your specific requirements. In any
length, with 6 to 26 positions. The assemblies come in 50-, 75- or 93-ohm
ratings, on .100-inch grid spacing. And 95-ohm rating on .125-inch spacing.
Connectors mate with .0252 posts-either 90~ board-mount pin headers
or 1-0 posts.

Revolutionary patented concept with drain wire parallel to center
conductor, permits low-cost gang stripping and terminating, and still
further demonstrates AMP's leadership in quality solutions to
termination problems.
For information on AMP coaxial ribbon cable that gives you true
coaxial performance, and reasonable price, call (717) 564-0100, circle
the Reader Service Number, or write AMP Incorporated,
Harrisburg, PA 17105.
AMP is a trademark of AMP Incorporated.

The ribbon is made up of individual coaxial cables, each with a solid center conductor and a foil-wrapped drain wire
shield. The drain wire is not spirally wound
around the dielectric, but runs parallel
with the center conductor. This
allows the cable to be cut anyw~idd
yet be consistently and reliably t~

rmure

AMP
INCORPORATED
INFORMATION RETRIEVAL NUMBER 9

A new six-volume programmed
learning course from Iasis tells
you EVERYTHING about what
microcomputers are and how
you can design and implement a
microprocessor-based system.
Since the transistor was invented ,
no single electronics innovation has
made such an impact as the microcomputer. Powered by tiny semiconductor
chips containing computing elements with
the same powers and functions previously
found only in large scale digital computers,
these dedicated microcomputer systems are
now being applied to literally thousands of
applications. Microcomputers are automating
assembly lines, providing the heart of sophisticated electronic games, making "intelligent"
computer peripherals even smarter, and are going
so far as streamlining the operations of the fastest
food chains. This revolution is occuring because microcomputers are very inexpensive-costing as little as $30
in production volume-easy to implement into a system, and
significantly reduce the time and cost of product development. But
there has been one serious drawback to this exploding industry:

VOL V
ASSEMBLERs ANO
PROTOTYPING SYSTEMS

!ir;:
Q~~ :
~

Training materials and courses in the basics of microcomputer
technology have been virtually non-existent, and the various
published manuals and texts have been undecipherable to those
not already intimately familiar with ultra-sophisticated logic design.

Once a designer has the hang of it, microcomputer design is a snap.
But without the fundamentals-never before available in such a
readable, understandable and simplified format-microcomputer desinn
has been unbelievably difficult. The comprehensive, step-by-step sixvolume Programmed Learning Course on Microcomputers from Iasis
makes the unbelievably difficult almost ridiculously simple. The authors of
these texts have been involved on a professional level in the microcomputer industry since it became an industry. Their direct, first-hand
experience in the whys, hows, wherefores and potentials of microcomputers

Iasis Texts:
1. Binary Arithmetic
2. Microcomputer Architecture
3. The 4-Bit Microcomputer
4. The 8-Bit Microcomputer
5. Assemblers and Prototyping
Systems
6. 8-Bit Assemblers and
Compilers

Finally, you can get a comprehensive training course on microcomputers that puts
all the hard-to-get information at your fingertips in an easy-to-read, easy-to-understand
and even easier-to-implement manner. You can get it here ... now. •
•
•
-

••I

design is a snap.
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have made this six-vo lume collection the most valuable and
mean ingfu l series ever publ ished on microcomputer
design . The books combine the most effective methods of
programmed instruction with the entire gamut of essential
inform ation vital to the designer of a micro-based system .
You beg in with the ABC 's of microcomputers and go
through a vi rtual post-doctoral co urse ... and the
unique, self-testing programmed learning Iasis course
enables you to understand and absorb every bit of the
information every step of the way through the six volumes.
Spec ific details are provided on four of the industry's most versatile microcomputers-the 4004, 4040,
8008 and 8080 from Intel Corporation-but the basic
design information will apply to any and all microprocessors. The six volumes you receive with the
cou rse are: 1) BINARY ARITHMETIC ; 2) MICROCOMPUTER ARCHITECTURE ; 3) THE
4-BIT MICROCOMPUTER; 4) THE 8-BIT MICROCOMPUTER ; 5) ASSEMBLERS AND
PROTOTYPING SYSTEMS; and 6) 8-BIT ASSEMBLERS AND COM PILERS. Plus, this detailed cou rse provides you with two programming
pads and two simpl ified design aids so you may quickly and easily
develop both 4-bitand 8-bit microcomputer systems. Use the coupon
below to order you r cou rse from Iasis, Inc., 770 Welch Road, Suite 154,
Palo Alto , Cal iforn ia 94304.

The Iasis course gives you more than 700 pages of detailed,
illustrated microcomputer information-including more
than 1,700 self-tests you use to evaluate your progressplus programming and design aids that make the design of
practical systems very, very easy for you.

/
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Special introductory price on this remarkable new course is just
$99.50 ... and if it isn't everything we say it is or even more,
return it within 15 days for a full refund!
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Order before May 31, and you'H save a full $25 on the Programmed Learning Course
on Microcomputers! In addition, all introductory orders will include a bonus seventh
volume, the Microcomputer Applications Handbook!

(After May 31 , 1975, price for the complete Iasis course will be $124 .50, plus $2 .50 for postage and hand ling .)
Here' s my check or money order (no cash, please). RUSH my
6-volume Programmed Learning Course on Microcomputers ,
including the bonus Applications Handbook and programming
aids , to the ad d ress below . HURRY !

You can use your BankAmerlcard or Master Charge, too!

D Send one compl ete course for $99 .50 in U. S. fund s. My
payment is attached . (California residents , please add
$5 .97 State sales tax. )

Master Charge No.
For Master Charge , add 4-digit number immediately above your name on the card . It is _ _ _ __

D Send me information by return mail on quantity discounts.

D CHARGE MY ORDER TO THE CREDI T CARD NO. BELOW:
BankAme rica rd No.

HERE'S MY SIGNATURE

(Si gn here if cred it card charge)

ALLOW 15 DAYS FOR DELIVERY IN THE U.S. AND 6 WEEKS
FOR DELIVERY OUTSIDE THE UNITED STATES.

NAME _ _ _ _ _ _ _ _ _ _ __ _ __ __

••

ADDRESS
ORGANI ZATION

• • •
•
•

•

••

1as1s me.

Mail today to : Iasis,
770 Welch Road , Suite 154 ,
Palo Alto , California 94304.

MAIL STOP _ _ __

ciTv1sTATE1z1 p_ _ _ _ _ _ _ __ _ _ _ __
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I
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ACROSS TH E DE SK
( continued from page 7)

OUR NEW
,C9370 DEFLECTION
YOKE
gives you a lot more performance for
just a little more money.
Instead of a TV yoke that was designed for someone
else-or even for another type of tube-and is limited by
that design, now you can get a custom yoke to match your
drive circuitry. You can get better resolution, superior
geometry correction and 100% reliability, since every
yoke we ship has been tested and approved.
In addition, you'll save money during assembly because
our yoke does not require magnet adjustments to correct
geometry. So the yoke that gives you a lot more, may be
surprisingly economical.
Our engineers are ready to customize a C9370 for yo·ur
precise needs. Call us for engineering service and design
' advice, or send for information about the Syntronic
Instrument yoke that gives you a lot more for only a little
more money.

1ynttonic
SYNTRONIC INSTRUMENTS, INC.
100 Industrial Road , Addison, IL 60101
Phone: (312) 543-6444
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torials . But he doesn't often get a
parcel. He did, though, in response
to his editorial "Service With a
Smile" (ED No. 2, Jan. 18, 1975,
p. 47 ) , in which he commented unfavorably on the showe~· head and
shower curtain in his room at a
London hotel.
On reading the editorial, Jack
Kompan, marketing communications manager at Harris Semiconductor, rained good wishes and a
gift-a white shower curtain-on
Rostky.
Rostky didn't know about it until he found the curtain mounted
across the entrance to his office,
placed there by his secretary, Evelyn Morris. Embazoned across the
curtain was the Harris logotype
and greeting. "George, Harris loves
you ."
Rostky reaction: (Guffaw. Guffaw. Guffaw. ) "That's terrific. I
wonder what he'd send if I wrote
an editorial on love?"

Oops! Typo inflates
cost of s/ d converter
In "S / d Converter Operates at
Rates Up to 3600 ° / s" ( ED No .
25, Dec. 6, 1974, p. 111 ) you announced our 168B synchro-to-digital converter.
But the selling price, which was
stated as $5500, should have read
$550. We cannot now expect much
response for a product that was
developed to be price competitive
and is announced at a price nine
to 10 times the competition!
Harold C . E ri csson

Control Sciences, Inc.
10315 Woodley Ave.
Granada Hills, CA 91344
ED Not e: W e apologiz e to Mr.
Ericsson for our not catching th e
printer's typographical error.

Correction
In "Focus on Graphic Recorders," ED No. 3, Feb. 1, 1975, p. 65,
the address for Houston Instruments is incorrect. The correct address is One Houston Square, Austin, TX 78753.
(continued on pag e 16 )
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Dialight
sees a need:

MUlllPll

choice

(Need: The widest choice for your every application.)

1, 700 answers
to electrical enclosure needs
by Hoffman.

•.t. ;'
~

NEMA1 , 3, 4, 9
1 • and 12 enclosures

2.

3 I

• 4' '

I

h

--

..
'
ON

Quick answers too. Hoffman offe rs you " off-theshel f " shipment on most of over 1,700 standard
electrical I electronic enclosures.
Each of them is built to meet the quality standards
that made Hoffman 's reputation . They include:

h'

LED, INCANDESCENT OR NEON
ULTRA-MINIATURE DATALITES9-Meet or exceed MIL-L3661. Replaceable plug-in cartridges for 1.35-125V operation. Indicators mount as close as 1/2" centers; available
with red, green, amber, blue, white translucent, light
yellow or colorless lenses in wide range of lens shapes,
legends and finishes. Stocked by local distributors.

JIC-type boxes

Pushbutton
enclosures

5.

Fiberglass
enclosures

Consoles and
consolets

7.

Cutout and
pull boxes

8.

Transformer
cab inets

If you have a need that isn't met by one of our over
1,700 standard enclosures, we can mod ify them or
custom enginee r and fabricate per your specificatio ns. Our f ree catalog gives details on quality
Hoffman enc losures and is available on request.
Put Hoffman to the test.

';ii~® ELECTRICAL

E N c L0 s u R Es
Di~~~K~.F=:r;~~~;r::;r~:r::;~n ---------HOFFMAN ENGINEERING COMPANY

INFORMATION RETRIEVAL NUMBER 12
ELECTRONIC D ESIGN

8, April 12, 1975

INCANDESCENT OR NEON SUBMINIATURE INDICATORS-Meet or exceed MIL-L-3661.
Mounts in 15/32", 1/2" or 17/32" clearance holes. Incandescent for 1.35-28V; neon has patented built-in current limiting resistor. Choice of cylindrical, faceted,
convex, flat, square and round lens shapes, finishes,
legends. Stocked by local distributors.

Dialight, the company with the widest
choice in switches, LEDs, indicator lights
and readouts, looks for needs ... your
needs . . . and then they develop solutions
for your every application. No other company offers you one-stop shopping in all
these product areas. And no other company has more experience in the visual
"'
display field . Dialight helps you do more
with these products than any other company in the
business, because we are specia lists that have done
more with them, Talk to the specialists at Dialight first.
You won't have to talk to
anyone else. Send for your
free new copy of Dia light's Diallght, A North America n Philips Company
CUrrent Catalog,
203 Harrison m~~· 4i7~~· N. Y. 11237

D /A LJG ff T

See Dialight.
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ACROSS THE DESK
(continued from page 14)

A rap at foreign reps
by a would-be buyer
Your editorial "Making It Tough
for European Engineers" gave a
very exact picture of the poor performance of local representatives
in our South American market
( ED No. 26, Dec. 20, 1974, p. 49 ) .
American suppliers should be more
strict when selecting these agents.
Lots of orders are lost because
the representative doesn't know
anything about the manufacturer's
product. We have also encountered
many difficulties when trying to
order sample quantities of a component for prototype construction.
A. M. Ferrari
T echniool Manager

Ericsson do Brasil
Rua da Consolacao
Sao Paulo, Brazil 01416

... And a further word
on graphic recorders
Your article on graphic recorders was terrific ("Focus on Graphic
Recorders," ED No. 3, Feb. 1,
1975, p. 54 ) . As manufacturers of
a very fine general-purpose chart
r ecorder, and as specialists in analog data recording in general, we
were disappointed that our product wasn't mentioned.
We make a two-pen, three-channel, 10-inch scanning recorder.

If you are now using 24k gold
for contacts and connectors, you can save 63% on gold costs by
specifying selective. precision-clad inlay stripes with the new
"TMI 55" lower density gold alloy to give you more quality contacts per unit weight.
Developed after years of research by the Battelle Institute and thoroughly tested by TMI,
this new 55% gold, silver , indium , cadmium alloy provides
precision-clad advantages of superior formability and freedom
from porosity. "TMI 55" also exhibits low contact resistance. excellent corrosion resistance, and high wearability to meet electronic contact and connector specifications.
So get in on the savings. Call
TMI , the leader in specialty clads, at 401 •728-7200 or write for our
technical data sheet describing "TMI 55" in detail.

K ·a thy Zika
Office Manager

Tetrahedron Associates, Inc.
7605 Convoy Court
San Diego, CA 92111

m
.....

TECHNICAL MATERIALS, INC.
5 Wellington Road, Lincoln. Rhode Island 02865

r--s:::;;;:;;.:;:-;5~:~c:t:;;1;::-:;::-;;0;:----1
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Name

Title

Company
Address

City

State

Zip
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A thorough study of the recorder market would have revealed that
Soltec Corp.'s Rikadenki and SanEi recorders as the most desirable. Both of these companies are
the largest in their field in the
Orient. Rikadenki is in the servo
graphic recorder market, including recorders from single-pen to
10-pen, with all 10 pens overlapping and writing the full 10-in.
( 250-mm ) chart width. San-Ei is
in the oscillographic market.
Marvin R. Solomon
President

Soltec Corp.
10747 Chandler Blvd.
North Hollywood, CA 91601

18 979
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21 POWER TRANS STORS
THERMAL FATIGUE
INSPECTION

FORWARD OPERATION :
SAFE OPERATING AREA
l~l r---~-----,---~

High performances :
BUX 1<H15 (150 W)
BUX 2<H25 (250 W)

20

Economical :
BUX 3~45 (120 W)

10

Fast switching :
Low switching losses
Mounting silicon chip
on a molybdenum header
bounds mechanical constraints
and provides maximum insurance
against thermal fatigue (for
150 and 250 W series)
Pulsed test :
(10 000 cycles)
"on" : 2 minutes
" off" : 1 minute
t case : 125 °C max.
M case : 110 °C max.

DC - - - ; - Pulse ------ -----

0• 01 1'------c'
,o~--__.
100
~200
~--::-'VcEIVI

REVERSE OPERATION:
TESTING CIRCUIT
v,

High voltage
High intensity

:~5oo
:~ 50

v
A

Industrial and professionnal
applications :
- motor control
- rapid inverter
- chopper
(directly supplied from
220 V mains)
- ultrasonic system

This is a new generation of
high reliable switching
power transistors.

T03
case
<t

"'"'

UJ
....

0

::;

"'c.

:J
N

UJ

a:
UJ
c.

lliOMSON-CSF
SEMI CONDUCTOR DIVISION
50, rue Jean-Pierre-Timbaud I B.P. 120 / 92403 Courbevoie
Telephone 788 50 01 Telex Sescom 61560 F
SALES REPRESENTATIVES IN EUROPE
BELGIQUE . Bru xoll lS · Thomson S.A. Tel.64B.64.85 Twx : 23.113 - BRO · Munch en · Thomson · CSF GmbH Tel. 10891 76.75.1 Twx : 5.22.916 - OANMARK · K;benhavn · Scansupply Tel. Aeg1< 5090 Twx : 1903 7 ESPANA . Sin Ju1n Oespi (8u c1lon1 ) . Componentes Electronicos S.A. Tel. 319.46.50 Twx : 53.077 - FINLAND · Helsinki · OY Sufra AB Tel. 49.01.37 Tlg : Pierrejoly Helsinki - GREAT BRITAIN · London Thomson CSF UK Lld Tel. (01) 579.55.11 Twx : 25.659 - ITALIA · Milono · Sescosem llahana Tel. 68.84.141 Twx : 31.042 & ROMA Tel. 31.27.22/35.30.05 Twx : 61.173 Telonde - NEDERLAND . La Haya -Comp•·
gme Gi!nerale d' Electrielt! Tel. 60.88.10 Twx : 31.045 - NORGE · Oslo · J.M. Femng A/S Tel. 02.68.63.60 Twx : 16.435 - OSTERREICH · Wien · Transalpina Tel. 10222) 56.15.71 Twx: Ausland
12.717 - PORTUGAL · Lisboa 2 · Sd. Com. Rualdo Tlg : Rualdo l1Sboa Tel. PP.C 33 725 - SUISSE · Berna · Modul81 or S.A. Tel. 232.142/43 Twx : 32.431 - SVERIGE · Solna · Elektroh olm AB Tel. D ~ /
82.02.80 Twx : 19.389

INFORMATION RETRIEVAL NUMBER 57
ELECTRONIC D ESIGN

8, April 12, 197 5

17

Our

Runnet

...with the brightest LED lights.
Green, yellow, amber and red LEDs ...
panel or PCB types . . . 3/16" to 3/s" mounting
diameters ... with or without current limiting resistors ... brighter than incandescents at 1/2 the current.
Incandescents and neons too (including green
neons) ... some with built-in lamp drivers
and keep alive bias ... some with life rat-

JllllaTa

ings eqUivalent to LEDs . . . all with a wide
choice of colors and styles, plus unmatched
performance.
We're your "one-stop-shop" for indicator
lights. Send for our Catalog today: Data Display Products, 5428 W . 104th Street, Los
Angeles, Ca. 90045, (213) 641-1232.

The original "little light" people.

DISPLBY PRODUCTS •

•
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(news scope)
APRIL 12, 1975

2 security systems screen
body responses of people
Two sophisticated methods of
identifying people automatically
have been developed for highsecurity applications.
In one, identification is made
through analysis of the pressure
pattern produced when a person
writes his name. In the other, the
transfer function of the human
body for acoustic signals is determined.
In the signature approach, the
person writes his name with a
special pen. Analysis of the written signature was deemed too easy
for forgers to overcome. Instead,
the new system checks the signature dynamics-a measure, with
respect to ti~e, of the pressure
applied to the pen.
Known as Signac-for signature
access control-the system was developed by Veripen Inc. of New
York City and is being considered
for use by the Electronic Systems
Div. of the Air Force at Hanscom
Air Force Base in Massachusetts.
According to Capt. Gregory A.
Cieciwa, project engineer at the
division's Base and Installation
Security · Systems Program Office,
statistical evaluation has proved
that each person's pressure pattern
is unique to the individual and
reasonably constant from one signature to the next.

Access control by signature is done

with the Signac identification system
from Veripen, Inc.
ELECTRONIC DESIGN
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Since the pressure applied is
only indirectly related to signature
appearance, he goes on, the pressure pattern of a forgery will ap~
pear different from the genuine
signature. An individual's pressure pattern is virtually impossible to duplicate, Captain Cieciwa
says.
Using the special pen, a person
first records between three and six
samples of his signature. His writing pressure is converted into an
electrical signal by a transducer
in the pen. This signal is then
digitized and processed by a National Semiconductor IMP-16C/
300 microprocessor, which forms
a signature standard for each person.
To gain access to a protected
area, each person must first punch
in an identifying number that allows the system to retrieve his
standard from memory and compares it with the sample. If the
samples match, entrance is permitted.
Accuracy of the system is reported to be high. It is said to reject qualified users incorrectly
1 % of the time and to accept
unqualified users 2% of the time.
The basic system, which can
handle 1000 names and up to four
remote entry stations, costs
$32,000. For applications requiring
control of as many as 10,000
people, the microprocessor is replaced by a mini. In such a system as many input stations as
needed can be accommodated.
In the body-measurement approach, N ovar Electronics Corp. of
Barberton, OH, makes use of the
fact that the human body acts as
a filter for acoustic energy and
that each body has its own unique
transfer function. The company's
identification system measures an
individual's frequency response.
According to James H. Ott,

president of Novar, acoustical energy is transferred to the body by
a transducer placed in a door mat,
door handle or other convenient
area. The induced energy is then
modified by the bones of the body,
and the signal, which is retrieved
by another transducer, has a different amplitude, phase shift and
frequency content than the original. By comparison of the input
and output, it is possible to get
the transfer function of the body.
In a working system, Ott notes,
a person stands on a door mat that
contains the transmitting transducer. When the door knob is
touched, the signal picked up from
the body by the receiving transducer is analyzed to see how it
has change'd. The results of these
measurements are then passed
through an analog-to-digital converter. The resulting digital data
can then be stored in a computer
memory and used as a template
for screening people.
Ott indicates that, like fingerprints, the human transfer function is unique to each person. This
is because no two human skeletons
are the same. Even in twins, he
notes, there are differences caused
by modifications in bone growth,
which depends on living and working patterns.
Although the identification system is still in the prototype stage,
Ott says that commercially available equipment should be ready by
the first quarter of 1976.

New OTH-8 radar
to be cw bistatic
The Afr Force will build a cw
bistatic over-the-horizon backscatter ( OTH-B ) radar system in
Maine. A developmental prototype,
the system is part of the Defense
Dept.'s on-going program, begun
in the 1950s, to create a network
of sensors to detect approaching
enemy bombers far from U.S.
coasts (see "Backscatter Radar on
2 Coasts to Detect Planes Over
Horizon," ED 14, July 6, 1972, p.
30 ) .
OTH radar, which bounces its
signals from the ionosphere to earth
and back several times, can detect
bombers even at low altitudes. A
good OTH radar, the Air Force
says, should give the U.S. as much
19

as two hours' warning. Conventional line-of-sight radars, on the
other hand, see only about 200
miles, which boils down to a warning of several minutes.
The new system, to be built by
General Electric, will be a highpower, high-frequency (5 to 30
MHz) cw bistatic system. The last
three OTH-B experimental systems
the Air Force built and tested (in
Maine, Virginia and the polar region of Canada) were hf, pulsedoppler, monostatic systems.
A cw system was chosen to avoid
the extremely high bursts of power that pulse radar systems require. With cw, off-the-shelf transmitters can be used, and there
should be less interference with
heart pacemakers and other electronic equipment.
If the prototype cw system performs well, two operational systems are to be built, one in Maine
and the other in the state of
Washington.
The transmitter for the new system will be built in a i-elatively
uninhabited area near Moscow,
ME. The receiver-105 miles away,
to avoid _ground-wave interference
from the transmitter-will be near
Township, ME.

PLZT may challenge
established displays
Numeric displays made from
P LZT ceramic, a transparent electro-optic material developed at
Sandia Laboratories in 1970, are
nearing the point where they may
do battle with the more established liquid-crystal and light-emitting-diode displays.
According to Cecil E. Land,
principal investigator in the project at Albuquerque, NM, the PLZT
display is now potentially competitive in a number of applications
"where voltage levels a1·e available
to drive it." One example Land
gives is the hand-held calculator.
PLZT ceramic material 3 mils
thick requires an initial turn-on
voltage of 90-or, for a 1-mil-thick
sample, 30 V. Liquid crystals require from 5 to 20 V, and LEDs
from 2 to 3 V. Offsetting PLZT's
high turn-on voltage requirement,
however, is its ability to stay illuminated without sustaining pow20

er. Due to its electrostatic memory,
the material will maintain a light
for several days.
PLZT also has these other advantages, Land says:
• High contrast ratios-nearly
100 to 1 with 90 V applied for 50
µ,s . Nominally liquid crystals have
a ratio of from 10 to 1 or 20 to 1.
• Fast switching speeds-10 to
50 µs at 16 kV / cm. Liquid crystals
require 10 ms.
• Long life. The material has
been cycled up to 100 billion times
without degradation.
The solid-state, seven-segment
PLZT displays use a transverse
quadratic electro-optic effect (Kerr
effect) , or fringe-field effect, that
is created in a thin plate of the
ceramic. This effect, produced by
application of a voltage between
electrodes on opposite surfaces of
the plate, allows use of the PLZT
devices in both the transmission
and reflective modes.
The transmission-mode devices,
for use where backlighting-such
as a luminescent panel-is possible, consist of a polarizer, solid
transparent electrode, PLZT plate,
seven-segment numeric mesh electrode and a second polarizer
(analyzer) crossed at 90 ° to the
first polarizer. The analyzer serves
as the viewing face of the thin
sandwich.
The reflective-mode devices,
which use ambient light, consist of
a polarizer. 1/ 4-wave retarder,
mesh electrode, PLZT plate and a
solid metal reflective electrode.
Ambient light passes through the
sandwich and is reflected back to
the surface by the metal electrode,
obviating the need for backlighting.
The protoype devices built thus
far have 5-mil-wide mesh electrodes separated by 5-mil gaps. The
electrodes are sputter-deposited
metal or indium-tin oxide. The
transparent electrode in the transmission-mode device is indium-tin
oxide, while the metal electrode in
the reflective-mode device is an
aluminum film.

Opto-electronic switch
handles 100 Vin 10 ps
By using laser light beams to
start and stop an electrical sig-

nal, a researcher at Bell Telephone
Laboratories, Murray Hill, NJ, has
produced a switch that operates at
10 ps and can switch as much as
100 v.
Until now, the fastest switching
device available has been the
Josephson junction device. But it
is capable of switching only a few
volts and must be operated at
cryogenic temperatures. In addition it needs fast electronic control pulses. These are difficult to
get, but the optical pulses for the
laser switch are easily generated
with off-the-shelf equipment.
According to David H. Auston,
developer of the new switching
technique, " the device should work
at speeds as fast as 1 ps." The
switching speed is limited only by
the duration of the optical pulses.
In describing how the new
switch works, Auston explains that
beams of laser light are focused
on a piece of light-sensitive semiconductor. The semiconductor exhibits both surface and bulk photoconductivity.
The semiconductor chip contains a microstrip transmission
line that has a gap of high l'esistance, which prevents the signal from being propagated. The
other side of the chip contains a
ground plane.
Two optical pulses of different
wavelengths are used to turn the
switch on and off. The pulses are
generated when a single pulse is
extracted from a neodymium glass
laser and then doubled in a KDP
crystal to get a second pulse at
half the wavelength.
The two pulses are then separated by a beam splitter, delayed
and focused onto the gap in the
silicon microstrip structure. The
shorter, 0.53-µm pulse brings the
surface photoconductivity mechanism into play and causes a thin
layer of high conductivity near the
surface of the silicon, turning the
switch on. The longer, 1.06-µm
pulse is delayed and then used to
turn the switch off. The longer
absorption depth of this pulse
penetrates to the ground plane,
shorting the transmission line and
preventing propagation.
According to Auston, peak transmission through the gate is better
than 95 % when it is on and less
than 5 % when it is off. Signal
levels as high as 100 V have been
switched, he reports.
ELECTRONIC DESIGN
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You buy
DIore
aThen
you buy
Data Precision
Today, more than ever before, Data Precision instruments are the smartest buy in the industry. Model
for model they offer performance, flexibility and reliability at appreciably less cost than comparable
competitive instruments.

Model3500,
5-1/2 digit multimeter
Our Model 3500 5-1/2 digit multimeter delivers
more features for less money than any other 5-1/ 2
DMM available.
$99500
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Six month basic DC accuracy of ±0.007% of rdg.,
±0.001 % f.s., ±1 LSD
DCV, 1 µv to 1000 volts
ACV, lµV to 700 volts RMS, 30 Hz to lOOKHz
Resistance, 1 milliohm to 12 Megohms
1000 MQ Input Impedance through lOVDC
Autoranging throughout
BDCOutput
Remote Range
Remote Trigger
Ratiohmic ™Resistance Method 2 and 4 wire
20% Overrange
T riPhasic TM Auto Zero
Ratio DCV / DCV, ACV / DCV
lsopolar TM High Stability Ref.
1/2 inch Planar Display

Contact your Data Precision representative or
Data Precision directly. You may be surprised
just how much more instrument you can buy,
when you buy Data Precision.
Data Precision Corporation, Audubon Road,
Wakefield, MA 01880 Phone (617) 246-1600

~->cJATA PRECISION
...years ahead

gam (this can be approximated by a Darlington
transistor) , and the output current becomes I.
±1 ;,,.
Since I ~ = V wi!Ra and l;,, = - (Vd R ;,, ) ±
(V ;,, / R ;,, ), l out can be found:
l out= (V,ci/R ,) - [± (V ;,JR ;,, )
+ (VI! - V Ra) / R;,.]
For Qt to remain in conduction, 18 must always
be larger than the terms . in the square brackets
of the last equation. Standby current of 2 mA
can maintain conduction in Q 1 at all times. Thus
for V ;n = ±10 V, l ; = ±16 mA; R; = 625 fl.
Since the output current is referred to ± 0. 7 V,
set VE = + 4 V to bias Q1. The maximum current
that will flow out of the V. node towards the Vi n
termina!'occurs when V i,, = - 10 V. The current
reaches a maximum of 22.4 mA.
Thus, if I . is set up to 24.4 mA, 10 = 2 mA.
This current is negated by - V R and R. so the net
current into the comparator and d/ a converter
is 0 to 32 mA for an input of - 10 to + 10 V.
Again, the high accuracy of the circuit is due to
precision resistors in R,, ~ 2 , R 3 and Ri n and
some additional trimming.
High stability in the voltage-to-current converter can be achieved by use of high f3 transistors in the transconductance · amplifier and by
adjustment of the amplifier's offset for a zero
temperature coefficient. Linearity is ensured as
long as you make sure the transistor operates in
the active region at any value of Vi n· If you do
this, VE doesn't vary by more than 100 mV, and
VE is further reduced to almost zero by the open
loop gain of the amplifier. For example, if A =
1000, VE changes by 0.1 mV when V in changes
from - 10 to + 10 V. The resulting error is 0.1
mV, which is 1 part in 100,000. ·
Since V R 3 remains constant, and the power
change across Q1 doesn't change the output current, the only power change in the circuit is in
Rin· To combat any thermal transients caused by
the power change, use a very low tempco resistor
(1 ppm/° C or less).
Fast settling speed-300 ns to 0.0015 %-is
fairly easy to get this time. Since no more than
100 m V of transient signal appears at VE• the
amplifier doesn't have to move by more than this
amount to null the error signal to zero. The
amplifier should have low output impedance- and, of course, high speed-so any voltage swing
at the collector of Q1 is absorbed by the output
of amplifier A.
There are no critical component matching procedures for the converter. Just use low-tempco
0.01 % film resistors-typically 1 ppm/° C-for
the four-MSB circuits and voltage-to-current converter; 5 ppm/° C, 0.01 % resistors in the 12-bit
d/ a portion and ±12-V regulators. IC dual transistors with betas of 200 or more and drifts of
20 µ, V /° C or less shouid also be used. • •
11

11

" Visit us at INTERCON Booth # 2719-21 "·
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*NOTE 01 IS A PNP
DARLINGTON
TRANSISTOR

'-----------0-12v

6. Each of the four MSB current switches must be
analyzed to find the error sources that can degrade a/d
converter performance.

7. A simple voltage-to-current converter uses an op
amp and a high beta transistor to transform an analog
input voltage into a proportional current.

can even monitor the wideband noise, which in
this example is about 30 µ, V pk-pk.
The circuit of Fig. 5 reduces the thermal-transient effects further. The first stage has a gain of
10, so the output can easily be handled by any IC
comparator. The settling time from overdrive
down to 0.25 mV i.s less than 250 ns.
Aside from input-circuit thermal problems,
you'll find many other headaches---,-for instance,
the MSB current switches in the d/ a or the voltage-to-current converter circuit. These switches
have several important constraints: settling in
500 ns or less, accuracy adjustable to within 50
nA, stability with less than 10 nA/° C drift and
noise of less than 80 nA pk-pk at the operating
bandwidth of the a / d.
A typical diode switch consists of a current
source and diode steering logic (Fig. 6). The current source has an op amp, two transistors and
three very stable resistors. The op amp, A 11 operates in the noninverting mode.
A logic input to the anode of D 3 steers Io
through either D1 (thus cutting off D2) or through
D2 (cutting off D1). This bucks the current
source against the input current.
With this arrangement, thermal transients are
minimized, since there is no power change across
the current source, except in the transconductance elements Qi and Q2. Also, because these
two transistors are in a closed-loop feedback system with A,, any power changes caused by voltage variations at the collectors are immediately
compensated by the open loop gain of A1.
Hot-carrier diodes help provide the high speed
needed for fa.st settling. The worst-case settling
occurs when the MSB current flows through D2
to the summing point. At this time the combined
capacitance of D1, Q1 and Q, add to about 8 pF

and a settling time about 300 ns, or 0.0015 % .
In addition to temperature drift accuracy,
stability and noise are three major problems
that have to be solved to ensure proper a/ d converter operation. As a start, use 0.01 % precision
resistors for Ri, R,, R and other critical trim
resistors. For good stability, you can temperature-compensate the MSB switching cirouit. This
is done by adjusting the offset voltage of Ai to
counteract any drift causd by Q,, Q2 or the current-determining resistors.
To minimize the noise, use a discrete component design for A 1 • This will reduce the noise to
about 0.1 LSB.
The last major section of the a / d-the voltageto-current converter-also has some critical specs
(Fig. 7). Accuracy must be tighter than 1 part
in 130,000 and linearity the same; stability
should be 2 ppm/° C or tighter; and the wideband
noise should be less than 50 nA when referred to
a full-scale current of 32 mA.
Changes in power dissipation have to be minimized to eliminate any thermal transients that
could add or subtract from the input. Speed or
settling capability should be fast--no more than
0.5 µ,s to reach 1 part in 130,000. Reflections back
into the signal source pose another problem that
is often neglected. When this happens, any output from the converter cannot be trusted.
The voltage-current converter uses a transconductance circuit that transforms the voltage input
into a proportional current (Fig. 7). Amplifier
A1 feeds transistor Q11 which operates as a common-base amplifier. If you assume the amplifier
has an infinite open-loop gain and zero bias current, the voltage across Ri becomes
VR3 = VRR1/ (R1 + R 2).
In addition assume that Q1 has infinite current
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If you follow the thermal path in the front
end of a comparator circuit, you will see the
trouble spots (Fig. 3). At time, t 0 , D, is on and
D.2 is cut off. The negative input through R;n
turns on D ~ and reverse-biases Q, at - 0.7 V.
Transistors Q 1 and Q 2 form a differential input
circuit that is similar to comparator front ends.
Since the base of Q 2 is grounded, Q, is off and
Q 2 is on. The power dissipation for Q, is zero,
while that for Q2 rises to (V('(' - IR,L +vb. ) I.
After time t, elapses, the logic input rises to
+ 1 V. This turns off D, and turns on D2, and current through R 1 is bucked by the input current.
The base of Q, now sits at 0 V and if the offsets
of the transistors are equal to zero, the current,
I, splits equally between the two transistors.
Each transistor now has power dissipation equal
to (V cc - IRL/ 2 + v b. ) I / 2.
The differences in power dissipation for the
transistors are:

+12V
47 k

I. 8 k
OUT

CURRE NT IN

lk

GND

HP 2800
36 k

i

':'

0 .3mA
-12V

5. A practical comparator amplifier makes use of both
IC and discret e com ponents to get the most gain and
the fastest response to input signals.

change in power dissipation of the input transistors should be minimized.

For Q,, P = (V cc - IRL/ 2 + Vbe ) I/ 2;
For Q", P = (Vee - 3IRL/ 2 + Vbe ) l / 2.
Thus when Q, turns on, it warms up and
changes the thermal gradient of the circuit as
well as its own emitter-base voltage. At the same
time Q2 starts to cool, since it loses half of the
current it carried. You can approximate the
heating effect as follows: For every 5-mW change
in transistor power dissipation, the base emitter
temperature varies by 1 C and V be changes by
2.2 m V. Thus you can calculate the error caused
by thermal changes and referred back to the
input.
The thermal changes are transient

The thermal change lasts anywhere from 20 µ,s
to milliseconds, depending upon the physical
mass of the transistors. With this knowledge,
you can now estimate the .thermal change across
the base-emitter junctions of Q 1 and Q 2 :
Vb• = [(Vee - IR1j 2 + Vb. ) + (Vee - 3IRd 2
+Vb. )] (1 / 2) (2.2 mV / 5 mW)
= V u, (thermal change referred back to the
input).
This equation oan be simplified to
v b.= (2.2 mV / 5 mW) (Vee I - R LI2 + Vbe I)
= V t11·
(1)
If, in the circuit of Fig. 3, you assign the values
I = 2. mA, R1. = 1 kD and V ('(' = 15 V, you
would get a thermal change of 12.1 mV in Vb•·
To get a signal-to-thermal-transient ratio of
2 to 1, the signal resolution should be not less
than 24 mV. As you can see, thermal considerations in the comparator are critical, and any
68

Design you r own comparator

· Eq. 1 can be rearranged to solve for the current flowing in the common-emitter resistor :
I= (V'cc/2RiJ (1 - Y1 + 4KV t1,RL/ V'cc 2 ) ,
where K = 5 mW/ 2.2 mVand V'cc =Vee - Vb•·
This can be reduced to
I = KV lh/ V' CC •
Thus if you want to resolve 0.5 m V and you
have V t1, = 2 mV, by referring to Fig. 4, you
can set the collector voltage equal to a minimum
of + 1 V and calculate from Eq. 2 that the emitter resistor current is 300 µ,A. Each transistor
then draws only 150 µ,A when balanced.
Y-0u can 'also calculate the differential voltage
gain of this stage as
Av= R d r. + (rb + R . ) / (l +

/3).

For large values of /3, this can reduce to Av =
RL/ r •. For an emitter current of 0.3 mA and a
load resistor of 1 kn, the voltage gain is only 6.
The time-constant associated with the differential
stage can be approximated by
t . + R. [Cbe + Cob (R L + r . ) r . J .
For maximum speed, use hot carrier diodes for
D, and D2. These clamp the input at ±0.4 V, with
input currents of ± 2 mA and keep the input
capacitance to less than 2.4 pF.
Three stages with gains of 6 will provide total
gain of 216, amplify the 0.5-mV signal input to
108 mV and allow for settling-time measurements down to 0.01 % in less than 250 ns. You
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1. Break down the 16-bit a/d converter into functional
blocks. This helps simplify the analysis.

3. Input signal voltages to D, control the current flow ,
and thus the on or off state of Oi-
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2. Use of a monolithic dual-transistor in the a / d comparator circuit helps to reduce the bias current needed
from the source and to lower the offset current.

-=
MONITOR

COMPARATOR
OUTPUT

4 . The front-end design of the comparator circuit is
the most critical step. Additional gain stages following
the first stage amplify the signal to TIL levels.

Comparison of common a/d conversion m·ethods
Method
Serial
Successive
*Cyclic
Serial
Parallel

Achievable
accuracy

Typical
size (in.)

Typical
cost($)

Simple

16
16

2 x 4 x 0.4
1.75 x 5.5 x 4.5

$ 250

Medium
Complicated
Complicated

10
16

3 x 5 x 0.4
4 x 5.5 x 4.5

Complexity

1300
1000
4000

Typical "high "
speeds
20 ms

8 µ.S
200 ns
3 µ.S

• c yc lic converte rs are not usually availabl e w ith accu r a c i es greater than 10 bits due t o· absolute amplifi e r d es ign lim itations.
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Design a precision a/d converter. You
can build a 16-bit successive-approximation unit that's accurate
to 0.005% with controlled thermal transients and noise.
You face a string of problems when you design
a precision, 16-bit analog-to-digital converter.
Noise, accuracy, speed, stability, temperature
drift and cost are all important. Of the common
conversion schemes, the successive-approximation method offers the best combination of design
parameters for many applications (See table).
A 16-bit a / d must resolve to 1 part in 65,000.
Thus for an input signal that might typically
fall anywhere in a - 10 to + 10 V range, 1 bit is
only 320 µ V. And if a · total conversion time of
8 µs is allowed, each bit must be determined
within 0.5 ,µ,s.
In successive-approximation converters the
:worst-case condition for settling time will occur
when the input signal reaches half scale. In the
circuit of Fig. 1 the input is first converted from
a bipolar voltage to a unipolar current of, say,
0 to 32 mA. At half scale the input current is
exactly 16 mA, and it gets balanced against the
MSB current, which is also 16 mA. And, as we've
seen, this balancing must take place in less than
0.5 µ,s, including the settling time for MSB turn
on. This permits settling of the comparator, the
MSB current and any logic delays.
For accurate conversion, the sum of the wideband noise in the amplifier, voltage-to-current
converter, digital-to-analog converter and comparator must not exceed 0.5 LSB or 160 µ, V
pk-pk.
The current to be resolved will fall between
0 and 32 mA, and the answer must be given in
500 ns. The comparator detects any deviation
from exact balance. Not only must the comparator make a decision to drive logic, it must
also monitor the voltage at the junction of the
d/ a and voltage-to-current converters.
Start the design with packaging

To achieve precision and ease construction,
use a modular approach. The circuit can be

Gilbert Marosi, Senior Project Engineer, lntech, 1220
Coleman Ave., Santa Clara, CA 95050.
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divided into 11 basic modules (Fig. 1). Due to
the inherently low input impedance of this type
a / d converter (600 to 1000 !l), you must include
a sample-and-hold amplifier in the input circuit.
The s/ h should provide an input impedance of
around 1000 Mn, and acquire a signal to within
0.002 % in 1 µs to prevent slowing down the
conversion.
Other sections of the modularized circuit
might include the voltage-to-current converter,
+ 12-V and - 12-V reference regulators, a 12-bit
d/ a (used for the lower 12 bits), four matched
MSB current switches, a high-speed comparator
and a logic block with all the control circuitry
and storage functions.
Over-all thermal stability must be better than
7.5 ppm (0.5 LSB) for the a / d to be useful over
0 to 60 C. So all modules must be temperaturecompensated between 0 to 60 C, so temperature
gradients do not affect accuracy.
In a 16-bit converter one of the most important
sections .is the comparator. This module must
determine to within half a bit or less, when the
input current balances the current output of the
d/ a inside the a / d. For example, if the input
current is 16 mA, the comparator must establish
within 0.35 µ,s of the oonvert signal whether
the current output of the first MSB current
switch nulls the input. Since the maximum input
current is 32 mA, the LSB equals 0.5 µA.
The comparator determines the polarity of the
difference current and also drives the d/ a control
logic. Both currents are summed by the comparator in a 1-kn resistor. The resulting input
to the comparator can be as small as 0.25 µA
(0.25 mV), and it must be amplified to a TTL
logic swing.
Thus the comparator has some pretty tough
specs: Av of 12,000, settling in less than 0.35 µ,s
to within 0.25 mV, input bias current of 100 nA
or less and offset voltage drift of 20 µ V / °C or
less.
A typical IC comparator (Fig. 2) with an
extra dual transistor input circuit can meet all
these conditions. But it fails in one important
area-thermal transients.
ELECTRONIC DEBION
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Cet more scope performance
per dollar. Buy Heath.
Our dual-trace 15 MHz, 1 mV scope has delay lines for complete
waveform display ... $549.95* Kit, $750.00* Assembled
Heath's 451 O is a compact scope with the professional performance necessary
for today's high speed, sensitive circuits. It offers a DC-15 MHz bandwidth,
vertical sensitivity of 1 mV I cm over the full bandwidth, time base sweep to 100
nsec/cm and complete dual trace capability-all at a practical price.
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Internal delay lines for the vertical amplifiers allow display of at least 20 nanoseconds of the pretriggered waveform, insuring that a complete waveform will
be displayed. X-Y operation uses the standard vertical inputs, making phase
measurements easy.
The post-deflection accelerated CRT of the 4510 provides a brighter trace and
allows faster writing speeds. It will typically trigger on signals up to 45 MHz
and is guaranteed to 30 MHz. No stability control is needed with the digitallycontrolled trigger circuits. In the automatic mode, a reference baseline is generated even when the trigger signal is absent. Complete triggering controls
are provided with choice of AC or DC coupling, triggering at any point on the
vertical signal. Choice of automatic or normal sweep uses any one of 22 time
bases from 0.2 sec/ cm to 0.1 µsec/ cm.
All major circuitry is located on five easily removed circuit boards for easy
trouble-shooting and service. For maximum performance at low cost, order
the factory assembled and calibrated S0-4510, only $750.00*. To save even
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more, the 10-4510 offers the same performance
and features in an easy-to-build kit for only
$549.95*.

Our single trace 4530-the 10 MHz scope that gives you more than
you bargain for ... $299.95* Kit, $420.00* Assembled
The 4530 features a DC-10 MHz bandwidth, wide-band triggering capability,
sensitive 10 mV/cm vertical input, TV coupling and a calibrated X-channel
input - making it one of the best scope values on the market today.
Trigger bandwidths are guaranteed to 15 MHz, AC and DC coupled. Trigger
circuits are digitally controlled, requiring only a level control and a slope
switch. Various trigger signals can be selected: a sample of the vertical input
signal, a sample of the line voltage, or an externally applied trigger signal. In
the TV trigger coupling mode, the 4530 can be easily triggered on the vertical
component in a composite video signal. Time bases can be switched from 200
ms/ cm to 200 ns/ cm. And any sweep speed can be expanded five times.
The 4530 is easy to operate, easy to service and offers a high performanceper-dollar ratio. The factory assembled 80-4530 comes completely calibrated
for $420.00 * . For even greater value, order the 10-4530 kit and build your own
- for only $299.95*.

Heath has a complete
line of scopes
for every
application

h - - - - - - -- - --

Whatever your application, Heath has a scope with the performance and features you
need. In addition to the scopes described above, we also have single trace DC-15
MHz scopes for design or Just plain trouble-shooting - at prices that won't destroy
your budget. If you need a low cost scope for classroom demonstrations or general
design work in audio, TV and receiver circuitry, then our 5 MHz scope is just what
you've been waiting for. The complete line - kit and assembled - is described In the
latest Heath catalogs. Send for your free copies today.
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"75 Heathkit Catalog
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The latest Heath/Schlumberger Assembled Instruments Catalog features a complete line of high performance, low cost
instruments for industrial and educational
applications. Our '75 Heathkit Catalog describes the world"s largest selection 91
electronic kits - including a lull line of
lab and service instruments.
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Assemble ~ratotype
pots instantly.
New MOD POT Instant Prototypes equips you to put together virtually any pot you
could want. And when you 're ready for production, our distributors can quickly
supply volume quantities to factory standards. Order a MPIP from your AllenBradley electronics distributor. $97.50 apiece. Or, ask him for complete
information on MOD POT ... publication 5217.

~3X7~
to select from .

~

C,'11~-~~
of bushings and
shafts, including
a vernier drive.

~~
in a broad range of values
for multisection controls.

and special
lubricants.

increase versatility
of controls.

yf.~unting

hardware included .

Quality in the best tradition.
~~~~~~i~RADLEY
•

Milwaukee, Wisconsin 53204
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9. The fractional transfer loss of 500-stage, two-phase
SCCDs with 30% bias charge is obtained for different
channel widths and substrate resistivities.

in surface-channel CCDs. A signal-to-noise ratio
of 60 to 80 dB should still be possible with
SCCDs.
• Several low-noise input techniques are available. They have thermal-noise fluctuations that
are comparable to those associated with charging
of the capacitance of the input potentiaJ well.
• Noise associated with the resetting of the
output floating diffusion can be considerably reduced by a technique of synchronous double
sampling.
• Output circuits in the form of a floatinggate amplifier (FGA) or a distributed FGA are
expected to lead to still smaller noise levels in the
output circuit.
• Analytical and experimental studies indicate
that noise inherent in the charge-transfer action
of CCDs won't impose any limitation on the size
of memory elements in the foreseeable future.
What about CCD performance?

The two most important performance characteristics of CCDs are dark current and transfer
inefficiency, or transfer losses, as a function of
clock frequency. Charge-transfer efficiency, which
was 0.99 for a three-phase SCCD in 1970, has
ELECTRONIC D ESIGN
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10. Input/output waveforms for a 500-stage, two-phase
BCCD show that bias charge, or fat zero, isn't necessary (a). But it can reduce transfer losses (b).

reached 0.99999 for two and three-phase SCCDs
in 1974.
The dark-current characteristics of a CCD include the average thermally generated background charge as well as localized dark-current
spikes that are very sensitive to the applied gate
voltage. Dark current background levels as low
as 5 to 10 nA/ cm 2 have been reported. However,
the control of dark current and its spikes remains one of the critical aspects of CCD manufacturing.
The typical performance of an SCCD is shown
in Fig. 9. Transfer efficiency varies inversely
with the density of fast-interface states. The
lowest fractional transfer loss for an SCCD has
been reported by Bell Laboratories: A 1600-stage
40 µm-wide triple-polysilicon-gate line imager
had a loss of 1 x 10-s at a clock frequency of
0.3 MHz.
For BCCDs, fractional transfer losses in the
range of l0-4 to 10-s have been reported by several companies. A fractional loss of 5 x 10-s at
a clock frequency of 135 MHz was reported by
Philips.
The output waveform for a 500-stage, twophase BCCD with and without fat zero are shown
in Fig. 10. These waveforms illustrate the capability of BCCDs for high charge-transfer
efficiency. • •
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7. A surface-channel CCD (a) forms potential wells at
the surface of the silicon substrate rather than below as
in a bulk CCD. Energy bands for an empty potential well
(b) are altered by charge signal (c).

8. A buried, or bulk, channel CCD (a) forms wells be·
low the surface. Energy bands for an empty well (b),
change markedly when charge signal is present (c). A
BCCD doesn't require bias charge.

the signal can be sensed nondestructively, so that
only transfer noise is introduced into the charge
signal. The floating gates are connected to an
on-chip MOS amplifier.

it doesn't exhibit noise caused by the trapping
of charge by the fast interface states, and it has
a higher frequency response than an SCCD with
the same dimensions.
In fact, a BCCD with a thick epitaxial top
layer can achieve T/ > 0.9999 with clock frequencies in excess of 100 MHz. However, the
maximum charge signal in a BCCD is up to three
times smaller than that of SCCD. Also, the BCCD
can have a higher dark current-a type of leakage-than the SCCD.
As with most other !Cs, noise represents an
important consideration in the evaluation of
CCDs. Such applications as signal processing and
imagers can require either very low signals or
large dynamic range. Also, the theoretical minimum size of a CCD memory element depends on
noise characteristics, since a memory's error rate
is a function of the signal-to-noise ratio.
The general conclusions on noise in CCDs are
as follows:
• Transfer noise due to free-charge transfer
is quite low. Usually it involves only the small
amount of charge left behind.
• Noise associated with trapping of charge by
fast interface states and that caused by a fatzero signal represent the major noise fluctuations

Surface vs buried channel

The charge-coupled device can be constructed
as a surface-channel device (SCCD) or as a
buried-channel device (BCCD), as shown in
Figs. 7 and 8, respectively.
The potential wells of an SCCD are formed at
the Si-Si02 interface. In contrast, the BCCD forms
wells below the silicon surface to avoid charge
trapping by surface states. The silicon substrate
has an additional thin layer whose conductivity
type is the opposite of that of the substrate. During the operation of a BCCD and with no signal
charge-QsIG = 0-the top layer is depleted of
mobile charge. Hence the potential minimum
forms below the surface of silicon.
Although the analysis and the design of BCCDs
are somewhat more involved than that of SCCDs,
the external operation of the two may differ only
by the de level of the clock voltage pulses. However, a BCCD doesn't require a fat zero-bias
charge-for high efficiency, or T/ > 0.9999. Also,
62
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5. Signals can be introduced in one of three ways. The
current-input method (a) has critical requirements,
while a sampling approach (b) relaxes some of the
conditions . A linear method (c) features low noise.
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6. Signals can be detected in one of several ways. Current sensing (a) employs the drain diffusion of the output stage. Voltage or charge-sensing is obtained with an
internal floating-diffusion amplifier (b). And nonde-

structive sensing can be obtained with an internal
floating-gate amplifier, in either single (c) or distributed
form (d). With a floating-gate amplifier, only transfer
noise is introduced into the signal.

A charge-presetting input method is linear,
has the advantage of low no•ise, and it doesn't
depend on threshold (Fig. 5c). The basic concept
is to form a potential well at gates G 1 and G2,
w.ith input gate G1 acting as a barrier between
the source diffusion and the input well under G2.
The input is applied as the relative voltage between gates G1 and G2.
The input well is fi.rst overfilled by raising the
source potential above the G1 barrier. The excess input charge returns to the source diffusion
when its potential is lowered. If the same channel oxide is used for both gates G1 and G2, the
input charge signal, qs, is
qs =V in Cox- 2
(2)
where Cox-·2 is the oxide capacitance of gate G2.
Three methods are also available for the detection of charge signals at the output (Fig. 6).
Current sensing measures current flow in the
dr ain of a CCD (Fig. 6a). The current results

from charge signals coupled to the drain diffusion
by the last gate electrode. And the output signal
takes the form of a current spike at a relatively
high capacitance terminal. In theory, the method
provides a highly linear detection scheme.
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Amplifier comes on the ch;p

The floating diffusion amplifier (Fig. 6b) is
the most popular detection approach when an
on-chip amplifier is used. The output circuit
period.ically resets the floating diffusion to a reference potential. The floating diffusion, in turn,
is connected to the gate of an on-chip inverter
or source-follower amplifier. The detected signal
varies proportionally with the floating-diffusion
voltage as a function of the charge signal. Hence
the technique .is referred to as a voltage, or
charge-sensing, method.
With a floating-gate amplifier· (Fig. 6c or 6d),
61

cf>2

directional with an asymmetrical CCD-gate structure. This can be accomplished by connection of
separate storage and barrier gates to a common
clock voltage. In turn, the storage and barrier
regions can be formed with two different thicknesses of channel oxide or by modification of the
substrate doping level through ion implantation.
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Push clocks vs drop clocks
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4. Two-phase push-clock operation employs overlapping
clock pulses . Charge is "pushed" across the barrier.

charge by the interface states can be avoided by
buried-channel construction. In this type of CCD,
however, small trapping losses may be observed.
They are attributed to charge trapping by stationary bulk states.
Up to 3 gate levels used

The most common CCD structures employ
sealed-channel construction involving one, two or
three levels of polysilicon (Fig. 2). The selectively
doped single-layer structure (Fig. 2a) passivates
the interlectrode spaces with high-resistivity
polysilicon. A second-layer metallization (aluminum) forms interconnections.
Polysilicon-aluminum, or two levels of polysilicon gates (Fig. 2b), represents a self-aligning, overlapping gate structure. Gate separation
is formed by thermally grown Si0 2 that has a
thickness comparable to that of the channel
oxide. This gate structure can be used for construction of two-phase as well as four-phase
CCDs.
The triple-polysilicon structure (Fig. 2c) represents another alternative. It has the unique
feature of a separate polysilicon level for each
phase.
The number of clock phases can be reduced to
two, or even one, if the potential wells are made
60

Unlike three or four-phase CCDs, two-phase
devices can operate with nonoverlapping positive
clock-voltage pulses. Overlapping clock pulses are
referred to as push clocks, while nono,v erlapping
clock pulses are called drop docks.
In two-phase drop-clock operation (Fig. 3),
the transfer barriers are formed by fon-implanted p-type regions under transfer gates. The shift
of charge from the potential well under the </>1
storage electrode to a well under cp 2 occurs during the positive <P2 pulse. A similar process moves
charge from <P2 to <P1 during the positive </>1 pulse
to complete the cycle.
In two-phase push-clock operation (Fig. 4),
charge is "pushed" across the potential barrier
during the fall time of the clock waveform.
The two-phase structure also may be operated
from a single clock line by application of a de
bias to one of the phases. Then half of the transfers involve drop-clock operation, and the other
half are push-clock.
Input stages accept electrical signals

Of course, for applications, means must be
provided to introduce charge into the CCD register and then to detect signals at the output. An
electrical input is usually introduced by one of
the three ways shown .i n Fig. 5.
In the current-input method (Fig. 5a), the
source diffusion, S, is de-biased, and an input
voltage pulse, Voi. is applied to the first gate, G1.
The combination forms an MOS current source
that fills the first potential well under cp 1 for the
duration, t.t, of the input pulse. This method is
relatively critical, since the amount of charge
introduced depends on the MOS threshold voltage as well as the amplitude and duration of the
input pulse, V0 1·
A more controlled method samples the input
signal voltage, and the first potential well then
fills to the voltage of the source diffusion
(Fig. 5b). The input is applied as the sourcediffusion voltage, while input gate Gl isolates
the first potential well from the source.
Thiis method works best with a relatively slow
fall time for the input-gate clock pulse. And
though input charge isn't determined by the
sample-pulse amplitude or duration, it does depend on the MOS threshold of gate c/> 1.
ELECTRONIC D ESIGN
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1. A three-phase, n-channel MOS charge-coupled device
(a) stores and transfers electrons between potential
wells (b). Different phases of the clocking waveform
control transfer (c), and channel stops laterally con fine the charge signals (d).

fer efficiency, T/· The fraction left behind is the
transfer loss, or transfer inefficiency, and it is
denoted by e, so that T/ + E = 1. Because T/ determines how many transfers can be made before
the signal seriously distorts and becomes delayed,
it is the most important performance parameter.
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Boosting transfer efficiency

If a single charge pulse with an initial ampli-

tude P 0 transfers down a CCD register, after
n transfers the amplitude, P," will be
Pn = P o 17 :::::o P o(1 - ne) (for small e) .
(1)
Clearly e must be very small if many transfers
are required. If you allow an ne product of 0.1
and an over-all loss of 10 %, a three-phase, 330stage shift register requires E < 1Q·• , Or a transfer efficiency of 99.99 % .
The maximum achievable value for 17 depends
on two factors : how fast the free charge can
transfer between adjacent gates and how much
of the charge gets trapped at each gate location
by stationary states. In surface-channel devices,
charge trapping usually results from the fast
states at the Si-Si02 interface. The trapping of
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2. CCD structures generally employ sealed-channel
construction. This can involve a single level of doped
polysilicon gates (a), polysilicon-aluminum or two poly·
silicon levels (b), or three levels of polysilicon (c) .
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3. Two-phase drop-clock operation uses nonoverlapping clock pulses .
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The ABCs of CCDs. They're basically
MOS analog registers that can be employed in either analog
or digital applications. Here are pointers in evaluating them.
If you haven't designed with CCDs yet, it's
probably only a question of time before you do.
Charge-coupled devices are turning up in photosensor arrays, large-storage memories and such
signal-processing components as variable delay
lines, transversal filters and signal correlators.
In most applications you probably won't be involved in specifying the construction of a CCD.
However, a basic knowledge of CCD operation
will help you evaluate the devices from different
manufacturers. And system design can be optimized around a specific device.
Actually a CCD is a simple device. In essence,
it is a shift register formed by a string of closely spaced MOS capacitors. A CCD can store and
transfer analog-charge signals-either electrons
or holes-that may be introduced electrically or
optically.
Charges stored and shifted

The storing and transferring of charge occurs
between potential wells at or near a siliconsilioon dioxide interface. The MOS capacitors,
pulsed by a multipha:se clock voltage, form these
wells. For a three-phase, n-channel CCD (Fig.
1), the charges transferred between potential
wells are electrons.
The application of a positive step voltage to a
~ate electrode (like </>1 at time t1) forms a depletion region in the p-type silicon beneath a gate.
The particular gate is the one that causes a minimum of electron energy-a potential well-to
exist alt the Si-Si0 2 interface (Fig. lb). However,
the potential well doesn't last indefinitely, and
thermally generated electrons eventually fill the
well completely. Thus the CCD is basically a dynamic device in which charge can be stored for
much shorter times than the thermal relaxation
time of the CCD's capacitors. Depending on device processing, this time may vary from one

Walter F. Kosonocky and Donald J. Sauer, Members of
the Technical Staff, RCA Laboratories, Princeton, NJ.
08540.
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second to several minutes at room temperature.
The introduction of minority-carrier signals
reduces the depth of the well, much like the way
a fluid fills up a container. Charges transfer from
wells under the </>1 electrodes to wells under </>2
because of the surface potential changes due to
clocking (Fig. le). A similar transfer moves
charges from </> 2 to <f>3 and then from </> 3 to </>1.
After one complete clock cycle, the charge pattern has moved one stage (three gates) to the
right. No significant amount of thermal charge
accumulates in a particular well because the
charges are continually being swept out.
Note that the three-phase structure is symmetrical and the direction of charge flow is determined by the clock-phase sequence. For example, by an interchange of the cp1 and cp 3 clock
lines, the charge could be made to transfer to
the left. Operation with less than three-phase
clocks requires an asymmetry in the CCD structure to determine the direction of signal flow.
The charge signals are laterally confined into
a channel by means of channel stops (Fig. ld).
These can be heavily doped diffusions, thick-field
oxides or another gate level (field shield) under
the phase electrodes to which a de bias is applied.
Charges transfer in 3 ways

Free charge moves from one well to another by
three separate mechanisms : self-induced drift,
thermal diffusion and fringing field drift. Selfinduced drift, a charge-repulsion effect, is only
important at relatively large signal-charge
densities. It is the dominant mechanism in the
transfer of the first 99 % or so of charge signal.
Thermal diffusion results in an exponential
decay of the remaining charge under the transferring electrode. The decay has a time constant
that increases as the square of the center-tocenter electrode spacing. Fringing field drift can
help speed the charge-transfer process considerably. The fringing field is the electric field in the
direction of charge flow, and it depends on process parameters and device geometry.
The fraction of charge transferred from one
well to the next is referred to as the charge-transELECTRONIC D ESIGN
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however, is probably Polaroid's 107 film pack,
which has an ASA rating of 3000.
Polaroid film does have disadvantages, though.
It is difficult to write on the prints, they do not
reproduce well on office copiers, cannot be obtained in rolls or packs of more than eight, and
the film is expensive.
In the last five years a new type of scope
camera has appeared: the inexpensive hand-held
camera. It does not offer the sophisticated photographic capabilities of the "bolt on" cameras,
but it is useful for many applications. While the
bolt-on cameras sell for about $700 each, the
hand-held cameras can be purchased for less
than $200.
But whether you use a hand-held or bolt-on
camera, if you use it with the newer internal:
graticule scope tubes, you're bound to run into
trouble. These tubes do not have illuminated
graticules. To record them on the film, it is
necessary to illuminate the background by frontlighting the phosphor with a source inside the

camera or by rastering the CRT at a low intensity before or after the trace is recorded.
This results in a photo that has three shades of
gray.
Although cameras with Polaroid backs are
used most widely, still and movie cameras that
do not use Polaroid film are also employed.
Non-Polaroid film is still favored when many
pictures must be taken and when the display
intensity can be set and there is no need to view
the results immediately. The film cost can be as
low as a penny a frame.
Movie cameras are rarely used with scopes.
On any given run, the time base for the display,
whieh .i s provided by the moving film, lasts only
as long as the film holds out. Practical limits
on the amount of film that can be stored and
pulled past a given point, and the decay time of
the phosphor-which must be short to prevent
spot smearing-limit the movie film approach
to about 25 kHz. And the film costs for this recording technique can be quite high. •·•

Ne·ed more information?
We wish to thank the companies that provided
information for this report. The products cited
in the report have been selected for their illustrative, or in some cases, unique qualities. However, manufacturers not mentioned in the report
may offer similar products. Readers may wish
to consult manufacturers listed here and Electronic Design's GOLD BOOK for further details.
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people performing the same test on the same
scope could come wp with different answers.
To determine the maximum frequency at
which a storage scope can capture a single-shot
event, divide the writing speed by 10 to determine the approximate frequency in megahertz.
For example, if the writing speed is 100 cm/ µ,s,
a 10-MHz single-shot signal can be captured and
displayed.
If your measurement requirement exceeds this
guideline, ask for a demonstration of the scope,
since most instruments can be tweaked to capture, faster signals. (For more information on
storage scopes, see "Choose the Right Storage
Oscilloscope," ED No. 24, Nov. 22, 1974, p. 150.)
For permanent records use a camera
A portable scope camera that has a viewing hood to per·
mit monitoring of the waveform on the CRT is the Model
SC02 from Vu-Data.

The HP 197A scope camera has a built-in UV light which
can be used to record the black lines of internal·
graticule scopes. The electronically controlled shutter of
this Hewlett-Packard camera provides exposure times
from 1/30 to 4 seconds.

Multimode scopes have been made that combine both storage modes and add other improvements to provide an additional mode: fast transfer bistable.
When specifying storage scopes, don't forget
that one of the most important parameters is
storage writing speed. This tells how fast the
electron beam can draw a usable picture across
the CRT in the storage mode. It is specified in
units of length-generally centimeters-per unit
of time.
Writing speed can be measured by single
sweeping at increasingly faster horizontal rates
until a single shot is barely visible in the stored
mode. But this is a subjective measurement; two
ELECTRONIC DESIGN
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New storage scopes that can capture and store
very-high-speed data for long periods have reduced the need for oscilloscope cameras. But for
a hard-copy reco,r d of a soope trace, cameras are
still a must. Also,, if you want to record an event
that occurs too fast for the storage scope to capture, you can use a camera and a nonstorage
scope.
When choosing a camera, consider first what
type of waveform will be recorded. Will it be a
stored, repetitive or single-shot event? Stored
and repetitive traces require the least capability
in writing speed, while the single-shot requires
the highest.
Within the camera, writing speed is determined by two things: maximum lens opening
and the reduction ratio of the lens system. As
the image size is reduced, the same amount of
light is concentrated on a smaller area of the
film. The best compromise between writing rate
and image size comes at a magnification ratio
of apprnximately 0.5 :1. Prefogging, or partially
exposing the film before it is used, can increase
the effective speed of any system twofold to
fourfold.
The shutter requirements of the scope camera
must also be considered. For remote operation,
an electric shutter is desirable, while a more
economical mechanical shutter may be preferable
for the occasional user of scope cameras.
Because of the range of CRT display sizes, it
is important to consider the fieJd of view of the
camera. Just because a camera will fit on a scope
does not mean that the system will have an adequate field of view.
Fo,r maximum photographic flexibility, cameras with interchangeable film backs shOluld be
used. While these are more expensive, they give
the user a choice of roll, pack or sheet film.
Polaroid Type 410 roll film has a film speed,
or ASA, of 10,000 and is the obvious choice for
high-speed work. The most commonly used film,
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A low cost bolt-on camera that fits all standard scopes
with a 6 x 10 cm screen is available from Ballantine.
Known as the 7000A the camera features a pre-focused
lens and a preset aperture.

Bolt-on cameras like the C-51 from Tektronix, are de. signed to work with specific scopes. The C-51 has an
electronically controlled shutter, fast writing rate and
an automatic single sweep control.

an error of about 2 %.
Vertical deflection systems that have a rise
time that is equal to the fastest rising signal
applied are often considered adequate.
Errors in measuring very fast rise times directly may come from several sources : linearity
limitations of the vertical amplifier and of the
sweep circuit, and visual errors caused by display of the waveform on only a small part of
the full screen.
Triggered sweep eliminates 'dancing'

Did you ever have a problem with your television set at home where the vertical oscillator
was getting old and you had to readjust it each
54

time the line voltage changed? A similar problem
can occur in an oscilloscope. If the sweep generator is not properly triggered, you'll get a
dancing waveform.
In early scopes the sweep generator free-ran
continuously at a frequency just below that of
the input signal or one of its submultiples. When
the input signal was applied to the free-running
sweep generator, it increased its output frequency. While this was an easy way of synchronizing the sweep generator to the input waveform, it required careful adjustment of controls
to lock in the signal.
This early form of triggering had several
problems. Included were loss of sync as a result of drift and difficulty in synchronizing to
a signal that varied in amplitude O·r frequency.
These problems have been overcome, howeve1r,
with the development of triggered sweep scopes.
In these units the input signal determines the
start of each sweep by triggering the sweep
generator. Not only does this triggered sweep
give a steady, drift-free display, but it also permits accurate control of the starting point on a
given waveform_
There are two key parameters in triggering :
sensitivity and frequency range. Trigger sensitivity indicates how small the signal can be on
the CRT and yet remain stable, while trigger
bandw.idth is an indication of the range of sig.naJ frequency that can be displayed in a triggered mode.
When you evaluate a scope, look at the trigger
levels used and see how easy it is to get a stable
trace on the scope. First, get a source for a 1kHz sine wave. Display two or three cycles
across the full screen. Now vary the trigger level
control so the trace starts at different points
on the waveform_ Now change the amplitude to
see if this has any effect on triggering.
If you're going to be working with slow signals, be sure the scope has a de-coupled trigger.
The lower-priced scopes-generally those below
$800-don't have this capability.
Storage scopes capture high-speed data

Storage scopes can retain and display the
image of an electrical waveform on their tube
face, even after the waveform ceases to exist.
This image retention may be for only a few
minutes or it may be for days. This makes storage scopes ideal for capturing high-speed signals.
Storage scopes operate in one of two modes :
variable-persistence and bistable. The variablepersistence mode allows selection of the time
during whkh a stored image can be viewed.
Bistable operation allows waveforms to be
stored and displayed until they are erased. A
special phosphor having two stable states is used.
ELECTRONIC DESIGN
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ing. As a matter of fact, some scopes have no
shielding at all, while others use cold-rolled steel.
The best shielding is of mu metal. Check to see
what shielding it has before you buy it. If you're
going to use 1a scope in a laboratory where there
aren't too many stray magnetic fields and you
want to save money, you can always . opt for the
cheaper scope without shielding.
To make scopes less susceptible to noise, some
manufacturers have taken a leaf from the voltmeter and counter manufacturer's notebook and
have included a bandwidth-reduction switch.
This cuts frequency-related noise.
When noise does appear in scopes, it shows up
as fuzziness or extra triaces on the screen and
as false trigger signals.
Noise specifications are available for many
high-frequency scopes expressed as voltage,
equivalent-resistance or scale divisions. Beware
of rms noise specs. These can be as much as
six times lower than the actual peak values and
thus downplay the real problem. Be especially
careful if the application involves short, precise
or hard-to-capture signals.

final amplitude of the step.
If the vertical amplifier of a scope is designed
for optimum transient response-which is the
fastest rise with minimum overshoot--the product of the rise time and bandwidth should be a
factor whose value lies between 0.33 and 0.35.
A larger product indicates the likelihood of substantial overshoot and ringing.
If you're measuring fast signal rise times,
you would naturally like a scope with an infinitesimal rise time, but you can do quite well
if the scope's rise time is no more than 20 %
of the signal's rise time. If sweep-contributed
errors are neglected, the scope would thein show
(continued on page 54 )

Sensitivity is increasing

The input sensitivity of a scope is an indication of how much voltage is necess·ary to deflect
a CRT beam a given distance. Sensitivities are
increasing, but be careful when you compare the
input sensitivities of two scopes. The specs are
not always given in the same units. The sensitivity of most scopes is given in millivolts per
centimeter. However, some give it in millivoUs
per division.
Even if you determine the correct units for
sensitivity, you still may not know much about
it. Chances are the figure listed for sensitivity
on the data sheet ,is not the figure at the scope's
rated bandwidth, but at some lower frequency.
It's particularly important that you be wary
of sensitivity specs on dual-channel scopes. On
some it is possible to cascade the two input amplifiers to get greater sensitivity. Make sure
you're not comparing the sensitivity of a single
amplifier on one scope with cascaded amplifiers
on another.
Another important thing to remember is that
when you talk about sensitivity, you're talking
about a voltage that appears at the scope's input
terminal and not at the probe tip.

A miniature dual-trace scope that weighs only 10 lbs and
has a bandwidth of 10 MHz is the 032 from Tektronix.

Rise time explained

With today's heavy emphasis on digital circuits, one of the most important specs to consider in oscilloscope selection is rise time. This
is defined as the amount of time it takes for a
step function to go from 10 % to 90 % of the
ELECTRONIC D ESIGN
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Hand-held scope cameras, such as the CR-9 from
Polaroid, can be used with most oscilloscopes by simply
changing the hood.
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high-frequency units-are designed for 50-0.
loads. For tests on such equipment, the 50-0 input offers not only its usual advantages, but
also maintains the impedance match of the system, minimizing distortion and insertion loss.
While scopes generally have either 1-M.fl o,r
50-fl inputs, some units have a switchable input
that can give both.
Probes: They're precision instruments, too

Too many engineers forget that oscilloscope
probes are also precision instruments. Although
most probes are relatively hardy, jf dropped,
squashed or fried with high voltage, both passive
and active probes can be damaged.
Passive probes are harmed most often by
physical abuse. Engineers have been known to
use them as substitute pliers, component holders
or ·oxide scrapers. Fortunately their tips are
often replaceable. And while their cases are
fairly strong, they can be cracked by heavy loads
-such as feet, a misplaced heavy instrument or
a fall. Cables, too, can be overstressed or twisted.
Overvoltages can damage passive probes. Both
the voltage and power ratings of p·r obes a,re
there for a reason. Exceeding them may cause
temporary inaccuracies or permanent damage
due to heating or dielectric breakdown. In fact,
some high-voltage probes require special insulation fluids, and an un:derfilled condition can also
be damaging.
One thing to watch out for when you're using
a probe is compensation. Probes require compensation at all times. For passive probes, this is
simply a matter of bringing the capacitanceresistance ratio of the probe in line with that of
the scope. When either is changed or stressed,
the compensation must be checked. In most cases
the only adjustment needed is to a variable
capacitor built into the probe.
Active probes-which use active devices such
as FETs, to achieve high input impedance and
low input capacitance--are more vulnerable. The
overvoltage tolerance is smaller, and permanent
destruction of a component may result. At $100
to $200 a probe, that can get to be expensive.
Active probes may need more adjustments
than passive ones. The adjustments may include
de offset, balance, range and capacitance.
But active probes have two major advantages:
( 1) The isolation is high between the measur·ement point and the probe cable and scope, aillowing for high input resistance and low capacitance, and (2) Full bandwidth is obtained
without input signal attenuation.
Most active probes are compatible with either
1-MO or 50...fl scope inputs without use of
adapters. When working in the 50-.fl mode, use
50 . .n cable to extend the probe length without
52

A programmable calculating oscilloscope uses the Intel
8080 microprocessor to perform time and voltage measurements as well as other calculations. The scope is the
NI 2001 from Norland.

increasing capacitive loading. The longer cables,
howevar, will slow the rise time.
One very important point to remember when
you're using active probes: They require external power. While some oscilloscopes have a
separate probe power supply, most do not.
Also, as you move up in frequency, the probes
become more expensive. At 100 MHz the cost
orf an active probe is a.bout 25 % of the price
o.f the scope.
As frequency goes up, so does noise

Some noise is inevitable in any scope, but as
bandwidths and sensitivities increase, noise becomes a more significant factor. Several types
can affect a scope. There is power-supply noise,
component noise, thermal noise and pickup of
man-made noise, such as ignition interference.
There is also 1/ f noise, which becomes greater
as the frequency decreases, and there is white
noise.
White noise has constant energy and therefore
is reproduced much more strongly as bandwidth
increases. But it is not the big prnblem; l / f
noise, power-supply noise and interference from
stray magnetic fields are. Above 10 kHz, l / f
noise ceases to be a major problem. Elimination
of the other noise problems requires the use of
special input circuits, short connecting cables
and good shielding.
Unfortunately not all scopes have good shieldELECTRONI C D ESIGN
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A mini-portable scope that weighs only 5-1/2 lbs and
has a bandwidth of 20 MHz is the PS9108 from Vu-Data.
It operates from standard C cells, nickel-cadmium batteries or the ac line and consumes only 8 W.

Medium price and performance are available with the
PS163 dual-trace scope from Sencore. It features 5-mV
sensitivity and less than 2 degrees of phase shift between channels.

vides a low degree of circuit loading, a measure
of protection for the scope and a good degree
of accuracy. When frequencies increase, however, the combination of input capacitance ancl
high resistance results in a long time constant.
This seriously affects both time measurements,
such as pulse rise time, and amplitude measurements of short pulses.
The high input impedance is only high for
frequencies below about 1 MHz. Above that
point, the shunt capacitance takes over. Fo,r example, a 1-M.fl input with 10 pF of input capacitance across it has an effective impedance of
only 50 S1 at 320 MHz.
Low-impedance 50-fl inputs were developed
for such high-frequency applications. Instead of
having an extremely variable impedance over a
range of frequencies, 50-Sl inputs provide stable
loads over a wide frequency range and virtually
eliminate the effects of capacitive loading.
Of course, with its low impedance, the 50.,fl
input draws more power from the circuit. This
means that amplitude measurements may be
significantly affected. Time measurements are
better because of the lower RC time constant.
Since 50-D inputs do not limit the power dissipation inside the scope as much as do 1-Mn
inputs, manufacturers generally supply some additional protection, such as fuses or relays.
But if you're going to use a 50-D. input to
measure high-speed logic circuits, you're in for
trouble. Most IC logic families are high-impedELECTRONIC DESIGN

8, April 12, 1975

EXT

0-0
0-0

AC

-- ..-"'

,,.

, ,'

rv

ELECTRONIC
;TCH

r

~B
TRIGGER

Two electron beams can be generated with only one gun
in split-cathode CRTs (top). A dual-channel scope that
uses this technique has two vertical deflection circuits
and one horizontal. Dual trace circuits (bottom) that
time share one electron beam to provide two channels
are more commonly used.

ance and limited in power-sourcing capabilities.
This means that high-impedance circuits are
needed. When speed prevents use of the 1-MD
input, 50-.fl inputs can be used with multiplier
probes. This trades lower loading for a decrease
in scope sensitivity.
Many types of equipment, however-especially
51

An inexpensive dual-trace scope that has a bandwidth
of 10 MHz is the Model 1470 from Dynascan.

For example, if the chopping rate is 100 kHz
and the sweep duration 1 ms, there will be 100
segments in each trace. How well these separate
segments depict all the detail in the two waveforms establishes the usefulness of the chopped
mode compared with the alternate mode or dualbeam scope.
When using dual-channel scopes it is important to remember that two simultaneous, nonrecurrent signals of short duration may be displayed on a dual beam scope, but can't be
displayed on a dual trace scope. When looking at
recurrent signals that can be displayed on dualtrace units remember that phase errors can
arise.
This problem can be overcome by use of the
chopped mode, but a limitation is imposed by the
finite chop frequency that may well interfere
with the signals to be measured. Of course, these
errors can be completely avoided with a dualbeam scope that has two electron guns. Such a
scope would have two time-base generators that
sweep the two signals at different rates.
Most duail-beam scopes available today, however, use a single gun with a split cathode. These
scopes have tubes that contain one set of horizontal deflection plates and two sets of vertical
plates. The split-beam approach requires that
each of the two inputs have separate amplifier
chains. This technique, like the dual-gun approach, eliminates the need for chopped and alternate display modes, and it allows twice the
usual light-energy levels to be employed.
Modular scopes cost more

Although for many applications a modular
scope offers great versatility, having both standard and special measurement capabilities, it is
50

more expensive than a stand-alone unit. Plug-in
scopes generally have a large power supply to
accommodate the modules used. This adds to the
oost. So does the special mechanical design of
the scope mainframe.
The main problem with modular scopes is
that often many expensive, surp·l us modules are
sitting on the shelf, doing nothing simply because there aren't enough mainframes in the
place. Often owners of plug-in scopes use the
modules 10 minutes a year, and then only to
calibrate them. Manufacturers push modular
scopes for two reasons. A mainframe o·w ner becomes a captive customer for modules, and a
standardized mainframe can be made in quantity
-leading to mass-production economies.
Another disadvantage of modular scopes is
that they're expensive to maintain. Individual
modules are usually very densely packed and
have to be pulled apart to service them. Of
course, the entire module can be replaced by a
spare, but that adds to system cost. In contrast,
most stand-alone scopes are easily serviced.
On the positive side, plug-in scopes do offer
a wide range of measurements that might otherwise be unavailable or very costly to obtain in
a stand-alone scope. These specialty requirements
include sampling to 18 GHz, logic-state analysis
and spectrum analysis, to name a few.
A handle doesn't make it portable

What is a portable oscilloscope? Not any scope
that has a handle on it. A scope is portable,
most manufacturers say, if it weighs less than
25 lb. The design should include an. impact-resistant case and lightweight power supplies.
In general, portable scopes do not represent
any compromise in performance; often the contrary is true. Because of their system design,
many portable scopes have better performance
than their modular counterparts.
But a portable scope is not always a good buy,
esip ecially if it is going to be used a lot in the
laboratory. One drawback is its small screen
size. While this is not an inherent feature of
portables-some have screens as big as those of
lab models-most have smaHer screens that limit
resolution.
Front-panel layout is another problem with
portable scopes. Since there is less room than
there is on the front panels of lab scopes, it's
important to check that the controls are not so
close together that you practically need a pair
of tweezers to operate them.
Recently there has been much controversy over
the merits and demerits of 50-fi and 1-Mn input
impedance. The key issue when making a comparison is input impedance vs frequency.
For most applications, the 1-M!l input proELECTRONIC DESIGN
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trace scopes can be used for all but a handful of
applications, aind they don't cost much more than
the · single-trace instruments. The cost for the
additional circuitry ranges from 10 to 15 % of
the total instrument price, and it is well spent.
With the dual-trace scope, one waveform can be
compared with another-something that has be.come increasingly important with the growing
use of digital logic.
Dual trace vs dual beam

Don't confuse dual-trace scopes with dualbeam scopes. In the former you have one electron
beam that is time-shared between two input signals; in the latter, two electron beams are produced either by use of two electron guns or one
gun with a split cathode. Whether the timeshared beam or the dual-beam approach is used,
each has advantages and disatlvantages.
The most common approach to two-channel
scopes is the one that uses a single beam and
one set of vertical deflection plates that are timeshared between two vertical deflection channels.
One advantage of this method is that there are
no convergence problems, since only one vertical
deflection system is used. Dual-trace scopes cost
less than dual-beam, and they offer better comparison capabilities.
The electronic switching circuitry in a dualtrace scope should be capable of operating in
two modes: rapidly during sweeps or synchronously during sweep-retrace intervals. The first
mode is caUed "chopped," the second "alternate."
The alternate mode is used more frequently and
is preferred for displays that have fast sweeps.
The chopped mode is usually reserved for comparing low-frequency recurrent signals or nonrecurrent signa ls of long duration.
When t wo very bright traces are displayed in
the chopped mode, faint lines connecting the two
traces may show up. These are chopping waveform transients. You can eliminate them either
by turning down the intensity or using a scope
that blanks the CRT beam during these transition intervals. The chopping rate should be as
high as possible, so long as the resulting traces
are not broadened significantly by distortion of
the chopped signal. The chopping frequency can
vary from as low as 80 kHz to as high as 1
MHz, depending on which scope you use.
The disadvantages of the dual-trace, timeshared approach include the availability of only
half of the light output of the CRT, because of
the time-sharing process. Also, when the chopped
mode is used with relatively fast nonrecurrent
sweeps, the traces are not continuous but are
made up of separate segments. The number of
segments depends ·o n the chopping rate and the
sweep duration.
ELECTRONIC DESIGN
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Improved measurement accuracy is possible with Hewlett-Packard's 1722A microprocessor scope. This 275MHz scope gives direct readout of time interval, frequency, de and instantaneous voltage and percent.

Delayed sweep and mixed sweep operation are two of
the key features of Ballantine 's 1040A. It is a portable
40-MHz dual-channel scope.

Increased measuring capability results when the OM 43
digital multimeter module from Tektronix is added to
any of the 464, 465, 466 or 475 portable scopes. The
module makes it possible to measure temperature, time
resistance and voltage.
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Os c illos copes are
among tlie least
mis.used, least misunderstood and least misspecified pieces of test equipment around. But this doesn't mean there are
no problems for the buyer. If you're choosing a
scope, you still have to weigh these tradeoffs:
• Single trace vs dual trace vs dual beam.
• Modular vs stand-alone.
• Portable vs nonportable.
• Low input impedance vs high impedance.
• Storage vs nonstorage.
And the problem is compounded if you're thinking of using a camera w.ith the scope. This requires dealing with alien parameters, such as
lens and film speed, and depth of field.
Other problems that crop up when you consider a camera for use with your scope include
deciding what kind of film to use, what the pict ure format should be and whether the camera
should be purchased from thei scope manufacturer .

tion, bandwidth, sensitivity and triggering, and
time-base capability.
Configuration relates to the physical characteristics of the instrument-whether it will have
one or two channels, be modular or stand-alone
and laboratory or portable.
In most cases you're better off buying a dualtrace scope rather than a single-trace unit. Dua:l-

It's like buying a car

Choosing an oscilloscope is like buying a ca r .
Very often brand name and horsepower (or bandwidth, in the case of a soope ) influence the choice.
Many engineer s have a tendency to over specify
when it comes to oscilloscopes. This results in
the purchase of unnecessarily expensive equipment t hat is often more difficult t o operate. A
good analysis of what you r eally want t he scope
t o do will 8ave you money.
Many factors should enter int o t he selection
of scopes. These may range from frequency response t o layout of the fro nt panel. Among t he
parameters most often consider ed ar e config ura-

Jules H. Gilder
Ass oc iate Editor
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Dual-trace oscilloscope from Philips has a bandwidth of
120 MHz. Using a special power supply, the PM 3260
can operate from almost any line voltage and frequency.
It consumes only 45 W and needs no fan for cooling.
ELECTRONI C D ESIG N
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asking about INDICATORS?
Our answers come in any size or
configuration you're likely to need. They're
CM and Drake LED, incandescent or neon
indicators. Backed by more than 65 years
experience in lamp and lighting technology,
plus on-site help in solving your tough
application problems. Give us a call at
(312) 867-7227, or write us at 4626 N. Olcott
Avenue, Harwood Heights, Illinois 60656.

·CHICAGO
MINIATURE
mm~ urnrn m~~wrnrn g
CHICAGO MINIATURE/DRAKE
GENERAL INSTRUMENT COMPANIES
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8238A TRIPLE OUTPUT POWER SUPPLY
HEWLETT•l"Aa<AN>
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The New Triple Output Supply With Just
About Everything ... Except a High Price!
• Two Models:
6236A: 0-6V, 2.5A & ±20V, 0.5A Tracking
6237A: 0-18V, 1.0A & ±20V, 0.5A Tracking
• Easy to use (only 3Y4 "Hx8Y2 "Wx12Y2 "D)
• 0.35mV rms, 1.5mVp-p ripple & noise

• Short-circuit proof
• No turn-on/turn-off overshoot

ii

HEWLETT

• 0.01 % Regulation

• $325

PACKARD

Sales and serv ice from 172 offices In 65 countri es.

(U .S.A. Domestic Price Only)

1501 Page Miii Road, Pa lo Alto, Callfonia 94304

INFORMATION RETRIEVAL NUMBER 71

2 1 503

PREMIER ELECTRONIC CABINETS and CASES
• RUGGED-FUNCTIONAL CONSTRUCTION • ESTHETICS KEYED TO MODERN SYSTEMS
• PROMPT SERVICE & AVAILABILITY • ECONOMICAL PRICING

Assorted rear panel accessory
options
t. Side Hinged Door Panel
(SHP Series)
2. Formed Panel (FP Series)
3. Perforated Formed Panel ,
1/ 16" dia. holes on 1/a" stag 4.

f~~~e~e~~~~~e\l'~ns:nWL

Series)
Standard 1/a" & 3/ 16" flat panel s
also available (ARP, MAP, RP
Series)

TIC Series Construction Details
(front and rear identical)
5. Trim: Extruded , anodi zed
alum inum with bla ck viny l
inlay
6. Chassis/ Shelf Support
(accessory)
7. Welded stiffener channel an d
hand grip support
8. Full exlention slides with
mounting hardware (ac cessory)
9. Recessed panel mounting
channels and stru ctural sup·
ports (4 per case )
Standard EIA & WE hole spa cing provide for frontal
mounting and internal equ ipment mounting. Hardware
suppl ied
10. Carrying Grip with vinyl inlay
11. Case Body, welded, formed
steel (20 ga .) with welded
16 ga . channel gusseting and
channel stiffeners
12. Non·marring feet
Standard Finishes: Textured
Vinyls , 13 colors
Semi·gloss Enamels , 10 colors

PREMIER METAL PRODUCTS CO.
337 Manida Street, Bronx, New York 10474 (212) 991-6600
INFORMATION RETRIEVAL NUMBER 34
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(editorial)

Let's climb
out of the hole
I got a letter the other day from a reader
who was really pissed off. "We all know," he
wrote, "that business isn't as good as it was
a couple of years ago. But why the hell do the
news media keep on rubbing our noses in that
fact? Are they making things any better? Are
they telling us something we don't know?"
This reader, Larry Collins, went on that "as
usual" the news media are behind the times,
and, in fact, business in some areas has begun
to pick up. The improvement isn't sensational
yet and we're far from a seller's market, but
there are certainly signs of recovery. Yet the
media in the electronics industry as well as other industries seem to act
on the premise that bad news is good news. They assume that bad news
sells papers.
Well, I agree with Mr. Collins. I think there's been entirely too much
yakking about how bad things are antd too much neglect of signs of improvement. Electronic Design, I hope you've noticed, has been absent
from the chorus of doomsayers. It's not that we didn't know the situation
was bad but that we figured you knew it already. We didn't feel obligated
to tell you what you already knew and we didn't feel there was anything
to be gained by yelling about how bad things were unless we had a solution-which we didn't.
But we have some thoughts now. We warned in the past that it's possible to talk ourselves into a deeper recession. Now I'd like to urge that
it's possible also to talk ourselves more quickly out of one. I don't want to
seem like a Pollyanna and I don't believe that if we think only nice
thoughts then only nice things will happen. Yet I am convinced that we
can actively help ourselves pull out of the recession faster.
We can talk up the good news and we can act as if, in fact, there is
going to be a tomorrow. We can, for example, release that purchase order
we've been sitting on in the expectation of lower prices. If we get rid of
the attitude of despair that some of us have developed, we may be able
to inspire enough confidence in our customers so that we'll be able to move
some of our own products which, in turn, will force us to buy more products from our vendors.
I think we can all help if we can kick the bad-news habit.

GEORGE ROSTKY

Editor-in-Chief
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Build a
switc · regulator
•
ID halfthe time.
You know that a switching
regulator can quadruple the
efficiency of your power supply. It'll save power, cut heat
loss, simplify your
design, save
board space,
weigh less,
and maybe
cost less than a
linear regulator.
But until now, if you
wanted a switching regulator,
you had to start from scratch.
It took a lot of time and a lot
of effort.
Our power switching circuit is the breakthrough you've
been waiting for.
The power circuit is the
trickiest part of the switching
regulator to design, since it
involves choosing the commutating diode and switching
transistors, then fiddling with

the circuit to get the best drive
and bias conditions.
We've taken care of all that.
And the power circuit is
the one that can contribute most in
terms
. of .
rmprovmg
the regulator's
performance.
We've taken care of
that, too. Thanks to our
special design and packaging,
you can expect faster response
time and lower noise than you
could design in yourself. And
because of the faster switching
time, you can reduce the size
and cost of other components
and operate at frequencies
up to lOOKHz.
Our PIC-600 Series power
switching circuits are available with positive and negative outputs, in current ranges

il JJ

from5to15 amps and voltage capabilities up to 80 volts.
To make your life even
easier, we've got a 24-page
booklet that'll tell you everything you need to know about
designing a switching regulator. It's the only booklet of its
kind available, and it's free. To
get yours, along with detailed
specs for our power switching
circuits, circle our number on
the reader service card.
Unitrode Corporation,
580 Pleasant St.,
Watertown,
Mass.
s..,,lc:h,~"'tlu1,,,o,.a0s
02172.
~!;"~

UNITRODE

INFORMATION RETRIEVAL NUMBER 33
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IS YOUR AC METER TELLING YOU LIES?
If you 're measuring anything
other than undistorted sine
waves, you need an
instrument that reads
out true RMS values.
Most people
think any old AC
DPMorDMM
does this. Fact is,
they don't. Unless they're
an expensive true RMS DMM,
they read the rectified average
value of the input, calibrated
to the RMS value of a sine
wave. Which usually results
in gross errors.
But now there's the AD2011.

The first DPM to use implicit
computing techniques to read
true RMS values of AC
signals.
And it costs just
$295.
The AD2011 also
features 30Hz to 300.kHz
frequency response,
3-digit Beckman displays,
four input ranges (1V, 10V,
100V, and 1,000V RMS full
scale), and BCD data outputs.
So why not write for the data
sheet, for the truth about
true RMS.

Analog Devices, Inc.
Norwood, Mass. 02062.
Electronic components for test
and measurement instruments
and control systems, including
a complete line of 5V, and
AC DPMs, from 21/z to 41/2
digits, with LED, Numitron,
and Beckman displays.
East Coast: 617-329-4700.
Midwest: 312-894-3300.
West Coast: 213-595-1783 .
Texas: 214-231-5094.

. . ANALOG
111111111111 DEV IC ES
INFORMATION RETRIEVAL NUMBER 32

an offer for sale and was prohibited if the unit had not been certified
-even if it was a dummy.
The commission plainly doesn't intend to permit a manufacturer or
vendor to create a market for a product that may not comply with its
r equirements.
Importation for test and evaluation, according to the FCC, means only
for compliance with FCC requirements and "does not mean for evaluation
for sale purposes."
Marketing strictures of this kind have had a significant impact on
manufacturers of rf devices covered by commission rules.
To reduce "spectrum pollution" and "electromagnetic smog" to tolerable levels, the agency says it "will be taking an increased role in the
regulation of rf devices with an interference potential for which the
~ommission does not presently prescribe technical standards."

A new U.S. Dept. of Research proposed
Research and technology will be upgraded in Government operations if
legislation proposed by the House Committee on Science and Technology makes it through Congress. Tjt}ed "The National Science Policy
and Organization Act of 1975," the bill would create, among other things,
a Dept. of Research and Technology Operations.
Presenting strong arguments for the proposal, Rep. Olin E. Teague
(D-TX), chairman of the committee, said: "Science and technology
are an element of our contemporary culture as pervasive and important
as economics or education or labor or environment. ... Science and technology should be fabricated concretely and statutorily into the managerial
structure of our National Government."
Included in the new department would be the National Aeronautics and
Space Administration, the Energy Research and Development Administration, National Science Foundation and such sections of other departments as the National Bureau of Standards, Weather Service and National Oceanic and Atmospheric Administration. In addition the legislation
would create a Government corporation to ensure maximum use of
scientific and technological information generated at public expense.
The bill would also enunciate a national science policy as well as establish a council of Advisers on Science and Technology in the Office of the
President.

Capital Capsules:

Sefa William Proxmire (D-WI), chairman of the Senate'~ appropriation subcommittee on Housing and Urban Development and Space and
Science, believes the $16-billion space-shuttle program may be on the
verge of a financial breakdown. The Senator bases his most recent "overrun" scare on General Accounting Office studies that say NASA's repeated
use of the $10.5-million-per-launch estimate is misleading, since it doesn't
include any research funding or the costs of payloads placed in orbit
by the shuttle.... The Energy Research and Development Administration
is investing $2.6-million with Hughes Research Laboratories to develop
a new type of mercury valve that would be used to convert between alternating and direct current at the terminals of high-voltage de transmis-·
sion lines. A spinoff from the spacecraft ion engine that Hughes developed
for NASA, the new device promises to be smaller and more reliable than
the old mercury-arc devices .... A NASA scientist has found that black
chrome, once used for plating cameras and decorating other objects, is
some 20 per cent more efficient than current coatings for solar collectors.
Black chrome is as solar-selective and much cheaper than the other prime
candidate, black nickel.
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washington
report
ELF submarine network to get home base
Sanguine, the homeless Navy communication system (Wisconsin and
other states have said "thanks, but no thanks") is changing physically,
technically and by name. As Seafarer, the controversial shore-to-submarine communications system will be installed either at Nellis Air Force
Base in Nevada or at the Ft. Bliss (TX)-White Sands (NM) military
complex.
The Dept. of Defense has given the Navy approval to go ahead with
additional design validation work on the new version of the Extremely
Low Frequency (ELF) system, which will be a surface variation of the
Sanguine. Research and development effort will continue on an underground hardened and dispersed system and on an even harder deep underground complex. All three use the same ELF frequency band and receiver
equipment.
Environmental studies to date by the Defense Dept. have indicated no
adverse environmental impact from the strong electromagnetic radiation,
but steady static from ecologists have made the Navy system an unwelcome neighbor wherever it tried to settle.

Breaking the ice via microwaves
Side-looking radar may be the ice b1·eaker that will allow 1:..- ,-,onth
shipping operations on the Great Lakes. Shippers now, more or less, forget the whole thing for three and a half months. "kewaJ:n," a microwave
information system developed by the National Aeronautics and Spa ce
Administration, uses ai1 borne ·ide-looking radar to find ice weak enough
for a ship to break through. In tests last winter, such data were transmitted via a ground station er satellite to the National 0 ·eai.ic and
Atmospheric Administration at Wallops Island, VA, and from there to
the Coast Guard Ice Navigatio•1 Center in Cleveland. In current t estR the
Cleveland station is beaming facsimile maps to the ships by radiotelephone. The system could be operational in the Great Lakes hy next
December, ready for the aimual ;re sea un.

FCC maintains strict stance on rf equipment
The Federal Communications Commission continues to refine its marketing rules and is leaving little doubt about its strict attitude on rf
devices. In response recently to the Electronic Industries Association,
the agency said that the display of a receiver at a trade show constituted
ELECTRONIC DESIGN
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0 Mini-Circuits Lalioratory

High· Level (+11dsm Lo)
Double-Balanced Mixers
•

Frequency range, de to 1000 MHz

•

Two-tone performance: Third order
product 50 dB below desired i-f

•

Conversion compression: 1 dB
at + 10 dBm rf input

•

From $15.95 in five-unit quantities

•

Units from stock, one-week delivery
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SRA·lH. SRA·lWH. SRA· 2H. SRA 3H
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of each type,

OUR NEW ADDRESS IS: 837-843 Utica Avenue,
Brooklyn, NY 11203 (212) 342-2500
Int'/ Telex 620156

AUSTRALIA General El ec tronic Services, 99 Alexander Street . New South Wales, Australia 2065 ; O ENGLAND
Dale Electronics, Dale House . Wharf Road , Frimley Green . Camberley Surrey : [] FRANCE S. C . I.E. - D. I. M. E. S .. 31 Rue George - Sand. 91120
Palaiseau, France; O GERMANY , AUSTRIA, SWITZERLAND lnduslrial Electro nics GMBH, Kluberstrasse 14, 6000 Frankfurt / Ma in, Germany; 0 ISRAEL
Ve c tronics, Ltd .. 69 Gordon Street , Tel-Aviv, Israel ; O JAPAN Densho Ka isha . Ltd .. Eguchi Build i ng , 8-1 1 Chome Hamamats uc ho Minato-ku , Tokyo ;
0 EASTERN CANADA B. D. Hummel, 2224 Maynard Aven ue , Utica. NY 13502 (315) 736-7821; 0 NETHERLANDS Coimex, Veldweg 11, Hattem . Holland

Foreign Sales Representatives: [l

US Distributors:

0

n

NORTHERN CALIFORN IA Ca in-White & Co .. Footh i ll Office Center. 105 Fremont Avenue , L os Alt os. CA 94022 (415) 948-6533;
SOUTHERN CALIFORNIA, ARIZONA Crown El ectronics. 11440 Collins Street, No . Hollywood , CA 91601 (213) 877-3550

For complete U.S. Rep listing and product fine see Microwaves • Product Data Directory
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A regular and constant output
whatever the input

with low cost voltage regulators ex-stock
The L129, L130 and L131 are fixed
voltage regulators in T0-126 plastic
package. Now avalaible from stock,
these devices are suitable for low cost
applications in professional, industrial
and consumer equipment requiring
compact components with low/medium
output current.

Type

Vo
(V)

lo reg. typical
(mA)

1-99
$

99-999
$

1000 up

$

L 129

5

850

1.28

0.85

0.70

L 130

12

720

1.28

0.85

0.70

L 131

15

600

1.28

0.85

0.70

Special features:

-

tight tolerance on the output voltage
load regulation less than 1%
ripple rejection 60 dB typical
internal overload protection
short circuit protection.

SGS-ATES Semiconductor Corporation- Newtonville, Mass. 02160 - 435 Newtonville Avenue - Tel : 617-9691610 - Telex : 922482
Stocking Distributors:
Energy Electronic Products
6060 Manchester Avenue
Loa Angeles, CA 90045
Tel. : (213) 641-9020

KA Electronic Sales
1220 Majesty Drive
Dallas, TX 7524 7
Tel. : (214) 634-7870

Radar Electric Co.
168 Western Avenue W.
Seattle, WA 98119
Tel. : (206) 282-2511

Rosy! Electronics
73 Cleveland Ave.
Bayshore, NY 11706
Tel. : (516) 586-1800

Wilshire Electronics
1 Wilshire Road
Burlington, MASS 01803
Tel. : (617) 272-8200

Prelco Electronics Ltd .
480 Port Royal Street W .
Montreal 357, Quebec
Tel. : (514) 389-8051
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Two video disc systems
to be marketed in 1976
Three large corporations-RCA,
N. V. Philips and MCA Inc.-plan
to begin marketing next year a
long-promised home-entertainment
product-the video disc playback
system.
RCA Corp. recently demonstrated its SelectaVision videodisc system (" RCA Video-Disc

The video disc is inserted in the
Philips-MCA playback unit. The sys tem offers such features as slowdown , freeze frame and reverse .
Entry Gives Hour of Inexpensive
Viewing," ED No. 6, March 15,
1975, p. 19 ). It uses a pickup stylus
t hat detects variations in capacitance between its tip and a
grooved metalli c dielectrically coated vinyl disc.
N . V. Philips of t he Netherlands
and California-based MCA Inc.,
which owns Universal Pictures
and Decca Records, recently displayed their jointly sponsored
Vi deodisc system . In contrast to
the RCA unit, it uses optical techniques-a low-power laser beamboth to record the images on a
master disc and to pick up the
recorded signals on a mass-produced polyvinyl disc and play them
back through a TV set.
Both the RCA and Philips-MCA
playback units are attached to t he
input antenna terminals of any
home TV receiver. They display
both color or black-and-white pictures and sou nd from video discs.
Both discs are 12 in . diam and
can hold 30 minutes of programming on each side.
P hilips-MCA and RCA plan to
sell their Videodisc players for
about $500, with pre-recorded al bums priced at $2 to $10. • •

No Offense
Non-PCB (polychlorinated biphenyl) . . . non-toxic . . . nonpolluting. That's new Sprague ECCOL® A-C Capacitors . . .
developed for today's ecology-conscious world.
Equipment manufacturers using capacitors with polychlorinated biphenyl impregnants are finding that some nations have
prohibited the import of products containing PCB.
ECCOL® capacitors have been designed to meet industry
needs for PCB-free capacitors. They exhibit essentially identical
electrical performance characteristics to those of long-used
askarel capacitors. Their operating life and reliability are also
equivalent. Even the size of ECCOL® Capacitors is similar to
previous designs, except for a slight increase in case height.
Drawn-case ECCOL® Capacitors are available in a wide range
of capacitance val ues from 1 to 55µF, with four voltage ratings
from 300 to 660 VAC.
For complete technical data, write
tor Engineering Bulletin 4550 to:
Technical Literature Service
Sprague Electric Company
347 Marshall Street
North Adams, Mass. 01247

SPRAGUETHE MARK OF RELIABILITY

THE BROAD-UNE PRODUCER OF ELECTRONIC PARTS

i..;;===========;;;.i
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on the control panel signal if the
preset parameters are violated.
Outputs permit the print scanner to control the number of labels
printed and to indicate visually
when the press run is 95 per cent
completed. Print-out terminals for
periodic digital readout of press
quality and production control mformation are available as an
option.
The laser, a helium-neon device

12345

EASY AS 1, 2, 3
1. SET KNOB
2. TIGHTEN
SCREW
3.ADD CAP
The largest selection
accessories for your
nents . Color coded ,
dial plates eliminate
panel marking .

of knobs and
panel compocolor pointed
high cost of

Choose the set-up you require. Color
coded for safety . . . for convenience.
No set screw, yet provides firmer
grip than conventional type knobs.
Send for your Sample Kit of RCL's
unique "Vise Grip" Knobs today!
Call our hotline for prompt
service and delivery.

(201) 374-3311

RCL Electronics .
General Sales Office:

700 So. 21st Street.
Irvington, N. J. 07111

dark areas of the printed material.
The "l's" and "O's" are constantly being monitored while the
computer looks for the UPC pattern. When the light and dark
patches begin to match the pattern, the computer interprets the
digits into decimal numbers. By
knowing how fast the lin e is sca.nning, the computer can measure
line width by clocking the length
of time it takes to scan the middle

67890

The Universal Product
Code is printed in ink on the
outside of each package in a
grocery. The width of each
line represents a code number that can be translated to
information, such as the
item's manufacturer, product
classification, tax category,
brand name and weight.
For the day's price, a central computer is queried. Besides speeding the checkout
process and avoiding errors,
the system gives the grocer
continually updated inventory data.

that emits a bright red light
( 6328 A), is exactly like the one
supermarkets will use to scan a
customer's packages. The laser is
focused on a prism mounted on a
constant speed motor. The motor
repetitively moves the beam across
the moving paper. The scanned
beam appears on the paper as a
solid red line.
As the beam moves from light
to dark areas, the photodetector
emits a voltage that goes from
high to low. The signal processor
and digitizer separate the signal
from background and other interfering light and digitize the signal
into a series of "l's" and "O's,"
which correspond to the light and

Display panel of the Monitor 101

provides a keyboard (right) for enter·
ing numbers into the computer's
memory and selector buttons (lower
left) for displaying desired data.

bar of the UPC symbol.
The keyboard, similar to that on
a calculator or telephone, is used
by the operator to store numbers
in the memory of the computer.
The computer constantly compares
the information it receives from
the head with the corresponding
information in its memory. Memory data are constantly updated.
When the computer senses that
something is wrong in the printing, such as line width, print con trast or the number of rejects, the
appropriate alarm is made.
Reading an entire UPC symbol
takes lei:;s than 0.001 second. The
computer analyzes the "l's" and
"O's" in much less than 1 millionth
of a second.
A 12-digit array displays information selected by the panel
switches in bright 0.3-inch-high
numbers which may be read at 20
feet.
The unit is expected to sell for
$5874 .••
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There are a few other 12-bit D/A converters
around that sell for $39 in 1OO 's, but
it's a real hassle to make them work . For
openers. you usually have to add your
own reference and output amplifiers and
all the associated components These 15
to 19 extra parts could cost you from $15
to over $60. not to mention your assembly
and test time And . you have to use a lot
of PC board real estate for each converter
you use in your system .
Take heart! Our new DACSO Series IC
12-bit D/ A converter is designed to solve
your problems. It has its own built 1n
reference and output amplifiers. and it
takes only three passive components to
decouple the power supply If /OU want to
tnm the offset and gain. you 'll need only
five more. At most. these parts will cost
you about $4 , and your assembly and test

time will be minimal. Not only does our
$39 pnce in 100's match the lowest
around , but DACSO's are more complete.
easier to use. and take up less total space
Hermetically sealed in a compact 24-pin
dual-in-line ceramic package, the DACSO
is laser trimmed to a maximum linearity
error of ±O 012% (±12LSB) over a 0°
to+ 70°C operating temperature range
Its maximum gain dnft 1s ±30 ppm/ °C
and monotonicity is guaranteed over the
full temperature range. The DACSO 1s
offered with a choice of DTL/TTL
compatible complementary 12-bit binary.
or 3-digit BCD input codes Our voltage
output models provide user selec table
ranges of ±2 5. ±5. ±10. 0 to + 5.
and 0 to +10 volts. and the current
output models provide ranges of ± 1mA
or - 2mA . And . for a 10 volt step change.

vol tage models settle to ±0 01%1n just 3
microseconds. while the current models
take only 300 nanoseconds
If you 'd like to take a closer look at the
DACSO, just give us a call We 've got yours
right on the shelf. Burr-Brown .
International Airport Industrial Park .
Tucson . Arizona 85715
Telephone: (602) 294-1431

i1

II 1 i

BURR-BROWN

Our tiny IC
12-Bit DIA Converter
is 539 in 100's, too.
But, ours doesn't need
an external reference
or output amplifier.

The DACBO ...
Another exceptional
DIA converter
from Burr-Brown
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Laser-computer system rejects
defective POS codes at the press
Those little black lines on your
packages at the grocery store are
telling the laser at the cash register what you've bought, and a
point-of-sale computer is filling in
the price. But if those lines are
not printed right-too far apart,
too wide, or too narrow-the
checkout operation grinds to a halt.
And the POS system is supposed
to speed it u-p.
A solution is at hand. A laserbased computer system called
Monitor 101 has been developed
that can analyze Universal Product
Code (UPC ) symbols at tremendous speeds before they get to the
store. It will do it as soon as the
imprinted boxes or labels leave the
press. The system was developed
and built by Metrologic Instruments, Inc., Bellmawr, J, in cooperation with Surescan, Inc.,
Westville, NJ, which will market
it.
"The system simply represents
advanced laser-scanner technology
applied to UPC symbol printing,"
says Metrologic's president, C.
Harry Knowles.
The design consists of three
parts: laser scanner head, detector
head and computer. Each part is
modular, flexible and programmable, which, Knowles says, makes
them adaptable to a variety of
totally different tasks-"such as
case control in warehouses, parts
positioning and carton identification."
The Monitor 101 has been designed not only to identify a good
or bad UPC symbol on each printed
item, but also to record the total
number of packages being printed
for purposes of inventory control.
The scanner also verifies line
resolution and compares the measJohn F. Mason
Associate Editor
34

Focused laser beam sweeps ac ross freshly printed Universal Product Codes
before they've left the prod ucti on line, to see if they are correct and will be
legible to the point-of-sale system that will process them in supermarkets.

ured line width with automatically
computed UPC line-width tolerances. The unit measures ink
density and background "whiteness" and computes the print-contrast ratio.
Even while the press is operating, Monitor 101 is computing the
number of good labels. It then displays the percentage of good labels
based upon the last 1000 packages
run.
The labels are compared with a
reference standard issued to individual manufacturers by the Uniform Product Code Council. In addition the scanner checks each
label for UPC parity coding.
What the hardware is li ke

The print scanner consists of
two electromechanical components: an aluminum-encased scanner, which can be mounted on any
printing press, and its computer
counterpart, which is installed

alongside the press or in a remotecontrol room .
As the printed item leaves the
final-impression cylinder and heads
for the drying section of the press,
a laser beam scans across each
newly printed UPC symbol several
times at 50,000 feet per minute.
In combination with the scanning
laser light, the UPC symbol generates a pattern of reflected light,
which strikes a photomultiplier
tube and is converted into a digital output.
At the same time the scanner's
head measures line-width directly
in thousandths of an inch. Press
operators can monitor this function to adjust their press for cylinder impression and ink quantity.
Pushbutton switches on the Monitor lOl's control panel allow the
setti ng of upper and lower limits
of UPC line-width acceptability.
Encoded lines can be meas ured
directly or as a percentage of the
stan dard number. Indicator lights
ELECTRONIC D ESIGN
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He just completed half
a day's testing before his
morning coffee break.
The secret? His new 3312A
Function Generator - the newgeneration source that's actually
two function generators in one
box. It took the hassle out of his
input-signal set-ups. He simply
pushed a few buttons and had the
functions he needed. No custom
equipment .. . or a kludge of instruments to get a complex waveform.
Because the 3312A has a
main generator that can be triggered by a built-in modulation
generator, it let him select sweep
or gated functions , AM , FM, FSK,
or tone bursts with pushbutton
ease ... plus dozens of other
functions he never thought he
could get. He got better performance too. Like square waves
that didn't become sine waves at
IO MHz. And all for only $900*.
So enjoy your morning coffee
break. But have the satisfaction
of some valuable testing under
your belt first. Your local HP
field engineer can give you all the
details on this new-generation
instrument. He'll also be happy to
tell you about the other members
of our source family. From our
low-cost, general-purpose function
generator to our automatic synthesizers. Give him a call today.
33 11 A Fu nction
G enerator

33208 Frequency
Synthesizer

HEWLETT"' PACKARD
Sales and service from 172 offi ces in 65 countries

• Domesti c USA price onl y.

1501 Page Mill Road Palo Alto. California 94304

,,,,.,
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Need an 'invisible' vhf antenna
in a vehicle? Open the door a bit
How can the police or the military conduct secret vhf communications from a vehicle without advertising the fact by using a whip
antenna?
The answer, according to Dr.
Kurty Ikrath, an Army research
physicist and specialist in antennas that don't look like antennas,
is to leave the rear door of the
vehicle slightly ajar, thus forming a slot antenna.
The biggest problem, Ikrath
points out, is in coupling energy
so the vehicle is an efficient radiator of vhf energy. The use of hybrid electromagnetic antenna couplers (HEMACs) is promising, he
says (see "It's a Tree ... a Pole
. . . a Man; No! a Short-Range
Antenna','' ED No. 26, Dec. 20,
1973, p. 52), but this approach also
has problems.
Tests of HEMACs have been
made on vehicles equipped with
the Army's PRC-25 and VC-12
vhf transceivers. The couplers
proved to have matching problems.
The door-slot antenna, besides
having simplicity of design, has
"relatively good tuning characteristics, Ikrath says. Powered by a
VC-12 transmitter, the antenna
has been tested and found effective
within a seven-mile range. And
the installation of this antenna on
metal trucks appears to be relatively simple.
At medium and high-frequency
bands, a vehicle or a helicopter
can be used as a large radio antenna rather than as a counterpoise for a conventional whip antenna, Ikrath says. This is done
by coupling with HEMACs to produce suitable rf surface current
distribution.
These couplers worked well at
medium and high frequencies because the dimensions of the vehicle weTe small compared with a:
wavelength. However, at vhf fre32

o•
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An invisible vhf antenna is formed

by the partly-open door of this
shelter on a 3 / 4 ton Army truck.

quencies between 30 and 80 MHz
the problem is complicated, because the vehicle dimensions are
close enough to the wavelength to
make placement of nonconventional
antennas critical.
Because of HEMAC coupling
problems in the vhf region, the
door-slot approach was tried, Ikrath explains. The dimensions of
three sides of a metal body on the
rear of a 3/ 4-ton truck were on
the order of one-half the wavelength at 60 MHz, he says.
Initial efforts involved the use
of a 2-to-5-cm slot in the door
frame, in the form of a tapered
gap between the frame and the
slightly opened door. To test this
concept, Ikrath reports, two holes
were drilled at the center of the
vertical edge of the open door and
the door jamb, and terminals were
implanted.
Impedance measurements made
from outside the truck with the
tailgate down revealed a reso-

The directivity of vehicle door-slot
antennas varies with surroundings.

Patterns are from two locations.

nance at 44 MHz with an impedance of 400 n. Because of the relatively high impedance-50 n was
desirable--two additional terminal
holes were drilled some 37 cm
above the center terminal. A tuned
circuit laced across these upper
terminals aided in optimum
matching, while the signal was fed
into the two center terminals. A
third set of terminals, 37 cm below the center, were tuned to provide best performance.
The experiments with this setup
resulted in discovery that the signal strength improved appreciably
when the tailgate of the truck was
raised. In a voice communications
test the door-slot antenna of the
truck was fed with the output of
a VRC-12 transmitter, with low
power of 2 to 3 Wand high power
of 25 to 30 W at 49.9 MHz.
Communication with a local receiving station that had a vhf antenna on the roof was effective for
seven miles, Ikrath notes. • •
ELECTRONIC DESIGN
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Small $10 magnetometer reported
a rival of bulky kilo-buck units
An alkali-vapor magnetometer,
pocket-sized and costing about $10,
is reported to be as sensitive as
bulky vapor units costing thousands of dollars in locating oil
fields, mineral deposits and archeological treasures.
Developed by researchers at the
Columbia University Radiation
Laboratory, the new magnetometer
operates on a variation of the principle used in costly alkali-vapoi:
magnetometers that respond to a:
magnetic field by measuring the
rotation of atomic particles. Whereas previous designs have used lowdensity metal vapors to provide a
readily measurable indication, the
Columbia model uses vapor under
high pressure--a feat heretofore
thought impossible.
Prof. William Happer, inventor
of the device, explains that the
magnetically induced rotation of
atoms in vapor magnetometers is
measured when 1 ight is passed
from a laser or vapor lamp
through a cell containing that
same vapor under low pressure.
.T he vapor cell is excited with rf
on the order of 122 kHz per gauss.
Absorption of light takes place
in the cell at a frequency that is
dependent on both the strength of
the magnetic field and the frequency of the applied rf field. This
decrease in light output is measured
by photomultiplier tubes in conventional equipment and by a silicon
photosensor in Professor Rapper's
design.

In previous experiments with
low-pressure vapor cells, an increase in the pressure of an order
of magnitude or so has increased
random electron collisions and created system noise that masked the
measurement.
But Happer discovered that by
increasing cell pressure from about
10· 6 Torr to 10 Torr-an increase
of 1011-the atomic collisions tend

Components of the mini-magnetometer, held by the inventor, are compared with present bulky units.

MAGNETIC

to average out, and a sharp resonance point proportional to the external magnetic field reappears.
Using a tiny, capillary tube filled
with cesium under the high pressure, as well as a gallium-arsenide
laser for the optical source and a
silicon photocell for the output,
Happer miniaturized the system.
The critical element can be contained in a package the size of
a ballpoint pen. A transistor oscillator provides the rf energy.
The development, funded by
grants from the military's Joint
Services Electronics Program and
the Air Force Office of Scientific
Research is still in the laboratory
stage. But Happer says that his
magnetometer has been demonstrated feasible in the laboratory.
"We have successfully pumped
very small samples with cw gallium-arsenide lasers," he reports.
:" Eventually we hope to have a
device which consists of a galliumarsenide pumping laser and a capillary absorption cell. This combination should be very cheap and
should lend itself to mass production." ••

RF COIL

FIELD

Fields measured to .01 gamma

Present costly vapor magnetometers, used for aerial surveys,
measure fields down to 0.01 gamma. (The earth's field ranges from
25 to 70,000 gamma. ) Happer predicts that his magnetomet~r will
be as sensitive.
30

A tiny cell with high-pressure cesium vapor is the key component of the
alkali-vapor miniature magnetometer. Optical absorption by the cell is pro·
duced by a magnetic field and rf excitation.
ELECTRONIC DESIGN
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Noise at the front-end of an otherwise tight low frequency design is
terribly frustrating. And we don't blame you for sounding off if you want
to specify for lower noise and can't come up with an FET to
suit your purpose.
Crystalonics new 2N6550 is a silicon, N-Channel, junction FET
designed for low frequency amplifier applications, with an
ultra low noise figure of 2n VI \/Hz at 1 KHz. You wo11,'t find one
quieter! This device is designed to produce the cleanest signal
possible at the front-end, for pure follow-through and ultimate
si9.nal clarity, so critical to military field communications. It's as
silent as current technology allows, and with Crystalonics'
2N6550, you'll note a marked improvement in your prototype.
Crystalonics has been in the business of helping to solve
designers' problems for over a decade. While other companies
have abandoned military applications and opted for the
production of commercial standards, we've stuck by our trade: high
quality, innovative production with the designer in mind. Direct
communication between the designer and our applications
engineers is our mark.
We're at your elbow to ease your design.
Send for our new condensed catalog of Junction FETs, Fotofets, and
Low Level Bipolars, including the 2N6550 at $15, 1-99; $10, 100-999.
Samples on request. Or for
immediate design assistance,
give us a call. Ask for Jack
Senoski, Art Pauk or Richard
Antalik, of our applications
engineering squad.
Crystalonics. We listen.

NEWS
(continued from p. 26)

the power supply consists of three
silver-zinc batteries.
A frequency band of 450 to 500
MHz is being used for the alarm
transmissions. An 8-digit (32-bit)
BCD code is transmitted 15 times
in 1 s. Then there is a 30-s delay
and the code is retransmitted 15
more times. About 1/ 100 mW of
power is transmitted.
The bandwidth of the FM transmission is about 1 MHz, and the
estimated range is about 50 ft.
The batteries should last at least
a year. All timing and coding circuitry is on a hybrid ceramic substrate.
In the receiver, a small processor
makes a majority decision on the
identity of the code, to eliminate

errors caused by noise or RFI.
Then a location code is added.
The result is transmitted on
electric power lines on a 350-kHz
carrier to the central dispatcher.
The central dispatcher, a microcomputer, then analyzes the received data, searches its data banks
for related information about the
victim, decides on the action and
notifies the correct agency over a
dedicated communication link.
Some problems

"We don't yet have enough information about the effects of the
human body on antennas that are
worn close to the skin," Shollenberger notes. "In the current system the capacitance of the body
causes about a 10-MHz frequency
shift. We also have a 2-s delay

built in after the button is pushed,
to allow the hand to be moved
away from the antenna."
Another problem is variab le
range, affected by such local conditions as tall buildings and vehicular traffic.
Other problems center on locating a signal in a high-rise apartment complex, preventing misuse
by children and guarding against
criminal use of the alarm as a
decoy. In addition the best method
has not yet been selected for diff eren ti a ting between different
types of emergencies.
The Federal agency is looking
to private industry to help in developing the system. Shollenberger
says: "We are interested in helping private, profit-making organizations get involved in this concept." ••

Satellite altimeter to measure
wave heights to 10% accuracy
When NASA launches Seasat in
1978, the satellite is to be capable
of measuring wave height in the
oceans to an accuracy of ± 10%. In
addition it will measure mean sea
level and ocean radar backscatter
coefficients (the variances in radar
waves reflected back from the
ocean) . A radar altimeter linked
to a minicomputer will make it
possible to get such accuracy.
The prototype of the altimeter is
undergoing system tests. It is designed to fly on a C-54 test aircraft, and the initial accuracy goal
is modest: wave-height accuracy
of only ±25 % .
Developed by Hughes Aircraft
Co. in Fullerton, CA, the altimeter
uses a chirp-pulse technique. According to Richard Sidlo, program
manager at Hughes: "We transmit a 3-µs pulse containing a
chirped signal centered on 13.9
GHz . The chirped signal varies in
frequency over a 360-MHz band."
The pulse hits the ocean surface
and bounces back to the altimeter.
Waves stretch the time duration
of the return pulse. The pulsestretching must be measured ac28

curately to determine wave height.
This is done by correlating the position of the frequencies in the return pulse with those in the transmitted pulse.
When the pulse is received at
the altimeter, it goes through a
triple conversion mixer with an
output of 1.08 GHz. At this point,
it is compared with a sample of
the transmitted pulse that has also
been converted to the 1.08-GHz
range. The output of this correlator
is a square pulse in time containing a signal that is the beat frequency correlation of the two
chirped signals.
On to the range bin

Sidlo explains that this pulse of
rf goes to a continuous filter bank,
which contains 24 filters, each of
330-kHz bandwidth. These are the
range-bin filters. Each corresponds
to a discrete step of altitude. To
keep track of this pulse of rf with
a minicomputer, an additional pair
of filters are used. They are known
as early-gate and late-gate filters.
The early-gate filter tracks the

leading edge of the pulse, and the
late-gate filter serves as a reference toward the rear of the pulse.
The early-gate filter is tuned by
the minicomputer to the halfpower point of the leading edge
of the pulse.
A 12-bit analog-to-digital converter takes the outputs of the
early-gate, late-gate and range-bin
filters and sends the digital outputs to a multiplexer. The multiplexed signals go directly to the
minicomputer.
The minicomputer is programmed to tune and adjust the tracking filters and to do real-time
analysis of such information as
wave height and ocean backscatter.
In addition, on the C-54, it will
control the real-time display of
these parameters.
Only a small horn antenna is
needed on the C-54, while a 1-m
reflector will be needed on the
satellite. Peak power of the breadboard prototype is 1 W. On the
satellite, 2400 W will be transmitted.
The antenna beamwidth will be
1.5 ° on the sateIii te. • •
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I've got D.R~
AND YOU CAN GET IT TOO! ...
in connectors with
dielectric retention from Bendix
D.R. GIVES YOU
• rear release crimp contacts-minimizes potential
interfacial seal and contact damage during
contact removal
• increased dielectric separation between contacts
•greater reliability plus weight savings-fewer
components per connector
• hard-faced chamfered socket inserts assuring
positive mating pin alignment
•improved temperature-life capability at 200°C
• optimum fuel and fluid resisting capabilities
*dielectric retention (re- ten 'shun). n: an innovative method of
retaining removable contacts in an electrical connector,
incorporating a single dielectric wafer rather than individual
metal contact re ten tion clips

D.R. CONNECTOR DESIGNS
• are offered in MIL-C-26482, 38999 and 83723
types
• utilize common application tooling
• intermate and intermount with existing series
•are tooled in over 30 arrangements
GETTING D.R. IS EASY.
Just contact The Bendix Corporation, Electrical
Components Division, Sidney, New York 13838,
your nearest Bendix sales office or authorized
Bendix distributor.
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(news)
U.S. seeking a wrist transmitter
for citizen use in emergencies
development phase will teH us what
the alternatives are for getting
rid of them. We have already
found, for example, that we will
need a stable crystal osci llator, instead of the basic Colpitts oscillator that we are now using."

A wrist-mounted alarm for use
by citizens is being investigated
by the Law Enforcement Ass,i stance Administration in Washington, DC.
If you were the victim of a
crime, a push on the button of the
alarm would summon the. police.
If your emergency were medical, it
cou ld call the first aid squad. Or
if your house was on fire, it cou ld
bring the fire company to the
scene.
"We are in the earliest stages of
system concept and prototype development,'' says George Shollenberger, manager of development at
the Law Enforcement Assistance
Administration. Hardware is being built to test t he concept and to
see what the most serious problems are.
"We know that there will be
many bugs in the system,'' Shollenberger concedes. "The current

Citizen alarm's actuator is this wristmounted transmitter. The printedcircuit loop-antenna transmits a
coded signal to a grid of receivers.
The receivers locate the signal and
relate the code to a central dispatcher. Finally the proper help is
dispatched to the scene of the
emergency.

David N. Kaye
Senior Western Editor

The system engineering is being done by Aerospace Corp., E l
Segundo, CA, and the prototype
hardware is being built by CompuGuard, Pittsburgh.

Location a problem
The problem most open for alternate approaches is how to pinpoint
the victim's location. An approach
under consideration now is that of
a grid system of receivers. When
the alarm button is pushed, a
coded signal is transmitted. The
receiver or receivers that pick up
the signal on a grid would locate
the alarm to within the spacing
of the receivers. Thus, if the receivers were spaced every hundred
feet and the range of the transmitter was 50 ft, location of the
alarm would be to within 50 ft of
the receiver detecting the signal.
If more than one receiver picked
it up, the location could be more
closely determined by triangulation.

How it works
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contains most of its circuitry on a ceramic hybrid
code is programmed into the code register. The
code 15 times in 1 s and then delays 30 s before
more times. The signal is sent on a 450-to-500-

There are three parts to the
system, as now conceived: the
alarm actuator, the receiver and
the central dispatcher.
The actuator sends a coded signal to the receiver. The receiver
adds a location code and sends the
signal on to the central dispatcher.
Finally the nature of the emergency is determined and the proper
emergency service is dispatched.
The alarm actuator is mounted
in a wristwatch case. It contains
an oscillator, an antenna, a power
supply and some timing and coding circuitry. The antenna is a
1-1/ 4-in. loop. Timing and coding
circuitry is standard CMOS, and
(continued on p . 28 ),
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WHEN YOU HAVE

Elect onic Design's

GOLD BOOK
YOU DON'T NEED ANY OTHER
INDUSTRY DIRECTORY
In just a few months, the first issue of Electronic Design's GOLD BOOK has become the leader among all directories
used in this industry. Engineers have responded enthusiastically throughout the U.S. and from all over the world especially in Europe where they've never seen anything like it before. The GOLD BOOK has become number one
almost overnight.
HERE' S HOW YOUR FELLOW ENGINEERS RATE THE INDUSTRY ANNUALS
Annuals
Consulted
Within Past
Month
85%

Electronic Design 's GOLD BOOK

Annuals
Preferred

60%
42%

63%
32%
16%
2%

Electronic Engineer Master (EEM)
Electronic Buyer's Guide (EBG)
Thomas Register
Conover-Mast Purchasing Directory

8%
7%

1%

SOURCE : Study by Dr. Eugene D. Jaffe. Associate Professor of Marketing . St. John ' s University, Nov. 1974. Base : respondents
using directories. Totals exceed 100°/o due to multiple mentions

The GOLD BOOK has revolutionized directory use patterns in this industry. Here's why : The GOLD BOOK is
by far the largest, most complete one-step e!ectronics purchasing and reference tool ever produced . And it's far
easier to use. Look at these comparisons:
COMPARISON OF ELECTRONICS INDUSTRY DIRECTORIES
(1974-75 editions)
EBG
ELECTRONICS
BUYERS' GUIDE

EEM
ELECTRONIC
ENGINEERS
MASTER

5,800
4,267
2,479
1,788

3 ,1 65
3,235
2,250
985

ELECTRONIC DESIGN'S
GOLD BOOK
7,528
4,799
2,925
1,874

0

1,720

5,780

0

1,720

5,780

No

No

Yes

No
No
No

No
Partial '
No

Yes
Yes
Yes

Number of manufacturers listed
Total number of produ cts listed
Number of direct produ cts listed
Number of cross-reference products listed
Number of distributors listed in
Distributors Directory - Alphabetic
Number of distrib utors listed in
Distrib utors Di rectory - Geographic
Is complete mailing address given each time
a company is listed in product directol}'_?
Is telephone number given for each com pany
listed in product directol}'_?
Are distributors listed for each manufacturer?
Does manufacturers listing include FSCM numbers?
Does manufacturers listi ng include facsimile
equipment by make and call number?
Total Circulation . . . . . . . . . . . . . . . . . . . . . . . .
Overseas Circulation'
. . .. . . . . . . . . . ... .
Number of ad pages . . . . . . . . . . . . . . . . . . ..
1 Paid listings only
2 Includes Canada

'Standard Rate & Data ; Oct
'Includes fractionals

No

No

30.017'
1,339'
590'

89 ,169'
O'
2,752

Yes
Over 90,000
13,200
2,820

24 . 1974

MOST THOROUGH, MOST COMPLETE, EASIEST-TO-USE
ELECTRONICS INDUSTRY DIRECTORY IN THE WORLD

IT'S CLEARLY THE CHOICE OF
ELECTRONICS ENGINEERS - WORLDWIDE

TIS new 3rd generation 4K RAMs.
200ns speeds in 18-pin packages.
And availability is now-!
Texas Instruments brings you
third generation 4K MOS RAMs:
TMS4050-2 (200ns), TMS4050-1
(250ns) and TMS4050 (300ns). These
compact 18-pin 4K RAMs offer even
better board packing density than
their 22-pin counterparts, as much
as 70 to 100% .
Volume availability is now. The
TMS4050s are in full production.
They utilize the same single-transistor cell design and reliable N-channel silicon gate process as Tl's
popular TMS4030 4K RAM. This
helps insure on-time delivery.
The TMS4050s have been made
easy to use. All inputs, except clock,
are compatible with Series 74 TTL,

ACCESS TIME
MAX

100-999
PRICE

TMS4050NL
TMS4050-1 NL
TMS4050-2NL

300ns
250ns
200ns

$19 .64
$21 .64
$24 .62

TMS4050JL
TMS4050-1 JL
TMS4050-2JL

300ns
250ns
200ns

$22.78
$25.07
$28 .56

while power dissipation is kept low
(420mW operating, 0.1 mW standby,
typically). A full 12-line address and
single hi-level clock minimize system timing headaches. Plus, data
input and output are multiplexed
to provide a simple memory bus
interface.

Compare prices (see insert). You can
see that Tl's TMS4050s offer the
best performance at the lowest
price. And why shouldn't they? TI
has more experience in building 4K
RAMs. Plus , volume production
experience means lower cost-to-you
-and higher PC board density.
The TMS4050-2, TMS4050-1, and
TMS4050 are available through
Tl's authorized distributors in
18-pin plastic (NL) or ceramic (JL)
packages. For data sheet, write
Texas Instruments at
~
0
P.O. Box 5012 , M/S
UI
308, Dallas , Texas
75222.

TEXAS INSTRUMENTS
© 1975 Texas Instruments Incorporated

INCORPORATED

83070

All 10·1lll~11 DOis
look alikE

ill lllE da1~k.
to replace panel-mounted 10-turn
pots.
Because Thumbpot is really a
switch , it affords some other advantages. It is available in two sizes, with
1, 2, 3 or 4-digit readout, with or without a fi xed or floating decimal point,
in more than 400 standard versions.
And its design is inherently more reliable and longer-lived than that of
10-turn pots.
There's much more to Thumbpot
than we can cover here, however, so
we urge you to request our brochure,
by mail or telephone.
Thumbpot. No look-alike.

I n the dark they're all unreadable.
And if you're more than three feet
away, you can't even read them in the
light.
Ergo our new Thumbpot. It can be
i l luminated to read in the dark
(above), and the numbers are large
enough to read 10 feet away.
In addition you can set in those
numbers rapidly with finger or
thumb. And you can reset any number right on the button, exactly.
The reason for these superior features is that Thumbpot is not a pot. It
is an incremental voltage divider. A
switch . A switch specifically designed

........

Also ava ilabl e from

Qy

Hall -M ark

NA

G. S. Ma rshall

s

Schweber

EECD

FOR SWITCHES

1441 East Ch es tnut Ave nue, Sa nta An a, Cali fo rnia 92701
Ph o ne 714/835-6000
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SOLID
PLUS
CMOS
An Investment In Reliability That Pays Off Big
1or-~~~~~~...-~~~~~~--.-~~~~~~--.

System

SCL 4XXXAC Failure Rate Data

Failure
Rate•

Probability of Long-Term System Reliability

Reliability •

I

I

%

• eased on 986,000 device hrs .

Dynamic Operating Life , Vm1;;;:.rnV

I

99.9

100

99.0

With Cerdip
SOLID PLUS

%

TA; 12s 0 c

90
80

70
60

50
40

30
• 1oot-An, where .\ =failure rate @ 55°C/ 1000 hrs.,
n = no. IC 's per system

20

OR , the percent probability of the system still
operating at 1000 hrs .@ 55 °C

10

10'

10'

10·

10'

10

1000

100
No. of IC 's Per System

Time, hrs . on test at 125°C

As shown in the Failure Rate curve, mortality of CMOS IC's is
greatest in the first 100 hours of service. That's the stage of
life where failures cost you most, for reworking during system
burn-in, and for field failures within warranty.

ing inspection, eliminate your own burn-in program, and
shorten system burn-in time.
Our second curve shows the kind of long-term system reliability you can expect when you choose SOLID PLUS CMOS
over ordinary commercial-grade plastic. For users with moderate to large systems, your choice of the right kind of CMOS
IC's should be obvious.

Our new SOLID PLUS program can drastically reduce your
maintenance costs, by supplying you with Cerdip Plus devices
that have been factory screened and burned-in through accelerated environmental testing. Potential infant mortality
failures have been practically eliminated.

SOLID PLUS is available on all our 4000, 4400 and 4500 series
products, at prices just a few cents above conventional
Cerdip CMOS. Write or call for our new brochure and for
quotations on specific devices. It's a bargain in reliability that
pays great dividends.

If you're now using conventional Cerdip, your total costs for
devices and maintenance can be reduced by about 15% . If
you're buying plastic, your total costs can be cut by more than
50% . And you may be able to reduce or even eliminate incom-

Here's what you get with SOLID PLUS:
CERAMIC

HERMETIC
CEROIP
PACKAGE

r-

VISUAL
INSPECTION
PER
Mil 883/ B

PRE-CAP

r-

VISUAL
PER
MIL863/ B

24-HOUR

1--

200 °c
STABILI ZATION
BAKE

I-

10TEMP
CYCLES
- 65 ° lo
+ 150 ° C

I-

100"!
FUNCTIONAL
TEST

H

1ooi.
PARAMETRIC
TEST

168 HR

1--

12s 0 c
BURN ·IN

100'!,

1-1

FINAL
TEST

r-

SHIP TO

0.15
AOL
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Dpti-ranging...~
amonsanto
exclusive!

Select the Counter or Counter/Timer that provides the
8500 Series - 4 models, Universal
functions you need and get AGC and Monsanto's
Counter/Timers 50 MHz through 1 GHz
exclusive Opti-ranging for optimum display resolution .
AGC prevents erroneous measurements at marginal
input amplitudes. Opti-ranging allows the selection of
resolution, prevents gate change interruption of display
and retains the unit value of any one decade. In contrast
to autoranging, Monsanto's unique Opti-ranging offers
all the advantages of automatic and manual operation
without the inherant disadvantages of both. Contact
your nearest Representative or write for full specifica8700 Series - 3 models,
tions and prices.
Frequency Counters 150 MHz through 1 GHz
Prices start at

$625.

9 Full Digits,
standard on all models.

UNITED SYSTEMS CORPORATION
- - - - - - - - - - - - - - - - - a subStd•••v of

Monsant 0

918 Woodley Road , Dayton, Oh•O 45403 , Ph: (513) 254-6251 • TWX: (810) 459-1728

INFORMATION ONLY 141

LOOKING FOR
A
DISTRIBUTOR
NEAR YOU?
Electronic Design's GOLD
BOOK lists 5, 700 distributors
with access both alphabetic,
by distributor name, and geographic by location.

When you need
information ...

DEMONSTRATION ONLY 142

ABSOLUTELY
the world's most
. acc.urate rulings
using vacuum deposit
chrome, etch and fill
or emulsion processes.
They're produced on
the worlds largest 1
micro inch numerically
controlled ruling engine
with interferometric
feedback controls. Need
precision scales, grids,
slits, reticles, Ronchis
numbers, letters, circles,
dots, or nickel mesh? We
stock many items for
immediate delivery. Send
for brochure No. 38-36.

-Ol

--Ill

Electronic Design 's
GOLD BOOK
IS THE PLACE
TO LOOK
INFORMATION RETRIEVAL NUMBER 62
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CHALLENGES TO THE ENGINEER WHO MANAGES

How to make R&D pay off. Use someone
else's money, make the researcher responsible for new-business
success, and form product boards to speed up decision-making.
Research and development, like love, is something everybody favors. But not everybody kno·w s
quite what to do about it. It's one thing for a
company to devote an "adequate" portion of its
revenue to R&D, but how effectively the company employs its R&D funds is another matter
entirely.
Too often it's like seeding a lawn. We throw
some seed at the earth and hope that it comes
up as grass. We tend to assume that if we throw
enough ·s eed at the earth, we will get something
that looks like a lawn. When seed is cheap, that
may not be a bad way to grow a lawn. But R&D
is not cheap. It costs a great deal of money to
employ good researchers and development engineers.
Though there's never a guarantee that your
research will bear fruit, you can dramatically
improve the odds if you keep corporate policy
concerning it flexible.
Much depends on R&D in our business. Plessey
is an international billion-dollar company, acknowledged as a world leaider in communications
and electronics. We apply high-technology to all
forms of information handling. Our current expenditure for R&D is $96 million per yearand it is increasing steadily. But we watch the
return on our R&D investment. At 10 per cent
of sales, this represents a substantial investment
and immrance for the future growth of Plessey.
How does a company like Plessey make R&D
pay off? First-let's see how other companies
handle R&D.
Research and development labs in most companies are funded by corporate management.
The lab manager often arbitrarily decides which
· of several projects he'd like his staff to work on.
If his research later suggests that a project may
have commercial possibilities, the project at some
stage or another is turned over to another group
for commercial exploitation. Usually, however,
the main benefit derived from research is that it

Sir John Clark, Chairman, The Plessey Company Limited,
London.
72

allows someone to present a paper to some
learned society. That's not much of a payoff.
A policy of persuasion

At Plessey, we decided that all of our research
and development lab managers must persuade
someone to give them money before a project is
started. Put simply-we want our researchers
to sell their efforts. They have to pull themselves
away from the blue sky and sell their concepts
to potential customers. They have four sources
of funds. They can :
• Persuaide the Government to sponsor a
project. Come up with a new idea for handling
mail, for example, and . get the Government to
pay for the R&D on it.
• Persuade one of the "businesses" in the
company to fund them-businesses like semiconductors, capacitors, memodes, hydraulics and
telecommunications. They might offer, for example, the possibility of a new component, or a
new technique for making something better or
cheaper, or new technology that might boost the
performance of olider products.
• Conduct research that's not covered by an
ex1sting business. In that case, they'll have to
persuade the 12 people who aidminister the corporate fund. Perhaps they'll create a product that
nooessitates the creation of a whole new division.
• Dip into a small fund that's available for
"crazy ideas." We try to guard against the immediate rejection of wild whims. In fact we want
to encourage them to some extent. So each lab
has some "crazy money" for offbeat projects.
It's not a great deal of money, but it's enough
to enable somebody to fool around with something for a few months. If the idea. doesn't work
out, it can be dropped without embarrassment.
But if it does show promise, the lab manager
can then try to persuade one of the three customers I've mentioned to sponsor it. But then
he'll have some evidence to support his hunches.
Probably the most vexing aspect of R&D is
that you have to nurse it for a long time before
it p·a ys off. If you send a brand new baby prodELECTRONIC DESIGN
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Sir John Clark of The Plessey Company Limited

Sir John Clark is Chairman and Chief Executive of The Plessey Company Limited. He was
knighted in 1971 for export services. Of special
interest to American readers is that Sir John,
whose father was an American citizen before
becoming a naturalized British subject in 1927,
is a member of the Sons of the Revolution. The
aims of this society include perpetuation of the
memory of men who "in military, naval or civil
service, by their acts or council, achieved American Independence."
Sir John, who is 49, was previously Deputy
Chairman and Managing Director of Plessey
until appointed Chairman in November, 1970 in
succession to Lord Harding. He is President
of the Telecommunication Engineering and
Manufacturing Association, an office he also
held in 1965-66.
And he is one of two Plessey representatives
on the Board of International Computers ( Holdings) Limited, the British computer company
formed jointly by ICT, English Electric Computers, Plessey and the then Ministry of Technology in 1968. ICL is the largest company outside the USA specializing in. commercial and
scientific computers.
Sir John is Vice President of the Engineer-

uct out into the cold, cruel world, it may not survive. That's often the result of corporate inflexibility.
Too often, we keep our engineers in boxes. We
have an engineer, call him Charl.ie, involved in
research, and he stays in the lab and never
leaves. Many times it haippens that Charlie deELECTRONIC DESIGN
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ing Employers' Federation, Fellow of the Institute of Management, Companion of the Institution of Electrical Engineers, Vice President of
the Institution of Works Managers and a member of the National Defence Industries Council.
Educated at Harrow and Cambridge, Sir John
saw service with the Royal Naval Volunteer
Reserves during WW II. After demobilization
he received his early industrial training with
Metropoli.tan Vickers and the Ford Motor Company and then spent over a year in the USA
studying the Amei·ican electronics industry.
In 1962 Sir John was appointed Managing
Director of Plessey, which by then included
Garrard Engineering Limited and two telephone
companies-Automatic Telephone and Electric
Company Limited and Ericsson Telephone
Limited.
In April, 1973, he was invested with the Order
of Henry the Navigator (Infante de Henrique )
by the President of Portugal.
His principal recreations are shooting and
golf. He's a qualified helicopter pilot and often
flies himself on business.

velops this product, and somebody decides that
Division X would be best equipped to manufacture and sell the product. So Charlie, back at
the lab, says goodbye to his "baby" and Harry
at Division X i's given responsJbility for the new
product.
Well, Harry had been pretty busy on his own
73

project and he wasn't overly fond of this new
thing anyway, so he's going to spend most of his
effort on the products he knows better. And if
something goes wrong with the new P'r oduct,
well, heck, he knew all along it wasn't that good.
He could have told the brass in the first place
that it didn't have much future.
But if Charlie were there, he might recognize
that a minor change could fix the product. "Oh,"
he might say, "you like 5-volts output instead of
12-volts output? No sweat. That's easy." Charlie
has an emotional stake in the product. He wants
to make it work. He wants to make it succeedj ust ais all of us w;ant our babies to grow up
strong and healthy.
So we decided to let Charlie stay with his
"baby," ·instead of sending it to a division as an
orphan. When his product is sufficiently mature
to be taken to the marketplace, we let Charlie
do it. He controls his own purchasing, his own
production, hiis own marketing, sales and distribution. He leaves the lab to run this new business.
Sometimes he comes baick to the lab after his
business fails to make money. He returns sadder
and wiser, and this helps prevent the growth of
intellectual arrogance in the lab.
And sometimes he comes back to the lab after
several years of success with a new business because he ha:s the creative itch again. He wants to
develop something new.
But sometimes he .s tays out there with hi.s new
business and the business flourishes. In the case
of one product that came out of the lab-with its
"father"-we're now doing about $4 million a
year and ·e njoying a 60 % annual growth.
In most cases, the ·challenge in handling these
new products as separate financial units is in
knowing how long to keep them as parts of a new
business and when to assimilate them into an
exiis ting division-if at all.
Notice that we have people flowing out ·of the
R&D labs (and sometimes baick into it). This
movement is good because it pumps new blood
into projects. It creates vacancies for new people,
about 80 % of whom are recent college graduates.
We really don't want the R&D lab to expand. If
we didn't contain its sire, ideas would grow stagnant and people would not produce enough good
products to justify the lab's existence. The average age for the R&D engineer i1s about 32. Most
of them peak, creatively, at about 30.
Boards help 'spring' new products

Now there's another aspect of managing R&D,
especially in a large corporation. How do you
make sure it's flowing smoothly? And how do
14

you make sure that diff·e rent groups are not
duplicating each other?
We found the solution in "product boards,"
organizations designed s•pecifically to deal with
product development. The product boards are
charged, among other things, with learning
rubout and nursing promising new products. They
are specifically prohibited from worrying about
day-t~day management problems. They don't
worry about last month's bookings or snags in
the production line. They ·push for tomorrow's
p·r oducts.
In essence the role of the product boards is
to bring top management into the labs so that
top-management decisions can be made quickly.
Four years ago we looked at our management
organization and found that, likei many other
large companies, we haid too much weight in staff
positions relative to line positions. We had an
overconcentration of management in the center,
rather than in the wings, to the detriment of
efficiency on the line, where the money is made.
At headquarters, there's too much of a tendency
for people to spin their wheels and play politics.
On the other side of this coin, we found that,
back at the labs, people can't get decisions
quickly enough from top management. So we decided to bring top management to these people
by means of product boards.
We have 10 of these boards, each containing six
to 10 individuals. Each board includes Plessey's
Managing Director and Director of Finance. In
addition, each has a division's man:uf.acturing
director and several engineers selected from that
division.
Since several people on each board travel from
division to divi,s ion, boards can quickly spot
duplication of effort and possibilities for synergism. They might find , for example, that two
divisions in different parts of the world are
working on identical research. They might then
decide to redirect one project or, perhaps, to
allow both to continue. Or they might find that
one group, say, semiconductors, is developing a
product that can prove extremely valuable to
another, say, communi·c ations.
The real key to making R&D pay off is to make
Charlie, the developer of a product, also responsible for it. Give him an emotional stake.
That means getting him to persuade someone
else to sponsor the product, and getting him to
nurse the product along personally by controlling
its business.
And when you have a number of Charlies involved, make sure you don't rob them of the
authority it takes to do their job. Bring Mohammed to the mountain. Make quick top-management decisions available in the labs. . ,.
ELECTRONIC DESIGN
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Now from

International Rectifier.
"Extra Margin"
Fast Switcli1ng
Power Transistors.
If you're chopping line voltages at 20 KHz or inverting
and stepping down at high frequency, you should consider
IR's two new families of fast switching, glass passivated
power transistors . They can mean better reliability and lower
cost in line operated power supplies.
Fast Switching Speed-Cooler Operation ... the oscillograph shows
typical fall times in the sub-microsecond range. Gives extremely low
switching losses for cooler operation
and higher reliability.
Lower Leakage - High Temperature
Stability ... with ICEO in the microamp range, IR devices are about
one-tenth the accepted leakage
rates of others. Provides the higher
stability important for high performance at elevated temperatures .

IR

Part No.

vcm(sus) le Peak
(Max V)

(A)

Glass Passivation - Long Term Reliability . . . high reliability
and long term stability is achieved by hard glass passivation.
Also , if you 're using chips to make your own circuits, IR 's
glass passivation gives you the most stable, easy to assemble
chips you can start with , making
your yields higher.

(min/ max)

I~)

VCE (sat)
(Maa V)

@
lc(A)

(W)

(µs)

hfE

Pd

1, 111

2N6306

150

16

15/ 75

3.0

0.8

3.0

125

.6/.4

2N6307

300

16

· 15175

3.0

LO

3.0

125

.6/.4

2N6308

350

16

12/60

3.0

l.5

3.0

125

.6/. 4

2N6542

300

10

7/ 35

3.0

l.0

3.0

100

.7/.8

2N6543

400

10

7/35

3.0

l.0

3.0

100

.7/.8

1N6544

300

16

7/35

5.0

l.5

5.0

125

l/ l

2N6545

400

16

7/35

5.0

l.5

5.0

125

l/ l

High Second Breakdown - High
Reliability ... adds to our broad
safe-operating area for an extra
margin of safety.

If you are paralleling devices, the
tight gain, switching time and saturation voltage control of these transisters make the job easier. And
through 100% testing of key parameters we can provide even closer
matching if necessary.
JEDEC types listed are immediately
available , so contact your local IR
salesman , rep or distributor today
for samples . Also, ask for data on
I R's other series of high gain/high
voltage power transistors and power
Darlingtons.
International Rectifier, 233 Kansas
Street, El Segundo, California 90245.
(213) 678-8261.

INTERNATIONAL RECTIFIER
the innovative power people
SEMICON DU CTOR DIVISION . 233 KANSAS STREET . EL SEGU NDO . CA LIFORNIA 90245 . PH ONE (2 13) 678 -6281
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(ideas for design

Squaring circuit generates second harmonic
for controlled-distortion test signal
A 5558 dual op amp amplifies and sums the
original input with the selected level of secondharmonic distortion. The Z offset control is adjusted so the signal at the output of A , is symmetrical with respect to ground. Finally
attenuator K adjusts the relative amount of
second-harmonic to fundamental to determine
the percentage of harmonic distortion at the output of A2.

To introduce controlled second-harmonic distortion into a test signal, use a four-quadrant
linear multiplier to square the input test signal
and produce a doubled frequency term. The de
component also produced is balanced out with
output-offset control Z after the ·s econd-harmonic
frequency is adjusted with controls X and Y for
best sine-wave output from A 1 •
The diode wave....shaping networks usually used
for generating second-harmonic distorted signals
are generally limited to fixed signal amplitudes
with fixed distortion. By contrast, the squaring
circuit produces almost any desired amount of
distortion, and it operates over a wide amplitude
range.

E 1 SIN
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CIRCLE
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13
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15k
10°/o
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IOk>-----~

Y OFFSET ADJ.

X OFFSET ADJ.
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To control the ratio of second harmonic to fundamental, control K is varied. Controls X~nd Y ad -
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IOk

IOk>-4--~

2.2k

10°/o

30.I k
I 0/o

0

4 .7k
2.2k

301k

I 0/o

1°/o

9

+BV

30.lk

2

MC 1495L

IN

No. 311

8.2k 10%

6

5

O.lfLF

11722 .

0

8.2k 10%

o-1,_____ _

Arthur B. Williams, Manag er, Analog Dev elopment, Coherent Commu nications Syst ems Cor p.,
85 D Hoffman Lane South, Central Islip, NY

l
just the purity of the second-harmonic input to
amplifier A,.
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If your counter looks this good ...
CllUILI
•

0\1 ff

~ ....

,-,
,-, ,-, ,-, ,-, ,, ,-, ,-, ,-,
_, '-' ,_, ·'-' ,_, ,_, '-' '-' ,_,

~

."•

i

ESIT•

suppression
DISPLAY
CHECK
Pressing reset

Automatic
annunciation
and overflow

me

l£VH

SIU

Q+

PRESIT•

um

SLOPE

i II i i i
DC

I !

l I

TI

I

WIDE RANGING
Six choices of:
• Gate times
• Period
averages
• Time interval
resolution

Large 7-segment
characters
Full leading zero

TRICCER

SUI

nm

SLOPE

0

EASY TO READ
9-digil LED display

111C

O•

I
RESIT

CUUILI

.

lit

'·'

IUMlh

COM-

Preset or variVERSATILE
Measures :
• Frequencies
• Frequency ratios

button when

110

'"
FULL
TRIGGERING
CONTROL

• Period and period

counter is in self
check mode
lights all digit
segments

DC

able trigger level
controls with
status indicators
Slope, coupling ,
and attenuation
switches

TWO INPUT
CHANNELS
Direct coupled
ampli fiers with
30 mv sensitivity

averages

• Time intervals
• Gateable totals
• Self check

and gives you these options...

•e

llJINWftV!i!RI

:trr'Jl!!!tl!J'Z:

MUHl!ll)OiltwOfljil l ! O l - -

0111!1

0!1!11 11 1

-

e e

-

011u 11 n11101111•
0111 gn1 1 1 1 - •

0111 rn113

•

O!ll li M ll

-

QOU[WJ !IUIOlQlll l3 t# <ll*Blll l .
O !j ! l l l l ! l l l - -

HIGHER
ACCURACY
Higher
stability
timebase
Options 04
and 10

FUSE TYPE I A, 100/llSY
O.S 1.230Y

•

PRESCALERS
520 MHz
prescaler.
Option 07
1000 MHz
prescaler .
Oplion 13

TIMEBASE
MULTIPLIER
For operation
from 1 or 5 MHz
in addition to
standard 1O MHz
ex ternal reference clock .
Option 05 .

REMOTE
PROGRAMMING
Basic remote
programming.
Oplion 11.
Full remote
programming .
Oplion 12.

BURST
MEASUREMENTS
Select normal
or burst
measurements.
Burst measurements made on
Freq A or
Freq C modes.
Option 05.

fj

DIGITAL
OUTPUT
Parallel BCD
output. Option 02

REAR INPUTS
Three rear panel
mounted BNC
jacks for A , 8 and
C input channels,
A and 8 are in
parallel with front
panel inputs.
Oplion 16

1250 MHz
prescaler.
Oplion 14

it must be a Fluke
1953A Programmable Universal
Counter/Timer
$849. oo*
·u S price FOB. Buffalo. NY
Remote programmmg and other options extra .

COUNTER DIVISION
John Fluke Mfg. Co. Ltd.
Counter Division
P.O. Box 1094 Station D Buffalo, N.Y. 14210, Phone (716) 842-0311, TWX 610-492-3214
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Circuit converts single-trace scope
to dual-trace display for logic signals
tween zero and 5 V, and signals at input B are
displayed between 10 and 15 V.
In the actual circuit (Fig. 2), two 2N2924
emitter followers at inputs A and B reduce the
load on the circuits under test. Three 1N914
diodes form a triple-input OR gate. Timer 555
generates a 50 % -duty-cycle square wave with
about a 2-µ,s pulse width. Open-collector 7 405
hex inverters complement the output of the timer
and drive the diodes.
Vijay B. Tandon, Electro-Mechanical Designer, American Foundation for the Blind, 15 W.
16th St., New York, NY 10011.
CIRCLE No. 312

The circuit shown enables the display of two
digital pulse trains on a single-trace scope. A
dual display is almost essential in the diagnosis
of logic-circuit problems.
The circuit can be understood more easily with
the help of a simplified diagram (Fig. 1). Gates
Gh G 2 and G,. are open-collector AND gates. The
collectors of these gates are connected to 5, 10
and 15 V, respectively, via separate pull-up resistors. Three diodes and resistor R form a
triple-input OR gate. The binary output levels
of the OR gate are approximately zero to 5, 10
or 15 V, as determined by the particular AND
gate that is ON. Gates G, and Ga .are switched
alternately by the complementary outputs of the
flip-flop. The rate of switching depends on the
clock frequency. And the resolution of the display improves with a fast clock. But the upper
clock frequency is limited by the circuit components and the scope bandwidth characteristics.
When both input A and B are at ZERO, only
gate G 2 switches ON and OFF, and a square
wave of approximately 10-V pk-pk amplitude
appears at the output. The zero level of this
square wave becomes the zero level for input A,
and the 10-V level becomes. the zero level for
input B. When input A is a logic ONE, approximately 5 V appears at the output. A logic ONE
at input B produces a 15-V level at the output.
Thus digital signals at input A are displayed be0

IOV

15V

INPUT A

!
CLOCK

FF

!

INPUT B

1. A simpl:tied electronic-switch circuit helps to
explain how two digital signals can be viewed
simultaneously on a single-trace scope.

5
5

1/4 7400

INPUT A

I

15
lk

1/6 7405

IM
5

470

10

2

4

8

7
6

3
1/6 7405

2N2924

lk

1/6 7405
NE555

DIODES
IN914

220

0.005

5

.,..

15

15k
470

l.Sk
INPUT B

l

IM

2. The switching rate
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1/4 7400

is controlled

1/6 7405

.,..

.,..

I

by a 555 timer, which supplies a 2-µ,s width square wave.
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After all the noise,
the quiet logic of HiNIL
and74C
CMOS
keeps
'1!0000

the right
track.

May 10, 1869. Promontory.Utah. The rumble of
wheels, the hiss of escaping steam, the shouts of the celebrating
crowd filled the skies with a deafening roar when they drove the
golden spike that joined the Central Pacific and Union Pacific Railroads.
But today, when you link Teledyne's high noise 1mmun1ty logic HiNIL, and our 74C CMOS together in your digital
or analog/digital control designs. you'll no longer have to worry about spikes or noise . Teledyne invented HiNIL to
meet the need for high noise immunity found in practically all digital systems. The success of this large and still growing
family has made Teledyne a leading supplier of logic for high noise applications.
Just put HiNIL on input-output lines to block heavy noise transients and drive high current peripheral devices.
And use CMOS in the middle to minimize power dissipation and increase speed and circuit density. The combination
of HiNIL's guaranteed 3.5V noise margin and 74C's low power dissipation lets them quiet almost any kind of system
with high noise problems.
Our two logics interface directly, too. Standard 74C drives HiNIL directly and HiNIL drives more than 50 CMOS
loads. Simply connect both to an inexpensive 12 or 15V 1V power supply You can even connect linear circuits to the
same supp1y for extra savings.
HiNIL eliminates the need for drivers because it sources up
to 15mA and sinks up to 65mA. That's ample capability for display
HINIL
HINIL
TO
tubes. LEDs. lamps and relays.
NOISY
INPUT
RELAY
0 SPLA
SWI CHES
And with HiNIL you save on filter capacitors, get the extra
ETC
E •
flexibility and economies of diode-expandable inputs. and have a
choice of active or passive pull up and open collector outputs.
Optimum System Design Approach
There's plenty of board-shrinking MSI in both families, too.
So write or call Teledyne today to find out about our HiNIL and 74C CMOS lines. We'll show you how easy it is to
block out all the noise and stay on the right track .

l

l

.-,~TELEDYNE

SEMICONDUCTOR
1300 Terra Bella Avenue, Mountain View, California 94043 Tel : (415) 968-9241 TWX: 910-379-6494 Telex: 34-8416
ENGLAND: Heathro;y House, Cranford, Hounslow, Middlesex, Tel : (44) 01-897-2503 Telex: 851-935008
FRANCE: 90, Avenue Des Champs Elysees, 75008 Paris, Tel : 2563069 Telex : 842-29642
WEST GERMANY: Albert Gebhardtstrasse 32 , 7897 Tiengen, Tel: 7741-5066 Telex: 841-792-1462
JAPAN: Nihon Seimei-Akasaka Bldg . (3F). 1-19, Akasaka 8-chome, Minato-ku, Tokyo 107, Te l: 03-405-5738 TWX : 781-2424241
Additional offices in West Germany, Hong Kong and the United States. Representatives and distributors worldwide .
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IDEAS FOR DESIGN

Calculate capacitor tap impedance
with correct expression and avoid errors
The relationship frequently used in calculating
capacitor-tap impedance-matching networks,
R'

= R ( C, ~' C,

y,

(

1)

is only an approximation and often leads to large
errors. The correct expression is

R' = (XRi) 2+ R( c, ~i C2) 2.

(2)

The often-omitted term, (Xc1 ) 2 / R, can be extremely significant for such commonly used
values of R as 50 !l. For example, let's transform
a 50-!l source impedance to 2500 n to establish
the proper loaded Q for a 20-MHz tank circuit
that contains a coil of 2 µ,H . The approximate
expression yields
2500

= 50( c, ~1 c . )

The error is even more pronounced if the value
CT incorporates capacitors other than C1 and C2,
such as a trimmer, a voltage-variable capacitor
or just stray capacitance. Suppose the extra
capacitance is such that the contribution from
C, and C2 is only 20 pF rather than 31.69 pF.
Then
C = 20 + 20 ( 6. 07) _
F
23 3
1

6.07
. p
and C2 = 141.4 pF.
These values of C1 and C2 in Eq. 2 make R'
= 4834 fl-an error of over 90 %.

John Hatchett, Applioations E ngineer, Motorola, Inc., 5005 E. McDow ell Rd., Pho enix, AZ
85008.

CIRCLE No. 313

2

C2 = 6.07 (C1).

At resonance
I

1

I

fo=---27T'/ LCT
1
CT=....,...,--...,,-.,---(27T fo) 2 L '
cT

= 31.69

pF

I
I
I

I
1

R • 2500

....!.._CT
.....,.....
I

~ eel
1

I

cc2

+

2

. '. 31.69 C1 + 31.69 (6.07C 1) = 6.07C 12
C1 = 36.91 pF
C2 = 224 pF.
But these values for C 1 and C 2 produce an
error of approximately 40 %. A more exact calculation, by use of Eq. 2, yields
2
R' = (X c1 ) + 50 ( C, + C2) 2
50
C1
R' ·= 930.6 + 2500 = 3430.6 fl.

IFD Winner of December 6, 1974
Nyle A. Steiner, 334 "L" St., Salt Lake City,
UT 84103. His idea "Voltage-Tunable Active
Filter Features Low, High and Bandpass
Modes" has been voted the mosit valuable of
Issue Award.
Vote for the Best Idea in this issue by circling
'ithe number of your selection on the Information Retrie·v al Card at the back of this issue.

I
.I

A tapped-capacitor circuit is often used to match
impedances. However, the approximate equation
frequently used to calculate the tap can lead to
large errors.

SEND US .YOUR IDEAS FOR DESIGN . .You may win a
grand total of $1050 (cash)! Here's how. Subm it your
IFD describing a new or important circuit or design
technique, the clever use of a new component or test
equipment, packaging tips, cost-saving ideas to our
Ideas for Design editor. Ideas can only be considered
for publicati'on if they are submitted exclusively to
ELECTRONIC DESIGN . You will receive $20 for each
published idea, $30 more if it is voted best of issue
by our readers. The best -of-issue winners become
eligible for the Idea of the Year award of $1000 .

ELECTRONIC DESIGN cannot assume responsibility tor circuits !>hown nor represent freedom from patent infringement.
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standard BlcklDan DIPs.
We're adding more and more models ·to the
RESNET1M DIP resistor line to make things
easier for you.
Nowthereare2t?astandardRESNET DIPs
to give you wider seleetion, greater variety
of resistance values, and less need for custom
components.
Use them for applieations involving pullup/pull-down, line termination, LED current
limiting, ECL termination, or interface networks. And most models are secondsourced, too.
RESNET DIPs are dimensionally uniform,
ideal for automatic insertion techniques.
They're also laser-tailored for precise resistance values. And every part is lOO°Ai tested.

Ours is the broadest line available and it's
stocked locally by your Beckman/Helipot distributor for immediate delivery.
Prices? 'lhtly competitive, actually giving
you the quality of cermet technology at
plastic prices.
Considering breadth of line, quality, availability, and good pricing, you don't have to
look farther than Beckman for standard resistor networks. Or for expertly produced
custom versions as well.
Check us out. For immediate literature or
the phone number of
your Beckman/Heli- Beckman®
pot representative, call
toll-free (800) 437-4677. HELIPOT DIVISION
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internationa I
technology
Tuning range doubled
for Gunn oscillator
The varactor-diode tuning range
of a Gunn oscillator has been almost doubled at Chelsea Coll ege,
London, through use uf reactancecompensation elements that ca n be
added to or removed from the
oscillator without di sturbing it
electrically or mechanically.
An X-band coaxial Gunn oscillator modifi ed by the college's
Dept. of Electronics has been
tuned over a range of 440 MHz,
compared with 230 MHz without
modification .
In the unmodified osci ll ator, the
Gunn diode was shunted across a
50-0 coaxial line feeding a quarterwave 15-0 transformer, t erminated
in a 50-0 load. The tuning varactor
was connected across the end of

the coax ial lin e 1 cm from the
Gu nn diode.
In t he modified ,·crsion, reactancc compensation was pro,·ided
by a s hunt-re::;o nant circuit consisting of two 50-0 coax ial lin es.
each terminating in a short-circu it.
The two lines were con nected to
an additional quarter-wa,·elengt h
lin e between the Gunn diode and
the transfo rme r. The positions of
the short-circuits ca n be alte red
to adjust the Q factor of the compensating circuit without cha nge
in the resonance freq uency.
At a zer o-bias fr eque ncy of
8.825 GHz , the compensation ext ended the tuning range from 2:10
to 440 MHz with outputs of 78
and 64 mW, respectively.

Simple transmitter built for EEG frequencies
A simple, low-cost biotelemetry
transmitter for low electroencephalograph ( EEG ) frequ encies
and neuronal spike trains has been
designed at the University of Amsterdam in the Netherlands (see

figure). The input stage uses a
low-noise FET for high impedance. Transi sto r Q" is a 100-MHz
oscillator. Radiation is emitted
from tuning coil L.
Capacitor C., a ceramic unit, is

3 .9V

+

:13

Bk

2.5-9

330

88105
MS76H

220
QI
EIOI

330

84

inCluded for fin e tuning. Varactordiode D, in the tank circu it frequency-modulates a 100-MHz carri er. The modulation , applied to
the drain of Q,, rnries the \'Oltage
drop across R" and hence the di ode
bias.
Trnn smitter sign al s are pieked
up on a hou sehold FM r ece ive r .
Two receiver modificat ion s are
necessa r y. First, EEG s ignals mu st
be tapped from the di sc1·iminator
before the au dio stage. And, second, th e afc time constant mu st be
increased by the addition of parallel capacitan ce in the afc line. Th e
transmission range of the device is
:30 m, but this can 1·each 150 m if
a Yagi antenna is used with the
rece i,·er.

Microscopic materials
X-rayed and magnified
Magnified X-ray pictures of microscop ic samples of mate ria ls are
p1·odu ced by a technique deve loped
at the l'niversity of Hels inki in
Finland. No rncuum is requi red
with this new method, which uses
a se ri es of pinholes and an electronic di splay .
Th e beam fr om an X-ray sou rce
is co llimated as it passes through
pinholes in two metal plates. A
sampl e is mechani ca ll y sca nn ed in
the beam, us ing an x-y 1·aste r. Rays
pass ing through the sa mpl e without diffraction pass t hrough a
third pinhole to an X-ray cou nter .
Th e cou nte r output intens ity
modulates an osci lloscope di sp lay .
Its x and y time bases are sy nchronized with the sampl e sca n. Th e
1·elati,·e sizes of the osci ll oscope
display and the sa mple sca nn ed
g ive t he requi 1·ed magnifieation .
Th e wa,·elength of an X-ray beam.
in th e reg ion of abo ut 5 A, permits
pinholes down to 1-,um diam to be
u ·ed without undesirable diffraction effects in the pinhole.
Th e technique is su itabl e fo r
X-ray exa minati on of mate ri a ls
that are diffi cu lt to obta in \\'ith
the more usua l diffraction-patte rn
methods. A beam collimated by
pinholes ca n tra,·el many meters
in air. and it is expected t hat se\'e ral practical applications will be
poss ibl e.
ELECTRONIC D ES IGN
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Discover new performance
and economy for your
stepper applications•..-....,

TINY

OtJT SHARP.

2.5 F::::

~2.0 ~

::r ::r
,..,, ...._ Compensated

'·

2 KHz

BANDWIDTH
AT 455 K.f/z"'

~ 1.5

'is:

~LO

"""

"'°

0

"'>--0 0.5

Uncomrensoted

I
0

1'

~

I\

100 200 300
STEPS/ SEC .

400

125

500

250

375

REV./ MIN.

4-phase PM logic motors for under $9ea~

-CERAMIC
PfEZOELEC TRIC

ELEMENTS
- .2eff" x .3/S• x .27, N
- 6 dB MAX INSERTION LOSS
_,KHz. BANDWIDTH AT 4-0clB
*AT "dB

Get information today on our new low cost 82401 Series reversible
permanent magnet logic stepper motor. It will achieve an optimum
cost vs. performance rati o for you. End uses include analytica l instrumentation and computer periphera l applicati ons such as printer
drives, X-Y plotter drives and chart drives.
Coil design assures low wattage operation ...... 3.5 watts for
both 5 vdc and 12 vdc models. Stable stepping operati on is achieved
by using a permanent magnet constructi on. Maximum pull-in/ out
torque is 2.4 oz-in . with a compensati o n network . A lso a maximum
pull-in rate of 350 steps/ sec and pull-out rate of 480 steps/ sec can
be attained . Basic step angle is 7.5°, but integral gearing ca n be
furnished to provide a variety of steppi ng angles and to rques .
* In 500 quantities.

m11Rata

Send for information today!

CORPORATION OF AMERICA

I

2 Westchester Plaza, Elmsford, New York 10523, U.S.A .
Phone : 914-592-9180
Telex: 137332

A. W. HAYDON CO. PRODUCTS

NORTH AMERICAN PHILIPS CONTROLS CORP.

I

Cheshire, Conn. 06410 • (203) 272 -0301
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High Reliability l.C. Sockets
an~

RECTANGULAR
1h" CERMET
Q.P.L. TRIMMER

no!_ as expensive as yQu would think

522-160HS
RJR 28CP

STANDARDIZE ON

WESTON
"TOTAL-CONTROL"
POTENTIOMETERS

Dual Leaf wiping action
makes contact with the
wide flat legs of your l.C.
leads.
8, 14, 16 and 24 pin versions, Mini-wrap and Flow
Solder, Tin or Gold plated
finish .

Call or write today for more information :

I

• Miniature size- .17 x .10 x .50
• Weston hi-stability cermet element
• Specified Military Range, 100 Ohms
to lOOk •
Resistance tolerance ± 10%
Resolution, essentially infinite
Adjusta bility - 10 turns of adjust·
ment screw
Mechanical protection-stops and
slip clutch
~tig h ~~wer - 0 .30 watt in still air

Weston "Total -Control" Potentiome·
ters are produced under controlled en·
85
vironmental conditions. Step by step
Wide operating temperature range
the design concept provides for rigid
-55 °C to + 150°C
quality requirements beginning with
Temperature coefficient
material through parts production,
± 100 PPM /° C maximum
assembly and final test and inspecSolderable terminal pins
lion. Product control for the ultimate OFFERS EXTREME ADVANTAGES
in reliability extends even to kilning RELATIVE TD SPACE SAVING
our own ceramics tor the Weston Cer- 1.-AN_D_VE_RS_A_T_IL_ITY
_ _ _ _ _ _---1
met Line. Custom-design service is
available where no Standard Model in
WRITE FOR WESTON BULLETIN
any series meets exact individual re·
"LOTS OF POTS"
quirements. Consult your Weston Representative.

Vero Electronics, Inc.

WESTON COMPONENTS
ARCHBALD, PENNSYLVANIA 18403

171 Bridge Road, Hauppauge, N.Y. 11787
Tel. 516-234-0400 TWX: 510-227-8890

TEL. (717) 876-1500
TWX 510 656-2902
TELEX 83 ·7443

In Canada Call: EPS. 613-389-1025
INFORMATION RETRIEVAL NUMBER 83
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FABRICATED, TESTED AND MILITARY
APPROVED TD MIL-R-39035/5,
FAILURE RATE LEVEL "M"
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(new products)
32-bit mini with 1 megabyte of core
cycles at 450 ns average, 300 ns min

Interdata, 2 Crescent Pl., Oceanport, NJ 07757. (201 ) 229-4040.
$51,900: 128 kilobyte; $179,400:
1 megabyte; June.

The 32-bit Interdata 8/32 Megamm1 bridges the gap between
sophisticated 16-bit units and
medium-sized mainframes. Its
four-way interleaved memory system, combined with high-speed
Schottky logic and 32-bit . data
paths, achieves an average memory
cycle time of 450 ns.
With dual-instruction, lookahead stacks, the 32-bit memory
cycle time is further improved to
an average of 300 ns, assuming
that most instructions occur in
sequential addresses. The 32-bit
architecture currently addresses
up to 1 megabyte of main memory,
with a potential to directly address
up to 16 megabytes of main
memory.
The 8/ 32 Megamini has eight
stacks of 16 registers, with each
register 32 bits wide. These stacks
greatly simplify user input/ output
ELECTRONIC DESIGN
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and operating system programming; they also enable rapid context switching.
The instruction word length is
16, 32 or 48 bits. Data word
length is 1, 8, 16 or 32 bits,
and arithmetic is two's complement. All data paths are 32 bits
wide. The processor cycle time is
240 ns.
The main memory of the 8/ 32
Megamini consists of 32 kilobyte
modules of 750-ns core. Instruction execution times are comparable to those for large mainframes, such as the IBM 370/ 158.
Of course, the mini does not
have the 158's separate I/ 0 computers. Instead the I / 0 system is
of dual-bus architecture. The
multiplexer bus, · a man-machine
channel, supports up to 1024 slowto-medi um-speed devices. Highspeed links, such as disc, magnetic
or multiple tape and multiple CPU
configurations, use the DMA bus.
Each device on the multiplexer
bus has its own firmware-imple-

mented controller, which provides
automatic character input/ output
under control of a user table without affecting the running software.
The DMA bus has three modes
of operation: half-word mode of
2 megabytes per sec, full-word
mode of 3.2 megabytes per sec and
burst mode of 6 megabytes per sec.
The DMA bus can have up to seven
selector channels, with each supporting up to 16 high-speed blocktransfer devices.
Two operating systems support
Interdata's family of 32-bit processors. OS/32-MT is a real-time,
multiprogramming, multitask OS
with the ability to multiplex the
CPU between several development
programmers. A subset of OS / 32MT is a serial-task operating system, the OS/ 32-ST, which is a
single-stream, batch-oriented executive.
CIRC LE NO . 303

Plug-in adds graphics
output to HP-2000 minis
lntermcdia Systems, 20430 Town
Center Lane, Cupertino, CA 95014.
( 408 ) 996-0900. $2750; 60 days.

The Model 4416 is a single card
graphics system which generates a
composite video signal for display
of a 256 x 256-point matrix on
standard television monitors. Color
and / or grey scale displays may be
generated through internal synchronization with two or more
generators. Refresh memory made
up of 4-k RAMs permits a plotting
rate in excess of 200,000 points / s.
Four programmable functions provided are: set points, clear points,
clear screen, and reverse video polarity. Additional software is available for character and vector generation.
CIRCLE NO . 304

87

DATA PROCESSING

Modem series offers
2400 bit/s, dial or lease

Disc memory syst~m
holds 45.9 Mwords

Vadic Corp., 505 E. Middlefield
Rd., Mountain View, CA 94040.
( 415) 965-1620. From $800; 60

days.
Modem Models V A2405A, C and
D of the V A2400 Series are designed for operation over switched
networks and are fully compatible
with Bell 201C configurations.
Automatic dialing is available. For
leased-line applications, the VA2405G and K offer data transmission at 2400 bps over two-wire
(V A2405K) or four-wire (VA2405G) telephone circuits. Both
models are available for use in
point-to-point or multidrop applications. RTS / CTS delay is strappable for 7.1 ms for best throughput.
CIRCLE NO. 305

Data General, Route 9, Southboro,
MA 01772. ( 617) 485 -9100. See
text; stock.

A moving head disc pack system
has a capacity of 45.979 M, 16-bit
words. The memory includes a controller for three additional disc
drives and can transfer data at
rates up to 403 kword / s. Features
include 30-ms average access time.
Only 30 s are needed to replace a
disc pack while in operation. Manufactured to Data General specifications by Control Data Corp., the
initial disc pack subsystem, which
includes master drive and controller, costs $30,500. Additional drives
each cost $24,500.
CIRCLE NO. 307

Mini type software now
plays on a micro

Computer Automation, 18651 Von
Karman, Irvine, CA 92664. (714)
883-8830. $29 k to 40 k; 90 days.

National Semiconductor Corp ., 2900
Semiconductor Dr., Santa Clara,
CA 95051. ( 408) 732-5000. $5500;
stock.

A typical Disc Operating System
includes a Naked Mini LSI Type
2/ 20 minicomputer with 16K words
of 16-bit core memory, a disc system with 4.92 Mbytes of storage,
line printer, high-speed paper tape
reader/punch, ASR 33 TTY, a
paper tape softwai·e library and
software disc cartridge. The DOS
offers unattended batch processing
as well as direct operator control
at the console. A refined Fortran
IV compiler conserves memory
space by minimizing routine sizes.
Compiled programs can run either
under DOS or on Computer Automation's Real-Time Executive program, which occupies only 650
words of memory.

A floppy disc operating system
for the IMP-16 Microprocessor
Development Systems eliminates
paper tape, cards, and other source
media. Source programs are written and edited at the system keyboard, then stored directly on floppy disc, using the Source Editor.
The source program may then be
assembled, under operating system
control, with a single command.
National's DOS will run on any
IMP-16P or -16L Development
System with 8 k or more words of
memory. A dual-drive floppy disc
provides over 5 M bits of storage
for system software and application programs. The package price
of $5500 includes the dual-drive
floppy disc, documentation, software and interface.

CIRCLE NO. 306

INQUIRE DIRECT
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You.e~pect

rec1s1on ...

high·'Jolage choices
We're known for highly stable, high voltage, precision power supplies. Now you 'll
have five more high voltage choices. Choose from a great selection-off the shelf or custom.
If your application needs precision electron beam control , we' ll make the power
supply. Whether it's for CRT displays, CRT phototypesetting, COM , flying spot scanners, fiber
optic recorders, analytical x-ray devices, or virtually any you ' ll name.
And we'll give you great benefits. CPS is one of the largest suppliers of precision
high voltage power supplies. Our customer benefits are ingredients for success. Like high reliability,
strong performance and compact designed units, competitive prices and more.
We've added CPS 1410 to our custom commercial series. Use it for groundedanode, precision, fiber-optic CRT applications. At -15KV, with 250 µa output current and
0.01% line/load regulation . You'll get highly stable low-noise power.
Two more models were added for analytical x-ray and CRT projection
systems. They're called CPS 1591 and CPS 1601. Perfect for 30KV to 50KV applications.
Our fourth and fifth choices were designed for military and FAA applications.
We call them CPS 1485 and CPS 1647. Our 1485 is designed for airborne computer terminals.
The 1647 is a precision CRT supply with an electrostatic dynamic focus section
as well as an anode section .
Prices you can afford. Our prices are reasonable for small quantities.
Particularly attractive in OEM quantities. If they're right off the shelf, you'll have immediate delivery.
And if you ask us for custom-built models, for commercial or military applications,
we can readily build them .
We've been manufacturing high voltage power supplies for more than seven
years. We believe in high quality. So we'll give you 100-hour burn-in for each product.
And the assurance of a good factory quality system .
Reliable, safe and quiet. Features you' ll appreciate. And service and support you expect
from a leading supplier. Our representatives can tell you more. You 'll find them in most major U.S.
cities and abroad . Call (408) 738-0530. Or write CPS, Inc. 722 E. Evelyn Avenue, Sunnyvale, Ca. 94086.

C:f=IS.1Nc.
We add quality to your products
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When you achieve it, you can offer
true competitive value. That's just
what we're doing at USCC/Centralab for 1975. MONO-KAP™ radial,
and MONO-GLASS axial monolithic ceramic capacitors are now
available to volume users from stock
to eight weeks. Our investment and
"learning curves" last year guarantee
competitive responsiveness - USCC
will welcome your specials and nonstock orders. Here's an offer you
haven't heard lately - your money
is going to buy more at USCC. Cash
in on the best values in monolithic
ceramic capacitors.

DISCRETE ASSEMBLY
MONO-KAP™ radial-leaded epoxy
coated capacitors are reliable performers; they're rugged enough to
work in MIL environments. 4.7 pF
to 10 Mfd., 50 to 200 WVDC in 4
dielectrics, including Z5U, in a variety of case sizes featuring meniscus
control to 0.032 inches. Large quantity orders from stock.

AUTOMATIC INSERTION

CUSTOM DESIGN

MONO-GLASS axials are glass encapsulated, designed for automatic
PCB insertion; furnished reel-packed
for high volume applications. They're
available in 50 and 100 WVDC from
1 pF to 1.0 Mfd.; four dielectrics:
COG, X7R, Z5U and Y5V.

We're responsive to your design requirements; get USCC's new expanded 1975 catalog.
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If you need a special, call (2 i 3) 8434222 or your nearest overseas location for assistance or evaluation
samples.
Remember. USCC/Centralab. Value.

FOR QUICK REFERENCE, SEE OUR PRODUCTS IN YOUR EEM, GOLD BOOK OR EBG PAGES.

-

USCC/Centralab
Electronics Division • Globe-Umon Inc

2151 North Lincoln Street • Burbank, California 91504
C213) 843-4222 • TWX: 910-498-2222
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·Th ree processors boost
CRT terminal speed

Digital recorder can
operate at remote sites

Portable terminal
operates in auto

Ontel Corp., 3 Fairchild Ct., Plainview, NY 11803. ( 516 ) 822-7800 .
$2285 ( 100 qty) ; 90 days.

A CRT terminal, the Model OP1, contains three microprocessors
which provide high speed input/
output capabilities. The unit uses a
central processor, a display microprocessor and an input/ output
microprocessor. With the central
processor unit, the OP-1 can be programmed by the user for such typical applications as reservations,
inventory, ticketing and many
others. The system can also operate with various host computers.
In less than 2 ms the display microprocessor can perform fast roll/
scroll and full screen erase operations. Display functions such as
video reversal, blinking and half
intensity are program controlled.
The input/ output microprocessor
simultaneously manages all data
transfers between memory and
input/ output devices. All I / 0 operations are managed on a cycle steal
basis. Additional features of the
OP-1 are random access MOS
memory expandable to 16,834
bytes: asynchronous, program controlled, communications up to 9600
bps; and 14-in. nonglare CRT. A
programmable keyboard, arranged
in four functional sections, generates unique codes to be read by
the CPU.
CIRCLE NO. 308

Int ernational Computer Products,
2925 M errell Rd., Dallas, TX 75229.
( 214 ) 350-6951. $1195 ( qty) ; 60
to 90 days.

The V-71 transaction terminal
can be vehicular mounted or portable, and operates from a 10-to-16V power source. The unit captures
data on cassette tape in computer
form.at and saves it for later use at
the computer site. Three separate
entries are displayed simultaneously to minimize errors. Each cassette can hold about 6000 transactions.
CIRCLE NO. 31 0

Additions to PDP-8/ A
family use core or semi

Techtran Industries, 580 J efferson
Rd., Rochester, NY 14623. ( 716 )
271-7953. $760 ( qty) ; 45 davs.

A buffered digital cassette recorder, the Model 8410, provides
storage for 145,000 characters per
cassette; has switch selectable 110/
300/ 1200/ and 2400 Baud speeds
and allows remote control of all
functions. A MOS buffer permits
remote interrupt and character
editing. The compact recorder can
be used as an add-on storage peripheral, or as a communications
terminal. It is plug-compatible
with keyboard printers, CRT terminals, and other send / receive devices that have serial data interfaces. It is also capable of
functioning as an unattended data
collection terminal.
CIRCLE NO. 321

-" '
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Digital Equipment Corp., 146 Main
St., Maynard, MA 01754. ( 617)
897-5111. See text .

Computer graphics
for ALPHA-16/LSI
M egatek, 1055 Shafier St., San
Diego, CA 92106. ( 714 ) 224-2721 .
See text; 30 days.

Using a single PC Card, the
Lexidata 200 generates a mixed
display containing both graphic
images and alphanumeric characters. The display is formed from
a 256 x 240 dot matrix and is
compatible with standard video
monitors. D1·iver software is available for Data General's SOS,
RTOS, and RDOS operating systems. This software is Fortran
callable and provides character
generation , vector generation,
graphic display, and selective erase
of any part of the display.

Two additions to the PDP-8 / A
series, the 8/ A-200 and the 8/ A400, offer core or semi memory. The
8/ A-200, a semiconductor memory
machine, uses 4-k MOS chips, and
is priced from $1317 (50 qty ) . The
8/ A-400, a core memory machine,
is available with 8k or 16k core
stacks and· priced at $1845 and
$2505, respectively (50 qty ) . The
8/ A-200 uses the present PDP-8 / A
single board processor, 4-k RAMs
and has battery backup. The 8/ A400 contains the same single-board
processor as the 8/ A-200; but, uses
two new single-board core memories, either 8 k or 16 k. Maximum
main memory size for the PDP8/ A is 32 k. Delivery of the 8/ A200 is scheduled for September,
'75; the 8/ A-400 for July, '75.

A graphics display interface,
designated the BP-732, is designed
for Computer Automation's ALPHA-16 / LSI series of mm1computers. The unit uses standard
laboratory oscilloscopes or X-Y
monitors as a graphics display.
Self-contained semiconductor refresh memory, vector generators,
and intensity control circuits provide flicker-free displays (at 50 Hz
refresh rate ) of points, vectors and
alphanumerics. Memory may be
expanded from 256 vectors/ points
to 1024 vectors/ points. X-Y resolution is upgradable from 8 bits
( ±0.2 % F.S. ) to 10 bits ( ±0.05 %
F.S.) . Prices range from $1295 for
the 256 vector/ point, 8 bit model
to $2195 for the 1024 vector/ point,
10-bit model. All models are compatible with the BP-731 X-Y Recorder Adapter for hard copy.

CIRCLE NO. 309

CIRCLE NO. 320

CIRCLE NO. 322

PC-sized card generates
graphics for Nova minis
Lexidata C<YrP., 807 Massachusetts
Ave., L exington, MA 02173. ( 617)
861-6134. From $2595; 30 to 60
days.
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INTEGRATED CIRCUITS

8-k NMOS ROMs

access in 225 ns
Nitron Corp., 10420 Bubb Rd.,
Cupertino, CA 95014. ( 408) 255 7550. $18 ( 100); stock (NCM
6561 ).

A mask-programmable 8192-bit
static ROM, the NCM 6560, uses
NMOS fabrication to achieve typical access times of 225 ns, and
350 ns maximum. A preprogrammed version, the NCM6561,
has six character conversion codes:
ASCII to Hollerith, Selectric EBCDIC; Selectric to ASCII, Hollerith
to ASCII and EBCDIC to ASCII.
Both versions come in a 24-pin
DIP, feature TTL compatibility
and have a 1024 x 8-bit organization . Also both are direct replacements for like-numbered Motorola
circuits.
• Frequency range 2 MHz to
200MHz
• Flat response
• Low distortion
• Custom versions available
The new Model ARE-1 electronic
attenuator is designed for broadband signal level control applications in the frequency ranges from
HF through VHF. Attenuation
range 0 to 20 db with flatness
± 0.5 db. Other key specs include :
maximum insertion loss 1.3 db,
VSWR 1.6:1, 50 ohms impedance,
switching time 50 microseconds,
operating temperature range
-20°c to +as·c, and weight
4 ounces.
Contact Merrimac today for more
details on the Model ARE-1
attenuator, including modifications
to meet your specific requirements.

MERRIMAC
INDUSTRIES
INCORPORATED
41 FAIRFIELD PLACE, WEST CALDWELL, N. J . 07006
(201) 228·3890 • TWX 710-734-4314

U.S. EXPORT REPRESENTATIVE :
Dage Corporation, 203 324 3123
INTERNATIONAL SALES
REPRESENTATIVES:
Brussels, Belgium - Eleutron, S.p.r.I.,
tel : 513 7384, !Ix: 25437 MontrHI, C•n•d•
- Mitec Electronics, Ltd., tel: 514 334
9140, twx: 610 421 3572 London, Englend
- C. T. London Electronics Ltd ., tel: 527
5641 / 3, !Ix: 851 897488 Perla, Frence Datron , tel: 808 02 60, !Ix: 68135 Munich,
Germany- Selectron, Gmbh, tel: 591 053,
!Ix: 524506 Tel-Aviv, lare•I - Dage Israel
Ltd., tel: 415645/ 410988, tlx: 34424 Bred/,
Netherlende- Datron , B.V., tel: 41152,
51153, !Ix : 54512 Stockholm, Sweden Ajgers Electronic AB, tel : 08 88 03 20,
!Ix: 10526 Zurich, Switzerland - lnvertag,
SA, tel: 65 56 30, !Ix: 52896

S-TTL IC raises
speed, cuts power
Advanced M icro D evices, Inc. , 901
Thompson Pl., Sunny va l e, CA
94086. ( 408 ) 732-2400. $4.00 to
$28.31 ( 100 ).

A quad, two-input Schottky-TTL
circuit-the Am25S09--can replace
the 74S157 (q uad multiplexer ) and
74S175 (quad register). The new
IC performs the same function
with typical power dissipation of
375 mW for a 32% power savings.
This dual port, 4-bit register accepts. data from one of two 4-bit
input fields and features a positive
edge-triggered clock. Additionally,
use of this unit can save 7.5 ns in
the data-path propagation delay.
The new circuit comes in a single
16-pin package.
CIRCLE NO. 354

1-k RAM access
time reaches 30 ns

CIRCLE NO. 349

Negative regulator
delivers 10 A
Motorola Semiconductor, P.O. Box
20924, Phoenix, AZ 85036. ( 602 )
244-3466. $14 .25 (25 0 up); samples
from stock.

Complementing the company's
MPClOOO positive-voltage regulator, Motorola offers the MPC900
negative-voltage regulator. The
.output voltage of the new regulator can be adjusted over the range
of - 4 to - 30 V de; maximum input
voltage is - 35 V de. Designed to
deliver load currents up to 10 A
without an external currrent-boost
transistor, the MPC900 has an internal power dissipation capability
of 100 W. With operation over a
case-temperature range of 0 to 125
C and with an input voltage variation from - 12 to - 15 V de, the
circuit holds the output voltage
(V 0 ) to within a maximum of
0.5 % of the desired V 0 • Over the
same temperature range and with
a load-current variation from 100
mA to 5 A, the output voltage
doesn't vary more than 0.6 % of V 0 •
Temperature coefficient of the output voltage is a maximum of
0.015 % V0 /° C, and circuit protection is provided by an adjustable
overload circuit.

A 1024-bit bipolar RAM, using
standard Schottky processing,
achieves a typical access time of
30 ns, the fastest to date. The new
RAM comes with either open-collector or three-state outputs-the
82Sl0 and 82Sll, respectively.
Packaged in a 16-pin DIP, the
RAM features TTL-compatibility
and single, 5-V supply operation.
Use of a pnp structure on all inputs yields an input-current level
of only 10 ,µ A. Other features in clude a temperature range of 0 to
75 C, supply variation of ± 5 %
and maximum supply current of
160 mA. Maximum access and cycle
times are 45 ns for address access,
and 50 ns for read or write cycles.

CIRCLE NO. 350

INQUIRE DIRECT

Signetics, 811 E. Arques A ve .,
Sunnyvale, CA 94086. ( 408 ) 7397700. $65.20 (sample quantities).
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ECL FROM
cuts turnaround
Motorola Semiconductor, P.O. Box
20924, Phoenix, AZ 85036. ( 602 )
244-3466. $39 ( 100-999) .

The MCM10150AL, a 256 x 4bit factory-programmed ROM
(FROM), is said to fall midway
between a field ROM and mask
ROM in terms of cost and turnaround time. Total turnaround for
the ECL FROM can be accomplished in weeks, rather than
months. Programming is achieved
by electrically opening metalization
links on a wafer stocked at the
factory; masks aren't used. T he
FROM has an address-input-todata-output access of typically 20
ns and a temperature range of
- 30 to 85 C. A preprogrammed
FROM, in the form of a 4-bit magnitude comparator-the MC10050AL-is available as a standard
example.

CRT
Answers!
Clinton nas

177,649

r-1nsUJers
forcRT
applications.

CIRCLE NO. 357

Calculator performs
286 conversions
Rockwell Micro el ectronic D e v ice
Div., P .O. Box 3669, Anaheim, CA
92803. (714 ) 632-3729.

With the Universal Conversion
circuit, an MOS/ LSI chip, it's possible to compute volume by multiplying meters by inches by millimeters and get the answer in cubic
centimeters. The new chip-the
A4521-performs 286 different
standard conversions as well as
five-function calculations. It has
three memories and directly accesses area, volume and linear conversions from a 25-key keyboard. As a
three-memory calculator, the A4521
circuit provides the basic four
functions plus percentage with
automatic markup and discount.
Constants, chaining and repeat
operations can be performed with
all functions , and all calculations
are algebraic. Powered from a
single 15-V power supply, the
A4521 circuit includes automatic
display encoding and eight-segment
parallel output. It is directly compatible with LED, fluorescent and
gas-discharge displays. Keyboard
decoding and debouncing are performed on the chip, which also has
an internal oscillator/ clock generator.

Many of our customers are faced
with unique design and engineering problems. To solve them ,
we have 177 ,649 pre-engineered
CRT solutions. In addition, Clinton application engineers are experienced in developing Cathode
Ray Tubes to fit your specific requirements providing high quality and optimum reliability.
From low profile, high resolution
alpha-numeric displays to compact medical monitoring appl icat ions in quantities of 1 to
1,000,000, Cl inton is a name you
can rely on for quality, performance and personal attention .
Let us send you our brochure
describing Clinton 's facilities and
capabilities. Contact our Sales
Manager Carl Phill ipps.

CLlnTon...

the AnswER people
in CAT'S.
Stop and see us at Booth
No .1 308-1310
1975 Na ti onal Comp ut e r
Conferen c e a n d
E xpos it ion M a y 19- 2 2 .

CIRCLE NO. 3 58
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INSTRUM ENTATION

DPM delivers auxiliary
output power

Digilin, Inc., 3521 W. Pacific, Burbank, CA 91505. (2 13 ) 846-1800.
$99 ( 100); stock to 4 wks.
Model 4332 is a 3-1/2-digi,t OEM
DPM and power supply, which
features monolithic circuitry and
a two-year warranty. The supply
provides ± 12 V de at 10 mA and
+5 V de at 250 mA. Display is
by 0.43-in. high seven-segment
LED digilts. The unit offers accuracy of 0.05 % , stability of
0.005 % 40-pA input bias current
and 1000-mD input impedance
(199.9 mV to 1.999 V ranges ) .
Power dissipation is 2-1/ 2 W.
Automatic zero and bipolar operation are standard. Panel cutout is
3.74 x 2.05 in.
CIRCLE NO. 326

Digital unit diagnoses
phone-line problems
Wavet ek, 9045 B alboa Ave., P. 0.
Box 651, San Diego, CA 92123 .
$1395; 30 days.
Model 430 digital-transmission
mu ltimeter is a diagnostic tool for
telephone communications t hat
combines the functions of the frequency counter, noise and level test
set, capacitance bridge and decade
box with standard voltmeter fu nctions. Pushbutton control and portable battery power are included.
Signal level and noise are displayed
digitally with built-in voice and
program filters. L ine capacitance,
resistance and current are also
measured quickly and accurately.
CIRCLE NO . 327

94

INFORMATION RETRIEVAL NUMBER 52
FOR DEMONSTRATION, 1 81

ELECTRONIC D ESION

8, April 12, 197 5

10-in. strip-chart unit
uses 'no wear' pen

The closest yet
to the real

<C

Gould Inc., Instrument Systems
D ivision, 3631 P erkins Avenue,
Cleveland, OH 44114. ( 216 ) 3613315. $1650 (2 channels ) ; 90 days.

Model 110 10-in. strip-chart recorder is avai lable with one or
two pens and excels at long-term
monitoring of low-frequency signals. An outstanding feature of
the unit is its fs response time of
250 ms . The unit uses thermal
writing to produce clear, blue
t races on special paper t hat does
not smudge from pressure or handling. The ceramic pen tip for
each channel of t he 110 is virtually wear free and has a lifetime
guarantee.
CIRCLE NO. 328

Unit checks linear ICs
for de parameters

Keithley's new current source
supplies up to 1.1 amps
The new Model 227 Current Source provides the highpower output needed for modern devices, components
and materials. Currents to 1.1 ampere at up to 50 volts
compliance and 110 milliamps at up to 300 volts are easy
for the 227.
.....

1A
100mA
II:
II:
10 mA

z

w

::::>
0

100µA

0

1 µA

::::>

T eradyne, 183 E ssex St., B oston,
MA 02111. (617 ) 482-2700. $11 ,900; 12-16 wks.

J 149 linear circuit test instrument is intended primarily for incoming inspection and component
evaluation of linear devices. T he
unit performs major de parametric
tests · on a wide range of linear
ICs, including voltage regulators,
op amps, and comparators. Sequences can be repeated to test
dual, triple and quad devices. Because test circuitry is divided
among the mainframe, interchangeable programming boards
and plug-in ROM modules, the
J149 can be customized to test
every device thoroughly.

1 mA
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::::>
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.....

10µA
0
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100
150
200
250
COMPLIANCE VOLTAGE

300

The 227 output is dependable, too. Excellent regulation of
0.005%. stability to 0.01 % and low noise combine to assure
high output resolution . All this is made possible by the
modern technology incorporated into the design of this
new source.
The true , bi-polar output of the Model 227 can be
modulated, programmed, and even floated up to 500 volts
off ground. A special programming option even allows the
range and comp Iiance Iimit to be remotely control led.
There's more about the 227 that makes it an outstanding
value at only $925 . Send for details now. Or phone
(216) 248-0400.

IB

K E IT::f-I: L E V
INSTRUIVIENTS
U.S.A. ,28775AURORA ROAO. CLEVE LAND , OHIO 44139
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Staco switches stand up to the total test
Design features .. .Low total cost ... Delivery
Check Stacoswitch 's total cost ... purchase price, installation cost, and
maintenance expense . . . and you 'll find it costs nothing extra to buy the
finest. Essential design and perfo rmance features mean prem ium grade
materials and construction for long dependable service life. Add to this
finished goods inventory and expanding manufacturing capaci ty and you 'll
know why Stacoswitch 's colorful lighted display pushbutton switches and
indicators are your best buy. Cho ice of circuitry, swi tch action , display style,
and mounting method to meet your specific application. Write today for
catalog showing complete pushbutton switch line. When you th ink switch ...
th ink STACOSWITCH and save !

Other STACO Company prod ucts: Fixed Ratio
Transformers , STACO, INCORPORATED,
Richmond , Ind iana; Variable Transformers,
STACO, INCORPORATED , Dayton, Oh io.
INFORMATION RETRIEVAL NUMBER 74
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Portable 100-MHz scope
works in many modes
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Dumont Oscilloscope Labs, Inc., 40
Fairfield Pl., West Caldw ell, NJ
07006. (201 ) 575-8666. $1895 u·
probes.
T his portable, dual-channel
scope, the Model HOOP, has a
vertical sensitivity to 5 mV / cm, a
dc-to-100-MHz frequency response
and sweep speeds to 5 ns/ cm. The
instrument is designed to troubleshoot digital logic circuits. The
scope's 100-MHz response is held
across the entire 8 x 10-cm display from 0 to 55 C without degradation. The HOOP has a variety
of operating modes: CH 1, CH 2,
ALT, CHOP, ADD, MAIN, INT,
DLYD, MIXED, and calibrated
X-Y-each at the push of a button.
The front panel has color-coded
pushbuttons and panel areas to
simplify operation. Pushbuttons
have single functions which are
selected on ly when the button is
pressed.
CIRCLE NO . 3 30

3-digit DPM
meets UL, CSA specs

A 91/2 pound, dual-trace 20 MHz scope
that fits in a briefcase . . .
• Mini-portable Oscilloscope
• Battery, AC or DC powered
• DC - 20 MHz bandwidth
• Computerized trlggerin1
• Delay line
• 10 mV/div sensitivity
• 21 sweep ranges to 100 nsec:/dlv
If you're tired of working with the "HeavYweights," but still need a high
performance portable scope that can handle your trouble-shooting needs, then
consider Model PS940A. This dual-trace "mini-scope" provides all the basic
features and quality of a sophisticated lab scope, yet its weight and size make
it easy to carry to every job-at the plant or In the field. And it Is simple to
operate. Computerized trlggerinl guarantees a stable CRT display at all times. .
Also, both traces can be vertically positioned in the DC coupled trigger mode
without the need for trigger level readjustment.
AVAILABLE NOW FOR ONLY

$1145
From a Leader In MlnM'oltabla Oocllloocopas

INTERESTED? Call Hal Wardein at (714)
279-6572 or write to us at 7170 Convoy

Court, san Diego California 92111. For
local ordering information, dial TOLLFREE 800-645-9200; In N .Y. State call
collect (516) 294-0990.

\/U-DATA Q

y_cORPORATION \ ~

Analogic, Audubon Rd., Wak efi eld,
MA 01880. ( 617) 246-0300. $70
(1000 ) ; 45 days .
AN2531 line powered, 3-digit
DPM is intended for stringent
environments. The unit includes a
UL and CSA approvable, low-leakage power transformer, consumeR
less than 1 W of power and can
be custom mounted in OEM, medical and other instrumentation. The
unit converts a 0 to 999 mV fs
input into a full 1000-count display ( gas discharge) with 0.1 %
accuracy, and less than 30 ppm/° C
range tempco, and ± 15 µ, V /° C offset tempco.
CIRCLE NO. 331
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Automatic 'C' meter
fits in hand

ECD Corp. , 232 Broadway, Cambridge, MA 02139. (617 ) 492-5672.
$289; stock-4 wks.
Model 100 is a hand-held, batr
tery-operated 3-1 / 2-digit autoranging capacitance meter. The meter
measures from 200 pF to 200,000
µF fs in 10 automatically selected
ranges. Maximum resolution is 0.1
pF. Accuracy is 0.1 % ± count to
200 µF, and 1 % thereafter. Operation is by a single push-to-measure button.

R

CIRCLE NO. 332

Hand-held tester spots
bad semiconductors

Precision
Thin-Film
Resistor Networks
Packaged precision thin-film networks are now
available from Hybrid Systems. When you need
a TCR of 50 PPM/°C. absolute and 1 PPM/°C.
tracking, you'll find Hybrid Systems is priced
competitive. And with our computer-automated
laser-trimming facility, we routinely trim to ratios
of 0.01%.

Hickok Electrical Instrument Co.,
10514 Dupont Ave., Cleveland, OH
44108. ( 216) 541-8060. $138: $4
for char ger ; stock.
Model 215 semiconductor tester
i~ a pocket-sized, self-contained
tes·t instrument capable of checking npns, pnps, FETs, diodes,
SCRs and unijunctions. The unit
instantly and automatically determines proper lead configuration
and indicates with LED displays
if the semiconductor is good or
bad. If good, it further identifies
which lead is the base ( gate for
FETs ) and whether npn or pnp.
Solid-state CMOS circuitry greatly
extends the life of the two 9-V batteries that power the compact unit.

Evaluation units are available in six universal
configurations.

For Fast Action, Call:
In USA: (617) 272-1522 (orTWX710-332-7584).
In Europe : Hybrid Systems GmbH, 61 Darmstadt,
Luisenplatz 4, Germany Tel. 6151-291595.
Hybrid Systems Corporation
Burlington, Massachusetts 01803

CIRCLE NO. 333
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Temperature controller
plugs into duplex outlet

Interval timers come in
wide delay variations

FSK data link uses
supervised carrier

RF L Industri e s, Boonton, NJ
07005. (2 01 ) 334-3100. From
$98.50; stock.

566, Syracuse, NY 13201. (3 15)
488-4915. Under $10; 8 wk.

Electronics R esearch Group, 22
Mill St., Arlington, MA 02174.
( 617 ) 646-9760. $59.

The series T A2 proportional temperature controllers can be installed in minutes and are designed
with the plant electrician or maintenance · man in mind. These controllers provide operation over a
- 90 to + 500 C process temperature range. Simply plug the controller mounting into a standard
duplex 115 or 230-V outlet. The
outlet is wired so that the controller input power is fed through
one receptacle and the controller
output is delivered through the
other. The control box contains an
on/ off switch, power level indicator, sensor receptacle and plug.
CIRCLE NO. 335

Syracuse

Electronics,

P.O.

Box

The SDS series timers are available in fixed and remote adjustable delay ranges with a lower unit
of 0.1 s and an upper limit as high
as 480 s. The timer is available for
inputs of any value from 24 to
230 V ac or from 24 to 110 V de.
The units have a reset time of 50
ns during and after timing. Maximum power consumption is 2 W.
Output rating is 1 A ac and 100
mA de. The SDS timers will operate according to specs at temperatures ranging from - 10 to + 60 C.
CIRCLE NO. 337

Telephone tone modules
form central office

The ER-125D ( transmitter ) and
ER-125E ( receiver ) are supervised
carrier data links. These links use
high frequency phone or ac single
phase power lines to transmit and
receive digital or analog data.
The carrier-current data link consists of two 3 x 5 in. printed circuit cards, is available in eight
channels, and all eight can be operated simultaneously on one installation. The transmitter input and
receiver output (Schmitt type for
chatter elimination) are TTL-compatible, the receiver output a
binary duplicate of the transmitter
input in locked operation. Power
requirements are ac, single phase
and + 12 V de for the transmitter,
ac single phase and ± 5 V for the
receiver. The transmitter has one
fine tune control; and the receiver
one offset control.

Industrial Electronic Controls, 509
Buckbee St., Rockford, IL 61101.
( 815 ) 963-8988. From $525; 10 to
12 wk.
The Models 2572-1, -3, and -5
are adjustable frequency ac motor
drives. They handle 1, 3 and 5 hp
motors, respectively. Input is 230
V ac three-phase power at a constant frequency. The output of the
drive is 0 to 230 V ac, 6 to 120 Hz.
The drive is current-limited, has
short-circuit protection and input/
output fuses. Full rated torque is
delivered over a 10: 1 speed range
and speed regulation is ±2 % . The
2572 drive is housed in a 14 x 16
x 6 in. cabinet.

Kinetic T echnology, 3393 De La
Cruz Blvd., Santa Clara, CA 95050.
( 408 ) 296-9305. $331 set ( 100 up).
A series of 14 thick film hybrid
modules performs together as a
central office telephone tone receiver. Space savings of 75 % are
obtained over previously available
passive filter versions. All telephone system requirements are
met in the receiver, including twist,
dial tone rejection, speech immunity, fast pulsing and rejection of
nonlegitimate tones. Voltage
requirements are ± 12 and +5 V.
The modules are available in sets
for installation in customer's circuit boards or completely installed
and tested on a plug-in PC card.
Outputs are directly compatible
with TTL/CMOS logic.

CIRCLE NO. 334

CIRCLE NO. 336

CIRCLE NO. 338

Adjustable speed motor
drive handles up to 5 hp

ANAl.OG-Y

G£T li-IE BARE FACTS ON THE A-843
VOLTAGE 1) FREQUENCY CONVERTER.
STREAKS YOUR SYrnM AT 0·1MHz

IN A SIAAIG~T LINE;tO. 01 % .
NEA1 L.ITl!.E l ')cl~x'3 ~KAGe:: .
RUN OJT AND GE:.T ONE·

f::: IQ•

· - . . . . . . . . . INCORPORATE:D
(108> 244-osoo

•

rz.20 Cl:UM.W,

5'4NZI Cl4,(4 Qt 9505':)

INFORMATION RETRIEVAL NUMBER 56

98

ELECTRONIC DESIGN

8, April 12, 1.975

Tone receiver /xmitter
operates over phone line
Acco, D atamaster Div ., 929 Conn ecti cu t
A ve ., B r i dg eport, CT
06602 . ( 203) 225-2511. Stock to 8

wk.
The AR-4010 tone receiver and
AT-4010 tone transmitter detect
and transmit an amplitude modulated signal used as command or
control information. Transmitter
input may be either a voltage or
contact closure; receiver output
either closes a contact, produces a
voltage, or passes current t h rough
an opto-isolator. Both the receiver
and transmitter can be supplied for
operation from 350 to 2820 Hz over
a telephone line or other transmission medium. Both can be used in
conjunction with other receivers
and transmitters, each on a different frequency, to perform many
functions on a single transmission
link. Design feat ures include LEDs
for indication of correct signal
operation and CMOS logic for low
power consumption. T he receiver
and transmitter have a maxim um
reception or keying speed of up to
42 Hz , and have battery back-up
to assure uninterruptible operation.
CIRCLE NO . 451

Hybrid controller
handles up to 3000 W

Electramation, 866 E. 17th St.,
Suite 300, Santa Ana, CA 92701.
( 714 ) 541 -4434 . $10 ( lg e. qty .) ;
stock to 4 wk.

A hybrid, thick-film circuit, the
Solid-Stat, can control ac voltages
from 0 to 240. The unit is avai lable in 5, 10 and 15 A, 120 or 240
V ac versions. The molded package,
void free passivation and hi gh
thermal conductivity resu lts in a
reliable, trouble-free unit, capable
of handling up to 3000 W. The
unit is completely self-contained
and requires no additional components for operation. T he SolidStat may be operated at fu ll rated
current, with no derating, up to
70

c.

CIRCLE NO. 452

Wait watchers
special ror busy
engineers
If you ' re interested in wait reduction, we urge you to order Triad's
combination plate - plug-in transformers, circuit cards and mating
connectors-from your industrial electronic distributor. Triad not
only gives you more transformers and inductors to plug in , but a
versatile line of integrated and universal circuit cards to plug into.
And-to save you a search for the applicable connector, you need
only put a "CO" prefix ahead of the card number to get the right
Winchester connector in the same package with the card - ready
for you to put together.
Triad has a standard series of plug-in telephone coupling transformers to interconnect remote data entry and display terminals
to computers over voice grade telephone lines. Triad also makes
many standard plug-in power transformers for transistorized control and instrumentation with single and dual primaries. Secondaries may be connected in series or parallel to obtain a wide range
of voltage and ampere combinations.
Get a catalog from your distributor. Or write Triad Distributor
Services, 305 North Briant Street, Huntington, Indiana 46750.

<?.:\,:' t
',;>

Voltage
Stabiliz er

Tran sformers

~

Comm erc ial Grad e
Powers and Audios

rn
Litton

Tran sistor Powe r
Su pply Tran sform ers

lnlegrated Circu it Cards

TRIAD-UTRAD
Distributor Services
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S/d converter operates
over 50 to 1200 Hz

Log ratio modules have
max error of ±10 mV

Control Sciences, 10315 Woodley
A ve., Granada H i lls, CA 91 344.
( 21 3) 342-3067. From $550.

NEW 4%01GIT
DPVM
~~~~~·)LED DISPLAY

I

10,.,V RESOLUTION
AUTO ZERO
PARALLEL BCD OUTPUT
VOLTAGE RATIO
MEASUREMENTS
120 dB CMR UP TO SOOY
2 YEAR WARRANTY
FOUR FULL SCALE RANGES
AUTO POLARITY ±19999
COUNTS
FRONT PANEL F.S. ADJUST
>20,000 HOURS M.T.B.F.
<21'1A INPUT BIAS CURRENT
OVERLOAD INDICATION
AVERAGE VALUE DUAL
SLOPE INTEGRATION
1111000 MQ INPUT IMPEDANCE (.2 & 2V RNGS.)
ID OVERVOLTAGE
PROTECTION
Im SELECTABLE DECIMAL
POINTS
5VDC@ 50mA OUTPUT
AVAILABLE
flJ HIGH LINE NOISE
REJECTION
FJI UL RECOGNIZED
MATERIALS USED.
(Companion 3 1/2 d ig it
Model 203 $81.00 ) *

1

I
DD

• quantities ot 100

For complete data, call or write:
Newport Laboratories, Inc., 630
East Young St., Santa Ana , Calif.
92705. For immediate response,
call collect ( 714 ) 540-4686

JI[NEWPORT

The series 168C units are miniature synchro (and resolver) to digital converters. The converters occupy less than 7 in." and fu nction
over the frequency range of 50 to
1200 Hz without external modules.
Models may be selected to provide
error-free tracking rates to 10 rps
( 3600 ° / s ) . All standard models of
the 168C series have a reference
voltage range of 10 to 130 V rms .
Accuracy is ±4 minutes ±0.9 LSB
at 25 C, with 14 bit resolution.
Standard tracking rate is 1440 ° /s
( 3600 ° / s optional).
CIRCLE NO. 339

Temperature controllers
operate over wide span
H oneywell, H oneywell P laza, Minn eapolis, M N 55408. ( 612 ) 8705200. $140 up; stock to 6 wk.

Intronics, 57 Chapel St., Newton,
MA 02158 . (617) 332-7350. LR10i1:
$55, LR102: $70 ( 1-9 ) ; 4 wk .

The LRlOl and LR102 are modular log ratio operators that produce an output voltage· proportional to the ratio of two positive input
voltages. For input signals from
+ 10 mV to + 10 V, the total output error is only ± 15 mV ( LRlOl )
or ± 10 mV ( LR102 ) . Internal temperature compensation provides an
offset temperature drift of only
100 µ,v /° C over a 0 to 70 C temperature range. The scale factor is
set for an output of 1 V / decade, so
t hat an input ratio of 1000 :1 produces a fu ll scale positive output
of 3 V, and a n input ratio of
1 : 1000 produces a full scale negative output of -3 V. Output bandwidth is 20 kHz for · 10 V input
signals,, The modules are housed in
1.2 X 1.2 x 0.6 in. epoxy packages
with gold-plated circuit pins suitable for either socket or printed
circuit board mounting.

Models W927A, B and C solidstate controllers are designed for
computer room air conditioners
and have automatic changeover
from heating to coolin g. They are
single-input devices that operate
over -40 to + 150 F . A secondary
sensor is not required in computer
room applications because t he rapid air circulation eliminates the
need for reset. The units are controlled by the company's T 7047
space thermostat or a T 7022A1010
return-air thermostat . The W927D,
E and F models are single or dual
temperature-input step controllers.
They are directly controlled by a
space or return-air thermostat.
The dual-input feature allows the
use of a secondary sensor located
in the discharge air. This sensor
acts as · a heat anticipator and provides the proper cycling rate for
good temperature control. The
W927G, H 'and J models are also
single or dual temperature-input
step controllers. The primary sensor is located in t he boiler discharge water or discharge air duct.
The secondary sensor-located outdoors-resets the discharge temperature as the outdoor temperature changes to save energy.

The 675 series of input/ output
converter modules includes a full
line of ac and de input and output
units. An · versions offer 1500 V
rms optical isolation to protect
logic lines from ac or de power
circuits. Ac output' converters use
zero-voltage-switching for noise
reduction and have high dv/ dt
ratings to prevent misfires in industrial control environments. The
low profile PC configuration allows
both econom ies and great flexibility (including interchangeability)
in input/ output interface circuitry.

CIRCLE NO. 340

CIRCLE NO. 45 8

CIRCLE NO. 457.

In put/ output .converters
provide 1.5-kV isolation
Teledyne R elays, 3155 W. El S egundo
Blvd .,
Hawthorne,
CA
90250 . ( 213 } 973-4545 . From $9 .40
( 1000-up); stock to 6 wk.
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LOW-COST LED DIGITAL READOUTS
IN RED, ORANGE, YELLOW OR GREEN
Solid State Modules Come Ready to
Install and Operate - Include
Decoder/Driver and all Circuitry
Needed to Hook up to Your System
Standard 0-9 plus overflow, with
character heights of 0.30" and 0.40" and both sizes at the same low price!
Accept BCD input code
Compatible with TTL
Optional bezel with choice of 5 filters

And Immediate Delivery!
DISTRIBUTORS
Audio Electronics. Inc., Canada
Bodelle Co., Inc., Chicago
Bordewieck Co., New England
Century Aero Corp. , So. California
Peerless Radio Corp., Florida
Ratel Electronics, No . California

TEC, Incorporated

(416) 495-0720
(312) 323-9670
(617) 659-4915
(213 ) 772-1166
(305) 566-5966
(415 ) 965-2010

0.30 " High : MDA-6151
MDA-6181
0.40 " High : MDA-7151
MDA-7181

9800 NORTH ORACLE ROAD • TUCSON , AZ USA 85704

(green), MDA-6171 (red),
(yellow), MDA-6191 (orange )
(green), MDA-7171 (red )
(yellow) , MDA-7191 (orange )

(602 ) 297-1111

TWX

910-952-13~

INFORMATION RETRIEVAL NUMBER 64

From the people at Bodine and Bodine Distributors

New PM

drive sysfEms
H:f1i1ilijii

Type DPM permanent magnet
SCR adjustable speed/torque
drive systems, for demanding
applications. Available from
stock.
Built for rugged, long term
use-controls feature circuitry
with wide degree of flexibility
for end-use convenience.
Chassis-type controls adaptable
to any type sub-system.

Our proven single source
systems approach-Bodine
designs and manufactures both
the control and drive units. Results: Perfect matching of controls with motors or gearmotors.
You get high performancemore reliability.
Get the facts on Bodine DPM
Control Systems.

ELECTRO

This honey of a new product is but one of
many - look for more in the New Product
Sections of your favorite publications.

Bodine Electric Company, 2528 W. Bradley Place, Chicago, IL 60618
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dependable
power
custom
designed

silver-eel
byyardney
Silvercel rechargeable batteries
pack the most useable power into
the smallest and lightest weight
modular package available today.
In fact, this compact, rechargeable
power source delivers 3 to 4 times
the energy of common rechargeable batteries and does it with flat,
non-tapering discharge voltage
characteristics.
Silvercel batteries have been
custom designed as essential
components in aircraft, missiles,
torpedoes, submersibles, medical
equipment, communications
equipment and many other applications where a portable power
source is required.
When it comes to dependability
and performance, Silvercel
produces. And if, by chance , one
of our standard sizes doesn 't suit
your application , we'll design a
battery for you. Silvercel is really
all you have to know in batteries.

82 MECHANIC STREET,
PAWCATUCK , CONNECTICUT 02891

POWER SOURCES

De/de converters tolerate
2:1 input-voltage swing

S em i conductor Circuits, 306 River
St., Haverhill, MA 01830. ( 617 )
373-9104. See text; stock to 3 wks.
De/ de converters generally don't
accept too much variation in input
voltage. But two new encapsulated series of supplies from Semiconductor Circuits tolerate a 2: 1
span in input. The DR and DC
series-specifically aimed at plasma digital displays-deliver either
200 or 250 V at 30 mA.
For the DR series, inputs can
range from 9 to 18 V or 18 to 36
V, depending on the model. Input
for the DC covers 35 to 70 V.
Apparently the Semiconductor
Circuits units are intended to compete with the 900 series from Endicott Coil Co.-units that convert
5, 9, 12 or 15 V to a nominal 250
V at 30 mA. (The 900 replaces
Endicott's older 800 series. ) Input
variation for the unregulated 900
is limited to a maximum of ± 10%
or ±4 % to maintajn the units'
specifications.
If you need the input regulation
( 2 % line and load ) provided by
the Semiconductor Circuits units,
you'll have to pay extra for it:
The DR series sells for $45.95 to
$49.95 (1-9 ) whereas the Endicott

900 sells for $26.60 in the same
quantities. Regulators also need
room, so the DR fits into a 2.5 x
3.5 x 1.25-in. case, while the 900
squeezes into a smaller 2 x 2.5
x 1.12 in.
One thing to guard against with
gas-discharge readouts is powersupply ripple, which raises or
lowers the instantaneous nominal
voltage. If the excitation voltage
drops, you can lose information;
if it goes too high, the display can
be damaged or its life shortened.
So check the readout vendor's ripple spec. In the Endicott units,
ripple is listed as 2.5 V pk-pk
max ; for the Semiconductor Circu.i ts uniits, expect 7 m V rms.
The price difference between
the competing units buys you
more than regulation, however.
The DR and DC are short-circi.Iitprotected and operate over - 25 to
71 C with no d-erating. The 900
can withstand "momentary" shorts
and has a standard range of O to
70 C with no derating.
Semicondudo·r Circuits
CIRCLE NO. 301

Endicott Coil

CIRCLE NO. 302
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Regulator holds line
to ± 1% variations

MULTICHANNEL
VOICE

HIGH SPEED
DATA
TRANSMISSION

LONG RANGE
LASER
COMMUNICATIONS
Tele-Dynamics, 526 Virgiina Dr.,
Fort Washington, PA 19034. ( 215 )
643-3900. $194 (500 VA ) ; stock.

The LR series Varax line conditioner is offered in 500 and 1500VA models for American, European, and Japanese voltages. It
provides ± 1 % true-rms regulation
of both line and load over a broad
input range (90 to 125 V for the
115-V models) with less than 5 %
distortion. The enclosure is designed for either wall or panel
mounting. It is insensitive to linefrequency changes, has closed-loop
feedback for better regulation than
ferroresonant devices, and incorpo·rates a ±3 % output adjustment
as a standard feature.

we've got it all together.
01.5 mb/s DATA RATES
DLOW COST
0 EASY, RAPID
INSTALLATION
0 NO FCC LICENSE
REQUIRED

, I/--·~rn-·AM.El!R~IClll!!A~Nll!ILAl!ll!S~E!ll!IRl !ISV!ISl!l!T..EMli S•.I.NC··-·
I I\
SANTA BARBARA, CALIFORNIA
PHONE (805) 967-0423

106 JAMES FOWLER ROAD• SANTA BARBARA AIRPORT

e

GOLETA, CA. 93017

R...,...ntetlve Inquire• Invited
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OEM units offered
for TTL, CMOS systems

. . .,

think small ... with
sub-miniature
ceramic
capacitors

-

Power-One, Inc., 531 Dawson Dr.,
Camarillo, CA 93010. ( 805) 4842806. HBB512: $54.95; HCC512:
$86.95; stock.

Two new models of OEM de
power supplies are specially designed for small systems using
TTL/ DTL and CMOS. Each model
features a 5-V output with ovp
and a separate 9-to-15-V adjustable output. Line/ load regulation
is 0.02 % and current foldback is
built-in. These units are full-rated
to 50 C. Output of Model HBB512
is 5 V at 3 A and 9 to 15 V at
1.25 A; that of Model HCC512 is
5 V at 6 A and 9 to 15 V at 2.5 A.

.

Thick film hybrid design engineers
can choose sub-miniature single
and multi-layer ceramic chip
capacitors with the widest range in
capacitances, sizes, temperature
characteristics and termiriations in
the industry from Centre Engineering.
In
frequency
critical
areas
requiring accuracy and stability,
consider Centre Engineerings NPO
type chip capacitors. Applications

h-

-

requiring less stringent specifications Centre Engineering WSR and
ZSU chip capacitors are economy
savers.
Single layer and multi-layer ceramic chip capacitors, as small as, .080
x .OSO x .SST up to .460 x .420 x .6ST
with extremely high capacitance to
volume ratios are ultri-reliable.
If you are thinking small .. . write
for our catalogue.

CENTRE ENGINEERING

2820 E. COLLEGE AVE., STATE COLLEGE, PA 16801

CIRCLE NO. 454
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Open-frame family
includes 88 members

Deltron, I nc., Wissahickon Ave.,
North Wales, PA 19454. (215 ) 6999261. $33-$199 (25 ) .
"Lomni" series open frame power
supplies provide 88 new models
with nominal voltage ratings of 5
to 28 V and current ratings from
1.2 to 38.5 A, maximum power of
400 W. The 88 new models have
regulation of 0.01 %, ripple and
noise of 0.01 %, and use an integrated circuit regu lation system
for good t hermal and transient
performance.

Dual outputs track or
operate independently

De/ de converters
work at 75% efficiency

Grumil Corp., 4626 I dlewilde L ane
S.E ., Albuquerqu e, NM 87108 .
( 505 ) 265-2320. $157; stock.
T he GM412 dual-output lab power supply is a constant-voltage,
current-limited instrument rated at
20 V de and 600 mA for both positive and negative supplies. Output
circuitry is protected against overload, as well as positive and negative external forci ng, within t he
limits of ± 20 V and ± 600 mA.
Three selectable meter ranges are
provided. Characteristics include
0.01 % line regulation, 2-mV load
regulation (N L-FL ) , ripple and
noise of 500 µ V rms, transient recovery t ime of 50 µs , tracking accuracy of 0.01 % . and unconditional
stability for all loads.

Aaron-Davis Co., Inc., 1720-22nd
S t., Santa Moni ca, CA 90404. (213)
829-1834. $175; stock to 2 w ks.
T he G4-25 Series de/ de converter operates from conventional 24-V
battery sources. 28 and 48-V inputs are optional. Efficiencies go
up to 75 % . The 25-W supply measures 4 x 4 x 2 in. Regulation is
0.5 % for line and 2.0 % for load.
Ripple deviation is less t han 0.5 %
of the output voltage. T he converter is conduction cooled and operates over a temperature range of
- 20 to +71 C measured at t he
mounting base. Six standard models provide outputs of 5, 6, 12, 15,
24 and 28 V.

CIRCLE NO. 343

CIRCLE NO. 345

CIRCLE NO. 344

Portable Digital
Multimeter at an
Analog Price
$9995

Automatic transistor tester
works in-circuit when others can't

MODEL 280

Enjoy the benefits of
auto-polarity digital readout plus full overload
protection and high-low
power ohms for accurate
tests in solid-state circuits.
Accuracy .better than
analog VOM's!
22 RANGES
Reads in decades : AC
and DC volts and mA, 11000; ohms, 100-10 meg.
Resolution: 1mV, 1mA,
0.1 ohm.
Accuracy: DC typically
± 1% F.S. ; AC and ohms
typically ±2% F.S. except ±2.5% on highest
range. Uses " C" cells.
Optional AC adapter/
charger.
In stock at your local
distributor

PRODUCTS OF DYNASCAN
1801 W. Belle Plaine Avenue Chicago. IL 60613
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520 Dynapeak'™'
$150.00

TESTS IN ONLY 9 SECONDS Tests diodes, SCR 's and
unijunctions, too. Avoids time wasting unsoldering of
good transistors that tested bad in circu it and then
good out-of-circuit because of erroneous testing . B&KPrecision 520 Dynapeak'™ > even tests automatically incircuit with shunts of 1O ohms or 50 mfd . Random lead
connection ; turn the swi tch- the rest is automatic:
Pulsating aud io tone and LED ind icates good device ;
PNP/NPN , Ge / Si shown by LED. No-charts leakage
tests. Tests transistor action , not j ust junction or diode
characteristics. Write today!

EIHl/l1llllll

PRODUCTS OF DYNASCAN
1801 W. Belle Plaine Avenue• Ch icago , IL 60613
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Five 150-W switchers
join modular line

BUILD&TFSI
aRCUITS
AS FAS I AS WK.I 1HINK!
NOW IN KITS OR

ACDC Electronics, Oceanside Industrial Center, Oceanside, CA
92054. (714) 757-1880. $275; 2-4
wks.
Five new 150-W switching-type
power supplies have been introduced by the company. Ranging
from 5 V at 30 A to 24 V at 7 A,
these 20-kHz inaudible switchers
operate from a selectable input of
115/220 to 230 V ac, (100 V ac also
available) 47 to 63 Hz with 70 %
to 80% efficiency and 0.1 % regulation. Overvoltage and overload
protection on this JP Series is
standard and radiated and conducted EMI is minimized by shielding and filtering. For systems applications, the output may be turned off by a single contact closure
or TTL gate output. JP Series
power supplies may be paralleled
for high current requirements. The
units weigh only 8 lb.

NO SOLDERING OR PATCH CORDS!
Six new Continental Specialties' PROTO
BOARDS let you make all circuit and
power interconnections with common #22
AWG solid hook-up wire, while power
distribution buses make wiring a snap.
Aluminum base plates (except on kits)
offer solid work surface for perfect ground
plane. Rubber feet prevent scratching.
Each Proto Board features one or more
5-way binding posts to tie into system
or power supply ground. All are
compatible with ICs (digital or linear),
in TOSs, DIP packs and discrete
components. Each, except kits, is
completely assembled, ready to use.

Prata Board 14 pin DIP
Price
Add far Ship/
Size
Madel Na.
Capacity (L"x W") (U.S. anlJ)
Handlin&
lOO(Kit)
10
4.5x6.0
$19.95
$1.50
29.95
2.00
101
10
5.8x4.5
102
12
7.0x4.5
39.95
2.00
59.95
2.50
103
24
9.0x6.0
79.95
2.50
104
32
• 9.5x8.0
2.50
203 (+5V
24 6.6x9.75x3.25 75.00
@ 1 Amp)
Foreign orders add 15%.
Order tadaJ off-the-shelf from CSC ar local distributor.
Char1e: BAC, MC, AX. Write far free catala1. Free En1lish/
Metric Slide Rule with each order. Dealet inquiries invited.

Continental Specialties Corporation
Box 1942, New Haven, CT 06509 • phone 203/624-3103
W. Coast Office: Sox 78D9, S. Francisco. =~= Canada: Available thru Len Finkler Ltd .•
CA 94119 415/ 383-4207
iiiiiiia,I
Ontario
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CIRCLE NO. 346

Bench supply gives
triple outputs

Tracor Model 308-A
Rubidium Frequency
Standard. $6,250.

••

'

H ewlett-Packard, 1501 Page Mill
Rd., Palo Alto, CA 94304. ( 415)
493-1501. $325; 2 wk.
This compact three-in-one de
power supply, the 6237 A, delivers
an output of 0 to 18 V at up to
1 A and plus or minus outputs
from 0 to 20 V, each at 0.5 A. The
0 to +20 V and 0 to - 20 V outputs track one another within 1 %.
They can also be used to obtain a
single O-to-40-V, 0.5-A current.
Regulation is 0.01 % +2 mV, with
ripple and noise of 0.35 mV rms /
1.5 mV pk-pk.

u .•

l

Atomic accuracy at near
crystal prices. Utilizes
i
c,
stable quartz crystal
~·
oscillator whose
-~-~~~frequency is controlled
by atomic resonance of rubidium 87. Low cost. high reliability,
modular constrtJction.
(>

Tracor Model 304-D
Rubidium Frequency
Standard. $7 ,650.

For general lab and field
use . Almost entirely
unaffected by
environmental factors .
Provides stable, accurate
source of standard frequencies . Integral
time scale selector. Modular construction.
Tracor has more manufacturing and engineering experience in
Rubidium standards than anyone else . Write or call for full technical
and application information.

Tracor,

IDC.1ndustria1 instruments
6500 Tracor Lane• Austin, Texas 78721 •AC 512/926-2800

CIRCLE NO . 347
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MONOLITHIC
CRYSTAL FILTERS

NEW FM DISCRIMINATORS ...
One hang-up in designing a single·
conversion NBFM receiver is demodulation. Until now you've had the option of making a second conversion,
using phase-locked loop techniques,
or designing your own discriminator.
Now PTI has made demodulation
simple with two new monolithic
crystal discriminators offering low
distortion - typically 1% - and
high recovered audio -typically
800 mV-when used with the
CA3089E IC quadrature detector or
equivalent.
Detailed spec sheets are available.
Ask for Models 2283F (10.7 MHz)
and 2378F (214 MHz).

SOME THINGS NEVER CHANGE
Five years ago, when this ad series
began , we offered some 20 low-priced
standard monolithic crystal filters at
10.7 MHz. Since then the number has
grown to 60 at 10.7 and 21.4 MHz
(not to mention standards at other
frequencies). Even though it's five
years later, we still offer those original models - and at prices no
higher now than in 1970. Times may
be changing, but our quality and
price aren't.
SOMETHING OLD, SOMETHING NEW
Our new discriminators and our original standard models are two good
examples of PTl's leadership in monolithic crystal filters. If you have a
problem calling for monolithics we
may have the answer already on the
shelf.

Piezo Technology Inc.
2400 Diversified Way Orlando, Fla. 32804
(305) 425-1574

The standard in monolithic
crystal filters.

COMPONENTS

Bi-pin-based T-1 lamp
has precision filament

Liquid crystal displays
large clock characters

T1·ansparent Conductors Inc., 26
Coromar Dr., P.O. Box 549, Goleta,
CA 93017. (8 05 ) 968-3561. See text.

Gilway Co., Inc. , 29B Cummings
Park, Woburn, MA 01801. (617)
935-4442. $1.09 ( 1000 up); stock.

Precision-coiled filament T-1
lamps are now available with bi-pin
bases. The lamps feature precision
location of straight, rugged, CC-6
filaments. The lamps are suited for
critical electro-optical and other
close-tolerance applications. Certification to military specifications
is available. The 1150-9 lamp is
rated at 5 V, 0.115 A for a 40,000h life and the 1600-9 is rated at 5
V, 0.060 A for 100,000-h life.
CIRCLE NO . 367

Filter chokes range to
100 µ H, handle 10 A

Large-area liquid-crystal di splays are now available in two new
one-piece versions for a wide variety of digital wall clock and advertising displays. The 43.5C01 is
a transmissive-mode, dynamic-scattering, 3-1/2-digit clock face with
4-in. high characters on one 5 x
14 x 1/ 4-in. display. This 70-in. 2
display sells for $37 in lots of
1000. Sample prices are $98. A 23/ 4 x 7 x 1/ 4-in. clock face, the
23.5C01, with 2-in. high characters
sells for $17 in 1000 lots, and
samples are $49. Prices include
connectors and a one-year warranty. Both models are also available in reflective modes. Available
life data projects over a 30,000-h
life.
CIRCLE NO . 369

Marked control discs
have low inertia

Dale Electronics Inc., E. Highway
50, Yankton, SD 57078. ( 605 ) 6659301. Under $1.00 ( OEM qty );
stock to 4 wks.

0

0 '" :.,
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The IH Series, a new standard
line of high-current filter chokes
for PC mounting, is used for noise
filtering in switching regulators,
power amplifiers, power supplies
and SCR or triac control circuits.
The chokes have an inductance
range from 10 to 100 µH and a current rating up to 10 A. Custom
models are available up to 20 A.
The units have a flame-retardant
coating and pretinned leads.

Over 100 different line counts
and sizes of standard discs are
now available. These metrifilm discs
are offered without tooling charges,
and come in a variety of materials
such as glass, quartz, Mylar and
bi-metal. For low inertia, discs
that use glass substrates only
6-mils thick are available.

CIRCLE NO. 368

CIRCLE NO. 370

Dynamics Research Corp., 60 Concord St., W i lmington, MA 01887.
( 617 ) 658-6100. $20 (unit qty) .
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XE NON corporation
•

FLASHTUBES
ancl

Lam~~~~!P~! fo~~~~!~~~!.

FEATURES: High Volume Production Reliability

We can deliver a reliable
product in the quantities
required by the OEM user.
Our lamps have consistantly
higher quality, with longer and
more uniform life.
In addition, we can solve the problem of having to
build your own circuitry with our:

•Trigger Transformers
•Trigger Modules

•Chokes
•Power Modules

All are part of the engineering and manufacturing package Xenon can deliver and we can offer the most advanced
technical assistance in the industry.

NEW PRODUCT ANNOUCEMENT
Contact our factory for information on our new inner
seal design. Its unique insulating and cooling properties
have solved problems in many OEM application areas:
SEND FOR OUR COMPLETE PRODUCT
CATALOG . XENON ASSURES
QUICK DELIVERY.
39 Commercial St., Medford, Mass. (617) 395-7634.
INFORMATION RETRIEVAL NUMBER 73

If you can't stand
miscontacts ,
want sensitive
response, long
life, a versatile
1 amp to 5 amp
operating range
plus UL, CSA, and
VDE ratings - the K
series relay is for you . A
patented magnetic system
develops an 11 g contact
pressure and a wide contact
gap. The contact spring assembly on the 2 amp type
uses bifurcated contacts
along with our unique lift-off
system. Results : low, stable
contact resistance , typically
25 milliohms ; minimized
bounce and chatter, approx.
1 msec; controlled arcing;

low operate
power requirements, nominally
400 mw (2C) to
1500 mw (6C);
and long life:
108 mechanical
operations; > 101
electrical operations at 1 A 28 VDC.
K relays are available in 2C,
4C, and 6C arrangements
and in standard DC, AC,
plastic-sealed, and power
types. Solder terminal, P/C
terminal, plug-in, and panel
mounting accessories are
also available.
Want more information on
this remarkable relay series?
Call or write Arrow-M
Corporation today.

m

Relays for advanced technology.

Arrow-M Corp. 250 Sheffield St, fv1ountains1de, N.J. 07092 U.SA
Telephone: 201 2324260
INFORMATION RETRIEVAL NUMBER 78

Fluke Model BOOOA

Introducing
the Brush 110 strip chart

recorder-with a thermal
NootherDMM
offers you
all of these
outstanding
specs in
one box

John Fluke Mfg . Co ., Inc.
P.O. Box 7428
Seattle, WA 98133

•

Best accuracy statement of any
3Y2 digit DMM : 0.1% accuracy
± 1 digit; one year accuracy
time span; 25 ° c ± 10 ° c
accuracy temperature span .
• Normal mode rejection: 60 dB
at 50 and 60 Hz.
• Common mode rejection: 120
dB with 1 Kn unbalance.
• Overload protection specified
for all ranges.
• 26 ranges of volts, amps and
ohms.
• More option power than any
other DMM. Includes low ohms
option with 1 milliohm resolution. 20 amp ac/dc current
capability. BCD output. Built-in
rechargeable battery pack.
• More accessories than any
other DMM. Includes 600 amp
AC clamp-on current probe.
40 KV high voltage probe. 100
and 500 MHz rf probes.
• Auto zero (no zeroing
necessary) .
Add to this the incomparable Fluke
reputation. No wonder this is the
best selling DMM in the world. Still
only $299 (domestic only) . For
data out today, dial our toll-free
hotline, 800-426-0361.

INFORMATION RETRIEVAL NUMBER 72
FOR DEMONSTRATION, 183

writing pen guaranteed
for life.

There isn't another strip chart recorder on the market
today that can match the Brush 11 O's performance, ruggedness, versatility and writing dependability.
The new hot-tip thermal writing system produces
clear, sharp, highly reproducible blue traces with no
smudges, no smears, no skips and no puddles.
Before you buy, check out the remarkable Brush 11 O.
Contact your nearest Gould sales engineer for a demonstration. Or write Gould Inc., Instrument Systems
Division, 3631 Perkins Avenue, Cleveland, Ohio 44114.
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Sensor detects liquid
level in sight tubes

Electro-candescent unit
displays large numbers

I

DIRECT FROM STOCK

Model 300

SY l.OA
± 12 or 15V 0.25A
Size:
4 .5"W x 4.5" L x 2.25" H
Price : With OV $80

7000
(1-9)

Model 301

SY S.OA
±12 or 15V l.OA
Size :
6.0"W x 3.38" H x 7.0" L
Price : With OV $Ill

(1-9)

Skan-A-Matic Corp., P.O. Box S,
Elbridge, NY 13060. (315) 6893961.
A clamp-on photoelectric sensor,
the S3090 Skanner, measures the
liquid level inside a sight glass of
virtually any liquid. The Skanner
can sense the capillary edge of the
fluid with a positioning accuracy
of ±0.003 in. The device clamps
around the outside of a sight glass
with two thumb screws fitted with
tension springs, and the unit can
be slid easily up or down the gJ.ass.
Although the Skanner is designed
for a 1/ 2-in. dia sight glass, it can
be modified to fit larger diameter
tubes.
CIRCLE NO. 371

CIRCLE NO. 455

VersatHe pushbuttons
have to 10 poles

Model 302

SY lS.OA

±12 or 15V 2.0A
Size:
6.0" W x 4 .0" H x 13.25"L
Price : With OV $174

Switch for PC board
has low profile

159°0
(1-9)

Input: 105·125V, 47-420 Hz
Regulation : Line-0.005%
Load-0.05%
Ripple: Less than 250 Microvolts
Temp: Operative -20 to +11 °C
Storage - 65 to + 85 •c
Coefficient - 0.01 %1°C Max.
Current Limiting: Fixed Foldback Type
Overvoltage : Optional

CALL (714) 279-1414
FOR DELIVERY AND
QUANTITY DISCOUNT

@JIRGlrdStatiGS.OUOffiL
7718 CLAIREMONT MESA BLVD

Digilite Corp., 91 Rome St., Farmingdale, NY 11735. (516 ) 694-6545.
Constraints in size and cost imposed by conventional LEDs and
liquid crystals do not limit the
Di gi 1i te electro-candescent approach. The N-10 Series of digital
readouts, suitable for bezel mounting, range in size from 2 to 18 in.
Larger sizes can be provided on
special order. Life expectancy exceeds 50,000 h. The display offers
a number of interesting properties:
a choice of color, or mixed colors;
a preset ability to change color, or
color change in response to external
stimuli; ability to change intensity
with changes in the ambient temperature ; and many other options.
Available units operate on 110 V
ac 50/60 cycle or 6, 12, or 24 V de.

SAN DIEGO. CA 92111

Oak Industries Inc., Crystal Lake,
IL 60014. (815) 459-5000.

A family of lighted and nonlighted pushbutton switches, type
130, is available in low-power and
power-rated versions. The lowpower model can have up to 10poles with contacts rated at 1 A,
28 V de. The standard contact material is silver-plated brass, but a
wide range of options include the
precious metals. The power-rated
type is available with DPDT contacts of coin silver rated 6 A, 125
V ac. Operational features include
momentary, interlocking and alternate action, and mechanical or
electrical lockout. The switches
come in multiple banks and as complete subassemblies with lighted
pushbuttons.

SUJ,nf ord Applied Engineering Inc.,
340 Martin Ave., Santa Clara, CA
95050. (408 ) 243-9200. $1.85; 7SPST (1000 up); stock.
A miniature PC-mounted BCD
or four-to-10-position decimal-input switch, the Series 1000 Bit,
performs the same functions as
slide, thumbwheel or toggle switches but occupies less space with its
profile of only 0.280-in. high. The
switch features large, easy-to-read
characters 0.120-in. high. Custom
masking and dust covers can be
provided. The switch contact resistance is 100 mn.

CIRCLE NO. 372

CIRCLE NO . 456

,,,......
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PACKAGING & MATERIALS

Connector junction shell
is all plastic

Enclosures available
in many sizes

Time Mark Corp., P.O. Box 15127,
Tulsa, OK 74115. (918) 939-5811.
$0.39 to $0.72: polystyrene cover
with 8-pin header (1000); stock.

Time Mark now offers its line
of enclosures. The headers are
molded in general-purpose phenolic and come in three sizes. Each
size includes 8, 9, 11 or 20-pin
versions. Dust covers are available
in four sizes. They are molded
from polystyrene, butyrate, nylon
or Lexan in a variety of colors.
CIRCLE NO. 363

ITT Cannon Electric, 666 E. Dyer
Rd., P.O. Box 929, Santa Ana, CA
92702. (714) 557-4700.

An all plastic junction shell, Dsubminiature universal, is available
in all five shell sizes-DA, DB, DC,
DD and DE-to fit all D subminiature rectangular connectors including the Original D, Burgun-D,
D·*M Golden-D Mark I and the
D*MA Royal D Mark III. Key
features include: two-piece construction for ease of assembly,
plastic ties for securing the cable
firmly, straight or 90° outlet
capability, nonflammable thermoset
plastic with 150-C temperature
capability and use of existing locking hardware.
CIRCLE NO . 365

Plastic tweezers
can replace steel units

Elco Corp., Willow Grove,
19090. ( 215 ) 659-7000.

PA

Elco Series 6042/ 6044 card, edge
connectors have crimpable contacts
for # 22-to-30-gauge round wires.
Contacts, loose or 2500 on a reel,
insulators and application tooling
are provided by the manufacturer
for customer assembly. Connectors
are available with 0.100 and 0.156in. centers and dual-50 and dual-22
positions, respectively, with or
without mounting holes and suitable for both single-sided and
double-sided PC boards. Polarizing
inserts on contacts, or between contacts, are available. Insulation material is polyester ; contacts, phosphor bronze with gold plating over
nickel.

Plastic 5-1/2-in. tweezers can
replace the more expensive stainless-steel instruments normally
used for clean-room work, where
small parts and components cannot
be touched by hand. The tweezers
have a good feel, are easy to
squeeze and yet they have firm
gripping power. Narrow, nonserrated tips and side guides prevent
side-slip at the tips. They can be
cleaned or steri lized many times,
but are also inexpensive enough to
be discarded after one use.

CIRCLE NO. 364

CIRCLE NO . 366
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Sharon Medical Products Corp., 90
E. Industry Court, D eer Park, NY
11729. (516 ) 667-7350.
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PACKAGING & MATERIALS

Solder system provides
precision heat control

Stick-on temp recorders
now fit T0-5 cans

MEW
for
TO·S's

Circon Corp., 749 Ward Dr., Santa
Barbara, CA 93111. ( 805 ) 9670404.

T elatemp Corp., P.O. Box 5160,
Fullerton, CA 92635. (714 ) 8792901. Stock to 2 wks.

A new adhesive-backed temperature recorder, Model 505, detects
overheated T0-5 components. Only
0.320 in. in dia, Model 505 contains
five temperature increments, each
calibrated at a specific value between 65 and 125 C. Silver-colored
windows turn irreversibly black at
their rated value with an accuracy
of ± 1 % . Other Telatemp component temperature recorders are
available for use with T0-3, T066, LSI flatpacks and DIP packages.

Circon's PDS II Pulse Dot micro-soldering system provides precision control of solder, flux, rise
time, temperature and total heat
output with controlled heat pulses
and interchangeable tips. The
unit's Auto-Time control dial can
set a heat-pulse interval from 100
ms to 10 s. The temperature-control dial sets heat output from
ambient to 2200 F. With each depression of a pulse pedal, identical
pulse duration and heat is delivered to the soldering tip.
CIRCLE NO. 361

Light-weight adhesive
for honeycomb structure

CIRCLE NO. 359

lntronics' SM2000/5 modular power supply
offers you more power for your money ... up
to IO watts of output power. Plus, a C0"1J>act
size that makes this unit the natural choice to
power your IC logic circuitry.
All lntronics' modular power supplies are
designed for easy use and trouble free
operation. Outstanding characteristics include:
preset voltages to ± 0.5 %, output short
circuit protection, low ripple, wide operating
temperature range with no derating, 50 to
440 Hz operation and 50 meg ohm
transformer isolation.
Exercise your buying power. Specify lntronics'
Model SM2000/5 modular power supply for
your IC logic circuit applications.

. tromes
®·
m

57 Chapel Street. Newton. Massachusetts 02158 U S.A
617-332-7350. "TWX 710-335-6835

Overseas call :
Brussels. Belgium 13-73·84
Maidstone. England 54224
Helsinki. Finland 11 - 123
Paris, France 9077844

Munich, Germany 524181
The Hague. Holland 678380
Milan. Italy 9043983
Zunch. Switzerland 93-31 -61

Marker labels fit DIP
0.1-in.
-~~~~~~- ~P.~.~ing
. ......................
. ............. .
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Emerson & Cuming, Inc., Canton,
MA 02021 . ( 617) 828-3300.. $38.50 /
gal; stock.

A new line of press-on marker
labels identifies DIP socket pins
and circuit-board hole locations.
The 14-pin DIP markers, Model
MS-9, have numbers from 1 to
7 printed on one side and from
8 to 14 on the adjacent side, and
the numbers are spaced on 0.1-in.
centers to match the lead spacing
of conventional DIP components.
Strips for 16-pin DIPs and other
configurations are also available.

Fiberglass-resin laminates and
honeycomb sandwiches, popular as
structural materials in the aerospace indusit ry, feature light weight
and high strength-to-weight ratios .
Thus it is desirable to use an adhesive that is also light weight and
has a high S't rength-to-weight
ratio, such as Eccobond SF40. It
can seal the edges of laminates to
prevent delamination when they are
cut to shape, to fill the edges of
honeycomb sandwiches and to patch
and modify surface contours. It is
an epoxy. The density of Eccobond
SF40 is only 40 lb/ ft3 and yet its
compressive strength is 10,000 psi
and tensile-shear strength is 1500
psi.

CIRCLE NO. 360

CIRCLE NO . 362
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V ector Electronic Co., Inc., 12460
Gladstone Ave., Sylmar, CA 91342.
( 213 ) 365-9661. Stock.
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application
notes
Interfacing CMOS logic
Interfacing CMOS logic with the
company's integrated d/ a converters is described in an application
note. An analysis of the input circuitry of various d/ a converters is
shown and input voltage rules are
developed. Interface circuits are indicated. Also described is a com1plete CMOS-compatible voltage output d/ a converter and a complete
CMOS output 8-bit a/ d converter,
which can be built for under $30.
Precision Monolithics, Santa Clara,
CA
CIRCLE NO. 373

Removal of flux residues
Removal of rosin and resin flux
residues with aqueous chemistry is
the subject of a six-page illustrated bulletin. London Chemical, Bensenville, IL
CIRCLE NO. 374

Sampling oscilloscope
How to derive a maximum benefit from the use of a sampling
oscilloscope is explained in a 72page book. The book is supplemented by circuit diagrams and
PC layouts. Philips Test & Measuring Instruments, Woodbury, NY
CIRCLE NO. 375

Meter relay
"Meter Magic" describes a costsaving way to use the company's
ac motor load meter relay. Beede
Electrical Instrument, Penacock,
NH
CIRCLE NO. 376

HP-45 calculator book
To extend the usefulness of the
HP-45 advanced scientific pocket
calculator, you can use the 218page applications book that gives
the most efficient keystroke sequences for solving over 200· commonly encountered mathematical
problems. The book sells for $10
(plus local sales tax ) . HewlettPackard, 1501 Page Mill Rd., Palo
Alto, CA 94304
INQUIRE DIRECT

Cable interconnection
"Electrical Comparisons of
Scotchflex Cables" covers design
considerations in the selection of
cable interconnection systems for
high-speed logic systems. The brochure is illustrated with charts
and graphs. 3M, Electronic Products Div., St. Paul, MN
CIRCLE NO. 377

Noise reduction
Tech Tips 2-4 tells how to eliminate 120-cycle line noise and rfi in
power-controller circuits that use
inexpensive bimetallic switches.
Westinghouse Electric, Semiconductor Div., Youngwood, PA
CIRCLE NO. 378

ROM simulator
How simple hardware can be
combined with the company's
lOOOA ROM simulator to create
powerful design support instrumentation is described in an application note. Scientific Micro Systems, Mountain View, CA

is the only manufacturer
listed on the QUALIFIED
PRODUCTS list for

MIL-S-12883

SOCKETS

CIRCLE NO. 379

Resistance measurements
"Keeping Power Dissipation
Down in Resistance Measurements"
outlines the consequences of excessive power dissipation as well as
how that dissipation can be kept
to a minimum. Keithley Instruments, Cleveland, OH
CIRCLE NO. 380

Converter codes
A handy summary of various
digital codes used in data conversion modules is given in a six-page
article reprinted from ELECTRONIC
DESIGN. Date! Systems, Canton,
MA
CIRCLE NO. 381

Small de motors
"Physical Properties of Small
DC Motors Using an Ironless Rotor" gives a brief yet tho\'Ough explanation of these properties. Simple mathematical relations are
illustrated by practical calculations. The guide can be obtained
from Portescap, 165, rue NumaDroz, CH-2300 La Chaux-de-Fonds,
Suisse, at a price of s. fr. 5. or
from Portescap, 730 Fifth Ave.,
New York, NY 10019, at a price of
$7.50.
INQUIRE DIRECT

Eby can meet your
custom design and manufacturing requirements for all types of
electrical connectors and related
components . . . including high
reliability Military applications.
Request more information and
FREE SAMPLES.

/EW
HUGH H. EBY CO.
4701 GERMANTOWN AVENUE
PHILADEPHIA, PA. 19144
(21 842-3000

s)

a division of REDM Corp.

E 103
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(new literature)

CMOS guide

Pick a Tape for Your Very Own

or custom-design it. FAST. Phone
For: Point-of-Sale; Test Equipment, Data
Hans Weck, Sales Manager.
Logging Tickets, Calculators,
Fast Food Receipts, Tolls.
~"'W
The No. 1 Printers serve the toughest ~~ C. ITOH ELECTRONICS, INC.
leaders - many years of field-proven
Systems & Components Division
280 Park Avenue, New York, N.Y. 10017
experience. Tell us your need - we'll
(212) 573-9467. Telex: WUD 12-5059
recommend the printer perfect for you -

INFORMATION RETRIEVAL NUMBER 100

SUBSCRIBER SERVICE For prompt
service include the addressed label
when writing about your subscription.

A 200-page guide to CMOS devices includes full technical descriptions. A cross-reference guide
tracks alternate sources both by
manufacturer and device function,
and another guide provides instant
access to all of the company's
product applications. Harris Semiconductor, Melbourne, FL
CIRCLE ·N o. 382

Pushbutton switches
Lighted pushbutton switches are
featured in a four-color brochure.
The swi-tches described are available in either single or two-lamp
models in either single or split
legend designs. Illuminated Products, Anaheim, CA
CIRCLE NO. 383
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Microwave devices
A 24-pa.ge short-form catalog
lists over 350 micro,w ave devices.
EMI-Varian Ltd., Hayes, Middlesex, England.

~

CIRCLE NO. 384

Graphic recorders
The Series 2200 graphic recorders are covered in a fourpage catalog. EPC Labs, Beverly,
MA
CIRCLE NO. 385

Expanded capability for burnin/ screening of devices. Our
new system, coupled with our
environmental capabilities, affords you a complete facility
to meet the most stringent production schedules.

Microcomputer manuals

ociated Testing
aboratorles, Inc.

If you're moving, please let us know
six weeks before changing your address. If you have a question, place
your magazine address label here and
clip this form to your letter.

Northwest Industrial Park
Burlington.
Massachusetts 01803
(617) 272-9050

MAIL TO: ELECTRONIC DESIGN Circulation Dept. Hayden Publishing Co.,
Inc., 50 Essex Street, Rochelle Park,
NJ 07662

~

Two new reference manuals for
designers of microcomputer control
and processing systems cover design concepts, theory of operation,
capabilities and applications of the
Inte!lec 4 and Intellec 8 microcomputer development systems.
The two volumes are available for
$5 each. Intel Corp., 3065 Bowers
Ave., Santa Clara, CA 95051
INQUIRE DIRECT
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Connectors

Accelerometers

Eight series of precision electronic connectors are listed and
highlighted in a 16-page catalog
with all pertinent specifications
for each group. Continental Connector, Woodside, NY

Principles of opera ti oin of
linear and angular
servo acce.Jerometers, performance
specifications and dimensional
drawings .a re included in a bulletin. Schaevitz Engineering, Camden, NJ

CIRCLE NO. 386

closed~loop

CIRCLE NO. 391

Print/ plot system

Socket logic cards

The electrostatic writing technique of the Statos off-line
printer/plotter is described in a
six-page brochure. Hardware features are described, as well as
the JPR software that sup.p ods
the system. Varian Data Machines,
Palo Alto, CA

Mechanic a 1 specifications of
socket logic c:ards, basic card
dimensions and associated packaging hardware are contained in
an eight-page bro ch u re. Cam·
b r i d g e Thermionic, Cambridge,
MA

CIRCLE NO. 387

CIRCLE NO. 392

Digital panel instruments
Technical specifications and
prices for digital panel instruments are: contained in a fourpage catalog. Nationwide Electronic Systems, Streamwood, IL
CIRCLE NO. 388

General-purpose relays
An updated data sheet covers
Series 354 (formerly GP-1) general-purpose relays. Contact and
coil data, dimensional drawings,
schematics and pad layouts are
included. C.P. Clare, Chicago, IL
CIRC:LE NO. 393

BASIC/3000 language

Microwave components

Two publications-a 20-page
booklet entitled BASIC/3000 Programming Examples and a 44page BASIC/30001 In1lerpreter
pocket guide-show computer
use.rs the full capability of' the
HP BASIC/3000 language. Hewlett-Packard, Palo Alto, CA

A 64-page catalog describes and
illustrates microwave components
and assemblies with special emphasis on stripline devices. Performance characte.ristics, design
data, application information, outline and mounting drawings and
photographs are included. Lo.r ch
Devices, Englewood, NJ

CIRCLE NO. 389

LEW
COMPLEX
JUNCTION
TERMINAL
CONNECTOR
Used in high reliability
missile application,
this connector is an
example of Eby's
technical and production capabilities in
handling difficult
molding problems.

CIRCLE NO. 394

Wire terminals
An 85-page catalog describes
wire terminals. Outline drawings
and photographs are included.
Malco, Chicago, IL
CIRCLE NO. 390

TTL/MSI devices
A 15-page, looseleaf-sized, foldout brochure is a guide to 300 bipolar TTL/ MSI devices. The guide
is divided into eight sections:
multiplexers and demultiplexers;
counters; display products; memory products; shift registers ;
latches and storage registers; decoders and comparators and miscellaneous TTL products. National
Semiconductor, 2900 Semiconductor Dr., Santa Clara, CA 95051
INQUIRE DIRECT

Expandable voice system
Application information, block
diagrams, package dimensions,
timing diagrams and 1/0 connections for an expandable voice
annunciator system called EV A
are given in a four-page brochure.
Master Specialties, Costa Mesa,
CA
CIRCLE NO. ·395

Digital instrumentation
General specifications for digital
printers, both numeric and alphanumeric, are given in a 12-page
catalog. Also described are printing digital voltmeters and accessory equipment. Practical Automation, Shelton, CT
CIRCLE NO. 396

LEIN/.
HUGH H. EBY CO.
4701 GERMANTOWN AVENUE
PHILADELPHIA, PA. 19144
(215) 842-3000
a division of REDM Corp .
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IT'S A SMALL WOR LD!

classified ads

SMAL LE R AU DIO TRANSFORMERS

Electronic Design·

Sizes: 1-3/8" x 1-15/16", 15/16" x 1-1/4",
9/16" x 5/8" (Send for complete catalog)
Quality Engineered Sound Products
SESCOM, INC.
P. 0. Box 590, Gardena, CA 90247 U.S.A .
(213) 770-3510 • TWX 91 0-346· 7023

RENT a MINI

CIRCLE NO. 293

1 DAY DELIVERY
DEC PDP SI (4K)
DEC PDP SL (SK)
· ASR 33

FOR SALE
MINIS DEC • DG • CAI • GTE
HP • HIS • IBM • INT
LOCK • MICRO • SEL
VARIAN • XLO
.. .$2950
.$2500
... $7500

PRINTERS MOS 4330 .
CDC 9322.
DP 2440 .
CARD
DOC M200 .
READERS GDI 100 .. . ..

....... $950
. . . . .$450

Help your
Hea1t...

Help your
Hea1t Fund
Ame rica n Heart Association

PAPER DIGITRONICS 2500 ..... $350
TAPE CHALCO • BRPE21. . .... $250
MAG PERTEC • WANGCO
TAPE POTTER • AMPEX

AMERICAN USED COMPUTER CORP.

KEEP
Electronic Design 's

CIRCLE NO. 291

GOLD BOOK
HANDY

BUY•SELL
MODULES
CARDS
BOARDS
MICROPACS

IBM· UNIVAC
DEC· CDC· HISI
617-261-1100
AMERICAN USED COMPUTER CORP.
P.O . Box 68 , Kenmore Sta ., Boston , MA 02215
member COMPUTER DEALERS ASSO CIATIO N

• To aid progress in the electronics
manufacturing industry by promoting
good design.
• To give the electronic design engineer concepts and ideas that make his
job easier and more productive.
• To provide a central source of
timely electronics information.
• To promote communication among
members of the electronics engineering community.
Want a subscription? ELECTRONIC DESIGN is sent free to qualified engineers
and engineering managers doing design work, supervising design or setting standards in the United States
and Western Europe. For a free subscription. use the application form
bound in the magazine. If none is
included, write to us direct for an
application forrr>.
If you do not qualify, you may take
out a paid subscription for $30 a year
in the U.S.A., $40 a year elsewhere .
Single copies are $1.50 each.
If you change your add ress, send us an

old mai ling label and your new address; there is generally a postcard
for this bound in the magazine. You
will have to requalify to conti n ue
1 - - - - - - - - - - - - - - - - - - j receiving ELECTRONIC DESIGN free.

617-261-1100
P.O . Box 68, Kenmore Sta. , Boston, MA 02215
member COMPUTER DEALERS ASSOCIATION

ELECTRONIC DESIGN'S function . is:

When You Call
Save time wh en yo u contact
s upp liers. Check their catal og
pages first in Electronic Design' s GOLD BOOK. Maybe
the information you need is
right at your fingerti ps.

The accuracy policy of ELECTRONIC
DESIGN is:
• To make diligent efforts to ensure
the accuracy of editorial matter.
• To publish prompt corrections
whenever inaccuracies are brought to
our attention . Corrections appear in
"Across the Desk."
• To encourage our readers as responsible members of our business
community to report to us misleading
or fraudulent advertising.
• To refuse any advertisement deemed
to be misleading or fraudu lent.
Microfilm copies are available of complete volumes of ELECTRONIC DESIGN
at $19 per volume, beginning with
Volume 1, 1952 t h rou g h Volume 20.
Reprints of individual articles may be
obtained for $3.00 each, prepaid ($.50
for each additional .copy of the same
article) no matter how long the
article. For further details and to
place orders, con,tact the Customer
Services Department, University Microfilms, 300 North Zeeb Road, Ann
Arbor, Michigan 48106 telephone
(313) 761-4700.
Want to contact us? If you have any
comments or wish to submit a manuscript or article outline, addre·ss your
correspondence to:
Editor
ELECTRONIC DESIGN
50 Essex Stre.et
Rochelle Park, N.J . 07662

CIRCLE NO. 292

114

ELECTRONIC DESIGN 8, April 12, 1975

Electronic Design Design Data from Manufacturers
Advertising Sales Staff
Tom W. Carr , Sales Director

Advertisements of booklets, brochures, catalogs and data sheets. To order use Reader-Service Card
(Adverti semen t)

Rochelle Park, NJ 07662
Robert W. Gascoigne
Daniel J . Rowland
(Recruitment, Quick Ads, Classified)
50 Essex Street
(201) 843 -0550
TWX : 710-990-5071

New 16-page brochure on latest Ubiquitous® 500-line
Real-Time Spectrum Analyzer/Calculator UA-SOOA-1 con·
tains complete application data & a "how to" section. The
"why" explains the need for resolution, real time, & averaging. The "how to" section solves typical analysis prob·
lems: "how to be sure correct data is being analyzed,"
"how to analyze transients," "how to interface to a computer," "how to cancel background noise," "how to analyze
rotating machinery."
Model UA-SOOA-1 is specifically designed to simplify
machine diagnosis, rotating machine analysis, noise source
identification, mechanical signature comparisons, underwater signal analysis, & noise reduction. Includes such
features as automatic harmonic identification, direct digital
readout in RPM, & the ability to make relative amplitude &
frequency measurements digitally.
Demo, circle 111

Philadelphia
Thomas P. Barth
50 Essex Street
Rochelle Park, NJ 07662
(201) 843-0550
Boston 02178
Gene Pritchard
P.O. Box 379
Belmont, MA 02178
(617) 489-2340
Chicago 60611
Thomas P. Kavooras
Berry Conner, Jr.
200 East Ontario
(312) 33 7 -0588
Cleveland
Thomas P. Kavooras
(Chicago)
(312) 337-0588
Los Angeles 90045
Stanley I. Ehrenclou
Burt Underwood
8939 S. Sepulveda Boulevard
Suite 510
Los Angeles, CA
(213) 641·6544
San Francisco 94022
P.O. Box 1248
Los Altos , CA
(415) 965 -2 636
London, Amsterdam, Tokyo, Seoul
John Ashcraft
12, Bear St.
Leicester Squ ::ire
London WC2H 7AS England
Phone: 01 -930-0525
W. J. M. Sanders
John Ashcraft & Co .
Herengracht 365
Amsterdam C., Holland
Phone : 020 -24 -09-08
Haruki Hirayama
Electronic Media Service
5th Floor, Lila Bldg .,
4 -9-8 Roppongi
Minato -ku , Tokyo, Japan
Phone : 402-4556
Cable: Electronicmedia , Tokyo
Mr. 0-kyu Park . President
Dongbo lnt'I Corp.World Marketing
C.P.O. Box 4010
Seoul, Korea
Tel: 76-3910/3911
Cable: DONGBO SEOUL
Telex : EBKOREA K27286

172 ·

Share in the nation's top managerial policies, strategies, techniques .•.

MANUFACTURING MANAGEMENT SYSTEMS
New Challenges and Opportunities Edited by Fred Gruenberger
By crystallizing the·results of the 1973 Informatics/
UCLA Symposium, this book offers a powerful blend of
technical and managerial expertise for enhancing the
overall success and . profitability of today's manufacturing management systems . Some of the nation's top
industrial and technical leaders speak freely and in
depth of their organization's objectives and specific
operations, as well as their personal strategies and
methods. You ' ll find the newest computerized tools
available to manufacturers . . . crucial managerial
skills for directing progressive systems . . . the tact
and care needed for the sensitive human problems of
system implementation, and more. #5940-x, 160
pages, $10.50. Circle the Info Retrieval. No. to order a
15-day exam copy . When billed, remit or return book .
No obligation .
CIRCLE NO. 173

Hayden Book Company,
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50 Essex St., Rochelle Pk, N.J. 07662

MATERIALS FOR MAGNETIC FUNCTIONS
by Fennimore N. Bradley

This val.uable reference provides a thorough background as well
as practical design techniques for the materials needed for mag- ,
netic functions. Included in its exhaustive coverage is detailed
treatment of key parameters of about 30 classes of ferrite materials relating processing to costs and design trade-offs ... and
equally thorough coverage of about 40 classes of both conventional and exotic magnetic metals and processes. The book focuses
on design problems encountered in a wide range of permanentmagnet applications ... pinpoints design problems in nearly 30
categories of electromagnetic devices . .. and· concludes with
coverage of environmental influences such as corrosion , magnetic
field , temperature, stress, etc. 360 pp., 6 x 9, illus., cloth , $17.20 .
Circle the reader-service number to order a 15-day examination
copy.
CIRCLE NO. 174

HAYDEN BOOK COMPANY, INC., 50 Essex St., Rochelle Park, N.J. 07662

{ .. ABP
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Nicolet Scientific Corp. (formerly Federal Scient ific)
245 Livingston Street, Northvale, New Jersey 07647
(201) 767-7100."TWX: 710-991-9619
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quickad1

New and current prod ucts
for the electronic designer
presented by their manufacturers.

HIGH Q MULTILAYER CAPACITORS
feature very high quality factors at
microwave frequencies. Offered in
three standard sizes: .050 x .040,
.080 x .050, .125 x .095. _Capacitance values from 0.1 pf to 1000 pf
with close tolerance and voltages to
1000, VDCW. Johanson/Monolithic
Dielectrics Div., Box 6456, Burbank,
Ca . 91510, (213) 848-4465 .

Cut & Peel Circuit Board Kit. Cut pro totype boards or ground planes. As·
sortment of 7 includes one and two
sided Cut & Peel Boards on .100"
grid drilled and plain epoxy-glass,
" X" and "X-Y" Board , a plug-in Cut
& Peel GP Board with etched gold/
nickel edge connector, and a special
knife. Kit # 8964 is $37 .00 . CircuitStik, Inc. Box 3396, Torr., CA 90510.

A P Breadboard II. Completely assembled; 2696 solderless plug-in
tie points; no special patch cords
required. Accept DIPs, TO -S's or
discrete components with leads to
.032". Has low impedance distribution with integral ground plane. Un paralleled high-speed circuit performance . A P Products Inc., Box
110, Painesville, Ohio 44077.

INFORMATION RETRIEVAL NUMBER 601

INFORMATION RETRIEVAL NUMBER 604

INFORMATION RETRIEVAL NUMBER 607
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CONVERTER
OUTPUT SCOTT T
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Safe HV Connector Assemblies. Up
to 20KVDC ... with LGH single-position commercial high-voltage con nectors. Deeply recessed pins prevent exposure to high voltage. Meet
applicable min. clearance and creepage specs. Quick connect/discon nect. Leads any length. Contact AMP
Capitron Division , Elizabethtown, PA
17022 (717-367-1105) .

SCOTT T. TRANSFORMER: MAGN ETICO Synchro driver is 7 /8 x 15/8 x 11/16 high , rated at 1 volt
amp., 2 arc minutes accuracy. P.N.
52155 is 5.9 sine and cosine to
11.8 v. L-L Synchro. P.N. 52156 is
5.9 sine and cosine to 90 v. L-L
400 Hz Synchro . MAGNETICO, Holtsville, N.Y. 11742-516-654-1166.

A collector's item ... 20th anniver·
sary issue of Electronic Design (11 /
23/72) salutes 25th anniversary of
the transistor, features milestones in
des ig n over past quarter century .
Rare nostalgic view of industry . Fas·
cinating reading. $2 per copy pre·
paid . Checks . money orders: Elec·
tronic Design , Promotion Mgr., 50
Essex St .. Rochelle Park , N .J. 07662 .

INFORMATION RETRIEVAL NUMBER 602

INFORMATION RETRIEVAL NUMBER 605

INFORMATION RETRIEVAL NUMBER 608

MINIATURE HIGH VOLTAGE CONNECTORS with exceptionally low
current leakage. High efficiency characteristics sharply reduce size and
weight of power supply requirements. At 16KV, current leakage is
lower than 10 nanoamperes -54° c
to +65°- C operating temperature
range . SGL ELECTRONICS, Westville,
N.J. 08093 . Phone: (609) 456-7300

Cache Buffer for PDP 11/45. Model
4511 buffers entire 124k main core
memory of PDP 11/45, achieving
effective MOS speed of 450 nsecs,
without 32k MOS limitation. Plugcompatible, bipolar technology, contained on 3 p.c. cards. Installs in
minutes. Fabri-Tek, Inc. 5901 S.
County Rd. 18, Mpls., MN 55436.
(612) 935-8811.

30 amp bridge rectifiers for UL ap·
plications from Tarzian has exceptionally long creepage path ( + i,1,i "),
aluminum base for rapid heat dissipation. 400 Amp surge rating. 501000 PIV. Center hole or stud mount
cases $3.42 and up in 25 quan .
Sarkes Tarzian, Inc., Semiconductor
Div. 415 College Ave., Bloomington,
IN 47401, 812-332-1435.

INFORMATION RETRIEVAL NUMBER 603

INFORMATION RETRIEVAL NUMBER 606

INFORMATION RETRIEVAL NUMBER 609

Adt ert i,, ers
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Quick Ad units shou ld n o te the

f o 11 owing m echanical req!tire-

LF /VLF Receiver /Controller EFR 10
to 200 KHz, eg. WWVB, controls
Atomic Freq Standard FRT or other
VCXO. System stability parts in 10".
10, 5, 1, 0 .1 MHz and 5 MHz TIL
time sync outputs. Economical alternative to a Cesium Standard .
Efratom Cal., Inc., 3303 Harbor
Blvd, El, Costa Mesa, Ca. 92626
(714-556-1620)

STRIP/BUS BY ROGERS. Low Cost
Bussing Systems; easy installation,
reliable solder joints; greater pin
exposure. Write or call for details.
Rogers Corporation, Chandler, Ari zona 85224. Phone (602) 9634584.
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POWH{MATltORP

Ultra Low Rec (Sat) Switching Transistors 2N3677 (PNP) and 2N5066
(NPN) in T0-46 packages. Inverted
dynamic sat resistances of 4 ohms
and offset voltages of 0.7 mV at an
1, of 1 mA. Data in our catalog of
Fotofets FETs (incl. 2 .5 ohm Nchannel FET), and bi polar transistors. Samples. Prices, 100-999: 2N
3677, $2 .50; 2N5066, $3.69. CrystaIonics, 147 Sherman St. Cambridge,
MA 02140 617-491 -1670.

Free catalog of 34,500 power supplies from the worlds largest manufacturer of quality Power Supplies.
New '74 catalog covers over 34,500
D.C. Power Supplies for every application. All units are UL approved,
and meet most military and commercial specs for industrial and
computer uses. Power Mate Corp.
(201) 343-6294.

INFORMATION RETRIEVAL NUMBER 611

INFORMATION RETRIEVAL NUMBER 614

lx
$325
7x
$300
13x
$275

/

19x
$270
26x
$265

/
Introduction To Defense Radar Systems Engineering. Excellent introduction and practical reference to
radar systems design and applications . .# 9194, 260 pp., $22.95.
Circle the Info Retrieval No. to
order 15-day exam copy. When
billed, remit or return book with no
obligation . Hayden Book Co. 50
Essex St. Rochelle Park, N.J. 07662
INFORMATION RETRIEVAL NUMBER 612
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Power
Supply
Catalog

Jl

BE

A natural for SCR snubber applications. Type 196P Vitamin Q®
metal-clad paper capacitors for highcurrent, high -voltage, high-repetitionrate a-c applications. Built to take
600-to-800 volts peak a-c. Write for
Bulletin 21100 to Sprague Electric
Co., 347 Marshall St., North Adams,
MA 01247. (413) 664-4411.
INFORMATION RETRIEVAL NUMBER 615
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FIELD ENGINEER TOOL KITS

71-IAT NEVER
13LOWS I
MVRATA'S

POSISTOR*

- M:LF-RESTOA/NG

- REPLACES FUSES
- PROVIDli
URRENT
P.
CTION FOR:
TRANSl='ORME.RS, SOLENOIDS,
"$NIALL MOTO.R S1 Nl-CN> CJIARGER&, ••

m11Rata
CORPORATION OF AMERICA
2 Westchester Plaza, Elmsford, New York 10523, U.S.A.
Phone: 914-592-9180
Telex: 137332

MORE THAN 40 STANDARD KITS
UNLIMITED CUSTOM DESIGNS
Jensen leads the way in precision tool kits for field engineers, electronic
technicians, scientists, instrument mechanics. Each kit engineerdesigned to do a specific job. The JTK-17D illustrated above, for example, contains more than 100 tools. Most mounted on two removable pallets. Available with optional VOM meter. Deluxe attache" case features
hardwood construction, scuff-proof llama-grain cover, brass hardware.
Roomy compartments hold spare parts, additional tools. Document pouch
inside cover holds schematics, service manuals, etc .
Free Catalog.
Write for new 112-page catalog detailing other kits ,
hard-to-find precision tools, and prices :
JENS EN

TOOLS a n d ..A.. LI.... O YB

4117 N. 44th Street, Pho eni x, Arizona 85018
A BUSS & LAUGHUN illdusur.
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WHO ME?
AN AUTHOR?
If you have solved a design problem, developed a new circuit, gained experience in
depth in a specific technical area, why not
share your knowledge with Electronic De-

sign's 232,000 readers. Do your professional
image a favor and earn some extra money
at the same time. Send for our 12 page
AUTHOR'S GUIDE. It covers criteria for acceptability, form, length, writing tips, illustrations, and payment for articles published.

Contact: George Rostky,
Editor-in-Chief

Electronic Design
50 Essex Street , Rochelle Park, New Jersey 07662
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YOUR NEW
STALWART RUBBER
MATERIALS
GUIDE IS READY.

J

(product index

Information Retrieval Service. New Products, Evaluation Samples (ES), Design Aids
(DA) , Application Notes (AN), and New Literature (NL) in this issue are listed
here .with page and Information Retrieval numbers . Reader requests will be
promptly processed by computer and mailed to the manufacturer within three days.

Category

Your complimentary copy of our
14-page Stalwart Rubber " Guide
To Materials Selection " is hot off
the presses and waiting for you .
The Guide lists today 's 18 most
commonly used elastomers with
hundreds of characteristics suita ble for thousands of industrial uses.
It's full of ideas to fit your designs
and save you money.
Every day over 20,000 copies of
past editions make buying rubber
parts easier for designers and en gineers all over the country. Our
latest edition makes it easier still.

da~o11~~~,=~~I; coupon to-

r----------------1

THE STALWART RUBBER EDmPADY I
160 Northfield

~~~~.~:~~o:~· Ohio 44146 ,
Blasius
1
I NDU • t-.11 • . I N C

Send a free copy of your newest
" Gujde To Materials Selection " to :

I
I
I

l

Nam e - - - - - - - - - - - 1
Title-----------Company _ _ _ _ _ _ _ _ _ _

I!

Add re s s - - - - - - - - - - - I
City

State _ _ _ _

Zip

I
I
I

L----------------•

Components
CRTs
capacitors
capacitors
capacitors, ceramic
DIPs
DIPs
deflection yoke
displays
filters, crystal
fuse
indicator lights
indicators
liquid-level detector
PM drive systems
PM logic motors
piezoelectric elements
potentiometers
potentiometers
pushbutton switches
relays
relays
resistor networks
sensors
switch, DIP
switches
transformers
transformers
Data Processing
interface, graphics
memory, disc
minicomputer
minicomputer
modem, data
OEM systems
system, minicomputer
terminal, CRT
terminal, data

Page

IRN

93
37
90
103
31
83
14
85
106
119
15
47
108
101
86
86
64
86
108
Ill
107
97
101
108
96
II
99

69
28
48
59
23
43
11
44
70
103
13
35
371
65
84
82
51

91
88
87
91
88
5
88 ·
91
91

Discrete Semiconductors
LEDs
18
readouts, digital
101
silicon transistors
2
Instrumentation
capacitance meter
counter
counter/ ti mer
DMM
DPM
DPM
frequency standard
function generator
IC tester
multimeter
recorder
scales
scope
scope, 20-MHz
scopes
scopes
semiconductor tester
spectrum analyzer
strip-chart recorder

85

372
263
73
55

66
456
74
262
76
322
307
303
320
305
4
306

308
310
16
64
45

97
79

332

71

141
72
326
331
91
2
329
67
328

107
94
96
105
1
95
104
95
71
96
96
67
94
97
109
107

41

61

330
75
39

52
333
89

79

Page

IRN

transistor tester
transmission tester
4-1/2-digit DPVM

104
94
100

68
327
81

Integrated Circuits
CMOS
CMOS
CMOS RAM
calculator chip
op amps
PROM
ROM
register
regulator
voltage regulators

21
81
77
93
IV
93
92
92
92
38

42
21
358
264
357
349
354
350
50

Category

Microwaves & Lasers
attenuator
92
long-range laser
communications
103
mixers, double-balanced 40
Modules & Subassemblies
clock oscillator
119
controller, power
99
controller, temperature
98
converter, d/a
35
converter, f /v
98
converter, 1/0
100
coverter, s / d
100
drive, motor
98
link, data
98
modules, hybrid
98
modules, log ratio
100
receiver / transmitter
99
switching regulator
44
timers , interval
98
Packaging & Materials
adhesive
cable
connector shell
connector, gold alloy
connectors
enclosures
IC sockets
knobs and accessories
labels
prototype boards
ribbon cable
sockets
soldering system
tool kits

110
6
109
16
27
46
86
36
110
105
11
111
110
119

Power Sources
batteries
bench supply
current source
de supplies
lab supply
line regulators
open-frame units
power supplies
power supply
supplies , de

102
105
95
108
104
103
103
110
46
118

17

87

58
31

105
452
335
26
56

458
339
336
334
338
457
451
33
337
362
5
365
14
22
34

83
27
360
90
9

92
361
104
63

347
53
107

344
453
454
77

71
106
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Rel~~-·
Engineering excellence, a tradition at Magnecraft,
is reflected in our new printed circuit relays.
Three low cost classes are available in stock
with performance specifications including
absolute reliability, long mechanical life,
and a wide choice of contact configurations
and switching capabilities.
Packaging flexibility includes, a
truly low profile dust proof design,
with a minimum height above
the P.C. board, and a vertically
mounted space saving
version. The relays
feature industry
standard .1 inch
grid spacing for terminals, and high
density center to center
board spacing. Contact
arrangements include SPOT,
DPDT, 4PDT, and 6PDT
rated from 1 to 8 amps. Bifurcated contacts are optional on certain configurations.
These compact relays are particularly
suited for communication systems, data processing equipment, automatic control systems,
process control, automotive and consumer
electronics.
*family of Relays

l•ee!
LOW PROFILE
RELAY BROCHURE

Find Magnecraft Relays in EEM and the Gold Book

Specifications, photos, and line drawings are included
in Magnecraft's latest 4 page bulletin, number 750.
A 36 page stock relay catalog will accompany the
bulletin for all your relay applications.

11 I

~

1t

..J..v..ia.gneCJ:'BL't: ELECTRIC

COMPANY

5575 NORTH LYNC H AVENUE . CHICAGO ILLINOIS 60630 . 312 . 282 5500 . TWX 910 221 5221
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What's new in solid state ...

Four RCA o~ amps
·that make the CA3130

vvhat it is.
natural for your high-volume products.
Beyond the table, here's more typical data
about the CA3130:
Input Impedance: 1.5 Tn (1.5 x 10 12 fl).
Input Current: 5 pA.
Input Offset Current: 0.5 pA.
Input Offset Voltage: 0.8 mV (CA3130B).
Settling Time: 1.2 µsec.
An output voltage swing to within 10 mV of
either supply rail.
Strobing terminals.
If you are interested in one or all of these op
amps, contact your local RCA Solid State
distributor. Or RCA.

Our CA3130 gets many of its winning ways
from four very capable relatives. Four RCA op
amps that can fill special requirements you may
have. If you need programmable linear gain
control, check the CA3080. For high crossover
frequency plus high slew rate, there's the
CA3100T. For high output current and easy
programmability, the CA3094E. For low power
supply drain, the CA3078T.
The CA3130 is the ideal choice when you're
looking for a good measure of all of these
characteristics in one device. That's what makes
the CA3130 so great. Its versatility comes from
the unique combination of MOS/FET, bipolar
and COS/MOS on the same chip. And its
surprisingly low 1K price of 75¢ makes it a

Write: RCA Solid State. Box3200, Somerville, New
Jersey 08876; Ste. Anne de Bellevue 810, Canada;
Sunbury-on-Thames, U.K.; Fuji Bldg. ,Tokyo.Japan.

ncn

CA3080E

Gateable plus programmable
gain control

>

CA3100T

60 dB

Unity gain crossover
frequency. MHz

CA3094E

CA3078T

CA3130

Gateah\e

40

15

Slew Rate. V/µsec
Output, mA (peak)

Power consumption, mW

2.S

Single supply voltage
required, V
Price ( 1 K), $

s.o
0.55

1.50

\

0.75

