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Take a cue in selecting op amps
and don’t get trapped behind
the eight ball of “typical’’ specs.
Shoot for realistic max, min and
intermediate spec values. Bank

VOL 23 NO

on hidden tradeoffs lying behind
specs like noise and bandwidth,
slew rate, offset-voltage drift and
common-mode rejection. To win
the op-amp game see page 44.




| want 1o give vou

a Stripswitch.

My name is Tom Price. | am Switch
Products Manager at EECO. And |
will give you a real, functioning Strip-
switch absolutely free if you will write
me on your letterhead. There are no
other qualifications or requirements.

| am doing this because | have
found that Stripswitch itself is the
best salesman I've got.

When you get one of these little
marvels in your own hands, you'll see
how beautifully it is conceived and

designed for circuit board applica-
tions. You'll perceive the clarity of
its readout and the multiplicity of its
actuation. You’ll appreciate its variety
of coded outputs, and all the other
choices of features and options.

| can tell you all of that, as I just
did, but you won’t believe until you
get one of your own.

Write me for your free Stripswitch.
It's something to believe in. Honestly.

ol

1441 East Chestnut Avenue, Santa Ana, California 92701
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For years, we've been bullish on
high-priced sweepers. Sure, there
were plenty of low-priced offer-
ings, if you wanted to speculate
with hobbyist quality. But if you
really wanted to make a clean
sweep, you looked to the blue

chips—and to spending about

a grand. But now Wavetek has
issued the Model 1050, an instru-
ment that everyone can atford
(even those in a tight capital
equipment spending predica-
ment). It sweeps from 1 MHz to
400 MHz with the signal quality
needed for both lab and pro-
duction use. The instrument
features +=0.25 dB output flatness,
2% display linearity, spurious
signals 30 dB below output, and
a maximum amplitude of +10

dBm. It's available in 50-ohm and
75-ohm versions, and the price
for either is just $495. In our
opinion, this is the time to buy
Write or call us for a complete
statement of the Model 1050°s
performance. Wavetek Indiana,
Inc., P.O. Box 190, Beech Grove,
Indiana 46107. Tel. (317) 783-3221.
TWX 810-341-3226.

WAVETEK:
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The bottom just dropped
out of the sweeper market.
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for emergency needs...and design imprc

3 KHz-750 MHz

_

Double- Balanced
Mixer Kit $79.95

SAVE $ 41.75 AND ALSO GET AN ORIGINAL SWISS ARMY KNIFE

(
Be prepared to . . .

... meet emergency customer needs

. outfit breadboards and prototypes
overnight

. customize designs without delay

. retrofit and update designs

. modify and substitute for better
performance or price

. and to cut, skin, slice, sever, snip,
saw, screw, scribe, shape, scrape,
strip, pick, pry, punch, trim with the
Swiss Army knife included in kit.

There’s an analogy between the pop-
ular Swiss Army knife and Mini-Circuits
Laboratory’s new double-balanced mixer
kit (DBK-4). Both have been designed
to serve their owner when the need
arises . . . and both products should be
on hand when the need arises.

-

™

b

BE A PLANNER AND SAVE $41.75.

Order now and receive six double-
balanced mixers (2)SRA-1,(2)SRA-1W,
(1) SRA-3,(1) SRA-6) and one Swiss Army
knife for only $79.95.(A $121.70|mixer

¥value if purchased separately.)

Double-balanced mixer kit (DBK-4)
(= i

B/

=
s B

Comier Isolation (dB)
sion Loss
Lower band edge to Upper band edge to

F"?’:eg:cy Y(:(Ba)l one decade higher Mid range one octave lower

MODEL (MHz) Range LO-RF l LO-IF | LO-RF | LO-IF | LO-RF | LO-IF

SRA.1 L0-0.5-500 l JU typ 14: typ. | 45 typ. | 40 typ. | 35 typ. | 30 typ
RF-0.5-500 max 35 min. {30 min. 130 min. 125 min. | 25 min_| 20 min
IF-DC-500 Price §9.95—Quant. (1-49)

SRA'1W L0-1-750 t yp. [50 typ. |45 typ. | 45 typ. | 40 typ. | 35 typ. | 30 typ
RF-1-750 max. §45 min. | 30 min 130 min. | 25 min. | 25 min.| 20 min
IF-DC-750 Price $24.95-Quant. (1-5

SRA'3 L0-0.025-200 typ 60 typ |45 typ. | 45 typ 40 typ. |35 typ. | 30 typ
RF-0.025-200 § 8.5 max 50 min. | 35 min. 1 35 min 30 min. | 25 min.| 20 min
IF-DC-200 Price $21.95—Quant. (1-5)

SBA'E L0-0 003-100 ] 60 typ. | 60 typ. |45 typ 30 typ
RF-0.003-100 50 min. | 45 min 130 min. 1 25 min. §25 min. | 20 min
IF-DC-100 Price $29.95—Quant. (1-5)

b/

(2 Mini-Circuits Laﬁgratory

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

Foreign Sales Representatives: ~—~ AUSTRALIA General Electronic Services, 99
Alexander Street, New South Wales, Australia 2065 [ | ENGLAND Dale Electronics, Dale
House, Whart Road, Frimley Green, Camberley Surrey. {1 FRANCE S.C.I.E.-D.I.M.E. S,
31 Rue George - Sand, 91120 Palaiseau, France: [ | GERMANY, AUSTRIA, SWITZER-
LAND Industrial Electronics GMBH, Kluberstrasse 14 6000 Frankfurt/Main, Germany;
[J ISRAEL Vectronics, Ltd., 69 Gerdon Street, Tel-Aviv, 1srael; [] JAPAN Denshc Kaisha,
Ltd.. Eguchi Building, 8-1 1 Chome Hamamatsucho Minato-ku, Tokyo: [] EASTERN
CANADA B. D. Hummel. 2224 Maynard Avenue, Utica. NY 13502 (315) 736-7821:
Netherlands, Belglum, Luxemburg: Coimex, Veldweg 11, Hattem,

US Distributors: [] NORTHERN CALIFORNIA Cain-White & Co., Foothill Office

Center, 105 Fremont Avenue, Los Altos, CA 94022 (415) 948-6533; [ (] SOUTHERN CALI-
FORNIA, ARIZONA Crown Electronics, 11440 Collins Street, No Hollywood CA 91601

Holland.

(213) 877-3550
NG

~
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26 Beam-lead integrated circuits have failed reliability and cost tests, says
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30 Practical fiber-optic communications systems are seen as approaching
the applications stage.
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58 How fast does your CRT write? You can get the photographic speed from the
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How tobuyam

Which comes first—the hardware or the software? You need both, of course,
to create new products with microcomputers. The tougher question is: How do
you assure product profitability? That gets you into questions of hardware avail-

ability, software support, design assistance and confidence
in your supplier. When an electronics publication re-
cently asked readers - Jhem
to rank their micro- 4 _ 4
computer buying ¢
criteria, it came as
no surprise to Intel that
- availability, software sup-
port and supplier reputation topped the list.
Intel can supply you today with five general-
purpose CPUs, supported by numerous peripher-
al, I/O and memory components, software packages
and development manuals, and the industry’s largest
library of users' applications programs. Our five micro-
computers span a 1000:1 performance range and in-
clude the lowest cost, highest performance and most
popular designs available today. Their applications are
INTEL MICROCOMPUTER SYSTEM FAMILIES equaﬂy broad,
MICROCOMPUTER SYSTEM | MCS'“4 | MCS “40] MCS™™8 | MoS “80] seresaooo | 1T'OITL electronic games

CENTRAL PROCESSOR 4004 [ a0s0 [ soos | sos0 [soor,3002,3003| tO high speed control-
Technology PMOS | PMOS | PMOS | NMOS | Schottky Bipolar

e g | & " | lersand processors. We
SUPPORT COMPONENTS want to make sStire that
RAMS (including CMOS) 4 4 5 5 8 / > A
PROMS 3 3 3 4 7 our customers dOI’lt ~
'ROMS 4 4 3 3 6
[l o d i SR e S| begin designing with
SSoH aeneaar ! : : : 1o pieces of the hardware/software
Total Component Choices 23 23 22 23 33

e puzzle missing. To minimize
Software Packages 1 development and assembly

Microassembler

il 7 ; £ . cost, each CPU is backed up by
i 1 1 1 1
%‘%&t i i : 1 more than a score of performance-
ex itor
anuas o e S R iy matched system components —

Intellec® Development System Yes Yes Yes Yes In development advanced programmable I/O

* Five additional 1/0 and peripheral devices will be available in 2nd half of 1975.

4 ELEcTRONIC DESIGN 14, July 5, 1975



subsystems, peripheral interfaces, clock gen- .+
erators, priority interrupt and other control | '
units, and the broadest selection of erasable
and bipolar PROMs, compatible metal mask F¢
ROMs, CMOS and NMOS RAMs.

Moreover, Intel software packages include
resident monitors, assemblers and text editors
available on Intellec® microcomputer develop-
ment systems. Assemblers, simulators and compilers

are also available as cross products on
magnetic tape or on leading time share

networks. With these aids programs can
~/ be written and debugged in a fraction

of the time required a few years ago.
You may need design assistance
before the meter starts running in the research and
' development lab. Intel has the industry’s most experienced
fiddddddddy == BN microcomputer field applications engineer-
f - = ing group. If your staff needs help to get
FARE N started, we have regional training centers,
workshops, seminars and on-site training
courses available.
With Intel, there's no shell game about
hardware or software delivery, no guessing
s whether the supplier can handle all your
production commitments. Intel has been
m™ delivering microcomputers in volume since 1971. Our _g
“ reputation speaks for itself. We've already delivered
more general-purpose microcomputers than the
rest of the industry combined.
If you have tough questions about which microcomputer
will make your new products most profitable, call or write Intel for
our solutions. Intel Corporation, 3065 Bowers Avenue, Santa Clara, California

95051 (408) 246-7501.

|nte| Microcomputers. First from the beginning.

INFORMATION RETRIEVAL NUMBER 4
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Another counting idea
for pocket calculators

Some pocket electronic calcula-
tors will not respond to the key-
stroke technique of G. Alexandro-
vich’s Idea for Design in “Convert
Your Pocket Calculator into a Pro-
grammable Counter” (ED No. 6,
March 15, 1975, p. 100). For ex-
ample, Sears Roebuck Model
728.58850 is not equipped to add a
constant to the accumulator, but it
can multiply the accumulator by a
stored constant. For these more
limited calculators, in an eight-
digit machine, the steps are as
follows:

1. Turn on “K switch.”

2. Clear accumulator and con-
stant (C).

3. Enter 1.0000001.

4. Press the multiply key.

5. Successive key strokes of the
(+=) key will then count events
by incrementing the least-signifi-
cant digits—1.0000002, 1.0000003,
1.0000004, etc.

An ambiguity occurs when the
count ends in zero, such as 10 or
20. The right zero suppression of
the calculator drops the cipher.
The addition of one more count—to
11 and 21 in this example—can
eliminate possible confusion.

The machine counts by multipli-
cation of the accumulator by the
constant and retention of the eight
most-significant digits. For exam-
ple, the count 5432 corresponds to
the number 1.0005432 in the dis-
play. It is multiplied by 1.0000001
for the next count.

When the multiplication is re-
written as
3.0+ 5432 x 10-7) (1.0 + 1.0/
10-7) the product is 1.0 + 5432 X
10T 21.0 ¢ 10-7 '+ 54832 % 102,
which, after truncation to eight

figures, gives 1.0005433, the next
count.

Because the “errors” are trun-
cated with each successive count,
the algorithm is accurate for rea-
sonable counting ranges. When the
count is in increments of one, the
error does not appear in the least-
significant digit until 10 million
counting cycles—far more than one
would reasonably attempt to count
manually.

In some machines the count is
not truncated, but the remainder
is carried forward to compute
more significant figures than those
displayed.

David W. Thompson
Florida Institute of Technology
Melbourne, FL 32901.

Squaring circuit idea
‘missed a good bet’

In the Idea for Design “Squar-
ing Circuit Generates Second Har-
monic for Controlled-Distortion
Test Signal” (ED No. 8, April 12,
1975, p. 78), Arthur B. Williams
missed a good bet when he didn’t
use an internally trimmed multi-
plier now available from several
sources.

For example, our AD532 could
have been used. This circuit would
have required 20 fewer resistors
and potentiometers and would have
eliminated the need for the two op
amps in Mr. Williams’ circuit. To-
day it is unnecessary to struggle
with an IC that doesn’t contain
the complete function in one pack-
age.

It is instructive to examine the
derivation of the second harmonic
from a multiplier. The multiplier
inputs E sin wt and V-E sin ot

(continued on page 10)

Electronic Design welcomes the opinions of its readers on the issues raised
in the magazine's editorial columns. Address letters to Managing Editor, Elec-
tronic Design, 50 Essex St. Rochelle Park, N.J. 07662. Try to keep letters
under 200 words. Letters must be signed. Names will be withheld on request.
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Thin-Trim’
capacitors

@},' 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 per-
fect for applications in sub-miniature cir-
cuits such as ladies electronic wrist
watches and phased array MIC’s.

Johanson Manufacturing Corporation,
Rockaway Valley Road., Boonton, N.J.
07005. Phone (201) 334-2676, TWX 710-
987-8367.

Tokansond

MANUFACTURING CORPORATION



Developing this new pushbutton was
a little like coming up with a Ferrari that gets 32 mpg,
holds 12 people and costs less than a Pinto.




Until now, there have been some
good-looking lighted pushbuttons and
indicators.

And there have been others with
varied electrical capabilities. But there's
never been a line that gave you
harmonious panel design, electrical
flexibility, and low cost. All at the same
time. Until now.

Introducing the MICRO SWITCH
Advanced Manual Line—AML.

The most soph1st1cated line of
pushbuttons :
and indicators
ever designed.
And you can
see a few of
the reasons why right here. The AML
button height, bezel size and visual com-
patability of the square and rectangular
sizes "harmonizes” your panel. To give
you a panel with a clean, good-looking
geometric face. And a panel with
increased efficiency, because it doesn't
distract. The low-profile square and

S rectangu.lar buttons are
: N available in five colors:
POWER white, red, yellow, green,
' and blue. Display
capabilities include split
screen, hidden color, and a unique three
segment lens cap indi- :
cator. [llumination can
be transmitted or pro-
jected. But what you
can't see here is what
helps to make these the most advanced
line of lighted pushbuttons and indica-
tors available: their extreme electrical
flexibility.

Solid state operates at 5V or 6-16V
with a built-in regulator, sink (T'TL) and
source (CMOS).

Electronic control is capable of
handling low energy circuits and has a
maximum rating of 3 amps, 120 VAC,

with single or double pole double
throw.

And power control, DPST, with a
rating of 10 amps at 120 VAC.

The AML has snap-in mounting
from the front of panel and can also
be subpanel mounted. There's a choice
of individual or strip mounting.

All devices are the same
shallow depth behind the panel to
provide a unique single level
termination system. The result is ease ot
wiring and neat appearance.

Thereare 5 types

o i%——__ of terminals
e : available: solder,

—— quick-connect,
— Wire—wrapl,)pusél-
riie on or p.c. boar
e ] — pount.

P Relamping is
accomplished from the o N
front of the panel. And it's
done without a tool. With
a choice of lamps including
a T-134 wedge base lamp,
neon and LED. To provide international
acceptance, every AML device has been
designed to comply with essential
IEC, CEE24, UL and CSA standards.

For more information on the
AML, call your nearest MICRO
SWITCH Branch Office. Or write for
our literature.

What you'll see is a line of lighted
pushbuttons and indicators that give
you a completely harmonious panel
design in the front.

And the utmost in electrical
flexibility behind the panel.

All products shown on this page
are actual size.

MICRO SWITCH

FREEPORT,ILLINOIS 61032
A DIVISION OF HONEYWELL

MICRO SWITCH products are available worldwide through Honeywell Intemational.
CIRCLE 291 FOR DATA, 292 FOR SALESMAN CALL




CIRCUIT DESIGNERS...

GET MORE VERSATILITY
AND FLEXIBILITY IN
YOUR BREADBOARDING.

MULTI-GCOMP
DIP Multiple-Section

Geramic Gapacitors

Breadboarding is a

lot easier with j L
Sprague Multi- 1§ R i
Comp Monolythic® & ' |
Ceramics. They X [
readily plug in and 1§ |
out of standard DIP | b |

ﬁ

sockets for fast
changes during ex-
perimentation. They come as 4-, 7-,
and 8-section capacitors, in popular
most - frequently -used capacitance
values. By connecting capacitor sec-
tions in parallel, you can obtain

GET THE DIP HABIT —

practically any valye your circuit
needs. With a few Multi-Comp ca-
pacitors on hand, there’s no need
to keep heavy stocks of individual
capacitors for breadboarding pur-
poses. There’s less soldering and
unsoldering, too.

And when your final capacitance
determinations are made, you can

either stay with DIP Multi-Comps, or

switch to Sprague Single-Section

Monolythic® Capacitors, which have

the same layer-built construction and

the same electrical characteristics.

TRY MULTI-COMP® MONOLYTHIC® CAPACITORS IN YOUR NEXT
BREADBOARD DESIGN — THEY’RE READILY AVAILABLE FROM
YOUR SPRAGUE INDUSTRIAL DISTRIBUTOR!

For more information, write or call
Ed Geissler, Mgr., Specialty Components
Marketing, Sprague Electric Company,

347 Marshall Street, North Adams, Mass. 01247.

Tel. 413/664-4411.

A BT T A e e e e e S R S
THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

4sz-4112
1

SPRAGUE

THE MARK OF RELIABILITY

ACROSS THE DESK
(continued from page 7)

produce an output function
E sin wt(V — E sin wt)
10V
which reduces to

€, =

e 1) { cos 2w
eu—m(Vsmwt+E 5 )
E2
o 205V

The V sin @t term is the funda-

mental and the

cos 2w

2

term is the second harmonic. The

E2

20V
term is an offset that can be nulled
or capacitively blocked from the
multiplier’s output.

Though the AD532 uses *15-V
supplies and may not fit Mr. Wil-
liams’ +8 and —5-V circuit, it
should certainly be superior for
general applications.

A. Paul Brokaw

Director, Advancement Product

Development
Analog Devices Semiconductor
829 Woburn St.
Wilmington, MA (01887.

E

Misplaced Caption Dept.

“Waddya wanna be a engi-
neer for?”

INFORMATION RETRIEVAL NUMBER 8

10

Sorry. That’s Murillo’s “Boys Eat-
ing Melon and Grapes,” which
hangs at the Alte Pinakothek in
Munich.
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OEM buyers:

Ask

interface options.

21 OEM sales offices, in 11 countries,
specializing in service to the mini OEM.

Call (612) 883-5042 or return coupon.

Ray Crowder, OEM Marketing Manager
Control Data Corporation, Dept. ED-7555

7801 Computer Avenue South, Minneapolis, MN 55435
Please send information on CDC 9746 disk storage unit.

Control Data

for a 60 megabyte disk storage
unit with signal compatlble

We have it.

CDC model 9746
e Signal compatible interface options:
Century 215
ISS 715
Ampex DM 323
e TTL-compatible, single-ended transmission
lines
e Absolute direct addressing
CAPACITY: 62,500,000 bytes/spindle nominal
(based on 400 tracks/disk)
RECORDING MODE: Double frequency
RECORDING DENSITY: 2220 bpi
TRACKS PER SURFACE: 406
AVERAGE ACCESS TIME: 35 milliseconds
DATA TRANSFER RATE: 312,000 bytes/second
SPINDLE SPEED: 2400 rpm

| |
| |
| |
L e TITLE |
| 1
|_company ADDRESS I
£ CONTROL DATA |
i @ E CORPORATION |
! STATE ZIP PHONE The Total Services Company |
B e s T T e e i o e R T o B e Shons O el

INFORMATION RETRIEVAL NUMBER 9
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Assemble prototype
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 Allen-
Bradley electronics distributor. $97.50 apiece. Or, ask him for complete
information on MOD POT ... publication 5217.

Do 300 izt
to select from.
a¥ At

s

of bushings and
shafts, including
avernier drive.

in a broad range of values
for multisection controls.

40 pages
of information.

Lpocdiadly Toots .

and special
lubricants. increase versatility
o L of controls.
Cuterbdy fig owws

and all mounting
hardware included.

Quality inthe best tradition.

@ ALLEN-BRADLEY

Electronics Division
T Milwaukee, Wisconsin 53204

INFORMATION RETRIEVAL NUMBER 192 Herih



Latchproof CMOS
Analog Switches

Latchproot CMOS analog switches—another
reason why Siliconix, the analog switch leader, is
the best source to fill your needs. Our exclusive
new process (patent pending) eliminates latchup

in CMOS analog switches by reducing parasitic
PNP-NPN Beta to less than one!

Features:

® No latchup under any conditions—no external protection
required.

® Full =15 V analog signal range —ideal for op amps.

® Low rpg(on) for error-free operation. Reser L2l

® Full TTL and CMOS compatibility over the —55°C 4
to +125°C temperature range without
external components. Take your choice from these

® Break-before-make switching action. CMOS switches:

® New high-current capability — 100mA pulse on DG200. ® DG200—2-channel SPST —
70 0 max. ON resistance.

® DG201—4-channel SPST—

® DG508 —8-channel MUX —

G 0”0—%-{ 4-BIT BINARY COUNTER .
= ] 400 O max. ON resistance.
Sequential 16-Transducer Scanner (8 channels illustrated) ® DG509—4-channel differential
i o MUX —400 0 max. ON resistance.
Siliconix latchproof Lok

30 pF

CMOS analog switches are

Typical Application: Integrator Reset & Hold

(R Appioaon: l l % L L 175 0 max. ON resistance.
i ® DG506 — 16-channel MUX —
A e 400 0 max. ON resistance.
e e SR ® DG507 —8-channel differential
— b 2 MUX —400 @ max. ON resistance.

Typical application:

ideal for multiplexing, de-
multiplexing, computer in-

terface, commutation, ¢ T [_L TLJ KRS

G200 GAIN, 0—1
s

Slgna‘]‘ proceSSiI]:g and many Variable-Gain Amplifier with
other applications. For Multiplexed Inputs

i

GAn, o—8f

: 4 * Full signal capability even at M e 100
further information or unity gain! O e
. . : « Digitally-controlled gain and mm.w—-’——.{ H>j 3
appllcatlons . channel selection! =

write for data

Analog Switch Applications (408) 246-8000 x 120
Siliconix CMOS is now available from your local CRAMER,
ELMAR or HAMILTON/AVNET distributor outlet.

Siliconix incorporated

2201 Laurelwood Road, Santa Clara, California 95054
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Bat, lever lock, Designer l

Line, sealed. Big, broad
choice.

Rocker Switches
Singles and multiples.

range. Legends, too.

Pushbutton Switches
Choice of sizes, colors,
circuits, ratings. Styled
to “turn you on”.

= g

{ ==

(=

= L Lo {

il

== =T
" o}
L TP

{=s

0,
{t

/ Switch to No.1

Cutler-Hammer, of course! The broadest
line. Styled to meet today’s and tomorrow’s
Wide, colorful selection requirements. They’re solid quality, look
great, work long and hard. Carried in stock
for local availability by Switch Distributors.

Backed by Cutler-Hammer sales engineers
who can deliver innovative design help for

Tool Handle &

Slide Switches

Variable speed, reversing.
Double insulated.




Choice.

the exact switch or relay you need—

when you need it.

It’s no wonder so many designers specify
Cutler-Hammer. For quality, reliability,
availability, and style. For commercial,
industrial, and military applications.

We simply offer more—of everything!

Snap Switches

Lever, roller, leaf, and
pushbutton actuators.
Four terminal styles.

Switch Accessories
Guards. Boots. Seals.
Caps. Decorator
facenuts. And much
more to protect, code
or customize.

¥

INluminated Switches
Rockers, paddles,

Snap-in and bushing.

Rotary Switches
Precision and general
purpose. Single and
multiple wafer.

pushbuttons, indicators.

CUTLER-HAMMER [L5

SPECIALTY PRODUCTS DIVISION, Milwaukee, Wis. 53201

Relays

Hermetics, non-sealed,
potted. Power, latching,
and timing functions.
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It also comes assembled.

If you need dials, we have dials. If you
need handsets, we have handsets. If you
need Touch Calling keysets,
we’ve got 'em by the thou-
sands. Ringers and hook-
switches, too. Or, if you need
complete telephones, we
have them for you in all the
latest styles and colors.
You get communications
components faster from GTE
Automatic Electric because, out- I
side of the Bell System, we're the
largest manufacturer of telephone I
®

equipment in the U.S.If you need it,
we have it.
Use the coupon below for a complete

catalog. Or if you're in a real hurry, call
John Ashby at (312) 562-7100, extension 250.

When it comes to quality com-
ponents, call THE SOURCE:
GTE Automatic Electric.

AR [ e SR R VR (R R
Please send your catalog of
lj communications components.

Please send more information and prices

[] on of

(Quantity)

(Produet)

Name Title

Company ¥’

Address I
¥
c

City State Zip
Telephone

Mail to: Mr. J. D. Ashby, B-4, GTE Automatic Electric,
Northlake, Illinois 60164.

AUTOMATIC ELECTRI
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Benchmark: standard against which
other microprocessing approaches
must be measured.

Family: total of the compatible, synergistic
dewce and support pieces comprising

| EXORciser |

AUN PV
J

M6800: benchmark family
for microcomputer systems.



Everything for your system:
All in the M6800 Family

M6800 concept:
Optimum
system design

No question, the MC6800 microprocessor is
head of the family. It is outstanding even as a stand
alone part, as demonstrated by the high marks it
scores on nearly everybody's benchmark studies.
But, from the beginning at Motorola, the end system

was our main concern, so
the MC6800 is a

high performance
MPU at the head
of a modular LSI device

series, totally bus compatible and fully compatible
with each other.

The concept encourages systems of minimum
parts, yet allows plenty of design flexibility. And, I/O
is super simple with the intelligent programmable
logic interface units which make the M6800 Family
unique. Finally, for those who require it, the entire
seriesof M6800 LSI devices is already second sourced.

Several MPU clocks are offered by Motorola
Inc.., Component Products Dept., 2553 N. Edgington,
Franklin Pk., IL 60131. MC6870A is a minimum sys-
tem version, MC6870B has added

features, and the MC6871A is for m MOTOROLA Mc800

maximum complexity systems.

Motorola’s popular MEK6800D-1 introductory
special design evaluation kit continues for a limited
time. Contact your authorized Motorola distributor
or Motorola sales office.

M6800 support:
Speeds the design
job, makes it easier

Hardware design tools

MEC6800 Evaluation Module. Here's a complete
board, all the M6800 LSI devices plugged in so you
can evaluate the parts in a basic minimum system.
Even connect it to a peripheral and run programs.

M68SDT EXORciser?
The systems
development tool,
built with M6800 LSI
devices and

L_EXORcisor |
® 0 o

Y wn gy

pre-engineered
g with modular options
for emulation of users’ microcomputer
system applications. Hardware design and
development costs are drastically reduced.
Debugs both system hardware
and system software.

Software choices

Commercial timesharing.
4 M6800 software is presently

available on two commercial time-
sharing services — G.E. and
United Computing Service.
Others will be added as justified
by demand.




EXORciser package. A resident software package
is available for the EXORciser system development
tool.

Host Computer Cross Assembler and Simulators.

Three excellent packages are
available here in either
cards or tapes.

. a. Standard
package. The type normally
supplied by vendors. We send the software; customer
sets it up. No frills.
b. Extended Capability package. Includes M6800
Programming Manual. Customer still sets it up.
c. Deluxe package. Complete capability.
Motorola does the set up on the customer’s premises.

We wrote the book

M6800 Programming Manual. Probably the most
vitally utilitarian of our growing M6800 document
library.

M6800 Applications
Manual. It was here that

, ¥ Motorola really

wrote the book; and, it’s on
its way to being the basic microprocessor textbook
for the industry.

Low speed

digital MODEM:
New freedom for
terminal designers

The MC6860 Low- Gpeed Digital MODEM is
one of the communications fea-

tures which makes the M6800 mMOTOROLA M680O0O

Family unique.

It's also freedom from MODEM slavery for
terminal designers who could be building small,
simple, inexpensive MODEMs into their own
equipment.

The MC6860 is a Full Duplex Answer and Origi-
nate MODEM with Auto Answer and Auto Discon-
nect capability. It is Bell compatible and can operate
on a single +5V supply. The new 100-999 price is
$24.00. Look for additional Motorola MODEM capa-
bilities: the new
MC14412 CMOS
MODEM and a
2400 bps
MODEM

scheduled
to join the mix
in future months.

A new Apphcauon Note, AN747, shows how
easy it is to build a space-saving MODEM right into
your terminal. It even gives filter design guidelines.

M6800:
It’s a big family

The M6800 was designed from the very beginning
to employ the synergistic effect of all these family
functions working
together. Yet, with
all this, there’s more.

MPU education.
Motorola’s three day
M6800 Microprocessor
Course is presented
monthly in Phoenix
and on a
continuous

schedule across the rest
of the nation. No bit of fluff, the course

is a complete education in designing with micro-
processors, including coverage of hardware and soft-
ware as well. Hundreds of companies have elected
to have their people trained in this course already;
and, its popularity is still climb-
ing. Call Ron Bishop (602)
962-2345, for information.



Memories, Interface,

External Logic and
more. Here, Motorola’s
capability as a broad line supplier contributes. A
varied and growing assortment of ROMs and RAMs
add options to the basic family memories. There’s
plenty of logic beyond the MPU-based portion of
the system, CMOS for instance, and Motorola’s
McMOS fits in with parts like the new MC14411 Bit-
Rate Generator. Bipolar Linear lines supply MPU
and memory interface parts. And, out of Motorola’s
immense background in silicon discrete devices
comes the new MPU clock buffer, the MPQ6842.

Nothirg like
the M6800 Family

By now it should be clear that there’s nothing
like the M6800 Family for designing microprocessor-
based systems: and, nothing like Motorola’s syner-

M6800:
A growing family still

N-Channel Si Gate Memories
Third Quarter, 75

MCM6811 IKx1 Static RAM, 16-pin
MCM©6814 4K x 1 Dynamic RAM, 16-pin
MCM6815A 4K x1 Dynamic RAM, 22-pin
Fourth Quarter, 75

MCM6812A 256 x4 Static RAM, 16-pin
MCM6834 16K Static ROM, 24-pin

Bus Peripherals —Logic
First Quarter, 76

MC6862 2400 bps MODEM modulator

MC6852 Synchronous Serial Data Adapter

Second Quarter, 76

MC6863 2400 bps MODEM demodulator

MC6840 Programmable Timer module
Two Phase Clocks

July 75

MC6870A

MC6870B

MC6871A

Clip our coupon and send it to Motorola Semi-
conductor Products Inc., P.O. Box 20912, Phoenix,
AZ 85036. Or, take direct action and contact an
authorized Motorola distributor or local Motorola

gistic total package approach to the whole job. sales office. *Trademark of Motorola Inc.

MOTOROLA ViS00

Benchmark family for microcomputer systems.

I'm very interested in more information on your M6800 Family. Please send me the
following technical information:
(] Please send me a copy of your colorful new M6800 Family brochure.
| understand it covers the subject matter of
this ad in greater detail, plus important related materials.
[J M6800 Applications Manual (my $25.00 check or money order is enclosed)
[.] M6800 Programming Manual (my $10.00 check or money order is enclosed)
] M6800 Systems Reference and Data Sheets
[ G.E. Timesharing brochure [JU.C.S. Timesharing brochure
47-MODEM Application Note

B

O 812A Memory Advance Information Sheet ;
=] 815 Memory Advance Information Sheet ;
(] M6800 Software Technieal Information [J EXORGiser Infc

[J M6800 Clock Applicati R-29-3-10.
Clogk Data Sheets []JMC6870A KDMCGWOB

§§)Z>

Title |
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Now you can select, prepare and apply
your materials to guarantee top quality

und economy for each and every design.

HAYDEN SERIES IN MATERIALS FOR
ELECTRICAL AND ELECTRONICS DESIGN

Alex. E. Javitz, Series Editor

Hayden’s Materials Series is, simply, the greatest assem-
blage ever of up-to-date materials data, information and
advice for the design of electrical and electronics
equipment.

This unprecedented set of design handbooks maps
out the entire array of current materials — in a totally
unique format that can ensure the most effective ma-
terials selection, preparation and application.

A glance at the titles shows you that every design area
is covered—from semi-conductor, to insulation, to struc-
tural design.

total, systematic materials coverage

For each specific area, scores of tables, diagrams and
practical discussions supply all the vital engineering
data on materials: properties; commercial availability;
uses, advantages, disadvantages; current industrial
trends. You'll find the latest, improved processing and
fabrication techniques, along with valuable advice on
streamlining processes — keeping costs down. Dozens
of different devices are then covered, skillfully blending
design techniques with invaluable materials know-how.

In short, what these handbooks offer is the total design
picture — from raw materials to finished product. Never
has the engineer had such a complete storehouse of prac-
tical design data and expert guidance at his fingertips.

special, “state of the art”’ volume

A special interdisciplinary handbook, MATERIALS
SCIENCE & TECHNOLOGY FOR DESIGN ENGINEERS,
.gives you a rare, unified grasp of the present state of
materials technology — fundamental structure and be-
havior of materials; major critical environments; on-going
research and development; current reliability methods;
and much more.

Clip this coupon
to order your 15-day exam copies

H

HAYDEN BOOK COMPANY, INC.

50 Essex Street
Rochelle Park, New Jersey 07662
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Materials for
Electrical Insulating
and Dielectric

$40 discount if you purchase the entire set!

You can order any of the volumes separately. If, how-
ever, you decide to purchase the entire set, you pay just
$99.00, which is actually $40.00 off the regular price. And
with this substantial discount comes the assurance that
you have in your possession a complete, “all-points”
source of modern materials know-how. Assurance that
you — or your entire firm — is right on top of the latest
advances. Assurance that quality and economy will be
the prime ingredients in every design.

OVER 2,000 PAGES! NEARLY 1,300 ILLUSTRATIONS!

This sounds like the most comprehensive
coverage of materials ever! Please send me:

[] COMPLETE 7-VOLUME SET at the special price of $99.00 (#5631-1)
A $40.00 saving !

[ Materials for Magnetic Functions, #5635-4, $17.20

[ Materials for Semiconductor Functions, #5638-9, $15.55

[] Materials for Conductive and Resistive Functions, #5636-2, $15.95

[] Materials for Structural & Mechanical Functions, #5637-0, $15.95

[ Materials for Electrical Insulating and Dielectric Functions,
#5634-6, $25.25

] Composite Materials for Combined Functions, #5639-7, $22.95

[ Materials Science and Technology for Design Engineers,
#5640-0, $27.55

|

|

|

|

|

|

|

|

|

|

|

|

|

|
Please send me the book(s) checked above to read and use FREE for |
15-days. At the end of that time, | will send payment, plus postage, |
or return the book(s) with no further obligation. I
|

{

|

|

|

|

|

|

|

|

|

Save money! Payment enclosed. Publisher will pay all shipping and
handling charges — same 15-day guarantee.

15-DAY FREE EXAMINATION

Name

Firm/Institution

Address

City/State/Zip




“Make a million of these.
.\ Cheap!”

That’s quite a challenge —especially if it can’t be done. But at
Coors Porcelain Company, there’s always somebody
around who says, “Let’s do it, anyhow.”

The customer wanted a special, metallized
ceramic part—more than a million a year—to be used in an
electronic assembly. He wanted the first shipment in 10 to 12 weeks.

Furthermore — and heré was the real pinch—the )
customer was dictating a very low cost.

i
N\

The Bachman brothers sélved

ofc hallenge we
like to sink our teeth
into at Coars
PorcelainCompany.
: Problems that force
us to create new technology,
new processes for new or
improved ceramic products — at competitive prices.
Go ahead. Give us a challenge. Chances are we’ll accept it—
even if it's something that
“can’tbe done.”

Coors Porcelain

600 Ninth Street/Golden, Colorado 80401/ (303
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Data throughput doubled
with new IBM link control

In what has been heralded as
the most important de-facto data-
communications standard since
ASCII, computer scientists at
IBM’s Data Processing Div. in
White Plains, NY, have developed
a new data-transfer technique,
Synchronous Data Link Control
(SDLC). It promises to do the
following:

m Significantly increase
transmission efficiency.

® Permit terminals of different
functional characteristics to share
a single communications link.

® Make interfacing to
equipment more difficult.

According to G. P. Fusco, di-
rector of communications systems
and storage systems marketing,

data-

IBM

transmission exchanges can be
duplex or half-duplex and the
channel configuration point-to-

point, multi-point or loop.

As a link control, SDLC deals
with the procedures between a
controlling station and one or more
remote stations. In addition to pro-
viding for station addressing, the
technique also includes a method
of detecting errors in transmission
and a way of correcting them by
retransmission of the information
frame.

With current binary synchro-
nous methods, Fusco points out,
it is necessary to acknowledge re-
ceipt of every block of transmitted
data. If a transmission error is de-
tected, the whole block—typically
500 characters—must be re-sent.

With SDLC, however, the block
of data is broken down into per-
haps seven frames of data. Each
frame can be sent with a sequen-
tial identification number imbedded
in it, so that if an error is de-
tected, only that frame has to be
re-sent. This saves considerable
time.

If the duplex mode is used, ac-
knowledgement can be made simul-

ELECTRONIC DESIGN 14, July 5, 1975

taneously with the transmission of
the data. With no need for pause
and acknowledgement of each indi-
vidual transmission, throughput is
doubled. Applications that require
4800-baud links with binary syn-
chronous techniques can be served
by 2400-baud links when SDLC is
used.

Another advantage of SDLC,
Fusco notes, is that users no longer
need be concerned if they have the
right terminal, access method and
set of communication lines for a
particular application. The tech-
nique makes it possible to use dif-
ferent types of terminals on the
same communications link. This is
not always so with current com-
munications methods.

For example, Fusco points out
that it is not at all uncommon to
find that a company’s teleprocess-
ing network is actually three or
more separate networks, each re-
quiring telephone lines of different
characteristics to serve the re-
quirements of different terminals
—such as keyboards, video displays
and printers. With Synchronous
Data Link Control, he points out,
all of these terminals can operate
from one telephone line.

The impact of SDLC on the
computer industry is expected to
be great, because indications are it
is the only serial-by-bit transmis-
sion method that IBM will ulti-
mately support. Therefore every
manufacturer of terminals and
processors and every supplier of
software who hopes to interface
with IBM equipment must make
his equipment compatible.

This will ultimately make the
equipment more expensive, because
the software and hardware re-
quired for SDLC is more sophisti-
cated than that now in use. How-
ever, users will benefit from
significant decreases in their phone
bills.

Improvements forecast
In microwave gear

New and improved microwave
equipment was forecast by speak-
ers at the recent International
Microwave Symposium in Palo
Alto, CA.

Jeffery E. Grant, manager of the
High Power Dept. at Hughes Air-
craft, Torrance, CA, projects the
development of $300-to-$400 home
satellite receiving stations in the
next few years. He believes these
will come with the wide use of com-
munication satellites applying the
11.7-t0-12.2-GHz down-link fre-
quency band. Current commercial
systems all use a 3.7-t0-4.2-GHz
down-link. In the 12-GHz band,
Grant looks to satellite transmitter
power of up to 1 kW, allowing the
use of 1l-meter dishes on the
ground.

So that smaller ground termi-
nals can be used with the conven-
tional communications satellites,
Grant sees the next satellite gen-
eration increasing the transmitter
power from 5 W to as much as
20 W.

For ECM applications, Grant
foresees TWT transmitters with up
to 20-kW outputs. At present 100
W to 2 kW is used in most applica-
tions.

In addition he sees an emphasis
on more bandwidth, frequencies of
30 to 40 GHz and up, efficiencies
of up to 80% and dual-mode oper-
ation. He also expects higher trans-
mitter reliability, smaller size and
lower cost.

Of interest to designers of
high-power mm-wave tubes is a
tube developed by the Russians.
Called a linear-beam gyrotron oscil-
lator, it generates 12 kW at 107
GHz. It is a cylindrical waveguide
within which the electrons are
stimulated into cyclotron resonance
oscillations. Not much is yet
known about the principle of oper-
ation of this tube, according to
Grant.

Whereas the state of the art in
bipolar logic is 500-ps switching,
some researchers see the switch-
ing times for transistors coming
down as low as 2 -ps. Bernard T.
Murphy, head of the Bipolar IC
Research Dept. at Bell Telephone
Laboratories in Murray Hill, NJ,
says: “A hypothetical transistor of
minimum geometry could have a
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switching time of 2 ps and a dissi-
pation of only 2 mW. This transis-
tor, if used in a logic gate, could
give gate switching speeds of 10
to 20 ps.”

However, to get the minimum
geometry requires electron-beam
lithography and perhaps even
X-ray lithography.

“With minimum geometry,”
Murphy notes, ‘“we can also expect
MOS devices with switching speeds
of about 100 ps and transferred
electron devices that switch in 10
to 20 ps.”

As to when all this will happen,
Murphy says only that switching
speeds tend to double every four
to five years.

50-mph electric car
has lead-cobalt battery

An all-electric luxury car, avail-
able for delivery in September, will
take you to work in style every
morning—provided work isn’t more
than 50 to 75 miles from home.

All you do when you get to the
office is plug into a 220-V, 50-amp
circuit for eight hours, and the
car’'s battery is recharged. You do
the same when you get home, and
you’'re set for the next day. If you
have only 110-V current, the re-
charge time is 48 hours.

Designed and sold by Fuel Pro-
pulsion Corp. in Detroit, the two-
door, four-passenger coupe sells
for $16,450 without accessories.
The cruising speed is given as 50
mph, with acceleration to 60 mph
for passing.

Powering the car is a 180-V,
tri-polar, lead-cobalt battery, de-
signed and built by the company’s
plant in Troy, MI. According to
Robert R. Aronson, the company
president, the unit is different
from other batteries in perform-
ance and design. First, with use of
a special recharge unit that he ex-
pects service stations of the future
to provide, the car battery can be
completely recharged in 45 min-
utes. Most batteries take six hours.

In conventional batteries, Aron-
son explains, positive and negative
plates are connected by bus bars
at the top of the cell only.

“In our battery,” he notes,
“each plate is connected to the
others at three places—once at the
top and in two places at the bot-
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tom. This increases the number of
current paths by the millions and
shortens the vath length. Also, in-
ternal resistance is reduced, which
enables the cells to operate at
higher currents.”

The reduction of internal resist-
ance, Aronson explains, flattens
the discharge curve. The voltage
doesn’t drop off during the dis-
charge cycle, which permits the
driver to maintain his high speed
right down to the last.

Having three connections is also
structurally better, Aronson con-
tends: “The plates don’t buckle or
break. Vibration is eliminated, and
the active material doesn’t shed.”

Cobalt i3 good because it forms a
protective coating on the plate, re-
ducing the ill effects of overcharg-
ing and prolonging the plate’s life.

The average battery life, Aron-
son says, is 50 months, regardless
of how much or how little the unit
is used. The battery will cost $1000
to $2000, depending on the cost of
materials.

The battery is designed to store
approximately 45-kW hours of en-
ergy. The energy density is 22 W
hours per pound at a 100-amp dis-
charge rate.

The engine is controlled by an
SCR unit designed to handle high
voltages and currents, Aronson
says. The unit operates at 220 V
and 600 amps of current, whereas
most controllers handle no higher
than 144 V and 200 to 400 amps.

The current from the battery is
fed to the motor in pulses. As the
car picks up speed, the frequency
of the pulses increases. At 50 mph,
there’s almost continuous power
flowing from the battery to the
motor.

Aronson plans to switch eventu-
ally to a new electronic controller
—a three-in-one unit. Besides per-
forming the functions of the
present controller, the new unit
will provide for regenerative brak-
ing. On deceleration, the motor will
become a generator; the controller
allows the generated current from
the motor to feed back into the
battery. And the controller will
act as a charger.

Relay coil replaced
by thermal actuator

An old principle has been applied
to a new, low-cost DIP relay: a

thermo-electrically controlled actu-
ator to replace the coil of the con-
ventional relay.

The new relay is being test-
marketed by Oak Industries Inc.,
Crystal Lake, IL. It should be in
full production in nine months, ac-
cording to Frank J. Zator, vice
president of engineering.

The relay can function equally
well on either ac or de with no
modifications, can handle up to 5
A, in contrast with a maximum
3 A for other DIP relays, and is
available in either momentary or
latching configurations.

The actuator of the relay is a
bimetallic strip that is coated with
an electrical insulator, on which is
deposited a thick-film resistive ma-
terial. When the film resistor heats,
the bimetal bends and snaps to
open or close a circuit.

Memory incorporated
in electronic tuner

An MNOS nonvolatile memory,
a CMOS digital-to-analog converter
and ion-implanted logic have been
combined in an electronic tuning
system to replace the rotary me-
chanical tuners now used in tele-
vision sets.

Developed by General Instru-
ment of New York City, the new
tuning system is called Omega and
is reported to be a quarter the
size of mechanical systems and
more reliable.

The heart of the new tuner is a
metal-nitride-oxide semiconductor
(MNOS) memory that digitally
stores all the tuning information
for each channel. Even with no
power applied, the memory retains
information for up to 10 years, ac-
cording to Frank G. Hickey, presi-
dent of the company.

When a particular station is
tuned in, information in the memo-
ry for that station is fed to a 14-
bit CMOS d-to-a converter, and an
analog voltage is produced. This
voltage is then applied to a
varactor diode, which tunes in the
desired station.

The memory chip contains 100
lines of 14 bits each. Eighty-two
lines are used for all the vhf and
uhf stations, two are used to store
the last station viewed, and the
remainder are set aside for future
applications.
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8% wins!

65 wins!

7 wins!

5,000 wins!

Play the Model 1858
humbers game.

You get up to 18 channels in this com-
pletely self-contained data acquisition
system.

The Model 1858 is an unbelievably
short 8% inches high, including plug-in
signal conditioning and internal paper
take-up.

The 65-pound-light 1858 is easy to
take anywhere, can be used inarack, on
a table, on the seat of a car or plane.

You get up to 7-inch trace amplitude
for all channels that allow common
baseline recording . . . the most useful
and accurate record available.

Each channel has dc to 5,000 Hz re-
sponse, (15 kHz squarewaves) and with-
out amplitude restrictions for superior
transient recording capability.

592 & 120 win!
+0.1 wins!

1870 wins!

1887 wins!

And the 1858 wins in dozens of other ways you
can’t put a number on. Like constant trace width at
all writing and chart speeds, yet without adjustment.
And the elimination of overshoot and distortion of

Honeywell Model 1858

Data Acquisition
System p

TEST
INSTRUMEN
DIVISION

You get 42 discrete paper speeds,
from 0.1 to 120 inch/sec.

Precision time lines, accurate to
+0.1% across record width each 0.001,
0.01, 0.1, 1.0 or 10 seconds, each tenth
line accentuated and selected interval
coded.

New 14-channel 1870 housing permits
up to 32-channel capacity, but adds only
5Ya inches to height. That's only Y2-inch
per channel!

This new plug-in signal conditioning
module (one of 7) provides simulta-
neous input signal conditioning for
magnetic tape recording and the 1858
for parallel recording or serial record
agdaplayback from tape to the Model
1858.

wave pulses and other transient data.

For complete technical specifications, call or write
Lloyd Moyer, Honeywell Test Instruments Division,
P.O.Box 5227, Denver, CO 80217 (303) 771-4700.

FOR DEMONSTRATION CIRCLE 212
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Hughes reports beam-lead ICs
fail reliability and cost tests

In a program that tested over
4000 beam-lead ICs and logged
over 2.5 million device hours of
testing, the promises of increased
reliability and decreased cost for
the devices were not met, an engi-
neering manager told the recent
Electronic Components Conference.

The report given by J.J. Mazen-
ko of the Hughes Aircraft Co.,
Fullerton, CA, was promptly at-
tacked by Bell Telephone Lab-
oratories and Western Electric
spokesmen during a question-and-
answer period.

Bell Laboratories is credited
with the original beam-lead de-
velopment, and the Bell phone sys-
tem now makes extensive use of
this packaging technique. Bell’s ex-
perience with beam-leads, accord-
ing to its spokesman, has been
entirely satisfactory and does not at
all support Mazenko’s findings.

The Hughes report to the con-
ference, which was held May 12-
14 in Washington, DC, said that
the beam-lead devices were de-
veloped to reduce failure modes—
such as ionic contamination, inter-
connect corrosion and lead-bond
failures—and to eliminate the
need for hermetic packaging.

But Mazenko noted: ‘“Beam-lead
devices are more complex and re-
quire more processing steps to
produce. Thus they introduce fail-
ure modes that do not exist in
other interconnect methods.”

The new failure modes brought
out in the tests, he said, included
the following:

m Poor adhesion between inter-
connect metal and the device.

m Presence of voids in the ni-
tride.

Morris Grossman
Associate Editor
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Failure-mode analysis

Digital devices Linear devices
Vendor [SC148|SC149|SC150(SC151|SC152|SC153 [SC154 | SC155 | SC156|  Total
type w X w Z w Y Z X W devices
Cause of 5473 |RF100| 5400 | 5410 | 741 | 741 | 741 |RM101| 710 | analyzed
failure
Gold migration 1 5 2 4 6 4 8 5 10 45
Interconnect 1 1 2 25 1 7
shorts
Interconnect 1 1 2
delamination
Exposed junctions 1 4 5
Channeling 1 1 2 o 7 10 6 6 38
Nitride voids 1 2 1 ;b7 ) 2 1 1 2 13

Shorted devices 9 15 11 9
(internal)

15 13 11 6 14 103

Open device 5 5 8 Ak 7 6 8 4 6 60
(internal)

TOTAL 180E529 it 2228 042 134 ) (1538 22 40 273
Beam-lead devices in solving one set of problems associated with chip-and-
wire bonding have introduced new problems.

m High incidence of channeling m Because both failure rates

because of the complexity of the
devices’ dielectric layers.

® Delamination of interconnect
metal during thermal stress.

Other major conclusions of this
testing program—all of a negative
nature—were given as follows:

m Beam-lead devices, even when
polymer-coated, will not operate
reliably in nonhermetic environ-
ments.

m There is no standard beam-
lead technology. There are wide
variations in materials, dimen-
sions and methods among vendors
for a given device type, and thus

different substrate layouts are
needed for each source.
m The generally accepted

0.005% /1000 h failure rate for
beam-lead devices was consider-
ably exceeded in the tests.

and costs are high, beam-lead de-
vices are not cost-effective.

Tests were conducted on both
analog and digital circuits from
several vendors. The analog units
tested were types wnA741, MC
1596 and MC 710, and the digital
group included 5476, 5400, 5490
and 5493 ICs. The! test procedures
followed MIL-STD-883, and the
work was done under contract to
the Rome (NY) Air Development
Center.

Lower rejection rate found

On the other hand, Thomas B.
Gillis, an engineer with the Ray-
theon Co., Quincy, MA, in a paper
on “A Second Look at Beam Leads
—Are They Cost-Effective?” re-
ported that ‘“the beam-lead devices
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think sandom aceess
thinh dise memeiics

thinh General instinment

You’ve heard about the new solid state memories.

But did you know they cost 20 to 30 times as much

as complete random access disc memories? This means
you can buy a reliable head-per-track disc for less

than 0.02 cent per bit. Complete and ready to plug in.
And when you do, General Instrument has a great family
of disc memories to select from.

Choose from models ranging from a few million bits

to our new model 530 at 80 million bits. Up to 1024 data tracks.
1800 or 3600 rpm rotational speed. Fast access times.

And up to 3320 bpi recording density.

With over 10,000 units in the field, we have experience. In military and
commercial applications. In areas like process control, key entry devices,
seismic, numeric control and communication switching systems.

You’ll see why we’ve become the leading independent supplier
of high performance rotating memories. Quality. Service. Support.

o

We’re in most major U.S. cities and in Europe.
Call (213) 973-1741 or write General Instrument Corporation,
Rotating Memory Products, 13040 South Cerise Avenue, Hawthorne, Calif. 90250.

GENERAL INSTRUMENT CORPORATION
ROTATING MEMORY PRODUCTS

13040 South Cerise Avenue - Hawthorne, California S0250 - (213) 973-1741
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NEWS

exhibit a lower reject rate elec-
trically and also a significantly
lower ratio, visually.”

Gillis’ MIL-STD-883 visual in-
spection provided a rejection rate
of 8.1% for conventional chip-and-
wire technique and only 0.549%
for the beam-lead method. Electri-
cal defect rates were given as
3.2% and 0.75%, respectively.

Nevertheless, based upon a sub-
jective weighted evaluation (see
table) Gillis concluded that “there
is really no advantage to going to
a beam-lead construction.” The
overriding factor in this conclusion
is cost.

“Even allowing for improved
module yields,” he said, “beam-
lead devices increase the semicon-
ductor costs by a factor of 4 to 6
for complex circuits and by 3 to
4 for simple circuits.”

He went on to explain:

“Raytheon established a pro-
gram to convert existing thick-film,
high reliability military hybrids
from conventional chip-and-wire to
beam-lead construction. Because
of uncertainty of device availabili-
ty, conversion to beam-lead was
done in parallel with existing
chip-and-wire construction. This
provided an excellent opportunity
to make an in-depth, one-for-one
comparison of both techniques.

The beam-lead and convention-
ally terminated semiconductors
were both purchased from a va-
riety of vendors and therefore
Raytheon could make an unpreju-
diced comparison as a user rather
than vendor.”

No MIL specs for chips

By contrast, there was general
agreement at a panel session on
“The Hybrid Standard Program.”
Though there are plenty of dis-
crete-component chips in hybrid
circuits and many hybrid circuits
in military equipment, the chips,
suprisingly, are not covered by a
MIL spec. The reason, said Roberto
Gonzalez of the Solid State Devices
Group at Defense Electronics
Standardization Center (DESC),
is that his agency does not pro-
cure chips. “So why spec them?”
he asked.

But his audience pointed to a
reason: to avoid the proliferation
of chip sizes and values.

28

Screening and stress results

A suprisingly high percentage of beam-lead devices did not survive the initial

screening and subsequent stress tests. The linear devices were particularly
vulnerable to the stress test, conducted by Hughes.

Beam-lead vs chip-and-wire assembly

Subjective evaluation by Thomas B. Gillis of Raytheon rates the devices on

a scale from 1 (poor) to 10 (good). Chip and wire (C&W) is given a nominal
evaluation of 5, and each item is weighted (multiplied) by a factor of 1

(minor effect) to 3 (major effect).

David S. Walker, engineering
supervisor of Sperry Gyroscope,
Great Neck, NY, who represented
the Joint Electronic Device Engi-
neering Council on the panel,
reported that JEDEC’s JC-13.3
Committee was ready to submit
chip-spec guidelines to the council.
If approved, JEDEC could then
submit them to DESC.

Gonzalez said DESC would co-

operate in developing such specs.
But he cautioned that the stand-
ardization program might take a
year to develop.

The prospect of a long wait did-
n’t seem to bother Walker. As
chairman of JEDEC’s JC-13.3
group, he recently spearheaded a
drive to modify MIL-M-38510,
which applies to both monolithic
and hybrid ICs. mm
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Unlike our little
Japanese friend,
photodetectors have
| always been insen-
sitive to blue. Until
RIS now.
Vactec’s latest development is a new Blue Enhanced Sili-
con (BES) photodiode with exceptionally low dark current
for efficient response in the blue region (200 - 400 nm).
Made in Missouri, U.S.A., it performs equally well in an
expensive Japanese SLR camera or in an American-made
colorimetric analyzer as well. And you’'ll like the price,
which could be as big a breakthrough as blue sensitivity.
Vactec also introduces a new line of PIN photodiodes that
operate at high voltages, low noise levels, and fast rise
times, with about half the blue sensitivity of the BES pho-
todiode. For larger areas, Vactec offers a complete range
of Blue Enhanced Silicon photovoltaic cells up to 115"
diameter.
Vactec now supplies the broadest line of photodetectors
in the industry, including:
e silicon solar cells e CMOS & bi-polar custom ICs
* hi-speed/low-leakage e opto-couplers
silicon cells a) LED/photoconductor
* NPN phototransistors b) LED/phototransistor
* NPN photodarlingtons or darlington

e CdS & CdSe c) lamp/photoconductor
photoconductors « selenium photovoltaic cells

Call or write today:

Vactec, Inc.

2423 Northline Industrial Blvd.
Maryland Heights, Mo. 63043
(314) 872-8300
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Fiber-optic communications seen
approaching applications stage

Feasible fiber-optic transmis-
sion systems should be available
to the communications industry
in the near future, engineers were
told at the Electronic Components
Conference recently.

Speakers at a session on “Fiber-
Optical Communications—Compo-
nents and Applications” discussed
all aspects of systems, from optical
cables and connectors to carry the
signals to light sources used to
produce them.

David Klein, a researcher for
the Naval Air Systems Command
in Washington, DC, saw fiber op-
tics as a replacement for conven-
tional wiring in complex, highly
sophisticated systems. The bene-
fits, he said, go far beyond the
large time-bandwidth product of
fiber optics as a data carrier. Be-
cause of its immunity to electro-
magnetic energy and its inherent
nonradiation and good electrical
insulation, he went on, fiber op-
tics is an excellent candidate for
overcoming many problems now
encountered with wire cables.

Problems such as grounding,
crosstalk and short-arcing can be
eliminated, Klein said. In addition,
he reported, fiber optics leads to
simplified installation.

Fiber optics can replace con-
ventional wires on a one-for-one
basis. While this alone doesn’t save
much on the components count,
Klein pointed out, with fiber op-
tics, it becomes possible to use ex-
tensive multiplexing. Data capa-
bility of between 50 and 100 MHz
can be expected. This, the re-
searcher noted, compares with 100
kHz for a twisted-wire pair. Tens
of conventional wires can be re-
placed by a single fiber optic

Jules H. Gilder
Associate Editor
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ELECTRONICS

LED (PHOTODIODE)

Fiber-optic connectors that use standard electrical connector shells are being
used by the Navy to replace conventional wires with fiber optics.

Properties of data transmission cables

Fiber
optics

Twisted

Coax pair

Low cost

X

Temperatures to 300 C

X X

Vibration tolerant

X X

Low cross talk

No cross talk

RF1/EMI/noise immunity

Total electrical isolation

No spark/fire hazards

No short-circuit loading

No ringing echoes

EMP immunity

Temperatures to 1000 C

No contact discontinuity

XXX X[ X[ XXX X|X|X>X]|X|X>X

Signal bandwidth (300 m)

200 MHz

20 MHz 1 MHz

cable, with major reductions in
component count and power, as
well as size, weight and cost.
But there are two major prob-
lems with fiber-optic waveguides:
fiber breakage and increased op-
tical attenuation from packaging.

In a paper on “Fiber Packag-
ing,” R. A. Miller, a researcher at
the Corning Glass Works, Corning,
NY, noted that since glass is a
brittle material, glass fibers, un-
like metal wires, fail suddenly.
Failure, he observed, always re-
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The Harris Report.

New series of generic PROMs-

a family affair

Stand alone PROM designs are now a
thing of the past. Now the diverse
requirements for density, modularity and
performance within a system can be
satisfied with Harris’ new family of PROMs
featuring generic characteristics.

This generic concept of PROM:s offers
many unique advantages. For instance,
each device within the series will feature
identical DC electrical specifications plus
common programming requirements,
permitting easy use of other family
elements. So learning is just once per
family.

In addition, these PROMs have fast
programming speeds. Equivalent I/O

Max.
Access
No. of | Organi- | No.of | Time*
Device # Bits | zation | Pins |[comm./mil. | Availability
HM-7602
peopencoll) | 256 | 32x8| 16 | 40/50ns | August
(three-state)
HM-7610

H,{,ﬁ’_‘;%‘}?°”~) 1024 | 256x4| 16 | 60/75ns | instock

(three-state)

HM-7620
propencoll) 12048 | 512x4| 16 | 70/85ns | instock
(three-state)

HM-7640

H,(V"’_‘;%T‘?o”-) 4096 | 512x8| 24 | 70/85ns | August

(three-state)

HM-7642
paepencoll) | 4006 [1024x4| 18 | 70/85ns |January 76
(three-state)

HM-7644
(active pullup)

4096 (1024 x4| 16 70/85ns |January '76

*Access time guaranteed over full temperature and voltage range.

Industrial (TA = 0°Cto 70°C, VCC +5%)
Military (TA: -55°Cto 125°C, VCCi 10%)

characteristics for easy upgrading. Faster

access time, guaranteed over temperature

and voltage. Improved testability.

Right now, the first two PROM devices
are in volume production. The 256 x 4
organization (1K) and the 512 x 4 (2K).
Other PROM devices will be available in
the months ahead (see table).

So instead of settling for PROMs with
unique performance capability and
diverse programming requirements, get
the new Harris generic family of PROMs.
Lower your system costs and make your
life easier.

For details see your Harris distributor
or representative.

Important features of Harris’ new generic

family of PROM:.

e Simple, high speed programming
procedure (‘Typically less than 1 second
per thousand bits).

e [nputs and outputs TTL compatible;
Low input current: 400 A logic “0;
40uA logic “17 Full output drive: 15 mA
sink, 2 mA source.

e Fast access time —guaranteed over
voltage and temperature (see table).

e Expandable —three-state or open
collector—"“wired-or” outputs with
chip select.

e Industry standard pin-out.

M HARRIS

w SEMICONDUCTOR

A DIVISION OF HARRIS CORPORATION

P.O. Box 883, Melbourne, Florida 32901 (305) 724-7412

WHERE TO BUY THEM: OEM SALES OFFICES: CALIFORNIA: Long Beach, (213) 426-7687; Palo Alto, (415) 964-6443 FLORIDA: Melbourne, (305)
727-5826 ILLINOIS: Hinsdale. (312) 325-4242 MASSACHUSETTS: Wellesley Hills, (617) 237-5430 MINNESOTA: Minneapolis, (612) 835-2505 NEW YORK:
Endwell, (607) 754-5464; Melville, L 1., (516) 249-4500 OHIO: Dayton, (513) 226-0636 PENNSYLVANIA: Wayne, (215) 687-6680 TEXAS: Richardson,

(214) 231-9031

SALES REPRESENTATIVES: ARIZONA: Scottsdale, (602) 948-5590 CALIFORNIA: San Diego, (714) 565-9444 COLORADO: Denver, (303) 771-4920
FLORIDA: Boca Raton, (305) 395-6108; Oviedo, (305) 365-3283 KANSAS: Olathe, (913) 782-1177 MARYLAND: Randallstown, (301) 922-1248 MICHIGAN:
Bloomfield Hills (313) 642-0203 MISSOURI: Hazelwood (314) 731-5200 NEW YORK: Albany, (518) 489-7408 or 4777 NORTH CAROLINA: Raleigh, (919)
828-0575 OREGON: Beaverton, (503) 643-1644 TENNESSEE: Shelbyville, (615) 684-4544 VIRGINIA: Falls Church, (703) 534-1673; Troutville, (703)
345-3283: Virginia Beach. (804) 481-7200 WASHINGTON: Bellevue. (206) 454-0300
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sults from a tensile stress.

Miller noted that, in theory, the
strength of glass is on the order
of 700 kg/mm. In practice, how-
ever, its strength varies widely,
depending on the size and fre-
quency distributions of surface
flaws.

Commercial multichannel fiber
cable is now available at $13.50
per meter from Corning, the
speaker noted. It contains six
fiber-optic waveguides, with at-
tenuation for the individual fibers
a maximum of 20 dB/km at a
wavelength of 820 nm.

The longest length of Corning
cable available is 500 feet. So if
larger distances must be covered,
cable connectors are required.

Several connectors are available

In a paper on “Fiber-Optic Con-
nectors,” at the same session, Ron-
ald L. McCartney, a designer from
ITT Cannon Electric, Santa Ana,
CA, noted that fiber optic con-
nectors fall into four categories:
(1) Source to fiber; (2) Fiber to
fiber; (3) Fiber to detector, and
(4) Branching.

Source-to-fiber connectors, Mc-
Cartney said, must house and at-
tach a light source—such as a
light-emitting diode—to a fiber-
optic cable. Such a connector, he
continued, must also provide EMI

An experimental 50 Mb/s repeater
developed by Bell Laboratories can
be used to regenerate optical data.

protection and incorporate a heat
sink, so that the temperature rises
that cause inefficiencies in LEDs
will be controlled.

The heat-sinking and shielding
can be easily achieved, McCartney
pointed out, if the LED is placed
in a metal connector shell.

Fiber-to-detector connectors are
constructed in much the same way,
McCartney went on. The only dif-
ferences are that the heat-sinking
is not needed and the LED is re-
placed by a photodetector.

While the coupling of LEDs to
fibers is difficult, coupling photo-
diodes to fibers is easy. The rea-
son, McCartney pointed out, is
that a photodiode has a high nu-
merical aperture and thus will ac-
cept light from fibers at nearly
any angle. Also, most photodiodes
have large-diameter acceptance

windows, which make reception
relatively insensitive to spaces be-
tween the fiber and the connector.
As to the availability of pres-
ent optical connectors, McCartney
noted that devices that use stand-
ard military electrical connector
hardware are being sold.

Repeater works at 50 Mb/s

Any long-distance fiber-optic
communication system will re-
quire regeneration of the signal
at intervals to prevent it from de-
grading. With this in mind, re-
searchers at Bell Laboratories in
Holmdel, NJ, have developed sev-
eral optical repeaters. One is a
50-Mb/s device that uses gallium-
aluminum-arsenide LEDs for trans-
mitters and field-effect transistors
for receiver front-end amplifiers.

According to Tingye Li, a Bell
researcher, a relatively low bit-rate
digital system using LEDs and
photodiodes can have a repeater
span that corresponds to about 50
dB of fiber loss. A similar repeat-
er span is possible for higher bit-
rate systems that use lasers.

This means that if a 5-dB/km
fiber cable were available, repeater
spans of about 10 km would be
possible. This, Li said, makes fi-
ber-optic systems potentially at-
tractive for intra-city and long-
haul applications. mm

Finally, space-saving bipolar ICs
for microwave signal processors

For a long time, microwave sig-
nal-processing designers have had
to live with hybrid and discrete
circuits while their colleagues
working at lower frequencies went
on to space-saving, high-speed
monolithic ICs. But now a family
of bipolar-logic ICs has been de-
veloped that can process digital
data up to 1 gigabit/sec, bringing
to the low microwave range many
advantages long accepted as con-
ventional for lower frequencies.

The result: Signal-processing
systems can be made smaller with

Edward A. Torrero
Associate Editor

32

increased reliability. And they can
be digital or analog, an additional
benefit that promises to extend
further the family’s range of ap-
plications.

The new ICs, developed by the
Motorola Government Electronics
Div., Scottsdale, AZ, were described
by Dr. Carl Ryan at the 1975
Microwave Symposium in Palo
Alto, CA. Ryan, group leader for
wideband systems, delivered a
paper on “Bipolar ICs for Micro-
wave Signal Processing.” The ICs
aren’t available commercially but
have been used in systems deliv-
ered to military organizations, Mo-
torola says.

The chips employ emitter-cou-
pled-logic (ECL) techniques to ob-
tain three basic digital functions: .
flip-flop, four-input OR/NOR gate
and an Exclusive-OR gate that also
provides a signal-switch function.

By using these functions as
building blocks, designers at Mo-
torola have constructed a wide
range of communication subsys-
tems. They include rather complex
circuitry, such as quadriphase
(QPSK) modulators, demodulators
and adaptive equalizers.

The use of logic elements differs
from the standard design approach.
Typically microwave techniques
are employed, and these involve

ELEcTRONIC DESIGN 14, July 5, 1975
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'~ Engineers gotta have fun, too!

Here are 10 hobby and project books that let the engineer use his
special talents for improving his home or just having fun.

1. HOW TO SELECT AND INSTALL ANTENNAS,
#0786-8, $4.90. All aspects of antenna selection
and installation. Instructions for putting up UHF,
VHF, FM antennas or complete master TV systems.

2. 20 SOLID-STATE HOME AND HOBBY PROJECTS,
#0134-7, $4.55. Two-station intercom, electronic
siren, power regulator, metal detector, water-
operated alarm, etc. Complete instructions, parts
lists, diagrams.

3. 25 SOLID-STATE PROJECTS, # 5881-0, $4.90.
Auto burglar alarm, programmable auto-speed-
minder, indoor-outdoor electrothermometer, tele-
phone call timer, electronic dice, TV remote-sound
system, etc., etc.

4. 50 IC PROJECTS YOU CAN BUILD, #0723-x,
$4.55. Hi-fi headphone amp, auto tachometer, in-
tercom, TV commercial killer, etc. Each project
can be put together in one night with these simple
instructions.

5. BUILDING THE AMATEUR RADIO STATION,
#0709-4, $4.30. Complete construction of am-
ateur radio station. Schematic and wiring diagrams

and chassis layouts for Novice and General Class
stations.
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6. COLOR TELEVISION: Principles and Servicing,
#5929-9, $5.70. Receiver troubleshooting and
servicing techniques. Charts listing trouble symp-
toms, causes, and remedies. Instructions for using
the latest test instruments.

7. HOW TO BUILD A LOW-COST LASER, #5934-5,
$4.55. How to build a laser at home, from readily
available parts, for approximately $100! Includes
a collection of laser experiments.

8. BENCH-TESTED COMMUNICATIONS PROJECTS,
#0788-4, $3.75. Telephone broadcaster, party
line listening, canned light music, rollaway ham

shack, VHF extender, 6-meter solid-state trans-
mitter, etc.

9. HOW TO BUILD A WORKING DIGITAL COM-
PUTER, #0748-5, $5.45. Step-by-step instruc-
tions for building an inexpensive digital computer
simulator. Includes parts lists, theory of opera-
tion, and fundamental programming techniques for
solving simple problems.

10. 110 THYRISTOR PROJECTS USING SCR’S AND
TRIACS, #5096-8, $4.30. Burglar, fire and water
level alarms, power control devices for electric
tools, and other useful projects built and fully
evaluated by the author.

Hayden'Book Company, Inc., 50 Essex St., Rochelle Park, N.J. 07662

Please send the books | have circled on 15-day free examination. At the end of that
time, | will remit payment, plus postage, or return the book(s) with no further obligation.
(SAVE MONEY! Payment enclosed. Publisher pays all shipping and handling charges.
Same 15-day return guarantee.)

Name

Address

City State Zip

Prices subject to change without notice. 75-42
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MORE
COMPANIES
BUY
WIRE-WOUND
RESISTORS
FROM

THAN
FROM

ANYONE
ELSE

ON
EARTH

Write for
catalog

Call our hotline for prompt
service and delivery.

(603) 627-3831

AMF
RCL Electronics

195 McGregor St.
Manchester, N.H. 03102
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the ““1Q" loop, which provides carrier reconstruction. The compact unit em-
ploys 1-GHz bipolar-logic ICs developed by Motorola.

diodes and various RF filtering in
hybrid and discrete designs.

3ut with the improved ICs,
dramatic space savings result. For
example, a complete QPSK de-
modulator comes on a module meas-
uring just 3 x 4-in. (see photo).
It contains only six of the new ICs
and a standard op-amp IC. An
earlier version required two mod-
ules, each 4 x 7 in. with about 15
standard ECL and hybrid circuits.

Performance benefits are also
evident. “At room temperature,”
Ryan said in an interview, “both
versions can have about the same
performance. But the new ICs
have a lower drift rate.” So they
are more stable over the operating
temperature range.

Moreover the adaptive-equalizer
design, which uses about 40 ICs
on a 3 X 8-in. module, “wouldn’t
have been practical without the
new ICs,” Ryan added. Other tech-
niques would have led to unac-
ceptably large circuitry.

The new chips measure either
50 x 50 or 80 x 80 mils. The
first offers two logic functions per
chip, while the second represents a
medium-scale integration.

A gate in the new family resem-
bles the corresponding unit in con-
ventional ECL. However, with the
new family, called current-steering
logic by Ryan, the following are
offered:

® Bandwidth increases to 1 GHz.

m [nterface levels are tailored to
transmission-line systems.

m Qutputs are changed from
emitter-follower to open-collector
types.

m Linear operating
characterized.

Transistors play a key role in
the bandwidth extension. They
have a gain-bandwidth product of
3 to 4 GHz. More important, junc-
tion capacitances in all directions
are less than 1/2 pF.

Input logic levels range from
about —1/2 V to zero, compared
with —0.7 to —1.8 V for standard
ECL. Since one logic state has a
zero potential, a resistor termi-
nated to ground can be used for a
direct connection. However, im-
pedances of 68 Q, rather than the
common 50 Q, are used to permit
reduced power dissipation. With a
68-Q load, rise time doesn’t ex-
ceed 0.4 ns.

The linear properties of the es-
sentially digital circuits have been
obtained from an analysis of volt-
age characteristics. When biased
at 1/4 V, the circuits permit linear
operation with an input voltage up
to 150 mV, pk-pk.

Among the limitations are out-
put power and noise figure. An IC
in the family can’t deliver more
than a few milliwatts. And typical
noise figures of 15 dB preclude the
family’s use for, say, first-stage
i-f gain. mm

region is
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New FIRE-PLUG™
connectors

meet UL 94V-0 #
flammability tests

W's new FlRE- UG connector line is classified and intermountable
Laboratories. This is the most commercial connect

of pgﬂuc material flammability conducted

and labor.
easily so only fi

~ requirer
In timy for you to upgrade your products now.

4 More than just a connector, the FIRE-PLUG connector line
isato | interconnection system consisting of connector
usings, contacts and termination equipment.

: Costs no more than you’re paying now. ;
FIRE-PLUG connectors cost no more than commercial
connectors now sold under the less stringent UL
94V-2 rating. :
~Interchangeable with connectors you're using

- FIRE-PLUG connectors are mterchangeabl&, i




MCL

[~ Mini-Circuits Laboratory

Power Splitters/Combiners

o

T — ke s et Lk

PSC 2 PSC3 MSC 2 PSC 4 ‘ ZMSC 3
® Broad Bandwidth — The fre- ® Closely Matched Outputs—Typi- x0.5” (0.1 sq. in.) P. C. Board area
quency range of any splitter/com- cal 0.05 dB amplitude unbalance required for MSC series.
biner is wider than any comparable at ports. ® Price — from 15 to 15 the price
competitive units. ® Low Insertion Loss — Less than of competitive units (see below).

@® High Isolation — Typical; 40 dB 0.5 dB over most of the bandwidth. ® Delivery — from stock — one
@ 30 MHz — 30 dB @ 100 MHz. ® Small Board Area — only 0.2”  week maximum.

TWO-WAY, THREE-WAY AND FOUR-WAY POWER SPLITTER/COMBINERS

= Isolation ! F Isolation
req. between g req. between 1a :
Model No. | range outputs | Insertionloss | Ypbaiance Price Model N(,'i range outputs | Insertion loss 2hbhlance;” ] (QP""‘:[""[
(MHz) | (dB) typical | (dB) (typical) | ¢ (deg)| Amp. (dB) (Quantity) (MHz) | (dB)typical | (dB) (typical)| ¢ (deg) [Amp. (dB) uantity)
PSC 2-1 0.1-400 25 0.4 above 1 0.05 $ 9.95 (6-49) PSC 3-2 0.01-30 40 0.25 above 2 0.1 $29.95 (6-49)
ZSC 21 3dB split $24.95 (4-24) 2SC 3-2 4.8 split $44.95 (4-24)
ZMSC 21 $34.95 (4-24) ZMSC 3-2 $54.95 (4-24)
0.4 above PSC 4-1 0.1-200 30 0.5 above 2 01 $24.95 (6-49)
MSC2-1 | 0.1-450 30 3B onlt 1 005 | $15.95 (6-24) Sy ikt Lol
ZMSC 4-1 $49.95 (4-24)
PSC 2-2 0.002-60 40 0.3 above 1 0.05 $19.95 (6-49)
ZSC 2-2 3dB split $34.95 (4-24) ZSC4-2 0.002-20 33 0.45 above 2 0.1 $64.95 (4-24)
ZMSC 2-2 $44.95 (4-24) ZMSC 4-2 6dB split $74.95 (4-24)
* PSC 2-1-75 A & 0.4 above $ 9.95 (6-49) PSC 4-3 0.25-250 30 0.5 above 2 01 $23.95 (6-49)
+ZSC 2-1-75 | 0.25-300 25 3dB split 1 005 | ¢24.95 (a-24) ZSC 4-3 6dB split $38.95 (4-24)
ZMSC 4-3 $48.95 (4-24)
PSC 3-1 1-200 40 0.4 above 2 0.05 $19.95 (6-49)
ZSC 341 4.8 split $34.95 (4-24) "PSCJ 2-1 1-200 35 0.6 above Phase 15 $19.95 (5-49)
ZMSC 3-1 $44.95 (4-24) "ZscJ 21 3dB split | deviation $34.95 (5-49)
from 180°
25

COMMON SPECIFICATIONS FOR ALL MODELS: Impedance all ports, 50 ohms, *Except 75 suffix denotes 75 ohms VSWR: L.I-1.2 typical
Nominal phase difference between output ports; O°#Except J suffix denotes I80° Delivery from stock;, One week max.

s OUR NEW ADDRESS IS: 837-843 Utica Avenue,
Ho Y H H Brooklyn, NY 11203 (212) 342-2500
0 Mini-Circuits Laboratory e torae 22

A Divisinn Scientific Components (

Foreign Sales Representatives: [] AUSTRALIA General Electronic Services, 99 Alexander Street, New South Wales, Australia 2065; [] ENGLAND
Dale Electronics, Dale House, Wharf Road, Frimley Green, Camberley Surrey; [] FRANCE S.C. |.E.-D. |I. M. E. S., 31 Rue George - Sand, 91120
Palaiseau, France; [] GERMANY, AUSTRIA, SWITZERLAND Industrial Electronics GMBH, Kluberstrasse 14, 6000 Frankfurt/Main, Germany; [] ISRAEL
Vectronics, Ltd., 69 Gordon Street, Tel-Aviv, Israel; [ ] JAPAN Densho Kaisha, Ltd., Eguchi Building, 8-1 1 Chome Hamamatsucho Minato-ku, Tokyo;
[] EASTERN CANADA B. D. Hummel, 2224 Maynard Avenue, Utica, NY 13502 (315) 736-7821; [] ITALY Microel Italia s.r.|. via M. Loria 50, 20144
Milano & via Senafe 27, 00199 Roma; [[] NETHERLANDS, BELGIUM, LUXEMBURG: Coimex, Veldweg 11, Hattem, Holland.

US Distributors: [ ] NORTHERN CALIFORNIA Cain-White & Co., Foothill Office Center, 105 Fremont Avenue, Los Altos, CA 94022 (415) 948-6533;
[] SOUTHERN CALIFORNIA, ARIZONA Crown Electronics, 11440 Collins Street, No. Hollywood, CA 91601 (213) 877-3550

For complete U.S. Rep listing and product line see MicroWaves' Product Data Directory
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Great Debate on defense spending fizzles

The long-awaited Great Debate on defense spending for fiscal 1976
turned out to be a sputtering candle in the wind. To the chagrin of a small
bloc of liberal Senators, the $25-billion package presented by the Armed
Services Committee sailed through the Senate by a resounding 77-6 vote.
The House version, passed earlier, was even more generous, giving the
Defense Dept. authority to obligate $26.5-billion for hardware and R&D.
The difference between the two bills—some $500-million for a new air-
craft and $700-million for naval ships—will be ironed out in a conference.

Since the Mayaguez ship-rescue operation off Cambodia, Congress has
indicated that if it is going to err in defense spending, it will err in favor
of more rather than less funds. So a final authorization of around $26-
billion may emerge from the conference. Senators who had planned to cut
defense funds and use the money for social programs had aimed for a
figure closer to $23-billion.

All major new weapons systems emerged unscathed. The next efforts
by the liberal Senators will be directed at the upcoming appropriations
bill, but their prospects for any major turnaround are slim this year.
Instead, they are likely to challenge the “counterforce” concept now
favored by the Pentagon. This is the Air Force plan that advocates
strategic forces hitting enemy military targets rather than cities. If the
Senators can prevent adoption of counterforce as the dominant strategic
policy, they would find it easier to cut defense funds in coming years.

FCC eyes TV receiver standards

The Federal Communications Commission is planning to re-evaluate and
possibly revise its uhf TV ‘“taboo” table in order to get better use of the
spectrum. The taboos, based on 1952 capabilities, now block or inhibit 18
potential channel assignments in an area for every one that’s assigned.
Each channel now takes up 108 MHz of spectrum.

With the advances receiver technology have made, the FCC says, a lot
of the present 23-year-old restrictions are not valid. FCC is therefore
asking industry and the public for suggestions. The result could be
mandatory receiver standards and more uhf TV stations.

Defense Dept. challenged on noncompetitive contracts

The General Accounting Office doesn’t think the Defense Dept.’s tech-
nical evaluations of fixed-price, noncompetitive proposals are adequate.
The watchdog agency reviewed the evaluations of 40 noncompetitive pro-
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posals and concluded that 40% weren’t adequate.

The GAO looked at proposals totaling about $132-million that were
handled by 20 different defense agencies. It decided that evaluators hadn’t
adequately reviewed nearly $24-million of contractors’ proposed direct
costs and that many evaluations didn’t contain sufficient information to
support recommendations.

The Defense Dept. doesn’t agree that its system is at fault, but the GAO
insists that adherence to uniform performance and reporting standards
will improve technical evaluation of proposed costs and give greater in-
surance that prices negotiated in the absence of competition are fair and
reasonable.

Equipment sales up 4.9% in 1974

Last year, electronic equipment sales reached $35.4-billion, a 4.9 per
cent increase over 1973, according to the Electronic Industries Associa-
tion.

Sales of communications and industrial electronic products increased
14% to $17.2-billion. Sales to the Federal Government, ranking second at
$11-billion, were up 2.3%. Consumer electronic product sales faltered,
dropping 11% to $6.2-billion. Foreign sales of U.S. produced electronic
products were $5.2-billion, topping imports of $4.6-billion.

The EIA says that 49% of sales were to the communications and indus-
trial market, 31.2% to the Government market and about 17% to the
consumer market. Replacement components accounted for the remainder.

Capital capsules: The Federal Communications Commission has created a new radio
service—the Private Operational-Fixed Microwave Service—which will
include all systems operating in frequencies above 952 MHz. In the past
these systems were regulated under Safety and Special Radio Services.
All existing microwave systems must comply with the new standards by
Aug. 1, 1975. . . . The Consumer Product Safety Commission has an-
nounced acceptance of the offer of Underwriters’ Laboratories of Chicago
to develop a consumer product safety standard for television receivers.
The commission will contribute $54,895 to the project. UL will develop
the standard with the help ‘of representatives from trade associations,
engineers and industry specialists. . . . The Electronic Industries Associa-
tion is urging the U.S. International Trade Commission to give preferential
importation treatment to certain solid-state circuits: discrete diodes and
transistors, ICs and various assemblies of discrete semiconductors. The
EIA says that while high technology tends to be U.S.-based, the use of
offshore low-cost assembly labor is critical both for U.S. consumption and
export to world markets. . . . The Air Force Avionics Laboratory at
Wright-Patterson AFB, Ohio, is seeking sources for research and develop-
ment of X-band power transistors, both GaAs FET and silicon bipolar,
with the goal of establishing X-band power-transistor technology. The
laboratory is also promoting advanced R&D in FET transistor processing
and microwave IC amplifier design. . . . The House Science and Technology
Committee has begun hearings on a bill that would create a national
science policy and a White House science adviser. Reports are that Presi-
dent Ford will appoint an adviser if the legislation passes both houses of
Congress, but that is probably months away.
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For Precision Phase Measurement
the only logical choice

DRANETZ SERIES 305

for 7 logical
reasons.@. 1 HIGHEST ATTAINABLE ACCURACY.

+0.03° absolute, over wide rated level/frequency ranges.

2 HIGHEST CALIBRATION STABILITY.
® Short-Term:+0.005° repeatability
® Long Term: 30-day drift, 0.05° max.
® Temperature: £0.001°/°C max.
WIDEST FREQUENCY RANGE.
2 Hz to 11 MHz, performance-optimized by plug-in
modularity. Auto-tuned averager optimizes response speed.

3
4 WIDEST DYNAMIC RANGE.
5
6

1 mV to 300 V, with autoranging and gain programming.

MOST VERSATILE PROGRAMMABILITY.
Automatic or Remote (computer-compatible) programming
of every range and function.
ABSOLUTE FREEDOM FROM AMBIGUITY
Patented technique (U.S. Pat. #3,725,781) eliminates
noise-triggering anomalies; exclusive double-zero-crossing
averaging for waveform and duty-cycle independence.

7 GREATEST INTERFACE FLEXIBILITY.
Choice of 9 different plug-ins and 3 mainframe options

provide for virtually every application . . . developed
over a decade of design evolution.

Send today for

your free copy

of this brand-new
engineering monograph.
Hundreds of

diagrams, equations,
graphs, charts, etc.

on premsum

phase measurement.

DRANETZ ENGINEERING LABORATORIES, INC., South Plainfield, N.J. 07080, Tel: (201) 755-7080, TWX: 710-997 9553
INFORMATION RETRIEVAL NUMBER 25



Liquid Crystal Displays: An Application Report

Design and function of liquid crystal displays are stimulating
increased interest and expanding application of this versatile,
digital readout. Although the LCD is a late comer in the
display field, it is presenting a strong challenge to the other
types, principally the light emitting diode — LED.

LCD advantages are greatly responsible for the fast development
and lower cost of exciting new products. And for improved
design of conventional equipment and machines. For example,
simple sandwich construction of Hamlin’s LCD fits limited
space. Alphanumeric displays (transmissive and reflective)
provide side-by-side mounting versatility. Light control
film offers a choice of colored displays. There’s no washout in
high ambient light levels. Microwatt power requirements, few
parts, good viewing angle, exceptional reliability over extended
life period are more reasons for the switch to LCDs.

Segments

Back | < Front
Plate Plate
Back
: Front
:?Fqla:anzer <—Polarizer
E ":ct—> (Eield
ffect
Type Only) Type)
Liquid
Crystal
Fluid

Contact ToX, #
Segment Lead-In
Flexibility of design permits LCDs to be scaled up or down to
meet product needs. For example, Hamlin makes a display used
in a ladies watch that measures only .450” x .575” (11.25 x
41.375 mm), but production facilities permitting, a display could
be almost any size. Type of artwork used for creating the
display design also provides an inexpensive way to customize
with a logo, product illustration, etc.

A choice of lighting methods permits LCDs to match a wide
range of applications. Because liquid crystal displays are not
self-illuminating, ambient light must be used to best advantage,
or the light source must be placed to cast light through or on
the display. To meet viewing needs in relation to product design,
Hamlin suggests a variety of lighting techniques:

Louver backlighting with ambient light for transmissive
displays utilizes a plastic Light Source
film at the back of the V
displays which permits the
angle, depth and color to
be varied. It provides a dark
background while the activated
display appears a frosty white.
It is suitable for battery
powered calculators, desk clocks,
portable instrumentation, etc.

LCD

‘—Lighl Louver

Louver i i Light

Cavity mount, employing a light source and reflector,
achieves a high contrast white-on-dark display. Designed for
transmissive displays, the light is hidden from the viewer.
This arrangement is ideal for line cord operated instruments
such as calculators.

Light Source
V Fluorescent
LCD Lamp and
4 /s eflector
o Assembly
- Matte
Black
Cavity Mount !
Yrsn“symisslve Am:elflne::t LI\I!gem

Ambient lighting (reflective displays) is the simplest of all
arrangements, but the display should be mounted as closely as
possible to the panel with minimum recess to receive maximum
illumination. For good contrast, a dark background such as
a matte black surface on the back plate should be used.

Edge lighting offers a low power, compact method for
reflective displays. Flat pack arrangement permits the display to
be viewed by ambient light by day, and edge lighting by night.

Reflector Lam, Reflector Lamp
A Assembly 2 Assembly
< —Lco
3 -——LCD
Edge Lighting Fi
R i 'gﬂ' Lighting

Front lighting (reflective design) uses incandescent lamps or
a fluorescent (typically 3-watt). It provides the advantage of
viewing with ambient light by day and artificial light at night.

Mounting techniques with large LCDs are applicable to most
equipment designs. Two most common types are:

Panel Mounting requires
a special bracket to hold the Y
display in the panel. The panel can
be sloped to place the display
viewing surface perpendicular to
the operator’s line of sight, or a
bezel can be used to attain the same
effect. Type of display and lighting will,
of course, determine the mounting.

LCD Panel
Mounting

N

Connector Mounting is made
with an edge board connector to
hold the display and for making
electrical hook up. Wouring T
Determining viewing distance vs character size is a critical
factor in adapting liquid crystal displays. Character height,
width, spacing; segment width, separation between each and
slope of characters are all to be considered. Examples illustrate
viewing distance in relation to character height.

15"

(381 mm)
T r Hi
S R I
=0
(762 mm) [EU_?E—
3
*vl lg.uo
1 !
o °
Ael

In application, liquid crystal displays meet the needs of an
almost unlimited number of products — from watches to office
equipment, flight instruments to appliances. In fact, where
MOS and C/MOS compatibility, flexibility of design, low power
requirements are factors, LCDs provide an efficient

and practical solution.

Hamlin stocks several standard LCDs in both dynamic scattering
and field effect types (transmissive and reflective) for immediate
delivery. Special displays with virtually any image can be
produced to order with surprisingly low preparation costs. And
LCD'’s simplicity means lead time of just a few weeks. For
detailed specifications and application data, write Hamlin, Inc.,
Dept. #614 Lake Mills, Wl 63551, 414/648-2361

Evaluation samples are available at moderate cost.

R A% e BB
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Editorial

Listening with both ears

“We could do this,” one of my editors told
me the other day. So I said, “Yes, yes” and
moved on to something else, leaving a problem
unsolved. A few days later, he reminded me of
the solution. And again, because I had other
things on my mind, I brushed it aside.

Fortunately, I sort of woke up later and
understood what he had been telling me. His
suggestion improved an article in the maga-
zine and saved us money—a good combination.
But I almost missed it because I was hardly
listening.

I’'m convinced that I'm not the only one who . 4
doesn’t listen sometimes. And I suspect that some of the consequences of
not listening are drastic. I know one executive, Jack, who loaded up on
capacitors right at the peak of the seller’s market. He saw only one thing.
Capacitors had been getting more expensive, almost by the week, and
deliveries were stretching out. Though his engineers argued that these
capacitors weren’t very good, and that prices could not rise forever, Jack
wouldn’t listen. He could see only one part of the picture. Through his
shrewd negotiations, he had convinced a vendor to sell him a huge supply
of capacitors.

And then, WHAM ! Capacitor prices started to tumble. 40-week deliver-
ies started shrinking to four weeks. And Jack’s instruments weren’t sell-
ing so well so he wasn’t using so many capacitors. He found himself with
a three-year supply of not-so-good capacitors. Of course, he urged his en-
gineers to use these capacitors rather than newer, better and less costly
units because the huge inventory made his balance sheet look rotten. And
when the engineers used them, the instruments weren’t quite as good as
competitive units so they didn’t sell so well, which made his capacitor
supply last still longer.

Unwilling to swallow his error, Jack tried to push these capacitors into
other instruments, even if it called for redesign. And that made those
instruments less competitive.

Of course, it’s easy now to say that Jack shouldn’t have bought those
capacitors in the first place, though the situation certainly looked different
then. But Jack didn’t give himself a chance. He didn’t listen. Then he
compounded his error by forcing a one-shot mistake to multiply itself.
When his engineers warned him of the consequences of forcing an old,
not-so-good capacitor into new designs, he didn’t listen. He was too busy

worrying about other problems.

GEORGE ROSTKY
Editor-in-Chief
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Consider all the ins and outs
of your new circuit design.
Then consider Curtis®

Terminal Blocks.

Tangled, twisted, and loose wires can snarl up even the
best circuit design. So don’t tangle with trouble. Curtis
offers 19 electronic and electrical terminal blocks with
hundreds of model variations available to straighten out
almost any wiring layout problem.

[ capacities ranging from 5 amps/300 volts to 250 amps/

600 volts

[J modular, channel-formed, closed-back, feed-thru and
fully insulated feed-thru designs offered

[ choice of tab, screw, clamp, PC pin or taper pin termination
Dheavy duty lug and tubular, high pressure solderless types

available for high current applications

O full mechanical thread system incorporated in many units

Specify Curtis electronic and electrical terminal blocks

and you’ll have the best line in the industry to work with.
Specify anything less and you may be tangling with trouble.

CURTIS INDUSTRIES, INC.

8000 West Tower Avenue, Milwaukee, Wisconsin 53223

Call (414) 354-1500 for the name of a representative or distributor near you.
In Canada: A.C. Simmonds & Sons, LTD, Willowdale, Ontario.

s
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You'd probably expect a
portable oscilloscope as rugged and

10MHz 5” scope
with easier calibration
and voltage measurement

reliable as this one to cost a lot.

You'd be wrong.

Introducing the B&K Model 1403 3" Solid-state
oscilloscope. It's so compact, reliable, and inex-
pensive that it's the pertect scope for most on-

the-line monitoring applications. Look at its specs:

DC to 2MHz bandwidth at 20mV/cm. Recurrent
sweep speeds from 10Hz to 100k Hz. New wide-
angle CRT to reduce case depth to a minimum.
Direct-deflection terminals for waveforms up to
150 MHz. Weighs only 8% pounds. And has a
smoked acrylic graticule for trace sharpness and
easy reading. All the reliability and accuracy you

need in a monitor scope —at a surprisingly

low price.

Contact your distributor, or write

Dynascan Corporation.

$189°° g

/B Very good equipment at a very good price.

Dynascan Corporation.

1801 West Belle Plaine Avenue, Chicago, |llinois 60613

INFORMATION RETRIEVAL NUMBER 28

Model 1465 $400

Here are some B&K extra touches. Besides DC-to-
10MHz bandwidth, triggered sweep, automatic sync,
16.6mV/cm vertical sensitivity, DC-coupled amplifier and
front-panel Vectorscope capability, Model 1465 also has
5X magnification to increase sweep speed to 0.2usec/cm
for complex waveform analysis. And Cali-Brain®, which
collapses horizontal sweep to let you measure instan-
taneous peak-to-peak voltage easily while simulta-
neously displaying the full-scale voltage range. Now in
stock at your local distributor or write Dynascan.

PRODUCTS OF

o] [ OVYVASCAN

1801 W. Belle Plaine Ave.

Chicago, IL 60613 » (312) 327-7270
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HAYDEN BOOK COMPANY,INC.
50 Essex Street, Rochelle Park, New Jersey 07662

H

An Open Letter To Manufacturing
Managers.

Are you putting off reliable and promising systems innovations
because of the money involved? Or the time? Or maybe because
of the painful “people problems” you can foresee?

You probably face these problems constantly because as
systems technology expands, it demands radically new talents
and skills from management.

Recently, professionals from industry, education and
government met for the 10th annual symposium co-sponsored
by Informatics and UCLA. Their goal? To bring clarity and
profitability to today’s new manufacturing methods—for you,
the manager.

Now we have compiled the proceedings into a compact management handbook,
called MANUFACTURING MANAGEMENT SYSTEMS: New Challenges and Profit
Opportunities. As a manager, you couldn’t ask for anything more.

This handbook is the symposium and more. We've cut away all the extras—the
repetitions, the mumblers and the chit-chat —leaving you with the clear and
uninterrupted essentials.

The result is an unparalleled, personalized handbook of guidelines, solutions and
solid information from some of the nation’s most successful industrial leaders.

You'll hear the vice-president in charge of technical affairs at Ford Motor Company
tell how an American institution computerized its vast and complex production lines
(and battled equally monstrous supplier foul-ups, record problems, etc. along the way).

An executive from a major R & D firm outlines what he has discovered to be the
vital managerial skills and essentials for directing progressive operations.

One of Informatic’s key men spells out some of the latest and most worthwhile
computerized tools available to manufacturers.

The president of a manufacturing firm offers 16 pages of realistic guidelines for
handling the sensitive problems of system implementation (without any of the current
psycho-social jargon).

There’s one corporation president whose share of this handbook is frankly titled
“Making Sure You Really Get a Payoff From Your Manufacturing System.” It amounts
to nothing less than a proven master plan for doing just that.

There are ten sections in all, each one more helpful and informative than the next.
Every page is sharp and direct, yet conversational, as if it were being spoken. For the
manager, there’s a perfect balance of technical information and the wisdom and
common sense for using it.

You can now examine, read and use the handbook free, for 15 days, just by circling
the information retrieval number shown below. At the end of that time, just send in a
check for $10.50, plus postage and handling, or return the book with no further
obligation.

You won't run across many opportunities to hear this kind of straight talk. Try to
imagine a symposium where you sit right up front and write down every single word
because you know you can use it all.

P.S. Remember—it’s easy to order. Just circle
the Information Retrieval No. shown below!

N

TO ORDER, CIRCLE 98
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amplifiers

The art of
glossing over or
covering up the
poor points of a prod-
uct while exploiting the
good may find its highest ex-

pression in the op-amp industry.

Op amps are admirably suited for this game
because they have a confusing number of inter-
dependent specs. All are generally related to one
another as nonlinear functions of temperature
and supply voltage, and in the fierce competition
among semiconductor and module manufacturers,
the bad specs tend to get buried.

For example, changing either the temperature
or supply voltage, or both, affects such kKey op-
amp performance characteristics as open-loop
voltage gain, output-voltage swing, bandwidth,
bias currents, offset voltages and slew rate.
Tradeoffs are concealed by a variety of ap-
proaches.

Some manufacturers play a guessing game:
“When is a maximum value not a maximum
value?” Answer: When some listed maximums
are guaranteed and others on the same sheet are
simply design maximums. The task here is to
figure out which is simply a rated value and
which is the guaranteed spec—without phoning
the manufacturer.

Check max and min values carefully

Suppliers of op amps keep the number of
guaranteed specs for a unit to a minimum, unless
such specs are demanded by a customer. Why?
Because a guarantee for a parameter means that
a hundred percent of the devices must be tested.
And testing raises the price in the highly com-
petitive op-amp market.

Another game that can easily drive designers
up a wall is called “the salted sample.” The sup-
plier sends prototype samples with performance
that is substantially above the norm. The design-

Jim McDermott
Eastern Editor

44

Operational

High accuracy op amps with FET inputs, the Analog De-
vices AD506, have a maximum offset of 0.1 mV, 10uV/°C.
maximum drift and 5-pA maximum bias current.

The first op amp to combine bipolar and CMOS on one
chip, the RCA 3130, has a CMOS pair that is capable of
swinging the output voltage to within 10 mV of either
supply terminal.
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er finds out who’s won when only two out of 100
units in the production batch work in his final
circuit.

One of the more deceptive practices is the in-
clusion of parameters in the min and max col-
umns of a data sheet to imply that they are
guaranteed.

The burden of proof is left to the op-amp
buyer. It turns out that the specs selected for
this treatment are usually the more difficult and
costly ones to test. And, for the same reasons,
they are seldom checked by the purchaser in his
incoming inspection.

Examples of such parameters are long-term
drift, temperature coefficients of offset voltage
or current, and—with some manufacturers—all
parameters at the extremes of the operating
temperature range.

Watch out for omitted specs

Where specs are simply omitted in the data
sheet, suspect the worst. A good rule of thumb
to follow is that if a spec makes the device look
good, it will be included. If it doesn’t show up,
caveat emptor.

In other cases the best you may get is simply
a ‘“typical” spec without limits. But “typical”
specs seldom are typical. Most units fall into a
gray area of plus or minus 30% around the
typical curves.

In some cases the use of “typical” means that
the manufacturer once made a prototype run of
a device with those specs, and he believes he can
do it again.

Specs defining parameter changes with tem-
perature are vital. Yet in many cases, while op-
eration at room temperature is guaranteed, the
data sheets give no limits on what the device will
do at temperature extremes.

In some cases the spec actually gives the op-
erating junction temperature—not ambient—at
25 C. This spec may be useful for the designer of
equipment that is to be used inside the cold com-
partment of a refrigerator or at the earth’s polar
regions. But for the vast majority of applications,
the moment that current is applied to the device
at room temperature, the junction temperature
rises and the spec becomes meaningless.

What usually is not spelled out in bipolar specs
is whether drift with temperature of the offset
voltage gets better or is degraded when the am-
plifier is nulled. Some high-accuracy bipolar cir-
cuits—typically the more costly modular units—
have a parabolic temperature curve that has a
zero tempco at the zero-offset point. In these
amplifiers the drift at null is guaranteed.

But in other bipolar op amps the correction of
the de voltage error may increase temperature
sensitivity of these devices.

ELECTRONIC DESIGN 14, July 5, 1975

The null specs for FET input op amps are
usually vague. Manufacturers want to overlook
the fact that several input parameters can be
degraded if the offset voltage is nulled.

FET bias currents are a problem

The problem with FET amplifier bias current
is unique, in that while these currents are very
small, they double every 10 C. For a temperature
increase of 100 C this means the current in-
creases more than 1000 times. On the other hand,
bipolar bias currents typically decrease from 0.5
to 1% for every increase in degree centigrade.

Also, unlike bipolar circuits, with FET input
amps the zero offset point is not the same as the
zero drift point. Typical FET input amplifiers
have nulled drifts of about 25 uV/°C per mV
offset. Then, for an amplifier that has a basic

Hybrid technology makes possible this high-voltage op
amp, the 3582J, by Burr-Brown. The device can provide
15 mA at £145 V ac into a 2-kQ load, with a +150-V-
dc supply.

10 mV/°C offset, nulling it can cause a drift of
125 wV/°C, which is added to the basic tempco of
the unit.

One version of the spec numbers game reduces
the maximum figure for bias current by splitting
the difference between the currents in both
inputs. Called the ‘“average maximum,” this
value appears as a single number, but it is ob-
tained by adding the currents in both legs and
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dividing by two to give an in-between value.

Specified offset voltages and bias currents for
monolithic op amps are often lower than they
will be in your system. This is because the de-
vices are computer-tested, with only a fraction
of a second available to test each IC. The chip
simply doesn’t have time to warm up. Extrapo-
lations are made by manufacturers, but these
figures may not represent performance in real
applications.

Another spec for monolithic ICs, noted for its
absence, defines the effect of fairly short thermal
transients on the offset voltage and bias currents.
The ICs have high thermal conductivity and low
thermal mass, and the chip readily conducts heat
from its output stage back to the input. This ther-
mal feedback introduces offset voltage changes
that accompany load-current variations. In some
cases the input voltage change may be sufficient
to override the summing-junction signal and to
cause infinite open-loop gain and instability.

A key, but controversial, specification is the
speed with which the op amp can respond to a
step input. Agreement among manufacturers on
how to specify this is far from universal.

Op amp response depends on five characteris-
tics: bandwidth, full-power response, slewing
rate, overload recovery and settling time.

Bandwidth can be defined as the 3-dB-down
point, the unity-gain crossover point or the gain-
bandwidth product. It is frequently listed as the
unity-gain figure. But if the amplifier requires
frequency compensation, this figure can be alter-
ed. Thus the actual bandwidth at the operating
gain may turn out to be different from that im-
plied by the specs.

The full-power response—frequency response
for full output power—depends upon how the
manufacturer drew up the tests.

His spec may define only the highest sine-wave
frequency that can drive the maximum load to
peak rated output, ignoring the input signal
variations.

Amp supplier sets distortion limits

The amount of distortion permitted depends
upon the whim of the manufacturer. In the ex-
treme—and least conservative—case, the wave-
form deteriorates to a triangular shape. In this
case the amplifier is being overdriven at the fre-
quency of test.

On the other hand, for a conservative spec of
2% allowable distortion, the maximum full-
power frequency is reduced, which gives the ap-
pearance of poorer performance.

The maximum frequency of full-power re-
sponse is governed by the amplifier’s slew rate.
As a rough rule, it’s generally accepted that 100
kHz of full power response is equal to 6 V/us
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This monolithic chopper-stabilized amplifier, by Harris,
has an offset voltage drift of only 0.2 yV/°C. Open loop
gain is 5 X 10%, bandwidth is 3 MHz and slew rate is
255V us.

Dual high performance op amps on this chip, by Texas
Instruments, are protected against shorts and against
latchup. No external frequency compensation is needed.

of slew. This figure must be used with caution.

Slew rate is measured differently by different
op-amp producers. One will measure the slope
of the amplifier response to a large step input.
Another will deliberately overdrive the amplifier
to produce a triangular waveform and then
specify the slope of the waveform as the slew.

Also, remember that measurement of the slew
with the inverting op-amp configuration gives a
different value than with the noninverting
connection.

Unfortunately, how the manufacturer tested
for slew rate doesn’t usually appear on the data
sheet.

The type of op-amp input—bipolar or FET—
also makes a substantial difference in the slew
rate. Use of a FET front end on an op amp pro-
vides a 30-to-1 or 40-to-1 increase in slew rate.

For op amps in which the bandwidth is speci-
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fied as the unity-gain crossover frequency of the
open-loop gain-magnitude response, the unity-
gain frequency, f., is the maximum closed-loop
bandwidth. However, this is useful only for small
signals, typically below 100 mV, because of non-
linear response and distortion for larger values.

For large-signal applications, the full-power
‘response, f, is a more useful measure of speed,
as it defines, with small distortion, the bandwidth
for which the rated output can be developed. In
general, f, is 1/10th to 1/100th of f..

To permit fast settling, the open-loop response
of the amplifier should approximate a single-pole
response, which is characterized by a —6 dB/oc-
tave response slope.

Settling time has at least three definitions, de-
pending apparently upon the capability of the
op amp and the conservatism of the manufac-
turer.

The first definition specifies settling time as
that period between the time the amplified volt-
age crosses the final value until it settles within
a given error band.

The second definition says that settling time is
the period in which the amplifier output settles
within an error band, starting with the 10% rise
point of the slew ramp.

The third definition (see figure) includes the
following: (1) the initial propagation delay, (2)
the time to slew near the final value plus recovery
from the initial overswing, and (3) the time to
settle within the error band.

The true settling time cannot be predicted
easily from open-loop specs, such as slew rate
and small signal bandwidth. A step input, of
course, falls in the large-signal category.

One widespread technique for masking the
limitations of an op amp is to measure the set-
tling time (or slew rate) using amplifier gains
of 3 or 4, and sometimes much higher, instead
of unity. This gives faster performance, but
when this same amp is used at unity-gain, it dis-
plays distorted waveforms. Compensation net-
works can be used to overcome the problem, but
they lower the amplifier’s performance.

Settling time is usually specified under ideal
conditions. But if the amplifier is loaded with the
capacitance of long shielded input cables, a set-
tling time of, say, 60 ns may increase to 1 us.
Such a capacitance limitation is another param-
eter that is frequently omitted.

And, of course, op amp outputs can never set-
tle within a given error band if output noise
comparable to the error band is present.

In general, to ensure the accuracy of a unity-
gain follower amplifier that must settle to within
+0.01%, the gain should be greater than 10,000.
For unity-gain inverters with the same settling
requirements, the gain would have to be 20,000.

For voltage-follower applications, the common-
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The most complete definition of settling time considers
the dead time, slewing, recovery and settling of the out-
put to within the tolerance of the error band.

Very low input current of 1 pA max and low offset volt-
age of 2 mV max are features in this 8007 FET-input
op amp by Intersil. Input impedance is 10'2 ohms.

mode rejection ratio should be compatible with
the desired gain accuracy.

Noise specs hard to compare

Input noise is generally specified for three
spectral regions: a 1/f band from about 100 Hz
down to 0.1 Hz, a plateau extending from 100
Hz to about 10 kHz, and a high-frequency region
sloping off into the MHz area.

Unfortunately, noise is characterized on spec
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Wideband, fast settling FET op amps, by Datel, have
bandwidths from 7 to 45 MHz and slewing rates from
60 V/us to 400 V/us. Settling times range from 300
ns to 2.5 us.

This monolithic JFET input op amp, National's LF 156,
uses ion implantation to combine matched JFETs with
bipolar transistors. It features very low noise and a low
1/f noise corner.

sheets in different ways for these regions. For
the 1/f band, the noise is always peak to peak.
For the higher regions, it may be spec’d as peak
to peak or rms. Thus comparison of noise figures
for different vendors, or in slightly different fre-
quency bands, can prove difficult.

For example, to convert rms noise to peak-to-
peak values, the time-honored 1.414 multiplier
for a sine-wave function is useless. Instead the
rms figure must be multiplied by 5 or 6, which
statistically relates the peak to the rms values.

Rms noise is frequently specified at a single
spot value, obtained by use of very-narrowband
filter. In this case the manufacturer does not
give values extending over a bandwidth. How-
ever, he may include a graph of “typical”’ noise
performance.

The noise over any band of interest may, how-
ever, be obtained by multiplication of the spot
noise, which is usually stated in nV/\V Hz rms,
by the square root of the bandwidth chosen.
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A new dual op amp designed for single-supply operation,
Signetics’ NE532, uses a Darlington input stage that can
be driven slightly below ground (—0.3 V).

While strong op-amp industry competition has
been responsible for much specsmanship, that
same competition has also contributed to sub-
stantial improvements in op-amp technology and
device performance.

The modular units remain the highest-priced,
because they use high-quality discrete compo-
nents that are carefully selected and matched
for a particular amp. But modular op amps still
provide the best performance for a combination
of characteristics.

For example, Analog Device’s 52 K is a low-
noise, low-drift, nonchopper amplifier. It has a
guaranteed low noise of 1.5 uV peak-to-peak max
from 0.01 to 1 Hz, low voltage drift of 1 uV/°C
and an open-loop gain of better than 1 million.

Modular op amps also provide capabilities, like
high isolation, that are unattainable with their
hybrid and monolithic competitors. An example
here is Burr-Brown’s 3452 isolation amplifier,
which provides up to 2000-V isolation between
input and output. This is accomplished by use
of a transformer-coupled modulation/demodula-
tion stage that isolates the input from the output
by 10'* Q in parallel with 16 pF of coupling
capacitance. The Burr-Brown amplifier can be
operated in the inverting, noninverting or dif-
ferential amplifier configurations.

Hybrid op amps are fast approaching modules
in performance in applications from high-input-
impedance instrument amplifiers to high-voltage
and high-current devices. As one example, Tele-
dyne Philbrick’s 103502 JFET op amp reduces
bias currents to minuscule levels approaching
those of a varactor amplifier—50 femtoamps
(10* A) guaranteed at 25 C ambient—but with
lower offset voltage, tempco, noise figure and
cost.

A high-voltage hybrid by Burr-Brown—the
3582J—uses a *150-V supply, has an open loop
gain of 800,000 and produces an output swing of
+145 V at 15 mA. The device also has internal
thermal sensing to shut itself off automatically
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when it overheats during operation.

National Semiconductor has produced a hybrid
ultra-fast FET op-amp—the LHO0032—with a
slew rate of 500 V/us and a bandwidth of 70
MHz. Typical settling times are given as 100
ns to approach within 1% of final value and 300
ns to settle to within 0.1% of that area. Output
voltage swing is *£13.5 V at 20 mA for a 18-V
supply.

Monolithic device performance has improved
dramatically. The Harris HA-2900, the first
chopper-stabilized monolithic op amp to be pro-
duced, has an open-loop gain of 5 x 10% an offset
voltage drift of 0.2 V/°C and an offset current
drift of 1 pA/PC. With bipolar transistors for
the amplifiers and FETs for the chopper, the in-
put resistance is typically 100 MQ.

Several companies have been experimenting
with new technologies that combine FETSs of one
sort or another with bipolar devices. Whereas
Harris and Fairchild combine bipolar and PMOS
on the chip, RCA is the first to integrate CMOS
with bipolar transistors in its CA3130 Series
op amp.

Gate-protected p-channel MOS FETs in the
CA3130 provide an input impedance of typically
1.5 x 102 ) and an input current of 5 pA with
15 V across the device. The RCA device has band-
width of 15 MHz at unity-gain crossover, an
open-loop amplifier gain of 320,000 and a high
slew rate of 10 V/us. The device can operate off.
either a single 15-V or dual +=8-V supplies.

The output stage employs a CMOS transistor
pair that is capable of swinging the output to
within 10 mV of either supply terminal. The high
output current of 20 mA is sufficient to operate
sensitive relays.

lon implant gives low-noise FET amp

National Semiconductor is now producing bi-
polar and JFET transistors on the same mono-
lithic chip to improve noise performance figures.
Heretofore, fabrication of a pair of JFETs hav-
ing a matching comparable to that of a bipolar
pair has been difficult, because the JFETSs require
control of the vertical implant dimensions to a
tolerance 10 times tighter than that for the
bipolars.

To get around this, National has adopted ion
implantation to produce the JFETs. With this
technique, an ultra-thin, precisely controlled,
doped layer can be formed.

National’s new LF series of monolithic ampli-
fiers has ion-implanted JFETs on the chip with
bipolars. The series includes the LF 156, now
available in quantity. Typical input current is
30 pA. The offset voltage is 3 mV, and the tem-
perature drift is 5 uV/°C. The input noise volt-
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age is 15 nV/\ Hz at 100 Hz.

The gain bandwidth of the LF 156 is 5 MHz,
slew rate is 15 V/us, and it settles rapidly to
within 0.01% of the error band in 1.5 us. For
driving capacitive loads, the LF 156 has a new
type of output stage that can drive 10,000 pF
without instability.

Supply current is low—only 5 mA. The amp
takes *22-V supplies for a military version and
+18 V for commercial units.

The industry’s standard op amp—the 741—is
being constantly improved as a single device, as
well as in doubles and in quad configurations.
Teledyne Semiconductor has an 844 series term-
ed “the super 741.” With a high slew rate, high
input impedance, low noise and a low price, it is
designed for audio applications.

Motorola has a high-slew-rate, internally com-
pensated op amp—the MC1741—that is equiva-
lent to the standard 741 but has a 20 times high-
er slew rate and bandwidth. A slew rate of
10 V/us is guaranteed for unity-gain operation.
Minimum power bandwidth is 150 kHz, with 200
kHz given as typical. Dual and quad configura-
tions of the 741 are available from Motorola as
the MC1558 and the MC3403.

Single and dual versions of the 741 op amp are
sealed in RCA’s new Gold Chip package, a low-
cost tri-metal process that completely moisture-
proofs the IC. The RCA single op amp is the
CA741G, and the dual version is the CA747G.

A programmable micropower triple op amp,
the Siliconix 1.144, is the forerunner of a trend
to “micropower’” devices. It has an external pro-
gramming feature to control the current, power
dissipation and the input bias. It operates from
supplies of £18 V to as low as *1.5 V, with sup-
ply currents controllable from 10 wA to 1 mA.
The unity-gain crossover of the individual ampli-
fiers occurs at 600 kHz. Slew rates range from
0.03 V/us with a source voltage of *1.5 V to
2 V/us with a £15-V source. ==

Need more information?

The companies and products cited in this re-
port have, of necessity, received only brief cov-
erage. They've been selected for their illustra-
tive qualities. Many companies not mentioned
may offer similar products. Readers may consult
the following manufacturers and ELECTRONIC
DESIGN’s Gold Book for further details about
their products.

Adaptive Systems Inc.,, P.O. Box 1481, Pompano Beach, FL
33060. (305) 974-8354. (P. D. Craig). Circle No. 401
Advanced Micro Devices, 901 Thompson Pl., Sunnyvale, CA
94086. (408) 732-2400. (E. Turney). Circle No. 402

(continued on page 50)
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Analog Devices, Inc., P.O. Box 280, Norwood, MA 02062.

(617) 329-4700. (J. Corsi). Circle No. 403
Analogic Corp., 39 Audubon Rd., Wakefield, MA 01880. (617)
246-0300. (G Wilson). Circle No. 404

Bailey Instruments Co., 516 Victor St., Saddle Brook, NJ

[][]1 % STAB”_”Y 07662. (201) 845-7252. (R. J. Bailey). Circle No. 405

Beckman Instruments, 2500 Harbor Blvd., Fullerton, CA

92634. (714) 871-4848. (R. E. Schmidt). Circle No. 446

B&H Electronics Co., Box 490, Chester, NY 10918. (914) 783-

10 4988. (B. Horowitz). Circle No. 406
BLH Electronics Inc., 42 4th Ave., Waltham, MA 02154, (617)

890-6700. (G. D. Rummell). Circle No. 407

5 Burr-Brown Research Corp., 6730 S. Tucson Blvd., Tucson,
AZ 85734, (602) 294-1431. (G. Tobey). Circle No. 408

0 . A Computer Labs, 1108 S. Chapman St., Greensboro, NC
/ 27403. (919) 292-6427. (Don Brockman). Circle No. 409

Cycon, Inc., 1080 E. Duane Ave., Sunnyvale, CA 94086. (408)

5 " 732-8311., (L. Wayne Peacock). Circle No. 410
: \ Datel Systems Inc., 1020 Turnpike St., Canton, MA 02021.

10 e =e (617) 828-8000. (J. Gallagher). Circle No. 411
Dynamic Measurement, 6 Lowell Ave., Winchester, MA 01890.

(617) 729-7870. (J. Gendreau). Circle No. 412

Exar Integrated Systems, 16933 Milliken Ave., Irvine, CA

o 10 20 30 40 50 60 92705. (714) 546-7750. (W. Davidson). Circle No. 413
Fairchild Semiconductor, 464 Ellis Ct., Mountain View, CA

94042. (415) 962-5011. (Al Tremain). Circle No. 414
Function Modules Inc., 711 W. Seventeenth St., Costa Mesa,"

CA 92626. (714) 645-6001. (G. S. Osgood). Circle No. 415

AL} n General Instrument Corp., 600 W. John St., Hicksville, NY

AND M 11802. (516) 733-3333. (Joseph LaFiandra). Circle No. 416

Halex Inc., 3500 W. Torrance Blvd., Torrance, CA 90509.

(213) 542-3555. (M. J. Bergquist). Circle No. 417

PARAMETER (1) SERIES 110 Harris Semiconductor, P.O. Box 883, Melbourne, FL 32901.
Frenquency Range 10 MHz / 250 MHz (305) 727-5407. (Frank Abreu). Circle No. 418

Hybrid Systems Corp., 87A 2nd Ave., Burlington, MA 01803.

Supply Voltage +12 VDC (617) 272-1522. (C. Kramer). Circle No. 419

I i <109 ILC Data Device Corp., 105 Wilbur Pl., Bohemia, NY 11716.

Tisturon > VR/:ﬂS (516) 567-5600. (T. Berg). Circle No. 420

Output Voltage ) Intech Inc., 1220 Coleman Ave., Santa Clara, CA 95050.

Load 50 Q (408) 244-0500. (B. Jumper). Circle No. 421

.S Intersil Inc., 10900 Tantau Ave., Cupertino, CA 95014. (408)

55°C to +75°C (2) *.005% 257-5450. (J. L. Zabkar). Circle No. 422

0 to+60°C (2) +.001% lntgggi;:;soln((:x (5;7 P(f:halpel St., Newton, MAcozllsaN (641273)

° o - 0 - 5 o Ga aelzer). ircle No.

+15°C to -,’-35 c (2) _'0005/0 ITT Semiconductors, 3301 Electronics Way, West Palm Beach,

Current Drain <30 ma @ 10 MHz FL 33407. (305) 842-2411. (D. R. Saban). Circle No. 424

<60 ma @ 250 MHz MS Kennedy Co., Pickard Dr., Syracuse, NY 13211. (315)

Size 15x15x15 455-7077. (B. D. Lesjack). Circle No. 425

k 5 ' Modular Devices Inc., 1385 Lakeland Ave., Bohemia, NY

11716. (516) 567-9620. (R. Greenstone). Circle No. 426

. . Motorola Semiconductor Products Inc.,, 5005 E. McDowell

STABILITY: Is one of the prime factors in crystal Rd., Phoenix, AZ 85008. (602) 244-6900. (Steyen Faulkner),

H H H H ircle No

OSCI”a'tOI’. seIeCtlon'. _F_’erhaps your aoppllcatlon National Semiconductor Corp., 2900 Semiconductor Dr.,
doesn’t dictate stabilities in the .0019% range, Santa Clara, CA 95051. (408) 732-5000. (Chuck Signor). -
but due to our standardization programs and vol- e Na e
Op Amp Labs, Inc.,, 172 S. Alta Vista Blvd., Los Angeles, CA

ume purchases, we may be able to offer you extra f90036. (213) 934.3566. (B. Losmandy). Circle No. 429
il s Optical Electronics Inc., Box 11140, Tucson, AZ 85734. (602)
§tabfll|tyf at lthe sam? cost you may already be pay e bane g dne. s (o0d)
Ing Tor far ess_ Stab € umts..We can even offer you Precision Monolithics, 1500 Space Park Dr., Santa Clara, CA
less stable units if you desire. INTERESTED? Call L 9?350- <‘é°8) ;46-9225(; <JerryDZi5>-350 . Csircle No. 431
. aytheon Co., Semiconductor Div., is St.,, Mountain

Gerald DeWar at (312) 232-2600 today. He will be View, CA 94040. (415) 968.9211. (G. Selven). Circle No. 432
glad to discuss your particular requirement with RCA Solid State Div., Box 3200, Somerville, NJ 08876. (201)
722-3200. (Merle Hoover). Circle No. 433

you and send you our new catalOg' Signetics Corp., Sub, Corning Glass, 811 E. Arques Ave.,

Sunnyvale, CA 94086. (408) 739- 7700 (John Mattis).
Circle No. 434

Silicon General, Inc., 7382 Bolsa Ave. Westminster, CA

92683. (714) 892 5531, (Q. T. Wyles). Circle No. 435

See Gold Book, Vol. 2 pg. 936-937 Siliconix Inc., 2201 Laurelwood Rd., Santa Clara, CA 95054.

(408) 246-8000. (L. Lynberg). Circle No. 436

- Sog]c.ia‘gtatgl3[)-Ilest§t£ozn2|% 15321 Rayen St., %epulveda, 4CA

( (E. Y. Politi). ircle No. 437

Please wrlte Or Solitron Devices, Inc., 8808 Balboa Ave. San Diego, CA

Ca" for 92123. (714) 278-8780. Circle No. 438

Spor?gz; I(E‘{elgt)méefglu?45cMarshaI| St Norttl':l Aldams, MA

— (C. G. Killen). ircle No. 439

= NEW 1975 CATALOG Teledyne Philbrick, Allied Dr. at Rte. 128, Dedham, MA

Our new catalog covers various types of g :)2d026 (217) 329d16?0 (r-;rsa(n)wc;( $ooden;ulglh) A(.‘»lrcIeMNtzu 440

oscillators: VCXO, LCVCO, RCVCO, high eledyne Semiconductor, erra Bella Ave ountain

Hito stability, computer clocks, high output View, 'CA:194040. 1(415) 19689241, '(H. ‘W. Getgi‘fc'ldt)N e
250 MHz power, Navy standard hardware modules s San

| OSCILLATORS and low current drain oscillators from Te)l()as” Ins%_ruments Inc., P.O. Box 5012, Mail Station 84,

1 1 Hz fo 250 MHz. We'll even send you allas, TX 75222. (214) 238-2011. (Dale Plpg;:\(ﬁ:r)ho ks
| three neat conversion charts (3) to hang T . . . s,

| 4 x ransitron Electronic Corp., 168 Albion St., Wakefield, MA

on your wall and impress your friends. 01880. (617) 245-4500. Circle No. 443

Westamp Inc., 1542 15 St.,, Santa Monica, CA 90404. (213)
t 393-0401. (J. Manda). Circle No. 444
a' ' : I I I .Ol 'I' :S Zeltex Inc., 940 Detroit Ave., Concord, CA 94518. (415) 686-
680. (R Seinfeld). Circle No. 445

AHAMMOND CORPORATION COMPANY
628 NORTH STREET =+ GENEVA, ILLINOIS 60134
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‘'Smart.
but friendiy!

The first signal generator to incorporate a microprocessor.

The Fluke 6010A is a remarkable new instrument—a smart but
friendly (easy to use) general purpose signal generator. It's a versa-
tile 7 digit, 10 Hz to 11 MHz instrument with performance comparable
to instruments costing twice our $2,495*

The key to the 6010A is. .. automation.

The Fluke 6010A features free-form entry of fre- &
quency in Hz, kHz, or MHz. Stores and recalls up to ten ' sigse
preset frequencies, modulation and attenuator settings » b“
by pushing a single button. .. a unique capability.

This feature is particularly important in any kind of repetitive
testing, where tediously punching in a 7-digit number exposes the
operator to error. It also radically shortens the time required by the
testing sequence.

The microprocessor plays a part in several other operations,
including automatic range selection and automatic justification (the
unit automatically justifies the entry on the bright, 7-digit LED readout
to give the greatest possible resolution).

S A sophisticated bench
- oscillator that’s easy to

For all its sophisti-
cation, the 6010A works easier than any
other instrument of its kind.

Continuous tuning is possible with Fre-
quency Edit which consists of a large dual-
concentric rotary knob.

The bright digit denotes the tuned decade.
The bright digit can be “decremented” or
incremented with complete wraparound and

INTRODUCING oo

gvﬁTGH%QEED gzgci%g: I?hseelljrﬁr ?::Iar;%res only 5v4" x 8Y2" x 19, so it takes
up minimum space on the work bench.

SIGN AL Interfaces directly with ASCII systems.

The 6010A fits easily into an auto-testing system, because expen-

GENER ATOR sive interfacing is not needed. Thg unit “handshakes” directly. with

most ASCII (IEC) systems; the microprocessor handles the inter-
facing problems.

Here's price/performance without peer. And, it is backed by Fluke's
second-to-none reputation for engineering, reliability and service.

For data out today, dial our toll-free hotline: 800-426-0361.

John Fluke Mfg. Co., Inc., P.O. Box 43210, Mountlake Terrace, WA 98043 FI I ' K E
For a demo circle # 281. For literature only circle # 282
R R R T R e ()

For information on the rest of the Fluke line, see EEM or the Gold Book.

*U.S.A price
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" Technology

The mini's most important part may be
Its operating system, but many users neglect it. Here are
tradeoffs to consider in evaluating today’s minicomputers.

Of the three major parts of a computer system,
the operating system (OS) may well be the most
important—and the most neglected.

The two other parts of the system—the central
processing unit and peripheral 1/0 devices—
generally get close attention from the designer.
The OS, which ties the CPU and peripherals to-
gether and enables the user’s application pro-
grams to run smoothly, usually gets short shrift.

No single OS can do everything. Different
computer applications call for optimizing dif-
ferent criteria. The user—and, of course, the OS
designer—must answer these questions:

= Do I maximize throughput?

®= Do I minimize interrupt-response latency ?

= Do I reduce core overhead?

= Do I optimize the OS scheduler (executive)
for conversational, batch or real-time programs?

= Do I optimize data structures for access
time, or storage density?

Until recently the operating-system designer
for minicomputer systems—and therefore also
the user—had only a limited range of choices, be-
cause of limited memory capacity, a small com-
mand set and long cycle times. This situation is
changing ; now mini-mainframes break the tra-
ditional 64-k-byte memory limitation with sys-
tems that range to 256-k bytes and more.

For example, Interdata is shipping 32-bit mini-
computer systems, called Megaminis, with the
capacity to address up to one megabyte of memo-
ry directly.

In addition core memories, previously stand-
ardized at 1 us, are now available with 900, 800
or even 750-ns cycle times. And a few minicom-
puters offer solid-state MOS memories that cycle
in less than 300 ns. Thus more memory space at
higher speeds is available for OS use.

Instruction repertoires have also increased
from the five or six memory-reference commands
provided by the first primitive minis in the 1960s
to more than 100 commands.

At the hardware level, minicomputers have

William C. M. Vaughan, Senior Systems Programmer,
Interdata, Inc., 2 Crescent Pl., Oceanport, NJ 07757.
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1. Computer systems range from simple minis to large
scale mainframes. Newer minis, such as Interdata's
Megamini, have less elaborate hardware than mainframe
units and fill the gap between large scale processors
and simple stand-alone configurations.

benefited from the introduction of new MSI and
LSI chips. Where early minis processed only
eight to 12 bits at a time in one or two working
registers, modern units handle as many as 32
bits simultaneously. And 32 or more working
registers are becoming commonplace.

One feature of some new minicomputers is of
particular help to the OS designer. Their register
sets are partitioned so the executive—the nucleus
of the OS—can have exclusive control of one set
of registers. This can substantially increase sys-
tem efficiency in both memory and time.

But even with all this new processing power
and freedom, today’s OS designers can go wrong
if they are not aware of the differences between
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these new ‘“‘superminis” and the large-frame
computers.

‘Superminis’ are different

Though the new superminis handle as much,
or more, memory and have the raw computing
power of the bigger, more expensive machines,
their OS design must take a different approach.
Here are some reasons why :

s The typical large-scale computer uses a
peripheral complement that is very different from
the typical supermini’s (Fig. 1).

m The task load of a large-scale system is
usually more heavily I/0 bound.

s Large systems generally have specialized
hardware for faster bulk-file access; disc storage

OS scheduling disciplines

space is assumed to be virtually unlimited ; there-
fore file manipulation features are provided that
are beyond the new large mini’s capability.

= Minicomputers, including the new super-
mini class, are usually oriented to real-time oper-
ation, while time-sharing is left to large-scale
mainframes.

Adapting a large-scale OS to the new minis
just won’t work. The supermini needs an operat-
ing system tailored to its own capabilities.
Factors in the selection of the OS include:

= Applications.

= Scheduling disciplines.

= Flexibility.

s Task coordination.

Most minicomputer applications fall into one
of these categories:

= Scientific computation. Often written in
FORTRAN, these applications tend to use large
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memory partitions for array manipulation. They
generally run hands-off, with the execution time
generally noncritical. Programs may run for
hours or days.

®m Remote-inquiry and response. A conversa-
tional mode is generally used. The response time
to terminal requests may be several seconds, and
the applications often involve the manipulation
of large data bases on disc and in memory. Many
terminals must be accommodated over remote
data links.

m Data communications. May include message
switches and concentrators, and often require
large data storage and normally high through-
put. Extremely high reliability is needed.

m Process-control and data acquisition. Often
very time critical, these applications are driven
by external events. Often they cannot afford disc
access time; thus much of the data must be
maintained in memory.

m [n-house time-sharing. Often used by sys-
tems builders for program development, this re-
quires multilanguage capability, limited real-
time response and substantial memory for user
partitions.

Different schedulers for different users

Each application employs one of three schedul-
ing disciplines—real-time, batch or time-sharing.
Usually a single OS can support only one of these
disciplines, because the optimization requirements
vary too drastically. It is generally not possible—
even on a supermini—to implement a scheduler
that is optimal for all three.

Real-time scheduling must be highly responsive
to external stimuli and operate on a fixed
priority basis. Priority is determined by the task
and, barring emergencies, is not changed by the
computer system. For an interrupt-driven task,
the worst-case response time—the elapsed time
between an external event and the computer’s re-
sponse to the event—is a critical OS param-
eter. To optimize real-time scheduling, the
OS should be designed to load the tasks as speedi-
ily as possible, minimize the time spent in an
interrupt-inhibited state and schedule on an abso-
lute priority basis. A given task should never
prevent the execution of a task with higher
priority.

On the other hand, in batch scheduling, where
job streams enter the computer from either local
or remote operators, priority scheduling is usual-
ly more flexible.

System throughput can sometimes be improved
if a low-priority task is dispatched before a high-
priority task. Often disc access-time-latency con-
siderations dictate the priority assignment. The
objective in a batch-oriented system is to opti-
mize throughput rather than response time to
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an individual job. For batch scheduling, the OS
should emphasize the following :

s Efficient use of system resources through
sophisticated spooling and de-spooling routines.

m Maximum time spent in the problem state.
OS and waiting times should be minimum.

®m Flexibility in scheduling to optimize through-
put. Priority should take a back seat.

In time-sharing scheduling neither throughput
nor priority is of prime importance. Instead, the
response to stimuli from such a system’s termi-
nals must appear to be what a human operator
would consider real-time—less than a second.
Computer I/0 wait periods are often long; thus
the system should be able to direct the terminal
to bulk storage for the waiting period.

Priorities are not fixed, but rather set by the
scheduler. The governing criterion of OS design
for a time-sharing system is to minimize the
average response time for the set of all user
tasks. However, the exact time is not a critical
value as long as it is less than one second.

To optimize time-sharing scheduling, the OS
should have these features:

m A full-scale swapping system, in which tasks
stored in bulk storage contend for CPU time on
an equal basis with tasks in memory.

m The ability to queue I/0 or any other sys-
tem request that requires a response. Waiting for
access is necessary to allow program swapping
to take place.

= Sophisticated user-oriented file-handling and
utility services capabilities.

s A “fair” scheduler that ensures that no task
ever waits too long to obtain access to the CPU.
This is generally done by time-division multi-
plexing, or time-slicing, and by the dynamic ad-
justment of the priority of a program so that the
longer the program waits, the higher its priority.

The three scheduling disciplines have different
goals and characteristics. Absolute-priority sched-
uling for real-time operation conflicts with the
flexible schedulers required for batch and time-
sharing. Queued I/0 for time-sharing conflicts
with the direct-access, high-speed 1/0 required
for real time, and even with spooled I/0 in batch
processing. Thus scheduling and resource alloca-
tion are truly optimal for only one of the
disciplines.

In only a few cases can the disciplines be mix-
ed without major difficulties. The real-time disci-
pline is most flexible (see table). Though real-
time jobs can’t be properly run on either a batch
or time-sharing system, it is possible to run
batch and time-sharing jobs on a real-time sys-
tem. The tradeoff commonly made forgoes ‘“fair
scheduling” for the time-sharing jobs, which is
generally only a minor annoyance.

Systems that must support both real-time and
time-sharing use often employ a time-slicing
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2. To start work with a supermini, the user must do a
SYSGEN—in which selected operating system modules
are joined to support the particular application.

scheduler for the time-sharing jobs, to ensure
that no time-sharing job hogs the system. Of
course, the extra load on the scheduler tends
to degrade the system’s real-time performance.

The OS is key to versatility

Classical minis are very often limited to use
on dedicated systems because they haven't got
enough memory to be more flexible. An OS that
can support a variety of jobs can easily occupy
50-k bytes of memory—almost the entire al-
lotment in a classical mini.

Supermini-class hardware, with its large
memory capacity, is not limited in this way. But
a supermini needs a well-designed OS to take ad-
vantage of this potential flexibility. File struc-
tures should be versatile enough to use in pro-
gram development and still allow fast access for
real-time programs. Enough communications fea-
tures should be built into the OS to let programs
talk to remote terminals, as well as to local
teletypewriters or CRTs. Multiple-language proc-
essors like FORTRAN, BASIC and assembly-
language should be supported. Users should be
able to work in both conversational (hands-on)
and batch (hands-off) modes.

However, a truly versatile OS will probably
contain many more features than a single user
is likely to want. To avoid saddling the user with
the extra memory required to support unused
features, a modular OS will allow selection of
only the desired features.

A process called system generation, or
SYSGEN, enables a user to select the items he
desires in a properly modularized OS. With
SYSGEN, he gets a complete package of the
available OS modules and a procedure to make
the selection. Each vendor has a different modu-
lar OS package and procedure. To help evaluate
them consider these factors (Fig. 2):
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® The procedure should be easy to use. Often
the repeated application of SYSGEN must be
performed before a final OS is selected.

m The more choices SYSGEN allows, the bet-
ter. Beware of a setup where all you can do is
change drivers (subroutines for controlling
peripherals like card readers, printers, etc.).

m The SYSGEN procedure should have a con-
figuration error-detection capability. An error
detected during SYSGEN, is far easier to correct
than after the OS is assembled and in use.

Another ingredient essential to a flexible OS
is versatility in disc-file management. Data can
be accessed either randomly, sequentially or in
key-sorted order. No file management technique
is best for all purposes. The OS should be able to
support several different kinds of disc-file
methods. Here are some of the most important:

® Buffering and blocking. OS control of data
transfers to and from the file can use the memo-
ry to buffer the data and relieve the user from
concern with buffer management. Part of effi-
cient OS disc management is a blocking function
that allows multiple records to be packed into a
disc block, thereby saving disc access time and
space on the disc. However, where fast access is
of prime concern, unbuffered and unblocked disc
access should also be allowed in at least one file.

= Open-ended files. Open-ended file capability
is almost mandatory for program development.
Assemblers and compilers can’t predict how long
geratch files need to be, but with open-ended files
there is no need to specify a file length.

s Random access. A user should be able to re-
trieve a record by record number rather than
having to read from the beginning of the file
until he gets to the desired record.

® Variable block size. It is desirable to be able
to vary disc-block size for some files. In many
operating systems the size of the disc block is
fixed, usually at 256, 512 or 1024 bytes, which
may not be appropriate for all applications.

= Programmed file handling. User programs
should be able to create, open and close files.
Though this capability may seem obvious, some
OS’s require that this be done by the operator.

= File protection. Files should be secured from
unauthorized access, especially in time-shared
systems. -

® Dismountable volumes. The OS should allow
the read-in of a new disc directory to make a
“removable” pack really removable.

Task coordination is critical

Most important is the ability of a minicom-
puter to coordinate its tasks. The OS in real-
time systems, at a minimum, should allow a task
to be loaded and started while another task is be-
ing executed.

ELECTRONIC DESIGN 14, July 5, 1975

OPERATOR
CONSOLE

OPERATOR
COMMANDS

MESSAGE
LOG
TASK INTER-TASK COMMUNICATION TASK
A B
SUPERVISOR
CALL

OPERATING SYSTEM

3. To operate successfully in real-time, individual tasks
must communicate data with one another and possibly
change the order of execution. Contact with the operat-
ing system to coordinate these activities is vital.

Other important coordinating capabilities for
real-time systems include these:

s Transmission of messages between tasks.

= Interruption of tasks.

m Cancellation of a task or its removal from
memory.

s Temporary suspension of a task.

s Connection of a device or file to a task.

Equally important for real-time and other ap-
plications is how well the tasks communicate
with the OS (F'ig. 38). Desirable features include:

s Transmission of messages to the console
operator.

m Requests to the system for more memory or
the release of memory.

® Decoding of commands and operands with
OS routines.

= Acceptance of interrupts generated by ex-
ternal devices, other tasks, the system timer and
the console operator. The task should be able to
suspend its operation temporarily to deal with
the event causing the interrupt and then resume
where it left off. This action should not require
that all system interrupts also be disabled.

A good set of guidelines for task-coordination
functions is found in the Instrumentation So-
ciety of America (ISA) standards for real-time
process control. Many vendor operating systems
support some subset of these standards. Some
systems, such as Interdata’s 0OS/32-MT and
DEC’s RSX-11D, support the full set. These
standards are actually extensions to the FOR-
TRAN language rather than OS standards. How-
ever, implementation of the standards requires a
lot of support from the OS.

The Purdue Workshop of ISA is a good source
for information on file-manipulation techniques
and OS standards.

If the OS choice is made wisely, the new super-
minicomputer system can provide greater power
and flexibility than large-scale systems of the
recent past. ==
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How fast does your CRT write? You can
get the photographic speed from the spec sheet, but the odds are
the number will be fuzzy. Here's how to find out yourself.

When it comes to pinning down the photo-
graphic writing speed (PWS) of an oscilloscope,
you might be better off measuring it yourself.
Because there’s no industry standard for PWS
and because the measurement is influenced by
many factors, the values on many spec sheets

are fuzzy.
Thus scope manufacturers specify PWS as
“minimum,” “typical,” ‘“approximately,’ ‘“esti-

mated” and ‘“up to.” All these qualifiers are vague
and are sure to make you unhappy when your
scope and camera fall short in the numbers game.
The “typical” number usually runs 1.5 to 2 times
the “minimum”; consequently it will look good.
The “up to” number represents the best to ex-
pect—but don’t count on it.

Why is there no industry standard for PWS?
Because the subjective nature of the results, plus

unavoidable wide variations in film properties,-

can easily result in a 2-to-1 spread in the meas-
urement. To measure the number under your
own expected working conditions, start by de-
fining PWS.

The importance of writing speed

Photographic writing speed is a figure of
merit that roughly describes a scope/camera sys-
tem’s ability to photograph fast-moving traces.
The figure expresses the maximum spot speed—
usually in centimeters per microsecond or nano-
second—that can be photographed satisfactorily.
“Satisfactorily” means the trace shape and ampli-
tude are discernible on the photo.

As the trace moves faster, the electron beam
strikes each point on the phosphor coating for
a shorter time and the trace becomes dimmer.
Camera systems and scopes with a high PWS
are therefore required to record signals with low
repetition rates or to capture a fast single sweep.

Of course, what is clearly discernible to one
person may not be to another. Trained observers
using standardized techniques—and identical
photographs—can interpret writing speeds for

Murlan Kaufman, Manager, High-Frequency Lab Scopes,
Tektronix, Inc., P.O. Box 500, Beaverton, OR 97005.
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1. Speed can be increased up to about 100 times
(cumulative) with various steps. Easiest methods include
backlighting, film fogging and faster film.

the same scope/camera system with a variation
of +30%.

Consider the many variables that affect the
writing speed of a scope. They include the speed
and magnification of the camera lens, the CRT
phosphor, the film, the CRT beam current and
spot size, the camera’s optical arrangement and
the development time of the film.

Information writing speed is yet another meas-
ure of a scope/camera system’s ability to record
a fast trace. It is a measure of the maximum
number of spots of information per unit time
that can be recorded and identified on a single
trace. Thus the number is useful only for signals
of small vertical amplitude and does not express
PWS as it is typically found in instrument specs.

How much can you improve writing speed with
practical techniques? The cumulative range of
approximate improvement is shown in Fig. 1.
Remember that less PWS is required as the am-
plitude of the signal is reduced. If an eightfold
improvement or less is all you need, consider the
easier methods first: backlighting, faster film and
film fogging. For greater increases, a faster
camera or even another CRT may be necessary.

Some traces of high frequency or fast rise
times cannot be read with front illumination.
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They need backlighted Polaroid film (Fig. 2).
But Type 107 flatpack can’t be backlighted.

The most widely used films for PWS measure-
ments are Polaroid Types 47 and 410. Tektronix
uses Type 47 as a standard for PWS.

You should be aware that the ASA speed sys-
tem was developed for pictorial photography and
should be considered only as a relative indicator
of film speed for fast CRT recording. Film will
vary from batch to batch and from roll to roll, so
that PWS measurements with 410 (10,000 ASA)
can vary as much as 50%. Type 47 or 107 (3000

2. In backlighting, the developed film is illuminated
from the rear and read by transmitted light, rather than
reflected. Some film types can’t be backlighted, however.

ASA) is more consistent, has better contrast and
is less sensitive to environmental variations.
However, 410 is approximately twice as fast as
either 47 or 107 (Fig. 3).

You may use up several rolls of film before
you get a satisfactory PWS measurement. And
you might have to use film from different batches.
Even the method of film storage is important.
For example, opened film is subject to degrada-
tion from humidity.

A few seconds of exposure permits the film to
gather the most light from the CRT for a single-
shot trace. This is because of long-term, low-
level light emitted by even high-speed phosphors,
such as P11. For consistency, use a standard 5-s
exposure and a 20-s development time for 107,
47 and 410 film.

When the scope/camera system works at the
extremes of its energy-transfer capability, an-
other useful way to provide more writing speed
is through film fogging. This involves a slight
additional exposure of the film on top of that of
the actual measurement. This sensitizing process
can be done before, during or after the trace ex-
posure, and it can double writing speed.

Film can be fogged in a number of ways:
(1) The camera can have a built-in fogger that
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3. Film speed makes the difference in the production of
clear photographs. With 3000 ASA film, a trace is just
discernible (a). The same trace appears boldly when
photographed with film of 10,000 ASA rating (b).

4. Two shots made under identical conditions show the
effects of film fogging, that is, pre-exposure of the film.
The left trace is hardly legible but appears clear and
sharp after the film is fogged (right).
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uniformly exposes the film to a predeterminad
light level; (2) The scope can provide back-
ground illumination such as a pulsed raster scan;
(3) The film can be X-rayed, and (4) The de-
velopment time of the film can be varied.

In all of these procedures you must experiment
to achieve an increase in writing speed (Fig. 4).
A word of caution: Though fogging is an aid to
gaining additional speed, it sometimes decreases
the resolution. And the slightly fogged back-
ground gives somewhat less contrast.

And while a pulsed readout and graticule don’t
contribute to writing speed, they add significant
information to the photograph, and they do it
in a repeatable way for ease in single-shot pho-
tography. At the completion of a single-shot
event, the readout and graticule can be pulsed on
to a predetermined level. Some scopes can pro-
vide pulsed fogging at this time, also to a pre-
determined and repeatable level.

The lens plays a key role

Since mechanical play or movement can affect
focusing, the camera and its mount must be
sturdy. Shutter variations are not a problem
since, for single-shot photos, the camera is set
to the timed or bulb setting. But the most im-
portant part of the camera is the lens.

The light-gathering power of a lens is deter-
mined by its aperture, magnification ratio and
light transmission. As the magnification ratio
decreases, the light-gathering power increases.
At present a top-quality lens has an f/stop
of 1.2 and a magnification ratio of 1:0.5. Fast
lenses are usually coated to respond to the peak
licht wavelength of P11 phosphor, around 450
nanometers (nm).

It is important to follow the manufacturer’s
recommendation to obtain the optimum focus,
since less than optimum can reduce the PWS.
Note that the image at the center of the screen
will have a greater PWS than the edge, because
of lens falloff of up to 50%.

Selection of the right phosphor can make the
difference between a discernible photograph or
none at all. Of the many types available, the most
commonly used are P11 and P31; P11 has the
highest comparative writing speed for photogra-
phy, and P31 represents a compromise between
writing speed and visual brightness and persist-
ence. Fig. 5 shows the relative sensitivity of
various phosphors for 410 film. Note that the
film is about twice as sensitive to the 450-nm
wavelength of P11 as it is to the 530-nm wave-
length of P31. Although the film is more
sensitive to P2, the effective PWS of P2 is one
quarter that of P11.

You can boost the PWS by reducing the scan
area of the CRT. This allows the CRT spot size

60

5. Relative sensitivity vs phosphor type for Polaroid 410
film. Note the difference in sensitivities for P11 at 450
nm and P31 at 530 nm.

Approximate PWS reduction using
P11 phosphor

to be reduced, which increases the spot density
for a given beam current. Though smaller divi-
sions are then used, the PWS is usually still
given in ¢m/ns. If desired, the photograph may
be enlarged with little loss in contrast. However,
note that the PWS does not increase indefinitely
as the scan area decreases.

Any filter or dirt between the CRT and
camera lens will reduce the PWS. Static electrici-
ty attracts such a dirt film. Thus the CRT face-
plate must be cleaned occasionally. The table
shows typical losses for clean filters and for the
implosion shield. Filters are most useful when
repetitive signals are viewed in ambient light,
and are normally removed for trace photography.

To yield a high writing speed, the CRT must
be adjusted for the smallest and brightest spot.
First, adjust the focus and astigmatism visually
at full intensity with a low-repetition signal.
With a scope having auto focus, you can use the
scope’s calibrator signal and a lower intensity
setting to make these adjustments. Then increase
the intensity to maximum for the single-shot
exposure. §

Tektronix uses a C51R camera, which accepts
Polaroid 47 and 410 roll film. The lens is an
t/1.2 with a 1:0.5 object-to-image ratio (magni-
fication). The steps are as follows:
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6. To avoid taking a series of exposures to find the writ-
ing speed, you can use a damped sinusoid and calculate
the results from an equation.

= Remove any filters.

® Check camera focus with focus plate. A few
experimental photos will give the best focus.

s Adjust focus astigmatism controls on the
scope, using the X10 horizontal magnifier and
with the intensity set for maximum.

= Allow five minutes for the phosphor to de-
cay after you place the camera on the scope. This
reduces the possibility of spurious fogging.

= Open the shutter, trigger the single-shot
event. Fogging, if used, is triggered by the end
of the single-shot sweep.

® Close the shutter after 5 s, remove the film
and develop for exactly 20 s at 20 C or above.

= Read the photo and backlight if necessary.
Repeat the process just described several times
with sine waves of equal amplitude but increas-
ing frequency. Use one cycle per division to make
the horizontal-velocity component negligible. The
frequency of the just discernible sine wave is
then substituted into the following equation:

PWS = w Af (sine wave), (1)
where PWS = photographic writing speed in
cm/us,
A — vertical peak-to-peak amplitude
in cm,
1 — frequency in MHz.

You can use a damped sine wave to measure
the PWS without running a series of exposures.
Eq. 1 is applied, where A is the peak-to-peak
amplitude of the first discernible half wave
(Fig. 6). Or use the equation

PWS:%é(step), (2)

where PWS = photographic writing speed in
cm/ us,

A — vertical amplitude, 0 to 100%,
in cm,

it — rise time of signal, 10 to 90%,
in us.

K — 0.8 for a linear ramp.

In this case, a step response is used to determine
the writing speed. However, this method is the
least reliable. mm
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Ideally suited for display of dynamic, randomly gen-
erated data, IEE-ARGUS’ mere .47, ultra-slim profile
requires but a fraction of the panel depth needed for
conventional CRT’s. Available in 64, 128 and 256-
character configurations, its 5 x 7 dot matrix, .3" high
characters provide the full spectrum of ASCIl or
EBCDIC alphanumerics and symbols in either soft green
or neon orange for easy viewing. Built-in multiplex
capabilities permit additional units for slaved operations
at remote locations. Inherent in each unit are pro-
visions for backspace, underline cursor to indicate the
position of the next character to be displayed, and over-
write capabilities for error correction and keyboard
editing. Why not examine ARGUS' versatility, space
economy and comparative low cost before investing
in CRT's or other panel displays???
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OEM’s, fight today’s rising costs with IEEe ELECTRA
Subminiature Incandescent Lamps! Now available - AT
NEW LOW PRICES - in sizes T-% through T-1%, in-
cluding new 28 volt T-1, you may select from wire lead,
screw base, bi-pin, midget & sub-midget flange, or mid-
get groove terminations, according to your needs.
Operating parameters range from 4 to 28 volts, and from
.014 to .6 MSCP light output. All lamps feature seamless,
tipless envelopes for clarity, and are handcrafted for
precise filament location and superior performance.
Controlled aging at rated voltages ensures filament
stabilization and elimination of random failures. Prices
start as low as $0.12 each* for popular sizes. Non-
standard & special lamps to your specifications available
on order. CONTACT IEE TODAY FOR YOUR FREE
COPY OF OUR NEW CATALOG AND BUYERS LAMP
SELECTION HANDBOOK.
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INTERFACING

Let’s face it. Interfacing with CMOS used
to be a hell of a job.

You had to have extra resistors, use
external transistors, figure out more board
space and find some place to inventory
all those parts.

But now you can say goodbye to all that.

Now National has 14 heavenly interface
devices that make everything easy as
plucking a harp.

Here’s a rundown:

TTL Buffers that translate +5 volt or
higher CMOS levels to +5 volt TTL levels.
(74C 901,902)

PMOS Buffers that translate PMOS or
negative-going logic to CMOS or TTL levels.
(74C 903, 904)

Open Drain Buffers that translate low
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level logic to higher levels with the use of pull
up or pull down resistors. (74C 906, 907)

A Dual High Voltage Driver for interfacing
with relays, solenoids, and other high current
high voltage requirements. (74C 908, 918)

A Schmitt Trigger that translates inputs
that exceed Vcc or are below ground and
converts them to standard CMOS signals.
(74C 914)

Driver Decoders that drive seven-segment
displays directly. (74C 48 & CD4511)

Tri-State Buffers for multiplexing and
buss oriented systems. (80C 95, 97)

And Line Drivers for driving twisted pairs
and single-ended lines. (88C 29, 30)

Available from your distributor. Or send for
our brand new 250 page CMOS Handbook.

Hallelujah!

National~/

National Semiconduc ror( 0rp 2900 Semiconductor Drive, Santa Clara, Calif. 95051; Scottsdale, Ariz. (602) 945-8473, Mountain View, Calif. (415) 961-4740
6-8309, Chicago, Ill. (312) 693-2660. Ind xamuors Ind. (317) 255-5822
7) 273-1350. Farmington, Mich. (313) 477-0400 Hnmﬂapoh

58. Dayton. Ohio (513) 434 ﬂ\' Dallas. Te 3

)1) 871-4410_ Syracuse N Y
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Ze’ev Drori
of Monolithic Memories
Speaks On
Coping With
Engineers’ Weaknesses

have to hire them effectively. And that’s not

easy. First of all, you can’t look for perfec-
tion. You can’t find it. You must accept the fact
that an engineer will have strong points and weak
ones. So you have to supplement one person’s
weaknesses with another’s strengths.

When I'm hiring, I look first at our whole or-
ganization. Then I interview as many guys as I
can and try to get a picture of what’s out there.
If I find someone who can do the whole job, ter-
rific. But that’s not likely. Instead, I try to find
the man or woman who's strong where we are
weak. In fact, I may need several people to get
the strength I need.

Now this is important. If you can’t afford all
these people, you should limit your objectives, and
not try to do everything that suits your fancy.
Any company, regardless of size, has a finite
amount of energy in terms of manpower, physi-
cal resources, plant facilities—everything. A com-
pany that tries to do too many things will fail. It
must develop the ability to focus its energy. You
can’t cheat by getting the all-purpose guy. He
doesn’t exist.

Once I get the man I need, I try to work on his
weaknesses. Sometimes I fail. There are guys in

Before you can use engineers effectively, you
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any company who just dig themselves into a hole.
No matter how much we try to help them, it
doesn’t work. For example, there’s one man who
can design read-only memories. He's terrific at it.
But he can’t design any other circuit. Another
can do the dc design beautifully, but he can’t do
the ac. He’s terrible on ac. So what do you do?
You get another guy who’s fantastic at ac syn-
thesis and analysis and put them together.

Getting the right people is just a beginning.
You then have to treat them right. You have to
tailor your approach to the man.

Engineering is a highly individualistic occupa-
tion and every individual in it is different. One
individual may be too exuberant; you have to
curb him a bit. Another is too timid and you
have to boost him.

Remember that the design engineer works
alone. He sits at his desk alone. If there’s a de-
sign review at the end of his project, it’s usually
superficial. His boss isn’t going to check every
calculation he’s made. When he works with some-
body else, say, a mask designer, or processing
engineer or project leader, it’s on a one-to-one
relationship. So the success of your project really
depends on the individual engineer—and how he
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performs—not on a group.

It may look like a great idea to have two or
three engineers working on a design because
you’ll get the best efforts of three minds rather
than one. But in practice, I don’t think this hap-
pens. In practice, the dominant engineer—the one
with the strongest personality—wins out. Every-
body designs what he’s designing. So you're back
to the individual. You must understand him.

That’s not easy because engineering personali-
ties are so extreme. You seldom find neutral,
middle-of-the-road engineers. And because most
engineers tend to be overoptimistic, you must sub-
ject them to a great deal of critical review.

One of the problems you run into is that engi-
neers are quick to find fault with the work of
others. If a product works, it’s always the de-
sign engineer who’s responsible for its success.
If it doesn’t work, it’s someone else’s fault. Manu-
facturing screwed up. Or the processing people
don’t know how to make the part.

If the engineer designs a chip with a yield of
one per wafer, he might think it’'s a good design.
“It works,” he says. But maybe the part can’t be
manufactured because thresholds are marginal—
a design problem.

If you have a fellow who tends to design in too
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little margin, you should give him a well defined
margin spec. But also try to learn why he
skimped on margin. He was probably chasing
speed and he made the wrong tradeoff. The fel-
low is so obsessed with speed that he’s designing
the fastest part in the world, except for one prob-
lem. It doesn’t work. So you tell this man to slow
down a bit and improve the margin. The point is
to learn the errors of each individual.

It's not easy to learn from design engineers
because many are poor communicators.

Some engineers will plug away at a project
and won’t verbalize problems they’'re encounter-
ing. You tell them something and they won’t chal-
lenge you. They come up with an idea to do some-
thing, or not to do something, and they can’t
express it clearly, so they just plug along with
what they’ve been doing. They don’t come out
and say, “This won’t work because . . .” They
just sit in the lab and play with the thing rather
than convey a strong feeling.

As a manager you must try to develop your
engineers’ ability to communicate. This is im-
portant because the engineer needs feedback dur-
ing the design process. Regardless of his function,
an engineer must interact with other engineers
in, say, processing or manufacturing.

If you don’t have the feedback, you run into
trouble. The circuits guy, for example, might as-
sume that his circuit is good because it's smaller,
and if it’s smaller, he’ll get better yield from the
wafer. So he ignores design rules set up by the
processing people. You can dodge this kind of
problem with improved communications.

The communication problem is very important
because some engineers tend to run after the
innovative and ignore the practical. So you must
supply it for them. You have to define boundary
conditions. This means that product conception,
by and large, does not come from engineers. It
comes from the outside world. It’s a composite of
the needs of many customers.

But this leads to another problem. Even when
you find a need for a specific product, you may
find that your engineers aren’t ready to de-
velop it. They may have become intimidated.

Take the PROM. We didn’t invent the pro-
grammable read-only memory. Harris Semicon-
ductor had one long before we did. But we
thought the world needed a 1-k PROM with direct
ROM compatibility and nobody had one. The
standard at the time was a 1-k ROM in a 16-pin
package.

I figured that if we could make a 16-pin PROM
that was pin and performance compatible with
the 16-pin ROM, we’d have the world on a string.
I saw a market hole and I wanted to fill it. Intel
was talking about an 18-pin PROM. But I felt
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that “almost” pin compatible was not quite
enough. “Almost” doesn’t count. I decided that
Harris didn’'t have it, Intel almost had it; if I
could really get it, I'd be a winner.

So I threw the problem at one of my engineers
and said, “Let’s build a 16-pin compatible
PROM.” Several days later he said it couldn’t be
done. I knew it wasn’t easy or the whole world
would have done it. But I insisted that he show
me why it couldn’t be done. So he went through
his analysis, point by point, and showed me. And
as he was showing me why it couldn’t be done, I
saw exactly how to do it.

I guess he was intimidated by the fact that
others had not designed a 16-pin, 1-k PROM. He
probably reasoned that “if those brilliant engi-
neers at our competitors don’t know how to make
it, how can 1?” He dug a hole for himself and
couldn’t pull himself out because he was intimi-
dated by a fine industry name.

Fortunately, when someone shows you exactly
why something can’t be done, it’s often easy to
find holes in his argument.

But look at another example of intimidation.
Not long ago, it was axiomatic that bipolar ICs

could not beat MOS for density. I looked at the
situation and said, “Baloney.” 1 felt that there
was no technological reason for bipolar tech-
nology being unable to match MOS densities. So
we developed an 8-k bipolar ROM while the MOS
state of the art was 4 k. We’re now making that
part in tens of thousands. Had we allowed our-
selves to believe the industry axiom, we would
never have made the part. Many of us, unfortu-
nately, fall into the trap of believing our own
propaganda. It’s a herd instinct.

Believing our own propaganda leads to two un-
fortunate corollaries. Many engineers tend to
be uncritical of their own work and hypercriti-
cal of their competition. Both of these tenden-
cies can, of course, be disastrous.

It’s necessary to teach the engineer to ask him-
self, frequently, what’s wrong with his own de-
sign—rather than what’s wrong with manufac-
turing or processing or the competitor’s parts.
This is essential because he can evaluate his own
work better than somebody else can since he’s
most familiar with what he’s done. And he doesn’t
feel so defensive against his own attacks as he

Who is Ze’ev Drori?

He started his engineering career lucky. Right
after he took his BSEE from the Polytechnic
Institute of Brooklyn in 1965, Ze’ev Drori took
a position as junior engineer with IBM in Bur-
lington, Vermont. His timing couldn’t have been
better. For IBM was just on the verge of mak-
ing a major commitment to semiconductor memo-
ries and Drori was along from the start. His
progress was dizzying and, within four years, he
was Engineering Manager in Charge of Semi-
conductor Memories and Test Technology.

At this point, Drori, who has been described
as a man unencumbered by modesty, decided
that he ought to work for himself. He had great
ideas, he says now, but he lacked about $3 mil-
lion. He realized that nobody would give him
that kind of money since nobody knew him. And
IBM, he points out, is not the place to get
known. At IBM, he says, you don’t deal with the
outside world. He was in the Components Divi-
sion, which sells to the Systems Division, which
sells through IBM Marketing. This was terrific
for IBM, but not for Drori, who felt he was in a
closed society in Burlington.

So he decided to get exposure and, in 1969,
there was no better place than Fairchild. Gene
Blanchette was tantalized by the prospects for
semi memories so he invited Drori to lead Fair-
child’s memories work. And there he gained the
exposure he needed.

Some eight months later he left and, after a
brief vacation in Hawaii, began to organize a
memories operation for a major semiconductor
operation. At the last minute, the company’s
attorney changed the conditions of the deal, so
Drori decided to start all over again. “If you do
it, do it right in the first place,” says Drori.

By October 1970, despite the recession, he
received the necessary financial backing and re-
cruited his basic team. He deliberately avoided
getting key people from the same company be-
cause he didn’t want to proliferate any single
company’s hangups. He didn’t want to duplicate
the “Fairchild way” or the “National way” or
the “TI way.”

The company he formed, Monolithic Memories,
has done very well. In its year ended September
1974, it had pretax income of more than $3 mil-
lion and total sales of more than $20 million.

Drori attributes the company’s success to its
dedication to advanced-technology products that
lend themselves to high-volume production.

Drori is now a 37-year-old bachelor. He had
been married in Burlington where, he says, he
couldn’'t stand the cold winters alone. So he
followed the sun to California. Meanwhile, he
spends his spare time skiing and playing tennis.
He used to like flying, gliding and sky-jumping,
but his hobbies are not permanent—a point to
which several ladies will testify.
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would against criticisms of others.

Criticizing the competition is an extension of
failure to criticize yourself. You say that they
can’t deliver, or they can’t make the part, or
their part doesn’t meet specs, ete. That’s a copout
and it’s dangerous. It’s easy to think that your
competitor is out when he’s merely down. Even
if he can’t deliver today, that doesn’t mean he
won’t be able to deliver tomorrow.

And are you immune? Can you be certain that
he’ll never solve his problems? If you assume
he’s stupid, he may come up and hit you when
you're least expecting it.

But if you give him credit—even more than
he deserves—you’ll be better prepared for what
he may come up with. If you assume he can’t
make the product, and then he makes a better
product than yours, you are in real trouble. So
you must always give your engineers a healthy
respect for their competitors.

You have to give your engineers respect for
each other, too. This becomes particularly im-
portant when you elevate one of them to a man-
agement position. And here you must teach
yourself that the manager you appoint is not
necessarily going to be like you. You must real-
ize that there isn’t a single correct management
style. A manager must adopt a management
style that works with his own personality. He
has to work within that framework. He has to
learn, too, that he won’t have 100% success in
his decisions. He must simply hope that he’ll be
right more often than he’s wrong and that his
correct judgments will be more significant than
the wrong ones.

You have to realize, too, that one manager can
be extremely successful in dealing with an engi-
neer under one set of circumstances. Under dif-
ferent circumstances, the same manager can be
destructive with the very same engineer.

The most important thing you must teach your
new managers is that they’re not engineers any
more. When a man switches from engineering to
engineering management he must make the switch
in fact—mnot just in title. Too many managers
are so much in love with engineering that they
can’'t let go, so they neglect their management
duties.

Sometimes they’re trying to retain the respect
of their engineers by showing that they are still
good engineers. That’s a mistake. They must
learn to command respect for the leadership they
provide—not for their superior engineering.
They have to demonstrate leadership without
actually getting in to do the design.

They have to learn, too, that they mustn’t look
for love on the job; they mustn't try to please
everybody. An engineer can hate your guts: but
if you provide proper leadership he’ll stick with
you and you will both win the world., ==
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Need power
supplies?Save!

FORALIMITED TIME*: A 10% DISCOUNT ON SMALL
QUANTITY ORDERS of some of the most popular models

for analog and digital applications....including the NEW
PD Open Frame Dual Tracking Continuously Adjustable
+12 to £15Vdc @ 1A for only $42.00 (1-9)

e INPUT: 105-125 Vac, 47-63 Hz ® REGULATION: +0.05% Line (105 to 125 Vac);
+0.05% LOAD (N.L. - F.L.) ® RIPPLE: 2 mV p-p ® TRANSIENT RESPONSE: Less than
50usec for a 50% load change ® MAX. TRACKING ERROR: 2% e T.C.: 0.015%/°C
o OPERATING TEMPERATURE: 0 to 70°C (derate load current linearly to 65% of
F. L. above 50° ® FEATURES: Remote Load Sensing; Fold-Back Current Limit-
ing Short Circuit Protection ® SIZE: 4.25" W x 6.87" H x 2.0" D

Encapsulated Modules

Open Frame Modules
Our power supplies have been designed to be competitive
and interchangeable with those of other manufacturers.
All units are burned-in prior to shipment and carry a 2 year
warranty.

OPEN FRAME MODELS

OUTPUT: 5Vdc @3Al6vdc @2.5] 5vac@6alevac@5a | svdc @124
DIMENSIONS: 40°Wx5.0'"Hx 188D | 4.88'Wx563'Hx2.50°D | 4.88'Wx9.0'Hx2.75'D
PRICE (1) $27.00 $5.00 $79.00

© INPUT: 105-125 Vac, 47-63 Hz e REGULATION: +0.1% Line (+10%); +0.1% Load
(N.L. - F.L.) ® RIPPLE: 1 mV rms ® TRANSIENT RESPONSE: Less than 50 usec
for a 50% load change e T.C.: +0.02%/°C  OPERATING TEMPERATURE: 0 to
70°C (derate load current linearly to 65% of F.L. above 40° e FEATURES: Re-
mote Load Sensing; Fold-Back Current Limiting Short Circuit Protection

ENCAPSULATED MODULES

SINGLE OUTPUT: 5Vdc @500mA ] 5Vdc @1A

REGULATION: +0.05% Line (+10%) and +0.05% Load (N.L. - F.L)
DIMENSIONS: 25 X35 x 0875H 25" x 3/5" x 1.25°H

PRICE (1-9F $48.00 $59.00

DUAL QUTPUT: | +12vde @ 100mA | +15vdc @ s0oma | +15vdc @ 100ma] +15vac @200ma
REGULATION: +0.01% Line (+10%); +0.01% Load (N.L. - F.L)

DIMENSIONS: 25" x 3/5" x 0875'H 25x35x 1.25'H
PRICE (1-9F $4800 | $3900 |  $48.00 $68.00

TRIPLE OUTPUT: | 5Vdc @500 mA and +15Vdc @ 100mA

REGULATION: +0.05% Line (£10%); +0.05% Load (N.L. - F.L.)
DIMENSIONS: 25" x 35" x 1.25'H
PRICE (1-8): $79.00

o INPUT: 105-125 Vac, 50-400 Hz e INPUT ISOLATION: 500 megohms ® OUTPUT
VOLTAGE TOLERANCE: +100mV e RIPPLE: 2mV p-p e TC.: +0.01%/°C
o OPERATING TEMPERATURE: -25°C to +71°C e FEATURES: Short Circuit
Protection, Unique Thermal Design for Reliability

In addition to a broad range of standard supplies, we also
make specials. Our engineers are intimate with the needs
of customers in computer peripherals, process controls,
instrumentation, etc.

P.S. don't forget... THE

we're OWER

UPPLY COMPANY, INC.

*
AUGUST 31, 1875 262 BORDER ST., E. BOSTON, MASS. 02128 ® 617-569-6450
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Ideas tor Design

Low-distortion modulator and carrier source
made at low cost with single dual op amp

A simple test oscillator and amplitude modula-
tor can be built with one IC for less than $15.
The modulator is linear and distortion-free,
whereas the often-used clipping types distort
either the peaks or valleys of the modulated
envelope.

The circuit uses a programmable op amp in a
nonconventional way. Modulating and carrier
signals are direct-coupled and mixed in half of
an HA-2735 programmable dual op amp without
need for transformer coupling. The other half of
the IC package operates as a Wien-bridge oscilla-
tor at the carrier frequency. Thus the circuit can
be used as a compact test generator for trouble-
shooting AM systems with carrier frequencies to
2 MHz (Fig. 1).

The current flow out of pin 1 of A, and pin 13
of A, directly controls each op amp’s cut-off fre-
quency response. The oscillator circuit is statical-
ly programmed for maximum bandwidth. This
allows the selection of a wide. range of carrier
frequencies. The change in cut-off frequency re-
sponse of amplifier A, is directly translated into

a change in gain in the modulator circuit.

Amplifier A, operates as a Wein-bridge oscilla-
tor with a fixed, 147-kQ resistor at pin 1. Am-
plitude control of the oscillator is achieved with
1N914 clamping diodes in the feedback network.
If the output voltage tends to increase, the diodes
offer more conductance, which lowers the gain. Re-
sistor R, is adjusted to minimize distortion from
nonlinear diode action. With the components in
the diagram, the carrier frequency is approxi-
mately 700 kHz. This frequency can be changed
by selection of different RC combinations in the
Wien-bridge feedback circuit.

Amplifier A.’s open-loop response is controlled
by the modulating voltage applied to R.. The
degree of modulation is directly proportional to the
modulating voltage, but the output envelope is
180 degrees out of phase with the voltage. When
sinusoidal modulation is applied to R., the circuit
gain varies from a maximum, Ay, to a minimum,
A,, as A.’s frequency response to the carrier fre-
quency, f., is modulated by the set current
(Fig. 2).
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.FROM $99

SEPARATE METERS FOR VOLTAGE AND CURRENT

OUTPUT OUTPUT
VOLTAGE CURRENT
RANGE AMPS. PRICE

MODEL

These reliable, yet low-cost power supplies have the

performance and features ideally suited for circuit 8‘:’, ;8 ?gg
development, component evaluation and other labo- 0:7 5'0 190
ratory applications. Line and load regulation, ==0.01% 0-18 06 99
or 2 mv. Ripple, 0.25 mv rms. All models have coarse 0-18 1.0 120
and fine output voltage controls, and adjustable cur- 0-32 0.35 99
rent limiting. Models K7S200 and K7S500 also have 0-32 0.6 120
adjustable overvoltage protection. Dual and triple 0-50 0.35 120

output models also available. Shipment from stock.
Write for brochure.

A &©)0)//8 Corp., Easton, Pa. 18042. Telephone: (215) 258-5441.
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K7S100
K7S200
K7S500
K18S60
K18S100
K32S35
K32S60
K50S35
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IDEAS FOR DESIGN

The open-loop gain, A;, must be less than the
closed-loop gain to avoid clipping and distortion.
It is necessary to close A.’s loop to keep the ampli-
fier from dc saturation. The quiescent gain, A,
can be adjusted with resistor, R..

A 23-V peak-to-peak modulation signal yields
90% modulation; 10-V peak-to-peak yields 50%.
For smaller signals, a positive offset voltage can

be added to the modulating signal to increase the
degree of modulation.

Note, in the photographs, that output wave-
forms for 90% modulation are continuous, with-
out crossover clipping, and the envelopes are es-
sentially distortion-free.

Ernie Thibodeaux, Senior Applications Engi-
neer, Harris Semiconductor, P.O. Box 883, Mel-
bourne, FIL 32901.

CIRCLE No. 311

Digital circuit detects frequencies
within adjustable difference band

A digital frequency comparator produces a
logic-ONE output whenever two input pulse
trains have frequencies that are within 1/T Hz of
each other, regardless of their individual fre-
quencies. Period T is determined by an adjust-
able one-shot. When the frequencies of digital
inputs A and B differ by more than the recipro-
cal of the one-shot pulse width, a logic ZERO
output results.

Flip-flop FF, mixes the two signals, and its
output is a pulse train whose frequency is the
difference of the two inputs. This pulse train
triggers a 74123 retriggerable one-shot. As long
as the output of FF, has a period that is smaller
than the one-shot pulse width, the one-shot out-
put remains high.

The output of FF, also clocks flip-flop FF.,
which stores the logic level of the one-shot output
before the one-shot triggers. Only when the two
inputs are close in frequency—thus making the
FF, output period longer than T—is the one-shot
allowed to time out and a logic ONE clocked into
the Q output of FF..

. The one-shot circuit components shown set
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T = 1 ms to detect frequency differences of less
than 1 kHz. The one-shot period can be adjusted
by the use of a variable resistor for R.

Ken Evrickson, Senior FElectronic Engineer,
Dept. 4170, Interstate Electronics, 707 E. Ver-
mont, Anaheim, CA 92805. CIRCLE No. 312
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We've got it
all together
-quality, performance, price.

1220A:
$750°

Bright 8 x 10 cm display
for trouble-free viewing.

Internal graticule
eliminates parallax error.

Small, crisp spot size shows
sharp details of your signal.

1222A:

Automatic switching from
alternate to chop.

TV sync mode
automatically locks on

line or frame, depending on
sweep speed selected.

2 mV/cm to 10 V/em
deflection factors allow
both low level and general
purpose measurements.

58 1224 05cioscope

$895* gives you all the —»
above plus:

Delay line shows leading
edges and greatly simplifies
digital timing
measurements.

Auto/normal trigger
selection for easy
detection of signals with
low repetition rates or
fast, narrow pulses.

One quick look tells you that these dual channel, 15 MHz
scopes have just the features you need for making those
difficult audio, video, and logic measurements. They
give you big-scope capability —but at a budget price.
For work in which it’s important to see the leading
edges of your signal, take a good look at our 1222A. At
$895%, it gives you all the benefits of its look-alike
twin plus a delay line and more. For measurements that
don’t call for all the capability of the 1222 A, the 1220A

Sum and difference
(A=B modes) give fast,
accurate differential
measurements for
balance and symmetry
checks. 4

|
|
|
|

X-Y operation through

A and B channel amplifiers
for simultaneous phase
magnitude measurements.

at $750% is a popular choice. And if you can do your
job with a single-channel scope, HP can meet your needs
with the 1221A; it’s just $695%.

Before you choose a scope, let us give you all the
information you need for a price/performance com-
parison for your particular application. Just call your
nearby HP field office. Or write for complete details.
You’'ll be surprised at how much HP quality you can
get in a low-cost scope. Domestic USA Price Only.

085/8

HEWLETT @7 PACKARD

Sales and service from 172 offices in 65 countries

501 Page Mill Road. Palo Alto Calitorr
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IDEAS FOR DESIGN

Constant period with variable duty cycle
obtained from 555 timer with single control

By adding a few components to the astable
configuration for the 555 timer, you can build a
multivibrator with a constant timing period and
a duty cycle that can be adjusted over an ex-
tremely wide range.

Separate paths must be provided for charging
and discharging the timing capacitor (C in the
figure). Transistors Q, and Q. are both turned
on when the output of the 555 is high. At this
time, C is being charged by the current through
Q,, resistor R, and the portion of the potentiom-
eter designated R,”. When the voltage across C
reaches the upper threshold level (2/3 V..) of
the timer, the timer output switches low.

Capacitor C now begins discharging toward
the lower threshold level (1/3 V.. through
Ry’, R, and the internal transistor of the 555.
Upon reaching the lower threshold, the output
switches high and the timing cycle starts again.

The time during which the output waveform
is high is given by the formula

t=10:693 (R, =R 9 C,
and the output is low for
£, = 0.693 (Rs” + Rg) C.
The total period is then
T=0.693 (R, + R\, + Ry + Rn) C.
But since (R.” + Ry’) = Ry, then
= (Ra + Rp + RB) C.

The duty cycle can now be changed by vari-

ations in the potentiometer setting, but the total

period, T, remains constant. The duty cycle is
determined by the equation

Ri + Ry
Ri+Rp + Ry °

The component values in the figure allow the
duty cycle to be adjusted between 1 and 99 %.

Robert W. Hilsher, Assistant Engineer, Dept.
487, Bendix Communications Div., E. Joppa
Road, Baltimore MD 21204.

duty cycle =
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A single control, R, can vary the duty cycle of a
timer from 1 to 999 without affecting its period.

IFD Winner of March 1, 1975

Paul Berkowitz, Electronic Engineer, Vanguard
Recording Society, 71 W. 23rd St., New York,
NY 10010. His idea “Voltage-Controlled Music
Oscillator Has Linear Control Properties” has
been voted the Most Valuable of Issue Award.

Vote for the Best Idea in this issue by circling
the number for your selection on the Informa-
tion Retrieval Card at the back of this issue.

SEND US YOUR IDEAS FOR DESIGN. You may win a
grand total of $1050 (cash)! Here's how. Submit 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 publication 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 for circuits shown nor represent freedom from patent infringement.

T
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MATSUSHITAS ARROW-M INTRODUCES

THE WORLD'S FINEST RELAYS.

Unique designs and superior manufacturing techniques
produce relays of highest quality and reliability.

DL relays

Mercury film contacts feature non-
position sensitivity, no bounce and
chatter, low and stable contact
resistance, and long life.

Compact size and DIP terminals are
ideal for high density pc board
mounting.

K relays

Miniature cradle relays assure highly
reliable operation.

Large magnetic force, lift-off con-
tact mechanism plus screwless as-
sembly and simultaneous molding
techniques guarantee an excellent
quality.

R relays

Sub-miniature form C reed relays are
an innovation.

No glass capsule is used.
Bifurcated contacts, high speed and
sensitivity, low operating power,
bothlatching and non-latching func-
tions, and a large capacity of 1 Amp/
20WDC prove their reputation.

HC relays

Miniature power relays are available
in form 1C(10A), 2C and 3C(7A)
and 4C(5A), each at 240VAC.

Arc barrier, contact debris well,
gold-flashed AgCdO contacts, and
one-piece molded contact blocks
ensure long life and high reliability.

NF relays

Low profile relays of .402 inch
height meet high density packaging
design requirements.

Unique molding technique, lift-off
contact system, and twin contacts
assure dependable application.
Patented design absorbs chatter and
bounce.

More information

Short-form catalog is available to
provide you with specifications of
Arrow-M relays.

Call or write to Arrow-Mor our near-
est representative for catalogs and
more information.

Arrow-M Corp. 250 Sheffield St.,
Mountainside, N.J. 07092
201-232-4260

Relays for advanced technology

ELECTRONIC DESIGN 14, July 5, 1975
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International Technology

Liquid-crystal camera
used in IR studies

A liquid-crystal camera that re-
sponds to infrared and hyperfre-
quency radiation has been develop-
ed by the Commissariat a I"'Ener-
gie Atomique in Fontenay-aux-
Roses, France. The camera can be
used for imagery as well as to esti-
mate the power of incident rays.

The sensitive camera element is
a 5 x b-cm screen mounted on a
sheet of plastic, 3.5 u thick. A
semitransparent metal deposit is
sufficiently thick to ensure 509%
ray absorption. A 20-um coat of
liquid cholesteric crystals is applied
to the plastic sheet.

For visual observation, this coat

is continuously illuminated with
white light or, for photography,
with an electronic flash. The wave-
length of the visible diffracted
light depends on the coating tem-
perature. The energy distribution
of the incident beam thus appears
in the form of a colored image.

The liquid-crystal screen is
housed in a vacuum compartment,
with the temperature regulated to
eliminate convection effects on the
screen. A heater adjusts the tem-
perature—and hence the color of
the screen—to obtain the best
contrast. The heater also serves to
calibrate the equipment.

Photoconductor detects
fast optical waveforms

A fast-response bulk photocon-
ductor that can be used either to
detect high-speed optical wave-
forms or as an optically gated
switch has been developed at the
Centre National d’Etudes des Tele-
communications in France.

Chromium-doped gallium arse-
nide is the basic photoconductor
material. This compound has low
dark conductivity and a sufficiently
short light-excited conductive life-
time to respond to fast-changing
incident light.

To take advantage of the fast
response, the detector is strip-line
mounted with two ohmic contacts
about 0.4 mm apart. Within the
time resolution of the measuring
equipment, no significant reflec-
tions occurred to interfere with
the detection of fast pulses from
a dye laser. The laser operated at
0.6 um and had a pulse duration
of 32 ps. The photoconductor im-
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pulse response was about 85 ps,
and the equivalent step response
to an optical step input was esti-
mated at 92 ps.

Coupling short optical pulses to
this fast photoconductor provides
an electrical switch with complete
isolation of the gating signal.

Acoustic-wave device
iIs nonpiezoelectric

A standing acoustic-wave device
that uses nonpiezoelectric material
has been developed at the Labora-
toire d’Optoacoustoelectronique of
the Centre Universitaire de Valen-
ciennes in France.

A prime advantage that it has
over piezoelectric acoustic-wave de-
vices is that saturation does not
occur, even over a wide dynamic
range. And high efficiency is main-
tained over a wide range of input
powers.

In the Centre Universitaire de-
vice, a correlation signal is gener-
ated by the nonlinear elastic inter-

action between two opposing
acoustic waves, one longitudinal
and one transverse. The correla-
tion signal is carried by a propa-
gating acoustic wave.

In the experimental setup, a 12-
mm-long crystal of lead molybdate
was used. A pulsed longitudinal
wave at 230 MHz and a pulsed
transverse wave at 53 MHz were
launched from opposite ends of the
crystal. Equal numbers of acoustic
cycles were contained in the pri-
mary pulses. A transverse-wave
transducer detected a triangular
correlation signal at the difference
frequency. All transducers used
were of lithium niobate.

Rainfall data stored
for display on color TV

Digital rainfall data transmitted
by radar signals are stored in a
new memory system and converted
into a color code for display on
a color television set. The system
was designed by Jasmin Electron-
ics Ltd. of Leicester, England, as
part of an automated weather
radar network for the British
Meteorological Office.

Data can be logged or further
processed by computer and are con-
tinually updated every 15 minutes.
An ordinary tape recorder can be
used as a backup store, and the re-
corded data can be displayed at
any time.

The system can store up to nine
small area pictures or one com-
posite picture covering the entire
country. Precipitation data, from
light rain to thunderstorm with
hail, can be held for two hours.
Fifteen minutes is the normal in-
terval between successive pictures.

The user can immediately view
rainfall distribution in his selected
area at any one of nine different
selected times. Alternatively, the
user can play back the nine pictures
in sequence to give a picture of
the weather developing both in and
outside his area.
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Choose the one company
that makes all this...

.and win
this calculator.

The answer will
appear on the inside
cover of the August 7, 1975,

Electronics magazine.

*Limit, one guess per entrant.
Void where prohibited by law or where taxed.

Employees of this company, of their advertising agency,
and of their sales representative organization are not eligible.

If you can guess* the name, and are among
the first 500 to do so, we will send you a
four-function calculator (retail value
$19.95) free. Hint: The company that made
all the products in the photo also made the
calculator.

Name the company in the coupon below
that has this enormous breadth of line. If
the coupon has been torn out, send your
entry in any form to: Breadth of Line Con-
test, P.O. Box 4160, Merchandise Mart,
Chicago, IL 60654. Calculators will be
mailed to the winners—the first 500 cor-
rect entries, based on postmark—on Au-
gust 1, 1975.

r----------—-------‘

] Breadth of Line Contest |
i P.O. Box 4160, Merchandise Mart, i
Chicago, IL 60654
§ The company with this enormous breadth i
= of line is: :
= Name :
= Title :
1 = i
Company
| |
= Address =
| Gy State Zip |
l------------------‘



Now; 4 times the memory
on the same size card.

The most compact and most expandable
low-cost memory system you'll probably see
for years to come is Intel’s in-40 dynamic
RAM system. It's a true new generation
design, available right now in standard
models from 16K words to 256 kilobytes or
in custom configurations with quick delivery.

Besides highest density, the in-40 assures
you higher performance than previous low-
cost systems, whether solid-state or core.
Built with Intel's newest 4K n-channel MOS
RAMs, the in-40 provides an access time of
350 ns, cycle time of 550 ns, low power
dissipation and TTL compati-
bility with very solid margins.
One single in-40 memory
board stores 16,384 18-bit
words or 32,768 9-bit words.
One single control unit board
runs any system up to 128
kilowords or 256 kilobytes

(8 cards). The standard options are 4K, 8K
or 16K words per board and word lengths
of 8,9, 10, 12,16 or 18 bits. For longer words,
cards are simply combined.

A system expanded to 256 kilobytes
measures only 8.175 x 10.5 x 5.0 inches.
You can choose one of our standard card
chassis, or we can make a custom chassis
to match your requirements. You can
use our power supplies or yours,
whichever you prefer.

There probably never was a
memory system as easy to expand
in the field or in your factory. The
boards are also interchangeable
with our in-10 1103 systems—

10,000 of which have already

been shipped. Just allow 0.5
inch for each board. The
universal control unit pro-
vides byte control, module select,
address register, optional data
register and control and data [/O and
automatic refresh capabilities.

But your options on the in-40 and all
other important semiconductor memory
technologies are really unlimited. Intel also
has the customizing expertise that comes
from doing work for most of the industry’s
leading OEM's. And our billion-bit produc-
tion plant gives quick delivery on standard
or custom designs.

Call us if you want to store more words

on fewer cards at lower cost.
Intel Memory Systems, 1302 North
Mathilda, Sunnyvale, California
94086 (408) 734-8102
Regional offices:
Boston (617) 861-1136;
Philadelphia (215) 542-9444;
Dayton (513) 836-2808;

Dallas (214) 661-8829;

Los Angeles (714) 835-9642.

Memory Options Unlimited

intal memory systems

)N OF IN

IPORATION
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New Products :

Hand-held IR thermometer
has digital and analog displays

Telatemp Corp., 213 N. Pomona

Ave., Box 5160, Fullerton, CA
92635. (714) 879-2901. $1495; 30
days.

Telatemp’s Darringer infrared
thermometer is the first to offer
both a digital readout and analog
indication of temperature. The
unit’s three-digit display, with
1/3-in. LEDs, provides temperature
readings to an accuracy of better
than +0.5%. Analog indication is
given by a ‘“hot spot” indicator,
which brightens proportionally to
target temperature and responds
within 0.05 s.

Temperature units and ranges
are switch-selectable, giving the
user a choice of readouts: 0 to 1000
F or 0 to 600 C. An optional peak
hold feature retains the hottest
measured temperature on the dis-
play until the hold switch is
released.

A chopper-stabilized preamp
eliminates zero drift, making pre-
measurement calibration adjust-
ments unnecessary. Thus the unit
has no zero adjust control, while
competing units require zero ad-

ELECTRONIC DESIGN 14, July 5, 1975

justment before each measurement.

The closest competing unit is
the Heat-Spy from W. Wahl Corp.
(12908 Panama St., Los Angeles,
CA 90066). It sells for the same
price as Darringer and is the only
other hand-held digital-readout IR
thermometer on the market.

Analog readout units are avail-
able at less than half the price of
the Darringer. But these are ac-
curate only to about *=29% full
scale, and they have slower re-
sponse times and more limited tem-
perature ranges.

Wahl’'s Heat-Spy comes in a
0-to-600-F model and a 0-to-500-C
model. It doesn’t have an analog
indicator, though there is an out-
put jack for a strip-chart recorder.
Its accuracy is the same as that
of Telatemp’s Darringer.

The Darringer is powered by
four 1.25-V Ni-Cd rechargeable bat-
teries. Provision is also made for
ac line operation, and the unit may
be operated while being charged.

The on-off switch is built into
the handle to allow ‘“pistol-grip”
operation. In addition a two-digit

thumbwheel switch adjusts, with
19, accuracy, for the emissivity of
the material being scanned. Other
units allow potentiometer emis-
sivity adjustments that are accu-
rate to no better than 2 to 10%.

The focal distance, D, of the
thermometer is factory-adjustable
from 8 in. to infinity. Spot size is
then less than D/20 at the instru-
ment’s focal plane. For example, at
3 ft the spot size is 1.8 in.

The unit operates over a tem-
perature range of 35 to 120 F. It
features electro-optical bore sight-
ing and, at 1-3/4 lb, is the lightest
on the market.
For Telatemp

For W. Wahl

CIRCLE NO. 302
CIRCLE NO. 303

50-() source sweeps,
costs just $350

Dana Exact FElectronics, 455 S.E.
2nd Awve., Hillsboro, OR 97123.
(503) 648-6661. $350; stock.
Model 196A sweep/function
generator offers sine, triangle,
square, pulse and sweep wave-
forms over a frequency range of
0.1 Hz to 1 MHz. Signal ampli-
tudes of 20-V pk-pk open circuit
or 10 V pk-pk into a 50-Q load are
available from a 50-Q output. 70
dB of attenuation is provided in
20-dB fixed steps and 30-dB vari-
able. The unit has an internal
sweep generator to sweep the fre-
quency of the main generator with
a variable sweep width up to three
decades (1000:1). The sweep rate
is adjustable from 1 ms to 10 s.

CIRCLE NO. 305
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Grayhill
coded output

switch modulers
stack up!

new performance
standards...

1,500,000 cycles

with less than

10 milliseconds bounce

B Self-generated logic...7 wire coding
capability

M Can be stacked in any array

B Telephone array will provide stan-
dard frequency selection

This ‘“'second generation’ of low-
profile Grayhill pc mountable push-
button switch modules passes exact-
ing test for life and for bounce.
Choose 6-, 3-, 2- and 1-button hori-
zontal or vertical modules, to array in
any format, including telephone key
set, while maintaining constant cen-
ter-to-center spacing! Circuitry avail-
able as SPST through 4 PST, normally
open, or the poles can be internally
shorted so several terminals connect
when button is actuated. Choice of
colors, with hot stamped or molded-
in legends. For more information on
these Series 82 modules, consult EEM
or ask Grayhill for engineering data.

mz‘l//

561 Hillgrove Avenue * LaGrange, lllinois 60525
(312) 354-1040
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INSTRUMENTATION

Portable unit tests
in-system 8008 chips

Pro-Log, 852 Airport Rd., Monte-
rey, CA 93940. (408) 372-4593.
$550; stock.

A new portable analyzer for
testing 8008 microprocessor chips,
called the M-821, can be used with
any system that uses the chip. The
tester displays cycle data, chip
status, and time-state data and
allows a user to test systems in
either a static, single-step or a
dynamic-run mode. The M-821 in-
terfaces to the system under test
through an 18-pin DIP connector
that clips onto the 8008. The tester
operates from 115 V ac and auto-
matically references the most posi-
tive supply voltage on the 8008.
Weight of the analyzer is 4.5 Ib.

CIRCLE NO. 306

Logic probe handles
all logic families

Kurz-Kasch, Inc., P.O. Box 1246,
Dayton, OH 45401. (513) 296-0330.
$237.

Multifamily PLP-550 logic probe
is a programmable, all-solid-state,
hand-sized probe that uses three
lighted displays to indicate logic
levels. The unit is compatible,
through present logic thresholds,
with all logic families. For a logic
“1” threshold the red lamp will
display. For a “0,” the white lamp
displays. For the deadband be-
tween these levels, there will be no
display. A pulse capture feature
displays pulses as fast as 10 ns.

CIRCLE NO. 307

1-MHz function gen
sells for just $89.95

vaese

Advanced Electronics, P.O. Box 63,
Newton, MA 02161. (617) 969-
5331. $89.95; stock.

Model 10 function generator de-
livers three outputs: one TTL-com-
patible square wave, one triangle
wave of 4 V pk-pk, and the third
provides a switch-selectable square,
sine or triangular-wave output
with a 0 to 20 V pk-pk capability.
The frequency range covers 1 Hz
to 1 MHz with 200 ppm/°C stabili-
ty; sine-wave distortion is less
than 2% from 1 Hz to 100 kHz.

CIRCLE NO. 308

Snap-on counter/timer
autoranges time interval

Hewlett-Packard, 1501 Page Mill
Rd., Palo Alto, CA 94304. (415)
493-1501. $450; 30 days.

A new 75-MHz electronic
counter/timer, Model 5308A, is
said to be the first to autorange
when averaging time interval or
when measuring frequency ratio.
This is in addition to autoranging
frequency and period-average
measurements. The unit counts fre-
quency, frequency ratio, period,
period average and time interval;
it scales and totalizes. Beyond
those usual abilities, it offers sub-
nanosecond time-interval averag-
ing, and it autoranges to select
the range that gives best resolu-
tion within a convenient measuring
time, " 0.11' to. 1.1 Si"8308A is a
new module in the HP 5300 snap-
together measuring system.

CIRCLE NO. 309
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MODULES & SUBASSEMBLIES

High-rel converters now
standard products

o
ADE 1

Analog Devices, Rte. 1 Industrial
Park, P.O. Box 280, Norwood, MA
02062. (617) 329-4700. From $425
(1 to 9); stock.

High reliability modular con-
verters are available as standard
products. Two 12-bit digital-to-
analog converters, a 12-bit analog-
to-digital converter, and a sample-
and-hold amplifier all operate over
the full military —55 to +125 C
temperature range. Microcircuits

used are qualified to MIL-M-38510,

Class B, processed to MIL-M-38510,
Class B, or MIL-STD-883, Class
B; discrete semiconductors are her-
metically sealed and meet MIL-S-
19500. The modules are inspected
under a system which meets the
requirements of MIL-1-45208. The
testing for each module includes
temperature cycling per MIL-STD-
883, Method 1010, Condition B and
a 168-hour burn-in under power at
1256 C. The ADC1111 a/d con-
verter completes a 12-bit word in
25 ps. It contains its own clock
and internal reference and requires
only £15 V and +5 V de¢ power.
The DAC1112 d/a converter set-
tles to within +1/2 LSB of final
value in 8 ys. It includes its own
internal reference and output op
amp. The SHA1114 s/h amplifier
acquires an input signal to 0.01%
in 500 ns or to 0.1% in 300 ns.
The DAC1117 current output 12-
bit d/a converter can drive the
virtual ground summing junction
of an external op amp. The con-
verter settles to within +1/2 LSB
of final value within 7 ps. It in-
cludes its own internal reference
and internal feedback resistors,
and requires =15 V and +5 V de.

CIRCLE NO. 310
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IN40O STOCK DESIGN VALUES

40 MARKED POPULAR VALUES IMMEDIATELY AVAILABLE IN
PROTOTYPE AND PRODUCTION QUANTITIES (BACKED BY A STOCK
OF OVER ONE MILLION CHIPS IN THE DESIGN VALUES SHOWN BELOW):

mini-cube® is a registered trademark and MAXI-“Q"UBE T-M. isaproprietary trademark of ATC.

BUY ANY DESIGN VALUE KIT OF 100 ATC 100 LOW LOSS
PORCELAIN CHIP CAPACITORS FOR $77.00.

If you need further information on these Design
Value Kits, just circle the number below.

To place your order, or for samples of other ATC

Capacitors, call Ralph Wood at (516) 271-9600.
ACTUAL SIZE: b

55 MIL CUBE

american technical ceramics

ONE NORDEN LANE, HUNTINGTON STATION, N.Y. 11746
(516) 271-9600 @ TWX 510-226-6993
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MODULES & SUBASSEMBLIES

Over/under voltage
sensor has wide range

Zenith Controls, 830 W. 40th St.,
Chicago, IL 60609. (312) 247-6400.
$55 (list).

The AR series voltage sensors
are easily adjusted for both drop-
out and pickup points. A broad
setting range enables the AR series
sensors to be used as under or over
voltage sensors. Specifications in-
clude the following: supply voltage,
120, 208/240 or 277 V single phase;
supply frequency 50 to 400 Hz;
pickup point, 50 to 1259% adjust-
able; dropout point, 2 to 30% be-
low pickup point; repeat accuracy,
+0.59% of voltage range; contact
rating, spdt, 10 A, 240 V or 5 A,
480 V; and temperature range, 0
to 60 C. The sensor measures 3.25
X 4.625 x 3.375 in. and weighs
108167,

CIRCLE NO. 320

Solid-state timers
handle 1-A loads

Electronic  Products Marketing,
1001 Vine St., Liverpool, NY
13088. (315) 457-9611. From $7.95
(100 up); stock.

Many timing functions are pos-
sible with the Versa-timer. Options
include interval timing, anti-short
cycling for compressors, off delay
and on/off recycling. The units are
available with normally-on, normal-
ly-closed contacts and factory fixed
or adjustable time delays. Timing
ranges span 50 ms to 600 s with a
+29 repeat accuracy. The holding
current is only 5 mA and the con-
tacts can handle a max load of 1 A.

CIRCLE NO. 321

Synchro/BCD converter
lets you set scaler

Computer Conversions Corp., 6
Dunton Ct., East Northport, NY
11781. (516) 261-3300. $395; 4 wk.
A series of three or four decade,
synchro-to-BCD converter modules
provides a choice of scale factor.
The units measure 2.6 x 3.1 X
0.82 in. and are designed to be
mounted on PC boards. They con-
vert synchro or resolver inputs of
11.8 or 90 V, 400 Hz or 90 V, 60 Hz
into three or four-decade BCD data
that represent an angle with an
accuracy of =6 or +30 minutes of
arc. Unipolar and bipolar (£180°)
models are available. Part No.
SBC40 requires a 26 V or 115 V,
400 Hz ac reference input, +15 V
de at 40 mA and +5 V dc at 600
mA. Two operating temperature
ranges are available: 0 to +70 C

and —55 to +85 C.
CIRCLE NO. 322

Band-reject active
filters have Q of 10

Frequency Devices, 25 Locust St.,
Haverhill, MA 01830. (617) 374-
0761. $57 (100-up); stock to 4 wk.
Two wide-notch band-reject ac-
tive filters, the 783R3Q10-60 and
the 783R3Q10-50, use a multipole
design that gives a Q of 10, steep
slopes (shape factor — 6) and a
wide, --50 dB notch bandwidth
(1.6% of f,). The 783R3Q10-60
has center frequency of 60 Hz and
the -50 a center frequency of 50

Hz,
CIRCLE NO. 323

Liquid level control
uses 50-k() sensor

Curtis Industries, 8000 W. Tower
Ave., Milwaukee, WI 53223. (414)
354-1500. $17.55 (1 to 24).

The Model ELC liquid level con-
trol has a fixed operating setpoint
sensitive to 50 kQ. The control is
designed primarily for use with
liquid level sensing probes, but may
be used with photocells, thermistors
or any other resistance sensing
transducer properly matched to the
input impedance. Maximum direct-
short probe current is limited to 10
mA at 24 V ac with the control
consuming less than 3 W. The ELC
liquid level control is intended for
operation over a 0. to 60 C ambient
temperature range and can toler-
ate supply voltage fluctuations up
to +10%. Other features include
barrier-type terminals that accept
wire sizes up to No. 12 AWG and a
plug-in dust-tight spdt in dpdt re-
lay rated for 1/4 hp, 10 A at 120 V
ac or 1/3 hp at 240 V ac. Enclos-
ures conforming to NEMA 3 and
NEMA 4 JIC are also available.

CIRCLE NO. 324
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WHAT ARE YOU
DONG PoWN
HERE,LOG?

IM FEDUP
WITH HIGH GAS
PRICES.S0 IM
GONG O FIND MY
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ANALOGY

FEED TRANSDUCER DATA FROM TOUGH ENVIRONMENTS

TO REMOTE MINIS TH |

CONTROLLED \OHACE S - e o N o
MODULES WITH TOTAL IGOLATION AND 24’

ADC PERFORMANCE. INTECHS NEW A-841
BUILT-IN OPTICAL ISOLATOR, A-842 DRIVES
2000 FT. OF CABLE THROUGH IT6 FULSE TRANSFORMER,
BOTH AT TTL LEVELS. WE ALSO SUPPLY BETTER APC.
DAC, SgH, OP AMP AND MATH MODULES AT PRICES
THAT SAVE.-

infech/FMI

ICY CONVERT]
RN
AR

282 BROKAW RD. SANTA CLAR,
CA9505) (408) 244 - 0500
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Miniature time delay
unit has wide range

Instrumentation and Control Sys-
tems, 129 Laura Dr., Addison, IL
60101. (312) 543-6200. $5 (large
qty).

The Icsotimer, a miniature time
delay, offers adjustable delays from
0.1 to 300 s. The hybrid network
can switch standard relays and
contactors. The timer has an accu-
racy of £29%. Input voltages avail-
able include 115 V ac, 24 V ac, 130
V dec and 24 V dec. The unit meas-
ures 1.1 x 0.6 x 0.3 in. and has
leads of #20 AWG solid, tin plated
wire, 1 in. long.

CIRCLE NO. 325

Sample/hold amplifier
made for high speed

National Semiconductor, 2900
Semiconductor Dr., Santa Clara,
CA 95051. (408) 732-5000. From
$18.15 (100-up); stock.

The LHO0053G, high speed hy-
brid sample-and-hold amplifier, can
acquire a 20-V step signal in under
5 us. An internal, auxiliary, FET
switch for a preset or reset func-
tion extends the sample-and-hold’s
usefulness in applications such as
preset integrators. Operating fea-
tures of the LH0053G include sam-
ple-accuracy nulling (which com-
pensates for source impedance and
feedback resistor tolerances), out-
put de offset adjust to zero and
DTL/TTL-compatible FET gating.
Only a single storage capacitor is
needed. Some specifications in-
clude: sample accuracy, 0.2% max
(may be nulled, however); drift
rate, 30 mV /s max (6 mV/s typ.);
aperture time, 25 ns max; ana-
log input voltage range, +10 V
min; and a short-circuit-proof out-
put. The LH0053G is specified for
—55 to +125 C operation, while
the LH0053CG, industrial version,
operates between —25 and +85 (C;
both types are housed in a her-
metic, 12-lead, TO-8 metal can.

CIRCLE NO. 326
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INSOLID-STATE

WHAT YOU GET:

You get a 3"x 3" circuit card which contains RETICON's
RL-64P image sensor and all of the associated drive and
video processing circuitry. A standard ribbon cable connects
the unit to your power supply (+5V, -10V) and also carries
the 0 to 2V video output. The RL-64P has 64 sensing
elements on 2 mil centers in a standard ceramic DIP sealed
with an optical quality quartz window. The device has an
integrated on-chip driver and portions of the video
processing circuitry. The RL-64P is a proven device in
production for over three years.

WHAT YOU SEE:

You see over 200:1 dynamic range (peak signal to peak
noise) at 250 KHz. The photo shown is the actual output
of a 30 mil front illuminated band imaged onto the array
using 1:1 optics. The “box-car” type sampled-and-held
output can be easily thresholded or A/D converted into
multiple grey levels.

Applications in OCR, point-of-sale, industrial non-contact
measurement and control are a natural for this unit.
Evaluate our technology with this complete imaging system.
If you need higher resolution, we have an extensive line
of image sensors with up to 1872 elements. We have over
four years of experience in solid state image sensor and
related circuit development. And there are over 70 salesmen
and 15 distributors to serve you worldwide.

Bne- . |®
RETICON

910 Benicia Avenue

Sunnyvale, California 94086

(408) 738-4266 » TWX: 910-339-9343
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When you achieve it, you can offer
true competitive value. That’s just
what we’re doing at USCC/Centra-
lab for 1975. MONO-KAP™ radial,
and MONO-GLASS axial mono-
lithic 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 non-
stock 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 per-
formers; 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 va-
riety of case sizes featuring meniscus
control to 0.032 inches. Large quan-
tity orders from stock.

AUTOMATIC INSERTION

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

QUALITY
IN VOLUME

CUSTOM DESIGN

We're responsive to your design re-
quirements; get USCC’s new ex-
panded 1975 catalog.

LHMHINIC cHRLaCITONRS
sERAMmMIC caLacions
CERLSMNIC CaLacIToNny
HAINIUEC CHPLAacIToy
e CERNNUHE CHPACITONY
CERANNIC CHPHRCITONS
- Rbditin S ek apACIONS
LRANIC CPEmmmsmr™i o
* s “ U B
LAMIC C 5~ =~ \%

;%’1’[”’6 ‘1':1'41 D usco cencraion s \ o

If you need a special, call (213) 843-
4222 or your nearest overseas lo-
cation for assistance or evaluation
samples.

Remember. USCC/Centralab. Value.

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

USCC

USCC/Centralab

Electronics Division ® Globe-Union Inc

=
ey AR
>

e

T
==
.

2151 North Lincoln Street = Burbank, California 91504

(213) B43-4222 = TWX: 910-4898-2222
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POWER SUPPLIES

Switching supply achieves
power density of 2.3 W/in.’

LH Research, 2052 S. Grand Ave.,
Santa Ana, CA 92705. (714) 546-
5279. $1295 (1-24); 8 weeks.
With more than twice the power
density of most competing switch-

ing power supplies, a new unit
from LH Research packs 1500 W
into a package that weighs less
than 20 lb. Its power density of
about 2.3 W/in.? allows the Model
LH 800 to fit into a compact 5.25
PAREON5N ¢ 18.0. in.

While most switching power
supplies achieve efficiencies of 65
to 75%, the LH 800 achieves 80%.
The reduced dissipation is one of
the main contributors to the unit’s
small size.

Rated at 5 V and 300 A, the
supply has a 50-mV pk-pk ripple
and noise on the output. Line and
load regulation are both 0.29%.

Response time of 200 us and
SCR soft-start circuitry combine
to make the supply fast and well-
protected. Additional protection is
afforded by a thermal overload

ELECTRONIC DESIGN 14, July 5, 1975

switch, overvoltage automatic shut-
down and a fold-back current
limiter. With fold-back current
limiting, the short-circuit current
is held to about 109 of the rated
output current. The output re-
turns to normal when the overload
is removed.

Full rating is maintained to 40
C, with derating to 609 at 71 C.
A fan is built-in.

For uninterruptible operation,
where switchover to batteries is
needed in case of line failure, the
LH 800 holds its regulated output
for at least 20 ms after the re-
moval of ac power.

Other features are EMI filter-
ing and remote sensing, to compen-
sate for up to 0.5-V drop in the
power distribution cables.

Available as options are: three-
phase input, power-failure detec-
tion, output inhibit, master-slave
paralleling or straight paralleling
of up to 10 units.

CIRCLE NO. 304

Triple-output lab unit
fits in pocket

Instant Instruments, 306 Rwer
St., Haverhill, MA 01830. (617)
373-9260. $96 to $137.

Three new triple-output labora-
tory power supplies have been add-
ed to the company’s pocket-sized
series. One model includes a vari-
able, dual =9 to =18 V dec at 100
mA and 5 V de at 1-A output,
while the two other models have
preset =15 V dc at 100-mA and
200-mA outputs for discrete and
5 V dc at 500-mA and 1-A outputs,
respectively. General specs include
19 voltage accuracy, regulation
0.05% line, 0.01% load, ripple less
than 1 mV rms.

CIRCLE NO. 327

Digital supply
delivers dual outputs

Kepeo, Inec., 131-38 Sanford Ave.,
Flushing, NY 11352. (212) 461-
7000. $3253; 45 days.

This dual, digitally programmed
auto-crossover unit produces up to
100 W per section with a selection
of 0 to 6, 0 to 15, 0 to 25, 0 to 36,
0 to 75 or 0 to 100 V fs. Digitally
controlled in voltage, you get 12
bits of resolution and factor-of-10
scaling (the full 12 bits resolution
spread over the lowest 10% of
range). Current is also digitally
controlled with 8 bits of resolution.
Each section features a dual-range
voltmeter and ammeter and an
independent overvoltage crowbar,
plus mode lights. Stabilization for
1009% load variations is better
than 0.005%. Ripple and noise are
below 200 uV rms, 2 mV pk-pk.

CIRCLE NO. 328
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f
about

5¢/yr.

buys a 1ot
of rellablhty
with
Angstrohm’s
new

SAR,

20 year
end-of-life
precision
metal film
resistors!

*Based on a typical
cost of $1.00 each.

I
I
[
I

‘angstrohm
precision, inc.

one precision place
hagerstown, maryland 21740
telephone: 301-739-8722
twx: 710-853-6834 J
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DISCRETE SEMICONDUCTORS

Optical detector has
10-12 W sensitivity

Bell & Howell, 706 Bostwick Ave..
Bridgeport, CT 06605. (203) 368-
6751. From $25; stock.

The Model 529 electro-optical de-
tector consists of a silicon photo-
detector and integrated signal proc-
essing electronics mounted in a
hermetic TO-99 package. The sen-
sor is available with either 0.8
mm? or 5 mm?* detector elements.
Sensitivity and bandwidth are pro-
grammable with two low value ex-
ternal resistors. The devices pro-
vide sensitivities to 10-'* W and
spectral responses of 0.35 to 1.12
microns.

CIRCLE NO. 329

Mini rectifiers handle
1Aattempof75C

General Instrument, 600 W. John
St., Hicksville, N.Y. 11802. (516)
733-3000. From $0.05 (50,000 up);
3 to 4 wk.

A line of diffused junction, glass
passivated, miniature rectifiers
meets or exceeds all electrical pa-
rameters of the 1N4001 through
1N4007 D041 plastic rectifiers.
The mini rectifiers in the MG-
4001 through MG4007 series are
rated for 1 A at an ambient tem-
perature of 75 C and have a peak
surge rating of over 30 A. The de-
vices cover the PRV range of 50
to 1000 V and have an operating
temperature range of —65 to +175
C. All rectifiers in the new series
exceed environmental standards of
MIL-STD-19500/228.

CIRCLE NO. 330

Tuning varactors have
4.5:1 capacitive ratio

MSI Electronics, 34-32 57th St.,
Woodside, NY 11377. (212) 672-
6500. $12 (100-up); stock to 2 wk.
The MV205D hyperabrupt tuning
varactor features a minimum ca-
pacitance tuning ratio of 4.5:1
from 3-to-25-V bias. The capaci-
tance at 25 V is 2 pF nominal and
the Q is a minimum of 650 at 4 V
and 50 MHz. The diodes have a
30-V breakdown rating, a series
inductance of 0.8 nH, nominally,
and a package capacitance of 0.15
pF. The MV205D is particularly
useful in the uhf and low micro-

wave frequency bands.
CIRCLE NO. 331

Impatt diodes operate
over 18 to 100 GHz

Au—Sn PREFORM

CONNECTING GOLD
RIBBON (.001"" x .003")

METALIZED QUARTZ
RING

Au—Sn PREFORM

DIODE

COPPER HEATSINK
(PUNCHOUT)

Hughes Electron Dynamics Div.,
3100 W. Lomita Blvd., Torrance,
CA 90509. (213) 534-2121. From
$50; 30 to 45 day.

A line of millimeter-wave Impatt
diodes covers the frequency range
from 18 to 100 GHz. The diodes
include both single-drift models
with minimum output from 5 to
300 mW, and experimental double-
drift versions in a more limited
range with minimum output of 300
mW CW and 5 W pulsed. Available
configurations include the com-
pany’s Minidisc ceramic package
and quartz designs, both of which
may be stud-mounted. Diodes sup-
plied for operation below 40 GHz
are packaged with a 50-mil diam-
eter ceramic ring making up the
Minidisc package. Diodes for oper-
ation above 40 GHz are packaged
with a 30-mil diameter quartz ring,
which is an integral part of the
quartz package.

CIRCLE NO. 332
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bottom line bargain

Bodine puts more into its fhp motor
and drive system design to give you
greater bottom line profit in the long
run. We call it ADE (After Delivery
Economies). You get fewer rejects from
the start and less profit robbing service
headaches when your product is in use.
Motor to motor, lot to lot, Bodine's con-
sistent quality pays big performance
dividends.

If you're concerned about costs, profit-
ability and tomorrow’s repeat sales,
take a close look at Bodine. You won't
find a better fhp buy—1/2000 thru % Hp.

Bodine Electric Company, 2500 W.
Bradley Place, Chicago, IL 60618. Phone:
(312) 478-3515, Telex: 25-3646.

BODINE

ADE (After Delivery Economies)
make Bodine a better fhp buy

BODINE MOTORS
GEARMOTORS
SPEED CONTROLS
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CYou don’t have to buy a new car to get an electronic ignition)

Most of you know the evaluation of automotive electrical sys-
tems . . . an evaluation characterized only occasionallv by
efficiency and performance. | know that, and that's why | use
the Delta Mark Ten B CDI on all my cars, new and old. And
believe me, you don’t have to have a new car to appreciate
the best electronic ignition available today. Study these fea-
tures and you'll know what | mean.

1. Mark Ten and Mark Ten B Capacitive Discharge Ignition
Systems are manufactured by Delta Products, Inc., a company
with a conscience, and with a proven record of reliability both
in product and in customer relations.

2. The Mark Ten CDI’s really do save money by eliminating
the need for 2 out of 3 tune-ups. Figure it out for yourself. The
first tune-up or two saved pays for the unit, the rest is money
in your pocket. No bunk!

3. Because the Mark Ten CDI’'s keep
your car in better tune, you actually
can save on expensive gasoline.

4. With a Mark Ten, spark plugs stay
clean and last longer . . . fouling is
virtually eliminated.

No matter what kind of car you drive, it too can use a Delta
quality lift.

r | want to know more about Mark Ten B CDI's. Send me complete -‘
l no-nonsense information on how they can improve the performance l
| of mycar |
: Name }
| Address |
| city State Zip |
| |
I |
, DELTA PRODUCTS, INC. ,
' :?0?2?3)(92)2)?)7‘ Dept. ED, Grand Junction, Colo. 81501 |
Mark Ten B, Standard Mark Ten,
assembled $64.95 ppd assembled $49.95 ppd

Mark Ten B, kit $49.95 ppd Deltakit® $34.95 ppd




the facts about

EM.L.
SHIELDING

Design information from Mag-Shield’s
30 years experience in E.M.I. shielding.

HOW CAN | QUICKLY EVALUATE
MY SHIELDING REQUIREMENTS?

Construct an experimental shield.
Then conduct comparative atten-
uation measurements with our A.C.
magnetic pick-up probe. Mag-Shield’s
new high sensitivity probe produces
60 millivolts/gauss output at 60 H
when used with a standard
AC/VTVM. The probe is precisely
calibrated for direct field intensity
measurements.

Mag-Shield's high sensitivity magnetic
pick-up probe simplifies shield attenuation
measurements.

HOW DO | SET UP THESE COM-
PARATIVE MEASUREMENTS?

Use high permeability Co-Netic
material or high saturation Netic
material to construct the prototype
shield. Next, measure the decrease in
field intensity with the probe placed
within the shield. A single layer
shield will provide shielding
efficiencies of approximately 40 db
with Co-Netic material and 10-15 db
with Netic material.

WHAT ABOUT SHIELDING E.M.I.
FIELDS ABOVE 60HZz?

The frequency range of any Mag-
Shield probe may be extended to 3
KH; by applying a simple calibration
correction formula.

For further information, just circle
the reader service number, or write
Mag-Shield direct for brochure
EP-102.

Perfection Mica Company

740 Thomas Drive

Bensenville, 1llinois.60106

(312) 766-7800 TWX (910) 2564815

INTEGRATED CIRCUITS

2102s boost speed
and cut power

Advanced Micro Devices Inc., 901
Thompson Pl., Sumnyvale, CA
94086. (408) 732-2400. $11.20 to
$13.35 (100 up).

A trio of 2102-type memories—
1024-bit n-channel static RAMs—
offers speeds of 250 ns or power
dissipation of only 175 mW. These
ICs feature guaranteed de stand-
by mode that reduces power re-
quirements. Called 9102s, the new
circuits have input and output
characteristics identical to TTL
with guaranteed fanouts of two
TTL loads.

CIRCLE NO. 333

1-k static RAMs
form new family

Intel, 3065 Bowers Ave., Santa
Clara, CA 95051. (408) 246-7501.
$7.45 to $20.90 (100 up); stock.

A complete family of 256 x 4-bit
and 1024 x 1-bit TTL-compatible
static MOS RAMs are offered in
the 2101, 2111, 2112 and 2102A
series of silicon-gate n-channel
memories. The new products ex-
pand the popular 2102 1-k static
RAM series. All RAMs use a single
5-V supply, operate at TTL logie
levels, have three-state outputs and
don’t require clocks or refresh.

The 2101, 2111 and 2112 series
—in 22, 18 and 16-pin DIPs, re-
spectively—provide 256 x 4-bit
configurations in three speed
ranges: 500 ns, 650 ns and 1 us.
These speeds represent both maxi-
mum access and minimum cycle
times, which are identical in 2102-
type RAMs, and are specified as
worst-case over the 0-to-70-C tem-
perature range. Typical power dis-
sipation is 150 mW.

The 2102A series retains the
standard 1-k configuration. It has
16 pins, separate input data and
output data lines, and one-chip-en-
able input, as well as address and
read/write control inputs. At
present, five 1024 x 1 types are
available: three industrial devices
with worst-case speeds of 250, 300
and 450 ns from 0 to 70 C, and
two military devices with worst-
case speeds of 450 and 650 ns from
—55 to +125 C.

CIRCLE NO. 334
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4-k RAMs have
200-ns access

O
Texas Instruments, P.O. Box 5012,
Dallas, TX 75222. (214) 238-3741.
$24.30 to $30.69 (100-999).

Two 4096-bit NMOS dynamic
RAMs—the TMS4050 and the
TMS4060—feature a guaranteed
maximum access time of 200 ns
with maximum cycle time of 400
ns. The TMS4050 comes in a com-
pact 18-pin DIP, which reportedly
increases board density by 70 to
100% over existing 22-pin 4-k
RAMs. To keep the number of pins
down to 18, data input and output
are multiplexed on a single termi-
nal. However, a full 12-line address
is provided. Also, a memory chip
select has been eliminated by using
the chip-enable clock and the R/W
mode control to enable the RAM.
The TMS4060 is an upgraded pin-
compatible version of the manufac-
turer’s previously introduced
TMS4030, a 4-k RAM in a 22-pin
DIP.

CIRCLE NO. 335

ECL moves up to
gigahertz speeds

Motorola Semiconductor Products
Inc., P.O. Box 20924, Phoenix, AZ
85036. (602) 244-3464. $39 to $89
(100-999 ) ; stock.

The first of a series of gigahertz
logic circuits are these: a divide-
by-10 eounter (MC1696) and a
divide-by-4 counter (MC1699).
Both are part of tha company’s
MECL III family and have a typi-
cal toggle frequency of 1.2 GHz.
The MC1696 is a bi-quinary decade
counter that features BCD out-
puts as well as divide-by-10. The
MC1699 counter is intended for
digital TV tuners and for pre-
scaler applications. Its clock input
can acecept capacitor-coupled sine-
wave signals above 10 MHz.

CIRCLE NO. 336
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8-bit NMOS processor
comes on two chips

THE POWER SUPPLY A
MANAGEMENT TEAM
COULD LOVE

Fairchild Integrated Circuits
Group, 464 FEllis St., Mountain
View, CA 94042. (415) 962-3816.
$130 (1-9); 4 wks.

A two-chip, 8-bit n-channel MOS

microprocessor system, called the
K8, 'em'pha;llze'sb'll(o cap;blll'tl.es .to If you're an engineer, or in engineering management, you might find our
maximize flexibility ‘3-11 minimize new SCR .Serles Single Phase Input Power Supplies very attractive.
external parts requirements. They provide 800, 1600 or 2400 watts of power and precise 0.1%
In the minimum system, a CPU regulation in both voltage and current modes (for higher power ask
and PSU (program storage unit) about our three phase input SCR units). All offer the highest power
Chis S provideiibie it bi output per mechanical volume in the industry.
directional I/0 ports, resulting in ch 3 .
g : eck thes :
a total of 32 available I/O bits. ese superior benefits:
This allows the two-chip system * High Efficiency * Rack or Bench Mount
to accommodate directly virtually * Remote Sensing * Overvoltage Protected (optional)
all common I/0 devices. Four ad- : gemote Pl;'ogr'allnrrglng : 2 Ct_)tr;‘stant voltage or current
o F R TR i d v eries or Parallel Operation wi 'automatlc crossover
iy b:sic chilptset ;:eg aan(li:r(rllo;;z * 5 Year Warranty * QOptional Input Voltages
interface (MI), direct-memory ac-
cess (DMA), communications in- For applications assistance and technical information, phone TOLL FREE
terface (USART), and a 256 X (800) 631-4298
4-bit n-channel static RAM.
The basic two-chip F8 system— VOLTAGE | CURRENT ‘;\,/P;,TSE ;:ICP::; % EFF ANCO‘:A":" PRICE §
consisting of the 3850 CPU and 100 75 mv 1000 ma 63 13H 650
the 3851 Program Storage Unit— 025 50 80y 1920.ma £ @ &0
s _ 250 80 mv 2990 ma 66 20 1100
contain 1024 x 8-bits of storage. 80 75my 600 ma 65 13 600
= . . 0-10 150 80 mv 200 ma
The CPU c-hlp .communlcates with 210 80 mv s " i 1?38
other F8 circuits by means of an 38 SOk ;gg'"a oz 43 By
. s 3 . 0-20 mv ma
8-bit bidirectional data bus, and 120 80 my 480 ma ;g f: 1383
has five control lines to set the %h Zg 138:: 13322 ?2 ;3 ?SS
state of other chips. = 100 my 129.me 80 18 900
Contained in the CPU circuit 060 2 %0 me 39 ma e 2 o
are an arithmetic lggic unit, an > S S 5 5 o
accumulator, a 512-bit scratch-pad 0-80 20 j200)Y S 83 2t 850
X 30 100 mv. 35 ma 82 18 1000
memory, a status register, two 8- 5 150 mv 5ma 80 10 500
bit bidirectional 1/0 ports, clock 5. 18 200 20 ms H 18 1000
circuits to control all chips in the g = 20y A & g S50
3 3 5 k 8 300 mv 5 ma 87 20 850
system, an interrupt-control cir- 8 300 my 8 ma 85 17 1000
cuit, and a power-on detect circuit 0-600 : oot 2o 5 P s
that disables the interrupt system - 4 750 e Sma £5 17 1100
and assures that processing starts “+Sectfy Model No. SCRE028
from a unique address when pow-
er is first applied. The PSU chip £ EOLEECIRONIC MEASUREMENTS INC.
serves principally for storage of oo Sapen ees Nap e N g DTS
prograrr? d p ty- ti % /|V| Phone: (New Jersey) 201 - 922-9300 + (Toll-Free) 800 - 631-4298
med 1nstructions. Specialists in Power Conversion Equipment
CIRCLE NO. 337
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Be an
ISolationist
with

Intronics’
suaton

When you require extreme input/output
isolation, Intronics’ IA100 series isolation
amplifiers can provide the best in safety and
performance. These models offer up to
5000 volt isolation capacity with accuracies
of 0.01%, operable over a wide
temperature range. They're the sure way to
transmit signals in the presence of very
large common mode voltages for medical/
biomedical, nuclear and industrial control
applications where safety and reliability

are paramount.

Intronics makes a broad line of signal
processing modules to meet your specific
requirements. For complete information
send for our new catalog, or forimmediate
assistance call Rick Sakakeeny at

(617) 332-7350.

intronies
57 Chapel Street, Newton, Massachusetts 02158 U.S.A.
(617) 332-7350, TWX 710-335-6835

Overseas call:

Brussels, Belgium (02) 513-73-84  Tel-Aviv, Israel (03) 415645

Kent, England Maidstone 54224/6  Cernusco, Italy 9041319

Orsay, France 9077844 The Hague, Netherlands 678380
Munich, Germany 524181 Wallisellen, Switzerland 01/8303161

INFORMATION RETRIEVAL NUMBER 53
88

DATA PROCESSING

Tape drive offers
IBM-compatibility

Bright Industries, 668 W. Maude
Ave., Sunnyvale, CA 94086. (415)
321-2133. $3375.

The Model 2630 tape-drive han-
dles 8.5 in., IBM-compatible reels
in either NRZI or phase-encoded
formats at densities of 1600, 800,
556 or 200 bits/in. The vacuum-
column 2630 operates at tape
speeds of 12.5 to 37.5 in/s and has
an industry-compatible interface.
Field conversion from NRZI to
phase-encoded formats is accom-
plished by replacing one circuit
board.

CIRCLE NO. 338

Universal 1/0 system
has intelligent cables

Computer Automation, 18651 Von
Karman, Irvine, CA 92664. (714)
833-8830. See text.

A universal I/0 interface system
uses a computer in each interface
to handle diverse peripherals and
user-defined application devices. A
single half-card—called an 1/0
Distributor—and a set of intel-
ligent, computer-driven cables en-
able any member of the com-
pany’s LSI computer family to
communicate with up to eight
parallel or serial devices. Each
cable contains a PicoProcessor, a
very fast, small processor micro-
coded for the characteristics of
the desired device. The Distributed
1/0 System transfers data concur-
rently on all channels directly to
or from memory through direct
memory channels. The I/O Dis-
tributor price is $380 (single qty) ;
intelligent cables are $145 each.
And volume discounts are avail-
able.

CIRCLE NO. 339

Slave disc-drives help
reduce storage costs

Orbis Systems, 3303 Harbor Blvd.,
Costa. Mesa, CA 92626. (714) 556-
8450. 74M: $695; 74S: $595; stock.
The 7T4M/74S Master/Slave flop-
py disc family offers low-cost vol-
ume storage. A user can achieve
12.8 Mbits of data storage by inter-
facing one 74M and up to three
748 drives in a master/slave rela-
tionship. The 74M (Master Drive)
is the direct interface to the users
equipment in a star or daisy chain.
It has a full capability unit includ-
ing interface electronics. The 745
(Slave Drive) is less costly and
contains minimal electronics. Up
to three 74S units can be daisy
chained onto a 74M. Both units are
IBM compatible and offer an un-
formatted data capacity of 3.1
Mbits per dise, 250 bit/s data
transfer rate and 6-ms access time

(track-to-track).
CIRCLE NO. 340

Floppy disc system
has multiple formats

Advanced Electronics Design, 754
N. Pastoria St., Sumnyvale, CA
94068. (4L08) 733-3555. See text.
The AED 3100-P floppy disc sys-
tem provides one to four IBM-com-
patible disc drives and all elec-
tronics in a single 10.5-in. cabinet.
The programmable formatter, a
system feature, permits each drive
to read or write in different for-
mats. For example one drive can
contain a minicomputer operating
system written in 256-word sectors
while the other drives process IBM
standard 64-word sectors. The for-
matter can also load the minicom-
puter bootstrap into memory from
the floppy disc. Each disc can store
128,128 sixteen-bit words in IBM
format. Access is 10 ms per track;
data are transferred at the rate of
15 k-word/s.
CIRCLE NO. 341
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don't expect look-alikes
to perform-alike...

if it
doesn't

653 Alpha Drive, Cleveland, Ohio 44143, Dept. ED
Phone: (216) 461-3315 No. 6-1
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The original

SAFER . |}
PASTE
BRAZING
FLUX
for silver
soldering

WATER SOLUBLE !

SUPERSAFE'

SWER SOLDER FLUX
Helps meet OSHA standards =i

FREE SAM PLE Reusable 10, 36 and 60 Ib. i

polyethylene pails

e Effective temperature range from 850°F. to 1600°F,
For brazing, hard soldering and silver soldering
ferrous and non-ferrous metals and alloys.

® Hot water removes excess flux or residues.
Non-corrosive, won't burn operators’' hands or
skin. Conforms to AMS 3410 and O-F-499C specs.

e Eliminates occupational hazards inherent in acid
type fluxes.

~| ® Powerful, capillary action draws molten solder

through long, tubular joints, forming leakproof \

joints . .. permits tolerances of .003” in
joined parts

@

SOLID STATE RELAYS §
WITH SOMETHING EXTRA §

From Elec-Trol, a complete line of 6, 10 and 25 Amp,
AC and DC input Solid State Relays and custom designs
to meet your needs. All feature: Zero Crossover’Switch-
ing to eliminate RF noise and load current or voltage
surges. Photo Isolation between Input & Output — 1500
VRMS FET Input Current Limiter on all DC models

write for information

NS S e, e sons S e on Gel/Cell

ot oo verse Fotiny morscasesy 4 thefirstand most

26477 1. Golden Valey Foad + Saus, Galf 51950 experienced

(805) 252-8330 + (213) 788-7292 « TWX 910-336-1556 malnteﬂaﬂce free
rechargeable battery!

ELEG-TROL, INC.

&)

GLOBE BATTERY

DIVISION OF GLOBE-UNION INC
Gel/Cell Marketing
5757 N. Green Bay Avenue
Milwaukee, W1 53201 — (414) 228-2394

INFORMATION RETRIEVAL NUMBER 55 INFORMATION RETRIEVAL NUMBER 56
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BIG
POWER
SUPPLIES

LITTLE
PACKAGES

AC-DC and DC-DC
miniaturized power converters
that deliver 3.9 watts

per cubic inch.

W AC inputs: 115-220 VAC, 47-500 Hz.
W DCinputs: 12, 28, 48, 115 & 150 VDC.

W 1 to 6 isolated and regulated DC out-
puts from 4.2 to 300 VDC.

W Line and load regulation to 0.1%.
W Up to 800 watts per output.
B Efficiencies to 85%.

W Design-As-You-Order construction
from standard sub-modules . . . over
1200 possible configurations.

B Completed converters provided in
tested and encapsulated, conduction
cooled packages in just days.

See for yourself how we've packed the
power and performance in . . . request
our actual size “little black box' punch
out kit and catalog today!

Call us collect . . . ask for Jim Dunn.

ARNOLD ’ MAGNETICS

ARNOLD MAGNETICS
CORPORATION

11520 W. Jefferson Blvd.
Culver City, Ca. 90230 @ (213) 870-7014

90
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PACKAGING & MATERIALS

Plastic boxes have two
aluminum panels

Vero FElectronics, 171 Bridge Rd.,
Hauppauge, NY 11787. (516) 234-
0400. From $9.

Three sizes of plastic Veroboxes
have clear anodized aluminum
panels at front and rear. The boxes
are available in three sizes from
1165 San 8l S5 b b “fo/ 4.85%¢ 8.1 ¢
5.5 in. and are molded in gray,
high impact polystyrene. Top and
bottom sections are held together
by four screws entering through
the base and concealed by plastic
feet. Also, the bottom selections
contain threaded inserts to use as
PC board standoffs for horizontal
card mounting, and molded-in
card-guide slots for vertical PC
board mounting.

CIRCLE NO. 342

Indicating paints tell
temperature changes

Telatemp Corp., P.O. Box 5160,
Fullerton, CA 92635. (71,) 879-
2901. $12 per 20 g; stock.
Thermocolor paints change color
upon exposure to specific tempera-
tures. The color change is distinct,
clear and permanent. The user can
determine temperature distribution
without complex measuring instru-
ments. Over 35 different formula-
tions cover a range of 40 to 1350
C. Available paints offer two,
three or four distinct color changes
with just one application. Applica-
tion may be made with a brush,
spray gun or atomizer. Twenty
grams of pigment is sufficient to
cover an area of 3 ft2.
CIRCLE NO. 343

Snap-in mounts for PCs
snap apart to fit width

Patented Wings
hold pcb securely.

Reed Devices Inc., 21 W. 183rd Hill
Ave., Glen Ellyn, IL 60137. (312)
858-2050. $2.75 per 4 ft.

Fast easy mounting of boards is
provided by Snaptrack channel. It
is now available in a new split-
apart version—the 4TK2 series
for boards wider than 3-1/4 in.
The channel, in lengths to 4 ft, can
mount to panels with rivets, screws
or double-faced tape. Simply snap
them apart along a score line and
mount the two halves to accommo-
date the width of the PC board.

CIRCLE NO. 344

Casting compound uses
sand filler

Dexter Corp., 15051 E. Don Julian
Rd., City of Industry, CA 91749.
(213) 968-6511.

Hysol casting compound ES0269
is formulated specifically for “sand-
casting.” Devices are filled with
clean, dry sand and usually ac-
companied by vibration to ensure
complete filling. After oven pre-
heating, the epoxy system is pour-
ed into the warmed units, where
it impregnates the sand and com-
pletely encapsulates the device
circuitry. This modern version of
an ancient technique is used to
protect and insulate automotive
solid-state ignition systems. Low
exotherm and flexibility prevent
damage to sensitive electronic
components.

CIRCLE NO. 345
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Card extender provides Tool helps coax cable oo S 2.0 e
easy-access test clips assembly or removal R
! S ¥ ; particularly useful in areas of
high cable density. The tool has
a high impact plastic handle and
comes in 6 and 12-in. lengths.
BNC tools are designated RT1S
Trompeter Electronics Inc., 8936 (6 in.) and RT1L (12 in.); TPS
Comanche Ave., Chatsworth, CA are RT2S and RT2L; and F are
91311. (213) 882-1020. Stock. RT3S and RT3L.

A new tool help‘s in the instal- CIRCLE NO. 348

Vector Electronic Co., Inc., 12460
Gladstone Ave., Sylmar, CA 91342. A s s
(213) 365-9661. TP-1: $17.59, TP- | g e

2: $22.05 (unity qty); stock. ® SO TECIEA I
A new card extender and card- | & FREGUENCY EREGUENCY Mz
edge adapter unit allows conven- % A ‘%10 X100

ient front-panel troubleshooting of
cage-mounted circuit boards. De-
signed for boards with 22/44 edge
contacts on 0.156-in. centers, the
adapters, Models TP-1 and TP-2,
provide four external test clips
(Klip-Strips) for each receptacle
contact. Signals may be inserted,
jumpers installed, components add-
ed and measurements taken with-
out probing the board directly.

CIRCLE NO. 346

Reversible fans M e e R e R SRR T

= | ULTRA-LOW DISTORTION
OSCILLATOR

; : _ 10 Hz-110 kHz: pushbutton tuned for high repeatability, 3-
McLean Engineering Laboratories, digit resolution. FLOATING OUTPUT: selectable by panel
P.O. Box 127, Princeton Junction, p d . oo
NF- 68550, (6007 Foobin0 swnt_ch. ULTRA-LOW DISTORTION: typically .001% in
Phis Tine ot fonr meckamically audio range (see curve). FAST SETTLING: settles to .001%
reversible fans may be used to distortion in 5 seconds. Faster alternate mode. FRE-
pressurize or e‘va‘cuate electronic QUENCY RESPONSE: ﬂat Wlthin 02 dB. PRICE: On|y $61 0-
cabinets without mechanical
changes or field modification. In-
stallation options include vertical
or horizontal and inside or out-
side the enclosure. Sizes are

0025

PLS SPECIFIC,

0030 - FICATION LIMIT

e \

0010 N\

0005 >\
TYPICAL

DISTORTION (%)

TOTAL HARMONIC

0

4-1/2-in. deep by either 8-7/8, 0 20 50 100 200 600 1K 2K 5K 10K 20K

12-1/8, or 15-1/8-in. square. Air Cvgider

deliveries are 275, 450, 725 or CALL NOW

1200 cfm. Motor speeds are 3100, Call Larry Maguire or Bob Andersen now for full informa-
1650,b1600 or 1450 rpm. All units tion on this important new Model 1400A.

can be supplied with dust filter,

guards and decorative air inlet s SOUND TECHNOLOGY
grilles; all are UL approved. — e EIEE R VB NIE

l CAMPBELL, CALIFORNIA 85008
(408) 378-6540
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Regulated
power
where you
NEED it

Have 5 or 12v DC, and need
power for RAMs, ROMs, UARTS,
OpAmps, line drivers? Use new
regulated V-PAC* DC-DC power
sources. Isolated, protected
against shorts and thermal over-
load, use them for either positive
or negative voltage.

DC inputs: 5 or 12v

DC outputs: 3 to 15v (see

table)

Output voltage tolerance:

+5%

Output ripple: 100 mv, P-P,

max.

Line regulation: +0.2%

Load regulation: 150 mv, no

load to full load

Operating temperature range:

0to 70°C
Temperature coefficient:
+ 3mv/°C
Package: 24 pin DIP. .6 X 1.25
X .4 inches
Price: $33.25in1t0 9
quantities.
12v input Sv input Output | Output
Part type l Part type I vDC I Ma
Vi2R3 |V5R3 3 90
Vi12R5 | V5R5 5 100
Vi2R9 |V5R9 9 90
Vi2R12 [ V5R12 | 12 80
Vi2R15 | V5SR15 | 15 65

Reliability, Inc.

5325 Glenmont/Houston, Texas 77036
713-666-3261/TWX: 910-881-1739
Facilities in Nenagh, Ireland
*Trademark, Reliability, Inc.

Price subject to change without notice

INFORMATION RETRIEVAL NUMBER 60
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COMPONENTS

SIP resistor networks
feature low profile

Beckman Instruments Inc., 2500
Harbor Blvd., Fullerton, CA 92634.
(714) 871-4848. $0.65: 764-1;
$0.60: 764-3; stock.

Two new series of single in-
line package (SIP) resistor net-
works feature a low profile (0.2-
in. max) that provides direct
package height compatibility with
DIP ICs. Series 764-1 contains
seven equal resistors with a com-
mon termination at pin 1; Series
764-3 contains four equal but
isolated resistors. Each eight-pin
SIP is available in standard values
ranging from 22 Q to 100 kQ. Re-
sistor tolerance is +29% or =2 Q.
Total package power dissipation
rating is 1.5 W at 25 C. Individual
resistor power rating is 0.175 W
for the 764-1 and 0.2 W for the
764-3. Maximum recommended
temperature is 125 C.

CIRCLE NO. 349

Hermetic relays switch
10-A resistive loads

4

burgh, PA 15218. (412) 242-5000.
$8.50 (1000 up); 8 to 10 wks.

general-purpose DPDT
rotary relays, designated Type
905, are hermetically sealed,
weigh a maximum of 1.28 oz,
measure slightly over 1 in. from
top of case to bottom of insertion
pins and are 0.525-in. wide and
1.718 in. between the outsides of
the two mounting brackets. The
relays are available in four coil
voltages—6, 12, 26.5 and 48 V dc,
and in six standard mounting
styles. Solder and plug-in termi-
nals are offered. Contact rating
is 10-A resistive, 4-A inductive,
3-A motor or 2-A lamp load at 28
V de. Operating and release time
maximums are 10 ms. Life is
100,000 operations for resistive
loads, but only 20,000 for rated
inductive loads.

Four

CIRCLE NO. 350

DIP switch handles 1 A
in calculator use

AMP Inc., Harrisburg, PA 17105.
(717 ) 564-0101.

Designed for use in logic-level
switching applications, such as
desk calculators, this five-position
DIP switch incorporates one nor-
mally open contact pair that closes
and remains closed through four
other normally closed switch posi-
tions. The switch body measures
0.76 L x 044 W x 0.38 H-in.
with mounting holes on 0.937-in.
centers. Lead spacing is the stand-
ard 0.1 x 0.3-in. DIP pattern. At
12 V de, the contact rating is 1 A
nonswitching and 250 mA switch-
ing. Contact resistance is 100 mQ
maximum and dielectric withstand-
ing voltage is 250 V ac. All con-
tacts are phosphor bronze, plated
gold over nickel, with an expected
life of 100,000 crosspoint switch-
ings. Vertical and right angle con-
figurations are available.

CIRCLE NO. 351

Adjustable toroids use
movable magnets
Nytronies, Orange St., Darlington,
SC 29532. (803) 393-5421. From

$6.19 (100-up); 4 to 6 wk.
Tunable toroidal inductors per-

" mit stepless inductance adjustment

over a =59 range. The inductance
of these Adjustoroids can be varied
by turning a permanent magnet
that is mounted in close proximity
to the coil. Nominal inductance
values of 0.01 to 12 Henries are
available, +29%. The Adjustoroids
are available in three cylindrical
case sizes with diameters from
0.75 in. to 1.3125 in. and heights
from 0.8125 to 1.1875 in., not in-
cluding pin height. Custom units
with hermetically sealed metal
cases, tapped or multiple windings
are also available.

CIRCLE NO. 352
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Synchronous PM motor
provides 10 oz-in.

Molon Motor & Coil Corp., 3737
Industrial Ave., Rolling Meadows,
IL 60008. (312) 259-8700.

Model LMO 3000 permanent-
magnet synchronous motors can be
used either with 60 Hz at 300
rpm or 50 Hz at 250 rpm V. The
units are reversible, capacitor
types and provide a 10-oz-in. pull-
out torque. Motors can be wound
for input voltages that range from
6 to 240 V. Standard gear boxes
can provide almost any desired
rpm. The motor is also available
as a stepper motor.

CIRCLE NO. 353

Terminal-strip barriers
bend but don’t break

Vernitron Electrical Components,
P.O. Box 10, Laconia, NH 03246.
(603) 524-5101.

High-barrier resilient terminal
strips, the new 72000 series, which
can bend without breaking, are
made of glass-filled thermoplastic
materials with impact strength
many times greater than phenolic.
The terminals are rated at 20 A,
600 V and come in a single-row
style with 1-to-26 terminals on
3/8-in. centers. Barrier strips have
a minimum over-all height of
21782 in.

CIRCLE NO. 354
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FOR

MAG TAPE
NOVA

A great minicomputer deserves a
great mag tape transport! Don’t
hang second-rate peripherals on your
top-notch NOVA. Digi-Data offers
you the finest quality tape-handling
equipment available anywhere at
any cost.

Phase-encoded, NRZI, or both to-
gether, and tape speeds to 45 ips.
Prices start at $4,750 for complete
systems which are thoroughly checked
checked out on our own NOVA’s

and supplied with diagnostic soft-
ware.

Digi-Data also manufactures mag
tape systems for D.E.C.’s PDP-11
and Hewlett-Packard’s HP2100.

SEE THE REEL EXPERTS FOR YOUR MAG TAPE NEEDS NOW.

DIGI-DATA CORPORATION

8580 Dorsey Run Road, Jessup, Md. 20794 (301) 498-0200

Digi-Data Europe
Fluestrasse 632 5313 Klingnau Switzerland TELEX: 845-58555

INFORMATION RETRIEVAL NUMBER 61

Three Cheers for

N FERRITES

from the Permag Team

1. with Permag supplying application-rated
Indiana General Corp. Ferramics, you'll always
get exactly what you need.

2. Complete fabricating facilities. Prototype
quantities available. Plus engineering
assistance, field testing.

3. Prompt 24-hour delivery. Extensive stock of
ferrite parts at all locations. New catalog
available. Yea Team!

YOUR NO. 1 SOURCE
FOR ALL MAGNETIC MATERIALS

FERRAMICS™
FROM PERMAG ..

Consult your Yellow Pages for address '™ *"***
and telephone number of Permag near you "'

Cable Address: MAGNETS NEWYORK

INFORMATION RETRIEVAL NUMBER 62
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DIRECT FROM

SINGLES AND DUALS
FULL RATING AT 71°C

SPECIFICATIONS

Size: 7 x 5.5 x 5.5 overall
Input: 105-125V, 47-420 Hz
Output: Any DC voltage 3 to 30
Regulation: Line — 0.005%
Load — 0.05%
Ripple: Less than 500 Microvolts
Temp. Operative —20 to 4-71°C
Storage —65 to 4-85°C
Coefficient —0.01%/°C Max.
Current Limiting: Fixed Foldback Type
Overvoltage: Optional

DUAL OUTPUTS
Model Voltage Amps

100-0505 5.0 5.0
5.0 5.0

100-1212 12.0 3.5

SINGLE OUTPUTS
Model Voltage Amps
100-5 5.0 10.0

100-10 10.0 8.0
12.0 3.

100-12 120 7.0 1001515 15.0

5
3.0
100-15 15.0 6.0 15.0 3.0
100-2424 24.0 2.0
2.0

2.0

2.0

100-24 24.0 4.0 24.0

10028 28.0 4.0 | 1002828 %2;8

ORDERING INFORMATION

With With

Quantity | Singles 0.V.® Duals 0.V.°

1-9 $72 ea $78 ea $85 ea $97 ea
10-14 68 73 81 91
25-49 62 67 73 83
50-99 57 61 67 76
100- 53 57 63 72

*0.V. = Overvoltage protection

CALL (714) 279-1414

Slectrastaties.ne.

7718 CLAIREMONT MESA BLVD. * SAN DIEGO, CA 92111

INFORMATION RETRIEVAL NUMBER 64
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MICROWAVES & LASERS

4-t0-8-GHz amps
use GaAs FETs

Avantek, Inc., 3175 Bowers Ave.,
Santa Clara, CA 95051. (408) 249-
0700. 90-120 days.

The AMT-8000 series of GaAs-
FET amplifiers features minimum-
gain specs of 11 to 42 dB and gain
flatness of 0.75 to 2.0 dB over the
4-t0-8-GHz frequency range. Maxi-
mum noise figure is 8 to 9 dB. All
units have an input and output
VSWR of 2:1, and they list a +7-
dBm output power for 1-dB gain

compression. Also, typical inter-
cept point for IM products is
+20 dBm.

CIRCLE NO. 355

Gunn osc has
high stability

Omni Spectra, Inc., 1040 W. Ala-
meda Dr., Tempe, AZ 85282. (602)
966-1471. $425; 4-6 wks.

With an integral isolator and
voltage regulator, the Model A3-
0508 MIC Gunn oscillator guaran-
tees the following: +17 dBm mini-
mum output power and a 0.01%
frequency stability over the tem-
perature range of —55 to +110 C
and with load pulling into all
phases of a 2:1 VSWR. Operating
over the b5-to-18-GHz range, the
unit ks a Gunn bias voltage of 15
V de at 1 A minimum (including
heater).

CIRCLE NO. 356

Automatic osc permits
remote timing

Solid State Technology, 3650
Charles St., Santa Clara, CA 95050.
(408) 247-8620.

The SSXA series of automatic
phase-locked oscillators provides
remote tuning of output frequency
by a simple change in the syn-
thesizer input-reference frequency.
Units are available in 3 to 10%
bandwidths from 750 MHz to 18
GHz. Output power is 10 to 500
mW. FM noise is —90 dBe/kHz/
10 kHz to 1 MHz typical. Harmonic
rejection of output frequency is
—30 to —50 dBec. Spurious rejec-
tion is greater than 60 dBc/kHz
and AM noise is greater than
—100 dBe/kHz.

CIRCLE NO. 357

32-way divider
covers 3.4 t04.2 GHz

Sage Laboratories Inec., 3 Huron
Dr., Natick, MA 01760. (617) 653-
0844. $1500; 60 days.

The FP279 series of 32-way
power divider/combiners covers
the 3.4-to-4.2-GHz range. Return
loss is 19 dB minimum and inser-
tion loss is 17.5 dB maximum.
Output balance is *=0.5 dB. Isola-
tion between outputs is 18 dB
minimum. The input port connec-
tor is type N, and all output port
connectors are type SMA. The
Model FP279 measures 8 x 5.5 X
185

CIRCLE NO. 358
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SAMPLE

Flat packs

Information on all-metal flat
packages, an index showing sug-
gested substrate sizes and avail-
abilities of lids and preforms for
each package is contained in a
guide. Isotronics.

CIRCLE NO. 361

part numbers and the IR replace-
ment units. International Recti-
fier, Semiconductor Div.

CIRCLE NO. 362

Meter-relay guide

Applications, specifications,
photographs, model numbers and
data sheet references for meter-

by e Ty | Surge suppressors
—als— );)(3— V) A surge suppressor cross-refer- wall chart. LFE Corp.
[ SR ence lists nearly 140 competitive CIRCLE NO. 363
)
a A STO* 2 X
- 4 A X
* () 1 (]
¢ [rer = - all Bright? Brighter? Brightest?
P ey
| Tzacp We’ll help you
e o
2 spot the difference.
=
|- oHs v +B
¢y
S Rl N

© fos—-rch 1974
Program packages

Three programs are available
that permit the HP-21, 35, 45 and
55 to compete with the HP-65 and
solve problems that previously
were reserved for large com-
puters. Packages I, IT or III, $3.95
each with case. Package I is re-
quired for full use of Package II.
Specify HP-21, 35, 45, or 55. FOS-
RCH/Programs, 3120 Castle Oak
Ave., Orlando, FL 32808.

INQUIRE DIRECT

Relay wall chart

A relay wall chart contains il-
lustrations, specifications and a
contact form arrangement dia-
gram for 80 relays. Magnecraft.

CIRCLE NO. 359

Chip capacitors

Product performance, size, ca-
pacitance/voltage range and or-
dering information for both
ceramic and tantalum chip capaci-
tors are presented in a fold-out
chart. Union Carbide.

CIRCLE NO. 360
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There’s one sure way to consistently and objectively measure light: the Spectra
SpotMeter. The key is a high sensitivity, built-in photomultiplier tube and an
internal, ultrastable calibrating source providing NBS-traceable light readings.

The unique optical system lets you mea-
sure luminance (brightness) as close
as 2¥" — or to infinity — without
using supplementary lenses or other
extras. What's more, it provides an un-
obstructed light measuring path free
of mirrors, beamsplitters or fiber op-
tics. The result? Zero polarization error.
A full complement of optional ac-
cessories expands measurement capa-
bilities over a wide range of lighting
parameters. \
For full data, write for brochure. Or
call collect.

@®PHOT0 RESEARCH

A Division of Kollmorgen Corporation

Spectra SpotMeter™

3000 No. Hollywood Way, Burbank, CA 91505

(213) 849-6017 = Telex 69-1427

The light measurement people

INFORMATION RETRIEVAL NUMBER 65
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PULSE AMPS

Emﬁlﬁ&sTﬁne
High Output
PULSE AMPLIFIERS
ARE the best.

Performance is why!

FOR EXAMPLE:

MODEL 3310 3370P  3374°P

Risetime  095ns 06ns 11ns

Gain 30dB 20dB 20d8

Zi0/Out  50/50chms  50/50 ohms  1m/50 ohms

Output tovp 23vp t3vp
iumm-hu into 50 ohms  into 50 ohms

For a eommatn amplifier catalog
eau write, or wire:

C-COR
Electonics, e,

60 Decibel Road

State College, PA 16801
814-238-2461

TWX 510-691-1933

INFORMATION RETRIEVAL NUMBER 66

GiPcui davers
Ak

1000 pcs.

TRANSIENT
SUPPRESSO

The TSD-1.5 Series are ideal for pro-
tection of long signal lines from damage
from induced lightning etc. Reaction
time is in nanoseconds.

£ e AA A
W

W
190

5D
Remofe e,w/t
100 L

L dAA
Wy

2 units (back to back) will protect
sensitive components from a 5KV, Ims
duration transient. Clamp voltages from
5V to 200V. Call Mike Coyle for appli-
cations assistance. Full line of protection
modules for every hi-lo voltage/current
requirement, Write or call for Catalog 749,

279 Skidmore Road
Deer Park, New York 11729
Telephone: 516 - 586-5125

MGG Electronics

INFORMATION RETRIEVAL NUMBER 67
96

New

Literature

Data conversion guide

A 164-page data conversion prod-

ucts catalog includes application
notes. Devices covered are a/d and
d/a data conversion, video conver-
sion, data conversion instrumenta-
tion and synchro converters. ILC
Data Device, Bohemia, NY

CIRCLE NO. 364

Transducers

Pressure transducers and trans-
ducer-related instrumentation are
featured in a 34-page catalog.
Tyco Instrument Div., Lexington,
MA

CIRCLE NO. 365

All-metal packages

All-metal packages, manufac-
tured for the hybrid microcircuit
industry, are covered in a fully
indexed 128-page catalog. Iso-
tronics, New Bedford, MA

CIRCLE NO. 366

Instrumentation

Ac and dec voltage and current
standards, calibrators and pre-
cision sources are presented in
a selection guide. Electronic De-
velopment, Boston, MA

CIRCLE NO. 367

Switchboard instruments

High-accuracy switchboard in-
struments are described in a 40-

page, illustrated catalog. The
catalog includes dimensionzl
drawings, principles of opera-
tion, a glossary of technical
terms and price information.
General Electric, Schenectady.
NY:

CIRCLE NO. 368

Programmable controllers

Introductory information as
well as practical discussions on
logic operation, program loading,
system hardware description and
specifications of programmable
controllers are included in a 28-
page handbook. Datametrics, Wil-
mington, MA

CIRCLE NO. 369

Test accessories

Photographs, specifications and
a quantity price discount sched-
ule for test accessories are given
in a 68-page catalog. ITT Pomona
Electronics, Pomona, CA

CIRCLE NO. 370

RFI/EMC filters

Specifications for filters, rf
filtered and shielded circuit-
breaker panelboards, shielded en-
closures and secure communica-
tions and signal line filters are
presented in a 24-page handbook.
Filtron, Chatsworth, CA

CIRCLE NO. 371

Small computers

“The Sensible Way to Use Com-
puters” talks about using small
computers to supplement or ex-

tend large, central computer
systems. Data General, South-
boro, MA

CIRCLE NO. 372

Linear integrated circuits

A T700-page data handbook,
Linear Integrated Circuits, in-
cludes descriptions, specifications,
graphs, charts, diagrams and
selection and cross-reference in-
dexes. For a free copy, write to
Marketing Services Dept., Na-
tional Semiconductor, 2900 Semi-
conductor Dr., Santa Clara, CA
95051

INQUIRE DIRECT
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FOR PEOPLE WHD WANT T0
READ ALL ABOUTIT!

We have nothing less than a fully illustrated,
systematic, easy-to-use survey of the entire field
of data management as it exists today. It covers
it all, from A to Z, so it's for everybody. The
programmer tightening up his files. The analyst
working out a workable timesharing program.
Top management needing industry-wide per-
spective on competitive system designs.

It's a rare publication that takes a unique
“blueprint approach” to current know-how. Be-
ginning with the single data item as the first
building block in total system design. And pro-
gressing through specific techniques for data
structures, streams, files . . . total hardware and
operating system control . . . the latest advances
in timesharing and multiprogramming . . . sys-
tem modeling and simulation . . . complete

To Order:

—

%1

designs for various types of commercial ac-
counting and document-oriented storage and
retrieval systems. It all adds up to a vast and
impressive “top to bottom’” view.

And it does it all in fresh, jargon-free
language, with scores of illustrations and dia-
grams for a rapid, visual grasp.

Whether you use it as an on-the-job man-
ual, as a desk-top reference, or as a conference
room companion with all the answers, it's an
indispensable tool guaranteed to broaden your
perspective and practical skill in a field that
knows no limits to growth and progress. And
generally give you the professional confidence
that comes from knowing just about everything
that’s going on.

#5100-X, 6 x 9, 300 pages, cloth $14.95

Circle the Information Retrieval Number to order your 15-day free examina-
tion copy of Data Management for On-Line Systems by David Lefkovitz. At
the end of that time please remit payment or return the book with no further

obligation.

|:=:| Hayden Book Company, Inc., 50 Essex Street, Rochelle Park, N. ). 07662

TO ORDER, CIRCLE 96
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NDUCTIVE CONNECTOR STRIPS

e Conductive and resilient elastomeric multiple connecting device ® Standard
contact spacing: 0.050"' centers and 0.100'' centers ® Mounting holes are pro-
vided in carrier frames ® Can be supplied with adhesive on sides for positioning
and mounting ® Applications include: Inter-connections of PC boards, liquid
crystal displays and flat cable connections ® Speeds assembly and reduces pack-

EASTERN-DIVISION e 129 DERMODY ST. CRANFORD. N J 07016 (201) 272-5500

ECK N IT WESTERN-DIVISION ¢ 427 OLIVE ST, SANTA BARBARA, CALIF 93101 (805) 963-1867

A:?proximate size:
”"H x 5”D x 7"W

Tracewell Enclosures are versatile, inex-
pensive, and adapt easily to a wide variety
of stock or specialized applications.

The flat front panel readily accepts a wide
range of digital panel meter sizes and can
be easily punched and silkscreened. Both
front and rear panels are 1/16 inch an-
odized aluminum; the exterior is % inch
high-impact plastic.

Inside are molded-in vertical grooves for
mounting printed circuit boards. The first
four grooves are designed for many differ-
ent style digital readouts. There are also
molded-in standoffs for horizontal mounting.

Several options including under-dash mount-
ing bracket and height increase spacers
are available.

") (&, TRACEWELL ENCLOSURES, INC.
200 Montrose Way Columbus, Ohio 43214

INFORMATION RETRIEVAL NUMBER 70
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SUBSCRIBER SERVICE For prompt
service include the addressed label
ELECTRONIC when writing about your subscription.
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If you’'re moving, please let us know
six weeks before changing your ad-
dress. If you have a question, place
your magazine address label here and
clip this form to your letter.

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

NEW LITERATURE

Electrical insulation

Structural electrical insulation
—radial spacer material, fiber
boards, synthetic fiber-epoxy pa-
per and flame retardant insula-
tion boards—are listed in a
folder. Rogers Corp., Rogers, CT

CIRCLE NO. 373

Power supply components

Typical schematics and suggest-
ed components for construction
of low-cost, miniaturized, unregu-
lated and regulated power sup-
plies are provided in a bulletin.
Microtran, Valley Stream, NY

CIRCLE NO. 374

Assembled instruments

High-performance assembled
instruments, including oscillo-

- 3copes, frequency counters, digi-

tal multimeters, VOMs and VTMs,
power supplies, generators and
strip-chart recorders, are de-
scribed in a catalog. Heath Co.,
Benton Harbor, MI

CIRCLE NO. 375

Ribbon cable newsletter

SPECTRA is published quarter-
ly and includes design data, appli-
cation notes and other articles of
interest to ribbon cable users.
Spectra Strip, Garden Grove, CA

CIRCLE NO. 376

Control transmitters

Four bulletins describe elec-
tronic transmitters for the proc-
ess control industry. Each bulletin
spotlights a single transmitter,
giving descriptions, photographs,
specifications, dimensional draw-
ings and ordering information.
Beckman Instruments, Process In-
struments Div., Fullerton, CA

CIRCLE NO. 377

Image converters

Principles of operation, specifi-
cations and applications of 11, 17
and 25-mm single stage, electro-
statically focused tubes are cov-
ered in a four-page brochure. ITT
Electro-Optical Products, Roanoke,
VA

CIRCLE NO. 378
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Vendors

Report

Annual and interim reports can pro-
vide much more than financial-posi-
tion information. They often include
the first public disclosure of new
products, new techniques and new
directions of our vendors and cus-
tomers. Further, they often contain
superb analyses of segments of in-
dustry that a company serves.

Selected companies with recent
reports are listed here with their
main electronic products or services.
For a copy, circle the indicated
number.

Cutler-Hammer. Electrical and
electronic control components,
systems and subsystems.

CIRCLE NO. 379

Data-Design Laboratories. Engi-
neering services and engineered
products.

CIRCLE NO. 380

Calcomp. Computer peripheral
equipment.
CIRCLE NO. 381

AMP. Connectors, splices, flexi-
ble circuits, receptacles, flexible
cable, tools and ties, switches and
relays.

CIRCLE NO. 382

Beckman. Analytical and elec-
tronic instruments, precision elec-
tro-products and chemical prod-
ucts.

CIRCLE NO. 383

Computer Communications. Com-
munications processors and termi-
nals.

CIRCLE NO. 384

Tandy. Consumer electronics and
electronic components.

CIRCLE NO. 385

Datatron. Test systems, editing
systems, microelectronic testing
laboratories and displays.

CIRCLE NO. 386

United Cable Television. Cable TV
and common-carrier microwave
facilities.

CIRCLE NO. 387

TeleMation. TV studio equipment.
CIRCLE NO. 388

ELECTRONIC DESIGN 14, July 5, 1975

17,568 design
possibilities

That’s how many combinations you can have with
llluminated Products’ new Series 700/800 Presslite switches.
Nine vivid colors. With barriers or without. Black or light
grey housings. Snap-in or hard mount versions. One or two
lamps. Split or single legend. One or two poles. Single or
double throw. Alternate or momentary action. All this in a
10.5 amp switch that's impossible to tease. Write or call:
llluminated Products Inc., 207 S. Helena St., P.O. Box 4011,
Anaheim, CA 92803. (714) 535-6037.
ILLUMINATED PRODUCTS INC.

A Subsidiary of OAK Industries Inc

T
o £ £

One innovation in a series.

INFORMATION RETRIEVAL NUMBER 71

Built to
amplify,

no
matter

what
force transducers.

the Rated power 150 watts per channel (600 watts

] d balanced single
Impedance.

channel) into 8 ohms.

Maximum power

depends on exact load impedance and operation of thermal
overload protection. Essentially flat frequency and phase re-
sponse from DC to 20KHz. Not affected by shorted, mismatched
or open loads. Will not self-destruct under any conditions of use.

Sounds expensive? For three years your total cost is the original
list price of $799.00. Crown guarantees that the DC-300A will
work as specified during that time or we’ll fix it free—and pay

shipping costs. Interested? Send for spec sheet.

W) CFOWN nicrnarona

Industrial Products Division
1718 W. Mishawaka Road, Elkhart, IN 46514
INFORMATION RETRIEVAL NUMBER 72

The DC-300A power amplifier
drives low impedance loads at full
rated power as long as needed. Depend-
able AC or DC power for servo motors or

99



recruitment
and

classified ads

FREE ALARM CA‘I‘AI.OG

Huge selection of burglar & fire sys-
tems, supplies. Motion detectors, in-
frared beams; controls, door switches,
bells, sirens. 500 items, 99 pp. packed
with technical details, notes.
(Outside U.S., send $1.00.)
mountain west alarm

4215 n. 16th st., phoenix, az. Z. 85016

CIRCLE NO. 203

‘STRETCH YOUR BUDGET!
Reconditioned Scopes, SS Power
Supplies, Freq. Counters & Gener-
ators - Many others. Send for our:
‘‘Bargain Bulletin"’

Lawrence Instruments, Sunbury PA

CIRCLE NO. 204

Help college

help you.

Businesses like yours gave over
$340,000,000 to higher education last year.

It was good business to do so. Half of
all college graduates who seek work go into
business. The more graduates there are,
and the better educated they are, the more
college serves the business community.

Your money was vital to colleges. It
relieved financial pressures, made planning
more flexible, and contributed to the kind
of basic and applied research that puts new
knowledge and technology at the service
of industry.

So that colleges can continue to help
you, give to the college of your choice now.
For information on ways to do it, please
write on your letterhead to Council for
Financial Aid to Education, Inc., 6 East
45th Street, New York, N.Y. 10017. Ask for
the free booklet, “How Corporations Can
Aid Colleges and Universities®’

Council for Financial Aid to Education, Inc.

EATre

Advertising contributed for the public good. @

R
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Electronic Design

ELECTRONIC DESIGN’s function is:

m To aid progress in the electronics
manufacturing industry by promoting
good design.

m To give the electronic design engi-
neer concepts and ideas that make his
job easier and more productive.

m To provide a central source of
timely electronics information.

m To promote communication among
members of the electronics engineer-
ing community.

Want a subscription? ELECTRONIC DE-
SIGN is sent free to qualified engineers
and engineering managers doing de-
sign work, supervising design or set-
ting standards in the United States
and Western Europe. For a free sub-
scription, use the application form
bound in the magazine. If none is
included, write to us direct for an
application form.

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 address, send us an
old mailing label and your new ad-
dress; there is generally a posteard
for this bound in the magazine. You
will have to requalify to continue
receiving ELECTRONIC DESIGN free.

The accuracy of ELECTRONIC
DESIGN is:

m To make diligent efforts to ensure
the accuracy of editorial matter.

m To publish prompt corrections
whenever inaccuracies are brought to
our attention. Corrections appear in
“Across the Desk.”

m To encourage our readers as re-
sponsible members of our business
community to report to us misleading
or fraudulent advertising.

m To refuse any advertisement deemed
to be misleading or fraudulent.

policy

Microfilm copies are available of com-
plete volumes of ELECTRONIC DESIGN
at $19 per volume, beginning with
Volume 1, 1952 through 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, contact the Customer
Services Department, University Mi-
crofilms, 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 manu-
seript or article outline, address your
correspondence to:

Editor
ELECTRONIC DESIGN
50 Essex Street
Rochelle Park, N.J. 07662

America.

Two can ride cheaper
than one.

When people carpool, companies ben-
efit directly, because, obviously,
fewer cars will make less demand on
the parking spaces in the company lot.
And some companies have attributed
an increase in punctuality to the fact
that more and more of their em-
ployees were carpooling.

Find out how you can help or-
ganize carpools. For your “Double up
Kit,” write to Double up, U.S. De-
partment of Transportation, P.O. Box
1813, Washington, D.C. 20013.
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Design Data from Manufacturers

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

SRR RIS O SR R
AL NEW PORTABLE MINI-UBIQUITOUS NEVER FORGETS!

For on-site instant diagnosis of noise/vibration, 440A real-time universal
frequency analyzer/averager/waveform recorder always ‘“remembers’” to
write test conditions and readings on its CRT—a Polaroid photo preserves
them: perfect for inexperienced personnel.

Detects closely-spaced frequencies with 400-point resolution; senses small
signals over a 60 dB (1000:1) dynamic range (greater with averaging). All-
digital design means precision without recalibration. Includes digital reading of
—— both frequency and amplitude at cursor. On-line real-time display
of instantaneous frequency spectra and changing average; view-
ing and plotting of input time signal. Plug-in modules for special/
future jobs. Annotated photos, X-Y plots, or digital recordings.

For machine analysis: reads frequency directly in RPM and Hz;
harmonics are automatically identified. For noise reduction: sub-
tracts factory background noise from a machine noise spectrum;
log frequency scales available. For machine failure prediction:
signature analysis of rotating machines in terms of orders; direct
readout of differences between present and past spectra. For
automatic systems: digital input or output, remote control/
sensing. For transients: transient waveform can be held, viewed
and plotted before analysis; spectrum of transient is undistorted

iohting.
L‘ because of true flat weighting CIRCLE-NO. 171

Nicolet Scientific Corporation (formerly Federal scientific Corp.)
245 Livingston St., Northvale, N.J. 07647, 201-767-7100 TWX: 710 991 9619

R B R R N VB
Low-Noise High-Gain Preamplification

LOW-NOISE PREAMPLIFIER

Moo 11

Complete specifications of a variable-bandwidth high-
gain preamplifier are contained in the Model 113
data sheet, T-224. Included are typical noise figure
contours illustrating the amplifier's exceptionally low
| AN, noise, which is as low as .05 dB at mid frequencies
2 @ a with a 1 megohm source. Other illustrations include
J . S typical plots of the equivalent input noise and com-

mon mode rejection, which exceeds 100 dB at 60 Hz
at all gain settings. The data contained in the specifi-
cation sheet will be of interest to all engineers and
researchers looking for a preamplifier with calibrated
gain and rolloffs from dc to 300 kHz.

P
A
R

CIRCLE NO. 172

Princeton Applied Research Corporation
Box 2565, Princeton, New Jersey 08540 - (609) 452-2111

o e SR R B
GIANT FREE CATALOG

New 180-page catalog! Packed with 1,000’s of hard-to-
find buys in Optics, Science, Electronics. Loaded with
optical, scientific, electronic equipment available from
stock. Rare surplus buys. Many ‘‘one-of-a-kinds’’. In-
genious scientific tools. Components galore: lenses,
prisms, wedges, mirrors, mounts, accessories. 100’s of
instruments: pollution test equipment, lasers, compara-
tors, magnifiers, microscopes, projectors, telescopes,
binoculars, photo attachments, alternate energy sources.
Shop, save by mail! Request free Catalog ‘“‘DA".

CIRCLE NO. 173

Edmund Scientific Co.

America’s Largest Science-Optics-Electronics Mart
300 Edscorp Bldg., Barrington, New Jersey 08007 (609) 547-3488
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New and current products
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. Capaci-
tance 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.

MULTILAYER CHIP CAPACITORS 601

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. Plug-
compatible, bipolar technology, con-
tained on 3 p.c. cards. Installs in
minutes. Fabri-Tek, Inc. 5901- S.
County Rd. 18, Mpls., MN 55436.
(612) 935-8811.

CACHE BUFFERS 604

o VR 3 L .

IC Test Clips: New Lower Prices.
Eleven models of A P Test Clips pro-
vide full access to standard and LSI
DIP leads . . . solve probe attachment
problems . . . remove DIP’s damage-
free. Typical reduced prices: TC-14:
$5.25 TC-16: $5.75. TC-24: $13.85.
Gold-plated contacts. Free catalog.
A P Products Inc. Box 110-D, Paines
ville, OH 44077.

TEST CLIPS 607

- - -

The Proven Incandescent Readout
Standard 16 Pin DIP Flat Pack.
All units 5 Volt 100,000 hrs. plus
3015F-BM 08ma/seg 700 ft/lam
3015F-BM10 10ma/seg 1700 ft/lam
3015F-BM15 15ma/seg 4500 ft/lam
Field tested over 4 years in many
applications. READOUTS, INC. P.O.
Box 149, Del Mar, Ca. 92014 Tel.
714-755-2641 Telex 69-7992.

DISPLAY 602

Introduction To Defense Radar Sys-
tems Engineering. Excellent intro-
duction and practical reference to
radar systems design and appli-
cations. #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

RADAR SYSTEMS 605

OPEN FRAME POWER SUPPLIES in
single, dual or triple output feature
IC control, copper shield in trans-
former, teflon wiring, and computer
grade electrolytics. Options include
230 vac input, remote sense, and
built-in OV protection. Dynage, Inc.,
1331 Blue Hills Avenue, Bloomfield,
Conn. 06002 203-243-0315

POWER SUPPLIES 608

T
N1l M.)»*?‘Ag.,zf
A REGUL
LINE
ac

X

NEW TOPAZ AC LINE REGULATORS
FEATURE: e 989, efficiency ® Small
size and weight @ Very low distortion
e Wide input voltage range ® Excel-
lent response Prices start at $245.
Models from 500 VA to 24 kVA. De-
livery from stock. TOPAZ ELECTRON-
ICS, 3855 Ruffin Road, San Diego,
CA. 92123

AC LINE REGULATORS 603

D-73BP Three pen X-Y,, Y;, Y; T Re-
corder features single X-axis com-
mon to 3 electrically independent Y
axes. Use as a 3-channel recorder
for accurate time correlation and
greatly extended duration. Sensitiv-
ity: 2, 5, 10, 50, 100, 500mV, 1, 5,
10, 50 100V /full scale. Riken Denshi
Co. Ltd. 5-5-2, Yutenji, Meguro-ku,
Tokyo, Japan. tel (03) 711-6656.

RECORDER 606

Where new high security starts, at low, lock-and-
key prices. We introduce the AMP 130 Security
Card Reader—a high reliability, low-cost first. It
could revolutionize your thinking in large-volume
access-control applications—hotels, motels, of-
fices, computer peripherals. Or in timekeeping,
personnel identification, factory-control equipment,
etc. No external power, no complex mechanisms—
operates with the insertion of a standard 21; x
3% '‘ punched card. Has a maximum capacity of 80
bits. Never needs adjustment or preventive mainte-
nancabCompx:nt!.: rgggptd. bli)ilt to withstand a lot of
user abuse. apitron Division, Eli wn,
Pa. 17022, (717)- 367-1105. R

SECURITY CARD READER 609




P

»
@ warow DN DTG0 TR IOy

I adqaq < I
A ol )
0 o4

DIGITAL CLOCK EDU—High resolu-
tion timing unit for frequency stand-
ards e.g., our FRT. Accepts external
sync. Displays hrs, min, secs, and
leap sec. correction. Outputs BCD
time data and IPPS timing ref. TTL.
Time setting accuracy 500 nano-
seconds. Efratom Cal., Inc., 3303
Harbor Blvd., El, Costa Mesa, CA
92626 (714-556-1620)

DIGITAL CLOCK 610

EDEE

POWER/MATE CORR

Free catalog of 34,500 power sup-
plies from the worlds largest manu-
facturer of quality Power Supplies.
New '74 catalog covers over 34,500
D.C. Power Supplies for every ap-
plication. All units are UL approved,
and meet most military and com-
mercial specs for industrial and
computer uses. Power Mate Corp.
(201) 343-6294.

POWER SUPPLY 613

MSK MODEL 150. High Voltage—
High Current Operation Amplifiers.
1 Amp Output Current. +£20 Volt
Output. Full Mil Temperature Range.
Short Circuit Protected. TO-3 Pack-
age. Designed specificially for Syn-
chro Applications. 100 pc. price
$58.00 ea. M.S. KENNEDY CORP.
Syracuse, N.Y. (315) 455-7077

AMPLIFIERS 611

Mini/Bus® Evaluation Kit, $25, in
stock. Lets you try Rogers’ low-
cost, noise attenuating, high pack-
aging density power distribution
system for PC boards. Millions in
use. Standard parts on 2 weeks
delivery, or less! Customer parts 4
to 6 weeks delivery. Rogers Cor-
poration, Chandler, Ariz. 85224.
Phone (602) 963-4584

MINI BUS 614

Scott T Transformer. 11870: 60HZ,
90v, L-L in. 1.1x2.1x1.1. 50460:
400HZ, 90v, L-L in. 7/8x1-5/8
x11/16. 50642: 400HZ, 11.8v, L-L
in. 7/8x1-5/8-11/16. 10472: 400-
HZ, 11.8v, L-L in. 3/4x1-1/2x3/8.
All with 6v RMS sine & cosine output.
MAGNETICO, INC., 182 Morris Ave,
Holtsville, N.Y. 11742 516-654-1166.

TRANSFORMER 612

Overcurrent Protector, manual reset
eliminates fuse replacement. Con-
venient panel mounting. 15 frac-
tional ratings from 0.1 to 3 amp.
Other models up to 400 amp. Trip-
free and fool-proof, UL and CSA ap-
proved. High quality, low cost $1.29
ea. in 1000 lots. E-T-A Products Co.
of America, 7400 N. Croname Rd.,
Chicago, Ill. 60648. Tel: (312) 647-
8303. Telex: 253780.

CIRCUIT BREAKER 615

Advertisers wishing to reserve
Quick Ad units should note the
following mechanical require-
ments: Specs—Supply glossy
photo of product and approxi-
mately 40 words which will set
no more than 10 lines of 34
characters each. AFTER SUB-
MISSION NO COPY CHANGES
CAN BE ACCEPTED. Quick
Ads cost only $325 per inser-
tion, less for frequency adver-

tisers.

RATES:

1x
$325

7x
$300

13x
$275

19x
$270

26x
$265

39x
$260

52x
$255

104x
$250



&
GOLD MINE
OF

INFORMATION

&
DATA

CATALOG PAGES
ON ICs &
SEMICONDUCTORS

CATALOG PAGES
ON INSTRUMENTS

CATALOG PAGES
ON POWER
SUPPLIES

CATALOG PAGES
ON WIRE &
CONNECTOR
.PRODUCTS

0 CATALOG PAGES
15 ON SWITCHES

2 CATALOG PAGES
800 ALL TOLD IN 52
PRODUCT

CATEGORIES

520

300
290

210

Electronic Design’s GOLD BOOK
puts the entire electronics industry
at your fingertips. Use it for product
search, selection, specification and
purchase. It's the most thorough in-
dustry master catalog & directory
ever compiled.
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24-pin dual in-line packages can now be quickly

and easily tested with the new Model 4124 24-lead
Dip Clip. Test contacts are elevated for easy attach-

POMONA ELECTRONICS

A Division of ITT

ment of test probes, and separated to greatly reduce
the possibility of accidental shorting while testing

live circuits.

INFORMATION RETRIEVAL NUMBER 75

1500 East Ninth St., Pomona, California 91766 Tel: (714) 623-3463

Do you train or retrain employees?
Consider these famous courses...

BASIC ELECTRICITY

By Van Valkenburgh, Nooger & Neville, Inc.

This simplified illustrated course is the civilian version of
the Basic Electricity course used for years by the U.S.
Navy and requires no previous background in electricity
and little mathematics. The step-by-step approach covers
basic concepts from electromagnetism to AC and DC
circuits and motors. Frequently only one new concept is
introduced on each page and it is amplified by at least
one illustration per page. Each topical section concludes
with helpful review pages. In five volumes, 624 pages.

[] Paperbound set, #0033-2, $18.40
[] Combined Cloth Edition, #0039-1, $16.70

H

BASIC ELECTRONICS

By Van Valkenburgh, Nooger & Neville, Inc.

Any trainee with a basic knowledge of electricity (equiva-
lent to Basic Electricity study) can master the fundament-
als of electronics with this progressive course. Basic
Electronics explains all vital concepts in a logical, step-
by-step sequence — from power supply elements and
circuits through amplifiers, transmitters, receivers and
transistors. In six volumes, 680 pages.

[] Paperbound, #0048-0, $22.15
[] Combined Cloth Edition, #0049-9, $19.50

Tests (and answers) for both courses are available for
group and self-study applications.

Prices subject to change without notice.

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

Please send me the book(s) checked above on 15-day
free examination. At the end of that time, | will remit pay-
ment, plus postage, or return the book(s) with no further
obligation. Save Money! Payment enclosed. Publisher
will pay all shipping and handling charges—same 15-day
guarantee.

Name______

Firm_ 0
Address___ LI
City/State/Zip__
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Product Index

Information Retrieval Service. New Products, Evaluation Sampies (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 Page IRN Category Page IRN Category Page IRN
Components Instrumentation card extender 91 346
batteries 89 56 assembled instruments casting epoxy 90 345
boxes, plastic 90 342 (NL) 98 " 375 chip capacitors (DA) 95 360
capacitors 10 8 counter 78 . 1309 connector strips 98 69
capacitors, ceramic 82 46 digital thermometer 77 302 control transmitters (NL) 98 37T
capacitors, rf chip 79 43 function generator 78 308 EMI shielding 86 50
card extender 91 346 instrumentation (NL) 96 367 electrical insulation (NL) 98 373
chip capacitors (DA) 95 360 logic probe 78 307 enclosures 98 70
dials 16 14 meter-relay guide (DA) 95 363 enclosures 107 80
enclosures 98 70 microprocessor tester 78 306 fans, reversible 91 347
enclosures 107 80 oscilloscope 42 28 ferrites 93 62
fans, reversible 91 347 phase meter 39 25 flat packs (NL) 95 361
meter-relay guide (NL) 95 363 power amplifier 99 72 mounts for PC boards 90 344
motor and drive systems 85 49 scope, 10-MHz 42 29 paints, temp-indicating 90 343
motor, sync, PM 93 - 353 scopes, 15-MHz Gl s2dl polyester film 107 78
mounts for PC boards 90 344 signal generator 51 282 RFI/EMC filters (NL) 96 371
photodetectors 29 19 signal source 77 305 ribbon cable newsletter
power supply components sweeper 1 2 (NL) 98 376
NL 98 374 switchboard instruments silver solder flux 89 54
RFI/EMC filters (NL) 06 % 1371 (NL) 96 368 terminal blocks 42 27
relay wall chart 95 359 test accessories 9% 370 test clip 105 75
relays 9|2 35(3) test clip 105 75 tool, assembly 91 348
relays 111 5
relays, solid-state 89 55 Integrated Circuits Power Sources
resistor networks, SIP 92 349 ECL circuits 86 336 batteries 89 56
resistors 34 22 microprocessor 87 337 digital supply 83 328
resistors, metal film 84 47 PROMs 31 20 lab supply 83 327
surge suppressors (NL) 95 362 RAM, 1-k static 86 333 power converters 90 57
switch, DIP 92 351 RAMs, 1-k 8 334 power supplies 69 37
switch, PB 9 291 RAMs, 4-k 86 335 power supplies 94 64
switchboard instruments switches, CMOS analog 13 Tl power supply 87 52
'(tNtE) slag 3?2 powl(v§[)supply components S5 ana
switches i
switches 99 73 gnr:f;fi’}'}':;'es sl 94 355 switching supply 83 304
switches I 222 divider / combiner 94 358
switches, PB 78 2 | optical system 95 65
terminal blocks 42 27 ;
terminal strips 93 354 SgCIicHOr o .
fool. assemmbll o1 342 oscillator 94 357 new ||terature
toroids, adjustable 92 35 .
Modules & Subassemblies all-metal packages 96 366
transducers (NL) %6 365 amplifier, s/h 81 326 assembled instruments gg g;?
i control, liquid level 80 324 control transmitters.
prefpbiata EUide converters, a/d & dja 79 310 | data conversion guide 96 364
(NL) 96 364 converter, S/BCD 80 322 electrical insulation 98 373
I oY A 33 21 | data conversion guide image converters 98 378
; : NL 96 364 instrumentation 96 367
disc storage unit 21 15 (NL) o
image converters (NL) 98 378 electronic ignition 85 48 power supply components 98 374
interface, 1/0 88 339 filters, active 80 323 programmable controller 96 369
memory 'system 76 a1 oscillator 91 58 RFI/EMC filters 96 371
memory, tape 88 338 | oscillators 50 31 ribbon cable newsletter 98 376
microcomputer 5 4 | programmable controller small computers 96 372
programmable controller (NL) 96 369 switchboard instruments 96 368
(NL) 96 369 pulse amps 96 66 test accessories 96 370
small computers (NL) 96 372 | relays, solid-state 80 55 | transducers 36 1960
storage, floppy-disc 88 320 i?r?\(saogel\g;l“ar%\?ni g(l) ggg
prose PRy IS B timer, solid-state 80 321 ) L
Discrete Semiconductors transducers (NL) 9 365 | design aids
detector, optical 84 329 G ; :
diodes, Impatt 84 332 Packaging & Materials chip capacitors 95 360
photodetectors 29 19 all-metal packages (NL) 96 366 flat packs : 95 1361
rectifiers, silicon 84 330 boxes, plastic 90 342 meter-relay guide 95 363
thyristors Iv. 254 cable 6 5 relay wall chart 95 359
varactors, tuning 84 331 capacitors, rf chip 79 43 surge suppressor 95 362
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Free!

Polyester Film
Capacitor Catalogs

Request your choice of Polyester Film or Metallized Poly-
ester Film catalogs today. For more than five decades the
name Nichicon has been synonymous with outstanding
quality and new developments in the international elec-
tronics field.

PRODUCTION ITEMS: Electrolytic Capacitors, Ceramic Ca-
pacitors, Film Capacitors, Oil Filled Capacitors —without P.C.B.,

Metallized Paper Capacitors, Wax
o Paper and Mica Capacitors, Hybrid
IC's and P.T.C. Thermistors.
° °
l‘ldMl We help keep your world turned on.

NICHICON AMERICA CORPORATION
Division of NICHICON CAPACITOR LTD., Kyoto, Japan

6435 N. Proesel, Chicago, lIl. 60645 (312) 679-6530
40 Orville Dr., Bohemia, N.Y. 11716 (516) 567-2994

INFORMATION RETRIEVAL NUMBER 78

NEW POWER
Fow pOWER

Powers the new “self-
scanning” gas discharge
displays as well as conventional display devices.
IC regulated performance and reliability in a
popular open-frame package.

FEATURES: 115/230 VAC Input » *.05% Regulation « 10 mv

Ripple « Foldback Overload Protection * 50 usec Response  IC
Regulated « UL Recognized « 2 Hour Burn-in « 2 Year Warranty

MODELS: HB200 - .12, 175- 210 VDC @ .12A
HB250 - .0, 240 - 260 VDC @ .10A

For a catalog on our complete OEM power supply line, contact Power-One
or your local factory representative.

531 Dawson Dr. Camarillo, Ca. 93010
Phone: 805/484-2806 TWX: 910-336-1297

“ONE, INC.

INFORMATION RETRIEVAL NUMBER 80
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to consider

11
filling vour
enclosure

needs:

1. You'll be looking for a company
with real depth in know-how to carry
out the details of your special re-
quests. Hoffman has a large staff of
knowledgeable engineers and years
of manufacturing experience.
2_You want a supplier with a broad
production capability. You’ll find that
at Hoffman. Our factory is equipped
to produce over 1,700 standard prod-
ucts and hundreds of custom jobs on
a continuing basis.
3. You'll want to deal with a com-
pany with a dedication to quality.
Hoffman pays meticulous attention to
quality and has gained a reputation
for exceeding industry standards.
-You’ll want to deal with a reliable,
financially stable company. Hoffman
has a long record of serving industry
needs and has become one of the
major electrical enclosure manufac-
turers in the country.
. You'llwanta company that keeps
up with industry requirements. Look
to Hoffman, an innovator in new and
improved products.
6 _Helpful people are ready to re-
spond to your needs at Hoffman. As
a leader in the manufacture of elec-
trical enclosures, we have a large
staff of people with a broad range of
experience related to your needs. We
also have a nationwide network of
distributors with local stocks.

After you've considered all the an-
gles, give us a call at 612/421-2240.

ﬁ R TR S S NIRRT

"ELECTRICAL
Division of Federal Cartridge Corporation E N c Lo S U R E S

ANORS M6 ESsosDRRY tD R TR T R T A S A

HOFFMAN ENGINEERING COMPANY

INFORMATION RETRIEVAL NUMBER 79
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When we called
for volunteers
American Business
was first in line.

Not just last year. Or the year before. But American

Business has been first in line to answer the

United Way call for help every year. With

corporate gifts, payroll deduction plans, executives Thanlks to

volunteering for our campaigns. . .
Your response has been overwhelmingly impressive. it’s W()l‘kl..ng. ®
And has left lasting impressions on the forgotten, The United Way.

the sick, the poor. The thousands cared for and ©The United Way 1974.
served by our United Way community agencies. AmubMdMMMm&WWmMI%
Thanks to you it’s working.
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Just How Broad is the
MAGNECRAFT

Stock Relay Line?

Magnecraft’s stock relay line consists of 1200 ver-
sions derived from 17 categories - - - - - that is the
largest and broadest line in the industry.

Oh? Did | read that correctly?

Yes, Magnecraft Electric provides 1200 relay ver-
sions in stock through our nationwide distributor
network. Those 17 categories include; low profile,
general purpose, power, mercury displacement, se-
nsitive, coaxial, telephone type, air dashpot time
delay, solid state, latching types, high voltage, mer-
cury wetted reeds, dry reeds, and dip reed relays.

Magnecraft can offer you the design engineer, a
quality product, local distributors, and the broad-

est relay line in the industry to choose from. If we

don’t have the relay in stock we will custom design
a relay to meet your requirements.

free
wall

chart!

Full color 22"°x 34" relay specification chart.

Magn ecraf-t ELECTRIC COMPANY

5575 NORTH LYNCH AVENUE » CHICAGO ILLINOIS 60630 » 312 » 2825500 « TWX 910 221 5221

INFORMATION RETRIEVAL NUMBER 253



Leak-proof,
torque-proof
thyristors from RCA.

Now readily ‘ FFcommercial press fit
available: RCA . £ thyristor, mounted either
thyristors with our d # onastudor TO-3 base,
no-strain solutionto % _ = ‘and in both isolated and g
lead torque problems. 9 E ~§ non-isolated versions.

It’s flexible-lead ' (1’ Many are available off
packaging, and it works : - W' the shelf: Triacs (10, 15,
this way. We attach long - 30 and 40 amps; 200-600
flexible leads to the cathode . = volts), and SCRs (20-35
and gate terminals—and then ™ . amps; 200-600 volts). For
completely embed those coupling$s / availability information
plus the glass hermetic seal in epoxy. L B and prices, contact your S
Device leads are solidly locked in posi- local RCA Solid State distributor. Or RCA.

tion, so there can be no strain on the glass-3a . :
to-metal seal. You have an extra barrier Write: RCA Solid State, Box 3200, Somerville, New

against dust, dirt, oil and moisture. Wiring Jersey 08876; Ste. Anne de Bellevue 810, Canada;
into your equipment is much easier. And g Sunbury-on-Thames, U.K.; FujiBldg.,Tokyo, Japan.

so is meeting UL and IEC creepage specs. &
On short notice, you can have flexible- B% “c "
lead packaging on any RCA standard

R d

?

INFORMATION RETRIEVAL NUMBER 254

RCA. A poWerhouse In thyristors.





