_ _ supI-:RCONDUCTIVITY
N — THE LATEST NEWS
’ 2IN205ANI:\EAB 8217288

TECHNOLOGY - VIDEO - STEREO - COMPUTERS - SERVICE

BUILD AN AUDIO/VIDEO SWITCHER [ BunD THE
PUT YOUR A/V SIGNALS § ULTIMATE CONTROL

ON THE RIGHT TRACK | SYSTEM

THE REACTS 7000 ADVANCED
MAKE YOUR OWN PC BOARDS MODULAR CONTROL SYSTEM

NEW STEP BY STEP GUIDE
EXPLAINS HOW IT’S DONE

THE FUTURE OF SHORTWAVE RADIO

NEWS FROM THE 1987 HIGH-FREQUENCY
BROADCAST CONFERENCE

PROGRAMMABLE LOGIC DEVICES

AN ATTRACTIVE ALTERNATIVE
TO STANDARD TTL PARTS

CoMPUTERDIGEST

DESKTOP PUBLISHING SYSTEMS
FROM SIMPLE TO SUPER

A
GERNSBACK

PUBLICATION

1896"48783""

www americanradiohistory com™



THE ANSWERISIN ™

TEK DIGITAL STORAGE:

Now! The new 60 MHz Tek 2221 joins the
world’s best-selling family of digital
storage oscilloscopes. All featuring 20
MS/s digitizing along with familiar, full-
bandwidth analog operation. It's the best
of both worlds in an easy-to-use portable.
Discover the potential. With digital stor-
age you can freeze waveforms. Capture
events invisible to nonstorage scopes.
Find signals buried in noise. And build a

library of reference waveforms.

Digital storage display accuracy

enhances your confidence in
measurements. And all you
have to do is push a button
for real-time display analysis.

Compare the 2230, 2221
and 2220 to each other—
and all others. The new
2221 offers such advanced
features as CRT readout and
measurement cursors. For
even more performance and
flexibility, there’s the 100
MHz, dual time base 2230
with optional battery-backed
memory for saving up to 26
waveform sets. And if it's
economy you want, choose
the 60 MHz 2220 with many
of the same features at an
even lower cost.

Features

Analog/Digital Storage BW
Maximum Sampling Speed
Record Length

Peak Detect
Save Reference Memory

Vertical Resolution

CRT Readout/Cursors
GPIB/RS-232-C Options

Battery-Backed Memory
(save 26 waveform sets)

Price

$2995
$3995
$4995

2230 ® NEW! 2221
100 MHz 60 MHz

20 MS/s 20 MS/s
4K/M1K 4K
(selectable)

100 ns 100 ns
One, 4K One, 4K
Three, 1K

8 bits 8 bits

10 bits 10 bits
(AVG mode) (AVG mode)
12 bits

(AVG mode

over the bus)

Yes Yes

Yes ($750)  Yes ($500)
Yes (inc with  No

GPIB/

RS-232-C)

$4995 $3995

CIRCLE 92 ON FREE INFORMATION CARD

Copyright © 1987, Tektronix, Inc. All rights reserved. TXA-795E-1
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With each scope you can capture
events as narrow as 100 ns at any sweep
speed thanks to Tek’s proprietary peak
detect mode. View events prior to or follow-
ing a trigger event with pre/post trigger.
Store waveforms into 4K records. Auto-
mate measurements with optional GPIB
and RS-232-C interfaces. And output
direct to a printer or plotter.

Tek software is available to help you
make the most of the 2230, 2221 and 2220
in system configurations.

Call Tek for a free video

2220 brochure or to place an
60 MHz order.
20 MS/s Ask about free digital
4K storage application notes
and educational materials.
100 ns Orders include complete
One. 4K documentation, manuals
i and 3-year warranty on
8 bits labor, parts and CRT.
Call Tek direct:
1-800-426-2200
for free video brochure
No for orders/assistance.
Yes ($500)
No
$2995

COMMITTED TO EXCEULENCE
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ONTHE GOVER

Iin a typical home or office, there
are literally dozens of instances
where efficiency, convenience, or
comfort would be greatly increased
with the addition of computer con-
trol. However, although we live in an
age of computational plenty, with
computers literally all around us, the
problem of getting computers to
effectively and efficiently communi-
cate with and control other devices
for the most part remains. This
month, we introduce a project that
goes a long way toward solving that
problem. Called the REACTS 7000,
it is a sophisticated, modular com-
puter designed specifically for con-
trol applications. For more informa-
tion on the system, turn to page 47.
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THE MARCH ISSUE
IS ON SALE
FEBRUARY 4

BUILD A PLASMA DISPLAY
Build our version of this attractive attention grabber.

Radie
Eleclronics ADVANCED CONTROL SYSTEM
Build the first of the modules—the CPU.

CompuTERDIGEST
BUILD A PRINTER MULTIPLEXER
Share your printer with 4 computers—automatically!

As a service to readers. RADIO-ELECTRONICS publishes available plans or information relating to newsworthy products.
techniques and scientific and technological developments. Because of possible variances in the quality and condition of
materials and workmanship used by readers, RADIO-ELECTRONICS disclaims any responsibility for the safe and proper
functioning of reader-built projects based upon or from plans or information published in this magazine.

Since some of the equipment and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U.S. patents,
RADIO-ELECTRONICS disclaims any liability for the infringement of such patents by the making. using, or selling of any such
equipment or circuitry, and suggests that anyone interested in such projects consult a patent attorney.

RADIO-ELECTRONICS, ISSN 0033-7862) February 1988. Published monthly by Gernsback Publications, Inc., 500-B Bi-County
Boulevard, Farmingdale, NY 11735 Second-Class Postage paid at Farmingdale, NY and additional mailing offices. Second-Class
mail registration No. 9242 authorized at Toronto, Canada. One-year subscription rate U.S.A. and possessions $16.97, Canada
$22.97, all other countries $25.97. All subscription orders payable in U.S.A. funds only. via international postal money order or
check drawn on a U.S.A. bank. Single copies $2.25 ¢ 1987 by Gernsback Publications. Inc. All rights reserved. Printed in U.S.A.

POSTMASTER: Please send address changes to RADIO-ELECTRONICS. Subscription Dept.. Box 55115, Boulder, CO
80321-5115.

A stamped self-addressed envelope must accompany all submitted manuscripts and/or artwork or photographs if their return is
desired should they be rejected. We disclaim any responsibility for the loss or damage of manuscripts and/or artwork or
photographs while in our possession or otherwise.
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Information

efore you hear about
it on your old
radio, hear it
live on your §
new Inform-
ant Information Radio.
Whether its an all-points-
bulletin from the State Police,
the dispatcher for the city’s Fire
Department, an ambulance racing
to the hospital or a National Weath-
er Service report, the new Inform-
ant from Regency makes you a
part of all the action... instantly.

Breakthrough Technology.
Instant Information.

Informant Information Radio
uses a revolutionary new technol-
ogy that allows you to constantly
monitor your police, fire and

radio is on

SIAIL LocaL
PULICE

emergency frequencies,
as well as NOAA weather in-
formation channels in all 50
states. All pre-programmed. This
new Information Radio utilizes a
principle similar to the seek
and scan feature found on
expensive AM/FM radios.
Your information radio
scans the public service
channels in the area, locates
the active signals, locks in and
broadcasts all the information

right to you. With revolutionary for Real Life

TURBO-SCAN speed!

www americanradiohistorv com

POLCE

Hear Your Hometown Like
You’ve Never Heard it Before.

Just turn it on. As easy to use
as your AM/FM radio. Instantly,
youTe tuned into real life adven-
tures. One touch control lets you
select and hold police, fire and
emergency broadcasts so you don't
miss a single minute of the action.

Hear the amazing Information
Radio today. Take it home and be

a part of the action tonight!!

INTORNANT

BY REGENCY

Information Radio

m

Adventure e

CIRCLE 182 ON FREE INFORMATION CARD
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WHAT’S NEWS

The world’s largest high-resolu-
tion liquid crystal display for
aircraft cockpits has been de-
signed and fabricated by scientists
of the General Electric Research
Center, in a joint effort with the
company’s Aircraft Instruments
Department.

The new panel, measuring 6.25
X 6.25 inches, is a high-resolu-
tion, full-color liquid-crystal dis-
play designed to meet military
specs. It can be programmed to
display engine performance, lo-
gistic and ballistic data, and at-
titude references, as well as radar
images and video.

The new displays produce a
much higher resolution image not
only because of the high number
of pixels on the screen (more than
28,000 pixels-per-square-inch, or
more than a million in total), but

WORLD's LAR(C

sharpness of a home-TV screen.

High-technology display doubles image resolution

because of GE's ability to position
thin-film transistors at the corner
of each pixel. That provides a
switch that turns the liquid crystal
material on or off at the point, en-
hancing contrast and improving
the viewing angle. Sharpness is
twice that of a home-TV screen.

The liquid crystals are sand-
wiched between two plates of
glass. The inner sides of the plates
are patterned with silicon struc-
tures that control the electrical
charges that “paint” the images or
alphanumeric characters on the
LCD’s screen. The unit includes a
dimmable fluorescent backlight,
which provides a high-contrastim-
age over an ambient brightness
range from full sunlight to com-
plete darkness.

GE displayed a prototype panel
at the Paris Air Show last year.

ST LIQUID CRYSTAL DISPLAY panel for aircraft cockpit is programmable for
display of engine performance, logistic and ballistic data, and attitude references, as well as radar
images and video. The display’s high resolution of 28,000 dots-per-square-inch give it twice the

www americanradiohietory com

Expert systems used in
semiconductor fabrication

In semiconductor manufacture,
a typical diagnosis includes testing
of “test structures” with probes
smaller than the diameter of a
human hair. Those test structures
are fabricated on the wafer and
form test chips that replace the
regular ones that would be in
those spots. Test results from
those structures are recorded in
computer memory for evaluation.

The difficulty is that the numer-
ical diagnostic data has to be ana-
lyzed by specialists with expert
knowledge. But such experts
often aren’t available to translate
pages and pages of numbers into
usable solutions to problems.

The use of a computer expert
system being developed jointly by
the National Bureau of Standards
and the Westinghouse Research
and Development Center may
greatly simplify the testing pro-
cedure. An expert system is a soft-
ware program built up from the
knowledge and experience on not
one, but a number, of experts in a
given field.

Using an expert system, data ob-
tained from diagnostic test struc-
tures can be interpreted much
easier than by older approaches.
Process personnel armed with test
data on a computer disk will be
able to diagnose fabrication prob-
lems in a readily understood, En-
glish-language format on a com-
puter screen.

Development of the expert sys-
tem is still in the formative stage,
and the National Bureau of Stan-
dards welcomes companies inter-
ested in working collaboratively
with the Bureau to research expert
systems further. For information,
contact Loren W. Linholm, 8360
Technology Bldg., National Bu-
reau of Standards, Gaithersburg,
MD 20899 or Dr. Michael
Cresswell, Westinghouse R & D
Center, Pittsburgh, PA 15235. R-E



EIA/CEG AUGMENTS DIGITAL
AND MICROPROCESSOR COURSE
HIGH TECH PARTS KITS NOW AVAILABLE

The members of the Electronic

capacitors, and integrated circuits

Industries Association Con- Digital/ to perform all digital exercises 1
sumer Electronics Group (EIA/ Microprocessor through 25 of the Digital/Micro-
CEG] through the Product Services Course processor course book listed in the

Committee, has marketed the
illustrated parts kit for vocational
schools, educators and technicians.
This is the same material used in
the Digital and Microprocessor
Course during EIA’s summer work-
shop programs. These workshops
are organized by the Consumer
Electronics Group and co-spon-
sored by national service organiza-
tions and state departments of
vocational education.

Parts and components are con-
tained in a lightweight tool box
with individual compartments. It
includes a breadboard, power sup-
ply, pre-dressed jumpers, resistors,

table of contents. Some parts have
been included for the microproces-
sor section but other components
will have to be acquired (as listed
in the Introduction to Exercises
26-31).

Individual and classroom size
quantities are available at the fol-
lowing cost: quantities 1-9, $69.95
each, quantities 10—19, $67.95
each, and for quantities 20 or more,
$64.95 each (cost includes shipping
and handling). The kits will also
include the Digital and Micropro-
cessor Course book. Additional
books are available at the cost of
$2.00 per copy.

PLEASE COMPLETE ORDER FORM FOR PARTS KITS AND BOOKS

Send to: EIA/CEG, Department PS, PO. Box 19100, Washington, D.C. 20036

Parts Kit Quantity Amount Total E
1= O 0 o A $69.95 each :
10-19 .0 ieeaiin $67.95 each i
200IMOTE «evvivnnennnnn. . $64.95 each :
Additional Digital/Microprocessor E
Course Books ....................... $2.00 per copy i
Total Amount Enclosed i

I T i

Name 1 E
Title | 1 i
Firm ' E
Address N | i
City | Lol Jstael | | zip E

[}
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DAVID LACHENBRUCH,
CONTRIBUTING EDITOR

® Supercable. The influence of Super-VHS
continues to spread in ever-widening circles,
vastly increasing the efforts devoted to
developing High-Definition TeleVision (HDTV)
and various improved TV systems. The mere idea
that a home device can be capable of reproducing
pictures superior to those coming in over the air
(or by cable) has spurred the TV establishment
to act immediately.

Now, there is a proposal to use the specs of
Super-VHS (more than 400 lines of horizontal
resolution, separate chrominance and luminance
signals) as a form of deluxe cable.

The National Cable TV Association has named a
subcommittee to look into the idea of
“supercable.” Since an increasing number of
color-TV sets are capable of showing high-
resolution pictures, and more and more will have
Y/C connectors (for direct input of chrominance
and luminance signals), why shouldn't cable feed
its subscribers a picture of the same quality,
either for viewing directly or taping on Super-
VHS recorders? Under one scenario, a cable
subscriber would pay extra for a super channel
providing him or her with a Super-VHS picture.
There is some question whether supercable
would require more than the standard 6-MHz
bandwidth. Some cable engineers suggest that the
same channel could be used to provide a standard
NTSC and a super picture. Subscribers with one
type of set-top converter would receive a regular
330-line NTSC signal, while those with another
type would receive the 400-plus line super
channel—at extra charge, of course.

® ACTV. That acronym stands for Advanced
Compatible TeleVision, and it's probably the last
major project carried out by the old RCA using its
in-house TV network (NBC) and research
facilities (David Sarnoff Research Center). The
results of six years’ work, ACTV is a widescreen,
1,050-line TV system that can be transmitted
within the same 6-MHz bandwidth as standard
NTSC and is totally compatible with existing
NTSC TV sets.

The ingenious system uses a series of
subcarriers to multiplex the various elements of

the picture. The “ears” (the additional width at
each side of the screen) are compressed for
transmission, and expanded in ACTV receivers. In
standard NTSC receivers, which will continue to
provide a traditional 4- X -3 picture, they are in
the overscanned portion of the picture hidden by
the frame of the picture tube. The 1,050 scanning
lines are double the number provided by a
standard NTSC transmission, but an NTSC set
would only “see” 525 of them.

ACTV was announced jointly by NBC, the David
Sarnoff Research Center (now part of Stanford
Research Institute), and GE/RCA Consumer
Electronics, whose sale to Thomson of France
was pending at the time of the announcement. A
computer simulation of ACTV has been presented
on tape, but no equipment has yet been built. Its
developers hope to build and field test the
equipment this year.

ACTV is not true high-definition TV, but its
sponsors believe it is at least an interim step,
ideally suited for standard terrestrial
broadcasting because of its compatibility with the
existing system and its use of a standard 6-MHz
channel. All other systems demonstrated to date
either require a wider bandwidth or are not
compatible with NTSC. For example, two NTSC-
compatible HDTV systems (by Philips and
Charles Glenn) use one standard channel and a
part of another. The Japanese 1,125-line system is
incompatible with NTSC and is designed for direct
satellite transmission. A system sponsored by Del
Rey Group is aimed at a compatible 6-MHz
picture but isn’t yet HDTV and is still in an early
development stage.

® Sony joins the giants. Sony celebrated the
20th anniversary of the Trinitron color-TV tube
by introducing two giant sizes—34 and 45 inches
in overall diagonal measurement—joining other
manufacturers that are fielding giant versions of
conventional color tubes. The 34-inch tube is
built into a “Family Stereo TV” that will retail in
Japan at about $2,345. The 45-inch tube will be in
a set selling for just under $14,000, and that'’s
designed for TV viewing in public places. R-E
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Build the...

TROOPER-PROOF
RIDE-AWAY RADAR
DETECTOR SYSTEM

Quickly chech out
questionabie IC's
in a logic cireuft
you can control!

BUILD THE
GEE-WHIZ BADGE

Sumound your convantion namaepiste
with solic-state chase tghts

See Page 42,

TV RECEPTION
IN MOUNTAINOUS
REGIONS

How 10 use reflsction. dffraction
and soatwr 10 pull in 3 signel

COMPUTERS
AND HAM RADIO

Oid and new technologies merge
10 800 new excHement 10 an oid hobby

L

PLUS—

The VOX Box makes a comeback!

Maw they made the 4-megabit RAM chip!
Reintroducing the all-band field strength mater
Unusuai chassis for the project bulier!

Pius much, much morel
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DIGI-LYZER IC TESTER §
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B [F YOU'RE THE KIND OF READER that
doesn’t want to wait, you can order your next
copy of Hands-on Electronics now. Hands-on
Electronics is crammed full of electronic proj-
ects that you won't be able to wait to build for
yourself. You can expect top-notch digital proj-
ects, fun-to-play electronic games, valuable
add-on computer projects, BCB and shortwave
receivers, photographic/darkroom gadgets, de-
vices to improve your car's performance, test
equipment ideas, and more in every issue of
Hands-on Electronics.

@ YOU CAN HAVE THE NEXT TWELVE 1S-
SUES of Hands-on Electronics delivered to
your home for only $18.95 — saving $11.05 off
the single copy price.

B EVERY ISSUE OF Hands-on Electronics
will continue to contain a variety of construction
articles to suit every taste. In addition, feature
articles on electronics fundamentals, test equip-
ment and tools will round out each issue. Of
course, Hands-on Electronics will continue to
provide new product and literature listings to
keep you up to date on the latest developments
in electronic technology.

B GET IN ON THE ACTION! Order your next
issue of Hands-on Electronics today. Use the
convenient order coupon below. Be sure to send
check or money order—no cash!

b e E—— S S e ——— ——— S RS DI G S GEEE T SIS S T G e GEEN G G S e G G GEEN WO S WS A E

Hands-on Electronics SUBSCRIPTION

[] I want to be sure | don't miss any issues. Send me ONE FULL YEAR — twelve issues — of
Hands-on Electronics for $18.95 (Canada $23.95 U.S. Funds).

O Payment Enclosed
O Visa

[ Bill Me Later Acct. #

Please charge my
[J Mastercard

Signature

Exp. Date

Allow 6-8 weeks for the first issue to arrive. Offer valid in U.S. Funds Only.

Detach and mail today

Please print

to:

HANDS-ON
(Name) ELECTRONICS

SUBSCRIPTION DEPT.

(Street Address)

P.O. BOX 338
MOUNT MORRIS, IL

61054

(City) (State) (Zip)
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“If you're going to learn
electronics, you might
as well learn 1t right!”

“Don’t settle for less.
Especially when it comes
to career training...because
everything else in your life
may depend on It.
That’s why you ought to
pick CIE!”’

Stephen J. Simcic
Vice President, Academic Affairs

www americanradiohistorv com



ou’ve probably seen adver-
tiscments from other
clectronic schools. Maybe you think
they’re all the same. They’re not!
CIE is the largest independent
home study school in the world that
specializes exclusively in clectronics.

Meet the Electronics
Specialists.

When you pick an electronics school,
you’re getting ready to invest some time
and money. And your whole future
depends on the education you get in
return.

That’s why it makes so much sense
to go with number one . . . with the
specialists . . . with CIE!

There’s no such thing as
bargain education.

It you talk with some of our
graduates, chances are you’d tind a
lot of them shopped around for their
training. Not for the lowest priced
but for the best. They pretty much
knew what was available when
they picked CIE as number one.

We don’t promise you the
moon. We do promise vou a
proven way to build valuable
career skills. The CIE taculty
and staff are dedicated 1o that.
When you graduate, your diploma
shows employers you know what you’re
about. Today, it’s pretty hard to put a
price on that.

Because we’re specialists
we have to stay ahead.

At CIE, we’ve got a position of
leadership to maintain. Here are some
of the ways we hang onto it . . .

Programmed Learning

That’s exactly what happens with
CIE’s Auto-Programmed Lessons. Each
lesson uses famous ‘‘programmed learn-
ing”’ methods to teach you important
principles. You explore them, master
them compiletely, before you start to
apply them. You thoroughly understand
cach step betore you go on 10 the next.
You learn at your own pace.

And, bevond theory, some courses
come fully equipped with electronics
gear (the things you see in technical
magazines) to actually let vou perform
hundreds of “‘hands-on” experiments.

Experienced specialists
work closely with you.

Even though you study at home, you
are not alone! Each time you return a
completed lesson, you can be sure it
will be reviewed, graded, and returned
with appropriate instructional help.
When you need additional individual
help, you get it fast and in writing from
the taculty technical specialist best
qualified to answer your question in
terms you can understand.

Pick the pace that’s
right for you.

CIE understands people need to learn
at their own pace. There's no pressure
to keep up . . . no slow learners hold
vou back. If vou’re a beginner, you
start with the basics. If you already
know some electronics, vou move ahead
to your own level.

Enjoy the promptness of CIE’s
“same day”’ grading cycle.

When we receive your lesson betore
noon Monday through Saturday, we
grade 1t and mail it back the same day.
You find out quickly how well vou’re
doing!

Microprocessor Trainer

State-of-the-art
Laboratory Equipment

Some courses feature the CIE
Microprocessor Training Laboratory.
An integral part of computers,
microprocessor technology is used in
many phases ol business, including ser-
vice and manufacturing industries.

The MTL gives you the opportunity
to program it and interface it with LED
displays, memory devices, and switches.
You'll gain all the practical experience
needed to work with state-ot-the-art
cquipment of today and tomorrow.

CIE offers you an
Associate Degree.

One of the best credentials you can
have in electronics — or any other
career field — is a college degree.

That’s why CIE gives vou the oppor-
tunity to earn an Associate in Applied
Science in Electronics Engineering
Technology. Any CIE career course can
offer you credit toward the degree —
more than half of the number needed
in some cases.

“Cleveland Institute of Electronics is
the only accredited institution of higher
learning offering an Associate Degree
program with tuition based on actual
study time used. The taster you com-
plete yvour degree assignments, the less
your overall tuition.” Steve Simcic

Vice-President Academic Affairs

Which CIE Training fits you?

Beginner? Intermediate?
Advanced? CIE home study
courses are designed for
ambitious people at all entry
levels. People who may have:
1. No previous electronics

knowledge, but do have an

interest in it;
2. Some basic knowledge or
expericnce in electronics:

3. In-depth working experience or

prior training in electronics.
You can start where you fit and fit
where you start, then go on from there
to your Diploma, Associate Degree,
and career.

Today is the day.
Send now.

Fill in and return the postage-tree
card attached. If some ambitious person
has removed it, cut out and mail the
coupon. You'll get a FREE school
catalog plus complete information on
independent home study. For your
convenience, we'll try to have a CIE
representative contact you to answer
any questions you may have.

Mail in the coupon below or, if you
prefer, call toll-tree 1-800-321-2155
(in. Ohio, 1-800-523-9109).

ARE-78

Cleveland Institute of Electronics, Inc.

0

Address

Age

-----1

MAIL TODAY!
CIRCLE 60 ON FREE INFORMATION CARD
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Print Name

City State

_Arca Code/Phone No.

1776 East 17th Street, Cleveland, Ohio 44114
Accredited Member National Home Study Council
YES...] want to learn {rom the specialists in electronics — CIE. Send me my FREE

CIE school catalog...including details about the Associaie Degree program. ..
plus my FREE package of home study intormation.

__ Apt.
Zip

Check box for G.1. Bill bulietin on Educational Benefits: (I Veteran [J Active Duty
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SYNCHRONOUS INVERTER

My thanks to Mr. . Dale E. Holt
of Manchester, TN for pointing out
that my reply to D.B. (December
1986) was inadequate. He points
out that all-electronic syn-
chronous inverters have been
available for many years. He owns
a 2-kW unit by Acheval Wind Elec-
tronics that he purchased for ap-
proximately $1,000.00. He sent a
diagram (Fig. 1) that the maker of
the Gimini synchronous inverters
uses to explain the theory of oper-
ation.

AC POWERLINE

DC LEVEL
SOLAR 1
BATTERY
OR WIND  GND
GENERATOR _ /. X
OUTPUT ot
POWER
FED INTO
AC LINE
FIG. 1

The synchronous inverter takes
the DC power from a bank of solar
cells or a wind- or water-driven
generator and switches it—
through SCR’s—at the zero-cross-
ing point of the AC powerline volt-
age. Current flows into the power
lines until the instantaneous AC
voltage exceeds the DC voltage; at
which time the SCR’s turn off.

MORE ON THE FISHER 400

I too, need a schematic for a Fisher
model 400 FM stereo receiver. Since
seeing your reply to J.T., of
Thonotossa, FL (February 1987),
here’s what I’ve found out: 1) The
model 400-C is a preamplifier, not a
receiver. 2) The 400 s listed as a new
item in the 1964 Allied Radio cata-
log. 3) The 400-T is a later tran-
sistorized version. 4) Sams pho-
tofacts does not have any informa-
tion on the model 400.

Is there a reader who can supply a
photocopy of the service manual or
the schematic? | will greatly appreci-
ate it, and I’'m sure that the reader in
Florida will too.—G.H.M., King-
sport, TN.

AND STILL MORE
Here is a possible solution to J.T.’s
problem with an intermittent chan-
nel in a Fisher AM-FM stereo re-

ceiver. Awhile back, | gutted and

discarded a Fisher 400 because it
had an intermittent right channel
caused by a defective output trans-
former. It is a heavy monster with
about ten separate windings. Re-
winding the transformer wasn’t
practical. | kept the good left-chan-
nel output transformer along with
all of the information on how it was
hooked up.

I don’t recall whether or not the
set had a printed-circuit board, but
I've seen many sets of that vintage
that had dual-heater circuits where
the center was grounded by solder-
ing a certain point on the circuit
board to the metal chassis. Intermit-
tent heating and flexing of the circuit
board over the years can crack the
soldered connection. The soldered
joint makes intermittent contact,
effectively turning a tube’s heater off
and on, or simply not passing
enough current to keep the tube hot.
As the tube heats and cools, its out-
put voltage or power varies.

If ).T. is interested in the trans-
former I'll sell it for $5.00 and
postage or will swap it for a standard
center-tapped output transformer of
the same or an earlier vintage. He
can contact me through “Ask RE"—
D.A.Y., Key West, FL.

SPEAKER LEADS TOO SMALL?

I recently purchased a 100-watt-
per-channel power booster intended

www americanradiohistorv com

WRITE TO:

ASK R-E
Radio-Electronics
500-B Bi-County Bivd.
Farmingdale, NY 11735

for use in an automobile. | builta 12-
volt, 6-amp power supply, following
the diagram on page 44 of the May
1987 issue of Radio-Electronics. The
setup works nicely, but I'm bothered
by the small size of the hookup wire
that came with the speakers. It’s only
26 or 24 gauge. Isn’t that wire too
small to carry the 100 watts that the
booster can deliver? For example a
100-watt floodlamp usually requires
No. 18 or larger wire.—J.M.B., Bal-
Iston Lake, NY

There is a considerable dif-
ference between delivering 100
watts of power to a floodlamp and
the audio power that is fed to the
speakers. Ordinary audio program
material is very random in nature
and a power amplifier operating at
or near the 100-watt level will actu-
ally reach that level only on the
random peaks of the program ma-
terial. On the other hand, the sine-
wave power fed to a lamp is
constant, as are the losses in the
power cord or transmission line.

One consideration in selecting
speaker wires is their resistance.
In general, the smaller the diame-
ter (or the higher the gauge), the
higher the resistance. Speakers
are relatively inefficient devices,
so you don’t want to waste power
in the connecting wires. In order
to minimize power losses, be sure
that the DC resistance of the
speaker leads is much lower than
the impedance of the speaker’s
voice coil.

No.-26 wire has a resistance of 4
ohms per 100 feet. If you have a 4-
ohm speaker fed through 50-feet
of two-conductor speaker wire,
about half of the power will be dis-
sipated in the leads.

The booster manufacturer prob-
ably used No.-24 or No.-26 wire
because it is less expensive than



FIG. 2

larger sizes. And, since power
boosters for car stereos are usually
installed within a few feet from the
speakers, the power loss in the
small-gauge wire is negligible.

You purchased a 100-watt
booster amp and 120-watt speak-
ers so you must want a high vol-
ume level. For the maximum
available audio power while put-
ting your mind at ease, use 18-
gauge speaker wire. Its resistance
is only 0.64 ohm per 100 feet. You
can also use zip-type lamp cord,
which uses 18-gauge wire.

OLD CAPACITORS AND PCB’s

I collect and restore old TV sets
and very often | have to replace the
capacitors in the sweep circuits. I've
heard that some old capacitors like
the ones in Fig. 2 contain PCB’s (Poly
Chlorinated Biphenyl). What is the
best method of disposing of them?—
B.T., Atlanta, GA

I can’t confirm nor deny that the
oil is a PCB material. My local en-
vironmental agency office seems
to only think in terms of tens of

You Can Be
One Of The
20,000 Technicians
Certified BY ISCET

o CERTIFIED

0
3
"~

The International Society Of Certified
Electronics Technicians offers permanent
certification by administering the CET
exam with the FCC recognized communi-
cations option for $20. A second exam
on FCC regulations for a $10 fee is re-
quired for a Radiotelephone License.
Upon passing, technicians receive both a
permanent Radiotelephone Operator Cer-
tificate and a CET Certificate issued by
ISCET.

ISCET Offers License Renewal

ISCET has developed a program for regis-
tration of those who currently hold a
valid Radiotelephone Operator License.
By sending a completed application, a
photocopy of your FCC License, and $10
your license will be renewed with the
assurance of a recognized national tech-
nicians association behind it.

For More Information Contact:

ISCET 2708 W. Berry, Ft. Worth, TX
76109. (817) 921 - 9101

gallons of PCB material in transfor-
mers and capacitors used in power
transmission. They can’t under-

stand that such material might be

used in anything smaller and can-
not offer any suggestions.

If the problem were mine, to
avoid contaminating the environ-
ment I'd pack the leaky capacitors
in a coffee can and, when | had a
half can or so, would fill the can
with cement or mortar mix, bury
it, and forget it. R-E

Get your hands on the
standard: POMONA.

Since 1951 POMONA has grown to become the
standard of the industry. And for good reason. Our
test products assure honest test results because they
are the best you can buy. Specify POMONA and get
unsurpassed quality, the broadest product line, the
greatest. selection, the industry standard.

For your FREE 1988 General
Catalog, circle reader service
mumber printed below

POMONA

ITT Pomona Electronics

CIRCLE 101 ON FREE INFORMATION CARD

www.americanradiohistorv.com
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LETTERS

VIDEO PALETTE

in building the Video Palette
video-effects generator (Septem-
ber-October 1987), | noticed sev-
eral errors and discrepancies: No
PC-board mounting locations are
given for C11 or C14. In Fig. 12, the
centers of J1, |2, and )3 are shown
all tied together. You don’t show
where on the main board to con-
nect the +5- and —5-volt leads
from the effects board. The A lead
from the effects board does not
appear to connect to anything on
the main board. Finally, the orien-
tation of I1C7 appears o be incor-
rect on the PC board.
RICHARD E. RICE
Pickerington, OH

The gremlins seemed to have
done a thorough job this time:
Jacks J1-J3 are incorrectly wired in
Fig. 12; they should be wired as
shown in Fig. 10, and only J3
should connect to S2-b. The +5-
voltconnection on the main board
should be made at the junction of
R14/R18; the —5-volt connection
should be made at the junction of
R19/C13. On the main board, in-
stall R33, a 10K unit, between the
pad next to the A-lead pad and the
hole adjacent to R34, that will tie
the A lead to the rest of the circuit.
And IC7 is indeed installed back-
wards. As to the missing capaci-
tors, although they are shown in
the schematic, C11and Cl4 are not
needed for proper operation and
have been eliminated from the de-
sign.—Editor

CORRECTIONS
In the article “SMT Project: A
Business-Card Tone Generator”
(Radio-Electronics, November
1987) Forrest M. Mims lll incor-
rectly states that sheet resistivity is

specified in units of ohms per
square centimeter. The unit of
sheet resistivity is ohms per
square; all squares of the same
material and thickness will have
the same resistance. For example,
if a material has a resistance for a
given thickness of one ohm per
square, a Ya-inch square will mea-
sure one ohm and a %-inch will
also measure one ohm.

Looking at Fig. 1 in the article,
the %-inch square can be seen to
be equivalent to four Y-inch
squares. Looking at only the top
two, you have one ohm in series
with one ohm, equalling two
ohms. That is paralleled by the
identical bottom two. Two ohms in
parallel with two ohms is one
ohm. Following that line of reason-
ing, a square measuring one cen-
timeter on a side will measure one
ohm. However, a rectangle with
the dimensions Y-centimeter by
four centimeters, which is equiv-
alent to 16 quarter centimeter
squares in series, will measure 16
ohms. Both cover an area of one
square centimeter, but they have
widely differing resistances.

Thus, it is obvious that sheet re-
sistivity must be indicated in ohms
per square, not ohms per area. Ta-
ble 1in the article also proves that,
since the resistances of the 1" x
0.02" lines (equal to fifty squares of
.02" on a side) is exactly fifty times
the resistivities.

Mr. Mims also states that silver
has several times the resistance of
gold. That may or may not be true
of gold and silver conductive
paints, but it is definitely not true
of the elements—short of super-
conductors, silver is the most con-
ductive metal.

ALAN RAUCHWERGER
Rochelle Park, NJ

www americanradiohistorv com
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You’re absolutely correct, and
we apologize for some over-zeal-
ous editing regarding resistivity
specitications.—Editor

ELECTRONIC COMBINATION
LOCK

It has come to our attention that
the two IC’s used in the “Electronic
Combination Lock,” which ap-
peared in the November 1987 issue
of Radio-Electronics, are ditficult to
obtain in single-unit quantities.
However, they are available from
Circuit Specialists, P.O. Box 3047,
Scottsdale, AZ 85257. The
MC145026 sells for $3.60; the
MC145028 sells for $4.80. Add $2.00
shipping and handling, and AZ re-
sidents must add appropriate sales
tax.—Editor

COMPUTER GRAPHICS ON VCR

The latest copy of Radio-Elec-
tronics arrived today and I've been
enjoying it. I've been reading the
Gernsback “Radio-" publications
all my life—I'm 82 now.

I have a simple project that other
readers might enjoy. If you use a
television set as a monitor, you can
save the pictures on your color
computer on a VCR. Connect the
output of the computer to the in-
put (antenna) connection of the
VCR. Connect the output of the
VCR to the TV monitor. Now
you're ready to record.

| use channel 3, as it is not used
here for TV, and a Tandy Color
Computer to do that. An old
Timex/Sinclair computer will do,
but it won’t give you color. | write
notes about the program | rec-
ord—the date, time, etc. The sys-
tem also comes in handy for
business presentations. Instead of
drawing graphs on paper, pho-
tographing them, and having
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slides made, | can have them ready
to show on large-screen TV in a
matter of minutes.

EDWIN WADSWORTH

HITACHI SCOPES AT DISCOUNT PRICES!

;"-._’.t-a §o A (
16 00 b North Miami, FL
20MHZ v i-ie 100MHZ
= g—— KEEP US INFORMED!
Let’s continue to see articles
Model V212 $475 Model V1060 $1,375 showing detailed plans for various
’ descramblers, decoders, transmit-
Model V-212 20MHZ Dual Channel (1ImV Sens.) $475 o d ki . X
Model V-422 40MHZ Dual Channel (ImV Sens.) $699 15-25% ters, and listening devices. Warn
Mode! V-425 40MHZ Dual Channel (with cursor) $795 the readers of the consequences
Model V-660 60MHZ Dual Channel (Delayed Sweep) $990 OFF LlST Of |||ega] usage and include the

Model V-1060 100MHZ Dual Channel (Delayed Sweep) $1,375 PR'CE

All above scopes have a 3 year guaranty on parts and labor proper disclaimers, but piease

don’t feel it's necessary to protect
society from itself.

ELENCO PRODUCTS AT DlSCOUNT PR'CES' Forrest Mims (Letters, January

1988) would have Radio-Electronics

play the wise old grandfather who,
DOaIZeS in his infinite wigdom, withholds
40MHz information that he deems unfit
Dual Trace for the irresponsible youngsters’

12KV HV consumption.

Delayed Sweep WILLIAM RITZ

$550 Cleveland, OH
20MHz DUAL TRACE OSCILLOSCOPE 35MHz DUAL TRACE OSCILLOSCOPE ACCURACY IN TEST EQUIPMENT
$349 MO-1251 $498 MO-1252 Gregory D. Carey, in his article
Top quallty scopes at a very reasonable price. Contains all the desired features. Elenco’s 2 year guarantee entitled “"How to Analyze Wave-
assures you of continuous service. Two 1x, 10x probes, diagrams and manual included. Write for specs. forms” (Radio-Electronics | De-

100MHz test probes, switchable 1x, 10x, Ref. (Complete W/ 5 accessories) Fits most scopes $22

cember1987), did adisservice to all

MULTIMETER with ) . o g .
MULTIMETER Wit , o JRUE RUS 4% Auto Ranging technicians by not stating that the
TRANSISTOR i Model e accuracy of a digital scope is 2%
TESTER 3 - anual Ranging =5 )
i M-7000 3% Digit Meter only if it is calibrated at regular
Model $58 - ) 5 28 Functions N q ..
CM-1500A ! $13 Fully protected intervals. Being digital does not
Reads Volts, Ohms, = o P o W necessarily make it more accu-
Current, Capacitors, - d .1% Resistance -1 7% Acy i . o on o
Transistors & SIS with Freq. Counter ! M1182 25% Acy s39.95 | rate—especially if it isn’t properly
Diodes WiCase & Deluxe Case M-1181 .1% Acy $42.95 calibrated.
GF-8016 FUNCTION GENERATOR BREADBOARD His coverage of the benefits of
_ with Freq. Counter using newer, digital equipment
$239 when more precise measurements
* Sine, Square, Triangle e Do AC _ are required was very good.
* Pulse, R b M O z or b6
Nt « Triggered Sweop 3430 1,100 pins $15 However, the technician must be
¢ Calibrate er or N pins M o M H
GF-8015 without Freq. Meter $178 « Reads Volts & Freq 9436 2,860 pins $35 aware that calnbratn_on is essential
S ONT L LOGIC PROBE to ensure the continued accuracy
DIGITAL TRIPLE POWER SUPPLY AL LCR METER z ioi i
) - DICHACCER 20 nsec with memory of digital equipment.
XP.765 $138 LP-700 RAYMOND E. TOWNSEND
$239 B U.S. Army Calibration Technician
85% g :ﬁ —— Model Fort Carson, CO
g LC-1800
5V @ 5A Measures: 1
Fully Regulated, Short Circuit Protected with 2 gductgzrs, .F.LEL TRON FLOW
Limit Cont. 3 Separate Supplies -4 SO Al | was interested and pleased to
T— gic Pulser $23
XP-660 with Analog Meters $169.50 LP-600 see the two early examples of the.
use of positive current convention

QUAD POWER SUPPLY MULTI-FUNCTION COUNTERS > ) -
- = (“conventional current’) re-

=g - —

S Mode! R ; ey . )

: _— e _ 5- Fum goEQ prod.uced in F,lg”u res 3 and 6 of

2l 9 P 1.2GH Martin Clifford’s “The Early Days of

:;‘f =2 $59.95 SR F10 $179 Radio” (Radio-Electronics, De-

Fully reguiated = Zogy & 20 — -—— 120MH cember1987). However, | was more

iir:gx,usi??):totected +5V @ 3A Frequency, Period, Totalize, Self Check with High: than a Ijttle dlsappomted in his

Model XP-578 without meters $49.95~ 5V @ 4A Stabilized Crystal Oven Oscillator, 8 Digit LED Display misinformed comments about

C&S SALES INC.. 1245 Rosewood Dr. Deerfield, 11 60015 lw ®» 15 DAY MONEY that current reference in his sec-
800-292-7711  312-541-0710 ASK FOR CATALOG T BACK GUARANTEE | tion entitled Electron Flow.

2 Year Limited Guarantee! Add 5% for Postage (§10 max), IL Res., 7% Tax | realize that his comments rep-
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2000° F

* 2 YEAR REPLACEMENT WARRANTY
* 30 DAY MONEY BACK GUARANTEE
* TOLL FREE TECHNICAL SUPPORT

* NEXT DAY AIR SHIP AVAILABLE

MODEL 2000 $349.95
20 MHz DUAL TRACE OSCILLOSCOPE

Model 2000 makes frequency calculation and phase
measurement quick and easy. The component testes
aids in fast troubleshooting. Service technicians appre-
ciate the TV Sync circuits for viewing TV-¥ and TV-H and
accurate synchronization of the video signal, Blanking,
VITS, and V/H sync pulses.

* Exceptionally bright 5" CRT

* Buiit-in component tester

* TV Syncfilter

* X Yope ation * 110/220 voits:

MODEL 3500 $499.95
35 Mz DUAL TRAGE OSCILLDSCOPE

Wide bandwidth and exceptional 1r\IDI/ sensitivity
mate the Model 3500 a powerful dizgncstic tool fo
eng neers ortechnicians at aremarkgble pr ce. Delayec
triggering allows any portion of a vaveform 10 he
isolated and expanded for closer in3pe clion. variable
Holdoff al ows stable viewing of comple= waveorms.

* Exceptionally bright 5° CRT
* Delayed and single sweep modes

* Zaxis inensity modulation b
* X-Yope-ation * TV sync filter
* Fast 10rsnse time

___CAPALITANCE

Ul\ﬂl,: A

customer satlsfacaon. . .supenor servme. . .fr [

dly, knowledgeable petsonnel. -

Th sfull fun:tis 35 diglt DMM otfers highly accurate performance and a host
~f adced feztu=s o help you do the job-—fast. Capacitance, transistor, tem-
Zerature, cancustance and audible continuity in addition to the ranges you'd
=xpect 1rorr aZUM of “his quality. Temperature probe, test leads and batiery
nciLded. inpu i npedance: 10M ohm. Basic DC accuracy: plus/minus 0.25%
Aporcx. 7" 31 x 134" Wt 1312 028.

DZ YOIiTAGE ™

TR ppM-1000 $54.95
3.5DIGIT PROBE TYPE DMM

o Custom 80 pin LSichi id d reliabilit

A/BC CURRENT O pac size. Autoranging, audible continuity

280pA 10 1A and data hold feature heip you pinpoint the problem

quickly. Case and batteries included.

* Basic DC accuracy: plus/minus 1%

* DC voltage: 2v—500v, autoranging

AC voltage: 2v—-500v, autoranging
Resistance: 2k chms—2M ohms, autoranging
Fully over-load protected

inputimpedance: 1M ohm

Approx. 612" x 1" x %" Under 3o0zs.

TESTER
230037 to 20 aF

*
*
*
*
»

' DMM-200 $49.95
3.5 DIGIT FULL FUNCTION DMM

Get highly accurate performance at a very affordabie
price. Rugged construction, 20 amp current capability
and 22 ranges make it a perfect choice for serious field
orbenchwork. Lo batteryindicator andtili-stand. Probes
and 2000 hour battery included.

* Basic DC accuracy: plus or minus 0.25%

* DC voltage: 200mv-1000V, 5 ranges

§ * AC voltage: 200mv-750V, 5 ranges

* Resistance: 200 ohms-20M ohms, 6 ranges
* AC/DC current: 200uA-20A, 6 ranges

& * Inputimpedance: 10M ghm

* Fully overioad protected

* Approx. 7" x 32" x 112" Wt. 11 0zs.

DMM-100 $29.95
3.5 DIGIT POCKET SIZE DMM

Perfectfor the field service technician. Shirt pocket size
withoutcompromising features or accuracy. Large, easy
to read 2" LCD display. Fully overioad protected for
safety. 2000 hour battery life with standard 9v cell. Probes
and battery included.

* Basic DC accuracy: plus/minus 0.5%

DC voltage: 2v- t000v, 4 ranges

AC voltage: 200v-750v. 2 ranges
Resistance: 2k ohms—2M ohms, 4 ranges
DC current: 2mA-2A, 4 ranges

Input impedance: 10M ohm

Fully overioad protecied

Approx. 5°x 3" x 1”. Under 7 0zs.

Jr'

- {.F.-j
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NRI Trains You At Home—As Yo.
Your Own IBM PC Compatible C

GET THE I(NOW-HU\
10 SERVIGE EVERY
GOMPUTER ON Thi
PAGE. ..

AND MORE!

Learn the Basics the NRI Way -
and Earn Good Money Troubleshooting
Any Brand of Computer

The biggest growth in jobs between now and 1995,
according to Department of Labor estimates, will
occur in the computer service and repair business,
where demand for trained technicians will actually
double.

You can cash in on this opportunity—either as a
full-time corporate technician or an independent
service-person—once you've learned all the basics of
computers the NRI way. NRI's practical combination
of “reason-why” theory and “hands-on” building skills
starts you with the fundamentals of electronics, then
guides you through advanced electronic circuitry
and on into computer electronics. You also learn to
program in BASIC and machine language, the
essential languages for troubleshooting and repair.

Total Computer Systems Training,
Only From NRI

No computer stands alone. . .it's part of a total
system. To really service computers, you have to
understand computer systemns. And only NRI includes
a powerful computer system as part of your training,
Centered around the neW, fully IBM PC Compatible épple a{)d llhe Apple logo are Registered Trademarks of Apple
omputer, Inc.

Sanyo 880 Series ComPUter' Compaqis a Regi's\ero;d Trademark of COMPAQ Computer Corporation.
1985 AT&T Technologies, Inc.

IBM is a Registered Trademark of IBM Comerafion.
Epson is a Registered Trademark of Epson Amesica, Inc.
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You start with
the step-by-step
assembly of the new, highly-rated, Sanyo
computer. You install and trouble-

shoot the “intelligent” key- %
board. Then you assemble the /
power supply, install the disk ’
drive, and add extra memory to

give you a powerful 256K RAM system.
The new 880 computer has two operating speeds:
standard IBM speed of 4.77 MHz and a remarkable
turbo speed of 8 MHz, making it almost twice as
fast as the IBM PC. Next, you'll interface the high-

1 1 ] - Your NRlI total systems training includes:
resol'utxon monitor and begin to use the valuable software supply—to ensure that you have .-N“,g! Diseonery Latis ;g;ggand oty
also included with your complete computer system. all the essential skills you need circuits + Your four-function, digital

5 af,5g g multimeter with walk-you-through.
It all adds up to confidence-building, real-world to succeed as a professional instuctions on audio tape « Digitallogic
. . .. . . . . N . pr or visual examination ot keyboa
experience that includes training in programming, circuit computer service technician. circuits + The newest Sanyo 880 Series
g = . » . Computer with “intelligent” keyboard and
design, and peripheral maintenance. You'll be learning No Experience Needed 360K double-density, double-sided disk
about, working with, servicing, and troubleshooting an s J e e ere R
entire computer system—monitor, keybpard, computer, "?l BIIIIdS itin _ 33’3‘32.’:,‘,"8;‘.‘3'3?33Vp{eﬁ‘é‘i‘n%e”niﬁﬁ’f.;.
disk drive, power This is the kind of practical, schematics, and bitesize lessons.

hands-on experience that makes you uniquely prepared, with
the skills and confidence you need for success. You learn at your
own convenience in your own home. No classroom pressures,
no night school, no need to quit your present job until you're
ready to make your move. Your training is backed by your
personal NRl instructor and the NRI technical staff, ready to
answer your questions and help you when you need it. You get
it all with NRI at-home training.

100-Page Free Catalog Tells More

Send the postage-paid reply card today for NRI's big,
100-page, color catalog on NRI's electronics training, which
gives you all the facts about NRI courses in Microcomputers,
Robotics, Data Communications, TV/Audio/Video Servicing,
and other growing, high-tech career fields. If the reply card is
missing, write to the address below.

SEND COUPON TODAY FOR FREE NRI CATALOG!
Cmitard= T Y Lo |

3939 Wisconsin Avenue, NW, Washington, DC 20016 Ifnl!
We’ll give you tomorrow.

(¥ CHECK ONE FREE CATALOG ONLY I
|
|

[ ] Computer Electronics [ | Basic Electronics

I ]
]

| [] Robotics & Industrial Control 1 Air Conditioning. Heating, & Ref
]
| ]

8861 AHVNHE34

[ TviAudio/Video Servicing Electricians
[[] satellite Electronics Small Engine Repair
[[] Industrial Electronics Locksmithing & Electronic Security
[[] Telephone Servicing Photography l
[ Digital Etectronics Servicing Bookkeeping & Accounting
Name (Please print) [ Age I
Street ) |
»Cv_lyIStale/Zm Accredited by the National +ome Study Council 3-028 |
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BP125—25 SIMPLE AMATEUR BAND ANTENNAS.....$5.00. All are inexpensive
to build, yet perform well. Diodes, beams, triangle and even a mini rhombic.

[JJ BP128—20 PROGRAMS FOR THE ZX SPECTRUM AND 16K ZX82....$5.75.

Included with each program is a flow chart and a description of what happens.
Notes for converting programs for use on other computers are also included.

BP235—POWER SELECTOR GUIDE.....$10.00. Complete guide to semiconduc-
tor power devices. More than 1000 power handling devices are included. They are
tabulated in alpha-numeric sequency, by technicai specs. Includes power diodes,
Thyristors, Triacs, Power Transistors and FET's.

BP234—TRANSISTOR SELECTOR GUIDE.....$10.00. Companion volume to
BP235. Book covers more than 1400 JEDEC, JIS, and brand-specific devices. Also
contains listing by case type, and electronic parameters. Includes Dartington
transistors, high-voltage devices. high-current devices. high power devices.

| BP99—MINI-MATRIX BOARD PROJECTS.....$5.00. Here are 20 useful circuits

that can be built on a mini-matrix board that is just 24 holes by ten copper-foil strips.

BP157—HOW TO WRITE 2X SPECTRUM AND SPECTRUM + GAMES PRO-
GRAMS.....$5.95. A crystal-ciear step-by-step guide to writing your own graphics
games programs.

BP117—PRACTICAL ELECTRONIC BUILDING BLOCKS—Book 1.....$5.75.
Oscillators, Timers, Noise Generators. Rectifiers. Comparators, Triggers and more.

BP184—INTRO TO 68000 ASSEMBLY LANGUAGE.....$6.50. The 68000 is a
great new breed of microprocessor. Programming in assembly language increases
the running speed of your programs. Here's what you need to know.

BP179—ELECTRONIC CIRCUITS FOR THE COMPUTER CONTROL OF
ROBOTS $5.00. Data and circuits for interfcing the computer to the robot's
motors and sensors.

BP126—BASIC & PASCAL IN PARALLEL.....$4.95. Takes these two program-
ming languages and develops programs in both languages simultaneousty.

BP198—AN INTRODUCTION TO ANTENNA THEORY...$6.95
Basic concepts relevant to receiving and transmitting antennas

225—A PRACTICAL INTRODUCTION TO DIGITAL IC'S.....$4.95. Mainiy con-
cerned with TTL devices. Includes several simple projects plus a logic circuit test
set and a digital counter timer.

BP170—INTRODUCTION TO COMPUTER PERIPHERALS.....$5.95. Shows how
to use a variety of co computer add-ons in as non-technical a way as possible.

227—BEGINNERS GUIDE TO BUILDING ELECTRONIC PROJECTS.....$5.00.
How to tackle the practical side of electronics so you can successfully build
electronic projects.

BP169—HOW TO GET YOUR COMPUTER PROGRAMS RUNNING.....$5.95.
Shows how to identify error in program and what to do about them.

BP194—MODERN OPTO DEVICE PROJECTS.....$6.25. Crammed with great
projects for the experimenter. Includes sections on Fiber optics, passive Infra-Red
detectors. plus an assortment of miscellaneous projects.

BP180—ELECTRONIC CIRCUITS FOR THE COMPUTER CONTROL OF
MODEL RAILROADS.....86.25. It's easy to interface home computers to model
railroad control. The main problem is in interfacing the computer to the system.
BP110—HOW TO GET YOUR ELECTRONIC PROJECTS WORKING.....$5.00.
How to find and solve the common problems that can occur when building projects.

Electronic:
Circuits tor the
Computer
Control o1
Robots

&=

1 BP36—50 CIRCUITS USING GERMANIUM, SILICON & ZENER DI-

BP33—ELECTRONIC CALCULATOR USERS HANDBOOK.....85.75. invaluable
book for ail calculator owners. Tells how to get the most out of your calculator.

ODES.....$5.00. A collection of usetul circuits you'll want in your library.

BP37—50 PROJECTS USING RELAYS, SCR’S & TRIACS.....$5.00. Build pri-
ority indicators, light moduiators, warning devices. light dimmers and more.

BP39—50 FET TRANSISTOR PROJECTS.....$5.50. RF amplifiers, test equip-
ment, tuners, receivers. tone controls, etc

BP42—SIMPLE LED CIRCUITS.....$5.00. A iarge selection of simple applications
for this simpie electronic component.

BP127—HOW TO DESIGN ELECTRONIC PROJECTS.....$5.75. Helps the reader
to put projects together from standard circuit blocks with a minimum of triat and
error.

BP122—AUDIO AMPLIFIER CONS TRUC TION.....$5.75. Construction details for
preamps and power amplifiers up through a 100-watt DC-coupled FED amplifier.

BP92—CRYSTAL SET CONSTRUCTION.....$5.00. Everything you need to know
about building crystal radio receivers.

BP45—PROJECTS IN OPTOELECTRONICS.....$5.00. Includes infra-red detec-
tors, transmitters, modulated light transmission and photographic applications.

BP48—ELECTRONIC PROJECTS FOR BEGINNERS.....$5.00. A wide range of
easily completed projects for the beginner. Includes some no-soldering projects.

BP49—POPULAR ELECTRONIC PROJECTS.....$5.50. Radio, audio; household
and test equipment projects are all included.

BP51—ELECTRONIC MUSIC AND CREATIVE TAPE RECORDING.....$5.50.
Shows how you can make electronic music at home with the simplest'and most
inexpensive equipment.

BP56—ELECTRONIC SECURITY DEVICES.....$5.00. Includes both simple and
more sophisticated burglar aiarm circuits using light, infra-red, and ultrasonics.

BP59—SECOND BOOK OF CMOS IC PROJECTS.....$5.00. More circuits show-
tng CMOS applications. Most are of a fairly simple design.

BP72—A MICROPROCESSOR PRIMER.....$5.00. We start by designing a small
computer and show how we can overcome its shortcomings.

BP74—ELECTRONIC MUSIC PROJECTS.....$5.95. Provides the experimenter
with a variety of practical circuits including a Fuzz Box, Sustain Unit. Reverberation
Unit, Tremelo Generator and more.

BP91—AN INTRODUCTION TO RADIO DXING.....$5.00. How you can tune in on
those amateur and commercial broadcasts from around the world in the comfort of
your home.

BP94—ELECTRONIC PROJECTS FOR CARS AND BOATS.....$5.00. Fitteen
simple projects that you can use with your car or boat. All are designed to operate
from 12-volt DC supplies.

1€ Projects
tor Begmmarx

-

r
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ELECTRONIC TECHNOLOGY TODAY INC.
P.0. Box 240, Massapequa Park, NY 11762-0240

USA & CANADA
$0.0110 $5.00. .
$5.01t0 $10.00.

Name $10.01 10 20.00. ..
Address $20.01 10 30.00. ..
$30.01 t0 40.00 . .
City _State Zip $40.01 t0 50.00 . .
R2-88 $50.01 and above .

[ N N N N N N N B B N N ]

SHIPPING CHARGES IN

$1.00

. $1.75

$2.75
$3.75
$4.75
$5.75
$7.00

SORRY No orders accepted
outside of USA & Canada

Total price of merchandise . . . o $
Sales Tax (New York State Residents only) - $
Shipping (see chart) e | . $

All payments must 3

Total
be in U.S. funds LA
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resent a point of view that is widely
held among technicians, but his
summary dismissal of con-
ventional current as an archaic and
mistaken notion “that never really
existed” is hardly consistent with
the following facts of which he
should have been aware, and
could have very quickly verified.

The positive current convention
is an implicit and integral part of
the definition of electric current
accepted by those international
organizations responsible for de-
termining scientific and engineer-
ing standards.

What Mr. Clifford calls “electron
flow” and suggests is the only valid
way to express current flow is uti-
lized only in parts of the technician
community. Itis taught only in mil-
itary schools, vocational tech-
nology curricula, and at some
community colleges.

| realize that “electron flow” has
a simplistic appeal and that the
positive current convention may
seem perverse and obscure at first
glance. However, we need a com-
mon and universal definition of
electric current and current direc-
tion—used by all writers, stu-
dents, teachers, and practi-
tioners—to ensure precise and
unambiguous communication of
ideas and information. That defini-
tion must be consistent with, and
at the same time embrace all that is
known about, the physics and
chemistry of materials.

The most widely accepted defi-
nition for electric current is that it
is the movement of electric
charge. There are two kinds of
charge: positive and negative.
Thus it is not reasonable to limit
the definition of current to the
movement of electrons alone.

From what | can determine, the
real source of confusion was a
small number of writers and teach-
ers who, in the mid-1930’s, wanted
to simplify electron-tube actions
and their associated circuitry to
the barest, zero-order, non-math-
ematical essentials. They wanted'a
simple conceptual model in which
the electron stream inside the
tube and the current outside the
tube went the same way, and they
didn’t want any messy algebraic
signs hanging around. In so doing,
they discarded the algebraic sign
properlyassociated with currentin

the negative direction, and dis-
missed positive ion motion as
being unimportant.

That sort of teaching and writing
became the backbone of the tech-
nical training given to thousands
of military technicians during
World War Il. When their use of
“electron flow” was criticized, it |
was easier o rationalize by attack-
ing “conventional current” with
myth, misinformation, and innu-
endo than it was to deal with the
facts of the situation.

[ am extremely angry with the
teachers and authors (and, ves,
even editors) who continue to
confuse good technical dialogue
by using the “electron flow” atroc-
ity. I am angry with those who en-
deavor to discredit the positive
current convention by suggesting
it is defective and that those who
use it are less competent than
those who use “electron flow.” I'm
also angry with those who say it
really doesn’t matter which con-
vention you use.

I think itis time to identify “elec-
tron flow” as a simplistic, archaic,

87" HE TECH SALE
Cobra Stun Gun

generates 45,000 volts of

stopping power, the Cobra also delivers a
burst of high intensity light directly into an
attackers eyes. Chances are that his optic
nerves will be so overdosed with excess light
energy that he will not he able to see you let
alone continue the attack. If he does, the
Cobra delivers its painful bite, leaving him
—_ dazed and confused. $49.95. With NiCad

) batiery & charging kit $59.95 + $3.74 shp.

Centron Security Light

The Centron security light puts
unwelcome visitors in the spot-
light.. instantly! This smart lig-
hting system's infrared sensors guards your yard or dive-
way when you're away or home alone. It senses the pre-
scnse of people or cars by changes in temperture pattems
and instantly floods the arca with bright light. It guides

your guest to your door and scares away would-be prow-

lers $55.00 plus $4.99 shipping.

Remote Control Pen,
RESTRen.

Not only is it a hand-some high
quality ball point writing pen , but
a powerful remote-control device.
Lffective at distances up to 75 yrds, |
the Remote Control Pen is perfect '

for turning on or off any 120 volt appliance or alarm
system. Think of the possibilities. $39.00 shipping $3.74.
Ihe Private Eve Motion Detector,

Alarm warns you to the presence of b4
an intruder but the intruder doesn't
know he has been detected. No wires
just plug it in and it works. Inform-
ation travels from the detector to the
reciever via the electrical system. $63.00 shipping $5.40
Worlds smallest dialer $49.95  Alcohol Breath Analyzer $59.00
Levitaror $79.95 Telemonitor 2000 ....... $175.00
Pistol Cross Bow $59.95 Remote Car starter....... $225.00
**All products ready to use and Guaranteeds*
ORDERS CALL TOLL FKEE 1-800-624-1150 For information
or free catalog call 402-554-0383 or wrlte.JOrder by December 16th
Unlted Imports & U.S. Mfg. and we guarantee delivery
6846 Paclflc St. Omaha, Nebraska 68106 [by the 20 MS Y154
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A very special
guide to what
the exciting world
of computer and
electronics kit-

building can
do for you.

The informative Heathkit Catalog shows
you more than 450 exciting electronic prod-
ucts that will challenge, instruct, and enter-
tain you. You'll find countless kits that you
can build and enjoy, from computers and
robots to color

tv's and a variety of

home products.

And each is backed

by our years of -

experience and
our promise,

“"We won't let e .
you fail." o e,
IBM-PC

Compatible Expandable
Computers

HERO® 2000
Educational
Robot and

Courseware

Precision
Test
instruments

Electronic
Keyless
Doorlock

[ Send NOW for |
your FREE |

16 Heathkit Catalog.

l Send to: Heath Company, Dept. 020-612

l Benton Harbor, Michigan 49022

l Name

l Address

l City

A subsidiary of Zenith Efectronics Corporallon CL 784R3

| usge = Heathkir

|
|
I
State l
|
|
J
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‘ DOES YOUR DIGITAL CAPACITANCE METER DO THIS?!

FULL 4 DIGIT 0.5 INCH LCD DISPLAY COMPLETELY AUTORANGING WITH 10 RANGE MANUAL CAPABILITY

AND THIS

RANGE OF 0.0 pF to 1 FARAD {999.9 mF)
0.5% BASIC ACCURACY UP TO 100 uF

AND THIS

READS DIELECTRIC ABSORPTION

AND THIS

EXTENDED PSEUDO 5 DIGIT

RESOLUTION ON SOME RANGES ONLY

AND THIS

ABILITY TO ZERO LARGE CAPACITANCE
VALUES UP TO 99.99 uF

AND THIS

CALCULATES TRUE CAPACITANCE

IF CAPACITOR IS LEAKY

AND THIS

DIODE CLAMP AND FUSED
PROTECTED INPUT.

DISCHARGE RESISTOR IN OFF
POSITION AT TERMINAL INPUTS,
POWERED BY 9V BATTERY
ONE YEAR PARTS &

LABOUR WARRANTY

FOR ONLY THIS

AND THIS

IDENTIFIES TRANSISTORS (NPN, PNP)
AND THEIR LEADS (E, B, C, ETC)

AND THIS

TESTS ZENER DIODES AND RECTIFIERS.
UP TO 20V ZENER WITH AC ADAPTOR,
ZENER VOLTAGE WITH 9V BATTERY
DEPENDS ON ITS CONDITION

AND THIS

AUTOMATICALLY CALCULATES LENGTHS
OF CABLES IN FEET, METRES, MILES
KILOMETRES (THEORETICAL RANGE

OF 9,999 MILES)

AND THIS

ABILITY TO SORT CAPACITORS IN
MANY DIFFERENT MODES

AND THIS
ABILITY TO READ LEAKY CAPACITANCE
(INSULATION RESISTANCE OR CURRENT)

AND THIS

CALCULATES TIME CONSTANTS WITH
b, USER DEFINED RESISTANCE VALUES

AND THIS

HOLD FUNCTION FREEZES DISPLAY

SHIPPING INSTRUCTIONS:
All units shipped out F.O.B. Buffalo NY via United Parcel Service (except Hawaii & Alaska)
unless otherwise indicated (in which case shipments will be F.O B. Canada)

MODEL

MC300 =
IEDAETRON

a division of Bergeron Technologies Inc.

935 THE QUEENSWAY, BOX 641
TORONTO, ONTARIO MBZ5Y9

CANADA {416)676-1600

PLEASE SEND ME U.S. FUNDS
. (QUANTITY) MC300(S) @ $169.95 $

CARRYING CASE $ 16.95 $

AC ADAPTOR $ 9.95 $

SHIPPING AND HANDLING @ $5.00 PERINSTRUMENT )

{ ICHECK | JMONEY ORDER $

[ IVISA [ IMASTERCARD TOTAL $

[ 1 CARD NO. _ = = - I

EXPIRY DATE e _SIGNATURE -
NAME p—" _TELEPHONE

ADDRESS - _ B

cITY STATE _ZPCODE__ |

DEALER ENQUIRIES INVITED

CIRCLE 190 ON FREE INFORMATION CARD

Buy five MOVIETIME CONVERTERS at the advertised price

and get oneF REE

72 Channel Wireless
with » *“VOLUME and *MUTE controls

V-7200 or V-7500

Remote Cable Converter

- Fine Tuning — *AUDIO and

*VIDEO outputs — 2/3 or 3/4 switch — 90-minute Sleep Timer

“No. Vol. or A/V output
EVERYTHING

V-7800
78 Ch. Wireless Remote,
Parental Control buiit-in
10dB Amp. Favorite Channel
Memory. Fine Tuning. 89.95

CALL
Tel.: 1-305-652-1981
1-800-843-9845

v-7200 79.95
v-7500 109.95
COUPON

ADDRESS

NAME

ary STATE

TELEPHONE 1-
coodd amexT creckd  SIG

Am. Ex.

Qry.

Shipping

Send to:
MOVIETIME
20203 NE 15 Ct.
Miami, FL 33179

FL 5% Sales Tax

TOTAL

CIRCLE 192 ON FREE iNFORMATION CARD
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and obsolescent idea whose time
and usefulness has passed. It’s
time to identify those writers and
teachers who cling to and defend
“electron flow” as less than up-to-
date and not well-informed. It is
also time to stop teaching new-
comers to the electronics com-
munity a lame-duck model for
electricity that they must unlearn
when and if they get serious about
it. If you're going to learn elec-
tronics, why not just get it right the
first time?

LUCIUS DAY

Lakewood, CO

INVENTION PROTECTION

As program manager of the
Wisconsin /nnovation Service
Center (WISQO), | have the oppor-
tunity to interact with a variety of
people involved in new-product
development. Our non-profit ser-
vice, at the University of Wiscon-
sin-Whitewater since 1980, assists
individual inventors and en-
trepreneurs in assessing the mar-
ket feasibility of their innovative
ideas at early stages in the de-
velopment process.

We've recently received many
inquiries about certain “invention-
development” firms that appar-
ently prey on inventors’ vul-
nerabilities. According to dissatis-
fied clients, extremely high tees
were demanded up-front in ex-
change for promises of invention
development. In many cases, in-
ventors said they received only the
“promise” for their investment.

As with most other endeavors,
invention-development assistance
is offered by both reputable and
questionable sources. Before
dealing with a company that prom-
ises commercial development of
an idea, potential clients should
consider these questions:
® Is there a substantial up-front
fee involved (over $400) for just an
initial evaluation? Is there a subse-
quent fee involved?
® What is the company’s success
rate for placing inventions? Do
they have data/references to sup-
port this? What percentage of their
clients have received more money
than they paid?
® Who are their references? Once
supplied, check them out.

e Do organizations such as the
Better Business Bureau, the



Federal Trade Commission or
Chamber of Commerce have any
information on the company?

It is also recommended that an
inventor consult with an attorney
before a contract is signed.

We at the WISC are committed
to encouraging the independent
inventor. Fraudulentexploitation
discourages individual creativity—
a vital source of social and eco-
nomic progress. Affordable inven-
tion evaluations are still available
at the WISC and other non-profit
organizations, but we urge inven-
tors to proceed with caution when
considering an invention-de-
velopment firm.

DEBRA KNOX-MALEWICKI,
PROGRAM MANAGER
Wisconsin Innovation Service
Center

402 McCutchan

University of Wisconsin-
Whitewater

Whitewater, WI 53190

CERTIFICATION

As an electronics technician
with the United States Marine
Corps, I appreciated Clem Small’s
article on certification in the Au-
gust issue of Radio-Electronics. It
helped me realize that, although |
have 22 years of electronics experi-
ence in the military, I will however
need certification to start my sec-
ond career.

I wrote to the organizations
listed in the article, and most re-
sponded promptly with the infor-
mation | requested. However,
one—The National Association of
Business and Educational Radio—
has moved and left no forwarding
address with the Post Office. |
would appreciate hearing from
any member of that organization
who can provide me with the cur-
rent address.

Your magazine is read and stud-
ied by a majority of those Marines
who work in our division. It keeps
us up to date on what is happening
and what is new in electronics.
Keep up the good work.
LAWRENCE E. FLICK
MSgt., U.S.M.C.

NCOIC Ground Electronics Main-
tenance Dijv., Communications-
Electronics Department

Marine Corps Air Station

Iwakuni, Japan R-E

How to live
with someone
who's living
with cancer.

When one person gets
cancer, everyone i the famy
sufters

RNobady knows better than
we dahow much help and
understanding 1s needed That's
why Gar service and rehabi
10N programs emphasize
the whole family, not yust the
cances panent

AMONR >ut regulr services
we provide informution and
guidance (o patients and fasses,
transpart panents 10 and from
treatment, suppls home care
items and aswst patients in thesr
return to everyday hte

Life s what concerns us The
e of zances patients The bves of
their famulies S0 vou can see we
are even moze than the research
Orgam2ation we ase so well
knowr 1o be

No one fares ¢
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_Nine Test Probes
with only one difference
between them and your

Manufacturers Original Coline/TPI
Scope Probe Price Equivalent

TEKTRONIX
2300 Series

P6101A $53  MI2X1
P6108A $75  MI12X10
2200 Series P6121 $100 MIZX10AP
P6122 $58  P100
2400 Series P6131 $140  MI15X10HFAP
P6133 $115 MI2X10AP
P6105A $93  MI12X10AP
P6106A $140  MI15X10HFAP
P6130 $130 MI12X10AP

400 Series

IWATSU
§5-5321
SS-5711

LEADER
LBO-315
LBO-518

SS-0014  $92  MI12X10
§S0012  $77  MI2X10

LP-060X  $60  SP100
LP-100x  $76  SP100

New solid-state and digit
IV sets. stereos and vid-
eorecor ders are Lougher 11 re
pair than old-fashioned tube
type sets und require special
traming for the svivice tech
nician who werks on thrm

Only afew states have laws
requiring cumpetency  tests
for Licensing technicians who
repair consumer electronic:
but fifteen years ago the In
ternational Soeiety of Cer-
tified Electronic Technician:
tCET 1 hegan its own certific
tion program o qualify these
techmeians and those in in
dustry. To carry the CET des-
ignatton, (echnicians  must
have four vears esperience
and pass a rynd examination
on general electrosics and a

secific area of expertise such
as audio or radio-TV

Many consunicrs look for a
Certified Electronie Techni-
cian in the shop whan the
need any electronic item re:
paired

Free Cansumer Checklist
A consumer checkhsi for
selectin  service shop 1s av

< M)

Modern electronic equip-
ment such as digital TVs
or sterens should be re-
paired by speciatly trained
peaple.

ailahle froe by sending a
stamped. sell-addressed en
velope to- Checklist. ISCET.
2708 West Berrv, Fort Worth
X 76109 ‘the hst reminds
cansumess  to check sucl
items as "Dovs the husiness
have the parts for your par
ticular brand®". “Did vou get
an estimated price””. and
I you check this company
with the Better Business
Bureau?

PHILIPS

PM3267 PM8924  $60  MI12X1
&

PM3256 PM8926  $70  P100
PM3264 PM8928  $95  MI12X10

HITACHI
V-1100A

V-670 ] AT-10ALLS  $64  SP100
V509

HEWLETT PACKARD

1715A 10018A $135  M20X10

17228 10017A $130  MI5X10HF

1725A 10017A $130  M15X10HF

1740 Series 10041A $135 P100
10021A 1P20

Take up the TP1 challenge and compare our prices
with the probes you currently use. In many cases you
can replace: both probes on your dual trace scope at
the cost of one probe from the scope manufacturer.
Plus, bandwidth and overall performarce of the

TP probe typically exceed that of the original
equipment. Satisfaction is guaranteed with

a ten day retumn privilege. TPI Specialists

iniprobes for over 15 years.

‘Available from your local distributor.

TOLL FREE INFORMATION LINE 3 AU
1-800-368-5719, /
1-800-643-8382 in Califqmia g

g ] £
TEST 4 %"”"i\"% '
PROBES, INC. 2C B8

www americanradiohistory com™ ./

NI
9178 Brown Deer Road. & /
(_)QJ

Q> / A
San Diego CA, 92121 D s
Phone: (619)5359292 Y
B < s
* S S S

scope’s original equipment
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'SHORT WAVE
RADIO MANUAL

simple, high-
performance old-
time shortwave radios!

All of the secrets are
here: the circuit diagrams,
parts layout. coil specifications, con-
struction details, operation hints, and
much more!

This is a compilation of shortwave
construction articles from “Short Wave
Craft" magazines published in the 20's &
30's. It's wall-to-wall “how-to.”

Included are circuit diagrams, photo-
graphs, and design secrets of all short-
wave receivers being manufactured in
1934 including some of the most fa-
mous: SW-3, the SW-5 “Thrill Box". the
deForest KR-1, the Hammurland
“Comet Pro”, and many more.

Also included is a new chapter show-
ing how you can use transistors to re-
place hard-to-find vacuum tubes. You'll
even see the circuit that was lashed
together on a table top one night using
junk box parts, a hair curler and alliga-
tor clips. Attached to an an-
tenna strung across the base-
ment ceiling and a 9 volt bat-
tery, signals started popping S¢I%
in like crazy. In a couple of
minutes an urgent message
from a ship's captain off Se-
attle over 1500 miles away
was heard asking for a naviga-
tor to help him through shallow water!

These small regenerative receivers
are extremely simple, but do they ever
perform! This is a must book for the
experimenter, the survivalist who is
concerned about basic communication,
shortwave listeners, ham radio opera-
tors who collect old receivers, and just
about anyone interested in old-time
radio.

Great book! Fun to read! One of the
best old-time radio books to turn up in
years. Heavily illustrated! Order a copy
today! 8 1/2 x 11 paperback 260 pages
only $13.70 postpaid!

M oreny Dihleatione !

. Lindsay Publications i
Box 12-TK, Bradley IL 60815
I Send a copy of Short Wave Radio I

w I Manual. Enclosed is $13.70.
&) Chk, MC, Visa. Send a free cata-
% \ I  logof other books. |
(ag
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Arkon Wire-Free IR
Wireless Headphones

Low-cost, wireless system
for private listening

CIRCLE 20 ON FREE INFORMATION CARD

OVER THE PAST TEN YEARS, OR SO, IN-
frared signals have became the de-
facto standard for remote-control
applications. But, as many experi-
menters know, infrared can also be
used for short-distance wireless
communication, such as in cor-
dless headphones for the con-
venience of private listening.

The first cordless infrared head-
phones were not successful as
mass-consumer items because
they were too costly for the aver-
age person, too bulky to wear
comfortably, and had unsatisfacto-
ry performance. Over the past few
years, however, the technology
has improved to the point where
low-cost, comfortable units with
outstanding performance are now
available. One of those is the
Arkon Wire-Free, which sells for
$69.95. At that price, it is among
the least expensive units of its
type. Note, however, that the
Wire-Freeis a mono unit, though it
does have a switch-selectable

www americanradiohietory com

REPORTS

Spatial Sound Around mode that
provides an electronically en-
hanced, pseudo-stereo effect.

Using Wire-Free

The Wire-Free consists of the
transmitter (42" wide, 3%%" deep
and %" high), the receiver (24"
wide, 32" deep and %" high), the
AC adapter, and lightweight head-
phones. The receiver accepts a
standard miniature mono or ster-
eo phone plug, so you can use
your favorite headphones instead
of the ones supplied to you by the
manufacturer

The AC adapter is a wall-plug
type. An on-off switch on the
transmitter lets you turn the unit
off without unplugging the supply.
A red LED on the unit lets you
know when power is on.

The transmitter has a hard-wired
four-foot input cord that termi-
nates in an RCA phono plug. That
plugs into the audio-output jack of
a TV, VCR, compact disk, hi-fi or



other audio source. Adapters to
accommodate Y%-inch and mini-
ature phone jacks are included
with the unit. For TV sets or other
devices without an audio-output
jack, Arkon sells a sensitive micro-
phone for $18.95, postpaid. That
microphone is mounted in a small
bracket that is held in front of a
speaker grille with double-sided
tape (supplied). With that micro-
phone the speaker volume can be
set at a nearly inaudible level and
still supply enough signal to drive
the transmitter.

A thumb-wheel volume control
on the side of the transmitter lets
you compensate for different au-
dio-input source levels. To set the
proper level, you adjust the vol-
ume control and watch two rec-
tangular LED’s on the front of the
unit—a green one and ared one. If
neither LED is lit, the volume is too
low. Adjust either the source vol-
ume or the unit’s volume control
until the green light comes on with
audio peaks. Advance the volume
a bit more until the red LED goes
on, and then back off until the red
LED does not light. The red LED
indicates overload, which could
cause distortion. The adjustment
technique is simple, but effective.

The receiver uses a standard 9-
volttransistor-radio-type battery,
(not included); an alkaline unit is
recommended. A small cover is
slid back and removed, the battery
dropped in (oriented to the polar-
ity shown), and the cover is then
slipped back on.

The headphone jack is on one
side of the receiver and an on-off/
volume control is on the other
side. You plug in the headphones,
turn on the unit, and adjust the
volume. When the unit is on, a
small, red LED lights to let you
know you have power. As the bat-
tery loses power, that LED gets
dimmer and finally goes out.

The 900-nm infrared signal is
FM. The frequency response is
fairly wide; it is specified as 30 Hz
to 18 kHz. That allows you to use
better headphones to good advan-
tage when listening to music or
other material. For applications
where wider bandwidth is not
needed, such as speech, the light-
weight headphones supplied with
the unit work well. Distortion is
specified as less than 1%. The sig-

FOR OPTIMUM STABILITY
AND RELIABILITY IN
FREQUENCY MANAGEMENT

Crystek
Crystals

QUARTZ CRYSTALS
FOR
O Industrial Equipment/Instrumentation
* Micro-processor control
* Computers/Modems

* Test/Measurement
* Medical

O General Communications

* Channel element Service (VHF/UHF) The

* Land Mobile 2-way Pulse Of

* Mari n

. Aivcrat L Dependable Communications
* Telemetry »

Crystek Crystals otfers their new 16 page FREE
catalog of crystals an oscillators. Offering state of
the art crystal components manufactuered by the
latest automated technology. Custom designed or
“otf the shelf,” Crystek meets the need, worldwide.
Write or call today!

CRYSTEK CORPORATION

DIVISION OF WHITEHALL CORPORATION

2351/2371 Crystal Drive ®Ft. Myers, FL 33907
P.O. Box 06135 eFt. Myers, FL 33906-6135
TOLL FREE 1-800-237-3061
PH 813-936-2109/TWX 510-951-7448/FAX 813-939-4226
TOLL FREE IN THE U.S.A. EXCEPT FLORIDA, ALASKA, HAWAII

* Monitors/Scanners/Pagers

O Amateurs/2-Meter/General Coverage
CB/Hobblest/Experimenter
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#1IN CABLE BOXES

JERROLD CORDLESS . CORDLESS
CABLE TV BOX i CABLE

MODEL DRZI450‘* TV
G e, S

BOX
* 66 channels

* On/off switch
¢ Automatic fine tuning
* A/B switch option

* Compatible with descramblers

*69%/..

$79.95/1-9

e 72 channels
* Parental control

* Remote fine tuning

* On/otf switch

* Compatible with descramblers

MODEL DRX3-105/400

59 10 Lot 36995119

JERROLD CORDLESS CABLE TV BOX

MODELSTARCOM-CVS

*99%/.

$109.95/1-3

VOLUME CONTES.

* Volume control
* 88 channels

* Automatic fine tuning

* On/off switch

* Compatible with descramblers

SHIPPING CHARGES
ForOrders............ Add

8861 AHvNHg34

$7SOandup........:
Send Check, Money Order, or
C.0.D. or Call Toll Free ELECTRON'CS
800_223_0826 770 Amsterdam Ave., New York, NY 10025
in N.Y. State (212) 865-5580 :I *g»' <205 Fon
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Save Over $50

See Radio Electronics Ma
Project Feature

. Constructors

ay ‘86

Bench Top Power Supply
0-30- Voit 1 Amp Kit

Looks so Good your Friends
won't Be//eve you Bum it

This Great Little
power supply is a must for every
Electronic Enthusiast and Electronric Student. Use it to
power and test circuits and 1000 other uses. Very easy to
build - even the beginner constructor should have no
trouble - Just follow the plain English step by step
instructions.

FEATURES: Output variable between 3 and 30 Volts

® Short circuit Protection e Full 1 Amp output over entire

(t/ollage range ® Load switching ® Current limiting fully

variable-twin selectable ranges ® Dual Scale Meter

. Separate earth terminal provided ® Housed in

Deluxe "ABS” instrument case.

SPECIFICATIONS: ¢Output Voltage - 3 to 30 Volts

e QOutput Current - O to 1 Amp (fully variable}  Load

Regulanon Better than 0.29% from 0 to full ioad
utput Ripple - Less than 2mV RMS.

Visa & Mastercard hoiders may

Phone Order. After vaildating your

purchase we guarantee same day despatch

(Or Maii Check or Money Order)

Phone Your Order - We Guarantee
Same.Day Despatch

K 3210 Fantastic Value $59-95
Add $5 Ship and Delivery Cont. USA
IMTRONICS INDUSTRIES LIMITED
11930 31st Court, St. Petersburg
FLORIDA U.S.A. 33716
Phone 813-577-9010
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On Commercial Units |

nal-to-noise ratio at 30 feet is spec-
ified as.40 dB.

You don’t have to be particular
about aiming the receiver directly
at the transmitter. As a matter of
fact, in most circumstances it
works just as well pointed away
from the transmitter since the re-
ceiver is very sensitive and the
room is virtually flooded with the
infrared signal from the transmit-
ter as it bounces off the walls and
ceiling. A belt clip is provided on
the transmitter if you wish to use it
while you walk around the room.

The receivers’s high sensitivity
helps eliminate noise/static prob-
lems, but it can work against the
system in certain situations. More
specifically, if the Wire-Free
receiver is used in very bright
light, such as near a large window
with the sun shining, or under
bright indoor lighting that has an
unusually high infrared compo-
nent, the unit may overload and
shutdown. That won't harm the
system, and can be compensated
for by simply turning the receiver
away from the light source, by

moving the receiver to a darker
area, or by reducing the amount of
ambient light in the listening area.
If you cannot avoid using the unit
under unusually bright lighting
conditions, you can cut back the
sensitivity by covering part of the
sensor (red) area on the receiver
with dark tape.

Other than that problem, we
found that the unit worked well.
The lack of true stereo is a short-
coming, but remember that this is
alow-cost, low-end unit. The man-
ufacturer does offer a stereo ver-
sion (called SoloSound) for
$109.95; stereo units that are avail-
able from other manufacturers can
run as high as $481.

But for private TV listening, or
for sound reproduction for the
hard-ot-hearing (without blasting
speakers) the unit is hard to beat.
For more information on the
Arkon Wire-Free, the SoloSound
stereo wireless head phones, or
other Arkon wireless products,
contact the Art Sea Development
(U.S.A.) Corporation (11627 Clark
St., Suite 101, Arcadia, CA 91006). R-E

@ HITACHI
COMPACT SERIES

- 6” CRT with Internal Graticule
- Dual Channel X-Y Display
- Sweep Time Autoranging

- TV Sync Trigger Circuit

- 400V High Input Voltage Protection

Instant Hard Copy!!

From Oscilloscopes

POLAROIDs

V-1065 DC to 100MHz With Cursor Readout

- Bandwidth Limiter
- Delayed Sweep
- CRT Readout

- Trigger Lock
- Single Sweep
»+3% Accuracy

V-1060 DC to 100MHz

$129595 save $200!
V-665 DC to 60MHz
With Cursor Readout.

$1145. save $150!
V-660 DC to 60MHz

$94595 Save $150!

E‘] 54595 save $250!

Dual Channel 6” CRT Scopes
V-425 DC to 40MHz, CRT Readout
$845. Save $150!

V-423 DC to 40MHz, Single Time
Base Delayed Sweep

$745. Save $250!

Dual Channel Mini-
Portable Scopes

V-509 DC to 50MHz,
Delayed Sweep

$1195. Save $250!
V-209 DC to 20MHz

V.422 DC to 40MHz, DC Offset $822. Save $175!
$795. Save $130!
V-225 DC to 20MHz, CRT Readout f
2 Quad Channel Multi-

372222.DC tsa;g:ﬁﬁ75é layed S Function Scopes

. g 2, Uelayed SWeep y._1150 DC to 150MHz,
$695. Save $100! Delayed Sweoep ¢
V-222 DC to 20MHz, DC Offset $2600. Save $350!
$515. Save $200! V-1100AU DC to 100MHz,
V-212 DC to 20MHz Delayed Sweep
$440. Save $175! $2175. Save $315!

Digital Storage Scope
V-6020 1MHz Sampling,
Dua! Channels

$1750. Save $200!

NTSC Waveform
Monitors

V-079 6" CRT

$1625. Save $125!
V-099 3.5 CRT

$950. Save $300!

NTSC Vector Scopes
V-069 6" CRT

$1825. Save §125!
Vv-089 3.5" CRT

$1284. Save $400!

TOLL FREE 800 535-9593 - LA 800 462-9520
NEW ORLEANS 504 525-8222 - FAX 504 525-6361
- American Express - Visa - MasterCard -
928 pg Catalog FREE with your order

DS-34
CAMERA

K T
Save $135! $290.
- 5" 6" and 7" Hoods (Available separ-
ately @ $51 ea. Please Specify size)
- Pistol Grip For Ease of Operation
« Works on Any Make of Oscilloscope
« Three Full Year Warranty

PROBES INCLUDED WITH ALL HITACHI

SCOPES AT NO EXTRA CHARGE!

WM. B. ALLEN
SUPPLY COMPANY
ALLEN SQUARE
300 Block North
Rampart Street
New Orleans
Louisiana 70112
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Discover—Explore—EXxperience
Today's Electronics With «..

Now you can meet the challenges of today’s
electronics quickly and easily. This professional
level learning series is as innovative as the
circuitry it explains and as fascinating as the
experiments you build and explore! And it’s for
anyone who has an interest in electronics. . .
from the hobbyist to the professional.

Thousands Have Already Experienced
the Excitement!

Today's high-tech world demands an entirely new
and innovative approach to understanding elec-
tronics. That’s why McGraw-Hill has developed
this unique “hands-on” learning method that
brings to life the dynamics of the new electronics.
It's a unique combination of interactive materials
that gets you involved as you build and exper-
iment with today'’s latest electronic circuitry.

Just how well this innovative learning
approach meets the challenge of the new
electronics is confirmed by those who have
already completed the Series. . . “You have put
me right into the middle of an extraordinary
learning experience. With each lab exercise
I have gained a new understanding of the
intricacies of today's electronics.” Or . . .

“For me, the Series was just the answer. [ felt
confident within my specialty, but my grasp of
other areas of electronics was slipping away.
Your Series helped me upgrade my knowledge
of the latest electronics concepts.” Or this from a
company director of training. . . “We manu-
facture sophisticated electronic products, with a
lot of people in sales, assembly and purchasing.
McGraw-Hill has answered a real need in
helping our employees see the total picture.
They now communicate with customers and
each other more effectively.”

Your Involvement in the New Electronics
Begins Immediately.

You master one subject at a time with 15
McGraw-Hill Concept Modules, sent to you one

force the meaning of each important point.
Carefully indexed binders conveniently
house all this material, as well as the instruc-
tions that will guide you through your
“hands-on” lab experiments.

Throughout your Series, laboratory
experiments reinforce every significant concept.
With this essential “hands-on” experience using
actual electronic components, you master prin-
ciples that apply all the way up to tomorrow’s
VLSI (Very Large Scale Integrated) circuitry.

every 4 to 6 weeks. You waste no time on
extraneous materials or outdated history. It's
an entertaining, lively, nontraditional approach
to the most modern of subject matter.

Your very first module takes you right to
the heart of basic circuit concepts and gets you
ready to use integrated circuits to build a digital
oscillator. Then, you'll verify the operation of
different electronic circuits using a light emitting
diode {LED).

And each successive module brings you

up to speed quickly, clarifying the latest Discover, Explore,

:;L‘é?:](fn?c;n fedayis at £ Experience for Yourself—
from digital logic ol W 7% 15Day Trial
and micro- & W gt : f In all ways, the Contem-
processors to & e ¢ porary Electronics Series is
data communica- bid o7 L3 3 an exciting learning
tions, robotics, X ; experience that offers
lasers, fiber optics, \ you the quickest
and more. and least expen-
sive method
Unique “w_ ) available to
Combination of 2 lma;ster.today s
. q . > electronics. . .
Interach_ ve Instruction - Sy and the only one
Materials Makes o @ ”
Learni with “hands-on
ing Easy. experience.
Laboratory experiments, With your first module, you'll build this solderless T d
vividly ilustrated text breadboarding system. As you add additional boards, ¢ r¢er
and interactive cassette you creal I :)e mcmsiﬁy coml pllex Glganls m:;’;anh?e );gg:hfjllr Zt for
tapes all blend together 4 »bringing today’s IS EAREEPT a 15-day
to give you a clear, simplified understanding of trial examination, simply complete the card
contemporary electronics. and send today! If the card is missing, write
With each module, you receive a McGraw- to us for ordering information.
Hill Action-Audio Cassette that brings to life the
facts and makes you feel as if you're partici- o .
pating in a lively dialogue with experts. :J / McGralell
4o Continuing
Your ability to quickly make thisknowledge [l 3 n . Education Center

your own is further aided by strikingly idlustrated
texts that use diagrams, explanations, illustra-
tions, and schematics to drive home and rein-

3939 Wisconsin Avenue, NW
Washington, DC 20016
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BATTERY CHARGER. General Elec-
tric offers a battery charger that
can accommodate various com-
binations of household-sized re-
chargeable batteries—everything
from AAA to 9-V.

GE nickel-cadmium batteries
can be recharged up to 1000 times;
the new battery charger is ex-
tremely versatile and is much easi-
er to use than earlier models of
battery chargers. A flip-up, sec-
through cover opens to sliding
plastic fixtures that can accommo-
date all five common household-

battery sizes. The unit can re-
charge up to four AAA,AA, C, or D
sizes, or two 9-volt batteries at a
time.

The battery charger is housed in
a durable high-impact plastic
case; features include a six-foot
UlL-listed cord, rubber feet to pre-
vent sliding or scratching on any
surface, and an indicator light to
show when the charging cycle is
completed. The battery charger
sells for under $12.00.—General
Electric Company, Nela Park,
Cleveland, OH 44112.

RADIO-ELECTRONICS

[A]
N

SPECIAL MIRRORS. Metro Optics,
Inc.’s 90° mirrors let the user see
under electronics components
such as surface-mount devices
with “J” leads while looking down
with a Metron 3-D scanner or a
microscope.

Tilting a PC board to see the sol-
der connections from an angle
helps, but even tilting to 90° isn't

Y {
\ . )
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enough because components (ex-
cept for the outer row) block off
the view of the solder connections
in the next row. The 90° mirrors
require no tilting of the PC board,
and components from one row
cannot block the view of the next
one. The mirrors go between the
rows and permit both a top-down
view and a 90° view. If the user
needs to focus farther under the
part, that can be done by focusing
down, and the line of focus will
move farther under the part—an
inch, if desired.

The Metron 90° mirrors come in
three sizes. The Standard 90° mir-
ror is the largest and will fit com-
ponent spacings of 0.225-inch or
wider; it is priced at $50.00. The
Thin 90° mirror will fit in spaces
down to .080-inch, and is priced at
$100.00. The Extra Thin 90° mirror
can handle components spacings
of as little as .035-inch, and is
priced at $250.00. All the 90° mir-
rors are canted to permit looking
at all sides of a component.—Met-
ron Optics, Inc., 809-815 Academy
Dr., P.O. Box 690, Solana Beach,
CA 92075-0690.

APPLIANCE TIMERS. Intermatic’s
Time-All models SB711Band TB111B
single on/off timers, and models
SB711B and TB711B variable on/off
timers, offer homeowners impor-
tant safety and security features.

Plug-in timer SB111B, and tab-
letop version TB11IB, can ensure
that appliances are not left on all
day. They are ideal for coffee pots,
irons, and electric curlers—those
appliances that are often left on in
the morning rush to leave the
house. They can also convert a
standard coffee maker to one that
starts brewing before you're out of
bed. For crime prevention, they
can create a “lived-in” look by tim-
ing lamps.

The 15-amp model SB77iB plug-
in timer adds a new dimension to



e
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home security by switching lamps
on or off at slightly different inter-
vals each day, making the “lived-
in” illusion more realistic. It can
keep appliances on for as long as
23% hours, or as short a period as
45 minutes. A manual onorF switch
overrides the automatic setting so
that appliances can be used when-
ever desired. The variable timer is
also availabe in a tabletop version,
model TB771B.

The suggested retail price for
model SBI11B is %$9.95; $13.95 for
model TBI1IB. Models SB771B and
TB7118 list for $10.95 and $14.95,
respectively.—Intermatic Inc., In-
termatic Plaza, Spring Grove, IL
60081.

TOOLS. Jensen Tools' Telvac Basic
Service Kit is designed for field ser-
vice, in-house maintenance, trade
schools, and personal use. It con-
tains over 40 high-quality hand
tools in a solid wood/vinyl case

CIRCLE 13 ON FREE INFORMATION CARD

with removable pallets, document
pouch, and key-lock latches.

The tool selection includes stan-
dard service tools, such as screw-
drivers, pliers, nut and hex
drivers, punches, wrenches, and
soldering equipment, as well as a
5-inch hemostat, reverse-action
tweezer, combination spring tool,
wire crimper/stripper, and other
specialty items. A choice of test
meters is also offered as optional
accessories.

The Telvac basic service kit is

priced at $189.00.—J}ensen Tools,
Inc., 7815 S. 46th Street, Phoenix,
AZ 85044.

HEADPHONE STEREO SYSTEM.
The Aiwa model HS-PX700A incor-
porates Dolby B and Dolby C noise
reduction and also features DSL-EX
(Dynamic Super Loudness) that of-
fers a wider, flatter frequency re-
sponse for naturally balanced
sound at all listening levels. Sepa-
rate slide controls for high and low

continued on page 37

el 2120 O
DC fo 20 MH2-Duoi Trace-

Joseph
Electronics’
40th
Anniversary
Sale!

We are celebrating our 40th Anniversary by
offering you huge savings on B&K Test Equipmert
Incddifionto great prices, as an extraanniver-
sary bonus you con get a $99.95 Cobra Radar
Detecter for only $40 when you purchase any
B&K Instrument featured in this ad.

Send for FREE 480 poage “Industrol

Products Catalog”, lunderstond itis FREE

with any order or if requested on

company letterhead. (Otherwise, $4.95

fo cover catalog and shipping costs.)
ORDER TOLL FREE

1-800-323-5925

I IN ILLINOIS
312-297-4200
I Our 40th Year
. fJoseph
alecztromics
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CRT-1mv Sensttivity
Reg 5479 5379_‘0

40TH ANNIVERSARY PRICE
Model 2425 Oscilloscope
Same great features os 2120
except wih delayed sweep

regssro 469,40

40TH ANNIVERSARY PRICE
Mode! 1541A Oscilloscopa
DC to 40MHz-Dual Trace- 6" CRT
Amv Sensitivity
Reg. $845 5739.‘0

40TH ANNIVERSARY PRICE
Model 1803 Frequency
Counter 100 MHz-8 digt
display-zero blonking AC

Battel
Reg stio 945940

40TH ANNIVERSARY PRICE
Model 2005 RF Signal
Generator 100 KHz to 150 MHz
in 6 fundamental bands and
450 MHz in harmonics

$469.40

40TH ANNIVERSARY PRICE

Reg. §195

[ Visa
[J Check
Card No.

Narme

JOSEPH ELECTRONICS, INC. Dept.R
8830 N.Milwaukee Ave., Niles, IL 60648
[ Rush merchandise per attached order.
| understand rated accounts are shipped open
account; ofherwise send per credit card.
Include $5 00 per ttem for shipping and handling.
[JMaster Card  [] Discover
[ Money Order [] Rush Cataiog

2Nz

pulse outouts

Reg $225 $189.40
40TH ANNIVERSARY PRICE

Model 1630 DC Power Supply

-0-30V-0- 3A-high-low cumentrange.

o
foa 25 $499 40

40TH ANNIVERSARY PRICE
Model 1601 DC Power Supply
-isotcted 0-50V-0-2A in ranges fully
autamatic shutdown - Ad). current fimit

Reg. 3440 $369.40
40TM ANNIVERSARY PRICE
Model 1650 Triple Output
Power Supply -two 0-25 VDC @ 54
cng SVDC @ 5A-fully automatic
shutdown
Reg. $455 $379.40
40TH ANNIVERSARY PRICE
Model 1653 AC Power Supply
-varioble fsolated 0-150 VAC @ 2A
-built-in isolation transformer

Reg. $190 $469.40

4A0TH ANNIVERSARY PRICE

_ _Bp.Date .
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Streel Address
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CORNER

Pinning the blame

SEVERAL YEARS AGO, THE POLICE OF A
major city, who were fed up to
their blue hats by politicians who
really didn’t care two hoots about
any of the civil servants, revolted
in the only way they could short of
striking: They simply broadcast
nonsense on their radio network.
It all started with a phantom voice
asking, “Who dat?” Another voice
asked, “Who dat who said who
dat?” Then, "I know who said who
dat?”; and so it went, hour after
hour.

Now Hell hath no fury like a pol-
itician ridiculed, for that’s what the
“Who dat?” was, and the morning
papers headlined the mayor’s and
the police commissioner’s threats
to hang the whole police force if
necessary. The way the mayor and
the commissigner told it, the time
spent by the boys in blue asking
“Who dat?” allowed criminals to
run wild in the streets. In fact,
however, the hundreds of man-
hours the mayor ordered to be
wasted trying to identify voices
from air-check tape recordings
probably resulted in more street
crime and arson than a century of
“Who dats?”

Today, the problem of identifica-
tion would most likely not exist.
Notbecause the politicians are any
smarter—they most certainly are
not—but because transmission
identification has become so im-
portant a part of both cost ac-
counting and legal defense that
most communications systems are
upgrading to automatic transmis-
sion identification. Where does
“legal defense” come in? Simply
because virtually any time a per-
son dies before an ambulance or
the EMS team arrives, some hot-

.DATE LINE
PRINTED AFTER
EACH 15 1Ds

DATE TIME (HR:MIN})

Xx 93/13/82 13:15 &%
3:15:43%..... +.449.F
13:15:46..... ~.449. . K
13:19:19..... +.508. R
13:19:2@..... -.5@¢8.K
13:19:25,.... +.508.R
13:200:99. ... . -.5¢8.K
13:22:09. ... +.197.X%
13:22:15..... -.197.%
13:23:47..... +.253.C
13:23:48..... -.253.C
13:29:00. .. .. +. 36T W
12:29:@3..... —-. 36T W

VEHICLE 1D

TIME (HR:MIN:SEC)
STATUS

(+) START TRANSMISSION
{—) END TRANSMISSION

FIG. 1

shot street lawyer will claim the
response was excessively late and
agitate the bereaved family to in-
stitute a lawsuit.

Accountability

In fact, our society has become
so complex that it is essential that
we have the capability to provide
almost a second-by-second ac-
counting of our communications.
How else do we get accountabili-
ty—which in plain English means
“Who can we stick with the
blame?”

Until recent times, the best sys-
tem for communications account-
ability was the logging recorder, a
special ultra-slow-speed tape re-
corder (so it could run unattended
for up to a day) that recorded all
communications traffic, as well the

www americanradiohistorv com
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date and time on a special time
track. If you wanted to find out
what was said or who was called at
a specific time, you simply ran the
logging recorder at a fast speed
until a digital readout indicated
the desired time (and date), and
then listened to the channel traf-
fic. It's the same kind of system the
police use to record emergency
calls.

But while the logging tape can
tell you what was said and when it
was said, it can’t tell you who said
it; particularly so since the modu-
lation characteristics of modern
transmitters are only a shade bet-
ter than that of two paper cups
connected by a string; so it’s often
difficult, if not impossible, to dis-
tinguish the difference between
male and female, child and adult.

What was needed for true ac-
countability was automatic trans-
mitter identification, so that when
the transmit switch was pressed
the first thing that goes out is the
mobile’s or hand-held’s ID
number, which is indicated both
on the dispatcher’s console dis-
play and on a printout. The con-
sole display shows the time and
the ID number; the printout can
show the vehicle’s ID number, the
date, and time the transmission
started, the time the transmission
ended, and even the status of the
vehicle. For example, if a taxi has
its flag up or down, if the vehicle is
moving or stopped, or if the vehi-
cleis in trouble (keyed by a switch
under the driver’s seat). A sample
printout from an ANI (Automatic
Number Identification) system of
the Control Signal Corp. (1985 S.
Depew St., Denver, CO 80227) is
shown in Fig. 1.



A really big feature with some
units, such as the ANI, is an auto-
matic time-out for stuck mobile-
unit PTT (Push-To-Talk) switches,
which would result in the channel
being continuously jammed. If the
mike’s PTT switch jams closed, the
dispatcher’s console sounds an
alarm and identifies the offending
unit. After a preset time, the ANI
encoder in the mobile automat-
ically shuts off the transmitter,
While that might take the transmit-
ter out of service until the vehicle
returns to the shop, at least it un-
jams the channel for other users.

More often than not, however,
the primary purpose of automatic
identification is to stop horseplay
and eliminate mischief, such as
““dead carriers,” microphone
clicks, belching, foul language,
and “Who dats.”

How it’s done

Depending on the particular
communications system, the iden-
tification data can be sent via sub-
audible or audible tones. The
disadvantages of subaudible tones
are that they can’t be used if the
system already uses subaudible
tones for CTCSS (tone squelch) or
if the signal must be sent over con-
ventional telephone lines, and
every unit in the system must be
able to handle subaudible tone.

Audible tones, on the other
hand, will pass through any kind of
communications equipment. In
Control Signal’s ANI system, a 3-
digit ID code is a 100 millisecond
(Yo second) two-frequency FSK
burst after the transmitter is key-
ed. (The delay between keying the
PTT switch and the tone burst is
adjustable to accommodate the
particular communications sys-
tem.) Six half-cycles of the base
(audio) frequency is a mark, and
three half-cycles of one-half the
base frequency is a space.

As you can see, since the ANI
system uses conventional audio
tones that fall within the passband
of conventional communications
gear, including telephone circuits,
it can easily be added to just about
any mobile-base system, provid-
ing 100% accountability. Ah, yes!
Just when you think Big Brother
has exhausted all his wiles and
guiles, he can come up with yet
another. R-E

Universal Video Analyzing System —
That You Can’t Do With The Others.

|- ; . -

1. Quickly locate defective circuits by injecting signals without dis-
connecting components.

2. Replace video heads with confidence; a simple good/bad head test
removes all doubt.

3. Align IF traps simply by just the pattern on the CRT — have the
picture ‘‘looking like it did when they bought it.”’

4. Quickly align VCRs with special video patterns, or NTSC color bars
Mests all manufacturers’ warranty requirements.

5. Performance test and troubleshoot any MTS stereo TV or VCR
system, so you ¢an cash in on new technology.

6. Confidently test deflection yokes, IHVTs, and flyback transformers,
in-or out-of-circuit, before you replace them.

7. Add on phase-locked accessories into your video analyzing system
to increase service potential as technology changes.

8. Performance test and troubleshoot digital/analog RGB video
monitors, so you can test all of today’s video systems.

9. Conquer tricky servo circuits in VCRs by injecting a reference
30 Hz servo pulse.

10. Cut your video servicing time in half . . . or your money back.

Discover what the Universal Video Analyzing System
can do for you! Call Today 1-800-843-3338.
In Canada Call 1-800-851-8866.

100% American Made

SENCORE

3200 Sencore Drive, Sioux Falls, SD 57107  605-339-0100 In SD Only
CIRCLE 181 ON FREE INFORMATION CARD
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Direct Sale! Fumous LogicBridge 136

"Pocket Scope"

Compare a galerulse (50%Hil.
50% LO) on the A input with a
microprocessor clock signal on the

* B input using the Boolean OR
operator. The result is displayed in
the upper trace.

P Determine the time delay between
two input signals A and 8 directly
from the upper and lower traces.

=

Special Offer! You read about it, maybe even
ordered one; over 100,000 inquiries were
received when this unique testing instrument
was introduced, more orders than anyone could
manufacture. No competitive tool ever came
close to its versatility, even at twice the price.

LogicBridge 136 has sold recently for $795.
But we will soon replace it with an even more
sophisticated, but costlier instrument. So now,
for a brief time, you can get LogicBridge 136,
as available, at the unheard of price of $395—
or only $365 if you hurry your order,
direct to Inter-Venture.

LogicBridge 136 is a digital storage instru-
ment that combines the functions of logic ana-
Ivzer and oscilloscope technology in a compact,
hand-held, 1.25 pounds. It can be worn around
vour neck like a doctor’s stethoscope—a kind
of “badge of the engineer.” Effective real time
pulse bandwidth is 10MHz but the glitch catcher
captures pulses down to 50 Ns. Patented LED
array allows simultancous display of two digital
waveforms. Memory mode operation stores up
10 fifty 100-bit waveforms to he recalled and
visuallv/logically compared to other waveforms.
Exclusive “Audo-Trak™ function produces
audible togic analysis, along with “trig-tone.”

ogicBridge 136"

Waveform analysis in the palm of your hand.

At this special price,LogicBridge is a must for
engineers, field technicians, educators, students
and hobbiests. A great giftitem for new graduate
engineers. A complete brochure is available, but
don’t risk our running out. All new production
will focus on the advanced units.

Order today, direct from Inter-Venture and
save the additional $30. Send coupon or
phone now.

SPECIFICATIONS
DISPLAY:
Dual LED Arrays
2 x 100 Elements per Array
16 LED Annunciators:
Time Base  Single Sweep
Memory Battery Low
Tone
Logic Compare Modes:
AND. OR, EXCLUSIVE OR
Display Options:
A, B, Trigger. Memory, Invert, Clock, SYC,
External, Logic Functions
INPUT:
Three Channels (A, B, Trigger)
0.5 Volt: 1 Meg, 50 PF
0.50 Volt: 1 Meg, 70 PF (10 x Probe)
50 Volts Maximum
Probes or Direct Via 10C Connector

. THE NEXT LOGlCAL STEP 'IN TEST lNSTRUMENTATlON .

: [ Please send me a LogicBridge 136 brochure.

[ ¥ want 10 save an additional $30 per unit by
. ordering direct.

( ) LogicScope 136 units at i cost of $365 each.

. [J 1'have my own probes.

[ 1need custom sets of 3-250 MHz,
. 1X-10X oscilloscope probes at cost of $149 per
set ($225 value).

: Charge tomy [ ] Mastercard [ Visa
: > Credit Card No. Expires
;llliillllllli_llll

* Offer expires March 31, 1988. Calif residents add 619% sales tax

Inter-Venture :
2114 Ringwood Avenue, San Jose, CA 95131 .
Name :
Titie N

Company Name
Address :
State

City Zip

www americanradiohistorv com

{ =

Extract an error bit (in upper trace)
by an EXCLUSIVE OR comparison
to a known good bit pattern (in
lower Irace). Results are stored in
MEMORY MODE and recalled to
the display.

Use SINGLE SWEEP and STORE
MODE to display serial data input

') B (lower trace) after the occur-
rence of lhe single shot event A
that is being displayed in the
upper trace.

TIME BASE:

10 MIiz Real-Time Bandwidth
50-100 NS Glitch Catcher

1 S-1 See/Div Ranges (6 steps)
Auto-Seek Mode
Single Sweep/Reset
UNCAL Function
TRIGGER:
Threshold Adjust: 1.2
Trigger Tone

Dual Tone AUDO TRAK (2.4+4 Kliz, 4.88 KHz)
100 NS Auto Restore

MEMORY:

50-100 Bit CMOS Display Waveform Memories
Write/Recall Functions — Memory Mode
Store Mode Memory Link Mode
POWER:

AC Wall Transformer/Charger

9 Volt Rechargeable Batter (Optional)
PHYSICAL:

8.0(L) x4.5(D) x 1.75¢(
I Pound 4 Ounces

50 NS 100 NS Glitch Catcher

Neck Strap

Operations Manual

Modular Triple Probe Set

25 Pin Input/Output/Control Port

7 LED Kevboard Annunciators

WARRANTY:

One vear parts and labor from date of purchuse
when returned to factory or local authorized
service center,

Custom HCMOS

LS Logic Chips used throughout.

Inter-Venture

Probing the limits of
electronic excellence
Inter-Venture Corporation
2114 Ringwood Avenue, San Jose, CA 95131
(408) 943-1088

—4.7 Volts

H) Inches



NEW PRODUCTS

continued from page 33

frequencies adjust the DSL-EX
effect according to the user’s lis-
tening preferences.

Athree-way auto-reverse system
allows the user to be free from
manually switching tape sides.
The system will play the tape
through one complete cycle, play
the tape continuously for non-in-
terrupted music listening, or
switch tape sides at any given
point. With the music-sensor fea-

CIRCLE 14 ON FREE INFORMATION CARD

ture, the unit will automatically
fast-forward to the nextitem or re-
wind to the previous one. There is
an anti-rolling mechanism that
provides stable playback, even
when the unit is in motion.

The model HS-PX700A can be
powered by either two AAA bat-
teries, house current when used
with the supplied AC adaptor, or
by the supplied rechargeable bat-
tery pack. The quick-charge bat-
tery system takes one hour to
recharge and provides two hours
of playback enjoyment. The model
HS-PX700A is priced at $250.00.—
Aiwa America, 35 Oxford Drive,
Moonachie, NJ 07074.

TELEPHONE OPTIONS DEVICE.
The TELE-MATE adds custom fea-
tures to any standard, modular-
type home phone. It allows the
user to place a call on hold and
transfer it to another extension, to
ensure privacy by checking the
line for unwanted listeners, to
stop incoming calls by generating
a busy signal, and to determine

continued on page 42

Test VCR Mechanics

Fast and Easy!

Take the guesswork and hassles out of VCR

mechanical problem diagnosis!
Four Universal, Powerful Tools for VCR Service

Tape Tension-Gauge: The Tentelometer® is the
world's most universal method of measuring hold
back tension. Calibration can easﬂy be checked
in the “field”. Merely slide the
probes over tape to measure
tape tension directly in grams.
lllustrated instruction manual
included. This is the back
tension gauge referenced by
many of the VCR service man- { =
vais, and it will work on N

all VCRs.

T2-H7-UM  $295

regarding VCR condition and
@ wear on other components. |

Video Head Protrusion Gauge: Universal, fast,
safe method of measuring the amount of video
head tip wear. Measures in microns and ten-
thousandths of an inch. Allows =
accurate predictions of re-
maining head life. Head wear
provides useful information M

Stop guessing about head
wear. Accessory “S1” stand
allows use on any VCR.

HPG-1 $479 S1 $95

Spindle/Elevator Gauge: The TSH gauge inserts
into the VCR just like a cassette. The new TSH-V5
performs 6 critical measurements to ellmmate
tape binding and edge dam- [
age. This gauge quickly locates §
problems that can't even be
detected by other methods.
Fully illustrated instruction §
manual is included.

TSH-V5 for VHS: $395

Torque Gauge: A universal, inexpensive, accu-
rate torque gauge for VHS and Beta VCRs.
Calibrated in Gram-Centimeters both clockwise
and counterclockwise. Com-
plete with easy-to-foilow, de-
tailed instruction manual for
VHS recorders. includes a

b | modifiec VHS cassette for

ease-of-use.

Complete System
TQ-600 $139

Tentel® provides the most powerful easy-to-use, field calibrateable, universal VCR test equipment
available for various mechanical tests. Cail our application engineers today for answers to your
questions. Ask about the combination discount when ordering all 4 gauges.

Tentel Corp.

1506 Dell Avenue
Campbell, CA 95008

(800) 538-6894
(408) 379-1881

in California

CIRCLE 204 ON FREE INFORMATION CARD
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Put Professional Knowledge and a

COLLEGE DEGREE

in your Technical Career through

Add prestige and earning power to
your technical career by earning
your Associate or Bachelor degree
through directed home study.

No commuting to class. Study at
your own pace, while continuing
on your present job. Learn from
easy-to-understand lessons, with
help from your Grantham instruc-
tors when you need it.

Grantham College of Engineering
iIs a specialized institution cater-
ing to adults who are employed in
electronics and allied fields such
as computers. These fields are so
enormous that opportunity to
move up is always present. Pro-
motions and natural turn-over
make desirable positions available.

An important part of being pre-
pared to move up is holding the
proper college degree, but the es-
sential part is really knowing vour
field. Grantham offers two B.S. de-
gree programs — one with major
emphasis in electronics and the
other with major emphasis in com-
puters. Both programs are offered
by correspondence.

Write for our free catalog (see ad-
dress below) or telephone us at
(213) 493-4421 (no collect calls)
and ask for our “degree catalog.”

Accredited by
the Accrediting Commission of the
National Home Study Council

GRANTHAM
College of Engineering
10570 Humbolt Street

Los Alamitos, CA 90720
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RADIO-ELECTRONICS
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Join
the

Book
Club®

ADVANCED DIGITAL COMMUNI-
CATIONS: Systems and Signal
Processing. Edited by K. Feher. 768
pp., 436 illus. Emphasizes the newest
advances and developments in tele-
communications systems and net-
works. Chapters on subjects such as
ISDN, speech coding algorithms, digi-
tal speech interpolation systems and
interference are all written by interna-
tional authorities to give you on-the-job
expertise.

583801-X Pub. Pr, $59.95 Club Pr., $42.50

ELECTRONICS ENGINEERS' HAND-
BOOK, Second Ed. £dited by D. G.
Fink & D. Christiansen. 2,272 pp.,
2,189 ilius. This updated and enlarged
edition covers all the latest knowledge
in the field, including new advances in
integrated circuits, pulsed and logic
circuits, laser technology, telecom-
munications, and much more.

209/812  Pub. Pr., $89.00  Club Pr., $61.50

32-BIT MICROPROCESSORS. £dited
by H. J. Mitchell. 248 pp., 104 illus.
and tables. A complete survey of the
architecture, operation, and applica-
tions of today's most important new
devices from AT&T, Inmos, Intel, and
Motorola.

Club Pr., $29.50

425/85X Pub. Pr., $39.95

MICROWAVE AMPLIFIERS AND 0S-
CILLATORS. By C. Gentili. 150 pp., 79
illus. A thorough, practical introduction
to the theory and design of microwave
amplifiers and oscillators, with cover-
age of the scattering matrix, the gallium
arsenide field-effect transistor, and mi-
crostrip technolog;

y.
229/953 Pub. Pr., $31.95 Club Pr., $24.95

TROUBLESHOOTING ELECTRONIC
EQUIPMENT WITHOUT SERVICE
DATA By R. G. Middleton. 303 pp.,
162 illus. and tables. Packed with
charts, diagrams, and case histories,
this practical handbook shows you how
to pinpoint defective electronic circui-
try when no service data is available.

583134-1 Pub. Pr, $27.95 Glub Pr, $22.30

HANDBOOK OF
ELECTRONIC
TABLES AND
FORMULAS
Sixth Edition

256 pages, illustrated. 583804-4
Up-to-date mathematical tables and
electronic formulas in a convenient
desk reference that you'll find indis-

pensable. Included are basic formulas,

constants, government/industry stan-
dards, symbols and codes, service
data, and more. The handbook also

has new sections describing how to do

your calculations on a computer, and
complete computer programs.

Electronics and
Control Engineers’
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* your one source for engineering books
from over 100 different publishers

e the latest and best information in your field

e discounts of up to 40% off
publishers’ list prices

New Members!
Take any one of these great

professional
books

for cgnly
as a premium with your
first selection!

Se289

Spectacular values up to $98.50

ENGINEERING FUNDAMENTALS
FOR THE PROFESSIONAL
ENGINEERS' EXAM, Third Ed. By L.
M. Polentz. 432 pp., 170 illus. Fea-
tures worked-out sotutions and full ex-
pianations for all sample probiems so
you can learn how to solve them. It's a
dependable way to prepare for the exam
or a perfect on-the-job reference.

503/931 Pub. Pr., $36.50 Club Pr., $27.95

A $19.95
Value — Yours
ABSOLUTELY

FREE

when you join!

AUTOMATIC CONTROL SYSTEMS,
Fifth Ed. By B. C. Kuo. 736 pp., illus.
Provides an overview of automatic con-
trol systems, inctuding in-depth cover-
age of classical control technigues, op-
timal control theory, and analog and
digital control system design. This up-
dated edition discusses the latest ideas
on the use of computers to design con-
trol systems and as components of such
systems.

583706-4 Pub. Pr, $48.00 Club Pr., $36.95

OP-AMP HANDBOOK, Second Ed.
By F. W. Hughes. 320 pp., 231 illus.
Organized for on-the-job reference, this
handbook covers all facets of op-amps,
from stability and protection to signal
processing using op-amps. Includes a
collection of over 60 practical circuits
for a variety of applications, proce-
dures, and experiments.

583651-3 Pub. Pr, $36.33 Club Pr., $27.50

THE LINEAR IC HANDBOOK. By M.
S. Morley. 614 pp., 163 illus. The one-
stop sourcebook that helps you find —
quickly and easily — the lowest-cost
tinear IC that will meet your needs.
includes specs, applications data, and
prices of linear ICs from all major
manufacturers, as well as design and
fabrication technigques.

583764-6  Pub. Pr.$49.50  Club Pr, $36.25

www americanradiohietory com

MCGRAW-HILL CONCISE ENCY-
CLOPEDIA OF SCIENCE AND TECH-
NOLOGY . Editor-in-Chief S. P Parker
and the Staff of the McGraw-Hill En-
cyclopedia of Science and Technology.
2,065 pp., 1,600 illus. This volume
serves every need for understanding to-
day’s science and technology. Written
by over 3,000 of the world’'s topmost
experts, including 19 Nobel Prize win-
ners, it covers 75 disciplines from
Acoustics to Zoology.

454/825 Pub. Pr., $98.50 Club Pr., $63.99

CIRCUIT DESIGN FOR ELECTRONIC
INSTRUMENTATION: Analog and
Digital Devices from Sensor to
Display, Second Ed. By D.
Wobschall. 400 pp., 365 illus. Brings
you the entire process of circuit design
in a comprehensive, easy-to-follow for-
mat. This new edition reflects the latest
in IC technology, inciuding CMOS and
ECL devices.

112/3X Pub. Pr., $49.50 Club Pr., $36.95

AMERICAN ELECTRICIANS' HAND-
BOOK, Eleventh Ed. By T. Croft and
W. Summers. 1,824 pp., 1,560 illus.
This newly updated handbook shows you
how to select, install, maintain, and op-
erate all the latest electrical equipment
and wiring. It includes the most recent
code requirements, basic formulas, and
a wealth of circuit diagrams and illus-
trations.

139/326  Pub. Pr, $64.50 Club Pr., $49.50

MICROELECTRONICS, Second Ed.
By J. Millman and A. Grabel. 1,001 pp.,
646 illus. Takes you from the basics of
semiconductor properties to an under-
standing of the operation of solid-state
devices, and then to more advanced
topics. Its up-to-date coverage, real-life
examples, and practical data make this
an ideal reference for the working
engineer.
423/30X Pub. Pr., $49.95 Club Pr., $36.50
ENGINEERING MATHEMATICS
HANDBOOK, Third Ed._ By J. J. Tuma.
512 pp., illus. This best-selling hand-
book gives you the essential mathe-
matical tools-formulas, definitions,
theorems, tables, and models for com-
puter programming — that you need for
your day-to-day engineering

calculations.
654/433 Pub. Pr., $44.50 Club Pr., $34.50



PRINCIPLES OF PARALLEL AND
MULTI-PROCESSING. By G. R. Des-
rochers. 500 pp., illus. A highly prac-
tical guide to the best techniques in
parallel problem-solving. Discusses
parallel system design, architecture,
implementation, software, and perfor-
mance analysis.

165/793 Pub. Pr., $49.50 Club Pr;, $36.95

ANALOG ELECTRONIC CIRCUITS. By
G. M. Glasford. 480 pp., 350 illus.
Gives you the detailed information and
equations you need to create and ana-
lyze top quality circuit designs or effec-
tively utilize the designs of others.

Pub. Pr., $52.33

3837684 Club Pr., $37.95
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HANDBOOK OF ELECTRONIC
NOISE MEASUREMENT AND TECH-
NOLOGY, Second Ed. By C. A. Ver-
gers. 440 pp., 213 Hlus. Provides an-
swers to all your questions about noise
origins, causes, effects. Aiso shows you
how to predict and measure noise, and
how to design low-noise circuits.

583947-4  Pub.Pr,$3995  ClubPr. $29.95

SWITCHGEAR AND CONTROL
HANDBOOK, Second Ed. £dited by
R. W. Smeaton. 1,056 pp., 789 illus.
The only handbook that treats all as-
pects of switchgear control, including
design, applications, safety, and main-
tenance. Updated to reflect the
changes brought abcut by the use of
computers, solid-state devices, and
programmable controis.

5847494 Pub. Pr., $75.00 Club Pr., $36.95
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ANTENNA APPLICATIONS REFER-
ENCE GUIDE. £dited by R. C. Johnson
and H. Jasik. 496 pp., 368 illus. and
tabtes. Covers the major applications of
antenna technology in all areas of com-
munications and their design methods.
Emphasizes important new applica-
tions such as earth station, satellite,
seeker, aircraft, and microwave-relay
antennas.

322/848 Pub. Pr., $49.50 Club Pr., $36.50

MICROCOMPUTER DESIGN. 8y M.
Hordeski. 406 pp., illus. Emphasizes
the most current, cost effective meth-
ods for developing, debugging and test-
ing alt types of microprocessor prod-
ucts, including software and hardware.

583683-1 Pub. Pr, $42.67 Club Pr., $29.95

DESIGNING ELECTRONIC CIR-
CUITS. By R. G. Middleton. 351 pp.
192 illus. Covers virtually -every cate-
gory of circuits commonly used. This
practical manual provides the basic de-
sign procedures, tables and formulas
vital to effective electronic circuit de-
sign. Plus over 60 start-to-finish pro-
cedures are featured along with scores
of computer programs to help you de-
sign and analyze electronic circuits.

583673-4 Pub. Pr, $36.95 Club Pr., $27.50

68000 MICROPROCESSOR: ARCHI-

Be sure to
consider these
important
titles as well!

INTRODUCTION TO RADAR SYS-
TEMS, Second Ed. By M. [. Skolnik.
519/091 Pub. Pr., $51.95 Club Pr., $38.95

MICROPROCESSORS IN INSTRU-
MENTATION AND CONTROL. By S.
A M

oney.
4211010 Pub. Pr., $39.50 Ciub Pr., $29.50

OPERATIONAL AMPLIFIERS AND
LINEAR INTEGRATED CIRCUITS,
Third Ed. By R. £ Coughlin and F F
Driscoli

583754-4 Pub. Pr,, $34.95 Club Pr., $25.95

MCGRAW-HILL'S NATIONAL ELEC-
TRICAL CODE HANDBOOK, 19th Ed.
By J. F McPartland.

451011 Pub. Pr., $42.50 Club Pr., $31.85

ELEMENTS OF ENCINEERING ELEC-
TROMAGNETICS, Second Ed. By N

N. Rao.

583774-9  Pub.Pr.$49.00  Club Pr. $35.50
PROBABILITY, SIGNALS, NOISE. By
J. Dupraz.

183/309 Pub. Pr., $39.95 Club Pr., $29.85

POWER GENERATION CALCULA-
TIONS REFERENCE GUIDE. By T. G
Hicks
288/003 Club Pr., $27.50
HUMAN FACTORS REFERENCE
GUIDE FOR ELECTRONICS AND
COMPUTER PROFESSIONALS. By W

E. Woods
N1/664 Club Pr., $23.75

Pub. Pr., $36.50

on.
Pub. Pr.. $32.50

THE FOURIER TRANSFORM AND
ITS APPLICATIONS, Second Ed.,
Revised. By R. N. Bracewell.

070156 Pub. Pr., $49.95 Club Pr., $38.95

TECTURE, SOFTWARE & INTERFACE
TECHNIQUES. By W. A. Triebel & A.

Singh
583613-0 Club Pr.. $29.95

FOR FASTER SERVICE IN ENROLLING
cALL ToLL-FREE 1-800-2-MCGRAW

I———- MAIL THIS COUPON TODAY == s

THE LASER GUIDEBOOK. By J. Hecht

Pub. Pr. $42.67 211/338 Pub. Pr., $43.50 Club Pr, $31.50
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MeGraw-Hill Book Clubs
Electronics and Control Engineers'
Book Club®

Bt G PO. Box 582, Hightstown, NI 08520-9959

Please enroll me as a member and send me the two
books indicated, plus the HANDBOOK OF ELEC-
TRONIC TABLES AND) FORMULAS. [ am to receive one
book for just 8289, the other at the discounted
members price, plus local tax, shipping and handling
charges. | agree to purchase a minimum of two
additional books during my tirst vear ol membership as
outlined under the Club plan described in this ad. |
understand that a shipping and handling charge is
added 1o all shipments.

Why YOU should join now!

B BEST AND NEWEST BOOKS IN YOUR FIELD — Books are selected from a wide
range of publishers by expert editors and consultants to give you continuing access
to the best and latest books in vour field.

B BIG SAVINGS — Build your library and save money too! Savings ranging up to
40% or more off publishers’ list prices.

Your FREF Handbook

583804-4 I
BONUS BOOKS—You will immediately begin to participale in our Bonus L -

Pl , . P . « : < g of Write Code Ao of the \Write Code No. for the
Book lldn‘th‘gl allows you savings up to 70% oft the publishers’ prices of I $2 89 sclection here First selection here
many protessional and general interest books! { l ‘ ]

B CONVENIENCE—12-14 times a year (about once every 3-4 weeks) you receive

the Club Bulletin FREE. It fully describes the Main Selection and Alternate Selec- I
tions. A dated Replv Card is included. If vou want the Main Selection, you simply do
nothing — it will be shipped automaticallv. If vou want an Alternate Selection —or
no hook at all —you simply indicate it on the Reply Card and return it by the date

specified. You will have at least 10 days to decide. If, because of late delivery of the I
Bulletin vou receive a Main Selection vou do not want, vou may return it for credit '
at the Club’s expense.

As a Club member you agree only to the purchase of three books (including your

Signature

Name

Address/Apt. #

first selection) during your first year of membership. Membership may be discon- I City
tinued by either vou or the Club at any time after you have purchased the first Siate Zio
selection plus two additional books. ' )
' This order subject to acceptance by McGraw-1ill. All

prices subject to change without notice. Ofter good

Other McGraw-Hill Book Clubs: Lo
cGra c only to new members. Foreign member acceptance

Architects’ Book Club = Byte Book Club » Chemical Engineers’ Book Club

-————----—--—-—-——————————J

* Civil Engineers’ Book Club » Mechanical Engineers Book Club subject 1o special conditions. LR
For more information, write to:
McGraw-Hill Book Clubs, P.O. Box 582, Hightstown, New Jersey 08520-9959 L—— e

WWW.americanradiohistorv.com
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Puta
test lab in
your tool pouch

The Fluke 8060A 4'2-digit
handheld muitimeter.

It's the best tool you could add to your tool
pouch, because it lets you troubleshoot more
... with less.

This portable, powerful instrument has a
unigue combination of features not available
in any other handheld DMM.

A simple push of a button on the Fluke
8060A lets you measure frequencies to 200
kHz, make relative offset measurements, con-
vert voltages to direct reading decibels, or
conduct audible continuity tests. Plus the
8060A offers wideband True RMS ac meas-
urement capability to 100 kHz.

So say goodbye to your part-time counters,
oscilloscopes, continuity testers, calculators
and power supplies. And welcome a full-time
professional that'll be there when you need it.

You'll find that for troubleshooting every-
thing from motor controls to data communica-
tions equipment, the Fluke 8060A is the best
multimeter value going.

Find out more by calling our toll-free hot-
line 1-800-227-3800, ext. 229, day or night.
QOutside the U.S. call 1-402-496-1350,
ext. 229.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

FLUKE

(© 1986 Fluke
CIRCLE 121 ON FREE INFORMATION CARD

NEW PRODUCTS

continued from page 37

whether the phone is in use with-
out lifting the receiver. Italso func-
tions as a simple-phone circuit
tester. You can trace problems,
such as no dial tone oradead line,
to their source—modular jack,
phoneline, or the telephone unit.

Installation is simple. Using the
2-way T-adapter and Velcro pads

~ supplied with the TELE-MATE, it

// ‘ . b
CIRCLE 15 ON FREE INFORMATION CARD

F —
Get A Complete Course In

ELECTRONIC
ENGINEERING

8 volumes, over 2000 pages,
including all necessary math and
physics. 29 examinations to help
you gauge your personal pro-
gress. A truly great learning
experience.

Prepare now to take advan-
tage of the growing demand for
people able towork at the engin-
eering level.

Ask for our brochure giving
complete details of content. Use
your free information card num-
ber, or write us directly. $99.95,
Postage Included. Satisfaction
guaranteed or money refunded.

Banner
Technical
Books, Inc.

1203 Grant Ave.
Rockford, IL 61103

CIRCLE 183 ON FREE INFORMATION CARD

WwwWwW americanradiohistory com
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can be connected to either the
wall jack or to the phone itself.

The device itself is also simple—
asmall box with a push-button and
red indicator light. Each of its func-
tions is achieved by various com-
binations of pushing the button
and observing the light, with the
phone either on or off the hook.

TELE-MATE has a suggested
price of $14.95.—B&M Engineering,
P. O. Box 823, 2551 Galena St., Simi
Valley, CA 93062.

ANTISTATIC WRISTWATCH. The
Spiring 3S-Watch provides perma-
nent on-hand availability of anti-
static protection. The watch and
wriststrap are both made of adura-
ble special plastic. The electrical
contact to the wearer’s skin is
made by a stainless-steel inlay
within the wriststrap to guarantee
100%-reliable contact.

CIRCLE 16 ON FREE INFORMATION CARD

The watch can be entirely wash-
ed with a detergent to remove any
traces of grease or other con-
taminants that could interfere with
contact. The coiled cord is con-
nected to the wriststrap by a de-
tachable snap contact with a 1-
megohm resistor incorporated
within the mold.

The 3S-Watch is available as a
gent’s and a lady’s model; the
price, which includes the coiled
cord, is $59.50.—Solder Absorbing

continued on page 96
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IMAGINE TRAVELING FASTER THAN 300
miles per hour in a train levitating
above its tracks on a magnetic field.
Imagine transistors operating more
than 20 times faster than those of to-
day, yet consuming only one twen-
tieth the power. Imagine an energy-
storage device so efficient that you
could travel from coast to coast in an
electric car—on a single charge.

the integrated circuit, or the laser. The
interest and excitement it has gener-
ated in scientific circles is extraordi-
nary. And the speed at which new
discoveries are being made has fired
the imagination of the general public
as well.

Even high-school students have
succeeded in producing supercon-
ducting materials and have demon-

Kamerlingh Onnes. He found that
when mercury is cooled to a tem-
perature of 4 Kelvin (that’s 4 degrees
above absolute zero, or — 450°F), it
loses all of its resistance to the flow of
electricity and becomes a perfect
electrical conductor.

For 75 years, research into the phe-
nomenon of superconductivity
yielded more than one thousand su-

SUPERCONDUCTIVITY

BREAKTHROUGHS

A true revolution in physics has only just begun.

BRIAN C. FENTON, MANAGING EDITOR*

All those dreams won’t be fulfilled
this year, but thanks tc the break-
throughs that have occurred in super-
conductivity research, they look a lot
more probable than they did only a
year ago.

The discovery of high-temperature
superconductivity in a new class of
materials is the most important scien-
tific development in the last fifty
years, perhaps even more important
than the invention of the transistor,

strated the superconducting proper-
ties in magnetic levitation experi-
ments such as that shown in Fig. 1.
(You can experiment with supercon-
ducting materials too! See Don Lan-
caster’s ‘‘Hardware Hacker”’
elsewhere in this issue for more de-
tails on the subject.)

A change of pace
Superconductivity was first dis-
covered in 1911 by Dutch physicist

*We would like to thank Gerald Fresent, Ph.D., Senior Communications Specialist for IBM Corporation for hi_s

contributions to this article.

wwWwW americanradiohistorvy com

perconductive substances. The max-
imum temperature at which a
substance becomes superconduc-
tive—the critical temperature or
T—did increase linearly with time
as new superconductors were dis-
covered. But, although the increase
was steady, it was at a very slow pace.
As late as April 1986, the record for
the highest critical temperature be-
lenged to Niobium-Germanium
(NB;Ge), a substance that was dis-
covered to have a T of 23 Kelvin
sometime in 1973,
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FIG.1—A SUPERCONDUCTOR FLOATS IN
air above a magnet. This experiment,
which has come to symbolize the break-
throughs in superconductivity, demon-
strates Meissner’s effect, whereby mag-
netic flux does not enter a superconduc-
tive material. In effect, the superconduc-
tor looks like a “magnetic mirror.”

FIG. 2—J. GEORG BEDNORZ AND K.
ALEX MUELLER at IBM’s Zurich Research
Laboratory provided the spark that ig-
nited the excitement of the world scientific
community by their discovery of high-
temperature superconductivity in a class
of oxide materials.

A generally accepted theory, the
BCS or Bardeen-Cooper-Schrieffer
theory suggested that there was an
upper limit to T at about 40 K. But
two scientists at the IBM Zurich Re-
search Laboratory put an end to that
way of thinking. They discovered in
early 1986 that a new class of mate-

rials exhibits superconductivity at
temperatures much higher than any-
one had ever seen.

The discovery, by K. Alex Mueller
and J. Georg Bednorz, who are shown
in Fig. 2, has kicked off a flurry of
scientific activity around the world.
The critical temperature has jumped
sharply and, as shown in Fig. 3, dra-
matic increases in T have been com-
ing at an astounding pace. Headlines
in the popular press have proclaimed
that superconductivity at room tem-
peratures is not only possible, but
around the corner!

Only time will tell whether we will
ever reach that milestone. But at this
time we have already passed an im-
portant point along the way: the liquid
nitrogen barrier.

Finding a material that supercon-
ducts above the boiling point of liquid
nitrogen (77 K) is so important be-
cause liquid nitrogen is so cheap—a
fraction of the cost of the liquid he-
lium that must be used when working
with the lower-temperature supercon-
ducting materials. Superconductor
applications will no longer be limited
to such areas as high-energy physics
research and oil exploration where the
expense and inconvenience of cooling
by liquid helium can be justified.
Many common electrical applications
could benefit, including electric-
power generation, transmission, and
storage; high-speed rail transport,
computers; and electronic instru-
ments as well.

Superconducting materials
Before the recent discoveries, in-
termetallic compounds (such as
niobium-tin, niobium-germanium,
etc.) were the best superconductors.
But Mueller and Bednorz had become
convinced that no further progress
would occur in raising the critical
temperatures of such compounds.
Their insight led them to metallic ox-
ides. The Zurich researchers were
very familiar with those oxides and
believed they were candidates for
higher-temperature superconductors.
For high superconducting-transi-
tion temperatures to occur in a mate-
rial, either the number of electrons
available to carry current must be high
or the attractive or coupling forces
between the electron pairs responsi-
ble for superconductivity must be
strong. Even though oxides have
fewer available electrons than metals
(which generally make good super-
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conductors), some metallic oxides
were already known to be supercon-
ductors, although only at tem-
peratures of up to 13 K. That could
only imply, the researchers reasoned,
that the materials had particularly
strong electron-pairing forces. They
thought they could find even stronger
pairing forces in oxides of nickel and
also copper.

After much work on a number of
different systems, they become aware
of a class of copper oxides that was
reported to behave like a metal in con-
ducting electricity. Those materials
had not been studied previously for
possible superconductivity, but
Mueller and Bednorz believed they
were perfect candidates.

In January 1986 they found a strong
decrease in electrical resistance when
they cooled the material, a ceramic
copper oxide containing lanthanum
and barium. By April, their best sam-
ples showed a transition occurring at
35 K—a very substantial increase
over the 23 K reported for niobium-
germanium in 1973. They imme-
diately reported their results and the
race was on—a new chapter in phys-
ics had begun.

The impact of the IBM discovery
on the world physics community was
astounding—by January 1987 several
other research teams had prepared
their own versions of the IBM com-
pound and reported similar results and
even higher transition temperatures.

Paul C.W. Chu, a leading super-
conductivity researcher from the Uni-
versity of Houston, found that by
pressurizing a superconducting 0x-
ide, he could raise the critical tem-
perature to 70 K. He theorized that
the pressure helped increase the crit-
ical temperature by bringing the
layers of copper and oxygen and lan-
thanum and barium closer together.
He found another way to bring the
layers closer: He replaced the barium
with strontium, which is a similar ele-
ment but has a “smaller atom.” That
raised the critical temperature even
more. When Chu replaced lanthanum
with the element yttrium, the com-
position of the substance was altered
drastically—and the critical tem-
perature shot up to 95 K. He an-
nounced his results on January 29,
1987, and started a revolution within a
revolution. The liquid-nitrogen barri-
er had been broken.

By the time of the March, 1987
meeting of the American Physical So-



ciety in New York, thousands of sci-
entists and engineers throughout the
world were trying to understand more
about the new class of oxide super-
conductors, to find variations that had
still higher transition temperatures,
and to explore possible applications.

Shortly after that, IBM researchers
made the first thin films of the new
higher-temperature  superconducting
material, which led to the develop-
ment of the first superconducting de-
vices to operate in the liquid-nitrogen
range. The device. called a SQUID or
Superconducting QUantum Inter-
ference Device, is an extremely sen-
sitive magnetic-field detector.

It’s not easy

Despite all the truly fantastic dis-
coveries and developments, there: are
still problems to overcome. But re-
searchers seem intent on overcoming
all of them.

For example, one of the major
problems with the new superconduc-
tors was their low critical current—
the current above which a material
loses its superconductive propertics.
Butresearchers changed things in rec-
ord time. IBM rescarchers reported
that the materials were inherently ca-
pable of carrying 100,000 amperes-
per-square-centimeter at liquid-nitro-
gen temperatures—more than 100
times more current than previously
belicved. Shortly after, Japan’s NTT
Ibaragi Telecommunication Labora-
tory reported producing a supercon-
ductor able to conduct 1.8 million
amperes-per-square-centimeter!

Being able to consistanily produce
materials with such high critical cur-
rents is still a problem. The first iso-
lated single crystals were grown by
IBM scientists, who were able to
show that the superconducting prop-
erties of the materials are stronger in
certain special directions of the sin-
gle-crystal specimens. The current
can vary by as much as a factor ot 30
depending on its direction in the crys-
tal. That property, called anisotropy,
might partially explain why typical
samples of the new material, which
are generally composed of a multi-
tude of tiny crystals oriented in ran-
dom directions, show low values of
critical current.

Another problem with the new su-
perconductive maderials is that they
arc very brittle. It will take much
more research to find a way to turn the
malerials into a type of flexible wire.
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FIG. 3—AFTER 75 YEARS OF SLOWLY INCREASING as new superconducting materials
were found, critical temperatures jumped dramatically with the discoveries of Mueller and
Bednorz. While it's not certain that room-temperature superconductivity will ever be
achieved, we’re certainly heading in the right direction!

But researchers at AT&T Bell Labo-
ratories are developing coils by filling
copper tubing with powdcered super-
conductors. And I1BM scicentists have
shown how plasma spraying, a com-
mon industrial technique, can be used
to coat even large and complex shapes
with superconducting matcerial.

Applications

The potential applications for high-
temperature superconductors are far-
reaching. Even if critical tem-
peratures do not increase over what
they are today, the new superconduc-
tors will change our world.

For example, fusion power could
become cconomically competitive
years down the road because the su-
perconducting electromagnets re-
quired to contain the fusion reaction
will cost much less to produce and
maintain than the magnets used in
today’s test rcactors.

The tremendously expensive MRI
(Magnetic Resonance /maging) ma-
chines that arc currently giving medi-
cal doctors detailed internal views of
the human body will also become
much more affordable because they
will be cooled by liquid nitrogen. The
images will also become many times

www americanradiohistorv com

more detailed as the magnets became
more powerful.

Supercomputers will become
smaller, taster, and therefore will be
more powerful.

But just imagine what would hap-
pen if room-temperature supercon-
ducting materials could be developed.
In short, the world as we know it
would change dramatically. Trains
levitating on a magnetic cushion as
they travelled quictly and pollution-
frec at speeds better than 300 miles
per hour would become a reality.
Power-generating plants could be lo-
cated far from population centers, as
lossless power transmission would
become a reality. Power plants would
even become good neighbors as they
gencerated safe, pollution-free power
using tusion or magneto-hydromag-
netic technology. ‘

Tremendous progress in supercon-
ductivity has been made in a very
short time. And you can be sure that
there are many other applications of
superconductors yet to be discovered.
Until 1986, it was gencrally believed
that room-temperature superconduc-
tivity would never occur. Now we're
asking not if that event will happen.
but when. R-E
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IN-CIRCUIT DIGITAL
IC TESTER

Three BASIC listings, some corrections, and more!

P t 3 DUE TO SPACE 1IM-
) ar itiations, we were
unable to publish the threc BASIC
lisl_'mgs mentioned in Part 2 of this
serics. Those are shown on this page.

Corrections

We have a couple of corrections 10
the first part of the article (November.
1987). First of all, the end of the third
paragraph on page 48 should read,
“When installing the test clip on the
cable. orient the clip so that the con-
nector on the end of the cable con-
nects to the side of the test clip with
pin L onit. When using aclip with less
than twenty-four pins, align the con-
necfors so that the pins on the right
end of the ¢lip—the end furthest from
pin l—are even with the right end of
the connectors.”

Second, on page 48 the next to last
paragraph should read, “For exam-
ple, ERROR PNOI GRP | EXP/RD
0100 would indicate & problem with
pin 1 in test group 1o a “I" was ex-
pected where a 07 was read.

New kit

Alpha Electronics (P.O. Box 1003,
Merritt Island, FL 32952-1005.
305-453-3534) has decided to ofter a
minimum parts kit for the 1C Tester. It
includes the PC boards. the non-

00g
81S
629
025
Q3e
235
100
105
110
120
139
140
159
160
17@
18¢
190
200
21@
220
23¢
240
250
260
270
28@
290
300
3le
320
330
349
35¢@
360
370
380
39¢@
4080
410
420
425
430
440
450
460
47¢
480
49¢
5¢¢

BILL GREEN

LISTING 3
'THIS PROGRAM (ENTERTST.BAS)
'ALLOWS GENERATION OF TEST FILES
'ON AN EXTERNAL COMPUTER
'FOR TRANSFER TO THE IC TESTER.
'by ALPHA Electronics Corporation,
'PO Box 1605, Merritt Island, FL.
CLS
PRINT"ENTER INFORMATION AS PROMPTED FOR GENERATING 'part number .FIL'"
DIM AS$(256):DIM TF$(8):GRP=1
FOR X=1 TO 256 :AS (X)="@0":NEXT:PRINT
PRINT"PART NUMBER MUST BE HEX (8-9,
INPUT"ENTER PART NUMBER ";TF$
IF TFS="" OR LEN (TFS$)>8 THEN 148
IF LEN(TF$)<8 THEN TFS=TF$+"@":GOTO 160 'stretch to 8 digits
PRINT"NUMBER OF PINS MUST BE EVEN NUMBER(S) FROM 4 TO 24"
INPUT"ENTER NUMBER OF PINS “;NP§
IF NP$="" THEN 18@:IF LEN(NP$)>2 THEN 188
IF LEN{(NPS)<2 THEN NPS$="8"+NP$ 'stretch to 2 digits
NP=VAL (NP§) :OFFSET=(24-NP) /2 'offset when less than 24 pins
IF NP<4 OR NP>24 THEN 188
NP=NP-2:IF NP=8 THEN 250
IF NP=-1 THEN 188 ELSE 230
NP=VAL (NPS) : X=OFFSET+1
PRINT"ENTERING DATA FOR GROUP ";GRP:PN=1
PRINT"FUNCTION MUST BE I,0,D OR X"
PRINT"ENTER FUNCTION OF PIN ";PN; :INPUT; PF$:PRINT

32952

‘initialize array to @
A-F), 8 DIGITS MAX."

IF PFS="I" THEN A$(X)="02":GOTO 348

IF PFS="0" THEN A$(X)="@1":GOTO 349

IF PFS="D" THEN A$(X)="83":GOTO 340

IF PF$="X" THEN AS(X)="F@":PD$="0@":GOTO 358
GOTO 270

PRINT"ENTER HEX
AS (X+24)}=PD$§
X=X+l :PN=PN+1:IF PN<NP+l GOTO 28¢
GRP=GRP+l:IF GRP=6 THEN 420

INPUT"DO YOU WISH TO ENTER ANOTHER GROUP
IF 0§$="N" OR (0$="n" -THEN 420

IF Q$="Y" OR QS="y" THEN 41¢ ELSE 380
X={OFFSET+1)+{ (GRP-1)*48):CLS:GOTO 268
CLS:PRINT"TEST DATA FOR ";TF$;" HAS BEEN
PRINT"CREATING FILE ";TFS$+".FIL"

FOR N=1 TO B:TF$(N)=MIDS(TF$,N,1):NEXT
FOR N=1 TO B:PARTS$=PARTS+"@"+TFS$ (N) :NEXT
PINSS="0"+LEFTS (NPS,1)+"@"+RIGHTS (NPS$, 1)
OPEN TFS$+".FIL" AS 1 LEN=512

FIELD 1, 480 AS BS,16 AS BPARTS,4 AS BPINSS,12 AS BFILLS
cg="n

FOR X=1 TO 240

C$=CS+AS (X)

DATA FOR PIN ";PN; :INPUT;PDS:PRINT

{Y/N) ";08

ENTERED. ";

‘stretch to 16 ASCII digits
'stretch to 4 ASCII digits

. o 51¢ NEXT
volatile RAM with code, and the 528 LSET BS=CS
three custom 1C’s—75498, 75499, gig ng; gg?ggg-wx\sgg

. L =P

and 75500. The cost is $140.00, 550 LSET BFILLS="000000860000" 'stretch to 512 bytes
postpaid in the U.S.; FL residents 560 PUT L

! h 57¢ CLOSE
must add appropriate sales tax.  R-E

LISTING 1 LISTING 2

Bi L THIG, PROGRAN \(SENB TEI BA) §10 'THIS PROGRAM (RECVTEST.BAS) RECEIVES
@15 ‘SENDS TEST FILES TO THE IC TESTER 915 'TEST FILES FRéM e e TES%ER
220 ‘'by ALPHA Electronics Corporation, @20 'by ALPHA Electronics Corporation,
925 ‘PO Box 1005, Merritt Island, FL. 32952 825 PO Box 1685, Merritt Island FL. 32952
18¢ INPUT"ENTER NAME OF TEST FILE TO SEND ";TF$  1gg INPUT"ENTER NAME OF TEST FILE TO RECEIVE ";TE3
1190 IF LEN(TF§)<8 THEN TF$=TFS+"@":GOTO 110 110 IF LEN(TFS)<8 THEN TFS$=TF$+"8":GOTO 119
12¢ PRINT"SENDING “;TF§;" TO COM1" 12¢ PRINT"RECEIVING ";TF$;" FROM COML™
139 OPEN TFS$+".FIL" AS 1 LEN=1 136 OPEN TFS$+".FIL" AS 1 LEN=1
14¢ FIELD 1, 1 AS BS$ 140 FIELD 1, 1 as B$
15¢ OPEN "COM1:1268,N,8,2,C53000,BIN" AS 2 LEN=1 150 OPEN "COM1:120¢,N,8,2,C53008,BIN" AS 2 LEN=1
168 FIELD 2, 1 AS CS$ 168 FIELD 2, 1 AS C$
176 FOR X=1 TO 512 178 FOR X=1 TO 512
186 GET 1,X 186 GET 2,1
190 LSET C$=BS 199 LSET B$=C$
20@ PUT 2,1 200 PUT 1,X
216 NEXT X 218 NEXT X
228 CLOSE 2206 CLOSE
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Eleclronics
A complete, scphisticated
control computer that is capable of

operating almacst every appliance

C O NTR OI or system in your home, and more!
H. EDWARD ROEERTS, M.D.

THIS IS THE FIRST IN A SERIES OF ARTICLES IN WHICH WE WILL
introduce REACTS, the Radio-Electronics Advanced
ConTrol System. Over the next few months, we will build
a control/robotics computer called the REACTS 7000,
which is based upon the DataBlocks, Inc. Altair Il system,
a complete line of modular control elements currently
available for personal and industrial-control computers. —
We’ll also build all the peripherals the computer will need
in order to perform a wide variety of control functions. In
addition, we will show you how to use your computer in
real applications.

Control computers

Control computers differ from conventional computers
in several important ways. One of those differences, the
ability to easily interface with a huge variety of external
devices, gives the control computer the potential, over the
next few years, to revolutionize our lives in more ways than
anything yet produced by mankind.

In a typical home, there are applications for dozens of
control computers. Some simple applications include con-
trolling appliances; adjusting the heating, air con-
ditioning, and/or humidity; minimizing power consump-
tion; and ultimately running a robot lawnmower or vacuum
cleaner so you won’t have to.

REACTS 7000 is designed to be completely modular,
with each module containing the circuitry to perform one
- or more complete functions. It also uses conventional
programming languages (BASIC, C , assembly, etc.).

Each subunit or module in the computer plugs into every m
other module. For example, the first module we will build -
is the central processor/computer module. That module is S
acomplete stand alone system that includes its own mem- 2
ory, serial port, disk, vectored interrupt, real-time clock, o
system clock, memory-expansion hardware and all neces- 3
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sary buffers. In other words, it is a
complete personal computer. Follow-
ing that, we will build modules that
contain semiconductor disk systems
along with integral PROM program-
mers, complete CRT terminals, A/D
converter modules, stepping-motor
modules, etc.

The goal of this series of articles is
to make you the system designer. You
do the designing by simply selecting
what modules you need for your ap-
plication. Those modules are then
stacked together in any order to create
a custom control computer for any
application. You need only to pick a
language and write the program. Sur-
prisingly, most control applications
require simple programs.

Central to REACTS is the soft-
hardware concept. Soft-hardware is
simply hardware that can be changed
or altered as easily as software. The
author first developed the concept at
MITS while designing the Altair
computer, but only recently has it
been possible to exploit it in a prac-
tical way. Over the next few months
you will see how we achieve soft-
hardware using straightforward, well-
established principles. Indeed, the
main requirement for soft-hardware is
to make sure that each module’s oper-
ation doesn’t interfere with the opera-
tion of any other module. Addi-
tionally, each module must be self-
sufficient mechanically and elec-
trically, Further, each module should
provide shielding to meet FCC re-
quirements, and each module must
provide its own motherboard.

CPU module

The REACTS CPU module con-
sists of a microprocessor, 64K static
RAM, 32K EPROM disk system, se-
rial /0 port, vectored interrupt sys-
tem, completely buffered bus drivers,
crystal-controlled clock, 1-megabyte
memory-expansion subsystem, and
internal sense switches. If you aren’t
familiar with any of those terms,
don’t give up! Stick with us as we are
going to discuss each item individu-
ally and will explore the engineering
philosophy used in each decision.

Cost and reliability are important
considerations with any computer
system, but to a large extent they de-
termine where and when it is practical
to use a control computer. For in-
stance, it is not practical to use a
$20,000 dedicated computer to
provide security and environmental

Sources

The following items are available
from DataBlocks, Inc., 579 Snowhill
Road, Glenwood, GA 30428. Or call
(800) 652-1336; in Georgia call (912)
568-7101: DP-CPU—design pack-
age of schematics and instructions,
$10.00; PC-CPU—PC board for CPU
module (includes DP-CPU design
package,$37.00; PC-CLK—PC
Board for clock, $18.00; SYS-
PROM—the REACTS operating sys-
tem (enhanced SB-80) installed on a
32K UV-erasable PROM (includes
operating system documentation),
$44.00; REC-CPU—complete kit of
parts, PC boards, IC’s, connectors,
for CPU module (does not include
clock or system PROM), $147.00;
REC-CLK—complete clock sub-
system including all parts, PC
boards, NiCd battery, and con-
nectors, $43.00; and REC-SYS—AIl
of the above, $218.00. An Elpac
power supply is also available for
$49.00. Please add $10.00 postage
and handling per order. GA residents
must add appropriate sales tax.

control for your $100,000 home. On
the other hand, if the same job could
be done by a computer system that
sold for $5, nobody could afford to be
without one. Similarly, a system that
would automatically drive your car to
work but was only 99.5% reliable
would not be very interesting.

Our goal is to design a machine that
is affordably priced and as close as
possible to being 100% reliable. That
is accomplished by eliminating me-
chanical subsystems and using spe-
cial connectors. Cost is controlled, to
a large extent, by the soft-hardware
concept; you only include what is re-
quired for the particular application.

There are some problems along the
way with developing an “ultimate”
control computer. First, most of us
don’t have a $250,000 micro-
processor-development lab. We have
to be able to develop the hardware and
software we need on the target system
(a target system is the final product of
a development project). But, that re-
quires the development of both hard-
ware and software that may only be
needed for development and then
scrapped when finished.

Fortunately, the soft-hardware ap-
proach allows us to use our target
system as the development system.
We do that by including the develop-
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ment modules (CRT controllers,
PROM burners, etc.) during the de-
velopment stage and then removing
the unneeded development modules
when finally we install the target sys-
tem. That approach is especially eco-
nomical for those who will build
multiple systems.

Most board-level computers are de-
signed to work with custom software
because that is the easiest to imple-
ment. The approach we will take is to
use a disk operating system even on
the most minimal system. That allows
us to use a disk-operating system with
all its inherent power. There are a
number of disk operating systems
from which to choose, but a CP/M-
like system is familiar to both MS-
DOS users as well as CP/M users. For
that reason, we are using the
DataBlocks disk-operating system
which is a superset of CP/M; indeed,
all standard CP/M software will be
compatible with our system.

Included in the operating system
are all the utilities needed for develop-
ment, such as drivers for the PROM
programmer, drivers for printers, de-
bug routines, etc. Those special util-
ities can be left out of the final target
system if desired, to minimize system
size and cost.

Design principles

The following discussion will give
you an idea of the design concepts
used in engineering REACTS. It will
also give you a feel for the tradeoffs
made in the design of the system.

The microprocessor used in the
CPU module is a version of the Z-80.
That is probably the most popular and
widely used microprocessor ever
made. It has become the standard in
the control industry, and more person-
al computers have been built using it
than any other microprocessor. Itisn’t
the fastest of the microprocessors—
indeed some of the newer high-perfor-
mance microprocessor systems will
out-perform it by a factor of 20 to 1.
But of the modern microprocessors it
is the easiest to understand, and it
does not have any unpredictable or
“funny” interfacing quirks. That is
especially important to the non-expert
designer. As we proceed, you will see
how we get around the processor-
speed problem by using the principle
of distributed processing; that is the
use of multiple processors in a single
system. The multiprocessor concept
is based on the assumption that com-



puters are free. It turns out that the
principle is reasonably valid in prac-
tice, since the CMOS Z-80 is less
expensive than a number of other IC’s
in REACTS. We will also use a
number of other techniques that will
greatly expand the power and ca-
pability of the system.

REACTS CPU

To get an idea of how fast the RE-
ACTS CPU module is in terms of
control functions, let’s look at a sim-
ple example. Assume we needed to
turn on or off 2000 switches in a pre-
defined manner. The high-speed ver-
sion of REACTS would be capable of
doing that at a rate of 500 times a
second, or approximately [-million
switch operations per second.

The microprocessor used is
CMOS. Indeed, all components in
the module are CMOS. That increases
cost, but it makes battery power, ei-
ther emergency or continuous, easy.
In addition, the noise immunity is im-
proved, and less heat is generated so
no fans are needed. Further, less-ex-
pensive power supplies can be used
and the system can be used in rela-
tively confined quarters without the
problem of overheating.

The minimum system memory is
64K of static CMOS RAM, but the
system will address a total of | mega-
byte. Static RAM adds to the cost of
the system, but it does allow for easy
battery powering and makes the sys-
tem more predictable in a multi-
processor and/or control environ-
ment. The addressing scheme is
straightforward with the exception of
the expanded memory. The expanded
memory is based on a paging scheme
that allows the computer to switch
pages of memory 32K bytes at a time.
We will discuss some specific uses of
that memory in future articles. It is
interesting to note that the page-
switching system allows the system to
operate at effective direct-memory-
access speeds of 10 gigabytes per sec-
ond. As a comparison, if we could
read a 40 megabyte disk that fast, it
would only take 4 milliseconds to
read the whole disk!

A conventional RS-232 port is in-
cluded in the basic CPU module. That
port can be used to connect to a termi-
nal, modem, or any other standard
RS-232 device. The baud rate and sig-
nal characteristics are under software
control and can be modified from
within the program.
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FIG. 1—EACH MODULE’S MOTHERBOARD interfaces to the REACTS system bus via

feed-through Molex connectors.

The CPU module supports 9-levels
of interrupts: one Non-Maskable In-
terrupt, or NMI, and 8 vectored lev-
els. An interrupt-driven system is
especially useful in process control.

There is somewhat of an aura of
intimidation associated with inter-
rupts. But actually, they make pro-
gramming simpler and much faster in
many applications. To use an inter-
rupt, you simply pull the line low.
That halts the program that is cur-
rently running and causes a jump to a
special subprogram in memory; its
much like a GOSUB command in
BASIC. The computer executes the
interrupt program and then returns to
the original program. Interrupts
provide two advantages to the system
designer. The first is that the interrupt-
ing device can be serviced at random;
that is, the program doesn’t have to
keep checking to see if a service is
needed. Second, the interrupt can be
serviced instantly; it doesn’t have to
wait for the main program. Vectoring
simply means that the interrupts have
levels of priority and that a high-pri-
ority interrupt can interrupt a lower
priority one. Indeed, it is possible to
have a number of interrupts waiting
for service in a busy system. In later
articles, we will see some detailed
examples of practical uses of the inter-
rupt system.

The basic CPU module includes
sense switches. Those are simply
switches that can be set and read by
the program. They are actually a
“poor man’s” keyboard. An example
of where they are useful is in the de-
velopment vs. target system. In those
systems, the computer checks to see
the setting of the sense switch on
power up, and from that determines
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whether it should look for a terminal
or start executing a program. In a real
target system, the sense switches
would be used to select which pro-
gram is loaded at auto start-up.

REACTS disk

In order to meet our design criteria,
even the most minimum system will
contain a disk. That is achieved in our
system by using a UV-erasable
PROM disk. That disk is seen as a
disk by both the external hardware
and software. It has all the attributes
of a write-protected magnetic disk,
save one: it operates at blinding
speeds. In later articles, we will build
larger semiconductor disk systems as
well as a PROM programmer that al-
lows you to burn your own PROM
disk system for the computer.

REACTS makes extensive use of
RAM and PROM disks. Semiconduc-
tor disks are significantly more relia-
ble than conventional magnetic disk
drives since there are no moving
parts. They also consume much less
power and are smaller. If large
amounts of data need to be stored,
then a magnetic disk becomes more
attractive. In later articles, we will
build a mimature floppy disk that’s
appropriate for mass storage and that
will be compatible with our system.
The overwhelming advantage of the
semiconductor disk is speed.

The random-access time of a mod-
ern high-speed hard-disk system is
approximately 25 milliseconds. The
random-access time of our disk is ap-
proximately 10 microseconds, or ap-
proximately 2500 times faster. That is
one of the reasons why our system is
capable of outperforming some of the
bigger and more expensive pro-
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FIG. 2—THE EXTRUDED ALUMINUM CASE is designed to comply with FCC shielding

requirements.
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THE REACTS 7000 contral/robotics computer system consists of series of stackable
modules. Here, a four-module system consisting of the CPU, a power supply, a CRT/
printer interface and a PROM programmer is shown. The modules are shown out of their

shielded cases.

cessors. Finally, semiconductor disk
systems are much easier fo under-
stand and much easier to use when
designing custom software.

In order to maintain the soft-hard-

ware concept, the REACTS bus is
driven by CMOS drivers. No more
than | or 2 CMOS loads are ever
placed on the bus by any one module.
That buffer system also allows for dis-
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connecting the processor from the
bus. That is a necessary condition in
multiprocessor schemes. Buffers are
not the most exciting topic, but their
proper use is critical in a multi-pro-
cessor, soft-hardware system so they
will be addressed as we procede.

The standard module card is 8
inches by 5.3 inches and connects to
the 120-line system bus using special
feed-through Molex connectors. See
Fig. 1. Those two connectors allow
the modules to be stacked together in
any order. The bus that we are using is
the Altair-11 bus developed by
DataBlocks. Our system is designed
to be fully compatible with all the
existing DataBlocks modules and
software. At the present time, there
are literally dozens of different mod-
ules available that use the DataBlocks
Altair-11 bus.

REACTS case

Each module can be provided with
its own shielded case that meets FCC
standards. If you desire, you can
mount the finished, unenclosed as-
sembly inside a conductive case,
which also meets FCC requirements.
Figure 2 shows a module in its ex-
truded aluminum case; note that the
rear panel has been removed for clar-
ity. While that case is unique to RE-
ACTS, it is compatible with the
standard Altair-Il system or equiv-
alents.

A word about FCC standards is ap-
propriate at this time. Each builder is
responsible to make sure he meets the
FCC requirements. All modules in
this series of articles are tested to the
most stringent FCC requirements
using self-contained cases. Nev-
ertheless, it is your responsibility to
verify that your system doesn’t inter-
fere with any other service.

The real-time clock is plugged into
the CPU-module board. That is done
to keep cost at a minimum,; the clock
need only be installed if an applica-
tion requires it. An on-board NiCd
battery is used to provide backup
power for the clock. The clock
provides time, date, month, year, and
can be used to generate interrupts to
the main system. We will make exten-
sive use of the clock in some of our
future articles.

That’s all we have room for this
time. When we next meet we continue
our look at REACTS and show you
how to build the first of our modules,
the CPU. R-E
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Making yor n PC Boards

This month we debunk some of the myths about
making PC boards and show you sorr.e shortcuts to success.

HERE AT RADIO-ELECTRONICS WE GET
hundreds if not thousands of ques-
tions a year on a variety of clectronics
topics. One of the most common
questions, especially from beginning
hobbyists, is about PC boards.

That’s really not surprising. It
you’ve never done it before, making a
PC board can seem like an cnormous
Jjob. That’s why many builders will
only undertake a project where a pre-
ctched PC board is available.

But if you do that you’re missing
out on a good deal of the fun of build-
ing! What’s more, etching a PC board
1s really simple, once you've learned
how and have mastered the techniques
that arc required.

In this article we arc going to de-
bunk some of the myths about ctching
boards. We’ll show you that you don’t
need a darkroom or a camera to use

the photographic method. We'll ex-
plain the difference between the
positive and negative ctching sys-
tems. and how you can usc cither re-
gardless of whether you start of I with
positive or negative art. We'll show
you haw to make simple PC boards by
just drawing right on the copper
blank. We’ll show you how to make a
PC board without ctching at all. And
we’ll name suppliers of PC-board
supplies for the hobbyist.

Well even show you how to use our
very own PC Service!

Making PC boards

The final goal of making a PC
board is creating a pattern in copper
on a phenolic, glass-cpoxy. or similar
board. The various mecthods differ
only in the technique used to get the
pattern onto the board.

www americanradiohistorv com

There are three basic steps in mak-
ing a PC board. They are:
® Create the original artwork.
® Transter the artwork to the PC

board
® Eich the board.

For the purposces of this article, we
have assumed that you already have a
PC pattern (if you nced help in creat-
ing a pattern from a schematic, sce
“Etch your own PC Boards. Part 1™ in
the December 1982 issue of Radio-
Electronics). Your next problem,
then, is to transter the artwork to the
PC board.

The most popular way to do that is
the photographic method. 1t's named
that because it uses photographic
techniques to transfer the pattern to
the copper. That is, a photographic
print is made on a photosensitized
copper-clad board. The material used
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FIG. 1—PRESENSITIZED PC BOARDS
conveniently take a step out of the board-
making process.

Sty 4 (2 1)

FIG. 2—PHOTORESISTS are available in
positive aerosols and negative aerosols
and liquids. A negative liquid in a pump
bottle from Datak is shown here.

to render the board photoscensitive re-
acts in such a way when exposcd 10
light that part of the copper is removed
when placed in an etchant bath, and
part is unalfected.

However, the photographic method
does not require an elaborate
darkroom, a camera, or any extensive
photographic skills. Only a working
area away from direct hght, some
trays, an inexpensive contact frame
(or even just a piece of glass), a strong
light source, a few chemicals, and
access to running water. You also
need the artwork in a form where it
can be transferred to the board,; that is
called a photomask. We’ll show you
how to make a photomask shortly.

Copper blanks come in two vari-
etics: presensitized and unsensitized.
Both types have their advantages and
disadvantages. Presensitized blanks
(sce Fig. 1) are casier to use since they
take a step out ol the PC-board mak-
ing process. The photoscnsitizing
material, called photoresist, has al-
ready been applied to the board for
you. However, presensitized boards
come in only a limited number of
sizes and are relatively expensive.

If you use unsensitized blanks, you

miust coat them with photoresist (see
Fig. 2) prior to transferring the pat-
tern. Applying photoresist to unsen-
sitized blanks is cheaper and gives
more tlexibility than using presen-
sitized blanks; but the process is
tricky to master lor beginners and
takes time. Apply too much sensitizer
and it will run, apply too hitle and it
will disappear during the developing
process. And alter the sensitizer is
applied, the board must be dried ei-
ther overnight or carefully inan oven.

Positive or negative

Photoresists come in two vari-
ctics—positive and negative. The
type of photoresist you usc deter-
mines whether you arc using the
positive photographic method or the
negative onc.

Photoresist is a plastic resin whose
propettics change when exposed to
light. A negative photoresist tough-
ens when exposed to light; when the
exposed board is placed in etchant the
copper under the now toughened pho-
toresist is protected whtle the rest
ciches away. Therelore, 1o create a
positive image in copper, the negative
method requires that you use a nega-
tive image of the foil-pattern artwork.
That’s because we want light to reach
the copper only at the traces and the
pads, and nowhere clse.

A positive photoresist breaks down
when exposed to light; when placed in
the ctchant, the copper under the un-
exposed arcas is protected, while the
copper under the exposed arcas is
ctched away. Therefore, 1o create a
positive image in the copper. the
positive method requires that you use
d positive image of the artwork. We
want to keep light away from the pads
and traces.

So which method should you use?
It depends on which you prefer, which
manufacturers” products you are
using, and what form your PC art-
work is in. Note, however, that
positive photoresist has a limited shell
lite; GC Electronics manufactures
both positive photoresist and positive
presensitized blanks; Vector offers
positive blanks only. Negative-micth-
od supplics are available from Datak,
Kepro Circuit Systems, and GC Elec-
tronics.

If you have positive artwork and
negative chemicals, all is not lost.
Lithographic reversing film can be
used to convert positive artwork to
negative, or vice versa. An added
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benefit of reversing film is it 1s rela-
tively tolerant of “weak™ artwork
(artwork that is not perifectly opuquc).
that means it can be used to turn a low-
contrast positive into a high contrast
negative. Reversing film is available
from Datak, GC Electronics. and
Kepro.

Exposing the board

Once the board is sensitized it is
light-sensitive. so it must be handled
away from strong light sources to
avoid exposing it prematurely. But
you don’t need an absolutely light-
tight darkroom. In fact, some man-
utactures suggest that a 40-watt in-
candescent lamp, placed a few feet
away, makes for an ideal work or safe-
lieht. That may not hold true for all
sensitizers. so follow the manufac-
rers” recommendations.

The next step is making a pho-
tographic exposure. To do that you
need a strong light source. Note that
difterent sensitizers react differently
1o dilferent types of light. Some lor
instance, react most strongly to ultra-
violet, and therefore you should use a
sunlamp for best results. Follow the
manutacturer’s lHght instructions
when selecting your light source.

(Caution: Even a short exposure to
UV radiation can caus¢ permanent
cye damage. Treat sunlamps with re-
spect and never look directly at a lit
sunlamp, or any other source of UV
radiation.)

Place the photomask on top of the
sensitized copper blank and put the
two under a picce of glass or into a

FIG 3—TO EXPOSE THE BOARD, place
the sensitized blank and the photomask in
a contact frame and place under a strong
light source.
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FIG. 4—AFTER EXPOSING THE BOARD, it
must be placed in a tray filled with a de-
veloper like the one shown here. After de-
veloping, the board is no longer
photosensitive and can be handled in nor-
mal light.

contact frame. Place the assembly un-
der your light source and expose
them, making a contact print. See
Fig. 3.

Exposure times will vary greatly
depending on the nature of the sen-
sitizer, the photomask, and the light
source. Follow manufactures sugges-
tions, but be prepared to do some
experimentation on your first at-
tempts. Don’t despair! After you’ve
made your first few boards and have
the hang of the materials you are
using, you will be able to consistently
produce an acceptable board on the
first try without any trouble.

While the board is being exposed,
prepare a developer bath. The type of
tray you use may depend on the sys-
tem you are following. Do not use
plastic if you are using the negative
system; do not use metal if you are
using the positive system. Glass is
fine for either. Be sure that the tray is
large enough to accommodate your
board and fill it to a depth of V- to 1-
inch with a PC-board developer like
the one shown in Fig. 4.

When the board is exposed, turn off
the light source and remove the blank.
Place it copper side up in the de-
veloper bath and gently rock the tray
back and forth. Follow the manufac-
turers instructions as to developing
time; it will, as usual, vary with the
materials you are using.

Once the board is developed, rinse
it in cool tap water and stand it ver-
tically to dry. Once the board is com-
pletely dry it is ready to etch.

The most common etchant is ferric

chloride. It is non-toxic, effective,
economical, and quick. However, its
etching speed slows down as more
copper is dissolved. That is not usu-
ally a problem for hobbyist applica-
tions. but it is something you should
be aware of if the board you are etch-
ing is very large, or the pattern re-
quires that an abnormal amount of
copper be removed. Also, ferric chlo-
ride stains clothing and material, so
avoid spattering and work in old
clothing. Another etchant is sodium
persulphate. Available from Kepro,
that etchant is a dry crystal that must
be mixed with water to be used. It is
supplied with a catalyst that provides
for a constant etching speed.

Another necessity is an etching
tray. Be sure that the tray is large
enough to accommodate your board
and is made of plastic, glass, or
Pyrex, not metal (otherwise your tray
will etch away as well).

For best results, the etchant should
be slightly heated and agitated during
etching. Different manufacturers have
different temperature recommenda-
tions, but they generally range from
90°F to 125°F. Heating can be done
with an aquarium type submersible
heater or by placing the etchant on a
stove burner or hot plate prior to etch-
ing. (Again, use a Pyrex tray or pot for
that, nor metal.) However you heat the
etchant, be sure that the ventilation in
your work area is adequate.

For small boards, simple hand agi-
tation should be adequate; carefully
rock the tray back and forth at regular
intervals until etching is complete.
But while agitating in that way greatly
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SEVERAL SUPPLIERS OFFER a full line of
PC products. Shown here are one compa-
ny’s direct-etch products, presensitized
blanks, reversing film, and board-pro-
cessing chemicals.
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SUPPLIERS
Bishop Graphics
5388 Sterling Center Drive
Westlake Village, CA 91359

The Datak Corporation
65 71st Street
Guttenberg, NJ 07093

GC Electronics
Rockford, IL 61101

Kepro Circuit Systems
630 Axminster Drive
Fenton, MO 63026-2992

Vector Electronic Company
12460 Gladstone Ave.

P.O. Box 4336

Sylmar, CA 91342-0336

speeds the process, a typical board
will still take 20-60 minutes to etch. If
you do a lot of etching, you may want
to invest in an automatic agitator.
Available from Datak, GC Elec-
tronics, and others, those range from
elaborate systems to simple aquar-
ium-type air pumps terminated with a
bubbler to break up the air flow. One
automatic agitator is shown in Fig. 5.

FIG. 5—TO AVOID TEDIOUS HAND agita-
tion, you may want to use an automatic
agitator like the one shown here.

Now, as to the ctching itself: Use
sufficient etchant to cover the board
completely. Place the heated etchant
in the tray (or heat the etchant in the
tray with a heater) and then carefully
immerse the board, pattern side up.
Periodically, remove the board, rinse
under tap water, and examine the pro-
gress of the etching. Once your are
satisfied that all the unwanted copper
is removed, rinse the board one last
time and remove the resist using steel
wool or a chemical solvent such as
GC Electronic’s Stripping Solution.

Finally, examine the board in good
light and with a magnifier for shorted
or open traces, or other defects.
Shorted traces can be repaired by
scraping the excess copper away with
an X-acto or similar hobby knife.
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Open or incomplete traces or pads can
be fixed by touching up with con-
ductive paints or inks, or even solder;
conductive paints and inks are avail-
able from GC Electronics and others.
Once you are sure you have corrected
any problems your board is ready for
drilling and then for mounting the
components.

Making the photomask

So far things have been straightfor-
ward. That’s because we’ve assumed
that you had a photomask in hand.
Unfortunately, making a photomask
can be the most difficult part in PC-
board making.

But, as the old proverb says, there’s
more than onc¢ way to skin a cat and
the same is true for making a pho-
tomask. Let’s next look at some of
those methods.

If the design is a very simple one,
you might be best off using one of the
non-photographic techniques that
we’ll describe shortly. Otherwise,
you need to transfer the design to
some type of clear film or translucent
medium. One way to do that is to use a
camera and photograph the artwork.
An cxcellent description of the steps
involved in that appeared in “Etch
Your Own PC Boards, Part 2", which
was presented in the January 1983 is-
sue of Radio-Electronics.

Another method is to create a du-
plicate artwork master using translu-
cent Mylar film and opaque PC draft-
ing aids. That entails first laying out
the pattern on Yie-inch grid paper.
Once the artwork is drawn, a Mylar
sheet is taped over it, and the pattern
is copied using opaque tape, rubylyth
film (for large areas of copper such as
ground planes), and other drafting
aids. See Fig. 6. The result is a
positive photomask. Granted, the
technique can be tedious and time
consuming, but it is certainly a viable

= e < 4 2 <
© poE | IR
[ LT TN

FIG. 6—YOUR ARTWORK can be trans-
ferred to a piece of Mylar film using draft-
ing aids like these. The result is a positive
photomask.

alternative for those not equipped
with a camera or photographic skills.
Suitable drafting supplies are avail-
able from Bishop Graphics, Datak,
GC Electronics, Vector, and Kepro.

However, some of the products now
on the market allow you even easier
ways to get artwork onto film, ecven in
cases where there is printing on the
reverse side of the original. Datak of-
fers a printed circuit kit that uses an
interesting two-step pos-neg tech-
nique to create a photomask from a
printed page. In the first step, spe-
cially processed high-contrast film is
used to make a reflex (reflected) con-
tact exposure. That is, the film is
sandwiched between the artwork and
acolor filter, placed under glass orin a
contact frame, and exposed to light.
Enough light reflects from the printed
artwork to create a low-contrast
positive in the film. The low-contrast
positive is not suitable for use as a
photomask, but the Datak film can be
processed by the user to make it act
like the revering films we’ve already
discussed. Then, the low-contrast
positive can be used to make a con-
ventional contact print on the pro-
cessed film. The result is a high-con-
trast negative, which can be used to
etch a board using the negative meth-
od previously described.

Another approach is GC Elec-
tronic’s Lift-ir kit. With that system,
which is intended for use with printed
magazine art, a PC-board image is
literally lifted from a page and turned
into a photomask. Unfortunately, the
magazine page is destroyed in the pro-
cess. In the system, a sheet of transfer
film is applied over the artwork to be
copied, sticky side down, and bur-
nished. The sheet is then allowed to
soak in warm water for 20 minutes,
after which the magazine page is
hand-rubbed off and the film is al-
lowed to dry. If everything has gone
well, the ink should literally have
been lifted off the page onto the film.
The sticky side of the film is then
covered with Mylar. The result is a
positive image of the magazine art.

Another major drawback of the
system is that a magazine print often
does not contain enough ink to
provide satisfactory results. That is,
the image produced is not dense
enough to use conventional etching
techniques. If thatis the case, the Lift-
It image can be used as an intermedi-
ate stage and reversing film used to
make a high-contrast negative as pre-
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FIG. 7—PC ARTWORK CAN BE DRAWN
directly on the copper blank using etch-
resist pens. Lacquers and drafting aids
can be used, too.

viously discussed. Those films, such
as GC Electronic’s Reversing Film,
can tolerate a weak image very well
and still produce a perfectly opaque
ncgative. Making a contact exposure
with the film will yield a usable nega-
tive photomask, which can be used to
etch a board using the negative pho-
toresist system.

PC Service

Some publications, such as Radio-
Electronics and the ARRL Handbook
provide PC art on a page with no
printing on the reverse side. That al-
lows the printed page to be used as a
photomask with little or no additional
preparation. In Radio-Electronics
that artwork is provided in the PC
Service section; let’s see how to use
that art to make a PC board.

The first step is to carefully exam-
ine all traces, pads, etc. Printing is an
inexact science and imperfections
often creep in during the process, es-
pecially where thin, closely spaced
traces are involved. Examine the art
under a strong light or on a light table,
and clean up any open or incomplete
sections with an etch-resist pen or
with PC drafting tape and aids. Shorts
and bridges can be scraped away
using a knife.

What you now have is a PC-board
photomask that, although not as
transparent as one on film, will serve
nearly as well. You can make the page
pass even more light by rubbing the
blank side lightly with a small amount
of mineral oil. Note, however, that
mineral oil blocks ultraviolet light
somewhat, so do not use it if your
sensitizer is sensitive only to that type
of light. Also be careful not to get any
oil on the front (printing) side of the
page; otherwise you will contaminate
the board when you expose it and may
get unsatisfactory results.

Once the page is dry, you are ready
make the board. Place the mask print-
ing side down on a sensitized board
(PC-Service art is a mirror image of
the actual pattern), place in a contact
frame or under a piece of glass, and

continued on page 70



CONNONICAMNONS

THE SECOND SESSION OF THE WORLD
administrative radio conference for
the Planning of the High Frequency
Broadcasting Service—officially des-
ignated HFBC-87—was held in Ge-
neva, Switzerland from February 2 to
March 8, 1987 under the auspices of
the International Telecommunication
Union (ITU), a specialized agency of
the United Nations.

655 delegates from 116 countries
participaied in HFBC-87; its primary
objective was to replace the coordina-
tion procedures currently being used
by shortwave broadcasters with an au-
tomated, computer-based planning
system under which all countries,

STANLEY LEINWOLL

large and small alike, would have to
share the available spectrum more-or-
less equally.

HFBC-87 was a bitterly fought,
highly contentious Conference,
which on more than one occasion
seemed on the verge of collapse.
However, an eleventh-hour compro-
mise postponed making a decision for
four years (another major high fre-
quency broadcasting Conference has
been proposed for 1992), at which
time another donnybrook is likely.

A band-allocation plan for short-
wave broadcasting has eluded the
world’s broadcasters for forty years.
Major conferences in 1948 (Mexico

www americanradiohistorv com

Planning the shortwave bands

Although HFBC-87 did not achieve its primary objective,
decisions taken at the Conference have set the stage for the planning of the shortwave bands.

City), 1949-50 (Florence Rapallo),
and 1959 (Geneva) were unable to
reach an agreement on how to plan
shortwave {requency assignments.

Planning problems

Rational planning of the shortwave
spectrum is a formidable task because
the tremendous demand for frequen-
clies exceeds the capacity of the bands
allocated to high-frequency (short-
wave) broadcasting.

There are a number of reasons for
that:
® Shortwave-radio signals are propa-
gated via the ionosphere, an elec-
trified region of the earth’s upper at-

8861 AdvNya3d

&



RADIO-ELECTRONICS

(3]
(=]

mosphere. The range of frequencies
that will propagate through the
ionosphere depends upon many fac-
tors, including time of day, season of
the year, sunspot activity, and the rela-
tive geographical location of the
transmitter and the reception zone, to
name just a few.

The ionosphere is in a state of vir-
tually constant flux, and it is ex-
tremely difficult to predict accurately
which frequency band will provide a
reliable service from a particular
transmitter location to a given recep-
tion area. Because even the most so-
phisticated prediction methods avail-
able are not sufficiently accurate,
most broadcasters frequently sched-
ule more than one frequency for the
same program going to the same tar-
get area.
® Jamming is the deliberate trans-
mission of noise or other harmful in-
terference on a frequency in order to
hamper or destroy the programs of a
broadcaster operating on that frequen-
cy. Since the end of World War Il the
USSR and its satellites have been re-
sponsible for most of the jamming
observed in the shortwave spectrum.

Using multiple frequencies is one
method broadcasters use to counteract
the adverse effects of jamming. The
rationale is that the more frequencies
used to carry a program, the more
difficult it will be to jam all the fre-
quencies. During the height of the
cold war in the early 1950’s, the Voice
of America used as many as 33 simul-
taneous frequencies to carry a single
program. That kind of saturation
technique has proved to be one of the
most effective jamming counter-mea-
sures ever used.

Jamming, because of its broadband
nature, also hampers broadcasts
being carried on adjacent frequen-
cies. Therefore, for each frequency
being jammed, three are adversely af-
fected—the one being jammed, and
those on either side. It is clear under
the circumstances that jamming and
rational planning of the shortwave
bands are not compatible.
® High-frequency broadcasting is
used to serve the national interests of
more than one hundred countries. It is
the most economical method of
reaching tens, even hundreds of mil-
lions of people throughout the world.
The United States, the Soviet Union,
and the United Kingdom alone trans-
mit some 5,000 frequency-hours a

day to every continent on earth in vir-
tually every major language.

In addition, many large countries,
such as Brazil, Argentina, the Peo-
ple’s Republic of China, Mexico, and
the Soviet Union, to name only a few,
use high-frequency broadcasting to
transmit internal, national services.

Because of the versatility of short-
waves, the number of frequency-
hours scheduled for shortwave broad-
casting since World War II has tri-
pled, and as competition for the
limited amount of spectrum grew
keener, the standard transmitter
power has increased from 50 and 100
kW in the late 1940’s to 500 kW used
in the 1980’s.

Rapidly growing demand for a [im-
ited number of frequencies, coupled
with the power competition, has re-
sulted in an increasingly chaotic situa-
tion in the shortwave broadcasting
bands, prompting many countries,
particularly the smaller developing
countries, to seek remedial measures
along several lines.

One is to expand the supply. That is
done by re-allocating shortwave fre-
quencies from other services to the
broadcasting service. Since the short-
wave spectrum is finite (3-30 MHz),
such re-allocation is accomplished
only after considerable haggling.

In 1979 a major World Admin-
istrative Radio Conference
(WARC-79) was convened. At that
Conference, the U.S. proposed to ex-
pand the shortwave broadcasting al-
location by approximately 50%, all of
which was to come from the fixed
(point-to-point) services. The de-
veloping countries, on the other hand,
wanted another planning conference;
it was their position that the developed
countries were in control of most of
the shortwave broadcasting spectrum,
and planning was the only way of dis-
tributing the spectrum equitably.

A compromise solution was found,
and WARC-79 agreed to a 33% in-
crease in the broadcasting allocation,
on the condition that a two-session
shortwave broadcasting conference be
held.

The new channels allocated to
broadcasting were to become of-
ficially available in two stages: the
bands above 10 MHz in 1989, and the
9-MHz band in 1994. Although the
U.S. and 21 other nations protested,
there was no expansion of the vital 6-
and 7-MHz bands.
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Another method of alleviating con-
gestion in the high-frequency bands 1s
to plan them. Countries submit their
requirements and frequencies are as-
signed in an orderly fashion in accor-
dance with agreed-upon technical
standards (protection ratio, minimum
field strength, required signal-to-
noise ratio, etc.). When a maximum
number of assignments have been
made, the unsatisfied requirements
remaining are simply deleted.

[t is clear that if you are trying to fit
a size-11 foot into a size-7 shoe you
aren’t going to do it unless you use a
very painful technique: you cut off the
toes. That is essentially what plan-
ning is for a great many users. A
scarce resource (frequencies) is ra-
tioned through a central planning sys-
tem that distributes frequencies on an
equitable basis.

During such an exercise, the re-
quirements of the largest users arc
reduced. In 1977, the developing and
non-aligned countries called for a
“New World Information Order”
which demanded that the largest users
reduce their frequency usage to give
the smaller ones access to the broad-
casting spectrum.

International politics

The First Session of the World Ad-
ministrative Radio Conference for the
Planning of the High Frequency
(shortwave) Broadcasting Service,
called the WARC-HFBC 84, was bit-
terly fought over the issue of plan-
ning. (For more information on that
conference, see “WARC-84" in the
November, 1984 issue of Radio-Elec-
tronics.) It finally reached a complex
compromise agreement at the elev-
enth hour which called for the testing
of an extremely involved automated
computer planning method.

From 1984 to 1986 the /nternational
Frequency Registration Board
(IFRB), an organ of the [TU, engaged
a team of computer experts to develop
a computer algorithm and appropriate
software required for the shortwave
planning system. The most controver-
sial and complicated aspect of the sys-
tem concerned cases involving
incompatibilities—instances in
which two or more broadcasters had a
requirement for a program to the same
target area at the same time in the
same frequency band. Since there was
not enough frequencies to satisty all,
the IFRB developed a series of “‘sus-
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FIG. 1—AVAILABLE CHANNELS vs. channels needed for planning. in the case of 6 MHz,
for instance, requirements exceed available channels by a factor of six.

pension” rules, in which certain re-
quirements were deleted, and placed
in limbo. It was clear that most of
those requirements could never be fit
back into the plan. Figure 1 is a com-
parison of the required number of
channels with the number of channels
available for planning during a one-
hour period (1100-1200 UTC). It is
clear that requirements far exceed
available {requencies.

By the time HFBC-87 opened on
February 2, 1987, it was clear that the
planning system developed by the
IFRB fell tar short of most partici-
pants’ expectations. The first com-
plete plans published by the IFRB
showed that approximately 30 percent
of all requirements were not satisfied
(read “suspended”). Furthermore, a
primary broadcasting nced for fre-
quency continuity was ignored. As an
example, it was not unusual for a sin-
gle continuous ten-hour requirement
to be fragmented among seven or
eight different frequencies, with fre-

quent half-hour gaps in which no fre-
quency at all was assigned. The
system also reduced many one-hour
requirements to half an hour.

Clearly, the test plans were a great
disappointment to many administra-
tions. In 1984, at the first session,
some 85 countries favored some form
of automated planning. After seeing
the test plans at HFBC-87, only In-
dia, Pakistan, and a dozen Arab na-
tions strongly supported implementa-
tion of the new system.

Although it was clear that the sys-
tem developed by the IFRB was not
suitable, many Third-World and non-
aligned countries remained solidly
behind a commitment to planning,
and during the first four weeks of the
Conference debate centered around
methods of improving the planning
algorithm. A number of crucial issues
emerged during that period:
® [f the Conference was to succeed.,
the suspension rules would have to be
eliminated.
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® The lack of frequency continuity in
the IFRB algorithm was unacceptable
to most administrations.

® There was a serious problem in-
volving national vs. international re-
quirements (55 percent of all
shortwave frequencies are used for in-
ternational broadcasting). The uscrs
of shortwave frequencies for national
broadcasting fought tenaciously for
some form of specialized treatment {o
protect their services.

® The amount of spectrum available
for planning the shortwave broadcast-
ing bands was inadcquate.

¢ The existence of harmful inter-
ference (jamming) was a detriment to
any attempt to plan the shortwave
bands.

® Spectrum conservation techniques.
such as the use of Single SideBand
(SSB), were essential to improve the
effectiveness and the efficiency of the
shortwave broadcasting bands.

® Another broadcasting conference
would be required to again test the
feasibility of planning the shortwave
bands.

® The coordination procedures cur-
rently in effect would have to be great-
ly improved.

As the Conference entered its fifth
week, working nights and on the
weekend, it appeared that the Con-
ference would fail. Debate was bitter
and contentious, with some admin-
istrations putting forth different com-
promise proposals, none of which
attracted much support. So fractious
was the atmosphere that the Chairman
of the working group charged with
determining what, if any, parts of the
spectrum would be planned, resigned
angrily and its task turned back to the
technical committee.

Compromise

Finally, the Chairman of the Con-
ference offered a compromisc that
was acceptable. He proposed that the
WARC-79 expansion bands be set
aside for testing an improved planning
system,; in addition, 400 kHz from the
higher bands were also set aside for
planning. That is shown in Fig. 2. The
remainder of the spectrum would be
coordinated, with an enhanced coor-
dination procedure to be used.

An integral part of the compromise
was that the suspension rules would
be climinated entirely, and that the
planning algorithm would be rewrit-
ten to include frequency continuity.

On March 3, just five days before
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FIG. 2—UNDER THE COMPROMISE agreement adopted at HFBC-87, the WARC-84 expan-
sion bands, plus a total of an additional 400 kHz from the 15-, 17-, 21-, and 26-MHz bands
would be planned. The remainder of the spectrum will be coordinated under Article-17

procedures.

the end of the Conference, HFBC-87
moved into continuous session, and
on the fourth day a broad-action pro-
gram was accepted.

Under that program, the current co-
ordination procedures will remain in
cftect until the revised HFBC plan-
ning system has been tested and re-
viewed by a future conference.

Under the current coordination
procedure (Article 17 of the Radio
Regulations), all broadcasters submit
their schedules to the IFRB six
months in advance of implementa-
tion. The IFRB publishes that infor-
mation in a book. called the Tentative
Schedide. Where conflicts arise, it is
up to the individual countries to solve
them. In some instances, the IFRB

ofters recommendations for resolving
the conflicts, but acceptance of those
recommendations is not mandatory.
The new procedure, in contrast, will
leave many of the crucial decisions up
to the IFRB.

On March 5, the Conference ap-
proved the proposal of the Conference
Chairman as a compromise. But one
final threat developed:

Pakistan and India submitted a pro-
posal to implement the original plan-
ning system in the WARC-79
expansion bands that become avail-
able in 1989. There was overwhelm-
ing opposition to the proposal and
another solution was found. The of-
ficial date of the WARC-79 expansion
bands becoming available for broad-
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casting was postponed to a date to be
decided at a future conference.

That is the first time in history that a
conference has agreed to take from
itself available spectrum. Inasmuch as
the fixed services are required to va-
cate those bands by 1989, it is appar-
ent that broadcasting in those bands
will be on a non-coordinated basis.
Many broadcasters have already
moved into the bands.

Although the planning controversy
dominated the entire HFBC-87, a
number of major issues were treated:
The Conference:
® renewed the authority of the IFRB
to conduct periodic monitoring pro-
grams to identity and locate sources
of harmful interference (jamming);
® recommended that the ITU’s 1989
Plenipotentiary Conference consider
scheduling a conference whose agen-
da would include the possibility of
extending the HF spectrum allocated
exclusively to broadcasting;
® adopted a set of broad planning
principles and technical standards;
® authorized the IFRB to modify its
software and conduct another round
of tests of a revised planning system;
® requested that the 1989 Plenipoten-
tiary Conference authorize another
shortwave broadcast planning con-
ference ‘“‘not later than 1992,

A major accomplishment of
HFBC-87 was the adoption of single-
and double-sideband system specifi-
cations, as well as a program for the
gradual introduction of single-side-
band by the year 2016. HFBC-87 ap-
proved SSB system specifications,
and recommended that any transmit-
ters installed after 1990 be capable of
working either on SSB or in both the
single- and double-sideband modes.

A number of developing countries
expressed concern over the economic
consequences of such a transition,
particularly concerning the cost of
SSB receivers.

Although SSB is an eftective fre-
quency conservation technique, its
universal acceptance and implemen-
tation are far from assured. In addi-
tion, the 2016 target date defers for 28
years the benefits that transmission
mode affords.

Give me spectrum,
or give me death!

Although HFBC-87 moved closer
to the goal of planning the shortwave
broadcasting spectrum. many of the

continued on page 70



Program
Logic
Devices

ERNEST MEYER

The new reconfigurable logic devices
revolutionize the design of logic systems

I YOUR PROJECT DESIGNS USE 7400-SERIFS
discrete components for random-log-
ic or state-machine control, you’ll
probably find that you can simplify
both the design and the assembly by
mercly substituting Programmable
Logic Devices (PLD’s) for the 7400-
series hardware.

Programmable logic devices con-
tain gates and flip-flops, just like reg-
ular 7400-sceries 1C’s. However, in the
7400 scries, which 1s often considered
to be standard parts, the gates and
flip-Hops are wired together in fixed
configurations. On the other hand,
PLD’s aren’t hard-wired; instead,
thcy contain small fuses that are
blown or left open to connect their
internal gates and flip-flops in any
nceded configuration.

A PLD’s fuses are similar to those
used in PROM’s (Programmable
Recad-Only Mcmories), EPROM’s
(Erasable PROM’s), and EEPROMs
(Electrically Lrasable PROM's). Usu-
ally. the fuse 1s blown by addressing
the location and applying a high-volt-

CIRCUNRS \d )

able

age pulse (12-30 volts, depending on
the device) across the fuse while the
IC is in its programming mode. Most
standard PROM programmers can be
used to configure PLLD’s.

Erasable PLD’s (like EPROM’s
and EEPROM’s) can be wiped clean
and reprogrammed—-although the
wiping is actually a way of bypassing
the blown fuses. In that way, hob-
byists can rcuse a single PLD for a
varicty of projects or applications.

Circuit designers have traditionally
used PLD’s for logic functions that
arc not generally available in standard
off-the-shell’ components. It not for
PLD"s, a large number of con-
ventienal 1C’s would otherwise be re-
quired to perform a relatively simple
non-standard logic task.

A lot for a little

Because they provide the circuit de-
signer with an cnormous array ol user-
progranunable fuses, recent PLD de-

signs can substitute for dozens of

standard parts. Typically, a PLD can
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replace about a half-dozen standard
parts, although the exact number of
required PLD’s depends on the actual
circuit. Without PLD’s, the increased
number of parts increases the size of
the circuit board, which in turn lowers
the system reliability while increasing
the system’s cost.

Because a single PLD replaces a
variety of standard parts, manufac-
turers also prefer them to standard
parts because inventory is mini-
mized—the number of different IC’s
which must be stocked is sharply re-
duced. Also, the integration of dis-
crete parts into a single device puts all
the wiring inside an IC rather than on
the circuit board, which means that
the board’s design is simpler and the
logic can run faster.

Programmable logic is thercfore an
excellent choice in systems where
board size, board complexity, system
reliability, inventory considerations,
or speed is important. Even if no sin-
gle factor is crucial, their combined
weight can casily swing the balance
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toward a clean and simple PLD design
rather than a large composite of stan-
dard parts.

Even so, as we will show, some
standard parts are so complex they
don’t fit very well into a programma-
ble logic architecture. To resolve the
problem of complexity, there is now
under development hybrid PLD’s that
contain many large standard-logic
functions combined with a program-
mable logic array.

Since the proliferation of different
logic architectures will inevitably
bring PLD’s into common use by both
the hobbyist and the professional, we
will look at the extraordinary develop-
ment of complex reconfigurable
PLD’s, and examine their diverse ca-
pabilities.

Programmable logic technology

To understand how fuse technology
works, we must look at the techniques
used for fabricating integrated cir-
cuits. Silicon processing, as it is
called, is very complicated; but a
quick-and-dirty description will make
it a little easier to understand.

To make a silicon-based chip, waf-
ers of silicon crystal are first pro-
cessed to make transistors. The
silicon crystal itself does not really
conduct electricity at all. The tran-
sistors are created by doping selected
regions of the silicon with phosphorus
or arsenic, and metal lines deposited
on the wafer connect the transistor
sites. The transistors and metal lines
are called features.

Simply speaking, each feature is
formed on the crystal at the selected
locations by spraying a light-sensitive
protective chemical, called pho-
toresist, in a thin, even coating on the
wafer’s surface. The wafer is then
bombarded with light at selected lo-
cations through a precise slide proj-
ector. The slide projector (called an
optical aligner) uses a very small
slide, called a mask, to screen out the
light where it isn’t wanted. The chem-
ical decays where the light strikes the
photoresist-covered wafer, and is sim-
ply washed off, leaving bare silicon at
selected locations.

The precision of the optical aligner
determines how fine a feature can be
made. In the early 1970’, it was diffi-
cult to make transistors smaller than
10 microns, Now, transistors can be
less than a micron in size, meaning
the same-size chip can hold more than
100 times as many transistors. More-
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FIG. 1—THE METAL LAYERS on two-level
chips are insulated by a layer of SiO; (a).
The first programmable IC (b) provided 64
cross-points (fuses).

over, as features get smaller, the tran-
sistors are packed more densely;
hence, the devices can work faster.
The bared silicon can be treated in
various ways. For example, the sil-
icon can also be treated to recast the
crystalline structure into an amor-
phous form called polysilicon, which
conducts electricity and therefore can
be used to form wires. Single-level
metal chips use polysilicon wires to
cross under the metal wires at inter-
section points. However, polysilicon
conducts electricity over a hundred
times worse than metal, which sub-
stantially degrades performance.
The wafer is heated after the ap-
plication of each wiring level, which
causes the silicon on the surface to
oxidize. Since the resultant SiO, is
more bulky than crystalline silicon,
the oxide blooms over any raised fea-
tures (such as previously deposited
metal lines) during oxidization. Since
Si0, does not conduct electricity, it
forms an insulating sheet a few mi-
crons thick over the entire wafer sur-
face. The oxide can again be
selectively etched: Photoresist is
again applied to the wafer, selectively
etched away again, and the wafer is
exposed to chemicals that attack the
Si0, (but not the pure Silicon) at the
chosen feature locations. Further
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layers can be grown on top of the
resultant planarized wafer to form a
sandwich-like structure, with SiO, as
the ‘‘bread,” and metal or doped sil-
icon as the “meat.”

Several levels

The transistors on the chip are
wired together with deposited strips
or spots. The various layers are con-
nected by holes (called contacts)
through the SiO, layers. Although up
to three levels of metal can be used,
the metallization process is expen-
sive, and so IC’s are mostly made
with two, or even only one, metal
level. A cross section of a chip with
two-level metal construction is shown
in Fig. l-a.

To make the first fuse-programma-
ble chip, as shown in Fig. 1-b, eight
12-micron wide horizontal lines were
deposited in first-level metal over the
bare silicon substrate. The wafer was
then heated up to cover the metal with
the insulating SiO,. After applying
photoresist, sixty four very small
holes (five microns in diameter) were
etched into the insulator in eight rows
over the first-level metal. The contacts
could be much smaller than the first-
level metal because they just needed
to touch the edge of the metal line to
provide a conducting path. (Small
contacts were necessary for program-
mable technology, but such contacts
greatly reduced the reliability of the
device.)

Next, photoresist was applied again
to the wafer, and aluminum was de-
posited in the holes (or contacts). An-
other eight metal lines were deposited
in second-level metal, but those were
stacked in the vertical direction,
crossing over first-level metal at each
contact site. The final product was
therefore an 8 X 8 grid having a very
small aluminum contact between
each metal-1/metal-2 crosspoint.

Although the contacts—called
Jfuses—are made as wide as the wires
in standard silicon chips, they are nar-
rower than the wires in programmable
logic chips. The interconnecting alu-
minum is burned away (blown) by ap-
plying a very large current across the
fuse connection. At lower voltage lev-
els, the fuses that have not been burnt
away conduct normally. That is why
the metal lines were made so wide and
the contacts so small—they had to be
made larger than the contacts so that
the contacts and not the metal lines
would burn away.



Early PLD’s

The carliest programmable chip is
the one shown in Fig. 1-b; it contained
nothing more than a fuse matrix and a
wire grid. The crosses represent fuses
that can be blown or left open.

The PLD pioneers were quick to
stack transistors around the metal grid
to make true programmable devices.
Also, nichrome (nickel-chromium)
fuses were used instead of contacts. In
that kind of programmable tech-
nology, regular contacts arc run from
the lower metal to the upper metal
layer; those contacts miss the actual
wirc intersection point by 3 microns.
A 3-micron strip of nichrome com-
pound is then deposited laterally to
connect the contact site to the second-
level metal strip. Because of its lower
melting point, nichrome fuses out
more cleanly than aluminum; in fact,
the nichrome actually vaporizes dur-
ing fuse programming. Therefore, a
lower programming voltage is
needed, which mcans that less power
needs to be put into the chip. That
simplities programming while mak-
ing the devices more reliable. Also,
the metal lines are not much wider
than the fuses themscelves. which al-
lows a greater density.

The PROM

The carliest fuse-programmable
device was the PROM. As shown in
Fig. 2, PROM input logic (the anDp
plane) is fixed, while the output logic
(the or plance) is programmable. The
upper non-fused fixed-wire matrix
feeds a set of AND gates. In the fixed
AND array, the output of any onc col-
umn is high only if all the connected
inputs to the column are high. In
PROMs, the fixed AND array provides
one and only one high output for cach
possible condition that can exist on
the inputs. The non-fused matrix is
called a fived anp plane.

The lower matrix is fuse-program-
mable. Simply speaking, each of the
wiring rows feeds into a single enor-
mous or gate. That description is a
simplification, of course, but it is ade-
quate for our purpose.

TABLE 1
IN, 1IN, | OUT, OUT, OuT,
gt g Y 9 .0
i 0 o mac
1 0 0 i g =0
1 1 1 0 0

FIXED anp PLANE

PROGRAMMABLE pr PLANE

FIG. 2—IN THE EARLIEST FUSE-PRO-
GRAMMABLE device, the anD plane was
fixed; only the or plane was programmed.

The or gate is set so that the output
is high it any connected input to the
fuse row is high, a configuration that
is called a programmable or plane. If
the only fuses left connected in Fig. 2
are thosc indicated by a circled- x,
the ones and zeros in Table | con-

= (LOGIC TERMS-P}
I

stitute a truth table for a PROM pro-
grammed (blown) with the fuse
pattern shown in Fig. 2

Conventionally, PROM’s are re-
garded as programmable memories;
however, the devices cun obviously be
used for logic as well. For example,
logic equations can be written for the
above device as follows:

OUT, = IN;, and NOT-IN,

OUT, = NOT-IN; and IN,

OUT, = (NOT-IN, and NOT-IN,) or
(INy and IN))

Obviously, OUT, is a genuine XOR
(exclusive-or) of INy and IN,. That

may sccm like a very clumsy way of

making a simple gate, but by expand-
ing the size of the array very complex
logic terms can be created. In par-
ticular, that kind of architecture is
very good for bus-decoding func-
tions. For example, it an 8-bit-wide
bus must be decoded in six different
ways to provide six enable signals in a

Iy 4 |

T

I £
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00 0009000 0BEO00N
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t

| | |

| |
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FIG. 3—THE FIRST COMMERCIALLY AVAILABLE FPLA was a single-level device having

approximately 2,000 fuses.
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FIG. 4—IT’S EASY TO IMPLEMENT COM-
PLEX logic functions in an FPLA. As
shown, the functions previously de-
scribed for a PROM can also be mapped
directly into an FPLA’s architecture.

complex digital system (like a com-
puter), one 16-pin device can replace
at least a half-dozen IC’s.

Since each possible input combina-
tion has a corresponding unique input
to the fuse array, the fixed AND array in
the above device is termed a full de-
coder. Of course, decoders can be
constructed from simple logic gates in
many ways, but we have depicted the
logic structure in an array fashion to
show how the aND gates themselves
can be made part of an array structure.

PROM’s are useful as memory
components. When used as a memo-
1y, each input combination (on the left
of Table 1) is considered an address.
Similarly, the output resulting from
any particular input combination (on
the right of Table I) is considered the
data at that address. In that way, fuse-
programmable ROM’s provide the de-
signer with a fast, static, long-term
storage medium for fixed-data ap-
plications. However, even though
PROM’s are ideal for fixed memory,
and even though they can be used for
logic, they are not very efficient be-
cause they always contain a full de-
coder, which isn’t always needed.

The tull decoder increases the size
of the fuse array, which restricts the
number of possible input connec-
tions. To understand that, consider
how two signals have four fully-de-
coded conditions, and three signals
have cight fully- decoded conditions.
Since every input is fully decoded in a
PROM, each additional input doubles
the number of fuses required. In a

PROM, the total fuse-array size is
therefore:

21 x O
where [ is the number of inputs and O
is the number of outputs. However,
for logic functions, not every input
combination is crucial; therefore, a
simpler and more compact approach
is to make both the or and the aND
planes programmable.

Exploring PLA’s

IBM, using an architecturc called
PLA (for Programmable Logic Ar-
ray), was the first company to usc a
device having both programmable or
and programmable AND planes. In the
earlicst PLA’s, the array was metal-
programmed rather than fuse-pro-
grammed. In other words, the device
was customized during the actual chip
fabrication rather than by the chip
user, and was therefore used only by
manufacturers needing a large quan-
tity of chips.

Signetics was the first company to
manufacture Fuse-Programmable
Logic Arrays” (FPLA’s), which have
fuses both in the or and the anD
planes. The first commercially avail-
able FPLA, the 825100 (Fig. 3), was
introduced in 1977; it is a single-level
metal device having approximately
2,000 fuses.

At the same time, a similar fusing
technique was also applied to PROM
design, resulting in a rapid movement
from 256-bit to 2K-bit PROM’s
Also, single-level metal technology
was used, with polysilicon for the
lower interconnection level and metal
for the upper interconnection level.
As mentioned carlier, that technique
reduces chip cost. In fact, to further
reduce chip cost, some vendors now
use fuses made of polysilicon rather
than nichrome.

Because there is no full binary de-
coding, each additional input added
to an FPLA structure does not double
the required number of fuses. Instcad,
the fuse array is increased in size by
an amount directly proportional to the
number of vertical channels (which
are called logic terms or product
terms). Note, however, that becuause
both non-inverted and inverted sig-
nals are provided for cach input, there
are two inputs into the fuse array for
each pin input.

Each product term added to an ar-
ray allows one additional set of AND
products to affect an output con-
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dition. Therefore. in the 825100,
there are 48 possible unique AND
products that can affect the output.
Since the AND-products can be com-
bined together in the or plane, more
than 48 unique input combinations
can affect the output. Therefore, three
numbers are used when measuring the
size of an FPLA: the number of in-
puts, the number of product terms,
and the number of outputs. Those
numbers are combined to form the
IPO number. To calculate the total
number of fuses, the number of inputs
is doubled (to provide noninverted
and inverted inputs to the array), add-
ed to the number of outputs, and mul-
tiplied by the number of product
terms, or:

(2 x h+0) x P

For the 825100, the [PO is 16:48:8.
The total number of fuses is therefore
((16 x 2)+8) x 48, or 1,920. By
contrast, a PROM having 16 inputs
and 8 outputs, like the 825100, would
require 216 X &, or 52,488 fuses—
more than 25 more.

The smaller size of the FPLA archi-
tecturc yields four advantages to the
logic designer: 1) The array size is
smaller, which makes the devices less
expensive to manufacture and there-
tfore less expensive to sell; 2) The
smaller number of fuses makes pro-
gramming faster; 3) The reduced ar-
ray size makes the devices quicker to
test; 4) The smaller size of the array
makes it possible to make larger pro-
grammable devices. which increuses
their usefulness and power.

Additional features

Architectural enhancements in-
crease the flexibility of the device
even farther. The Signetics 825100
FPLA, for example, adds two addi-
tional programmable features to the
basic AND/OR plane.

First, the FPLA can bc perma-
nently set to give inverted or nonin-
verted outputs. To achieve the
complementary output, the outputs of
the programmable ok plane feed into
one input of an additional Xor gate.
The other input to the XOr gate can be
connected to ground. If the grounding
fuse is left intact. the XORr gate inverts
the output from the or plane. If the
fuse is blown, the input fHoats high,
and the logic signal passes through
the gate unaftected. Table 2 shows a
truth table for the complementary-
output feature.



TABLE 2
Output from array ! Output
inverting fuse from IC
0 0 0
1 0 1
0 X 1
1 X 0

The second feature, three-stated
output, is not programmable but
greatly improves the 1C’s usability. If
many fuses are left intact in the pro-
grammable array, the increased load-
ing slows the device’s switching
speed. Conversely, if there is a prod-
uct term with only one or two intact
fuses, the output switches much more
quickly. As array size increases, the
difference in switching speed be-
tween the lcast- and most-loaded
gates can produce glitches in the 1C’s
output. Erroneous logic states can be
avoided by disabling the outputs until
all the signals have settled.

Using an FPLA

It is easy to implement complex
logic functions in an FPLA. For ex-
ample, the functions previously de-
scribed for a PROM can also be
mapped into an FPLA’s architecture.
The connections required to do that
are shown in Fig. 4.

Four fuse columns were necessary
for a PROM, but notc from Fig. 4 that
the FPLA architecture and comple-
mentary output permits only two
product terms to be used for the three
functions, freeing the other inputs,
outputs, and product terms for other
logic operations.

Logic minimization

In Fig. 4, it is relatively easy to
work out the connections to use.
However, as logic complexity in-
creases, it becomes more difficult to
work out which fuse combinations
use the product terms most efficiently.
When large numbers of logic signals
interact, the product-term columns
can be tied to different combinations
of inputs, and or-ed together in re-
spectively different ways to generate
the same functions. Finding the op-
timal fuse map through logic mini-
mization (the act of reducing logic
equations to their most basic form)

has two advantages: 1) The danger of

running out of product terms is mini-
mized; 2) The number of unblown
fuses i1s minimized, which increases
the speed and reliability of the device.

About the time when new software
tools were developed to optimize fuse
maps, a new development brought
about a revolution in programmable-
togic philosophy.

0UT,

«—INVERSION

FUSE

D—Q OUTI

v

}7
O<FJ

ouT,

;‘E —
\\/
DUAL
FUSE

W
INPUTS MAIN FUSE ARRAY

OUTPUT MACROS

FIG.5—PLA’S DON'T HAVE A PROGRAMMABLE or plane at all; they have a programma-
ble anD plane instead, making them the opposite of PROM’s.
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The PAL

The revolution in programmable
logic was the 825100 PAL (Program-
mable Array Logic). PAL's werc mar-
keted by Monolithic Memories as a
simple alternative to standard parts—
the emphasis being on simple. To that
end, they supplied an easy-to-usc pro-
gramming language called PAL-
ASM, a FORTRAN 1V program that
translates logic equations into a fuse
map suitable for use with a standard
PROM programmer. At about the
time that PAL's were relcased into the
marketplace, 512 X 4-bit (2048-bit)
PROM programmers were also inter-
faced with IBM computers, making it
possible for designers to design, doc-
ument, and program a simple PAL
within minutes.

PALASM uccepts six distinct data
entries as input. First, the PAL part
number is entered so that the program
knows what sort of fuse map to make.
Second, the pattern number is en-
tered, so that the generated file con-
taining a fusc map can be named.
Third, the name of the device and the
author’s name is entercd for archiving
(so when someone clse looks at the
file, they know who made it and what
it’s for). Fourth, a pin list is entered.
which contains the symbolic names
for the pins that are used in the equa-
tions. The symbolic names can be
numbers, or signal names like iNiT,
RESET, NMI, ctc. Fifth, the actual equa
tions are entered. A field is left open
for the designer to enter notes about
the design.

PALLASM removes the designer
from the world of fuse maps and ar-
chitectures. However, to use PAL’s
most efficiently, it is important to
choosc an architecture that maps on to
the type of logic you want to have
Also, PALASM ullows designers to
generate fuse maps (now often called
JEDEC maps) directly. But some-
times it 18 actually easier to type in a
fuse map than the equations. Indced,
depending on the needed functions,
sometimes it is easier to draw a truth
tablc or a state diagram.

From the architectural point of
view, PAL’s are casicr to use than
PLA’s because they don’t have a pro-
grammable or plane at all: in its place
they have a programmable aND plane
instead, making them the opposite of
PROM’s. However, as we’ll see very
shortly, additional architectural fea-
tures make PAL’s just as flexible to use
as FPLD’s. As shown in Fig. 5, a

886! AHvNHda3d

[=)]
w



RADIO-ELECTRONICS

[=2]
o

D T173 4567 SN GunG 16188 AORA NAmS AARD -
l

- =

1

T

—
i

i

]
i
1111

i

uRY
|
4

1

¥

538

1
=588!
ilfilimmiji
t

i

|

1
i

&
Ll

H

1

|

T
N

T

1

|
1
1
1T
i
1
)
Fl
)

Fur R

TTT

LWE

&
|
T
T
L

1]

3
NI

\/

1989900]
|
Y

r—

L —

1

1

59 o 44+

)

T
T

OO

b

i
)4

__Q__

IS I
Ii
0

T 11T 1 - r
11131588 TN AR NBBN BANN

FIG. 6—THE COMMON PAL16R4 provides fuse-programmable three-stated outputs and

four flip-flops.

PAL's inputs feed directly into the AND
matrix.

Figure 5 also shows a new range of
functions. called macros, at the out-
put of the anp plane. In 1978, pro-
grammable logic components canie
1o difter not only in their IPO ratios,
but also in their macros, so that pick-
ing the best device lor a particular
application often hinged on choosing
the one with the nmacros that incorpo-
rated the necded logic functions for
that application.

In the top macro. the anp plane
feeds a single AND gate with optional
fuse-programmed inversion. That is a
very simple macro; and because the
inputs to the array are all inverted, we
find that the output inversion is not
needed at all.

The second macro down incorpo-

rates a very useful featrre: the output
of the anp gate is fed back into the
programmable aND plane, permitting
the output of the anD function to be
used again in the array without fecd-
ing the output back around to the out-
side of the device into another input.
Using a macro’s outputs as inputs to
other macros allows the chip to con-
tain nudti-level logic—which is to
say. the signal can pass through a sc-
rics of gates. By judictous manipula-
tion of the logic equations. 1t is
possible for an ingenious logic de-
signer to put just about any digital
function 1n a PAL architecture; we
shall show you exactly how that's
done in the next part of this series.
In the bottom macro, the output
driver is replaced by a bidirectional
driver consisting of dual fuses. De-
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pending on how the fuses arc blown,
the macro can be configured as an
output or as an input. If the output of
the aND gate 1s broken, but the feed-
back path and the input driver are left
intact, a signal can pass through the
input driver and feedback path—
however, the AND macro function then
cannot be used at that location. On the
other hand, if” the output of the ann
gate is broken and the input driver is
taken out of the circuit, the AND macro
functions normally, and the aND gate
tunction is available for multi-level
logic.

[t should be obvious that there are a
farge number of possible macro con-
structions for combinational logic.
However, that is just the beginning.
Incorporating sequential logic ele-
ments in a PAL opens whole new di-
mensions of design. In Fig. 6 we see
the architecturc of the common

WHILE PAL’s won't really relegate other
technolgies to the scrap heap, they do of-
fer the designer another usable and useful
alternative.

PALI6R4, which provides fuse-pro-
grammable three-stated outputs and
tour tlip-flops.

That’s all we have room for this
month. In the next part of this scries
we will start oft by seeing how mac-
rocells containing {lip-flops can be
used for counters, for complex pattern
generators, and even for state ma-
chines.

After that. we will also explore a
number of more recent technologics,
such as erasable and reprogrammable
devices, universal programming sys-
tems, and advanced programmable-
logic architectures; and to demon-
strate the feasibility of the technolog
being used, we will show you how to
actually program a programmable-
logic device with commercially-avail-
able software. R-E
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AUDIO/VIDEO

SWITCHER

Eliminate the mess and

confusion of wires that lurks behind

A‘.a(mn

@ - o
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your audio and video equipment with this

easy to build switcher.

HAS YOUR VIDEO S$YSTEM BECOME OVER-
run with a tangle ol patch cords,
Jjumper cables, and wires? Do you
have to grope around in the restricted
space behind your VCR when you
want to make a dub? Have you cver
wanted to view one program while
copying another? If the rat’s nest of
wires 1s keeping you {from getting the
most out of your equipment, then you
need the same type of equipment-in-
terconnection system used by profes-
sional video operations and television
stations. You need an audio/video
routing switcher.

We’ll show you how to build a4 X !
clectronic stereo-audio and video
crosspoint switcher. It will enable you
to select one out of lour signal sources
(consisting of a video signal and a
stereo-audio signal), and connect it to
an output bus which can supply an
input signal for up to four additional
devices. That, of course, can be done
by merely pressing a button. You’ll
never have to touch another cable or
jumper again. This device is not a
simple mechanical RF-type switcher.
This switcher was originally designed
to expand the number of inputs on
professional videotape recorders and
maenitors in a commercial television
studio. Also, the technical specitfica-
tions (shown in Table 1) are so good
that the device is virtually transparent
to any signal passing through it.

Consumer VCR’s and monitors
rarely have more than one set of inputs
and outputs. But consumers often
have several signal sources, including
a second VCR, a video disc or CD-

TOD T. TEMPLIN

VTR-y VTR-2 Dise

4 x I‘,II-—-

SWITCHER

TABLE 1—SPECIFICATIONS

Audio Section
Frequency Response
S/N Ratio
Cross-Channel Isolation
Input Impedance
Output impedance
THD

Video Section
Frequency Response
Cross-Channel Isolation
Input impedance
Output Impedance
Differential Phase
Differential Gain

video player, an image enhancer or
noisc reducer, or perhaps a special
ctfects generator. If your system has
several signal sources and you want to
drive more than onc monitor or VCR
simultaneously, there is no simple
way to connect them all together into
an easy to use, versatile, and func-
tional system. Just making a simple A
to B dub may result in a maze of patch
cables, Y-adapters, and double-ter-
minated signals. And, since most
VCR’s and monitors have their input/
output jacks located on the rear panel,
getting to the connections can be a
difficult and frustrating task.

The 4 x | switcher eliminates those
problems by allowing all of your au-
dio and video cquipment to be con-
nected together in one totally-
integrated, “patchless” system. That

www americanradiohietory com

-1, +0dB 30Hz - 20KHz
75dB at 5V Input Level
62d8

Greater than 50 Kilohms
Kilohm

.07% at 20Hz

.04% at 1KHz

.03% at 20KHz

DC - 8MHz
70dB8

75 ohms

75 ohms

-0, +3 degrees
Less than 3%

is accomplished by placing one 4 X 1
switcher at the input of cach device
that must receive a signal from more
than one source, and then connecting

each device’s output to the inputs of

cach switcher. Each switcher has a
four-output bus, so that any signal can
be connected to four devices. Opera-
tion of the switcher is very simple. By
pressing any onc of the switches
(S1-S4), the corresponding signal
source is connected to the output bus.
Because cach switcher has a built-in
distribution amplifier, up to four loads
can be connected to the output bus.
The block diagram lor the device
shown in Fig. | clearly shows how the
four signal sources are multiplexed to
onc output bus.

Until recently, it would have been
impossible to build a switcher of such
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FIG. 1—THIS BLOCK DIAGRAM shows how one out of four signal sources can be

switched to one output bus.

high quality using so few parts.
However, new IC’s are now available,
which are specifically designed for
audio and video switching. The
MAX454 from Maxim Integrated
Products (510 N. Pastoria Ave. Sun-
nyvale, CA 95054 408-737-7600)
combines a CMOS 50-MHz video
amplifier and 4-channel multiplexer
in a single package. The TDAI1029
from Signetics docs the same for ster-
eo-audio signals. It contains two 4-
channel multiplexers plus input and
output bufter ampliliers designed tor
audio frequencics.

Logic circuit

The complete schematic for the
4 x | audio/video switcher is shown in
Fig. 2; we’ll begin our analysis with
the logic scection. Selector switches
S1-S4 are connected via diodes
D1-DR to the four NanD gates in ICI
Those gates are configured as a cross-
coupled seT/RESET flip flop (latch) and
a 2-bit Binary Coded Decimal (BCD)

encoder. The outputs of 1C1 are con-
nected to the inputs of 1C2 (another
quad NAND gate), which decodes the
latched information from {Cl back to
decimal format, where it is used to
light the LED of the selected channel
and to drive the audio-channel-sclec-
tor pins of IC3. The BCD information
from ICI is used to drive the video-
channel-selector pins of 1C3. Note
that IC5 requires decimal information
while IC3 requires BCD information.

To understand the operation of the
logic circuit, suppose you have just
pressed S4. A low (ground) signal is
routed simultaneously through D7
and D8 to ICI-a and IClI-c. A low on
cither input of the gate will cause its
output to go high. so we now have
highs on the outputs of ICl-a and IC1-
¢. Those high levels are cross-con-
nected to onc set of inputs of 1Cl-b
and IC]-d, and the other set of inputs
are being pulled high by resistors R2
and R4. That action causes the out-
puts of ICI-b and ICl-d to go low.

www americanradiohistorv com

Those low signals are again cross con-
nected to the other set of inputs of
ICl-a and IC1-¢. We now have lows at
both inputs of ICI-a and 1Cl-c, and
highs at both inputs of {C1-b and IC!-
d. That results in a steady statc or
“latched” condition in the circuit.
The entire sequence, which happens
almost instantancously, also serves to
de-bounce the switches. The two high
outputs from ICl-a and ICl-b now
also appear at both inputs of NAND
gate 1C1-b, causing its output to go
low and light LED4 as well as select
channel 4 of the audio switcher, ICS.
The outputs of ICl-a and ICl-c also
make up a 2 bit BCD *“word” which
defines the condition of the latch. Be-
cause both ICl-a and ICl-c outputs
are now high, channel 4 is selected by
the video switcher, 1C3.

Audio circuit

The audio section of the switcher is
contained entirely in ICS, a complete
stereo-audio, 4-channel switcher.
Based on information fed to pins
11-13 from the logic section, it selects
a pair of inputs and passes them
through an on-chip op-amp buffer to
the audio-output bus. DC decoupling
for the inputs is provided by C11-CI8,
which also establish the low-frequen-
cy cut-off point of the circuit. The
outputs are decoupled by CI9 and
C20. Technical specifications for the
audio section include a frequency re-
sponse from 30 Hz to 20 kHz, a S/N
ratio of 75 dB with an input level of
0.5 volts, and a cross-channel isola-
tion of 62 dB. The input impedance is
greater than SOK, and the output im-
pedance is about K. The total har-
monic distortion for the audio section
is 0.07% at 20 Hz, 0.04% at 1 kHz,
and 0.03% at 20 kHz.

Video circuit

The video scction of the switcher is
made up of two IC’s connected in a
unity-gain feedback loop. 1C3 is a 4-
channel CMOS video switch which
also has an on-chip buffer amplifier.
Because IC3 can drive only one 75-
ohm load, a wideband power op-amp
(IC4) was added to the circuit to in-
crease the number of video outputs.
BCD information from the logic sec-
tion determines which of the 4 inputs
is passed via IC3 to IC4. The buffer
amp in IC3 is loaded by RI1, while
R10 and R12 set the entire circuit to
unity gain. The output impedance of
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4 SATELLITE
DECODER

CABLE
CONVERTER

FIG. 3—ALMOST ANY COMBI

FIG. 4—THIS 4 x 1 SWITCHER has a sepa-
rate control box which allows all of the
messy wiring to be hidden out of sight,
while controlling it from a convenient lo-
cation.

1C4 is so low that its output approxi-
mates a zero-impedance voltage
source. Consequently, loads con-
nected to the output resistors have no
effect on one another. The 75-ohm
resistors, R13—R 16, ¢stablish the cor-
rect drive-source impedance for 75-
ohm cable as well as short-circuit pro-
tection for 1C4. CIO establishes the
upper-frequency response of the cir-
cuit. With CI10 being 5 pF the fre-
quency response for the video section
is virtually flat from DC to about

- Vol?sEcO TELEVISION |
e MONITOR 8

ke
4x1 '

— SWITCHER _

A of viewing, recording, or both, can be achieved
using this setup which contains two 4 x 1 switchers.

8MHz. The cross-channel isolation is
70 dB, and the input and output im-
pedance are both 75 ohms.

Power supply

The power supply is not at all com-
plicated. 12 volts AC from a wall
transformer is rectified by D9 and D10
into plus and minus 12-volt DC
sources. Ripple filtering is provided
by Cl and C2, and +12V is then
tapped off to supply IC5. The plus
and minus 5-volt sources are regu-
lated by 1C6 and IC7.

Video signals

It is important that you understand
a few basics about video signals in
general. Standard composite video is
defined as / volt from sync tip to max-
imum white level, across a 75-ohm
load, and contains signals from DC to
as high as 5 MHz. Because of those
high frequencies, video signals re-
quire special attention; they must al-
ways be connected between devices
by 75-ohm shielded cable, and must
be terminated into a 75-ohm load im-
pedance. If a constant 75-ohm imped-
ance 1s not maintained throughout the
system, an impedance mismatch be-
tween the source and load will occur,
causing somc of the video signal to be

www americanradiohietory com

PARTS LIST

All resistors Vs-watt, 5% unless
otherwise noted

R1—R4—100,000 ohms

R5—390 ohms

R6-R9, R13—-R16—75 ohms

R10—910 ohms

R11—150 ohms

R12, R33—-R40—1,000 ohms

R17-R24—47,000 ohms

R25-R32—470,000 ohms

Capacitors

C1, C2—470 uF, 16 volts, radial elec-
trolytic -

C3, C4, C8, C9—6.8 uF, 10 volts, ra-
dial tantaium

C5-C7—0.1 puF, metal film

C10—S5 pF, mica or disc (see text)

C11-C18—0.22 p.F, metal film

C19, C20—47 wF, 16 volts axial elec-
trolytic

C21—100 pF, 16 volts, radial elec-
trolytic

Semiconductors

D1-D8—1N4148 diode

D9, D10—1N4002 diode

IC1, IC2—CD4011 CMOS quad NAND

IC3—MAX454 video switch/amplifier
(Maxim)

IC4—LHO0002CN power op-amp (Na-
tional)

IC5—TDA1029 audio switch/ampli-
fier (Signetics)

IC6—7805 positive voltage regulator

IC7—79L05 negative voltage reg-
ulator

LED 1-LED 4—red LED's

Other components

J1-J3—octal-type RCA jacks, or se-
lect jacks to suit needs

S1-S4—SPST momentary push but-
ton switch

T1—12VAC, 250 mA, plug-in wall
transformer

Miscellaneous

1 chassis of your choice

NOTE: The following items are

available from T3 Research, 5329

N. Navajo Ave., Glendale Wi

53217-5036: 4 x 1 PC board, $10.00

postpaid; MAX454, LHOO02CN,

and TDA1029N (1 of each type),

$18.50 postpaid; Wisconsin re-

sidents must add 5% sales tax.

reflected back from the load to the
source. The visible result of that is
reflections or ““ghosts” in the picture.

Each 4 x | switcher has four inputs
and one output bus. Therefore, only
one out of four inputs may be con-
nected to the output bus, and supply
an input signal for up to four devices.
Chances are that one switcher will be
sufficient for the average person’s vid-
eo system. However, by building two
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FIG. 5—REFER TO THIS parts-placement diagram when assembling the PC board.

FIG. 6—YOU CAN MOUNT the completed PC board on the bottom of the chassis, and wire

the jacks on the sides as shown.

or more 4 X | switchers, you can put
together a system similar to that in
Fig. 3. That system provides for just
about any possible combination of
viewing, rccording, or both. Of
course, the number of switchers
you’ll need and how you wire them
together depends on your particular
System’s requirements.

Construction

Betore assembiing your switcher,
it’s a good idea to sketch out how you
want to connect your equipment to-
gether. You probably require only one
4 X I switcher. But, if you have 4 more
complex system, make a diagram like
that of Fig. 3, to see how many
switchers you’ll need. During actual

wwwW americanradiohistorvy com

construction, you can then install as
many switchers as you nced in onc
chassis of an appropriate size. Note
that a PC board can be purchased
from the source mentioned in the
parts list, or one can be made using
the foil pattern shown in the PC Ser-
vice. Remember, you’ll need one
4 X 1 circuit board, and complcte set
of components for each switcher that
you build.

There are two ways that the 4 X |
switcher can be assembled. Although
they perform identically. they are
quite difterent in concept. In one
model, shown in the opening of this
article, the circuit board, input/output
jacks, and selector SWltches are all
mounted in a conventional chassis.
That arrangement brings all of your
system’s interconnecting cables to
wherever your switcher is located.
That is certainly fine if you only necd
one switcher. In the other model, the
selector switches and LED’s are lo-
cated in a separate control box and
connected to the switcher by a 10-
conductor cable, as shown in Fig. 4.
In the cable, four conductors and one
common are used for the switches,
and the same goes for the LED’s. That
allows the main chassis to be located
behind your equipment.

After you decide what configura-
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tion your switcher will take on, you
must come up with a suitable chassis
to mount everything in. If you decide
to go with the model that has a sepa-
rate control box, you’ll nced a sepa-
rate case to mount the four switches
and LED’s in. You’ll also need an
appropriate length of 10-conductor
cable to reach the control box.

Start the construction by mounting
all of the components flush against
the circuit board. Refer to the parts-
placement diagram in Fig. 5 for cor-
rect positioning of the components.
Save some of the excess leads clipped
from those components for the 11 re-
quired jumpers. Be certain to observe
polarity on capacitors, diodes and
IC’s, and use standard precautions
when handling the static-sensitive
IC’s. Note that you can use 8-pin (oc-
tal) RCA-jack panels, which cost less
than separate RCA jacks. Also, they
can be soldered directly to the circuit
board, eliminating a good deal of wir-
ing. If you choose octal jacks, make
sure that the jacks are the last items
you install on the board. Also, be
certain you wire together all the
ground tabs on cach jack before you
solder it down to the board. Leave
enough wire on the end tab so that it
can reach down to the ground holc on
the circuit board.

Once the board is complete, all that
is left todo is to mount it in the chosen
chassis, and add the appropriate wir-
ing. When finished, it should look
similar to the one shown in Fig. 6.
(Note that Fig. 6 shows the unit in
which everything is contained in one
chassis.) It 1s then ready to be hooked
up to your video system and tested.
Should any problems arise, go back
and check your work.

Normally, if the 4 X 1 switcher is
built totally from fixed-value compo-
nents, it will perform as indicated in
the specification chart, with no ad-
justments required. However, increas-
ing the value of ClO (in the video
section) will cause the video frequen-
cy response to tilt upwards. It is possi-
ble to compensate for high-frequency
roll-off, caused by extremely long ca-
ble runs, by replacing Cl0 with a
5-20pf trimmer capacitor. That cre-
ates what is known as an cqualizing
DA (Distribution Amplifier). While
observing a multiburst test signal,
C10 is adjusted for a flat response.
Don’t be concerned about the prob-
lem of roll-off if your cables are less
than 250 feet long. R-E

PC BOARDS

HFBC

continued from page 54

continued from page 58

expose. Note that because of the
nature of the paper, exposure time is
likely to be longer than with clear
film. Do some experimentation to de-
termine the correct exposure time for
your light source, chemicals, etc.

You can also use PC Service with
the reversing films previously men-
tioned and then use the negative sys-
tem to create the PC board.

Non-photographic techniques

We alluded to the fact that there are
alternatives to the photographic meth-
od for simple designs. One is to place
the pattern directly on the copper
blank using etch-resist ink (see Fig.
7), lacquers, tapes, and patterns. The
board is then etched in ferric chloride.
While the technique works well tor
small patterns, it is tedious to use for
anything larger than a one-1C or two-
transistor circuit. Etch-resist inks and
patterns are available from Datak,
Kepro, and GC Electronics.

Finally, there is a technique that
requires no etching at all. Manufac-
tured by Bishop Graphics and called
E-Z Circuit (see Fig. 8), it involves
placing copper strips, donuts, etc. di-
rectly onto a pre-drilled, non-copper-
clad prototyping board. The copper is
supplied on a super-thin, cpoxy-glass
substrate that has a special adhesive
on one side. The copper is positioned
onto the prototyping board and bur-
nished in place.

FIG. 8—A NO-ETCH SYSTEM, E-Z Circuit
from Bishop Graphics places adhesive
copper strips, pads, and patterns ona pre-
drilled prototype board.

The drawback to the system is that
it can’t be used to mass produce
boards, and that the pattcrn must be
transferred to the board by hand. The
system works well, however, cs-
pecially for smaller layouts and for
repairing existing boards, and it is
possible to use it to do even the most
complicated circuits R-E
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problems that have hounded broad-
casting for forty years persist:

® confticts between large, developed
broadcasters and the smaller less-de-
veloped newcomers are at the fore-
front;

® conflicts between the interests of
the national broadcasters and the in-
ternational broadcasters remain
largely unresolved:;

® the planning system will still have
to address the difficult problem of fre-
guency continuity;

® during the intersessional period be-
tween now and 1992 a way will have to
be found to fit enough requirements
into the planned portion of the spec-
trum to satisty the world’s broad-
casters. That is a formidable task,
because it entails fitting that size-11
foot into a size-7 shoe.

A cluc to the cantankerous nature
of HFBC-87 may be found in the
number of reservations taken at the
conclusion of HFBC-87. A reserva-
tion is a statement a country enters at
the conclusion of a Confercnce ex-
pressing its dissatisfaction over a par-
ticular event or events.

Of 116 participating administra-
tions, 70 entered reservations. Some
entered more than one reservation.
That largely reflected, on the one
hand, the continued wariness of ma-
jor broadcasters toward even possible
partial implementation of the modi-
fied HFBC Planning System and, on
the other hand, it reflected the disap-
pointment of its principal advocates at
the uncertain prospects for even such
limited application.

Of all the reservations taken at
HFBC-87, perhaps the most expres-
sive of the tonc of the Conference,
and possibly the outlook for the fu-
ture, was one entered by Burkina
Faso:

“Upon signing the Final Acts of the
WARC-HFBC(2), Geneva, 1987, the
Delegation of Burkino Faso reserves
the right for its Government to take
whatever measures it may consider
necessary to safeguard its interests in
the cvent that the provisions of this
Conference are not respected or that
any rescrvations entercd by other
Members should jeopardize its broad-
casting services.

“Our country or death—we shall
prevail!” R-E



PC SERVICE

One of the most difficult tasks in build-
ing any construction project featured in
Radio-Electronics is making the PC
board using just the foil pattern provided
with the article. Well, we're doing some-
thing about it.

We’ve moved all the foil patterns to this
new section where they’re printed by
themselves, full sized, with nothing on the
back side of the page. What that means
for you is that the printed page can be
used directly to produce PC boards!

Note: The patterns provided can be
used directly only for direct positive pho-
toresist methods.

In order to produce aboard directly from
the magazine page, remove the page and
carefully inspect it under a strong light
and/or on a light table. Look for breaks in
the traces, bridges between traces, and in

general, all the kinds of things you look for
in1he final etched board. You can clean up
the puolished artwork the same way you
clean up you own artwork. Drafting tape
and graphic aids can fix incompiete traces
and doughnuts, and you can use a hobby
knite to get rid of bridges and dirt.

£An optional step, once you're satisfied
that the artwork is clean, is to take a little
bit of mineral oil and carefully wipe it
across the back of the artwork. That helps
make the paper transluscent. Don't get
any on the front side of the paper (the side
with the pattern) because you'll con-
taminate the sensitized surface of the
copper blank. After the oil has “dried” a
bit—patting with a paper towel will help
speed up the process—place the pattern
front side down on the sensitized copper
blank, and make the exposure. You'll

probably have to use a longer exposure
time than you are used to.

We can't tell you exactly how long an
exposure time you will need as it depends
on many factors but, as a starting point,
figure that there’s a 50 percent increase in
exposure time over lithographic film. But
you'll have to experiment to find the best
method for you. And once you find it, stick
with it.

Finally, we would like to hear how you
make out using our method. Write and tell
us of your successes, and failures, and
what techniques work best for you. Ad-
dress your letters to:

Radio-Electronics
Department PCB
500-B Bi-County Blvd.
Farmingdale, NY 11735

6 INCHES

!

BUILD THE AUIDO/VIDEO switcher usng this PC board.
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HARDWARE
HACKER

Superconductors for the hacker, and more!

HELLO AGAIN. WELCOME TO RELEASE
number two of my brand new Ra-
dio-Electronics column. As we
found out last month, we will be
exploring all sorts of “neat stuff”
hacker opportunities here, elec-
tronic and otherwise. We will start
off with a reminder that you can
get no-charge technical help at the
number in the Need Help? box
that accompanies this article.

I’'ve found out a little more on
suitable UV curing resins for that
Santa-Claus machine that we
looked at in the last installment of
this column. It turns out that a
leading manufacturer of pho-
topolymerization resins is Her-
cules.

One fairly cheap and easy to get
UV curing resin of theirs is used
for making rubber stamps. That
UV liquid resin is rebranded by the
Merigraph Systems people as their
product MD-035, and is dis-
tributed by R.A. Stewart.

The really big news this monthiis
that hardware hackers can now
buy superconductors off-the-shelf
to play with!

Superconductors for the hacker

When you cool certain metals or
“magic” ceramic-oxide mixtures
to extremely low temperatures, a
very remarkable thing happens.
Some of those materials will go
into a superconducting state
where they lose all of their internal
electrical resistance. At the same
time, any internal magnetic fields
also will drop to zero.

The many potential uses for su-
perconductors boggle the mind.
Utility electrical power could be
distributed long distances without

transmission loss. Much stronger
and cheaper magnets for electric
automobiles, transportation,
atomic-particle research, and bio-
medicine would revolutionize
each of those fields. Computers
could be made much faster and
much smaller. So, too, could new
test instruments.

Until recently, the temperatures
needed for superconductivity
were so cold that only very expen-
sive and cumbersome liquid he-
lium could be used. But, within
the last year, a new class of ceramic
oxides consisting of copper, oxy-
gen, and some rare-earth ele-
ments were discovered that super-
conducted at much higher, more
economical temperatures.

Those new ceramic materials
will superconduct in the 80°K to
100°K range (—173°C to —193°C).
Now, that is still extremely cold,
but you can easily hit those tem-
peratures with cheap old liquid ni-
trogen in a styrofoam cup. Liquid
nitrogen is available at less than
draft-beer prices from almost any
industrial gas supply house.

Better yet, there are hints of su-
perconductivity at much higher
temperatures, some of which even
approach room temperature. But
those new developments are not

l NEED HELP?

Fhone or write your Hardware
Hacker questions directly to:
Don Lancaster
Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073

www.americanradiohistorv.com

More on uv curing resins
Using liquid level detectors

Circuits for electronic music
Microprocessor fundamentals |
. Off-the-shelf superconductors! |

DON LANCASTER

yet confirmed or proven, and the
whole field is up for grabs.

In fact, the entire future of elec-
tronics hinges on all of the new
superconductor research being
done worldwide today.

Believe it or not, you can run out
right now and buy your own super-
conductor to play with for only $8.
One source of them is Laboratory
Specialists.

What you get is not all that great
looking. Your superconductor is
the size, color, and shape of a pool
cue tip. It is also very sensitive to
moisture or to any oxygen when at
low temperatures, so it can easily
be degraded or destroyed. About
all you can really do with it is dem-
onstrate the fundamental super-
conductor properties—a zero in-
ternal-magnetic field and a zero
resistance. On the other hand, itis
a guaranteed instant winner for a
school paper or a science fair.

Before we go on, though, let’s
talk some safety. You should treat
liquid nitrogen like it was molten
steel. It will instantly frostbite any
tissue it comes in contact with.
Safety glasses are an absolute
must. You should also wear two
layers of heavy clothes that cover
as much of your body as possible.
Be sure to review your frostbite
first aid before beginning.

You must work in a very well
ventilated area. While the liquid
nitrogen is not itself toxic, it will
displace oxygen in any confined
area and can cause suffocation.
Just confining the liquid nitrogen
can cause a pressure explosion, so
a loose fitting lid must be used on
any non-approved container.

Some materials will instantly
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1.5 volt "D" cell e DC voltmeter

(a) At room temperature
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i (b} Cooled below 80 Degrees Kelvin
FIG. 1—A TEST CIRCUIT to demonstrate the zero internal resistance of a cooled superconductor.

The meter will show a zero voltage drop when the super conductor is below its critical tem-
perature. A “four-point” measuring scheme is used to minimize the effects of contact and lead
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resistance.

shatter at liquid nitrogen tem-
peratures, so the safest container
is a plain old styrofoam coffee cup.
Meanwhile, any liquid oxygen that
condenses out can become a very
serious fire hazard.

Are vyou still
Hello....Hello...

Actually, when treated with both
common sense and respect, the
dangers of liquid-nitrogen han-
dling are no worse than, say, using
a power lawnmower.

Figure 1 shows us how to dem-
onstrate superconductive proper-
ties. Basically, you set up the
superconductor as a voltage divid-
er and measure the output volt-
age. As you slowly lower the
material into the liquid nitrogen,
the output voltage will drop to
zero, proving that the material is
superconducting.

Figure 2 shows you how to dem-
onstrate a second measure of su-
perconductivity. That is called the
Meissner effect. The Meissner
effect says you will get a zero inter-
nal magnetic field when the mate-
rial you are working with is actually
superconducting.

That effect does take a special,
extra strength neodymium-iron-
boron magnet. Physically levitat-
ing the magnet is not usually pos-
sible with these samples.

For more information, and for
more cautions, be sure to thor-
oughly read the instructions that
come with your sample of super-
conductor material.

there?

Second, of course, would be a
very healthy respect for the dan-
gers of working with those very
low temperatures. Once again,
safety glasses, heavy, double-
layered clothing, good ventilation,
and everyday common sense are
always essential.

Third, you would need reprints
of many of the current papers in
superconductivity. While there are
some expensive new journals out,
check into Physics Abstracts, Sci-
ence, or, best of all, the Dialog on-
line technical and scientific infor-
mation utility. All of those should
be readily available at better
schools and libraries.

Two rather good technical re-
sources to get you started are the
special superconductor issue of
Physics Today (volume 39, #3,

superconductor
sample

ultra-strong
magnet

(a) Atroom temperature
1

{b) Cooled below 80 Degrees Kelvin

FIG. 2—THE MEISSNER EFFECT calls for a zero internal magnetic field in a superconductor. The
resulting field distortion will deflect, or even levitate, an extremely strong magnet as shown.

Making your own

Doing all your own personal su-
perconductor research is rather
tricky for the average hardware
hacker, but it is certainly not out of
the question. The basic tech-
nology is just about as compli-
cated for you as microwaving a pan
of brownies.

And aNobel Prize is up for grabs
for the first confirmed and verifia-
ble stable room-temperature su-
perconductor. Not to mention a
very big bag of nickels.

Dimes, even.

First and foremost, you would
have to be a lab-type person, and
have access to either a school
chemistry lab or else have your
own very sophisticated home lab.

www americanradiohistorv com

1986) and Bednorz and Muller’s
classic paper in Science (volume
237, pages 1133-1139).

And, finally, you would need a
source of raw materials. The
AESAR people have long been a
good source of small quantities of
high purity metals, compounds,
and elements. They have released
a new superconductor-materials
flyer that includes barium, stron-
tium, scandium, copper, lan-
thanum, and yttrium in just the
right combinations for the new su-
perconductors. Cost ranges from
$1to $87 a gram in small quantities,
depending on the material.

Be sure to let us know what re-
sults you come up with'in this ex-
citing new field.
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FIG. 3—THE SPRAGUE ULN-2429 is an automotive liquid-level detector that has plenty of hacker
potential. Here is the basic test circuit using a pop can full of tap water.
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FIG. 4—A SIMPLIFIED SCHEMATIC of the internal audio oscillator found in the ULN-2429. The
usual operating frequency is 2.5 kHz, and is set by the external timing capacitor.

Liquid-level detectors

THE AUTOMOTIVE PEOPILE HAVE SHOWN
alot of interest lately in liquid-level
detectors, particularly for low-ra-
diator-water warning systems.
There are quite a few circuit man-
ufacturers that offer specialized
IC’s for liquid-level detection.

One interesting and low costlig-
uid-level detector is the Sprague
ULN-2429A. That beastie is shown
in Fig. 3.

There are three basic areas to
the circuit. Those areas of the cir-
cuit include a regulator, an os-
cillator, and a detector.

The first circuit area is a 6.4-volt
regulator that isolates the rest of
the internal electronics from any
battery and vehicle noise. Because
of that regulator, the intended sup-
ply is from 10 to 16 volts.

For hacker uses, you can run on
a 9-volt battery, but with less sta-
bility and accuracy than when run-
ning at the intended 12 volts. The
current drain is under 10 mA, ex-
clusive of the load.

The second area consists of a
simple audio oscillator. You can
change the frequency of that os-
cillator by changing the timing ca-
pacitor between pins 5 and 7. The
intended operating frequency is
2.5 kHz, which can be used to di-
rectly drive a ceramic piezo
squawker device.

A simplified circuit of the audio
oscillator is shown in Fig. 4. Itis a
fairly low-power circuit, intended
to work into a 10K or higher load.
The output is a rather sloppy
square wave of about four volts
peak-to-peak.
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EARN YOUR

B.S.E.E.
DEGREE

THROUGH HOME STUDY

Our New and Highly Effective Advanced-Place-
ment Program for experienced Electronic Tech-
nicians grants credit for previous Schooling and
Professional Experience, and can greatly re-
duce the time required to complete Program and
reach graduation. No residence schooling re-
quired for qualified Electronic Technicians.
Through this Special Program you can pull all of
the loose ends of your electronics background
together and earn your B.S.E.E. Degree. Up-
grade your status and pay to the Engineering
Level. Advance Rapidly! Many finish in 1.2
months or less. Students and graduates in all 50
States and throughout the World. Established
Over 40 Years! Write for free Descriptive Lit-
erature.

COOK’S INSTITUTE

OF ELECTRONICS ENGINEERING
347 RAYMOND ROAD

€ XE r.o.80x20345

JACKSON, MISSISSIPPI 39209
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remover

50dB NOTCH FILTER

Any* signal coming in on your cable can be completely

“removed” with this powerful filter. Particularly useful

on “pay" channels. Also can be used to eliminate any*

over-the-air signal which prevents normal reception. The

filter's external adjustments allow precise tuning to any

frequency required.

*AVAILABLE FOA THE FOLLOWING CHANNELS:

MODEL 26 - For any channel between 2 and 6
(Tuning range 54 - 108 Mhz)

MODEL 713 - For any channe! betweer 7 and 13
(Tuning range 174 - 216 Mhz)

MODEL 1422 -For any channel between 14(A) and 22(1)
(Tuning range 120 - 174 Mhz)

Y s ONLY $30 EACH ¢ % 30 DAY FREE TRIAL % %
To order, send $30 check or money order. Specify
Model. If not completely satisfied, simply return within
30 days for a full and speedy refund.

 All models in stock * One year warranty
* Fast, free delivery * Quantity discounts to 50%

STAR CIRCUITS/DEPT.R
P.0.BOX 8332, PEMBROKE PINES, FL 33084

[ CABLE-TV]
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for 3-WAY Help

1. TECHNICALLY CORRECT
Crystals to Your Specs

2. QUICK TURNAROUND
with huge inventory, prompt
service and Emergency Order
Plan

3. LOW PRICES

QUARTZ CRYSTALS FOR
Two-Way — Industry — Marine
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FIG. 5—THE ULN-2429 DETECTOR turns on with a square-wave input greater than 1.2 volts
peak-to-peak, and stays off otherwise. The filter capacitor selects either an AC or DC output.

A series output resistor is nor-
mally used with the oscillator. You
have your choice of using an inter-
nal 18K resistor at pin 8, or else
adding your own external resistor
on pin 6 if you like.

The third area is the detector cir-
cuit shown in Fig. 5. It’s basically a
three-stage amplifier that can
work in two different modes. The
detector will strongly amplify any
audio signal that exceeds 1.2 volts
peak-to-peak, but completely ig-
nores anything weaker.

In the first mode, you amplify
the 2.5-kHz or other audio signal
and then directly drive a piezo
transducer at the output. You can
also drive an LED with that square
wave if necessary.

There is one gotcha to driving an
LED. You have to use a series re-
sistor to make the peak LED cur-
rent twice normal, since the
output square wave will only be on
half the time.

Should you close the AC-DC
switch in Fig. 3, the output stage
becomes a high-power DC driver
that is capable of driving a relay or
an incandescent lamp. You can
output as much as one ampere
from that tough driver circuit, if
you use a heatsink clip and are cer-
tain to connect both output pins 1
and 14 to a large printed circuit foil
area, as well as connecting both of
ground pins 3 and 4 to a similar
large foil area.

The capacitor on pins 10 and 11
reduces the frequency response of
the detector to what is needed,
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and eliminates any possible high-
frequency noise.

If you input 1.2 volts peak-to-
peak, or less, the output stays off.
If you input more than 1.2 volts
peak-to-peak, the output turns
on. While you can drive the detec-
tor input from the oscillator with
up to a 1-megohm resistor, the in-
ternal 18K resistor is far more sta-
ble and preferred.

How does the liquid-level detec-
tor work? Looking back at Fig. 3, if
the probe does contact the liquid,
enough of the square wave gets
shunted to ground to turn off the
detector. Thus, when you are con-
tacting liquid, the output is off.
When your coolant drops below
the probe, the output turns on.

The Sprague data sheet also
shows a series double-probe set-
up that turns the output on only
when in contact with the liquid.
But note that the alternate circuit
will only work with isolated liquids
that are not grounded. A liquid
without a conductive or capacitive
path to ground is highly unlikely in
the real world.

Suitable liquids are tap water,
sea water, weak acids and bases,
wet soil, wine, beer, or coffee.
Most oils, distilled water, dry soil,
or vodka will not work.

One of the reasons for using an
audio signal rather than a DC volt-
age for a level sensor is to prevent
any plating or electrolysis effects
that might alter the sensor probe
over time.

When you are working with tap
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water, there are three different
forces at play. If you just shove an
ohmmeter into a pop can full of
tap water, you most likely will mea-
sure something in the 5- to 20-
megohm range. That, obviously, is
far too high to be able to shunt the
18K resistor.

But water has a dielectric con-
stant of 84. Thus, what might have
been a 10-pF capacitor when the
probe is in air becomes an 840-pF
capacitor when wet.

Finaily, most any material has its
loss tangent, which tends to at-
tenuate high frequencies more
than low ones. Therefore, any ions
floating around in the tap water
will further lower the impedance.

That sure had me fooled for a
while. Intuitively, you would ex-
pect probed tap water in a pop can
to look like something much high-
er than an 18K resistor at audio fre-
quencies. But the triple combo of
conduction, an exceptionally high
dielectric constant, and an in-
creasing loss tangentall gang up to
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let the simple circuit work like a
real champ.

Just because the IC is called a
level detector does not mean that
us sneaky hackers can’t do wildly
different things with it. For exam-
ple, you can think of the device as
a simple audio oscillator and a
thresholding level detector with
either AC or high-current DC out-
puts. Between the oscillator and
detector, we have the options of
making or breaking a series con-
nection, or of shunting or not
shunting some of the oscillator
signal to ground.

So, for this month’s contest, just
dream up a new use for the
ULN-2429A. Paper ideas are just
fine; you do not have to actually
lest your circuit. There will be one
of my books to the best twenty
entries, and an all-expense-paid
(FOB 