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FLUKE AND PHILIPS - THE GLOBAL ALL!ANCE_]__l‘\_nr TEST & MEASUREMENT

FLUKE. =~  PHILIPS
7

High Resolution Digital Meter: [ =
4000 count digital readout; 20,000 2
count mode (Fluke B7) for 41/
digit resolution

Analog Meter: High-speed
analog display updates 40 times/
second—as fast as lhe eye can
follow; X10 Zoom bargraph mode
(Fluke 83 and 85) makes high
resolution offset measurements
a snap.

Backlit display: Makes it easy lo

read the DMM in dark, cramped

quarters. Automalically shuls
off after 68 seconds to

Fraquencg counter: Accurale
save the battery.

down fo 0.5 Hz; also measures
duty cycle

CGapacitance meter:
Adtaranging, with manual ranging
at the touch of a button

Recorder: records minimums and
maximums, plus true arithmetic
average; audible Min Max Alert;

selectable response times—

1 second and 100 ms (all models)

plus 1 ms Peak Min Max
(Fluke 87)

Holster with Flex Stand™:
Prolects meter and provides test
lead storage. Flexible leg allows

meler ko be hung from peg,
bent around a pipe, or used
almost anywhere.

FLUKE 83  FLUKE 85 FLUKE 87

Volts, ohms, amps, diode lest, audib and dulycy
capacilance, TouchHold® relative, pr pr wilh Flex-Sland™
$215° $255° $300°

00.3% basic y  0.1% basicdcaccuracy
5 kHzacV 20 kHz acV

Analog bargraph Analog bargraph
and zoom and zoom e,
Three year warranly Three year warraniy : '!, g €, v o/

Backlitdisplay
Three year warranty

*Suggested LLS. [istprice S

J 1-800-44-FLUKE, ext. 33 for the name
al ﬁulvcycle function. H|gh speed o your nearest distributor,

‘indicator. A protective holster with ot ik Mg 03, e, 0. Box 9000 WIS 250G
innovative Flex-Stand™ for easy, adaptable  Everet; wa 38206 US: (206) 347-5400 CANACA! 416-890-7500
operation. Audible Input Alert™ to reduce SITHER GOUMTHES: eVt S0 800
advanced handheld DVM, pius alotyoyd e risk of damage (o the meter the user Ao perntionslenidlncbtionis g alis

i Prices and specifications subject fo change withou! nafice.
find only in dedicated instruments. Plus

and the unit being tested. Plus the strongest  Adno 0000

Fluke-exclusive features you can't buy any-  Warranty in the business. FROM THE WORLD LEADER
where else. All built with the most advanced Al good reasons to mave up to the truly- METERS,

surface mount design and single-chip ASIC multi Fluke 80 Series today. You'll find 80 IN DIGITAL MULTI ;
technology for a thinner, tougher, more refi-  Series DMMs at your Fluke distributor. For

able package. immediate, off-the-shelf delivery. Call F I—U K E
@®
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Anyone who has spent time de-
bugging complex digital circuits
knows that a logic analyzer is an
essential tool for the job. Besides
B e S s the ability to sample and store the

E’ mn'ns state of many digital signals, a logic

analyzer can—as its name sug-
?-”,,a"i;z:‘?ﬂ"?“m Y gests—perform complex analyses
SRl on those signals to determine their
timing and state relationships. You
can view the acquired data on either
a waveform screen or a state
screen, and pull-down menus putthe
controls at your fingertips. Of
course, there’s a big price to pay for
all that convenience; most commer-
cial logic analyzers cost well over
$1000. Our alternative, is a 16-chan-
nel, 50-MHz analyzer that you can
build for less than $700. For all the
details, turn to page 31.

PC-BASED
| EOUIPMINT

THE JULY ISSUE
GOES ON SALE
JUNE 4.

BUILD AN ECG
Our electrocardiograph can't replace a doctor and a hospital, but it will
help you learn about medical instrumentation and interpreting ECG's.

BUILD A PROXIMITY SWITCH
Detect the presence and absence of metallic objects—it's perfect for
actuatorcircuits!

BUILD A COLOR-BAR TEST GENERATOR
Testand troubleshoot your video equipment.

D/A AND A/D CONVERTERS
An in-depth look at the chips that bridge the digital and analog worlds.

As a service to readers, RADIO-ELECTRONICS publish ilable plans or i relating to rthy products,
techniques and scmnllﬂc and technological developments. Because of possible variances in the quality and condition of

Is and ip used by readers, RADIO-ELECTRONICS disclaims any responsibility for the safe and proper
Funchnmng of reader-built pm;ac‘ts based upon or from plans or information published in this magazine.

Since some of the nﬁspmoni and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U. S. patents,
RADIO-ELECTRONICS disclaims any liability for the infringe of such patents by the ing, using, or selling of any such
equipment or circuitry, and suggests that ted in such proj cts It a patent attorney.

Y
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AT $299.95,

NO OTHER DESIGN
WORKSTATION
GIVES YOU SO MUCH

BOARD

BRAND

Function Generator
...sine/square/triangle

Two Digita
Pulsers

Two BNC Connectors
for oscilloscopes
and counters

Here's PB-503, the total design
workstation. It has everything!
Instrumentation, including a func-
tion generator with continuously
variable sine/square/triangle wave
forms—plus TTL pulses. Bread-
boards with 8 logic probe circuits.

Call toll-free for details

1-800-572-1028

holds 24 ICS
...2,500 tie points

And a Triple Power Supply with
fixed 5VDC, plus two variable
outputs (+5to 15VDC and -5 to
15VDC). Throw-in 8 TTL compatible
LED indicators, switches, pulsers,

GLOBAL -
SPECIALTIES
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Global Specialties.
70 Fulton Terrace. New Haven, CT 06512.
Telephone: (203) 624-3103. € Interplex Electronics, 1990.
All Global Specialties breadboarding products made in USA.
ProtoBoard is a registered trademark of Global Specialties.

FOR SO LITTLE.

Large Breadboarding area

Triple Power Supply
... +5V fixed, plus
two variable 5-15V

8 TTL Logic

OVER $600 WORTH
OF WORLD CLASS
TEST EQUIPMENT
FOR UNDER $300!

potentiometers, audio experimenta-
tion speaker...plus a lifetime guar-
antee on all breadboarding sockets!
You have everything you need right
there in front of you! PB-503—one
super test station for under $300!
Order yours today!!

g "
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Base-3 logic system

A new family of digital logic, based
upon the trinary ("base 3") system,
has been developed by Edinboro
Computer Instruments (Edinboro,
PA). It is based on a new circuit, dub-
bed the "“Tri-Flop"—a trinary version
of the commonly used flip-flop. The
Tri-Flop, with three output connec-
tions, can exist in any one of 27
states, compared to the Flip-Flop,
with two output connections, which
can exist in any of four states. The Tri-
Flop allows significantly more data to
be contained in the same size data
registers that are presently used in
binary systems. It could pave the way
to fax and modem transmission
speeds at least ten times faster than
current rates, and allow a new wave of
miniaturization in all kinds of elec-
tronics.

According to the device's de-
veloper and Edinboro Computer
president, Tom Scarpa, the Tri-Flop
has been in existence for more than
20 years. However, because there
never was a practical way to interface
the trinary device to existing binary-
based electronic equipment, the trin-
ary system had no practical or com-
mercial value.

Recent developments in semicon-
ductor theory have allowed the de-
velopment of the circuitry required for
such an interface. It includes a "Bi-
Tri"" binary-to-trinary translator that
performs the conversion in hardware
in nanoseconds; a "Tri-Bi" trinary-to-
binary translator for getting the re-
sults of a trinary operation back into
the world of conventional binary com-
puters and digital logic; and a “Quad
State Interface,” which is similar to
the three-state interface presently
used in binary systems but which
adds a fourth (high impedance) state
that provides connection circuitry
that can be switched open or closed,
enabling only seelcted units to be
connected to a common bus path-
way, thus avoiding bus contention.

A 16-bit trinary memory register
has been built that holds more than
43 million bits of data, which repre-
sents an incresase of more than 650

times that of conventional binary regi-
sters. A 32-bit trinary memory regis-
ter, which holds more than 470,000
times the data contained in that of
conventional binary units, has also
been designed but not tested, ac-
cording to Scarpa.

Initially, the company plans to apply
the new circuitry to the field of tele-
communcations. The new system,
which, according to the company,
promises to increase the speed of fax
and modem communications ten-
fold, consists of an interface box at
each end that will plug into the serial
port of a conventional computer sys-
tem.

Edinboro Computer plans to lease
the equipment to high-volume com-
munications users. Future applica-
tions of the trinary system are
expected to be in medicine, industrial
control, and military systems. By re-
ducing the number of interconnec-
tions required in solid-state modules
for equivalent functions, the Trinary
system has the potential to enhance
miniaturization and improve reliability.
Medically implantable miniature com-
puters for control of artifical organs
and prosthetic devices are another
possibility being considered.

IBM'S 16-MEGABIT MEMORY IC, shown
on a postage stamp, can read all of its
16,777,216 bits of information in s of a
second, which is several times faster than
the blink of an eye.

16,000,000-bit memory chip

IBM has fabricated a 16-million-bit
computer memory chip—four times
the storage capacity of today's most
advanced memory chips. The chip
was at their existing semiconductor
production line in Essex Junction, VT
to demonstrate its manufacturing
feasibility. The dynamic random ac-
cess memory (DRAM) chip operates
at a very high speed, accessing the
first bit of data from one of its storage
cells in 50 nanoseconds (ns) and sub-
sequent bits at a sustained data se-
rial rate of just 10 ns per bit. At that
speed, almost all of the chip's
16,777,216 bits could be “read" in Y25
of a second—several times faster
than the blink of an eye.

The chip, which measures about
Y2 X ¥4 inch, is fabricated using an ad-
vanced version of CMOS (comple-
mentary metal-oxide-semiconductor)
technology that allows for circuit pat-
terns with dimensions as small as 0.5
micrometers wide. CMOS tech-
nology produces chips that are
denser and use less power than
those made using other semiconduc-
tor manufacturing techniques.

The greater density is achieved
through the use of a memory cell (the
area of the chip that stores one bit of
data) that is only 4 micrometers
square, which is approximately one-
third the size of the memory cell in
IBM's four-megabit chip. The memory
cell uses a three-dimensional
“trench” structure that is dug into the
silicon to store the chip's bits, instead
of placing the cell on the surface of
the silicon as is done with other
chips. Using the trench allows for
greater memory capacity without sig-
nificantly increasing the size of the
chip.

The new chip's reliability is en-
hanced through the use of error cor-
recting and checking (ECC) code
during opeation. Use of ECC pro-
vides a five-fold improvement against
failures compared to previous gener-
ations of chips.

IBM made no statement regarding
planned availability, but our comput-
ers could use them now! R-E
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MODEL 2300

1 MHz to 2.4GHz Frequency

MHz

Finder™

GATE

Actual Size
Made in the USA
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THE ORIGINAL
HANDI-COUNTER"

IMITATED BUT
NEVER
DUPLICATED

OPTOELECTRONICS brings you the latest in a long
line of quality LED Handi-Counters™ - the NEW
2300. The 2300 has inherited the outstanding
features of the 1200H, 1300H, 2400H & 1300HA.

No other counter can match this family history.
Additional new features include:

« Finds frequencies from 1MHz to 2.4GHz.
- Display Hold Switch.

» Dual MMIC Amplifiers for maximum
possible sensitivity.

Continuous Range. No cumbersome range
switch.

Hi-Tech Painted Finish. More rugged
than anodized cases.

600 mA Hr. Batteries. Not the cheapest
but the best!

17 years of quality and dependability to
back our products.

Full Range
Model. Model 2300 1MHz - 2.4GHz
A Frequency Counter. ..........cccceennennee 9.
Model 80s0, . 13000 . 2600H 2600HA  2210A 2300 NiCad 23 Custom internal NiCad Pack
. Peari req, Peri
Function Rr;?o. Interval Ratio,Interval, Frequency Freguency Frequency Frequency {’ ______ (installed).... o 5 $ 20.
Range 10Hz- 10Hz- 1MHz- 1MHz- 10Hz- 1MHz- } AC90 110VAC-9VDC
2.6GH:z 2 6GHz 2.6GHz 26GHz  24GHz  2.4GHz Charger/Adapler........c...c...ooeveenns $ 9 |
10 Digit 10 Digit ) Complete Package Model 2300,
Displa LeD LCD 10 Digit 10 Digit 8 Digit 8 Digit ;
play i o b tene PEne HED .'r Internal NiCads & A/C Adapter...... $128
Annunciators  Annunciators
RF Signal 16 Segment 16 Segment 16 Segment
Strength Adjustable Adjustable Adjustable —|
Indicator  Bargraph Bargraph Bargraph Latest Technojogy 10 digit
| Price §579. 53575 SIS $225. $195. *508. LCD Hand-Cdlnters™

Sensitivity, <110 < !Dm\l' rgxcm Time Bage: £ 1.ppm,; + add §75 - LED Modnls + 2ppm nod S80
LCD Models. Nicads & AC charger/adapter included @xcept for 2300. “For 2300, NiCad instalind. $20. & AC

geriadapter, $8, Carry case and a full ling of probes and anténnas arn available, - One year parts & labor
warranty. on #ll products

FACTORY DIRECT ORDER LINE

1-800-327-5912

FL(305)771-2050 - FAX(305)771-2052

5821 NE 14th Avenue - Fort Lauderdale, FL 33334

3 Weeks, 5% Shipping Handling, (Maximum $10) U.S. & Canada. 15% outside continental U.S A

Visa and MasterCard accepted.
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Whats new in the fast-changing

ndustry.

—

R DAVID LACHENBRUCH

® HDTV uncertainty. Wide-
screen TV sets with HDTV monitor
capability are now on the market in
Europe, but there is increasing uncer-
tainty about the future of widescreen
and HDTV broadcasting there. As re-
ported in the U.S., manufacturer
Thomson (which owns the RCA and
GE brands here) now has TV sets on
the market with 16:9 ratio picture
tubes, designed to receive all TV
standards, but specifically aimed at
the satellite-transmitted European
D2MAC system and the eventual
transition to the high-definition HD-
MAC version. However, after a fiasco
in MAX broadcasting by satellite to
England (Radio-Electronics, Feb-
ruary 1991), powerful European
forces are fighting to end Europe's
commitment to MAC and HD-MAC.
Those forces, some of them ob-
viously aiming at keeping the en-
trenched conventional PAL and
SECAM broadcasting systems, point
to work being done in the United
States on digital HDTV systems and
are urging that the European com-
munity reconsider its commitment to
analog HDTV. Thomson, although
committed to pushing the MAC sys-
tem, points out that its current wide-
screen TV sets have the ability to
receive PAL and pick up transmission
in any HDTV system with the use of a
decoder.

® Hughes projection TV.
Hughes Aircraft, which had been talk-
ing with Korea's Samsung about part-
nership on a unique new system of
projection TV (Radio-Electronics,
December 1990), now is discussing
possible arrangements with the Jap-
anese. Hughes would like to hook up
with a company experienced in man-
ufacturing and selling consumer elec-
tronics to exploit the consumer
version of its lightvalve projection
system, which has been widely used
in military and commercial applica-
tions for computer displays. Hughes
now has developed the system to the
point where it can accommodate vid-
eo's high speed, and the company
feels that the system is ideally suited

to HDTV.

Very little is known about the
Hughes projection system as it ap-
plies to TV, except that it employs
three LCD's as lightvalves and uses a
cathode ray tube as the picture
source. A high-intensity light shines
into polarizing mirrors, in effect ampli-
fying the picture from the high-resolu-
tion CRT, according to those who
have seen the system. The projection
system is Hughes' second recent
venture in the field of consumer TV.
The first is the Sound Retrieval Sys-
tem (SRS), which has been licensed
to Sony and Thomson Consumer
Electronics as an audio system for
TV. However, Hughes has no plans to
license its lightvalve projection sys-
tem to all comers. Instead, it would
rather have an exclusive partner to
share in the development of the con-
sumer version.

e A victory for 8mm. Sony, which
lost the battle of VCR formats when
its Beta system was eclipsed by
VHS, has won the war of the cam-
corder formats. While the outcome
was never in serious doubt in Japan
or Europe, in the U.S. the full-size
VHS format held a strong lead for
several years, and in the compact
field JVC pushed its VHS-C varia-
tion. The full-size VHS format has
held a commanding lead in the U.S.
over both mini formats—VHS-C and
8mm. However, in 1990, for the first
time, the American public chose
minis, with 51.3% buying the smaller
formats, according to the Electronic
Industries Association. Although the
EIA doesn't break down its figures
between 8mm and VHS-C, U.S. gov-
ernment import data indicate that
some 70% of those compact video-
cassette recorders are in the 8mm
format.

Two more important brand names
have jumped aboard the 8mm band-
wagon. Following RCA, Zenith, and
Hitachi, the latest brands to offer
8mm camcorders in the United
States are GE and Fuji. The GE brand,
fielded by Thomson, also offers VHS
and VHS-C formats. Fuiji is offering

camcorders on the U.S. market for
the first time, and its products are
exclusively in the 8mm format. More
converts are expected, and virtually
all brands could soon offer 8mm vid-
eo equipment in addition to full-size
VHS.

® New 8mm sound. When the
8mm format was introduced, it was
equipped with two separate sound
systems—stereo AFM and an 8-bit
digital mono system. The digital sys-
tem has since evolved into stereo. In
the meantime, the VHS group has
announced the development of a 16-
bit stereo audio system as an option
for Super VHS. Now the 8mm group,
not to be outdone, has developed a
16-bit soundtrack for Hi8, the high-
band equivalent of Super VHS. Like
the S-VHS optional audio track, the
Hi8 version uses sampling frequen-
cies of 48 and 32 kHz, the latter de-
signed to record from direct broad-
casts of Japan's TV satellites with
digital sound. Neither system is ca-
pable of direct recording from the
compact disc's 44.1-kHz sampling
frequency, presumably because of
Japanese reluctance to antagonize
recording companies, which fear
copyright violation. Although it was
announced more than a year ago, the
S-VHS sound system wasn't avail-
able in any recorders at our press
time. And the eleven 8mm manufac-
turers announcing the new Hi8 audio
didn't set any specific time schedule
for its availability, either. So far, the
battle is between high-decibel digital
press releases.

@ One-pound projection TV.
We haven't seen Fuji Photo's proj-
ection TV set, but the description
from Japan sounds as if it could dou-
ble as a pretty good flashlight. It
weighs just one pound, and its dimen-
sions are about the equivalent of two
VHS cassettes stacked together. It
operates on a rechargeable battery
and can project a picture up to 40
inches diagonally. However, it has one
thing that a flashlight doesn’t—ster-
eo speakers. R-E
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SAFE CHARGING

| am using 12-volt 4-amp/hour
rechargeable batteries for my
camcorder and need a good
charger for them. I've been using
atransformer but | can never tell if
I'm overcharging them. Do you
have a circuit that can safely
charge the batteries?—L.
Shedler, Folsom, CA

When you consider all the brain
damage you have to deal with if you
want to use Ni-Cd'’s, it's amazing that
anyone still uses them. That probably
says more about the state of re-
chargeable-battery technology than
anything else. Despite internal short-
ing and recharging hassles, they're
more popular now than they ever
were.

The key to success with Ni-Cd's is
knowing how to recharge them with-
out damaging the cells and there have
been zillions of words published in
this magazine and others (our words,
of course, are much better) about
how to take care of Ni-Cd batteries. A
quick trip to your library will result in
your finding out more than you ever
wanted to know about the use and
abuse of Ni-Cd's.

The rate of charge that can be used
on a particular Ni-Cd cell depends on
how it's constructed and its capacity.
Most cells can't be rapidly charged
without circuitry that monitors either
their internal temperature or pres-
sure, or both. That's because a Ni-Cd
generates oxygen as it charges and,
if the rate of charge is too high, the
gas will be produced faster than it can
be absorbed in the cell. As you can
guess, the result of the overcharging
is usually a rupture of the cell seals—
and if that happens, the battery is
history.

The safest charge rate for any cell
is the so-called C10 rate. That refers
to the time it would take a battery
with a voltage of one volt per cell to
reach full charge in ten hours. In more
practical terms, the number is one
tenth the rated amp hours of the bat-
tery. In the case of the cells you're
using, that translates to a charging
rate of 400 mA.

You can use any circuit you want to
charge the battery as long as you
calculate the correct resistor value to
keep the charging current at 400 mA.
Even the voltage you apply to charge
the batteries isn't as important as
keeping the charging current from ex-
ceeding the C10 limit.

FIG. 1—WHEN CHARGING NI-CD’s, this
circuit will monitor the battery voltage and
provide you with a signal when a certain,
presettable voltage has been reached.

The circuit shown in Fig. 1 will
monitor the battery voltage and pro-
vide you with a signal when a certain,
presettable voltage has been
reached. The signal can be used to
sound an alarm, trigger a relay, or
whatever else you might need. The
relay could drop the charging rate by
adding another resistor in series with
the current limiter or even disconnect
the charger completely.

When you first apply the charger to
a drained battery, the voltage in the
system will drop to the battery volt-
age and, as the battery continues to
charge, the system voltage will rise.
When it reaches a level determined
by the setting of R3, Q1 will turn on
and you'll get current flow through its
collector-emitter junction. As shown
it will turn on an LED but, as | men-
tioned, you can replace that with a
relay or whatever you want.

There's absolutely nothing critical
about building the circuit and its ac-
curacy is totally dependent on how
well you can tune R3. That's why it's
listed as a multiturn potentiometer. All
you have to do to calibrate it is to
apply 12 volts and slowly adjust R3
until the LED (or, of course, the relay)
turns on.

LACK OF TACH

I have a digital tachometer that |
used successfully for years on an
older car where it was connected
to the ignition system’s dis-
tributor points. | now own a 1985
Chevy with an electronic ignition
system that | know nothing about.
How can | pick up a suitable sig-
nal to use the tach, and do | have
to modify the digital input?—T.
Ulijasz, Brookfield, WI

A friend of mine had a similar prob-
lem a few years ago when he traded
in his old car and got a new one. | had
built a digital tach for him and he'd
been using it on his old car for years.
When we went to put it on his new car
| opened the hood and discovered
that he'd bought a diesel. And you
think you have a problem!

| can't speak with authority on
every car there is—I'll take them as
they come. Since your car, unlike my
friend’s, has a “real” ignition system,
there's always someplace to pick up
an input for the tach.

Although you haven't mentioned it
in your letter, I'm assuming that the
electronic ignition in your Chevy is
factory-installed. If that's the case,
there are loads of books (like the
Chilton manuals) that tell you every-
thing you could want to know about
the inner workings of your car. You
might even be able to get information
about the system from GM. What
you really need is the schematic for
the car's electrical system.

If it turns out to be absolutely im-
possible for you to find out how
things are wired up in your car, you
can always take the signal from the
most obvious place of all: right off the
spark plugs. Since you didn't tell me
exactly how the tach was working in
your old car, I'll have to do a bit of-
guessing.

The input conditioning you have
should be good no matter where you
pick up the signal in your car. You may
have to change the value of the cur
rent-limiting resistor depending on
the voltages you find in the car but
that's about it. The digital tach I've
been using in my car for about five
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training CIE has been providing its
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you're getting ready to invest time and
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on the education you receive in return.
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PROTECTIONS

While watching rental
movies, you will notice an-
noyin? periodic color
darkening, color shift, un-
wanted lines, flashing or
jagged adges. This is
caused by the copy protec-
tion jamming signals em-
bedded in the video tape,
such as Macrovision copy
protection. Digital Video
Stabllizer: RXIl completely
eliminates all copy protec-
tions and |amming signals

DIGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COPY

WARNING :

SCO
Electronics and
RXIl dealers do
not encourage
people to use
the Digital
Video Stabilizer

and brings you crystal clear 0 duplicate

F'ME”FEATUH%S rental movies
Fasylopseandasnap - or copyrighted

@ State-of-the-art in- video ta pes.
tegrated circuit technol- Rx” iS in-
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O?%‘N: automatic - no

100% awiton tended to stabi-
woublesome adiust-  lize and restore

o Compatible to all ypes  CTYStal clear

of VCRs and TVs picture quality
@ The best and mosl excil- for private

ing Video Stabilizer in
home use only.

the market
@ Light weight (8 ounces|
( Dealers Welcome )

and Compact (1%3.5x5
® Beautiful deluxe gift box
@ Uses a standard 9 Volt
battery which will last 1-
2 years.

ToOrder: $49.95 ea + $4 for FAST UPS SHIPPING
1-800-445-9285 or 516-568-9850
Visa, M/C,COD M-F:8-6 (battery not included)

SCO ELECTRONICS INC.
Dept CRE6581 W. Memick Rd. Valley Stream NY 11580

years takes its input from one of the
plugs with no problems at all. | use a
1K resistor as a current limiter but you
may find that you have to change that
in your car.

It's always possible to pick up an
input signal for your tach right from a
spark plug. It can be done inductively
by wrapping a few turns of wire
around the ignition cable or by run-
ning a lead into the cap of the spark
plug. Try an inductive pickup first be-
cause it's the safest way to go. You
may have to experiment with the
number of turns but, since such a
huge spike is generated when the
plug fires, you shouldn't have any
trouble getting a pulse that can be fed
to your tachometer.

If, for some reason, inductive coup-
ling is impossible, you can get the
pulse from the cap of the plug but you
have to be careful when you do this.
Don't, under any circumstances, cut
into the ignition wire leading to the
plug. The cables are designed to
properly isolate the high voltages and
messing with the insulation can

Uneonditional 30 days Money Back Guarantee
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cause problems from moisture orarc-
ing and lead to misfiring or a substan-
tial decrease in engine efficiency. And
be sure to use cable that can safely
handle the high voltage at the plugs. If
you have problems with arcing, get
yourself a good supply of RTV putty
to insulate the cable.

You may also have to make some
changes to the logic in your tach be-
cause the number of sparks per sec-
ond at the plug may be different than
the number you were getting from the
distributor. Remember that you're
getting one spark for each two revolu-
tions of the engine.

MULTILAYER WOES

The keyboard connector on my
AT motherboard broke so | un-
soldered it from the board and re-
placed it with a new one. The
problem | have now is that the
board is a multilayer one and |
think one of the traces in a middle
layer has broken. Do you know of
any way to repair a trace on an
inner layer of a multilayer
board?—V. Deeoh, New York, NY

You've got a big problem. |'ve been
faced with shorts on inner layers and
the only way I've been able to repair
the board was to lift all the legs that
sat on the trace and connect them to
a totem-pole wire that | ran above the
board.

If, as you suggested, you've
broken a trace on one of the middle
layers of the board, the only way |
know to repair it is to make the con-
nections with new wire on top of the
board. I've never found a way to do
anything to the copper buried inside
the board.

That technique may not sound too
difficult but it presupposes that you
know which trace is broken, and
which pins on which components are
supposed to be connected to-
gether—You need the schematic.

If you don't have the schematic, |
don't know if a repair is even possi-
ble. The internal copper is buried in
the board and you can't usually hold
to board up to the light and follow the
traces.

I'm sorry to tell you that | think your
chances of making a repair to a buried
trace on an undocumented mother
board are only slightly better than
your chances of getting a quick an-
swer from a government official. It's
theoretically possible but | wouldn't
count on it. R-E
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Hitachi RSO Series HITACHI COMPACT SERIES SCOPES
(Portable Real-time Digital Storage Oscilloscopes) LEASING AVAILABLE This series provides many new functions such as CRT
VC-6023 - 20MHz, 20MS/s $99/mo* For all Hitachl Scopes - Call for defalls Readout, Cursor m s (V-1085/1065/665), Fre-

VC-6024 - 50MHz, 20MS/s $120/mo* ;13&99;0" 2;5 months except V-1150, VC-6045, VC- quency Cir (V-1085), Sweeptime Autoranging, Delayed
VC-6025 - S0MHz, 20MS/s $135/mo* (6 montls) sweep and Tripper Lock using a 6-inch CRT. You don't feel
VC-6045 - 100MHz, 40MS/s $125/mo* Hitachi Portable Scopes the compactness in tarms of performance and operation.

VC-6145 - 100MHz, 100MS/s_____ $200/mo DC fo 50MHz, 2-Channel, DC offset func-  V-660 - 60MHz, Dual Trace $1,195
RSO's from Hitachi feature rulll mode, averaging, save tion, Alternate magnifier function V-665 - 60MHz, DT, w/cursor $1,345
memory, smoothing, interpolation, pretriggering, cursor V-525 - CRT Readout, Cursor Meas. __ $1,025 V-1060 - 100MHz, Dual Trace $1,425
measurements. These scopes enable more accurate, V-523 - Delayed Sweep $995 V-1065 - 100MHz, DT, wicursor $105/mo*
simplier observation of complex waveforms, in addition to V-522 - BasicModel _______________ $895 V-1085 - 100MHz, QT, wicursor $125/mo*
such functions as hardcopy via a plotter interface and V-422 - 40MHz —_———————— $795 V-1100A - 100MHz, Quad Trace $125/mo"

waveform transfer via the RS-232C interface. Enjoy the V-1150 - 150MHz. Quad T ‘-
: V-223 - 20Mhz delayed sweep $695 z, Quad [race $115/mo
comiort of analog and the power fo digital. V.21 - 20MHz —_— 425

20MHz Elenco Oscilloscope Elenco 35MHz Dual Trace

- $375 FREE DMM _ [ , Goodto $495
MO-1251 with purchase of — — B TR
» Dual Trace ANY SCOPE i i « High luminance 6" CRT
Component Tester i {& K = 1mV Sensitivity
= 6°CRT SCOPE PROBES h #° = 6KV Acceleration Voltage
= X-Y Operation - : <8P T » 10ns Rise Tima
TV o P-165MHz, Tx, 10x  §19.95 | |08 TR Y oracked Tk
« 2 P-1 Probes P-2 100MHz, 1x, 10x $23.95 | « Delayed Triggering Sweep
= Includes 2 P-1 Probes
All scopes include probes, schematics, operators manual and 3 year (2 yrs for Elenco scopes) world wide warranty on parts & labor. Many accessories available for all Hitachi
scopes. Call or write for complete specifications on these and many other fine oscilloscopes.

ce Meter Digital LCR Meter - Multimeter with FLU KE
CM-1550B = Lc-1801 | | Capacitance &
$58.95| B g5 Tansistor Tester | MULTIMETERS

9 Ranges 7 Measures: $55 cM-15008 All N!Odels
1p1-20,000utd b B Coils 1wH-200H | REH Reads Volts, Ohms Available

TEST EQUIPMENT
All Models Available

: S%basicacey.| (M7 Caps.ip-200ul | [SS¥ata|  Cument, Capaciors,
Call for special price i Zero control w/ Case 280« Res .01-20M | !

Transistors and | il for special price

Big 1° Display Diodes / with case

Big 1" Display

Quad Power Supply XP-580 Triple Power Supply XP-620 AM/FM Transistor True RMS 4 1/2
$59.95 Assembled $65 Radio Kit EEEE  Digit Multimeter

2:20V @ 2A Kit $45 1  with Training Course SECR M-7000

12V @ 1A y . 210 15V @ 1A, $135

i ¢a: ey Model AM/FM 108
::g :: L] {or 410 30V @ 1A) 105% DC Accuracy
; .1% Resistance

and 5V @ 3A $26.95
with Fraq. Counter

- P All the desired features for doing experiments. i i
hort circuit protected 14 Transistors ¢ 5 Diodes
Fully regulated and shor circuit protecte Features short circuit protection, all supplies Makes a great schoal project and Deluxe Case

GF-8016 Function Generator Function Generator MOVIT EDUCATIONAL ELECTRONIC ROBOT KITS
with Freq. Counter - Blox

The MOVIT line is a series of com-
s 2 4 9 #3600 puterized (and logic controlled) battery
Sine, Square, Triangle

= $28_95 robot kits that can teach the basic prin-
Pulse, Ramp, .2 to 2MHz

ciples of robotic sensing and locomo-

i f kits 1 i re-as-
Fraq Counter .1 - 10MHz Provides sine, triangle, square tion. Each of the kits features pi
wave from 1Hz to 1MHz

sembled PC boards, hardware and

g mechanical-drive systems that can be
GF-8015 without Freq. Meter $179 AM or FM capability handied by almost anyone from ages
10 and up. Only basic hand tools are
Learn to Build and Program Wide Band Signal required for assembly. These fascinat-

i i ing robots allow you to experience and

Indu(r.l: : f:':IDP:Le ;:stTmTLisKa:r Manual Generators learn any one of the following features:
i g sound sensor, remote contral, infra-red

Model sensor, wired control and / or program-

MM-8000 _— = - mable memory. The MOVIT line has
- provided the future with an innovative
$ 129.00 e electronic educational kit. They are af-
fordable robots that can entertain as
well as educate. Now meet the family!

MV-912  Avoider Infra-red $45.95 | MV-939 Medusa Sound Sensor $29.95
MV-915  Piper mouse Sound Sensor  $45.95 | MV-963 Line Tracker Infra-red $45.95
; i SG-9000 $129 | MV-916 Peppy Sound Touch $25.95 | MV-966 Manta Sound/Touch $29.95
Mhars haster sinar woachos you vt s Mt | RF Froq 100K-450MHz AM Modula- | MV-831 Mr. Bootsman Wire Control  $35.95 | Y-01  Robotic Arm Robotic Control - $45.95
ROMs and run a 8085 microprocessor, which usas tion of 1KHz Variable RF output §  Mv.g32 Catrat Remote Control $4595 | BT-802 Grand Piano Electronic Piano $29.95
similar machin languiage as IBM PO, S$G-9500 w/ Digital Display & MV-836 S-Cargo Sound Sensor $4595 | BT-805 Roulette Digital Wheel $35.95
Robotics Kit for above (MM8010) 71.95 | 150MHz built-in Counter $249

WE WILL NOT BE UNDERSOLD! N @ Q@ TN 15 Day Money Back Guarantee
e A C/& § SALES ING ]| 2.0y floney Bar £ earanios
($3 Min $10 Max) Shipping 1245 Rosewood. Deerfield. 1L 60013 y o

IL Res., 7% Tax FAX: 708-520-0085 (8001 292-7711 (708) 541-0710 WRITE FOR FREE CATALOG
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Write to Letters, Radio-Electronics, 500-B Bi-County Blvd., Farmingdale, NY 11735

PARTS DILEMMA

| hope that my letter is just one of
many that you receive saying that
Radio-Electronics has let its read-
ers down by featuring a construction
project for which no parts kits are
available. | refer to the ""Sweep-Mark-
er Generator" article, by John Wan-
namaker, that appeared in the
February and March 1991 issues. Ac-
cumulating the necessary parts—
some of which are a bit exotic—might
not be difficult for engineers, but it is
no easy task for hobbyists. While
such articles are of academic inter-
est, without a parts kit the ultimate
interest is little more than academic.
SIMON L. SCHEINER
Cherry Hill, NJ

Your frustration about not having a
parts kit available is understandable.
My frustration at not being able to
afford to make such a kit available is
even greater. As you might have
noticed, | do supply the one item that
cannot be purchased elsewhere: the
printed-circuit board. Along with the
boards, | provide a list of parts sup-
pliers with addresses and telephone
numbers. Unfortunately, | neglected
to mention in the article that | also
offer (at my cost, $2.00) an informa-
tion sheet that contains additional in-
formation that did not appear in the
article that readers might want as
they build the generator.

| order components just as any
hobbyist would, and occasionally pay
a penalty for not meeting minimum-
order requirements. There are a great
many people who order the PC
boards and do everything necessary
for the satisfaction they get from
building from scratch. In the case of
the sweep generator, the satisfaction
seems to be not so much in the con-
struction as in having such a unique
device at their disposal—so that the
gathering of components and the ac-
tual construction seem to be worth
the inconvenience.

Should the article not have been
published? Let me indicate the enthu-
siasm I've heard thus far from some
of the orders for boards:

"..this new generator looks fabu-

lous and | can't wait to get started."”

“I've been looking for a long time
for such a generator..."

“Your project is perfect for my
needs."

"...anxiously awaiting the next is-
sue of Radio-Electronics so that |
can get the artwork to make the
boards. Thanks."

In addition to the above, as a
school teacher | believe that academ-
ic interest alone makes the publica-
tion of many such articles warthwhile.
JOHN WANNAMAKER

STANDING UP FOR MACINTOSH

| was slightly amused by Jeff
Holtzman's rebuttal to Raymond
Cheng's letter in the April 1991 issue
of Radio-Electronics, but when
he brought up Apple Computer's
Macintosh, | had to write this letter.

He mentioned that “Windows has
done more for promoting advanced
computing environments than every-
thing done by all the Amigas (and all
the Macintoshes)...”". Give me a
break! Windows on MS-DOS ma-
chines are nothing more than feeble
attempts to turn them into a Macin-
tosh. However, you encounter fewer
problems on a Mac than you do with
any version of Windows. The Mac is
far more consistent, easier to use,
and overall better to use than a cheap
IBM clone using Windows.

Mr. Holtzman also stated that “Ap-
ple continues its steady decline in the
marketplace." Wrong again. There
may be more dime-a-dozen MS-DOS
clones than there are Macs, but the
facts are: Macs are out there. In fact,
Apple has lowered its prices on them,
introduced new ones, and just about
sold more Mac Classics than they
can make. Apple computers still
dominate the educational market,
ever since the introduction of the Ap-
ple lle. The new Macintosh LC will
bridge the gap between Apple lle
computer labs and Mac labs. People
should consider it a blessing that
there are other computers available,
without having to resort to the MS-
DOS world. Radio-Electronics
should be more courteous to people

who use computers other than your
favorite.

As long as there is a choice in se-
lecting a computer other than an MS-
DOS clone, there will definitely be
“advanced computing environments’”
in the near future.

WESLEY FITZPATRICK
Tuscaloosa, AL

APRIL FOOLS

| just received by April 1991 issue of
Radio-Electronics and couldn't
believe the article "“Poor Man's Laser
Printer.” Has anyone really tried to do
this? | have to be honest—I read the
article fully expecting it to be a gag.

The author, Paul Renton, made it
sound so simple. I've been in the cop-
ier business for over ten years and |
can tell you flat out, it's not that easy.
First off, the copier is designed with a
focal length based on the “original”
being flat on the glass. A monitor is
curved, and because of the case, it
will be an inch or more off the glass.
Second, the author says you need to
remove the exposure lamp. That's
right, you would—except for the fact
that any copier |'ve worked on will
give you an error message when the
lamp circuit is open. The copier won't
ever run with the lamp out. Third,
what do you do with a copier that has
a moving top? The drive system
won't handle the weight of a monitor
sliding back and forth. Fourth, why
does the author not have a laser
printer? He has an $8000 copier in
the photo. I'd like to think he could
afford a $900 laser printer.

You folks have some fine articles in
your magazine but, come on guys,
get real! (By the way, the “C" clamps
were a nice touch.)

JEFFREY J. WILLARD
New Cumberland, PA

AN ELEGANT SOLUTION

| enjoyed your article, “Poor Man's
Laser Printer” (April 1991), but | think
that the "C" clamps and Bungee
cords are an inelegant solution some-
what below Radio-Electronics
usual above-average standards. Here
is my suggestion:



Cable TV

Descrambler Article Parts

We stock the exact Parts for several articles published in Radio-Electronics

magazine on building your own Cable TV Descrambler.

February 1984
SB-3 Type

701 Parts Pkg.....$19.00

Includes all original parts.

702 PC Board........ 7.95
Original 3X4 etched, drilled
and Silk-Screen pc board.

704 AC Adaptor.....7.95
12 to 18 Volt DC @ 200ma.

701, 702 & 704.....29.00
All three for special saving.

February 1987
Tri-Mode

301 Parts Pkg...... 29.00
Includes all original parts.

302 PC Board........ 7.95
Original 5X8 etched, drilled
and Silk-Screen pc board.

304 AC Adaptor.....7.95
12to 18 Volt DC @ 200ma.

301, 302 & 304.....3%9.00

All three for special savings.

Tri-Mode Tutorial..7.95
26 pages of in-depth info.

May 1990

Universal

901 Parts Pkg.....$49.00
Includes all

902 PC Board........ 9.95

Improved 4X7 etched, drilled
and Silk-Screened pc board.

904 AC Adaptor.....8.95
12 to 18 Volts AC @ 350ma.

901, 902 & 904..... 59.00
All three for special savings.

Snooper Stopper...$39.00
Prevent Descrambler detection with snooper
stopper/data blocker and protect your privacy.
Includes free article on Cable Snooping.

Macrovision Kit...$29.00

Macrovision.....now you see it, now you
don’t with our macro-scrubber kit.
Originally Published in Radio-Electronics .

Signal Eliminator (tunable notch filters)................$29.95

Model number & channel;
#713 (channel 7 to 13)

#23 (channel 2 & 3)
#1417 (channel 14 to 17)

#46FM (channel 4 to 6 & FM)
#1822 (channel 18 to 22)

1 remote replaces 3...

The MAC 20 wireless remotes replaces any
three combinations; TV, VCR, Cable Converter,
Stereo, CD or other entertainment system.

MAC 20.............. $59.95

A VCR in every room..

with the first FCC approved wireless home
broadcast system. 120 ft. range.

NE 20005 i o $99.95

70 Channel Cable TV Converter...................$89.95

* 6 Function Infra-Red remote.

* Fine Tuning.
* Memory & Recall.

* Compatible with all External Descramblers.

* Channel 3 or 4 switchable outp ut.
* STD, HRC & IRC compatible.

CALL TOLL FREE 1-800-332-3557

Outside USA Call 1-508-699-6935

Visa, MasterCard and COD.
Add $4.00 S&H, $6.50 Outside USA.

D & D Electronics, Inc.

VISA

MC

PO Box 3310,

N. Attleboro, Ma.

02761

CIRCLE 191 ON FREE INFORMATION CARD
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your reliable source for

a world of crystal clear
communication

CEesTALS

e Commercial Two-Way

e MicroProcessors

e Amateur/Experimental

e Scanners/Monitors/Pagers
e Satellite-Telemetry

e Plus custom applications

EXPEDITED ORDER SERVICE!

FOR FREE CATALOG,
CALL OR WRITE:

JAN CRYSTALS

(— PO. Box 06017
Ft. Myers, FL 33906

;
=
| (813) 936-2397

TOLL FREE 1-800-526-9825
FAX ORDERS: 1-813-936-3750

CIRCLE 104 ON FREE INFORMATION CARD
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Get A Complete Course In

ELECTRONIC
ENGINEERING

8 volumes, over 2000 pages,
including all necessary math and
physics. 29 examinations fo help
you gauge your personal pro-
gress. A truly great leaming
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 com-
plete details of content. Use your
free information card number, or
write us directly. $59.95 to $119.95,
Postage Included, Satisfaction
guaranteed or money refunded.

Banner
Technical
Books, Inc.
1203 Grant Ave.

Rockford, IL 61103 J
CIRCLE 67 ON FREE INFORMATION CARD
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Build a sturdy, reinforced wooden
mold around the entire project, ex-
cluding access areas for the copier's
paper tray, output bin, and controls.
After covering any openings on the
monitor and copier cases with mask-
ing tape, carefully align the monitor
on the copier glass, and fill the mold
with ready-mix concrete (one or two
cubic yards should be enough). Be-
fore the concrete sets, embed part of
alength of heavy chain in it. Allow the
concrete to cure for a couple of days.

| believe you will find that this im-
provement will hold the monitor and
copier very securely together. It has
other advantages, too. The printer’s
serviceability will be improved, by re-
ducing the number of "‘Field Re-
placeable Units” (FRU’s) to just one.
After retirement from original service,
the FRU's can be reused as off-shore
moorings for yachts. In this time of
concern about overloaded landfills, it
is good design practice to provide for
reuse of FRU's.

ROBERT BARNHILL
Boca Raton, FL

CAN'T BE FOOLED AGAIN!

You're right, | was able to save a
bundle with the "Poor Man's Laser
Printer” (April 1991). Since | have a
copier that has a plater that moves, |
found it difficult to keep the monitorin
place. The C-clamps were too expen-
sive, so | opted for a 2-by-3 and some
threaded rod to bolt the monitor to
the plater. (I got those for nothing; I'm
in the home-remodeling business.)
The lamp on the copier was already
burned out, | think. Well, let's put it
this way: When | opened the case and
pulled out some wires, the lamp
stopped working. Who said you need
an electronics degree!

Copies came out great, after a little
adjustment on the monitor's con-
trast. The only thing | haven't figured
out is how to use the monitor while
it's still bolted down.

P.S. | wrote to you on my type-
writer—you know, the old Smith Cor
ona Portable. The plans you printed in
last year's April issue on how to add a
monitor to that typewriter were won-
derful. The typewriter and the car bat-
tery make this better than any
portable on the market today. It’s true
QWERTY, too, and has non-volatile
memory (me!). | can't wait for next
year's April issue!

LANCE HAVILLARD
QGaithersburg, MD

PC REALITIES

| am a 70-year-old retired missile
engineer with not enough time in the
day for my hobbies and life's neces-
sities. Two of my hobbies, amateur
radio (KBSAR) and computer hack-
ing, drew me to Radio-Elec-
tronics. Your magazine's composi-
tion just about fulfills my needs. The
elementary electronics articles are
good fundamental reviews that re-
fresh—and in some cases, instruct—
my dwindling memory regarding
basics. Information on projects and
advanced equipment is food for
thought and personal planning.

I chuckled and nodded my head as |
scanned Raymond Cheng's letter
“Amiga Amigo" in the April issue. |,
too, feel that my favorite computer is
being short-changed by the media. In
my situation, my computer chro-
nology took the following steps: a
Commodore 64; an Atari 1040ST
(30MB hard disk, etc.); and an IBM
clone (386SX) package including CD
ROM, sold by DAK Corp. | use the
computers according to their spe-
cialties—the Commodore for packet
radio, the Atari for graphics and DTP,
and the IBM clone for the rest of my
needs.

| love them all, and wouldn't part
with any of them. | decided to buy the
IBM clone because | could see the
handwriting on the wall. Popular inter-
est in, and factory support for, the
other two machines that | have are
dropping off. Programmers are leav-
ing those computers in droves. Even
technical magazines that once sup-
ported them are disappearing from
the newsstands.

One other indication of that trend is
that the local Commodore and Atari
clubs no longer exist, whereas the
IBM-user club is bursting at the seam
with members. Of course, another
problem is the lack of standardized
operating systems for those ma-
chines. | agree with Mr. Cheng that
the Atari is far superior to the IBM
clone but, unfortunately, it is a dying
breed. Once again, the consumer has
been led down the primrose path,
only to be left—expensively—high
and dry.

While, in essence, | agree with Jeff
Holtzman's reply, | take him to task for
using sarcasm and getting into mud-
slinging. That should be a no-no for
Radio-Electronics editors.

ED GLEMBOTSKI

San Luis Obispo, CA R-E
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THE MODEL WTT-20 IS ONLY THE SIZE OF
A DIME, yet transmits both sides of a tele-
phone conversation to any FM radio with
crystal clarity. Telephone line powered - never
needs a battery! Up to ¥ mile range. Adjusta-
ble from 70-130 MHZ. Complete kit $29.95
+$1.50 S+ H. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607, Bedford
Hills. NY 10507. (914) 232-3878.

CIRCLE 127 ON FREE INFORMATION CARD

COMPUTER KITS, BOARDS & COMPO-
NENT PARTS. Designed to the highest de-
gree of quality and reliability available today.
They're fun, easy to build, educational, IBM
compatible, very powerful, and at great
prices. All items are pre-tested, include a full
year warranty, step by step assembly manual,
and free tech support. Assembly available at
no extra charge. For free catalog contact:
GENERAL TECHNICS, P.O. BOX 2676,
LAKE RONKONKOMA, NY 11779, or call
(516) 981-9473. VISA, MasterCharge, Ameri-
can Express, COD.

CIRCLE 189 ON FREE INFORMATION CARD
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FREE CATALOG OF TEST INSTRUMENTS
& TOOLS is packed with thousands of prod-
ucts for testing, repairing, and assembling
electronic equipment. Featured are brand
name instruments such as Fluke, Tektronix,
Leader, Weller, 3M plus many more. Also in-
cluded are DMM's, hand tools, power sup-
plies, tool kits, test equipment, static supplies
plus many other new products. Orders placed
by 4 PM are shipped before we go home!
CONTACT EAST, 335 Willow St., No. An-
dover, MA 01845, (508) 682-2000, Fax:
(508) 688-7829.
CIRCLE 55 ON FREE INFORMATION CARD

CALL NOW
AND

RESERVE
YOUR SPACE

e 6 x rate $940.00 per each insertion.

® Fast reader service cycle.

@ Short lead time for the placement of
ads.

@ \We typeset and layout the ad at no
additional charge.

Call 516-293-3000 to reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail materials to:
mini-ADS, RADIO-ELECTRONICS, 500-
B Bi-County Blvd., Farmingdale, NY
11735.

FAX: 516-293-3315

é
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NEW XST500 SUPER-MINIATURE FM
transmitter uses Surface Mount Technology
(SMT)! Own the smallest high performance
FM transmitter available. Transmits whispers
to any FM receiver up to a mile away. Uses 9V
battery. Complete, easy to assemble kit, with
SMT components already assembled to cir-
cuit board. $39.95 Cash, VISA, MC. COD add
$5. XANDI ELECTRONICS, 201 E. South-
ern Ave., Suite 114, Tempe, AZ 85282.
1-602-829-8152, (1-800-336-7389 orders
only).
CIRCLE 180 ON FREE INFORMATION CARD

GET YOUR RECHARGE CATALOG
FREE...EARN BIG $$ IN YOUR SPARE
TIME—AII supplies and Do-It-Yourself kits
with complete instructions available. Sup-
plies cost from $9.95 in gty and you can sell
recharged toner cartridges for $40.00 to
$55.00 each. Printers include HP LaserJet
and Series |, Apple LaserWriter, QMS, etc.
Canon PC-25 Copier also. CHENESKO
PRODUCTS, 62 N Coleman Rd., Cen-
tereach, NY 11720, 516-736-7977,
800-221-3516, Fax: 516-732-4650

CIRCLE 182 ON FREE INFORMATION CARD
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CABLE TV CONVERTERS AND DE-
SCRAMBLERS SB-3 $§79.00 TRI-BI $95.00
MLD-$79.00 M35B $69.00 DRZ-DIC
$149.00. Special combos available. We ship
COD. Quantity discounts. Call for pricing on
other products. Dealers wanted. FREE CATA-
LOG. We stand behind our products where
others fail. One year warranty. ACE PROD-
UCTS. P.O. Box 582, Saco, ME 04072 1
(800) 234-0726.

CIRCLE 75 ON FREE INFORMATION CARD

SIMPLY SNAP THE WAT-50 MINIATURE FM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away! Adjustable from 70-130 MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50 S + H. Free shipping on 2 or more! COD
add $4. Call or send VISA, MC, MO. DECO
INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 232-3878.

CIRCLE 127 ON FREE INFORMATION CARD
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The two most comprehensive electronics

Take any 3 books for only *Q%

as your introduction to the new ELECTRONICS ENGINEERS’ BOOK CLUB

2920 $29.95
A wealth of electronic circuits
and information on building
working devices. 336 pp.

314 $39.95
Completely updated with new
sections on mathematics and
digital electronics. The most
complete reference available on
all areas of electronics. 816 pp.,
389 illus. Counts as 2

020975-8 $99.50
The essential reference for all
electrical engineers. Covers

basic circuits and measurements
to advanced topics. 2416 pp.,
1388 illus., 430 tables.
Counts as 3

INTERNATIONAL
ENCYCLOPEDIA

OF
INTEGRATED
CIRCANTS

o)) l
IR FAZallR R -

3100 $75.00
This quick-reference provides
pin-out diagrams, internal block
diagrams and schematics,
characteristic curves, descrip-
tions and applications—for
foreign and domestic 1Cs!

1088 pp. Counts as 3

SHIND DTN

[
9290 $36.00
Provides many never-before-
published troubleshooting
techniques and case histories.
315 pp. Counts as 2

PRINTED
CIRCUITS

HANDBOOR

012609-7 $64.95
All the information you need to
design, manufacture, test, and
repair printed wiring boards and
assemblies. 960 pp., 556 illus.
Counts as 2

9255 $89.50
**Outstanding, extensive refer-
ence to current technology of
electronics. Covers everything
from principles to applications.”

—Computer Book Review
2528 pp., 1800 illus. Counts as 3

“Encyclopedia of
ELECTRONIC

VOLUME TWO
kel . Gt

3138 $60.00
More than 700 state-of-the-art
electronic circuit designs for on-
the-job use. 738 pp. Counts as 2

ENGINEERING
MATHEMATICS
HANDBOOK

THIRD ED ) M

065443-3 $57.50
This best-selling handbook gives
you the essential mathematical
tools-formulas, definitions,
theorems, tables, and models for
computer programming.

512 pp., illus. Counts as 2

10016 $39.95
Design tighter, more complex
circuits, on time and on budget
with this book, one of the first
to provide a thorough coverage
of all aspects of PCB design, in-
cluding CAD. 320 pp.

INDUSTRIAL
ELECTRONICS

.

s

TECHNICIANS

AW TN

zp $16.95
A valuable workbench compa-
nion covering industrial hard-
ware theory and application.
334 pp.

DESIGNING WITH
FELD-EFFECT
TRANSISTORS

SECoND EDITION

SILICONIX INC.
REVISED BY ED OXNER

057537-1 $39.95
This on-the-job guide provides
page after page of practical data,
tables, examples, and design and
specification strategies to help you
capitalize on recent breakthroughs
in MOSFET design.

320 pp., illus. Counts as 2

2672 $49.50
Linear integrated circuits—
specifications, prices & data,
614 pp.

028735-X $79.50
Puts more than 1,100 specific
calculation procedures at your
fingertips. Every procedure
gives the exact, numbered steps
to follow for a quick, accurate
solution. 1468 pp., 793 illus.,
499 tables. Counts as 3

8225P $19.95
Tested programs for most
mathematical computing needs.
233 pp.




engineering clubs have joined forces. ..

[OMMUNICATION
REGENERS
PRACPLES

153570-1 $64.95
Everything you need to design or
work with communications
receivers such as: shortwave,
broadcast, radar, military,
marine, and more. 608 pp.,
402 illus. Counts as 2

9244P $18.95
This revised and updated edition
is both a comprehensive,
industry-wide reference, and a
valuable collection of project
ideas. 512 pp.

An interraticord Directory of Codes
e by Coonrnmenaon,

Law Enforcernent,

Ay, arel Survelllance Apencin

N T T

3531 $26.95
A first-time compilation of 35,000
terms, phrases, abbreviations, and
acronyms used in the international
intelligence, law enforcement,
military, and aeronautics com-
munities. 320 pp.

Koper Haines or
,Q;m;.
IVHH\{
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3313 $22.95
Prepare concise papers and
enhance your professional stan-
ding with this guide. Get
instructions on writing reports,
proposals, books, and oral
presentations. 144 pp., 37 illus.

2962P $17.95
Complete schematic diagrams,
parts lists, and photos for
building a variety of projects.
240 pp.

S&MTCH’,‘!C}M_]
POWER SUPPLY |
HANDBOOK

9305 $59.50
The solution-oriented handbook
for practicing engineers at all
levels. Contains hundreds of
informative illustrations and
diagrams demonstrating key
principles. 600 pp. Counts as 2

b

DESIGN GUIDELINES FOR

O it oo e T

Layout and design guidelines for
efficient processing, inspection
and repair. 180 pp.

Counts as 2

| TR =y Sshss 1 |

ELECTRONIC
COMMUNICATIONS

3365 $34.95
Use this broad study to prepare
you for your FCC General
Radiotelephone  Operator
License or CET exam, then
keep it on your desk as a handy
working reference. 704 pp.

10037 $44.95
The most up-to-date guide on
CMOS and BiCMOS. Gain
practical engineering solutions to
designing and building reliable,
cost-effective digital systems.
320 pp. Counts as 2

3140 $49.95
Includes details on PLD tech-
nology: architectural character-
istics, tech. tradeoffs, logic syn-
thesis, software tools, develop-
ment systems, and hardware.
480 pp. Counts as 2

How the Club Works:

The Electronics Engineers and Designers Book Club and
the Electronics and Control Engineers’ Book Club have
joined forces to bring you all the best titles from
the most prominent electronics publishers.

YOUR BENEFITS: You get 3 books for $9.95 plus shipping and hand-
ling when you join. You keep on saying with discounts of up to 50% off
as a member.

|
|
|
|
YOUR PROFESSIONAL BOOKSTORE BY MAIL: Every34 |
weeks, you will receive the Electronics Engineers Book Club News describ- I
ing the Main Selection and Alternates, as well as bonus offers and special I
sales, with scores of titles to choose from. I
CLUB CONVENIENCE & EASY RISK-FREE TERMS: If you |
want the Main Selection, do nothing and it will be sent to you automatical- |
ly. If you prefer another selection, or no selection at all, simply indicate |
your choice on the reply form provided. You will have at least 10 days |
|
|
|
|
|
I
I
|
|
|
|

...to bring you the largest selection of titles
available anywhere else—at savings of up to

50% off publishers’ prices!

ELECTRONICS ENGINEERS’

BOOK CLUB mmm
Blue Ridge Summit, PA 17294-0860

CIYES! Please accept my membership in the ELECTRONICS
ENGINEERS BOOK CLUB and send my 3 volumes listed below bill-
ing me $9.95. If not satisfied, I may return the books within 10 days
and have my membership cancelled. I agree to purchase 3 or more
books at regular Club Prices during the next 2 years, and may resign
any time thereafter. A shipping/handling charge and sales tax will
be added to all orders.

to decide. As a member, you agree to purchase at least 3 books within the
next 2 years and may resign at any time thereafter. If not satisfied with
your books, return them within 10 days without obligation!

Name
BONUS BOOKS: Starting immediately, you will be eligible for our
Bonus Book Plan, with savings of up to 80% off publishers’ prices. Address
EXCEPTIONAL QUALITY: All books are top-quality editions from City
ALL the publishers in the field especially selected by our Editorial Board
to ensure the information provided is reliable and specific enough to meet State Zip Phone

your needs.

All books are hardcover unless number is followed by a "'P'* for paperback.
(Publishers’ Prices Shown) ©1991 EEBC, Blue Ridge Summit, PA 17294-0860

Valid for new members only. Foreign applicants will receive special ordering instructions.
Canada must remit in U.S. currency. This order subject to acceptance by the Electronics
Engineers Book Club, DRE&91

|
|
|
|
|
|
I
|
|
|
|
|
I
|
I
|
|
|
|
|
I
|
|
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HS25 Heavy Duty “Stick” StyleMultlmeier

ORTS

AT

R

ortable multimeters have
P been around for a long time—

and with good reason. Techni-
cians and engineers need portability,
and handheld operation is required
for many testing jobs. DMM man-
ufacturers have known this for years,
of course, and they've been trying
year after year to come up with the
perfect multimeter for field service. It
seems, though, that it's taken a new
company to come up with the an-
swer. At least that's the impression
we got after trying the HS25
multimeter from Fieldpiece (8322B
Artesia Blvd., Buena Park, CA
90621)

The obvious difference between
the HS25 and other multimeters is its
shape. The meter is less than 1-3/4
inches wide, less than an inch thick,
and about 7-1/4 inches tall. The pro-
be jacks are at the top of the meter
rather than being on the front face.
Although they will accept any stan-
dard sleeved multimeter probe, we
liked the set of probes that are sup-
plied with the meter. The common
probe is reasonably standard, and
has a lead length of about 3 feet. The
hot lead, however, is quite different.
It's about an inch long!

The inch-long test probe allows you
to use the multimeter in much the
same way as you would a logic probe
or one of the “pen”-type meters. You
always have the display in a handy
place—in your hand, where the HS25
fits comfortably.

The front of the meter features a
rotary function selector, Reser and
HoLD pushbuttons, a 3-1/2 digit dis-
play, and a red warning LED.
Fieldpiece's design seems to have
been intentionally selected to allow
you to operate all of the controls with
the same hand that you're using to
hold the meter. The center selectoris
longer on one side than the other so
that your thumb can easily find and
operate it. The reset and display-hold
controls are also within easy reach.

The HS25 measures AC voltage in
three ranges (2000 mV, 200 V and
750 V), DC voltage in three ranges
(2, 200, and 1000 volts), resistance in

A new multimeter froma

CIRCLE 10 ON FREE INFORMATION CARD

two ranges (200 and 2000 ohms) and
capacitance in one range (200 pF).
The meter's accuracy is more than
adequate for most field applications.
A diode-test function is offered on
the meter, as is a logic-probe func-
tion.

A feature that adds both safety and
convenience is a dangerous-voltage
warning. When the voltage on the
test leads is higher than 28 volts, a
warning beep sounds and the front-
panel LED blinks. While that can
“wake you up" if you encounter a
voltage higher than expected, it also
makes the meter ideal to quickly test
for the presence of, for example, 120
volts AC.

Meter accessories

The HS25 doesn't feature a built-in
current-measuring function. But
Fieldpiece does offer an interesting
current-clamp accessory that con-
verts the multimeter into a heavy-duty
clamp meter. The clamp accessory is
designed to plug into the jacks on the
top of the meter. To make the connec-

tion, the top of the meter body slips
into a sleeve on the clamp. The resuilt
is a snug fit that converts the DMM
into a one-piece ammeter that mea-
sures AC currents to 300 amperes.

If the combination of the meter and
probe doesn't fit where you need to
make your measurement, you can
use the clamp head separately, using
a set of deluxe test leads from
Fieldpiece. The set includes two
leads with replaceable tips. Remove
the tips, and you can plug the clamp
meter into the probe handles so that
you can use it remotely. (That also
lets you use the clamp head with any
other multimeter)

Since the meter is meant for field
service, it's sure to take a lot of “ev-
eryday'' abuse. Fortunately, the
HS25 is a heavy-duty meter. Its bright
yellow case is made of Valox, and can
withstand drops of up to ten feet. It is
sealed against contaminants. The
case in which the meter comes
packed can also be used as a storage
case for added protection. Even if you
forget to turn the meter off before you
throw it back in your tool kit, you don’t
have to worry—an auto-off feature
takes care of it for you. The meter
uses MOV's (metal oxide varistors)
so that it can withstand potentials of
up to 1000 volts, and transients up to
6000 volts on any voltage range. (In
other function ranges, maximum pro-
tection is 500 volts.)

We found that the meter fit our
hands easily—just as it was designed
to do. It also fit our pockets pretty
well. (The short probe can be inser-
ted tip-first for safer storage.) With a
suggested list price of $119, it fit our
pocketbooks pretty well, too. Two
other “Stick” meters are available at
lower prices. The $99 HS23 offers no
logic probe function, and the $79
HS21 also removes the dangerous-
voltage warning and capacitance
functions. The current clamp is avail-
able for $24.95.

After using the Fieldpiece HS25
for a while, we got the feeling that,
although it was the first “stick” multi-
meter we've seen, it won't be the
last. R-E



A Shocking Offer!

Now for the first time in CIE’s 56 year history you do
not have to be enrolled at CIE to receive our introduc-
tory Electronic and Electricity Lesson Modules.
Available for a limited time to non-students for the
shockingly low price of only $99.50.

With CIE’s patented AUTO-PROGRAMMED
method of learning you'll quickly learn and then
master the basics of electronics and electricity and
then move on to... DC/AC circuit
theories, fundamentals of bi-polar
junction transistors (BJT), field
effect transistors (FET),
wiring, diagram and sche-
matic readings, component
identification, soldering
techniques... and much,
much, more.

Your commitment to CIE
ends with your payment, but
CIE's commitment to your
success just begins when you
receive your

39 lessons, exams, binders and equipment. This
special introductory price includes all the benefits and
assistance CIE normally extends to its students and
graduates. You'll be entitled to unlimited access to
CIE's faculty and staff to assist you in your studies via
a toll free 800 number six days a week, 24-hour
turnaround on grading your submitted exams, CIE
Bookstore privileges, a patented learning method,
reference library, a student, faculty
and alumni electronic
bulletin board and a free
issue of CIE's school
newspaper The Electron.
All this knowledge and
support will put you on the
road to understanding
digital electronics,
microprocessing principles,
computer systems, telecom-
munications, and
much, much,

All This and Much More
For ONLY?!

« Free Issue of The Electron $

« Build your personal burglar alarm

» Instructors available 6 days a week

» 20 lesson books containing 39
theory and hands-on training
lessons and exams.

[ Yes, send me CIE's 39 Introductory Electronic
and Electricity Lessons and Equipment.

Name:

Address:

City:

Zip:

Phone ( )

= ]| BOOKSTORE

1776 East 17th Street

=] r__,, i| Cleveland, Ohio 44114
(216) 781-9400

- Bookstore Privileges

- Patented Learning Method
» Electronic Bulletin Board

» 24-Hour Grading

Total Merchandise: ................... _ 99950

Ohio Residents add 7% Sales Tax:
California Residents add 6-1/2% Sales Tax:
Total this order:

Method of Payment: Amount Enclosed . . . $
0 Personal Check or Money Order
3 Master Card O Visa

I [ |

Card Expiration Date:

Signature

VISA
MasterCard .
. CHARGE BY PHONE! oo

9 AM to 4:30 PM Eastern Time; from Ohio 1-800-523-9109
from all other states 1-800-321-2155

Le6L INAP
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NEW PRODUCTS

Use the Free Information Card for more details on these products.

SERVICE VACUUM. Spe-
cially designed to make the
customer-service job safer
and easier, the 3M Service
Vacuum features parts
made of a material that dra-
matically reduces the po-
tential for electric shock, a
replaceable one-horse-
power motor that provides
more cleaning power than
most vacuums, and three
highly effective filters.

The Service Vacuum's
hose assembly, wand, and
crevice tool are all made
from a material that slows
the flow of electricity and
drains away static charge.
That protects the techni-
cian from shock and pro-
tects sensitive electronic
parts from electrostatic
discharge (ESD).

The disposable filters
are encased in a durable,
spill-proof plastic cartridge
that s easier to remove and
safer to dispose of than
conventional vacuum bags.
When the filter is full, the

user simply replaces the
entire cartridge. Three
types of filters are avail-
able. The fine-particle filter
traps extremely fine parti-
cles, such as color laser
printer toner or particles
from equipment requiring
clean-room conditioners.
The toner/dirt filter traps
unwanted toner from most
copiers and laser printers,
and can be used for clean-
ing typewriters and data
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processing equipment. The
dust/dirt filter traps dust
and larger particles such as
lint and cotton fibers, and is
intended for cleaning com-
puters, paper shredders,
card punches, and collating
machines.

The 3M Service Vacuum
costs $209.—3M Elec-
tronic Products Divi-
sion, P.O. Box 2963,
Austin, TX 78769-2963;
Phone: 800-321-9668.

RADIO-ELECTRONICS
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BATTERY-CON-

DITIONING SYSTEM.
Designed for use with the
Motorola 8000, 950, Ultra-
classic, and other compati-
ble cellular phones, the
MC-01 is the first in a se-
ries of consumertargeted
conditioner/rapid chargers
introduced by Surecharge.
It uses the patented Dis-
covery Battery Con-
ditioning System circuitry,
which automatically condi-
tions and rapid-charges Ni-
Cd batteries. The con-
ditioning process in-
creases the life expectancy
of Ni-Cd batteries by at
least five times as com-
pared to conventional
charging methods. The
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Discover System also en-
sures delivery of 100% of
the rated energy every time
the battery is con-
ditioned—even batteries
with reduced capacity can

be automatically rejuve-
nated. An environmental
bonus is that the system
prevents users from pre-
maturely discarding re-
chargeable batteries.

The MC-01 cellular-tele-
phone battery conditioner/
charger has a suggested
retail price of $220.—
Surecharge Indus-
tries Inc., 278 East 1st
Avenue, Vancouver, B.C.,
Canada V5T 1A6; Phone:
800-661-4405 or
604-876-6710; Fax:
604-876-9229.

PROGRAMMABLE
CONTROLLER. Measur-
ing only 1.89 x 2.25
inches, the Micro-440 from

Blue Earth Research is a
single-board controller de-
signed for industrial con-
trol, data acquisition, home
automation, and OEM ap-
plications. Based on a 12-
MHz Intel 83C51FB micro-
controller, the unit can be
programmed for remote
stand-alone or local inter-
active operation from a ter-
minal or PC. On-chip
software allows the
Micro-440 to be pro-
grammed in either BASIC
or 8051 assembly lan-
guage. A real-time clock/
calendar module allows
event recording or other
date-and-time-based oper-
ations, and can generate
interrupts for precise event
timing in periods ranging
from %e second to one
hour.
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The controller offers 32K
bytes of battery-backed
CMOS SRAM in addition
toits 16 bytes of ROM. The
RAM can be used to store
user programs, operating
parameters, and collected
data. A RAM-write protect
feature can be used with
BASIC file commands to
“lockin" user programs for
automatic execution.

A total of 14 digital I/0
lines can be used to
monitor switches and con-
tacts or to drive tran-
sistors, relays, etc. Dual
RS-232C serial ports allow
simultaneous communica-
tion with a PC and printer.



An expansion port can be
used to add memory or /0O
to the base unit. Up to eight
analog inputs can be used
to read temperature, pres-
sure, or other 0—5-volt sen-
sors. One channel is used
to monitor the controller’s
input supply voltage for
power-fail detection in bat-
tery-powered applications.
The unit can be powered
from almost any 6- to 16-
volt DC source. A lithium
backup battery maintains
the RAM and clock for
more than 10 years.

The Micro-440 program-
mable controller costs
$199 in single quantities
(OEM versions start at $99
in 1,000's). A complete
system design package
that includes the
Micro-440, Macro As-
sembler, Symbolic Debug-
ger and Utility programs,
user manuals, a plug-in DC
power supply, an applica-
tions module, and PC cable

costs $379.00.—Blue
Earth Research, 310
Belle Avenue, Mankato,
MN 568001; Phone:
507-387-4001; Fax:
507-387-4008.

PC-BOARD HOLDER.
The low-profile design of
Production Devices' model
PC502 increases produc-
tivity by allowing fast, com-
fortable loading and solder
ing of PC boards. The
spring-loaded rails provide
a firm grip on each board.
Once adjusted, board
changing is fast and effi-
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cient. For multi-board as-
sembly, extra rails are avail-
able optionally. The unit's
skid-resistant, adjustable
legs allow the steel frame
to be changed from a one-
inch low-profile position to
a three-inch-high sloping
position. After component
stuffing, the holder can be
flipped over for cutting and
soldering. The PC-board
holder rests on four non-
skid bumpers and has a
cover that is adjustable for
component tension. Stan-
dard memory foam and
conductive foam are avail-
able. The holder can rea-
sonably accommodate
boards with measurements
as large as 19.6 x 9.0
inches.

The model PC502 PC-
board holder costs
$85.00.—Production
Devices, 356 North Mar-
shall Avenue, El Cajon, CA
92020; Phone:
800-824-4226.
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DEOXIDIZER PEN. Now
available in convenient,
pen-style applicators,
Caig's Cramolin Deoxidizer
is a fast-acting solution that
improves conductivity on
connectors and contacts
by dissolving resistive ox-
ides from metal surfaces.
Effective on all - metal sur-
faces, Cramolin also pro-
vides protection from fu-
ture oxidation. The pen
applicator provides precise
application of Cramolin
non-flammable, non-cor-
rosive, non-toxic, ozone-
safe deoxidizer. The pen in-

CRAMOLIN®

For Al Metals, Including Gold!

CRAMOLIN® DeOxidizer improves conductivity by dis-
solving oxides that form on metal connector and con

foct surfoces, eliminating unwonted resistance thot
impedes electrical performonce,

CRAMOLIN® is an octive ingredient that does not
rely on solvents for performance. Due to the excel

lent migration properfies, CRAMOLIN® coofs the entire

metal surface and protects it from future oxidotion.

CRAMOLIN® confinues to be the most effective ond

economical product for improving ond maintaining
electricol component refiability.

FOR MANUFACTURE, MAINTENANCE
AND SERVICE OF:

® Switches & Reloys # Cable Connectors & Adaptors
* Edge Connectors ® Terminal Strips ® Plugs & Sockets
* (old Ploted Connectors * Pofentiometers ® Battery Confacts

USED BY THOSE WHO DEMAND THE BEST:

 Bell & Howell ® Copitol Records @ Dolby Loboratories
* Hewlett Pockard  John Fluke Mfg. » Mclntash Lobs

* M(I (Sony) * Motorola @ NASA ® Nakamichi
o RCA e Switchcroft e ond Many More.

Since 1356 =
P0. Box '
Fcondido, CA 920333679

(619) 743-7143

LABORATORIES. INC.  FAX.(619) 7432460

“Environmentally Conscious”

DeOxidizer
IMPROVES CONDUCTIVITY s

DEOXIDIZES « CLEANS » PRESERVES  LUBRICATES
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SWITCHABLE

SCOPE PROBE

= 3 POSITION SWITCH 1X, 10X, REF.
* COMPENSATION FOR ALL SCOPES

* SNAP ON ROTATING GROUND
* SATISFACTION GUARANTEED
* REPLACEABLE TIP

TOLL FREE 7%
(800) 772-1519

FREE CATALOG

OF TEST LEAD KITS & ACCESSORIES
CALL FOR NEAREST DISTRIBUTOR

(MODEL| ATTEM. | BWMH:z| LENGTH | RISETIME| LOADING | PRICE )
AT-30B | FT. M | ns PF MO

410 Switchable PROBE

110w | 15200 | 4 12 | 2514 [6514 1710 | 35.00 P
4103 x 25 |4 12| 14 a5 1 | 3000 | MMM MASTER
4104 10X 200 | 4 12 1.4 14 10 | 3300 | 4898 RONSON CT.,
4110 100x 250 |4 12 | 14 7 100 | 4900 |SAN DIEGO, CA 921
4115 | MASTER
U KT INCL. 1EA. 4101, 4103, & 4104 ssgo ) FAX (619) 560-7354
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cludes two easily replacea-
ble chisel-head tips and
one round-head tip.

The Cramolin Deoxidizer
Pen costs $9.95—Caig
Laboratories, Inc., PO.
Box J, Escondido, CA
92033-3679; Phone:
619-743-7143: Fax:
619-743-2460.

BENCH-TOP DIGITAL
MULTIMETER. Intended
for use in schools, engi-
neering labs, and techni-
cian's workbenches, B&K
Precision’s 2831A is a 3Y-
digit DMM with 0.1% DC
voltage accuracy and AC
voltage response to 40
kHz. The instrument mea-
sures current to 20 amps,
voltage to 1200 VDC or
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1000 VAC, and resistance
to 20 megohms.

The digital multimeter
features resolution to 0.1
mV, 0.1 amp, and 0.1 ohm
for precise readings. An au-
dible continuity-check fea-
ture sounds a tone for
resistances under 10
ohmes. It also includes a di-
ode-test function. All func-
tions are overload pro-
tected, with high-energy
fusing on current ranges.
For added convenience,
the 2831A features an over-
sized, bright LED readout
and a combination tilt han-
dle/bail. It is designed for
AC operation, and can be
used worldwide
(110/220/240 VAC, 50/60
Hz). Included with the in-
strument are test leads,
spare fuses, and an in-
struction manual.

The model 2831A
bench-top DMM has a sug-
gested list price of $295 —

B&K Precision, Division
of Maxtec International
Corporation, 6470 West
Cortland Avenue, Chicago,
IL 60635; Phone;
312-889-1448.

SURFACE-MOUNT
COMPONENTS.
Communications Spe-
cialists is offering surface-
mount resistors and capac-
itors in small quantities and
in individual values. The
components are sold in
strips of either 10 resistors
or five capacitors.

Each strip of 10 surface-
mount resistors costs
$2.50; each strip of five ca-
pacitors costs $1.25 (mini-
mum order $10.00).—
Communications Spe-
cialists Inc., 426 West
Taft Avenue, Orange, CA
92665-4296; Phone:
800-854-0547 or
714-998-3021; Fax:
714-974-3420.
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SOLDERING-IRON
ANALYZER. Electrical en-
gineers, quality-control per-
sonnel, and electronic re-
workers can use the Weller
WA2000 soldering-iron
analyzer to determine
whether their soldering
stations are in compliance
with the DOD-2000 speci-
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fication. The analyzer can
accurately test tip temper-
ature, tip-to-ground resis-
tance, and tip-to-ground
noise (MVRMS). Test re-
sults are easy to read on
the large LCD readout in
degrees Fahrenheit or
Centigrade. The portable
unit has a battery life of 50
hours and comes with a
zippered carrying case and
accessories.

The WA2000 soldering-
iron analyzer has a sug-
gested retail price of
$450.—Weller, P.O. Box
728, Apex, NC 72502.

UNITS CONVERSION
SOFTWARE. Designed to
free students, engineers,
architects, scientists, and
manufacturers from the
drudgery of searching
through numerous tables
of conversion factors for
the one conversion factor
needed, David Taylor's
Units + Conversion Fac-
tors applications software
comes complete with a
disk library containing units
and conversion factors that
enable conversions be-
tween billions of units.
Users can also add their
own items to the disk li-
brary if they wish.

The program also does
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units dissection and trans-
plantation. It can dissect
compound units and dis-
play the nature of the sub-
unit, can transplant other
units into a dissected com-
pound, and can display the

conversion between a unit
and a transplanted unit.
The software can also dis-
play the Sl dimensional
form of most common
quantities.

Units + Conversion
Factors costs $89.95.—
David F. Taylor, Jr.,
P.O. Box 562, Commerce,
TX 75429; Phone:
903-886-7301.

SINGLE-CHIP SUR-
ROUND-SOUND DE-
CODER. With a fully
integrated auto-balance
function along with active
decoding matrix, center
mode control, and noise
generator, Analog Devices'
SSM-2125 combines all
the core functions of a
complete Dolby Pro-logic
surround-sound system on
a single IC. Auto-balance
provides dynamic correc-
tion of left-right input sig-
nal-level imbalances, elim-
inating the need for manual
user adjustments and im-
proving center-channel di-
alogue separation—replac-
ing a cumbersome discrete
circuit composed of up to
24 active and passive com-
ponents. With over 100-dB
dynamic range and 0.015%
THD, the SSM-2125's 18-
bit equivalent audio perfor-
mance rivals that of com-
pact discs and digital audio
tape.

The complete
SSM-2125integrates up to
thirty operational ampli-
fiers, ten voltage-con-
trolled amplifiers (VCA's),
a proprietary operational
conveyor amplifier that pro-
vides a current-input sum-
ming block, two dual-
output rectifiers, two log-
difference amplifiers, com-
parators, random logic,
and a digital noise source.
A user-selectable Pro-Log-
ic bypass mode provides a
high-fidelity two-channel
signal path without the
need for external relays,
while thin-film resistors and
laser trimming eliminates
the need for external gain
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and offset trimming circuit-
ry. A unique VCA cell com-
bines transparent audio
performance with minimum
die area. The SSM-2125is
available in a 48-pin plastic
DIP.

The SSM-2125 sur-
round-sound IC is priced
beginning at $15 in hun-
dreds. The IC is available to
Dolby licensees only.—
Analog Devices, Preci-
sion Monolithics Division,
Attention: Dan Parks, 1500
Space Park Drive, Santa
Clara, CA 95052; Phone:
408-562-7513.

NO-CLEAN SOLDER-
CREAM EVALUATION

KIT. Eliminating flux-resi-
due cleaning from elec-
tronic soldering can pro-
vide both environmental
and productivity advan-
tages. A no-clean flux sys-
tem from ESP Solder Plus
yields clear, hard, non-cor
rosive residues. Kit-9 con-
tains five 35-gram barrels
of solder-cream alloys: one
of Sn63 alloy with no-clean,
off-fillet solder cream; one
barrel of Sn62 with off-fillet
residue; and one each of
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Sn63 and Sn62 with on-fil-
let no-clean residue. The kit
includes a reusable hand
dispenser for precise de-
posits of solder cream, and

ten molded smooth-flow
dispensing tips.

The Kit-9 solder-cream
evaluation kit costs $89.—
ESP Solder Plus, 14
Blackstone Valley Place,
Lincoln, Rl 02865-1145;
Phone: 800-338-4353 or
401-333-3800; Fax:
401-333-4954.

DIGITAL STORAGE
SCOPES. Two real-time
digital storage os-
cilloscopes from Protek
feature 20-MS/second
sampling and “"Vu-Write"
cursor CRT readouts. The
40-MHz model P2849 (pic-
tured) and the 20-MHz
model P2820 also deliver a
vertical resolution of 256
dots, a 1024-dot horizontal
resolution, indicating mem-
ory of 2048 words, refer
ence memory with storage
of up to four signals, and an
8-MHz effective storage
frequency. Analog func-
tions include dual-time
base on the P2840, push-

button switch selection
with vertical and horizontal
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mode select for fast setup
and readout, and a front-
panel layout designed for
easy operation. In addition,
the scopes offer a memory
function, plus cursor read-
outs to indicate time, am-
plitude, frequency, duty
cycle, and phase shift.
The models P2840 and
P2820 digital storage os-
cilloscopes cost $1630
and $1450, respectively.—
Protek, PO. Box 59, Nor-
wood, NJ 07648; Phone:
201-767-7242; Fax:
201-767-7343. R-E

Try the

Electronics.

bulletin board
system

(RE-BBS)
516-293-2283

The more you use it the
more useful it becomes.

We support 300 and 1200
baud operation.

Parameters: 8N1 (8 data
bits, no parity, 1 stop bit)
or 7E1 (7 data bits, even
parity, 1 stop bit).

Add yourself to our user
files to increase your
access.

Communicate with other
R-E readers.

Leave your comments on
R-E with the SYSOP.

RE-BBS
516-293-2283

EARN YOUR

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. Mo 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 12
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

€Iz

4251 CYPRESS DRIVE
JACKSON, MISSISSIPPI 39212
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CABLE - TV

SICNAL REMOVERS

+FOR ELIMINATION OF SEVERE INTERFERENCE
+FOR "CENSORING® OF ADULT BROADCASTS

» ATTENUATION - 45 dB TYPICAL
« BANDWIDTH - 4 MHz AT 5 dB POINT.

» INSERTION LOSS - 2 dB

TUNING
MODEL RANGE

FOR
CHANNELS

PASSBAND SHIPPING

23H 50-66 MHz
48FM | 56-108 MHz

23(orgmelrham) | 50:900 Mz |
4.56 [or any FM)

NO
SHIPPING|

50-300 MHz

1417 120-144 MHz

14(A) 15(B) 16 (C} 17(D)

50-400 MHz

1822 144-174 MHz

18(E) 19(F) 20(G) 21(H ) 22 (1)

COD

50400 MHz CHARGES

713 174-216 MHz

7.89.10.11.12.13

50-400 MHz

3 for$75-10 for $200 - mix or match

CALLTOLLFREEFCR C.0.D.ORSEND CHECKTOORDER
FASTDELIVERY
30 DAY MONEY BACK GUARANTEE (3FILTERLIMIT)

Star Circuilts
P. O. Box 94917
Las Vegas, NV 89193-4917

1-800-433-6319
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Use The Free Information Card for fast response.
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GORDON McCOMB'’S
GADGETEER’S GOLD-
MINE! 55 SPACE AGE
PROJECTS; by Gordon
McComb. Published by
TAB Books Inc., Blue
Ridge Summit, PA
17294-0850; Phone:
1-800-233-1128; $18.95.
Although some of the
projects in this book are

GORDON Mo
@ AED i |
GORLDR
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decades old and others are
brand new, they all share a
common thread: They are
intended to spark the build-
er’'s spirit of invention. The
classic designs serve to
give the reader a solid
foothold in the techniques
of “gadgeteering,'" while
some of the unique new
ideas serve as a jumping
point from which readers
can create their own de-
signs. The projects range
in complexity from a simple
Jacob's Ladder to a com-
plete laser light show, and
include a plasma sphere
generator, a Tesla coil, a
Kirlian camera, a supercon-
ductor disc, a radiation de-
tector, a fiber-optic com-
munication disc, a laser
alarm system, a computer
control interface, a holo-
graphy darkroom, and a
seismograph.

The book is divided into

26 chapters, each of which
presents one or more
hands-on projects that
readers can duplicate in
their home workshops.
Several chapters also in-
clude information vital to
the understanding of one
or more of the projects.
The book explores the sci-
ence of lasers, how fiber
optics work, the nature and
dangers of high-voltage de-
vices, what radioactivity is
and how it is measured, the
history of holography, light-
wave communications, and
piezoelectricity. The proj-
ects are fully illustrated,
and a list of parts sources
appears in the appendix.

ELECTRONIC TEST AC-
CESSORIES; from ITT
Pomona Electronics,
1500 East Ninth Street,
P.O. Box 2767, Pomona,
CA 91769; Phone:
714-623-3463; Fax:
714-629-3317; free.
Highlighted in this 140-
page catalog are a new 32-

Elecironic Test Accessones

" Pomona

A Hotory OF Timely Innovarions

a\
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pin PLCC (0.05 pin spac-
ing) clip for popular
EEPROM devices, and
100- and 132-pin SMT test
clips for Motorola
68020/68030 and Intel
80386SX micro-

processors. Additional ac-
cessories included in the
brochure are intended to
make testing SMT devices
easier and more reliable.
The catalog also features
new IC clip kits, coaxial/
BNC universal adapter
kits, digital-multimeter
test-lead kits, cable and
patch accessories, and
jumper: kits. Ten major
product categories, which
are presented in an easy-
to-use index, include a se-
lection of jumpers and ca-
bles, boxes, plugs and
jacks, connectors, adapt-
ors, single-point test clips,
and static-control devices.

OPTOELECTRONIC DE-
VICES (Catalog 86-1, Is-
sue IV); from Lumex
Opto/Components Inc.,
292 East Helen Road,
Palatine, IL 60067;
Phone: 708-359-2790;
Fax: 708-359-8904; free.

This 52-page catalog
contains detailed descrip-
tions, dimensions, and
specifications for hundreds
of state-of-the-art op-
toelectronic components.
Included are emitters, de-
tectors, laser detectors,
photo-transistors, photo-
diodes, optoisolators, pho-

opto-electronic devices

@
EARTTERS, BETFSSMAR. PuceD COLTLATE SOLAN CRLLE
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to-reflectors, emitter-de-
tector assemblies, chop-
pers, photo interrupters,
custom assemblies with IC
controllers, chips, and re-
mote-control receiver mod-
ules. Those items have
practical applications in a
wide variety of consumer,
industrial, and business
products and systems, in-
cluding audio and visual
equipment, computer driv-
es, copy machines, word
processors, phones, fax
machines, controllers,
spectrum analyzers, medi-
cal equipment, alarms, and
meters. The catalog also
contains a chart that cross
references part numbers
for 15 manufacturers such
as Sharp, Honeywell, NEC,
and Siemens; a two-page
applications chart; and
sections on charac-
teristics, circuitry, package
outlines, and specific se-
lection guides.

THE CAPACITOR HAND-
BOOK; by Cletus J. Kai-
ser. Published by CJ
Publishing, 2851 West
127th Street, Olathe, KS
66061.

Although capacitors are
in common use, they are
frequently misused due to
misunderstanding their
characteristics. This book
aims to clear up the con-
fusion by providing prac-
tical guidance in under-
standing the construction
and application of capaci-
tors. It combines theory
with circuit application ad-
vice to help readers under-
stand what goes on in each
component and in the final
design. An opening chap-
ter covering the fundamen-
tals of capacitors as a
general category is fol-
lowed by chapters on spe-
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cific types of capacitors,
including ceramic, plastic-
film, aluminum-electrolytic,
tantalum, glass, and mica.

SELECTION AND USE
OF PANDUIT ADHESIVE
MOUNTS (Technical/Ap-
plication Data Sheet
TADS-WA-14B); from
Panduit Corporation, At-
tention: Product Man-
ager, Wiring Accesso-
ries, 17301 Ridgeland
Avenue, Tinley Park, IL
60477-0981; Phone:
1-800-777-3300, ext.
7346; free.

Designed to explain how
to choose and use adhe-
sive mounts for wire and
cable, this eight-page bul-
letin provides information
on types of adhesive that

Seizction and Use of PANDUIT® Adnesive Mounts

CIRCLE 17 ON FREE
INFORMATION CARD

are available, guidelines for
surface preparation, and
short listings of applica-
tions and markets. A table
includes dimensions, tem-
perature ranges, adhesive
type, maximum loads, and
cable ties.

LEARN VCR
CLEANING/MAINTENANCE/REPAIR

EARN UP TO $1000 A WEEK,WORKING
PART TIME FROM YOUR OWN HOME!

——

Secrets
Revealed!

THE MONEY MAI(IHE OPPORTUNITY
OF THE 1990°S

IF you are able to work with common small hand
tools, and are familiar with basic electronics (i.e. able
to use voltmeter, understand DC electronics). . . .
IF you possess average mechanical ability, and have a
VCR on which to practice and learn. . . .then we can
teach YOU VCR maintenance and repair!
FACT: up to 90% of ALL VGR malfunctions are due to
simple MECHANICAL or ELECTRO-MECHANICAL
breakdowns!
FACT: over 77 million VCRs in use today nationwide!
Average VCR needs service or repair every 12 to 18
months!
Viejo's 400 PAGE TRAINING MANUAL (over 500 pho-
tos and illustrations) and AWARD-WINNING VIDEQ
TRAINING TAPE reveals the SECRETS of VCR mainte-
nance and repair—"real world" information that is
NOT available elsewhere!
Also includes all the info you'll need regarding the
BUSINESS-SIDE of running a successful service op-

eration! FREE INFORMATION
CALL TOLL-FREE 1-800-537-0589
Or write to: Viejo Publications Inc.

5329 Fountain Ave.
Los Angeles, CA 90029 Dept. RE
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Try the
E’SEB"H"'_BSca

bulletin board
system

(RE-BBS)
916-293-2283

The more you use it the more
useful it becomes.

We support 1200 and 2400 baud
operation.

Parameters: 8N1 (8 data bits, no
parity, 1 stop bit) or 7E1 (7 data
bits, even parity, 1 stop bit).

Add yourself to our user files to
increase your access.

Communicate with other R-E
readers.

Leave your comments on R-E with
the SYSOP.

RE-BBS
916-293-2283

Coax It
Your Way,

Pomona’s
Universal Adapter
Kit lets you make

your own connections on the spot. You get

two each of industry’s most popular styles;
BNC, TNC, SMA, plus
“N” males and
females. Plus, ==
a special Double \$
Banana Plug and \}
Double Binding
Post. And, four
intermediate
couplers to make it
your way.

A Case For Reliable Connections.
There’s quality in every piece, with gold
plated center pins and silver plated bodies.
And everything’s in a hinged, plastic case
for years of dependable use. You'll find
the best selection of
coaxial adapters in the
pages of the new

Pomona Catalog.
See your near-
" est Authorized
Pomona Distributor.
POMONA ELECTRONICS,
1500 E. Ninth St.,
P.0. Box 2767,
Pomona, CA 91769
(714) 623-3463
FAX (714) 629-3317

FREE
1991 POMONA
CATALOG!

140-pages of newest
producis and thousands

of test solutions

ITT Pomona

AN ITT EMC WORLDWIDE COMPANY
Duscover our strengths.
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RADIO SHACK
PARTS PLACE

PARTS SPECIAL-ORDER HOTLINE. Your local Radio Shack offers a huge
selection of electronic components. Plus, we can special-order over 10,000
items from our warehouse—ICs, tubes, semiconductors, crystals, phono car-
tridges and styli, even SAMS® manuals. Delivery time for most items is one
week. And there are no postage charges or minimum order requirements.

(1) High-Speed 12VDC Motor. Up
to 15,200 RPM. About 2" long (with
.......... 2,99
(2) Hobby Motor. For robotics and
projects. 11/2 to 3VDC. About 11"
long. #273-223 ...99¢

shaft). #273-255

Lamp Holders.
For indicators and
projects. Figs. 1
and 2 accept E-10
threaded-base
bulbs, available at
Radio Shack.

(1) Round Style.
Screw terminals.
#272-357 ... 79¢
2{ Compact.
older lugs.
#272-356 .. 99¢
(3) Bayonet Base.
#272-355 . . 6/99¢

XLR Connectors
(1) Three-Pin Piug
#274-010 ... .2.99
(2) Inline Socket.
#274-011 ....2,99
(3} Pnnel Socket.
4-013 ....3.69
’4) Adapter Trans-
ormer. Connects
XLR-type mike to
equipment with a"
phone jack input.
#274-016 ...11.99
(5) Adapter Trans-
former. Connects
mike with " plug
to XLR jack input.
#274-017 ...11.99

="

@f@

?53

(2 (3)

=me:

S 3

| D

=

Heavy-Duty Plug-in DPDT Re-
lays. Contacts rated 10 amps at
125VAC. Size: 15/8 x 1 x 3a".

12VDC Coil. #275-218 .. ... 5.99
125VAC Coil. #275-217 ....5.99
Relay Socket. #275-220 ...1.79

LCD DVM With
Capacitance
Transistor
Gain Ranges.
Extra-feature
digital multitester
with easy- -to-
read 0.5" display
and 10 megohm
input. 30 ranges—
measures AC/DC
voltage and cur-
rent, resistance,
capacitance and
transistor gain.
#22-194 .. 79.95

BATTERY SPECIAL-ORDER HOTLINE. In addition to our large in-store stock,
Radio Shack can now supply almost any currently manufactured consumer-
type battery—quality replacements for cordless telephones, computer mem-
ory, camcorders, transceivers, pagers and more. Discover the Radio Shack
“hotline” advantage—fast service with no postage or handling charges.

(1)

(1) Mini Piezo Speaker. Only
131fa2" diameter. #273-091 . . 2.49
Chime. Re-
. #273-071..8.99
(3) Mini Buzzer. Loud, yet only 7
mA at 12VDC. #273-074 ...2.99

(2) “Ding-Don
quires 6 to 18V

(1) Telescoping
Antenna. Ex-
tends to 24" (16
styles in stock.)
#270-1413, 3.99
{2) “N" Battery
Holder. (14 other
styles in stock.)
#270-405 .. 59¢
(SJa Mini-Hook
pters. Slip on
test probe tips.
#270-334, Pr./2.59
(4) Micro-Hook
Test Clips.
#270-355 .. 2.69

(1) Precision Ther-

B mistor. Resistance
0 changes in propor-
= tion to temperature.

o) Has measurement
range from —50 to
{L~1] | +1i0°C.

Ol 4271110 ... 1.99
| (2) Surface-Mount
| O  Resistors. Big 200-
1 piece assoriment!

Popular values,
rated s watl, 5%.
#271-313, Set 4.99
3) Ohm'’s Law

|{3) _ ‘_;’.: gulds Fast an-

! swers to Ohm’s law
1 and parallel resist-

ance problems.
#271-1211 ., .. 58¢

Since 1921 Radio Shack has been the place to obtain up-to-date
electronic parts as well as quality tools, test equipment and accessories
at low prices. Over 7000 locations to serve you—NOBODY COMPARES

Prices apply at participating Radio Shack stores and dealers. Radio Shack is a division of Tandy Corparation
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(1) Prewired Tem-
perature Module.

Just add one "AA"
battery for use as a
thermometer. You
can also connect
simple circuits to
control external indi-
cators and devices
at temperatures you
set. (Data included.)
Has 2" liquid crys-
tal display and
selectable Fahren-
heit or Centigrade
modes. Module is
easily panel-
mounted.

#277-123 ...19.95

- bk

. 8 l :

Radlo Jhaek

DPDT Knife Switch. Just the thing
for low-power switching in science
projects, model railroads and
more. Rated 0.5 amp at 200VDC.
Screw terminals. Mountmg holes
on base. #275-1537 .

v+ 1:29

Portable Short-
wave Antenna.
Dramatically im-
proves reception
on worldband
portables! Con-
nector clips to tel-
escoping rod an-
tenna. Antenna
wire extends up
to 23 feet—and
winds up on
pocket-size reel
for convenient
storage, travel.

#278-1374, 8.95

(2) Set of 100 Ce-
ramic Disc Capaci-
tors. A variety of
popular styles and
values al a bargain
price. Ratings up to
1000 WVDC. Stock

up!
#272-801, Set1.98

(3) Assortment of
20 Electrolytic Ca-
pacitors. Miniature
and submini types in
a variety of values
\\;ilh ratings to 50

VDC.
#272-802, Selof 20/1.98
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GERARD ROBIDOUX AND
ROBERT DMITROCA*

A LOGIC ANALYZER IS AN INVALUABLE
tool for debugging complex dig-
ital circuits. Not only can it sam-
ple and store the state of a large
number of digital signals, it can
perform complex analysis on the
signals to determine their timing
and state relationships. The ac-
quired data can be displayed on
either a waveform screen or a
state screen. With four different
pull-down menus available, all
the controls are right at your fin-
gertips!

The essence of all digital logic
circuits is the simultaneous op-
eration of many signal paths. As
an example, consider a typical
desktop personal computer, such
as the IBM PC. In
order for the micro-
processor to write to
a single byte of
memory, it must as-
sert 20 address
lines, 8 data lines,
and over a half-doz-
en control lines. In
total. over 34 signal
paths must operate
correctly and simul-
taneously for the
computer to func-
tion properly.

When a digital cir-
cuit fails. it becomes
very difficult to de-
bug. Traditional di-
agnostic tools, such

LOGIC

Troubleshooting digital
circuits is a cinch with this
16-channel,
50-MHz

logic analyzer.

- H3AZATVNY

as the oscilloscope.

can usually monitor

4 channels at the most. Other
tools, such as logic probes, can
only display the current state of a
signal, and cannot be used to
analyze how the signal varies
with time.

Those problems led to the de-
velopment of the logic analyzer.
At its most primitive level, the
logic analyzer may be considered
to be an oscilloscope with a large
number of channels, except that
only the high-low state of a signal
may be seen. rather than a con-
tinuous analog waveform. Com-
mercial logic analyzers typically
have 16 to 300 channels.

*Gerard Robidoux and Robert Dmitroca are
partners in Convention Systems, a software
consulting company specializing in the de-
sign of low-cost test instrumentation.

Until now, most logic analyzers
have cost well over S1000, which_

has severely limited their use.

Currently, most low-gost logicy
analyzers consist of cards which ™
plug into personal compuiers.

Those devices require a persoral—
computer to operate and, therc-...

fore, are not very portable and fie
up the resources of the computer.

Recent advances in CMOS and
bipolar technologies, however.
make it possible to build a prac-
tical, low cost. self-contained log-
ic analyzer. We will show you how
you can build a portable, 16
channel, 50-MHz logic analyzer.
all for under 8700!

Theory
Figure 1 shows a block diagram
of the logic analyzer. Connection

to the eircuit under test is made
through an acquisition “pod.” or

“gonnector array, which contains
* asetofwires terminated with test

clips. The clips are used to attach
to the various points in the cir-
fuit being tested.
_All of the lines contained in the
dcquisition pod are inputs: the
logic analyzer never sends a sig-
nal to the device it is connected
to. The pod also contains clock
and ground inputs as well as
data-input lines. More sophisti-
cated units may also contain in-
puts that qualify the clock.
inhibit triggering until certain
conditions are met. and so on.
Signals coming in from the ac-
quisition lines enter voltage com-
parators. which are used to
periodically sample the input sig-

1661 INNC
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I ROM

\ RAM ] |KEYBOARDI [mspw

[ MICROPROCESSOR [ INTERFACE CIRCUITS o=
SAMPLE-GLOCK GENERATOR
HIGH SPEED
BUFFER \I,
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q SPEED ADDRESS
INPUT POD EXTERNAL CLOCK COUNTER
=T ¢ }
> DATA
VOLTAGE 1
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[ ] 36/ e I
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<] CLOCK -

FIG. 1—A BLOCK DIAGRAM OF THE LOGIC ANALYZER. Signals from the acquisition
lines enter the voltage comparators and are sampled by the input latches; they then flow
into the high-speed RAM and the trigger logic. The final stage is the user interface.
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nals and determine their logic
level. All logic families have a de-
fined high and low level. For ex-
ample, the TTL logic family de-
fines a low as a voltage between 0
and 0.8 volts, and a high between
2.4 and 5.0 volts. Some logic ana-
lyzers have a variable voltage-
threshold, which allows you to
define the high and low voltage
levels depending on your par-
ticular application.

The logic analyzer that we pres-
ent here recognizes only TTL and
5-volt CMOS levels. Since the
vast majority of digital logic is de-
signed with those two families,
that's not a serious limitation,
and it also eliminates the need for
expensive high-speed voltage
comparators.

After voltage comparison, the
signals entering the logic ana-
lyzer are sampled by the input
latches. Digital storage scopes
(DSO’s) use the same sampling
technique. The sampling rate is

AD10.

AD11

AD12

AD13

determined by an internal time-
base, or from an external clock
input. The sampling rate is usu-
ally adjustable in a 1-2-5 se-
quence from a very high frequen-
cy to a very low frequency (a few
hundred MHz to less than 100
Hz).

With a very fast clock, you can
see the operation of the circuit in
great detail for a very short period
of time. With a slow clock you can
see the operation of a circuit for a
longer time, but with less ac-
curacy. If you were debugging a
high speed digital circuit, such
as a microprocessor, you would
use a very fast clock. A slower
clock would be used to trou-
bleshoot a very slow circuit, such
as a 1200-baud serial interface.

The external cLock input is
used when you want the sam-
pling rate to be controlled by an
external circuit. A good example
of that is when you attach a logic
analyzer to the data and address

Yo

v,
=1 10

B0

Bl

82

B3

A<B A<BiL
AB ABJE
A8 A>

1C10
T4FBS

TRIGGER

DURATION COUNTER

AD14

AD1S

lines of a microprocessor to trace
program execution. The logic
analyzers external cLock line is
connected to a memory strobe
line, such as AS* (68000 family)
or ALE*® (8088 family). The logic
analyzer would then capture the
status of the processor at each
bus cycle.

After being captured by the in-
put latches, the input signal data
flows to two places; the high
speed RAM and the trigger logic.
Let’s take a close look at the trig-
ger logic first.

In most digital designs, we're
interested in the operation of the
circuit at a very specific point.
The action of the trigger logic al-
lows us to obtain only that range
of data in which we are inter-
ested. For each of the signals
being monitored, we can specify
a trigger pattern of high, low, or
“don’t care” (either high or low).
When the logic analyzer is en-
abled, it will continuously sam-

ple the input data lines
until the trigger pattern is
recognized. At that point,
sampling will either stop,
or continue for a preset
number of samples. That
feature lets us see the state
of the signals occurring
before, or, perhaps, both
after the trigger point.
The high speed static
RAM stores the values of
the input channels being
monitored. That RAM is
often known as the ac-
quisition data buffer, since
it provides a storage space
for the data being acquired
from the input data lines.
Notice that a logic ana-
lyzer, unlike an os-
cilloscope, is not a “real-
time' device. An os-
cilloscope can immediately
and continuously shows
the voltage at the probe.
The logic analyzer, on the
other hand, stores the sig-
nal data until a trigger pat-
tern is recognized. The

FIG. 2—INPUT BUFFERS AND
TRIGGER LOGIC. The input pod
contains 16 data-channel inputs,
an external clock input and a
ground connection. The input
data enters resistor arrays RA1
and RA2, and into latches IC1 and
IC11. The acquired data is routed
into the trigger logic and to the
high-speed RAM.
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FIG. 3—THE ACQUISITION SECTION, consisting of high-speed RAM storage and control
logic, is the heart of the logic analyzer.




signal data is shown only after
that has occurred.

The last section of the logic
analyzer is the user interface,
which consists of a keyboard and
display that are built right into
the unit.

Circuit description

Now that we've looked at the
block diagram of the logic ana-
lyzer, we'll turn our attention to
how the unit operates. The sche-
matic in Fig. 2 shows the input
pod and trigger logic. The input
pod connector, J1, contains 16
data-channel inputs, the exter-
nal clock input and the ground
lead connection. It also carries
other signals that can be used by
external pods.

The data to be sampled goes
into J1, through resistor arrays
RAl and RA2, and into latches
IC1 and IC11. The level of each
channel is latched using the Ag—
cLK signal (the sampling clock).
Pull-up resistors RA1 and RA2
drive the inputs of the latches
high if nothing is connected to
the input. The acquired data
(ADI[O..15]) is routed to the trigger
logic and to the high speed RAM
storage (Fig. 3).

The trigger condition of the in-
put data may be set to high, low,
or “don't care.” The “don’t care”
circuits for the first eight inputs
are formed from IC2, IC3, and
IC7, and the last eight inputs
from IC12, IC13, and IC17. If an
input is set to a "don’t care” con-
dition, the input of the corre-
sponding NAND gate is set low.
That forces the output to be high
regardless of the input from the
data latch. If the nanD input is set
low, the data is simply inverted.

The outputs from the NAND
gates are presented to the eight-
bit comparators, IC4 and IC14.
The output of those IC’s (pin 19)
goes low whenever the p and g
inputs match.

Masking of IC8 and IC18
latches is performed by the fol-
lowing technique. If the trigger
bit to either IC is low, a high is
written to the latch. Similarly, if
the trigger bit is high, a low is
written. For “don’t care” condi-
tions, a high value must be writ-
ten, since we have forced the p
input to high (by disabling the
NAND gate). The upper and lower
trigger outputs of IC29-a forms
an active-high trigger output.

PARTS LIST

All resistors are Yi-watt, 5%, unless
otherwise indicated.

R1-R8-10,000 ohms

R9-—470 ohms

R10—0 ohms, or jumper wire

RA1, RA2—1 megohm, 10-pin bussed SIP
resistor array

Capacitors

C1-C11, C13-C20, €23, C25, C27-C38,
C40-C49, C58-C60—0.1 uF, ceramic
axial

C12, C24—3.3 iuF, 10-voit tantalum

C21, C22—10 pF, ceramic disc

C26—100 pF, 25-volt tantalum

C39—50 pF, ceramic disc

C50-C57—22 pF, electrolytic

Semiconductors

IC1, IC11—74ACT574 8-bit latch

IC2, IC3, IC12, IC13—74ACTO0 quad 2-
input NAND gate

IC4, 1C14—74ACT521 8-bit comparator

IC5, IC15—CY7C128A 2K x 8 15-ns static
RAM (SRAM)

IC6, IC16—74HCT245 octal transceivers

IC7-IC83,1C17,1C18, IC39—74HCT574 8-
bit latch

IC10—74F85 4-bit comparator

IC19, IC22—1C27—74ACT163 4-bit coun-
ter

1C20—74HCT138 3-to-8 demultiplexer

IC21—TL7705A voltage supervisor and
reset control

IC28—74ACT74 dual D-type flip-fiop

1C29—74ACT02 quad 2-input NOR gate

1C30—V25 high-integration micro-
processor

IC31—74F32 quad 2-input OR gate

IC32—74ACT86 quad 2-input XOR gate

IC33—74F160 4-bit counter

IC34—74ACT153 dual 4-to-1 mulitplexer

1C35-1C37—74L.S390 dual bi-quinary
counter

IC38—74ACT151 8-to-1 mutiplexer

IC40—Dallas Semiconductor DS1213C
“Smart Socket"” and 32K <8 100-ns
SRAM or Dallas Semiconductor

The minimum trigger-dura-
tion circuit is made from IC9,
IC19, and IC10. That circuit en-
sures that the trigger is present
for a minimum amount of time
before the trigger pattern is actu-
ally recognized, which prevents
glitches from causing a false trig-
gering to occur.

The desired trigger-duration
count is contained in the latch of
IC9. Whenever the trigger pat-
tern occurs, 4-bit counter IC19 is
enabled. That counter runs at 50
MHz (20 ns per count). When the
desired duration count and the
counter value match, the TRIGGER
output (pin 6 of IC10) will go
high, indicating that a valid trig-

DS1235 integrated battery backed
RAM
IC41, IC42—MAX232 RS-232 tranceiver
and charge pump
IC43—7805 5-volt requlator
IC44—GAL16V8-15LP PLD
IC45—GAL16V8-10LP PLD
1C46—128K x 8 250-ns EPROM
LCD panel—Sharp part no. LM24014W

Other components

XTAL1—16-MHz HC-49 crystal

XTAL2—20-MHz 14-pin DIP package os-
cillator

XTAL3—50-MHz 14-pin DIP package os-
cillator

Case—Pactec CM69-120

Key switches (12)—75120-002/0000

AC adapter—9 VDC at 1 amp secondary
output

Connectors

J1—Right-angle DB37 connector

P2-P4—3-pin socket strip

J3—Right-angle DB9 connector

J4—20-pin socket strip (2 X10)

P1—7-pin socket strip (1x7)

J2—Power connector (2.3-mm
barrel)

Keyboard—7 x 1 row-header

Acquisition clip—DB37 connector with 18
wires and micro-clips.

P1—2 x 10 row-header connector for LCD
panel

Sockets

20-pin machined sockets for IC1 and IC11

32-pin socket for IC46

14-pin machined socket for IC32

84-pin PLCC socket for IC30

Hardware

4 %-inch standoffs with 4-40 internal
thread

4 3%-inch standoffs with 4-40 internal
thread

18 4-40 screws with pan head, Y-inch
length

2 4-40 nuts

1 TO-3 heatsink and heatsink grease

ger pattern has been recognized.
If the trigger disappears before
the desired duration count has
been reached, the counter is
cleared. It will start over when the
trigger becomes valid again.

The circuit shown in Fig. 3
contains the heart of the logic
analyzer: the high speed RAM
storage and the control logic.
Data for the lower eight channels
is stored in IC5, while IC15 stores
the data for the upper eight chan-
nels. Both IC5 and IC15 are
2K X 8 15-ns SRAMS.

An 11-bit binary counter is
formed from IC25, IC26 and
IC27. That counter drives the ad-
dress inputs of the RAM IC’s. The
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address is incremented by 1 for
each cycle of the ag—crLock
(acquisition clock) signal.

The TriG function lets you
specify the position of the trigger
position within the acquisition
data buffer. When prE is selected,
the trigger is set at the start of the
buffer. When the trigger con-
dition is met, data is sampled un-
til the entire acquisition buffer is
filled. In the miD trigger mode, the
trigger point is set at the middle
of the data buffer. The first half of
the buffer may or may not con-
tain data that was sampled be-
fore the trigger point. In the post
trigger mode, storage of data will
stop immediately after the trigger
condition is recognized.

An 11-bit binary counter is

formed from IC22, IC23, and
IC24. That counter holds the cur-
rent position within the acquisi-
tion data buffer. The position
counter is reset whenever the
trigger condition is recognized,
after which it is incremented by 1
for each cycle of the ag—cLock
signal.

The acquisition section control
is formed by IC45, IC29, and
portions of IC28 and IC31. The
TRIGGER output from IC10 to a
constant high level (sTrIG) is con-
verted by 1C28-b. A finite state
machine, 1C45, coordinates the
signals coming in from the mi-
croprocessor, trigger logic, and
position counters, and generates
the appropriate outputs to con-
trol the acquisition cycle.

TRGTYPEO and TRGTYPE1 are
used to inform the state machine
where the trigger should be posi-
tioned in the acquisition buffer
(for example, they set the prE,
MID, Or POST modes). AQSTART tells
the logic analyzer to begin look-
ing for the trigger condition, and
to start storing data into the ac-
quisition buffer. The mibway and
END signals from the position
counters tell the state machine
how much buffer has been filled
since the trigger.

When a trigger has been recog-
nized and the acquisition buffer
filled up, the state machine will
assert the iNTo line, informing
the microprocessor that acquisi-
tion data is now available.
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FIG. 4—CLOCK GENERATOR AND TIMING LOGIC. The logic analyzer can generate 22
internal frequencies, ranging from 50 MHz to 5 Hz.
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signals are used by the micro-
processor to copy the contents of
the acquisition buffer into the
microprocessor's own RAM for
further manipulation. Data from
the high speed acquisition RAM
is read by IC6 and IC16.

Figure 4 shows the clock gener-
ator and timing logic for the ana-
lyzer. The unit can generate 22
internal frequencies arranged in
a 5-2-1 sequence (50 MHz, 20
MHz, 10 MHz, and so on). The
highest frequency is 50 MHz (20-
ns period) and the lowest is 5 Hz
(0.2-s period).

Self-contained TTL oscillators,
XTAL2 and XTAL3, generate the
base 50-MHz and 20-MHz square
waves. The duty cycle of the 50-
MHz waveform is adjusted by
IC31-b, IC31c and the associated
R-C network. The timing require-
ments of the high speed RAM IC's
require that the write-enable
pulse width be atleast 13 ns long.
The 50-MHz oscillator produces a
square wave with a 50% duty cy-
cle (10 ns low, 10 ns high). The
circuit is therefore used to adjust
the duty cycle to 35% (13 ns low, 7
ns high).

ORDERING INFORMATION

Note: The following items are
available from Convention Sys-
tems, 1214-315 Southampton Dr.
SW, Calgary AB, Canada T2W 2T6,
(403) 253-4427. Send check or
money order. Shipping is by
ground delivery. Contact Conven-
tion Systems for additional
cl:::lges if overnight delivery is de-
sired. All items are postpaid, ex-
cept as noted.

® Eiched, drilled and plated main
and keyboard PC boards—$99.00.
® Pre%ro rammed EPROM,
GAL16V8-15LP, and GAL16V8-
10LP (IC44-1C46)—%$99.00

e Milled-out case with plastic
overlay—$79.00.

® Probe assembly—$99.00

e AC adapter—$15.00

e LCD panel—$150.00

e IC30 V25 microprocessor—
$29.00

® Manual—$32.00

® Complete kit, including probe
assembly and AC adapter—
$695.00 plus $20.00 S & H.

® A complete assembled unit, in-
cluding probe assembly and AC
adapter—$695.00 plus $20.00
shipping and handling.

PLUG IN JACK

T0 9V DC ADAPTER

Veo Voo
3
12
1
ci2
SHE 1C32-d

F

1/4 TAACTBE

UNUSED

DECOUPLING CAPACITORS =
FIG. 6—POWER CIRCUIT AND DECOUPLING CAPACITORS. Each IC is decoupled by a 0.1

wF capacitor.

A divider chain, which pro-
duces the 22 clock frequencies, is
formed by IC33, 1C34, 1C35,
IC36, and IC37. Multiplexer IC34
selects the 50-MHz or 20-MHz os-
cillators, the 25-MHz or 5-MHz
signals from IC33, or the external
K line. A bi-quinary divider chain
is formed by IC33, IC35, IC36,
and IC37. IC33, a 74ACTI160, is
similar in function to IC35-1C37,
which are 74LS390 dual-decade
counters. It is used at the begin-
ning of the chain because the
74LS390 can handle a maximum
frequency of only 20 MHz.

The various clock sources are
multiplexed into IC38, an 8-to-1
multiplexer. The sTcLK (state
clock) signal is produced by IC38.
That signal is used to drive the
acquisition state machine and to
sample the input data lines.
Eight-bit latch, IC39, is used to
select the source and/or frequen-
cy of the sTcLk signal.

The external clock enters pin 4
of IC32-b, an xor gate. By setting
pin 5 to a high level, the clock
signal can be inverted before
being presented to the multiplex-
ers. To sample on the rising edge
of the external clock, pin 5 is set
to 0. To sample on the falling
edge, pin 5 is set to 1.

The microprocessor, keyboard
interface, LCD panel interface,
serial interface, RAM and ROM is
shown in Fig. 5. The micro-
processor used is the V25 (IC30)
from NEC electronics, which is
100% code compatible with the
Intel 8088 microprocessor (used
in the IBM XT class of comput-
ers). The V25 includes two serial
channels, a DMA controller, and
parallel I/O ports. Using this part
allowed us to implement the en-
tire microprocessor section
using only seven IC’s!

There is one ROM site, 1C46,
and one RAM site, I1C40. The
ROM site is a 32-pin JEDEC
socket which will accept 1-, 2-, or
4-Mbit EPROMS. The logic ana-
lyzer software currently fitsina 1l
Mbit part (128K x 8). The RAM
site accepts either 32K or 128K
static RAM IC’s. In order to per-
manently store the configuration
of the logic analyzer, the RAM site
uses a Dallas semiconductor
component called a
SmartSocket. That device con-
sists of a standard socket, along
with a 3-volt lithium battery, and

continued on page 87



This solid-state
electronic
compass uses
Hall-effect sensors
to keep you
heading in
the right
direction.

ANTHONY J. CARISTI

MOST OF US HAVE AT ONE TIME OR
another used a common magnet-
ic compass, which often consists
of a light-weight balanced mag-
net suspended on a pivot. The
magnet, free to rotate, is affected
by Earth’s magnetic field, and as-
sumes a position in which its
north-seeking pole points to Ear-
th's magnetic north pole. The
geographical north pole of Earth
is offset from the magnetic north
pole by about 10 or 15 degrees in
most areas of the United States.

Many low-cost compasses leave
something to be desired in their
performance, which can be af-
fected by any tilt of the case or
friction in the pivot. However,
with the development of solid-
state magnetic detecting devices,
called Hall-effect generators, it is
possible to construct a low-cost,
reliable magnetic compass which

07 R s e 2

has no moving parts and elimi-
nates the disadvantages of inex-
pensive mechanical types. Be-
cause the project contains no
moving or mechanically sensitive
parts, it is an extremely rugged
device that can tolerate all poten-
tial stresses encountered when
hiking or traveling through
rough terrain. Taking a reading
on the compass is quick, easy.
and very reliable.

This solid-state compass uses
a unique detection system that
produces two sharply defined
points centered on the direction
of magnetic north, as indicated
by an LED. That permits a quick,
accurate reading. The project,
housed in a plastic enclosure, is
small and lightweight, and is
powered by a common 9-volt bat-
tery. Since the compass circuit is
energized only when it is used to
take a reading, the battery’s
useful life approaches that of its
shelf life.

BUILD AN

ELECTRONIC

COMPASS

About the circuit

Development of a magnetically
sensitive solid-state compass is
made possible through a phe-
nomenon called Hall effect,
which was discovered in 1879 by
Edwin Hall; he observed that a
small voltage was developed at
the edges of a current-carrying
gold foil when the foil was ex-
posed to a magnetic field. Solid-
state technology now provides
small, low-cost Hall-effect de-
vices, which are very sensitive
and able to detect Earth’s ex-
tremely weak magnetic field.

The basic Hall-effect sensor,
shown in Fig. 1, is a small sheet of
semiconductor material in which
a bias current flows. The Hall-
effect output of the sensor takes
the form of a voltage measured
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across the width of the con-
ducting material, and will be neg-
ligible in the absence of a
magnetic field. If the biased Hall
sensor is placed in a magnetic
field with the flux at right angles
to the flow of current, a voltage
output directly proportional to
the intensity of the magnetic field
is produced. Additionally, the
voltage will be a function of the
angle between the lines of force
and the plane of the sensor. Max-
imum Hall-effect output voltage
occurs when the face of the sen-
sor is at right angles to the lines
of force, and zero voltage is pro-
duced when the lines of force are
parallel to the face of the sensor.

The Hall-effect sensor is fur-
ther enhanced by using inte-
grated-circuit technology to add
a stable high-quality DC ampli-
fier to the device. It then provides
a usable linear output voltage
which is sensitive enough to re-
act to Earth’s magnetic field
(about Y2 Gauss).

Referring to the schematic in
Fig. 2, The Hall-effect generators
(IC3 and IC4) are three-terminal
linear devices which are driven
by a regulated 5-volt supply pro-
vided by fixed-voltage regulator
IC1. The output of each of the
sensors is a DC voltage that var-
ies linearly from a quiescent val-
ue of 2.5 volts as their position
with respect to the lines of force
of the magnetic field changes. A
typical sensor has an output-
voltage sensitivity of about 1.3
millivolts per Gauss.

Two Hall-effect generators are
used in the circuit to provide

BIAS
CURRENT  SEMICONDUCTOR
MATERIAL

.

 pm

VOLTMETER

2

o E—

FIG. 1—THE BASIC HALL-EFFECT sensor
is a small sheet of semiconductor material
in which a bias current flows. The output
voltage, measured across the width of the
conducting material, is negligible in the
absence of a magnetic field. If placed in a
magnetic field, the output is directly pro-
portional to the intensity of the magnetic
field.

+9V 1G1 ‘Lcs L
L R3 o4
Lt 7| ANTOLOS RS oV A 100K o Re
O s1 | G (0] oy ‘v‘v‘v 1?5“
POWER 2 1 Mg
o i (5 C)IZ *  IC3 Ri +9v
i ey 2| Uaasas | e ok Lo L a5 (02-b
= 2 'R'z' i 1 4‘?‘.5‘!( 8 1/4 LMaz4
¥ 4,76K XYY
9V 2 St i8] 4 102-a 7
P L |(;40UY A4 1114 Lma2a 5 q
= A +
N 1| UeN3503U W
R12
100K

FIG. 2—TWO HALL-EFFECT GENERATORS provide twice the sensitivity of a single
sensor. The two devices are physically oriented in opposite directions so that the change
in output voltage of one sensor will be positive while that of the other will be negative as

the compass is rotated.

twice the sensitivity of a single
sensor. The two devices are ori-
ented in opposite directions so
that the change in output voltage
of one sensor will be positive
while the change in the other will
be negative as the compass is ro-
tated.

The voltage differential be-
tween the two output terminals
of the sensors is a representation
of the magnetic field intensity
and direction. The voltage dif-
ferential produced by the Hall
generators is fed to a differential
amplifier, IC2-a. As a result, the
output of IC2-a (pin 1) will be a
minimum (null) when the com-
pass is facing the magnetic north
pole, and a maximum when it
faces the south pole.

The change in output voltage
of IC2-a is too small to allow a
simple method of determining
the null voltage as the compass is
rotated. Therefore, IC2-b is used
as an inverting amplifier with a
gain of 100 to further increase
the change in voltage. A DC off-
set, provided by sensitivity-ad-
just potentiometer R9 and volt-
age follower IC2-c, permits the
DC output voltage of IC2-b to be
set to a usable level to drive the
next stage.

Op-amp IC2-d is used as a volt-
age comparator with a fixed refer-
ence of about 3.4 volts fed to its
negative input. Thus, when the
output of IC2-b fed to the positive

input of the comparator exceeds
the 3.4-volt reference level, the
output of IC2-d (pin 14) goes
high, applying forward bias to
Q1. That in turn illuminates
LED]1 to indicate that a voltage
exceeding the reference exists at
IC2-b pin 7. The use of a voltage
comparator to detect the change
in output voltage of IC2-b (pin 7)
produces two sharply defined
points and allows a more accu-
rate determination of the mag-
netic north pole.

As shown in Fig. 3, the LED
will be illuminated over a small
arc as the compass is rotated full
circle, and will remain off over
the rest of the 360-degree span.
The sensitivity control (R9) al-
lows adjustment of the width of

NORTH
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FIG. 3—THE LED WILL BE ILLUMINATED
over a small arc as the compass is rotated

full circle. True magnetic north is the posi-
tion at the center of the arc.



the arc. Once the two LED
switching points are determined,
true magnetic north is then the
position at the center of the arc.

Power is provided by a common
9-volt battery. The circuit draws
about 25 mA and, since it's usu-
ally powered for only a few sec-
onds at a time, battery life is
extremely long: several hours of
continuous compass operation is
also possible. Circuit stability
with a falling battery voltage is
ensured by the 5-volt regulator,
IC5. When the battery is ex-
hausted and cannot deliver suffi-
cient current to operate the
circuit, the LED will appear dim
or will not illuminate at all.

Construction

The circuit, when built on the
printed circuit board (for which
we have provided the foil pat-
tern), is very compact; the pro-
totype is housed in a 2%-inch
square by 1-inch high plastic en-
closure, that has sufficient room
to accommodate both the board
and the 9-volt battery. A metal en-
closure must not be used for this
project—it can attenuate or dis-
tort Earth’s weak magnetic field.
The power switch and sensitivity
control are mounted on the side
of the enclosure to allow easy op-
eration of the compass.

Figure 4 shows the parts
layout. The position of all polar-
ized components (especially the
Hall sensors) must be followed
exactly as shown. The operation
of the project depends upon the
Hall generators being placed in
opposite directions and exactly
parallel as indicated in Fig. 4.
Note that the orientation of the
sensors is determined by the
marked face of the device, with
pin 1 being on the left side when
looking at the markings. The
sensors must be positioned so
that they are aligned square with
the rectangular shape of the
printed circuit board. That way
the compass direction will be
accurate when the project is as-
sembled into the enclosure. (Use
the “north" indication of Fig. 4 to
determine the relationship be-
tween the PC board and compass
scale when final assembly is
done.)

Many of the resistors specified
in the parts list are metal-film
types. The use of such compo-
nents ensures maximum sta-
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FIG. 4—PARTS PLACEMENT DIAGRAM. The Hall generators must be placed in opposite
directions and exactly parallel as shown. Pin 1 of the Hall sensors is on the left side when
looking at the markings on the face of the device.

All resistors are Ve-watt, 5%, un-

less otherwise noted.

R1, R2—4750 ohms, 1% metal film

R3, R4, R12—100,000 ohms, 1%
metal film

R5, R7, R11—47,500 ohms, 1%
metal film

R6—475,000 ohms, 1% metal film

R8, R10—249,000 ohms, 1% metal
film

R9—50,000-chm, potentiometer

R13—47,000 ochms

R14—560 ohms

Capacitors

C1-C3—0.1 pF, 50 volts, ceramic
disc

C4—0.01 pF, 50 volts, ceramic disc

Semiconductors

IC1—AN78LO5 5-volt regulator

IC2, IC3—Sprague UGN3503U Hall
generator

IC4—LM324N guad op-amp

LED1—red light-emitting diode

Q1—2N3904 NPN transistor

Other components

B1—9-volt alkaline battery

S1—SPST pushbutton switch, nor-
mally open

Miscellaneous: Plastic enclosure,
battery clip, control knob, IC sock-
et, wire, solder, etc.

Note: The following items are
available from A. Caristi, 69
White Pond Road, Waldwick, NJ
07463: An etched and drilled PC
board, $9.95; set of two Hall sen-
sors, $9.75; IC1, $2.00; IC2,
$2.00; set of 11 metal-film re-
sistors, $4.95. Please add $2.50
postage/handling.

bility of the circuit with varying
ambient temperature changes,
and reduces the need to
periodically adjust the sensitivity
control. Ordinary carbon re-

sistors are not temperature-sta-
ble and should not be used in
place of metal-film types. Also, it’s
a good idea to use a socket for
IC2:

It is recommended that you use
a miniature momentary push-
button switch for S1. That will
ensure that battery power will
never be inadvertently left on
when the project is not in use.
The sensitivity control, R9, may
be placed on the side of the en-
closure to allow circuit adjust-
ment when necessary. You
should use a battery clip for B1. If
desired, a suitable clip can be ob-
tained from a discarded 9-volt
battery (just peel away the metal
case and rip the top off). Be very
careful to wire the battery clip
with the correct polarity.

When the circuit board is com-
pleted, examine it very carefully
for shorts, opens, and cold solder
joints. It is much easier to correct
problems at this stage rather
than later on if you discover that
your project does not operate. A
photo of the finished board is
shown in Fig. 5.

Use a photocopy of the artwork
in Fig. 6 for the top of the com-
pass; you can simply glue it in
place. Indicator LEDI is placed at
the north indication of the com-
pass by drilling a suitable size
hole in the plastic top where the
letter N would be. Be very careful
when drilling; some plastics will
shatter if subjected to excessive
stress. Be sure to properly orient
the top of the enclosure in accor-
dance with the final position of
the PC board.

Checkout
When you are satisfied that all
wiring is complete and correct,
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the checkout procedure must be
performed, and be sure to use a
fresh 9-volt battery. Checkout re-
quires a DC voltmeter connected
to ground and the output termi-
nal of IC1. Apply power to the cir-
cuit check for +4.75 to +5.25
volts. Measure the resistance be-
tween the 5-volt bus and ground;
a normal reading is about 600
ohms. Measure the terminal volt-
age of the battery to be sure that
it is delivering at least 7 volts un-
der load to IC1. Replace a weak
battery if necessary.

Next, measure the output volt-
age of IC2 pin 1, and verify the
voltage range of potentiometer
R9. (Compass orientation is not
important at this time.) The volt-
age should be about 2 to 3 volts
DC. Measure and record the DC
voltage that you observe at IC2-a
pin 1.

Measure the voltage change at
IC2-c pin 8 as the sensitivity con-
trol is rotated over its entire
range. The difference between
the highest and lowest readings
should be about 0.45 volts. Ide-
ally, the center of the measured
voltage range should be close to
the voltage recorded earlier at [C2
pin 1.

If necessary, change the value
of R8 and/or R10 so that the volt-
age range obtained at IC2-c pin 8
is somewhat centered about the
voltage reading at IC2-a pin 1.
This ensures proper adjustment
range of the sensitivity control
for the particular pair of Hall gen-
erators that are used in your
compass project.

Once the sensitivity range is
correct, rotate R9 over its range
while observing the LED. At one
end of the setting, the LED
should be extinguished, and at
the other end it should be illumi-
nated; if not, check the polarity of
LED1 and the orientation of Q1.
Check pin 14 of IC2-d to be cer-
tain it swings from about zero to
battery voltage as R9 is rotated
over its range. Check pin 13 of
IC2-d for a voltage of about 3.4
volts as set by R11 and R12. Prob-
lems in this area may warrant re-
placing IC2 if everything else
checks out alright—check your
soldering before changing the IC.

When the LED operates as de-
scribed, the project is ready to be
tested under actual operating
conditions. Before you start,
make sure that there are no mag-
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FIG. 5—EXAMINE THE COMPLETED
board for shorts, opens, and cold solder
joints before installing it in a plastic case.

FIG. 6—USE A PHOTOCOPY of this art-
work for the top of the compass, and glue
it in place on top of the case.
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FOIL PATTERN for the electronic com-
pass, shown actual size.

netic fields nearby, and the proj-
ect is not shielded by a large mass
of iron or steel.

While holding the unit hori-
zontally in any direction, apply
power and carefully adjust R9 so
that the LED is at the switch-over
point between on and off; allow at
least 10 seconds for the circuit to
stabilize. Flicker of the LED is
normal as the circuit switches
back and forth. Once R9 is set,
rotate the compass over a 360-
degree arc (full circle) and note
that the LED will be on over part
of the arc, and off over the rest. If
necessary, readjust potentiome-
ter R9 very slightly to obtain this
result. The optimum setting for
R9 will be at the point where the
arc of illumination is as small as
possible.

As the compass is rotated over
the illuminated arc, note the two
on/off points. When the compass
is positioned halfway between
those points, it is facing the mag-
netic north pole, and the scale
indications on its face indicate all
other directions.

Using the compass

Always be sure that the battery
is reasonably fresh, and take
along an extra one before start-
ing out on an excursion with the
compass. (A weak battery will be
indicated by a dim or totally unlit
LED.) Avoid taking a compass
reading in any area where there
may be a magnetic field from a
nearby device, or where Earth’s
magnetic field is shielded by a
large mass of metal.

Hold the compass in a horizon-
tal position and rotate it full cir-
cle while observing the LED.
Adjustment of the sensitivity
control is indicated if the LED is
totally on or totally off as the com-
pass is rotated. Always allow at
least 10 seconds operating time
for the circuit to stabilize. Once
the sensitivity control is ad-
justed, it should not require read-
justment unless the project is
subjected to an extreme change
in temperature.

Don't forget that the electronic-
compass circuit can be used for
things other than a simple direc-
tion finder. It provides an elec-
tronic means of finding north, so
it should be easy to interface the
compass to other devices that
may need to know where north
is—a robot, for example. R-E
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WHAT MICROPROCESSORS WERE IN
the 1980, digital signal process-
ing (DSP) will be in the "90s. It is
already being used in consumer
audio, video, and communica-
tions equipment, and will show,
up in many more products within
. the next few years. With the ability
" to design and manufacture fast
and accurate analog-to-digital
(A/D) and digital—to-analog (D/A)
converters, and to process and
manipulate digital information at
blinding speed, today's tech-
nology has made it as cost-eff¢c-
tive to manipulate signals in the
digital realm as it is to do so in the
analog, and the results are better,
and ' more spectacular. .
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Before we can appreciate some
of the devices in which DSP is
being, and will be used, we
should have an understanding of
what it is, and how it works.

Analog signal processing

Signal processing can take
many forms. Sometimes it in-
volves changes in signal levels
such as the type used in an audio
graphic equalizer. In that type of
device, the audio-frequency spec-
trum is divided into frequency
bands by a series of analog filter
networks. The gain of each filter
circuit can be adjusted upward
or downward around a center
point to emphasize or de-empha-
size the audio frequencies for
which it is responsible, and
therefore tailor the sound of an
audio system to fit the require-
ments of a room or the ear of a
listener. We'll return to the exam-
ple of an audio equalizer later to
show some of the effects that can
be accomplished with DSP.

Analog filters—either in the
form of L-C networks (Fig. 1-a) or
simple op-amp circuits (Fig. 1-
b)—are used in other numerous
signal processing applications.
They can, for example, be used to
“peak up” audio or RF signals at
certain frequencies or, in the
form of high-pass, low-pass, and
bandpass or notch filters, to al-
low the passage of signals of cer-
tain frequencies while blocking
those of others.

Signal processing can also be
used to modify the phase rela-
tionships in a complex signal, as
is the case in the TINT control
found on NTSC TV receivers—al-
though that’s not being done dig-
itally, at least not yet. In audio, on
a gross scale, phase shifting
shows up in the form of “phlang-
ing,” a technique used in record-
ing studios to add a rather weird-
sounding effect to material. (The
technique got its name from the
fact that. initially, it was pro-
duced by playing two identical
tapes and varying their speeds
ever so slightly by applying pres-
sure to the flanges of the tape
reels. Now, of course, it's done
digitally.) And, since the ear is ex-
tremely sensitive to the phase re-
lationships of the sounds reach-
ing it and uses them to help
establish the location of sound
sources, changing those rela-
tionships in recorded material

FIG. 1—TWO FILTERS; a passive L-C (a) and an active op-amp (b). Neither of these types
can be as flexible or reliable as one using DSP.
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FIG. 2—A HYPOTHETICAL DSP VOLUME CONTROL would divide each signal sample by

the same number to reduce it in strength.

can greatly affect the way the
sound is perceived (see All About
Surround Sound, June 1990 Ra-
dio Electronics).

Signals can also be summed,
or subtracted from one other, to
achieve particular results. Both
summing and subtractive tech-
niques are used, for instance, in
various audio and video noise-re-
duction schemes.

Until recently, all the signal
processing schemes described
above, and a number of others
not mentioned here, were carried
out in the analog domain. De-
pending on the degree of preci-
sion required, the circuits could
get very complex and very expen-
sive. Also, a particular circuit
could generally serve only a single
purpose; if you wanted both fre-
quency-selective processing, for
example, and noise reduction,
you had to design and build two
completely different processing
stages. Also adding to its incon-
venience was analog signal-pro-
cessing’s dependence on analog
components. As analog compo-
nents heated and cooled, and as
they aged, their values drifted
and the characteristics of the cir-
cuits in which they were used
changed. Precision in the analog
world can be extremely difficult

and costly to come by. Digital sig-
nal processing, however, is en-
tirely different.

Digital signal processing

Once you have converted an
analog signal to digital form—to
a string of binary numbers repre-
senting the voltage levels of the
signal as it varies over time—you
can very easily perform all sorts of
operations on those numbers
that will affect the signal they
represent when they're recon-
verted to analog form.

Let’s take a very simple exam-
ple. Suppose you wanted a digital
volume control, which might,
under certain primitive circum-
stances, be construed as a kind
of DSP. To cut the volume of a
signal in one third, all you would
have to do would be to divide
every binary number in its digital
representation by three (Fig. 2).
The voltages represented by the
resulting numbers would be one
third their original value, and the
amplitude of the reconstructed
analog signal would be one third
that of what you started with. By
changing the divisor, you could
vary the amplitude accordingly
in either direction.

Taking the process a step fur-
ther, if you were to multiply all the
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FIG. 3—A CD PLAYER'S DIGITAL FILTER is an example of a dedicated DSP IC. Within it,
each sample is multiplied by a fixed coefficient; this is the basis for oversampling.

numbers by one (the equivalent
of a unity-gain amplifier) except
for those representing frequen-
cies between X and Y, which it
would divide by, say, 8, you would
have a notch filter. That par-
ticular filter would, admittedly,
have extremely steep sides, but
its slope could be modified by
using an expression of some
complexity to determine the di-
visor at each point.

As another example of digital
signal processing, consider a sig-
nal that's stored briefly in RAM as
it passes through a system. By
reading out that signal a couple
of milliseconds after it's been
read in, or by shifting it slowly
through the RAM's addresses,
and then adding it back at a
lower level (smaller numbers)
than the original as it was read
out, you'd develop a reverbera-
tion effect. Note, by the way, that
in that application there are two
DSP processes going on at once;
time delay and level control.

Digital signal processing of the
sort we've just described has
been with us for a few years, at
least in simple form. For exam-
ple, digital delay lines have long
been used in recording studios.
Perhaps the most sophisticated
“non-DSP" DSP circuitry is that
found in the oversampling digital
filters used in CD players (Fig. 3),
where every binary number pass-
ing through is multiplied by a
fixed coefficient. The problem
with such DSP devices to date—

both single-chip ones and the
ones requiring an entire boxful of
components—is that they have
been dedicated to a single-pur-
pose. They've not been very flexi-
ble, which has limited their
usefulness. Speed, too, has fre-
quently been a limiting factor.
The DSP processes used to en-
hance satellite photographs, for
example, do not take place in real
time; it is sometimes weeks be-
fore the results are available. (Al-
though much of that delay is no
doubt due to the bureaucratic
process and long periods of
“standing on line.")

Even so, as you've read this de-
scription of the principles of DSP,
you may have said to yourself,
“Hey, I'll bet I could teach my
computer to do that! Then I could
do anything 1 wanted!” And you
could, but there would be a hitch.
Even today's ‘386 and ‘486 desk-
top systems operating at 30 MHz
or more are not fast enough to
keep up with the heavy computa-
tional overhead demanded by
good DSP. DSP, as the term is gen-
erally used today, requires that
information appear at the output
at the same rate it is supplied to
the input. Today's small comput-

ers would need a lot of help to

meet that criterion.

50 megaflops

Fortunately, that sort of help is
available. Just as numeric
coprocessors, such as the 80387,
have lifted a lot of the number-

MIPS, MOPS, FLOPS

Clock speed is not necessarily an accu-
rate indicator of how rapidly or efficiently a
device performs. One processor running
at, say, 20 MHz, may not have the
throughput of another operating at only 12
MHz. The difference is largely that of the
device's internal architecture, instruction
set, and other built-in programming. For
that reason, performance is often more
accurately measured in terms of the
number of instructions or math operations
of which a device is capable in a given
period of time.

The term “MIPS” stands for million in-
structions per second, and refers to the
number of commands that can be ex-
ecuted in that time. A 27-MHz Motorola
DSP56001 runs at the rate of about 13.5
MIPS, a 33.3-MHz DSP96002 at 16.65
MIPS.

“MOPS," which stands for million oper-
ations per second, is a more accurate
measure of a processor's abilities, since a
single instruction can be responsible for
the simultaneous execution of several (six
in the case of the 56001, up to ten for the
96002) operations at once. Such opera-
tions can include those for math (add,
multiply, subtract), for moving data inter-
nally and to and from memory, for carrying
out program instructions, and so forth.
The 56001 can perform at the rate of 81
MOPS and the 96002, 165 MOPS.

Finally, “megaFLOPS," or MFLOPS,
stands for millions-of-FLOPS, or millions
of floating-point math operations per sec-
ond. Floating-point math, which uses ex-
ponential notation, is used extensively in
the complex calculations required by such
applications as 3-D graphics and image
processing. Fixed-point math, which is
like the “integer math" used in early Apple
computers, is much simpler, and cheaper,
than floating point to implement and per-

 form and is what the 56001 uses. Itis well

suited, though, to audio processing where
the calculations are not as involved as
they can be for graphics.

crunching burden from their as-
sociated microprocessors (and
speeded things up enormously in
the process) there are now special
number-crunching processors
for DSP. Those processors make
DSP a real-time process—the
modified signal comes out as
quickly as it goes in. The dif-
ference between the “old” DSP
and the new is rather like that
between taking your pictures
down to the drugstore to be de-
veloped and picking them up a
week later, and owning a Polaroid
60-second camera.

What makes real-time DSP pos-
sible is a new class of IC's from
companies such as Intel,
Motorola, and Texas Instru-
ments, not to mention a number
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of offshore manufacturers. Just
as the architecture and instruc-
tion sets of math coprocessors
are created with a specific pur-
pose in mind, these special pur-
pose devices are tailored to the
high-speed processing of the dig-
ital equivalents of audible and
visible information. While each
manufacturer has his own idea
of what a DSP device should do,
and how it should do it, the gen-
eral principles are the same—
real-time manipulation of digital
data representing analog phe-
nomena. We'll look at two DSP
ICs from Motorola representing
the group.

Motorola’s DSP56001 is a “gen-
eral purpose” fixed-point-math
DSP IC that’s found applications
in a number of different types of
devices. For example, it is an inte-
gral part of Steve Jobs' NeXT
computer, that literal “black
box,” serving to provide on-board
data communications (modem
and fax) and sound synthesis for
such purposes as voice mail,
voice-interactive programs, and
high-fidelity, CD-quality audio.
The 56001 is also incorporated in
Cincinnati Microwave’s Escort
radar detector where it differenti-
ates between radar signals and
other, unwanted, types of noise.
At a price of $56, even in single-
unit evaluation quantities, and
maybe less by the time you read
this, the DSP56001 is affordable
enough to show up in a number
of mass-produced general-mar-
ket devices.

Speed is essential to real-time
signal processing, and the
DSP56001's specifications dem-
onstrate how it performs in that
area. For instance, the processor
runs at a speed of 27 MHz, with
an instruction-cycle time of 74.1
nanoseconds (0.0000000741
seconds). In the time it takes to
execute one of those cycles, a
beam of light would travel about
73 feet!

Other 56001 specs include
® Word length of 24 bits, provid-
ing a 144-dB dynamic range.
® Capability to execute at 94.5
million instructions per second
(MIPS).
® Three complete and indepen-
dent execution units capable of
operating simultaneously and in
parallel.
® Triple-bus Harvard architec-
ture. (Harvard architecture, used
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MOTOROLA'S DSP56001 digital signal
processor contains three separate execu-
tion units and uses a triple-bus architec-
ture to facilitate data handling.

Microwave’s Escort radar detector in-
creases its sensitivity by differentiating
between radar signals and other types of
microwave “noise.”

in some RISC processors, in-
volves two separate buses; the
65001 has three.)

® The ability to perform six sepa-
rate operations simultaneously.

The physical and electrical
specifications of this Motorola
DSP device are impressive, both
in terms of large and small num-
bers as well. The DSP56001
® Comes in an 88-pin package.
® Operates from a single 5-volt
supply.
® Has five 5-volt and seven
ground pins to ensure even
power distribution and glitch-
free operation.
® Consumes less than half a watt
of power.

An even more powerful, al-
though somewhat more spe-
cialized, DSP device is Motorola’s
DSP96002 “Media Engine.” This
32-bit device, whose internal ac-
cumulators can store numbers
96 bits long, comes in a 223-pin
PGA (pin grid array) package
1.845 inches square, and uses a
one-micron architecture to ac-
commodate some 850,000 tran-
sistors. It operates at a clock
speed of 33.3 MHz, although a
“slow” 27-MHz version is also

available. The processor can per-
form at the rate of 50 megaFLOP's
(see box copy), and even has ta-
bles of sine and cosine values
built into it, which can be used in
areas such as graphics genera-
tion and manipulation. The
96002 processor is capable of ad-
dressing an incredible 12 gi-
gabytes (12 trillion bytes) of
memory.

The DSP96002 is expected to
find use in the new generation of
entertainment and information-
processing systems to provide
high-resolution graphics and
synthesized stereo sound. It has
the capability to do both at the
same time (hence the reference to
it as a “multi media" product),
switching back and forth be-
tween the two tasks so quickly
that no interruption is apparent.
In medical, and other, imaging
technologies DSP will prove itself
invaluable in enhancing and ma-
nipulating visual data. The
Motorola IC is also expected to
find application in color laser
printers where it will convert
page-description-language com-
mands into the fonts and graph-
ics that appear as output, and as
controllers in huge high-end
computer disk drives that re-
quire constant compensation for
the effects of thermal expansion
and vibration. The science of
robotics, too, will benefit from
the ability of a processor such as
the 96002 to perform powerful
floating-point calculations in real
time. For large and complex
tasks, several 96002 can easily
be configured to operate in tan-
dem and divide the work into
more manageable slices, appor-
tioning it among them.

Motorola has plans to intro-
duce an entire family of DSP
products. One of the first is the
56ADC single-chip analog-to-
digital converter. It can process
signals at the rate of 6.4 million
samples per second (Ms/s) (CD’s,
in comparison, use a sampling
rate of 44.1 thousand samples
per second), eliminating the
need for complex sample-and-
hold circuitry. Also in the works
isa “sawed off " 16-bit DSP device,
as well as a 40-MHz version of the
32-bit 96002.

Some real DSP products
A very good example of some of
the ways DSP will be showing up



in consumer electronics equip-
ment is Sony’s STR-D2010 stereo
receiver. In it, many analog func-
tions have been replaced by their
digital equivalents, and in imple-
menting those Sony has added
an extra degree of flexibility to
the features available to the user.
A proprietary DSP IC, coupled
with 16-bit A/D and 18-bit D/A cir-
cuitry and an 8 x oversampling
digital filter (which, as we've
pointed out, in itself provides a
form of DSP) is firmware-pro-
grammed for a number of useful
operations.

The receiver has no treble or
bass controls. Instead, it con-
tains a parametric equalizer to
tailor frequency response. Pa-
rametric equalizers used to be
pretty tricky to design and use.
They differ from “‘ordinary”
graphic-style equalizers in that
the frequency bands on which
they operate, and their response
curves within those bands, are
adjustable to suit the needs of the
user. The device's parameters of
operation can be changed by the
user. With its DSP IC (and 256K
of on-chip RAM) the STR-D2010
allows you to define three sepa-
rate frequency bands (a vacuum-
fluorescent display allows you see
the response curves, and also
functions as a spectrum-monitor
display), each with its own de-
gree of boost or cut, and with one
of several slopes. There’s no
“loudness” control either. In-
stead, a digital signal-compres-
sion technique is used to
compensate for the way the ear
perceives sound at low volume
levels.

The Sony unit also has sur-
round-sound capabilities, and

FIG. 4—A DIGITAL MICROPHONE, known
as the DM-N from Ariel Corporation uses
two Motorola A/D converters to provide
two channels of digital input to the NeXT
computer system. It operates at the rate of
6.5 Ms/s, eliminating the need for sample-
and-hold and anti-aliasing-filter func-
tions.
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FIG. 5—USING DSP NOISE-CANCELLATION, this “stealth” muffler not only quiets engine
noise, but improves performance up to fifteen percent by doing away with conventional

baffle systems.

uses DSP techniques to provide
the various signal delays used to
manufacture ambience through
artificial echo and reverberation.
There's Dolby Surround process-
ing too, using digital techniques
to extract the matrixed surround
information from the left and
right-channel audio signals.

An autosound receiver from
Eclipse includes DSP technology
to provide ambience and other
effects. Video, too, can benefit
from DSP, although the term is
generally not yet applied to the
processes being used. Video
noise reduction, for example, can
be accomplished by digitizing
the video and comparing suc-
cessive pixels or adjacent lines.
By pixel or line averaging, or even
replacing a “bad” pixel with a
“good” one, picture quality can
be improved. It is even possible to
average two or more successive
fields of video to smooth things
out.

Amateur radio is getting into
the DSP act, too. Kenwood’s top-
of-the-line amateur transceiver,
the TS-950SD, uses DSP in a
number of ways to enhance in-
coming and outgoing signals.
The receiver section, for in-
stance, includes such DSP fea-
tures as a digital AF filter with
user-variable characteristics.
The transmitter uses digital
techniques for speech compres-
sion that increase average output
power while keeping peak power
output the same. It is also possi-
ble for the waveshape of the sig-
nal to be manipulated using DSP
techniques to increase intel-
ligibility.

IC SOURCES

The Motorola DSP96002 digital signal
processing IC currently sells for about
$750 in single-unit evaluation quantities,
$650 for the “slow” 27-MHz version. More
information on this and the company's
other DSP products is available from:

Motorola Microprocessor Products
Group

DSP Marketing

6501 William Cannon Drive West

Austin, TX 78735-8598

One supplier of complete sets of pre-
programmed DSP IC's is:

The DSP Group, Inc.
1900 Powell Street, Suite 1120
Emeryville, CA 94608

The manufacturer of the DM-N digital
microphone and MM-96 multimedia
board for MS-DOS computers, can be
reached at:

Ariel Corporation
433 River Road
Highland Park, NJ 08904

Finally, the company that has de-
veloped the DSP “stealth” muffler is:

Active Noise & Vibration Technology
3811 E. Wier Avenue
Phoenix, AZ 85040

On the cutting edge
Besides the applications we've
already mentioned, DSP is now
being used commercially in such
devices as cellular telephones for
compansion; in phone-answer-
ing and cordless-phone equip-
ment for speech digitization,
synthesis, and storage; in tran-
scription and dictation units for
variable-speed playback; and in
facsimile machines and other de-
continued on page 53
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e are in the process of

building an automated
component inspection system
(CIS). Last time we built a PC-
based capacitance meter. Now we
will combine the capacitance
meter with a volt/ohmmeter on a
single PC board. The result will
be an accurate, low cost, comput-
er-assisted test instrument that
interfaces through a standard PC
parallel port.

Our CIS meter measures three
basic quantities: resistance, volt-
age, and capacitance. Resistance
may vary from O to 20 megohms.
Voltage may vary from O to 2 volts
DC, but simple peripheral cir-
cuitry can be added to increase
range. Capacitance may vary
from 20 pF to 20 pE

Multimeter basics

The preferred instrument for
measuring resistance and volt-
age is a digital multimeter, or
DMM. All DMM’ are based on a
simple, single-range voltmeter.
The nice thing is that converting
a humble DMM into a measure-
ment powerhouse requires only a
handful of resistors and some
switches.

Intersil’s 7106 is the basic
building block of many meters.
The 7106 contains an analog-to-
digital converter (ADC) and it
provides a three-digit output ca-
pable of driving an LCD directly.

A basic 7106 voltmeter that re-
quires only three resistors and
five capacitors is shown in Fig. 1.
To calibrate the circuit, you must
set the reference voltage at the
wiper of R2 to 1.000 volt. That
setting results in an overall range
of 0.0 to 2.000 volts.

Increasing range
What if we want to measure a

voltage greater than 2.000? To do
so, we use a simple voltage divid-
er, as shown in Fig. 2. With that
simple addition, the incoming
voltage is divided by the ratio of
the two resistors to produce a
voltage with a corresponding val-
ue. In this case, the resistance
ratio is 10:1, so the maximum
voltage increases by a factor of
ten, giving a total range of 0—20
volts.

Measuring resistance

The 7106 compares the incom-
ing voltage to the reference volt-
age between pins 35 and 36. By

altering the circuit slightly, we
can create an ohmmeter, as
shown in Fig. 3. That circuit
gives us another voltage divider.
If the unknown resistance (R;)
equals Rppr the same voltage
will appear across both the refer-
ence and the measurement in-
puts, resulting in a reading of
1.000. As the value of Ry varies,
the reading will vary accordingly.
As for range, if the value of Ry
were 1K, the range would be O to
2K. For a range of 200K, Rppy
should have a value of 100K.

Computer interfacing

By now you're probably think-
ing, “That’s all well and good, but
how do you hook up a 7106 to a
PC? The output lines only drive
an LCD!” Actually, what may at
first seem like an odd approach is
both simple and practical. To see

- why, let’s look at a standard LCD

readout.

As shown in Fig. 4-a, the LCD
consists of three seven-segment
digits and a single leading “1,”
making a total of 22 segments.
Figure 4-b shows which seg-
ments are used to display each
integer from zero to nine; Fig. 4-c
shows the same values, but with-
out the use of segments ¢ and d.
The 4-cversions aren’t pretty, but
each one is unique, so a comput-
er could read the 7106 segment
outputs and translate the values
into a more comprehensible
form. By ignoring two segments
from each digit, sixteen lines are
required: five for each digit plus
one for the leading digit. Reduc-
ing the number of lines in that
way is significant because it al-
lows us to use a simple scheme to
read each display segment into
the computer and then deter-
mine what the composite reading
was. _

A pair of 4051 analog multi-
plexers does the trick. The 4051
connects one of eight inputs to a
single output according to the
binary value at three control in-
puts (A, B, and C). Using two
4051's with common control
lines, we can monitor the status
of sixteen inputs using only three
output and two input lines from
the computer. As shown in Table
1, when A, B, and C are all low,
input 0 is connected to the out-
put; when A, B, and C are all
high, input 7 is connected to the
output.

Test F.lxtu_re _

In our circuit, we connect the
sixteen signal inputs of the two
4051’ to the segment-drive out-
puts of the 7106, and use the
computer to control the A, B, and
C control inputs. We also use the
computer to monitor the pin-3
outputs of the 4051's.

The circuit

The complete circuit is shown
in Fig. 5. The circuit is slightly
different from the basic circuit in
that the reference and voltage in-
puts are routed to a three-pole,
double-throw switch (S1), which
selects ohms or volts. In the
“volts” position, the cALIBRATE
potentiometer (R10) is connected
to the reference inputs of the
7106. In the “ohms" position, the
reference inputs are connected to
one of several reference resistors,
as selected by analog-switch IC7.

A 4030 EXCLUSIVE-OR gate (IC2)
converts the segment-drive sig-
nals to DC levels. The 7106 pro-
vides segment drive and Bp
(backplane) signals, both of
which are square waves. When a
segment is to be illuminated, the
phase of the segment output is
shifted 180 degrees with respect
to Bp. By sending the sp and seg-
ment signals through an
EXCLUSIVE-OR gate, a steady low is
obtained when a segment is off,
and a high when it is on. That
steady-state level can then be
read by the PC through the pE
and sLct inputs.

A normally-open pushbutton
switch (S2) allows a diode or



EXPERIMENTING WITH
PC-BASED
TEST EQUIPMENT

transistor junction to be for-
ward-biased, thereby allowing
measurement of the voltage drop
across the junction. We incorpo-
rated the capacitance meter (dis-
cussed in the May 1991 issue of
Radio-Electronics) in IC4 and
IC6.

In the schematic, note that
there are two ground circuits.
The reason is that the 7106 re-
quires a supply greater than 6.5
volts, but the PC needs standard
TTL levels. In addition, the meter
inputs are referenced to the
7106’s inLo input, which differs
from the digital ground. We use a
9-volt DC wall transformer to
power the 7106 and associated
IC’s, and Zener diode D1 to gener-
ate the required TTL levels for the
PC interface.

Construction

We recommend PC-board con-
struction for this project. Foil
patterns are provided if you wish
to make your own board.

Begin construction by install-
ing the 12 jumpers, as shown in
Fig. 6. Next, install sockets for all
seven IC’s. Except for IC4, all ICs
are static-sensitive—especially

IC1—so use standard precau-
tions when handling those de-
vices. Install the remaining
components.

There are 13 connections to P1,
two connections for power, and
11 other connections. Prepare 24
lengths of wire, stripping 4" of
insulation from both ends of
each wire. Connect the desig-
nated wires to P1 and S1.

If there is a plug on the lead
from the power cube, remove it
and strip " of insulation from
the two leads. Using a voltmeter,
determine which is positive and
which is negative, and attach
each to the appropriate pad on
the PC board. Don’'t mix them up!

You can use whatever you like
for input terminals. The author
found it convenient to use a sol-
derless breadboard strip with
four rows of connection points.
He ran leads from the *+ resis-
tance/voltage inputs to one pair
of rows, and from the *+ capaci-
tor inputs to the other. That
scheme allows quick insertion
and removal of test components.

This time we build a
low-cost PC-based
voltage, resistance,

and capacitance meter.

JAMES J. BARBARELLO

'i%‘ PCap

r
PG Capacitance Meter

.....
.....

A separate set of terminals pro-
vides a quick connection for di-
ode/transistor testing.

Check your work carefully,
making sure all semiconductors
and the power leads were in-
stalled correctly, and that there
are no solder bridges or opens on
the PC board. If you have an os-
cilloscope handy, apply power
and check for a square wave be-
tween pins 38 and 40 of IC1; the
frequency should be between 40
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FIG. 2—INCREASE INPUT-VOLTAGE
range by adding a voltage divider. In this

FIG. 4—THE 7106 DRIVES A 3'%-DIGIT LCD DISPLAY (a). Each integer from 0-9 is formed
circuit, range increases by a factor of ten.

from a unique combination of segments (b); by ignoring segments ¢ and d, each digit
remains unique, but fewer lines allow a cleaner PC interface.
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FIG. 3—MEASURE RESISTANCE with the
7106 as shown here.

and 50 kHz. That measurement
is not strictly necessary, but mak-
ing it confirms that the circuit is
operating.

Software

The software consists of sev-
eral independent QuickBASIC
programs for calibrating the de-
vice and making different mea-
surements. Unfortunately, there
is not enough space to publish all
of the programs. However, the
software is available from the RE-
BBS (file: PCTEST2.ZIP,
516-293-2283, 1200/2400, 8N1)

PARTS LIST

All resistors are Ya-watt, 5%, un-
less otherwise noted.

R1, R4, R7—100,000 ohms

R2—470,000 ohms

R3, R9—10 megohms

R5, R11, R12—1000 ohms

R6—1 megohm

R8—10,000 ohms

R10—100,000 ohms

Capacitors

C1—100 pF, 5%

C2, C3—0.1 uF, 10%

C4—0.047 wF, 10%

C5—0.47 uF, 10%

Semiconductors

IC1—7106CPL 32-digit LCD A/D
converter

IC2—CD4030 quad xor gate

IC3, IC5—CD4051 8-channel
multiplexer

IC4—555 timer

IC6, IC7T—CD4066 quad bilateral
switch

D1—1N4734 5.6-volt Zener diode

Other components

P1—DB25 male connector

S1—3-pole, double-throw slide
switch

S2—normally-open SPST pushbut-
ton switch

Miscellaneous: 9-volt DC, '%-amp
wall transformer; case; solderless
breadboard strip; PC board.

Note: A compiled version of the
software that also contains data-
logging capability is available
on 5%" double-density PC dis-
kette for $12.00 from JJ Barba-
rello, RD#3, Box 241H, Tennent
Road, Manalapan, NJ 07726. The
author will be happy to answer
any questions. Please include a
self-addressed stamped enve-
lope for reply.



P1 +9V +ovA +oVA %
10 PG R3 .
PARALLEL b 1omea 3 ‘31 s I > S
> =
S Bhe o). 14 1 Ve [, 40 ] 3100K 100pF
J‘\UTDID 1402 6 -10 i VEE X0 135 Al IC1 39
e Ic4 IC6 12 7106 |ag
Acke__J10. 3] 655 |7 | _.l 4066 + INH X3pe—6 1y
i e e e = ic5 161 ReFHIFR
== WRLQM 4061 yo 151 8 E1 REF ;_035
Doe_I2 22 e il st 1tg, St 02
A 10{ 5 a2l s | 75
D2e—|" Lo c x7p4 134 s
_ _ g 10 o2t Heo  wwf .
D3 o LOMNIS '_J“ 29 3
. ; 10K
Die [ 1c7 i1 ‘Y"‘T VUD X4 'l‘ A
fie : ‘s s t: —— Ves X1 ;: :3 B3 INLO
V al
D6 e e Y00k SR 2 Aol
o Uai v et ] INH e L L T
= RE RO S = 1c3  x7H4—19 ppy
713719 lio 1MEG 10MEG < 11|, 4051
3
B 7. [T e - 10] 5 =2 o — -
9l xslz 2.,
xop'2 ;éha
PEe_}12. 310 X5 G2
. |8 l
SGL:;- i 00\ \2 OTE b5
[ o N :
| L 7 S S1 RNV
= T = - DIGITAL GROUND k. o L
/7= CIRCUIT GROUND =
0l L £ RS 100K 4
T0.9VDC LT S + gy DIODE DIODE > CAHBRATE
WALL 56V L ps = TEST Ri2 INPUT 4 2
Tnmsromea@-—‘_i: x L?T_ 1K - | OFMS MODE VOIS
i 52 2

FIG. 5—COMPLETE SCHEMATIC. Data lines D0—D3 select one of eight segment-output
lines through the 4051’s (IC5, IC6). Range selection is accomplished by data lines D3-D6,
which select one of four resistors through analog-switch IC7. The selected resistor, if any,
is paralleled with R9, thereby decreasing effective resistance.

¢ 909 03]

) @ f

®

?o

[qr ®

0 —
RV
+0—4

FIG. 6—MOUNT ALL COMPONENTS as shown here, installing the twelve jumpers first.

and from the author, as men-
tioned in the parts list. Listing 1
shows the resistance-measure-
ment program.

Calibration and use

Both the hardware and the
software must be calibrated. Be-
gin hardware calibration by con-
necting a DMM across the wiper
and the lower end of R10, and set
S1 to the “volts™ position. Apply
power and adjust R10 until the
DMM reads 1.000 volt.

Begin software calibration by
executing the OHMFAX program.
The screen will initially show null
calibration factors for the five re-
sistance ranges, R1-R5. The pro-
gram asks whether you want to
revise those values; press Y and
enter the following initial values:
R1, 10000; R2, 1000; R3, 100; R4,
10: R5, 1. The Revise question
will appear again; press N this
time. Then the program asks
whether to save the values you
just entered; press Y. Now the
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LISTING 1

REMW AR Anneadndhhhedhhhhhed

REM# & OHMS . BAS
REM** V800518

*
*

REMEtaxhahndrhhh ko hdrtann

DEF SEG = 64: DEFINT A-C,

DIM a(9), §(7), k(7), x(8), r$(5), m(5),
OPEN "r", 1, "ohmfax.dat", 50

FIELD 1, 10 AS rls, 10 hs r2%, 10 AS r3S5, 10 A5 rd%, 10 A5 55

GET 1, 1

(1) = VAL(rl1$): ©(2) = VAL{r2$):

r(4) = VAL(rd4$): r(5) = VAL(r5%)

CLOSE

a(0) = 15: a(l) = 2:
a(5) = 25: a(6) = 29:

m(l) = 0: m(2) = 8:

rS(1) = "20Meq™: rS$(2) = "2 Ncq

a(2) = 23: a(3) = 19:
a(7) = 3: a(8) = 31:
n(3) = 16: m{d) = 32:

r$(4) = "20 K ": r§(5) = 2 K

comma$ = CHRS(34) + ","
GOSUB 51: C = PEEK{B} + 256 = (PEEK(9)) + 2:
imsk = 5: imskold = imsk: readingold = -9%9: OUT a, m(imsk)

LOCATE 20, 4

COLOR 0, 7: PRINT " M *;
COLOR 0, 7t PRINT " D *;
COLOR 0, 7: FRINT M E %3

PRINT "Range: ": LOCATE 21, 43

PRINT * 1 2
: COLOR 7, O

FOR 1 = 1 TO 5: LOCATE 20,
LOCATE 20, 71: COLOR O,

GOTO tryagain:

23

4 L5

7: PRINT r$(5):

i COLOR 7, ©: PRINT
1 COLOR 7, O: PRINT "atalog,
: COLOR 7, O: PRINT Ynd, or ™;
: COLOR 0, 7:

43 # (i - 1) * 7:

I-K: DEFDBL R, V; X
f$(5}r

r{3) = VAL({r3%)

a(d) = 26
a(s) = 27

m(5) = 64
¥$(3) = "300 K"

REM
REM##x* SETUP COMPLETED - MEASUREMENT LOOP BEGINS

REM
begin:

OUT a, m(imsk): LOCATE 9, 35:

FOR 1 = 0 TO 7
=3 + m{imsk)
OUT a, ii

FOR rr = 1 TO 150:

J(i) = INP(B8%) AND 16:
k{i) = INP(889) AND 32:

HEXT

NEXT rr

J() = 3(i) / 16
k(i) = k{i) s 32

FRINT "Measuring... "

REM
REM*# 4+ MEASUREMENT LOOP ENDS - CALCULATE VALUE

REM
ones = k(0) + k{

1} =
tens = k(4) + k(5] =*
1)

huns = 3(0) + i(

thos = j(7): IF huns

FOR i = 0 TO 9

IF ones = a(i) THEN ones = i: GOTO JUMP1

NEXT
JUMP1:
FOR 1 = D TO 9

IF tens = a(i) THEN tens = i: GOTO jumpz

NEXT
Jump2:
FOR i = 0 TO &

IF huns = a(i) THEN huns = i:

NEXT
JUMP3:

reading = thos * 1000 + huns * 100 + tens * 10 + cnes
REM

REM#*##%% VALUE CALCULATED - DETERMINE IF STEADY STATE READING

REM

IF reading <> readingold THEN readingold = reading: GOTO begin
REM

REM#**%+ STEADY STATE READING - DISPLAY
REM

LOCATE 9, 35

2
2
2
-

+ k(2) * 4 + X(3)
+ k(6) * 4 + k(7)
+ 4(2) * 4 + 3(3)
0 THEN huns = 99

GOTO JUMP3

IF imsk = 1 THEN PRINT USING " ##.## Mohms"; reading
1000000: measuredvalue = reading * r(imsk) / 1000000

IF imsk = 2 THEN PRINT USING " #### Kohms
1000: measuredvalue = reading * r{imsk) /
IF imsk = 3 THEN PRINT USING "###.# Xohms
1000: measuredvalue = reading * r(imsk) /
IF imsk = & THEN PRINT USING " ##.# Kohms
1000: measuredvalue = reading * r(imsk) /
IF imsk = 5 THEN PRINT USING " ##§# ohms

measuredvalue = reading * r(imsk

)
IF huns = 59 AND thos = 1 THEN LOCATE 9,

L}

BEEP

LOCATE 12, 37
tryagain:

reply$ = UCASES{INPUTS(1)

IF VAL(reply$) < 1 OR VAL(reply$) > 5 THEN GOTO tryagain2

imsk = VAL(reply$)

LOCATE 21, 43 + (imskold - 1} * 7:
STRS (imskold); " ¥;

LOCATE 20, 43 + (imskold - 1} * 7:
LOCATE 21, 43 + (imsk - 1) * 7:
"

COLOR 7,

COLOR 0, 7:

": reading
1000
M: reading
1000
": reading
1000
"; reading

0: PRINT

PRINT r${imskold)
PRINT #it;

;
LOCATE 20, 42 + (imsk - 1) * 7: PRINT r$(imsk)

COLOR 7, 0: imskold = imsk: OUT a, m(imsk)

tryagain2:

SELECT CASE reply$
CASE "M™
GOTO begin
CASE "E®
CLOSE : END
CASE ELSE
SOUND 100, 4
GOTO tryagain
END SELECT

GOTO begin

END

S1:

CLS : LOCATE 1, 23:

LOCATE 4, 23: PRINT SPACE$(35):
TOCATE 8, 30: PRINT CHRS(222): STRINGS(19, 223) ¢
LOCATE 9, 30: PRINT CHRS$(222):
LOCATE 10, 30: PRINT CHRS(222);

RETURN

COLOR 0, 7: PRINT SPACE$(35)
LOCATE 2, 23: PRINT " MANUFACTURING TECHNOLOGY FACILITY "
LOCATE 3, 23: PRINT " i3

PC OHM METER

COLOR 7, O

LOCATE 9, 50:
STRINGS (19, 220):

"easure,

fE5(6)

B Oy

L
"y
PRINT MBSty

PRINT t§({i}:
COLOR 7, O

*

*

*

*

35: PRINT "OVERRANGE !!

GOTO tryagain

CHRS (221)
PRINT CHRS(221)
CHRS$(221)

program ends. You will repeat the
procedure later, after the meter is
up and running, to refine the cal-
ibration factors.

To measure resistance, power
up your computer and connect
P1 to your computer’s LPT1 port.
Plug in the power cube and ex-
ecute the OHMS program. Note
that you have five ranges (Range
1-Range 5) to choose from;
Range 5 is the default. To change
ranges, simply press the corre-
sponding number on the key-
board, and the selected range will
be highlighted on the screen.
Place S1 in the “ohms” position,
and connect a test resistor to the
R+ and R— terminals. Press M
on the keyboard to make a mea-
surement. As with many DMM’s,
readings on the higher resis-
tance ranges take somewhat lon-
ger than on the lower ranges.

To refine calibration you'll need
a DMM. Select Range 5 and mea-
sure a 1K resistor. Remove the re-
sistor and measure it with the
digital multimeter. If the read-
ings are not the same, use the
following formula to calculate a
new calibration factor for Range
5:

R5 =1+(Rppm —Rerg) X2
where Ry, is the DMM reading
and R g is the reading with our
meter.

Repeat that procedure with a
10K resistor for Range 4, a 100K
resistor for Range 3, a 1 megohm-
resistor for Range 2, and a 10-
megohm resistor for Range 1.
Calculate approximate new fac-
tors using the following for-
mulas:

R4 =10+ (Rppm —Res) X 2

R3 =100 + (Rppm — Rerg) X 2

R2=1000 + (Rppm —Rerg) X 2

R1=10000 + (Rppm — Res) X2

End the program by pressing E
on the keyboard. Recalibrate
using OHMFAX, entering the cal-
culated factors. Repeat the entire
process several times until the
CIS and DMM readings match
each other.

As for voltage, you can measure
an input between 0 and 1.999
volts DC. To extend the range,
use a simple voltage divider, as
shown back in Fig. 2.

To measure voltage, place S1 in
the “volts” position and execute
the DIODE program. When ready
to measure, press M on the key-
board. To measure the forward
voltage drop across a diode or the
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base-emitter junction of a tran-
sistor, insert the device into the
appropriate terminals and press
S2; doing so forward biases the
junction and thereby allows you
to measure the voltage drop
across it.

Capacitance measurement
works as described in May. Place
the capacitor to be measured in
the C+ and C— terminals; the
position of S1 is irrelevant. Ex-
ecute the CAP program. When
ready to measure, press M on the
keyboard. Note: The capacitance
meter described last time used
parallel port line D6 to switch the
low range resistor in, but the cur-
rent version uses line D7. Hence
there is a minor change to the
CAP program. The line imme-

diately below the RESTART: label
must be changed from OUT A,64
to OUT A,128.

Conclusion

This project is a versatile com-
puter-assisted test instrument.
You can increase its versatility by
modifying the software. For ex-
ample, you could include data
logging or the ability to specify
pass/fail criteria for different
components. In that way data
could be analyzed to determine
the quality of components sup-
plied by different vendors. In the
final installment of this three-
part series, we'll build an IC test-
er to round out our computer-
controlled component inspection
system. R-E

NEW WORLD OF DSP

continued from page 47

vices with modems for data com-
pression. At least one company
specializes in the preparation of
entire sets of DSP ICs to meet
particular signal-processing re-
quirements.

Two Motorola 56ADC’s are at
the heart of Ariel Corp.'s DM-N
digital microphone (Fig. 4),
which is designed for direct con-
nection to the NeXT computer
system, and the same company
already has designed an IBM/AT-
compatible plug-in board that
contains a pair of DSP96002's.
This board, the MM-96, can pro-
vide a microcomputer with main-
frame-class multimedia perfor-
mance for scientific, industrial
or artistic applications.

And a company in Phoenix is
working on a DSP-controlled
muffler that is said to improve
automobile performance by be-
tween eight and fifteen percent!
Using electronic noise cancella-
tion techniques, this “stealth”
muffler (Fig. 5) does away with
baffles and other obstructions,
allowing exhaust gases, but not
the noise that usually accom-
panies them, to pass straight
through. A fringe benefit ofa DSP
muffler would allow you not only
to silence your engine, but per-
haps also to tailor the muffler's
output to make your Chevy Nova
sound like a Ferrari. Work is also
being done on silencers for such
notorious noisemakers as heli-
copters. Shades of Blue
Thunder!

The DSP technology and ap-
plications we are seeing now are
just the beginning of what will
prove to be a significant era in
electronics. Consumer products
that include DSP circuits are
soon going to be popping up like
flowers blossoming after a desert
rain. Some applications are ripe
for DSP now, but some of the de-
vices that we will soon see will
perform functions of which we
have not yet even conceived.
Some of the uses to which DSP
will be put will be ingenious, and
some of them absurd. And a few
of the applications will have a sig-
nificant and long-term effect on
the way we conceive of and use
electronics. R-E
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V/F CONVERTERS

Voltage-to-frequency converters
can often be an inexpensive alternative to
A/D and D/A converters.

HARRY L. TRIETLEY

IN TODAY'S WORLD OF HIGH-PERFOR-
mance single-chip analog-to-dig-
ital converters, the simple volt-
age-to-frequency (V/F) converter
is sometimes overlooked. How-
ever, V/F converters offer the best
combination of resolution, per-
formance, simplicity, and cost in
analog-to-digital (A/D) con-
version when speed is not impor-
tant. They can be used for
isolation, and to eliminate
ground loops and shock hazards,
especially in patient-attached
medical instruments. Their se-
rial outputs make them ideal for

two-wire or fiberoptic data trans-
mission. Long-term data (flow,
kilowatt hours, and so on) may
be totaled or integrated by count-
ing their output pulses.

The performance and features
available in today’s V/F converter
IC's make it easy for you to design
your own applications. V/F con-
verter ICs may also be used to
build frequency-to-voltage (F/V)
converters, which can act as an
interface with TTL logic. In this
article we'll look at a number of
IC's used in several applications.

Charge-balance conversion
Figure 1 shows a basic V/F con-
verter using Burr-Brown's VFC32

IC, along with typical circuit val-
ues. The VFC32 operates up to
500 kHz. Typical linearity is
0.005% to 10 kHz, 0.025% to 100
kHz, and 0.05% to 500 kHz. Lin-
earity is a measure of the V/F con-
verter's performance, and is a
function of the full-scale frequen-
¢y, frg. It is the maximum devia-
tion of the actual transfer
function from a straight line
drawn between 90% and 0.1% of
f-s. For a particular f.q, the lin-
earity error decreases with de-
creasing operating frequency.
The input amplifier is con-
nected as an inverting integrator.
Negative feedback holds pin 1 to
zero volts. Optional components



R3 and R4 allow the offset to be
precisely adjusted so that C2 nei-
ther charges nor discharges
when V, is zero.

If V, is zero, C2's charge holds
steady and nothing happens.
When a positive input is applied,
the input current

I=Vin/(R1+R2)

charges C2 so that pin 13 ramps
downward. When C2’s voltage
crosses zero, the comparator
triggers the one-shot, closing S1
and momentarily applying the 1-
mA reference current to the inte-
grator’s input. That charges C2
in the opposite direction, reset-
ting the voltage on pin 13 positive
and allowing the cycle to start
OVer.

If V, is increased, the down-
ward ramp occurs faster, raising
the pulse frequency propor-
tionally. The full-scale input cur-
rent must be less than 1 mA; the
specification sheets recommend
0.25 mA full scale for best lin-
earity. (Above 200 kHz the input
may be increased to 0.5 mA for
improved temperature stability)
If the input voltage drops to zero,
the capacitor's charge once again
holds steady and the pulses stop.

That operation is known as
“charge balance"” conversion—
the positive charge from the 1-
mA source balances the negative
charge from the input. Over one
complete cycle the net charge on
C2 does not changre. The charge

Q=1x
removed by the input current
during a complete cycle is equal
to the charge added by the timed
1-mA reference. If T is the period
of one cycle, and Tq is the one-
shot period, then
Q=[Vin/(R1+R2)] xT=1 mAxTos
or,
T=[1 mA(R1+R2)/Vn] % Tos
The frequency is therefore
=1/T=V;/[1 mAx(R1+R2) X Tosg].
Tos is equal to
7.5V % (C1+30 pF)/1 mA
where 30 pF represents the inter-
nal capacitance of the IC, and 7.5
V is the internal voltage refer-
ence. A 25% duty cycle or less is
recommended to achieve best lin-
earity. That corresponds to a
maximum input current of 0.25
maA.

The external one-shot capaci-
tor C1 determines the duration of
the output pulse, and is depen-
dent on the full-scale frequency,
fs. according to the equation

C1 (pF) =33 x 108/(fjynx — 30)

+V OFFSET ADJ. ey c3
{OPTIONAL} c2 } 0.
R4 92 =
i N, 13 Wy 1 e 410 P
v : ~ kY Vv :
i COMPARATOR
Vi R2 | iy il VFC320R |
SR VFC320 |
R1 i :
IJ'\ L l
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CIRCUIT VALUES
Fulk e ¥ E .u Scale ! I R1 m
Input Frequency C1 c2 | (ohms) {ohms) |
1V 10 KHz 3300 pr 0.01 uF 1K 3K
10V 10 kHz 3300 pF 0.01 uF 10K 30K
1y 100 kHz 300 pF 0.001 uF 1K aK
| 10V 100 kHz 300 pF 0.001 uF 10K 30K

FIG. 1i—A CHARGE-BALANCE V/F CONVERTER using a VFC32 IC. The positive charge
from the 1-mA balances the negative charge from the input.
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FIG. 2—V/F CONVERTER WAVEFORMS for Fig. 1.

Resistor R1 is used to trim the
tolerances of C1 and IC1. A low-
temperature type capacitor
should be used for C1, an NPO
ceramic is best for this type of
application.

Notice that C2's value does not
affect the frequency. The only re-
quirement is that it be large
enough to keep the voltage swing
at pin 13 within the limits of the
input amplifier. The manufac-
turer's recommendation is (100/
fuax) microfarads below 100 kHz,
or 0.001 pF above 100 kHz. Low-
leakage is important, therefore, a
mylar capacitor is recommended.
Waveforms of the Fig. 1 circuit
are shown in Fig. 2,

Before moving on, let’s briefly
mention two upgraded versions
of this IC from Burr-Brown;
VFC62 and VFC320. VFC62 is
pin-compatible with VFC32, but
it adds an active-pullup tran-
sistor, as shown in Fig. 1. It also
operates up to 1 MHz, has better
temperature stability, and
slightly better linearity. To use
the active pullup, pin 6 must be
tied to the +15-volt supply. In a
VFC32 circuit (pin 6 unused) the
external pullup resistor, R5, will
still work. The MVFC320 has im-
proved specifications, and is sim-
ilar to the VFC62 but has pinouts
and output circuitry identical to
the VFC32.
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A low-cost optocoupled output

Raytheon introduced the first
V/F converter IC, the RC4151,
now also second-sourced by Exar
as the XR4151. Also available are

the RC4152 with better specifica-
tions and National Semiconduc-
tor’s pin-compatible LM131. The
LM131 is similar to the VFC32
except that it lacks the input op-

amp. By using an external op-
amp it can be applied similarly to
the VFC32. In fact, in low-level
applications it may be advan-
tageous to choose a high-grade
external amplifier.

Figure 3 shows the RC4151s
basic operation. Typical circuit
values are also shown in this fig-
ure. The current source is pulsed
by the one-shot, which applies a
fixed charge (Q=1xT) on Cl. Be-
tween pulses, C1 discharges
through R1. Each time C1’s volt-
age drops below V., the one-shot
isretriggered. As V, goes higher,
to so does the retrigger point
and, therefore, the voltage on Cl1.
As Cl’s voltage doubles so does
the rate of discharge through R1.
It takes twice the pulse rate to
keep C1 charged. The output
pulse rate, therefore, increases in
proportion to V.

In this application, the output
is fed to an optocoupler for input/
output isolation. The same cir-
cuit can be used to pulse an LED
input to a fiberoptic cable. When
the one-shot fires, pin 3 is pulled
low. Capacitor C5 charges be-
tween pulses, providing a short
high-current pulse to the LED.
(The same effect could be ob-
tained by omitting C5 and mak-
ing R6 smaller, but the power
supply pulses would be higher.)

This circuit is less linear than
those using op-amp integrators
and is recommended for limited
input ranges which do not go to
zero. For an input range of
0.01-10V, and a full-scale output
of 10 kHz, linearity will be better
than 1%.

F/V conversion

Figure 4 shows how a V/F con-
verter IC may be used to create a
frequency-to-voltage (F/V) con-
verter. The high-performance
ADG650, available from Analog
Devices and Maxim, is similar to
the VFC32 but it offers guaran-
teed linearity of 0.1% up to 1
MHz. Typical linearity is 0.002%
to 10 kHz, 0.005% to 100 kHz and
0.07% to 1 MHz. An added offset
current source simplifies the de-
sign of offset or bipolar input
ranges, but we will not make use
of that in our application.

In Fig. 4, the AC or pulsed in-
put is applied to the comparator.
Each time it drops below —0.6
volts, the one-shot is triggered,
switching S1 to the op-amp’s in-
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put and drawing a timed current
pulse. Between pulses, the 1-mA
current is connected to the op-
amp output. (That has no effect
on the overall circuit operation
since the op-amp’s output simply
supplies an extra milliamp to the
current source.)

The average current repre-

sented by the on-off pulses is
1mAXT1/T, or
1 mMAXTI X fiy

where T1 is the one-shot’s pulse
width, and T is the input period
(fiy=1/T). The op-amp is con-
nected as a low-pass filter. Each
current pulse raises C2’s output;
capacitor C2 discharges through
R1 and R2 between pulses. The

DC output is
VOUT = 1AVG X (H1 SF R2). or
Vour=1mAx (R1+R2) x T1 X fj.

The output is proportional to fre-
quency, with the conversion
factor determined by the value of
R1+R2 and by T1 which, in turn,
is determined by Cl. Capacitor
C2 does not affect the con-
version, it only filters the ripple.
T1 can be found by
T1 (ms)=6.8 x C1 (1F) +0.0003.

The output becomes
Vour=[R1+R2 (Kohms) % 6.8C1 (uF)] +
[0.0003 x fiyy (kHz)].

Typical component values are
shown in Fig. 4.

The values of C5 and R5 are for
TTL or other fast-risetime in-

puts, such as the optional op-
tocoupler shown. Sine waves or
other slow waveforms may need
to be “squared up” by a com-
parator or amplifier before being
fed to this circuit. The input
pulse is differentiated by the
high-pass R-C filter so that it
does not spend much time below
—0.6 volts. If pin 9 were below
—0.6 volts at the end of T1, the
one-shot would retrigger, pro-
ducing an incorrect output.

Synchronized V/F conversion

The circuits we have seen so far
depend on a one-shot circuit and
capacitor for the charge-balance
pulse width. If the one-shot
period changes with tempera-
ture, time, or line voltage, so will
the conversion factor.

Lets now look at an IC thats
synchronized to an external
clock. If the clock is crystal-con-
trolled, the circuit’s drift will be
determined by the input resistor
and the 1-mA source. Figure 5
shows Analog Devices’ AD652 in
a potentiometer input applica-
tion. Figure 6 shows the wave-
forms. (Burr-Brown makes a
similar IC, the VFC-100, lacking
only in the optional offset trim
capability.) The best grade of
ADG652 provides guaranteed tem-
perature stability of 25 ppm per
°C at 1 MHz, 50 ppm per °C at 4
MHz, with linearity of 0.02% or
better at 4 MHz.

The IC's circuitry looks much
like the others we've seen, but
with added logic circuitry be-
tween the comparator and the
one-shot. If the comparator’s out-
put goes high and flip-flop #2s g
output is high, the anp gate’s out-
put also goes high. Flip-flop #1's
output will be clocked high by the
next negative clock transition.

On the following positive clock
transition, flip-flop #1's output
will be clocked through flip-flop
#2, bringing both g and the anp
gate output low. The following
two clock transitions transfer
this low data first to flip-flop #1's
output, then to flip-flop #2. The
end result is that each time the
comparator goes low, a one-clock-
period pulse will be produced.
That pulse determines the
amount of time that the 1-mA
source is connected to the input.

The one-shot is used only to
control the length of the output
transistors pulse. It has nothing
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to do with the conversion factor.
Bringing pin 9 high disables the
one-shot, in which case the out-
put pulse width will equal the
clock’s period.

The input from potentiometer
R7 is useful for many types of
measurements. In addition to ro-
tary or linear position, the poten-
tiometer can be attached to
mechanisms such as floats, pres-
sure, or weight gauges.

The inverting input and R7 are
both connected to the IC’s built-
in 5-volt reference. As the wiper
goes clockwise, the input ampli-
fier integrates the difference be-
tween the 5-volt reference and
the wiper voltage, so decreasing
the wiper voltage increases the
output frequency.

The AD652 is scaled so that, at
10 volts, the output is half the
clock frequency. In fact, both the
conversion rate and the 5-volt ref-
erence are laser-trimmed to bet-
ter than 1%, so that it can be used
without trimmer potentiometers
if ultimate accuracy is not
needed. In that circuit, R4 (null)
and R1 (full scale) allow fine cal-
ibration to better than 0.1%.
Since the input is 0-5 volts, full-
scale output will be Y4 the clock
frequency.

Synchronized conversion is
great for long-count accuracy but
poor for pulse-to-pulse stability.
That's because the 1-mA "reset” is
not synchronized with the inte-
grator’s zero crossing, but is tied
to the clock. Notice in Fig. 6 the
first reset begins % clock period
after the integrator crosses zero
and lasts one clock cycle. On the
next cycle, because of the relative
timing of the zero crossing, reset
does not begin until 1-1/4 periods
later. That means the integrator
has time to go further negative
before reset begins and it will be
less positive after reset.

The third discharge gets to
zero faster. In this example it also
requires only % period before re-
set begins. Overall, the output
period jitters back and forth be-
tween three and four clock
pulses. If you count the average
period or frequency over 1000
pulses, for example, you will get a
very accurate result. But if you
try to measure individual pulses,
the results will be meaningless.
Use synchronized conversion for
high-resolution (long-term
counting) A/D conversion, or

PU LSEsl_rL[_l_r 0.001 : ngl B
FREQUENCY j Law—-2Y
COUNTER il LY 1 |
10Hz/°C TWISTED
PAIR
e =
[ | K 01 | R?%
r-——-l 13* 411 1-——-1 2 1--—-4 121- -------------- “
i V]' N T q i
Y
1,00V e';\ SYNE a
[ I sy PRECISION N

2K — (] 2 i 4 .!r’b—q

,-T\ s L0GICGND !

< R2 = I
$ 6.04K 1 K | '

_{ 4 }_ 5 AD537 !

RS T
L
R4 \TJ rl\ “a /_"'V E
hY
50002 O R (1) SR PR P T EREeReas s J
R3 RB'I VOFFSET
2.74K 20| TRIM
Yy ~
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FIG. 8—A TSC9400 USED IN A SINGLE-SUPPLY F/V converter. A Zener diode offsets the
IC’s ground terminal. This circuit converts 0-10 kHz to 0-1 V.

data telemetry, but not for ap-
plications which count the time
between individual pulses.

Multivibrator application
We'll now examine Analog De-
vices' AD537, which operates on

a different principle. Figure 7
shows a unique two-wire temper-
ature transmission system.

Let’s look at how conversion is
accomplished first, then we'll ex-
amine the temperature input
and two-wire output. Conversion



is provided by a precision multi-
vibrator. The input amplifier con-
trols three transistors in a
“current-mirror” circuit. Two of
the transistors provide charging
current to the multivibrators ca-
pacitor while the third controls
bias levels in its circuitry. The re-
sult is linear current-to-frequen-
cy conversion from 0.1 pA to 2
mA. Best performance is
achieved when the circuit is
scaled for 1 mA full scale. The IC
is specified to 100 kHz with
worst-case nonlinearity of 0.25%
or 0.1%, depending on the grade
ordered.

Because the circuit is a multi-
vibrator instead of a charge-dis-
charge integrator, its output is
automatically a square wave
(50% duty cycle). At 1 mA the out-
put is f=0.1/C, where fis in kilo-
hertz and C is in microfarads.

The AD537 provides two refer-
ence outputs; one fixed at 1 volt
and a second which varies with
temperature (1 mV per K, where
K=Kelvins, which is equal to
°C+273.15). The circuit in Fig. 7
makes use of both references to
scale the output to 10 Hz per °C.
At 0°C, the divided-down voltage
from the 1-volt reference will bal-
ance the 273-mV temperature
signal. The current in R4 and R5
will be zero, resulting in zero out-
put. As temperature rises, the
current increases about 0.4 mA
per °C, producing a frequency
output of 10 Hz per °C.

The “two-wire"” output indi-
cates that only two wires are
needed to carry both the power
and the output. Each output
pulse modulates the supply cur-
rent by drawing 5 mA through
R7. The pulses are received at the
other end of the twisted pair as
0.5 volts pulses across R8. The
pulses are coupled through C2 to
a frequency counter, or perhaps
an F/V converter similar to the
circuit in Fig. 4. The two-wire
principle can be used with any V/
F converter, not just the AD537.

Now we’ll show you how to cali-
brate the circuit. Measure the
room temperature (T) and the
voltage at pin 6 (V). The offset
voltage (V,g) can be computed by

1 Uo73Hb
Vos=Vex T(C)+273.15
Temporarily disconnect R5 and
adjust R1 until the voltage across
R3 equals V4. Reconnect R5 and
adjust R4 for the correct output
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FIG. 11—A HIGH-RESOLUTION A/D CONVERTER can be made from a V/F converterand a

counter.

frequency at 10 Hz/°C (for exam-
ple, 250 Hz at 25°C).

Charge-balance

Teledyne's TSC9400 family of
IC's illustrates a different type of
charge-balance circuit using ca-
pacitance discharge. Instead of
gating a current for a fixed period
of time, reset is accomplished by
charging a small capacitance via
the input amplifier's summing
junction.

Figure 8 shows the TSC9402
in a single-supply F/V converter.
Other than its reset, operation is
similar to the F/V converter of
Fig. 4. We will not analyze Fig. 8
in detail but will just point out
the differences.

The SPDT switch inside the IC
normally shorts C2 and the inter-
nal 12 pF capacitance. When the
comparator trips, the switch
connects C2 to —rer for atleast 3
ps. Capacitor C2 charges to the

reference voltage of —6.2V, caus-
ing a net charge flow of Q=C x V.
That charge is transferred to C1
(plus its internal 60 pF shunt),
raising the output. Between
pulses the output decays
through R5. The faster the
pulses, the higher the average
output. As with Fig. 4, C1 does
not affect the output scaling but
simply determines the amount of
filtering.

The TSC9402’s self-start cir-
cuit insures proper startup. De-
pending on how power comes up
it's possible that C1 may begin
with a negative charge. If the IC is
used in a V/F converter similar to
the circuit in Fig. 1, the com-
parator will already have switch-
ed and no further reset pulse will
occur. If C1's output ramps below
—2.5V, the self-start comparator
momentarily closes the switch,
discharging C1 and resetting the
output to zero.
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FIG. 12—EVENT COUNTER CAPABILITY
is included in some microprocessors.
They can be programmed to count pulses
in a manner similar to Fig. 11.
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F

lower output pulse rates a coun-
ter or frequency divider IC may be
inserted between the two sec-
tions of ICS.

Low output frequencies are
useful when totaling measure-
ments over long periods of time.
For instance, if the input comes
from a circuit which measures
kilowatts the output pulses can
drive a mechanical or electronic

y CLOCK
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Vo #2 CONVERTER FREQUENCY OUTPUT FV ANALOG
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FIG.13—A SYNCHRONOUS V/F CONVERTER produces an output proportional to both its
input and its clock frequency. Shown here is the heart of an analog multiplier.

The lowest-cost version
TSC9402 guarantees 0.25% lin-
earity to 10 kHz (0.05% typical)
and 0.5% to 100 kHz (0.25% typ-
ical). The best grade, TSC9401,
guarantees 0.01% linearity to 10
kHz and 0.08% to 100 kHz.

A do-it-yourself circuit

Let's look at a simple circuit
that you can build yourself with-
out any specialized IC’s. Al-
though lower in performance
than the IC's we've seen, it works
well in low-speed applications.

The circuit of Fig. 9 charges C1
to a fixed reference level, in-
stantly discharges it and then re-
peats the cycle. Op-amp IC1 is
configured as an integrator. With
a positive input, C1 charges until
IC1’s output reaches —6.2 V, at
which point comparator IC2's
output goes low. That turns on
Ql, a P-channel JFET, and trig-
gers the input half of IC3, a dual
monostable multivibrator.

Pin 7 of IC3 is pulled low for
470 ps, keeping Q1 on long
enough to insure that C1 is com-
pletely discharged. Once Q1
turns off, the cycle starts over.
The output section of IC3 pro-
duces a longer output pulse, 47
ms in this circuit.

Component values for R1, R2,
and C1 are chosen so that, at 1V
input, it takes 100 ms for C1 to
charge to —6.2 V. The cycle re-
peats at a rate proportional to the
input, 10 Hz at full scale. For

counter to indicate kilowatt-
hours. Or, the input could come
from a flowrate meter, in which
case the totaled count would rep-
resent total flow (gallons, liters,
barrels, and so on). Another ap-
plication involves measuring
conveyer belt feed. If the belt
moves at a constant speed, a sig-
nal from a weight transducer
may be totaled to give the quan-
tity of mass delivered over a
period of time.

We should point out that C1
does not integrate while Q1 is on.
That represents an error in the
output period, and must be kept
short. Because of that, this type
of circuit is not suitable for high
output frequencies.

Other applications

We'll finish this article with
four application ideas. In Fig. 10
a V/F and F/V converter are op-
tically coupled to provide analog
signal isolation. That system iso-
lates ground loops and provides
noise immunity in industrial
measurement applications. Fi-
beroptic communication also
provides inherently safe data
transmission through areas con-
taining explosive gases.

In patient monitoring systems,
optical isolation eliminates the
shock hazard, especially if the
front end is battery-powered. Op-
eration up to 100 kHz and beyond
allows transient signals such as
electrocardiograms to be isolated

as well as steady signals such as
temperature.

Figure 11 shows how a V/F con-
verter can be used to create a
high-resolution A/D converter. Its
output pulses are counted for a
period of time determined by the
clock. The longer the count, the
higher the resolution.

The tradeoff, however, is con-
version speed. Successive-ap-
proximation and “flash"” convert-
ers (see Radio Electronics Feb-
ruary 1987) require extremely
precise (and expensive) compo-
nents as resolution increases,
but they can convert in microse-
conds. Counter-based converters
are great for high-resolution con-
version of DC data, but you
wouldn't use one to digitize au-
dio or video!

In some systems the counter
and latch can be replaced by mi-
croprocessor software. Some mi-
croprocessors include an event
counter, making the electrical in-
terconnection very simple (Fig.
12). Others may require the use of
an interrupt port and carefully
thought out software. Keep the
microprocessor's clock speed and
instruction set in mind when set-
ting the V/F converter’s output
frequency range. Maximum
pulse rates of 100 kHz are proba-
bly safe with most systems.

Once again, the tradeoff is
speed. Counting ties up the mi-
croprocessor’s central processing
unit (CPU), limiting its avail-
ability for other functions. Such
systems are best for simple, low-
speed applications where resolu-
tion and low cost are important
parameters.

Finally, Fig. 13 uses two V/F
converters to perform analog
multiplication. Converter num-
ber 1 produces an output, F1,
proportional to input number 1.
A synchronous converter is used
to convert input number 2. Since
the synchronous converter's full-
scale output is set by its clock
(F1), frequency F2 is proportional
to input number 2 multiplied by
F1. If a DC output is required, an
F/V converter performs the con-
version.

One of the things that makes
electronics fun is the ability to
use basic circuits to solve unique
problems. Now that we've gotten
you started, let's see how many V/
F converter applications you can
think up! R-E
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FUEL CELLS COULD POTENTIALLY BE
the most efficient and environ-
mentally clean source of power
ever developed. Fuel cells are an
attractive alternative to conven-
tional power generation because
they are highly efficient, and pro-
duce drinking water as an added
by-product. What more could you
ask for in an energy source? The
principle of fuel cell operation
was discovered by Sir William
Grove in 1839. He found that
electricity could be generated by
supplying hydrogen and oxygen
to two separate electrodes immer-
sed in sulfuric acid. For more
than a century, however, fuel cells
remained a mere curiosity.

The theory of fuel cell operation
defied commercial applications
for so long because of technical
and financial obstacles. It wasn't
until the 1960's, during the
growth of the space program,
that there was a renewed interest
in developing fuel cell technology
into a viable energy alternative to
standard power generation.

There are two important con-
cerns in conventional power gen-
eration: efficiency and pollution.
Most of the power in the world is
generated from heat engines
using the heat from combustion
of fossil fuels. Mechanical sys-
tems involve many energy con-
version steps, and their efficien-
cies are limited by the laws of
thermodynamics. That results in
considerable power losses.

A fuel cell, on the other hand,

converts potential chemical ener-
gy of fuel into electricity. It oper-
ates at a constant-temperature
during the electrochemical pro-
cess, therefore it's efficiency is
not limited by thermodynamic
laws governing heat engines.

Pollution is a result of combus-
tion, industrial processing, and
vehicle exhaust. Those pollu-
tants consist of unburned fuel,
partially burned fuel, carbon,
carbon monoxide, carbon diox-
ide, dust, sulfur dioxide, nitrous
oxides and so on. Waste heat
from power plants warms up the
rivers, causing havoc to the natu-
ral balance of fish and wildlife.
And we all know of the devastat-
ing effects of acid rain, which re-
sults from man-made emissions
of sulfur and nitrogen in the air.
The by-product of a fuel-cell reac-
tion, however, is water. Who
would object to that?

Fuel-cell chemistry

Fuel cells operate by converting
the potential energy of certain
chemical reactions directly into
electrical current in a flameless,
catalyzed reaction. Some types of
fuel cells work very well at room
temperature.

A basic fuel cell consists of an
anode ( +) and cathode ( —) sepa-
rated by a conducting electrolyte
such as a solution of potassium
hydroxide. A fuel, such as hydro-
gen gas, or hydrazine, is intro-
duced to the negative electrode

FUEL
CELLS

Could fuel cells be
the ideal energy
source of tomorrow?

RALPH HUBSCHER

WARNING!!This article deals with and
involves subject matter and the use of
materials and substances that may be
hazardous to health and life. Do not at-
tempt to implement or use the information
contained in this article unless you are
experienced and skilled with respect to
such subject matter, materials and sub-
stances. Neither the publisher nor the au-
thor make any representations as to the
accuracy of the information contained
herein and disclaim any liability for
damages or injuries, whether caused by
or resulting from inaccuracies of the infor-
mation, misinterpretations of the direc-
tions, misapplication of the information or
otherwise.

where it is oxidized, releasing
electrons to theload. Oxidation is
the process of removing one or
more electrons from an ion or
molecule. In fuel cells, hydrogen
ions are formed at the electrode
by electrochemical oxidation of
the fuel. If the fuel is hydrogen,
hydrogen ions are created by the
following ionization reaction:
Ho—2H " +2¢

Oxygen, air, or hydrogen perox-
ide (a source of oxygen) is fed to
the cathode, where it is reduced,
whereby the O, oxygen molecule
splits apart. Ionic conduction
completes the circuit through
the electrolyte. Hydrogen and
oxygen react to form water, as
this chemical equation shows:

2 Hxo+ 02—’2H20, or
Hydrogen + Oxygen—water

If hydrazine is oxidized, addi-
tional nitrogen is formed which
is a normal constituent of air,
and also safe:
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N2H4 ar 02_“2H20 £t Na, or
Hydrazine + Oxygen—Water + Nitrogen
You may be tempted to say that

if hydrogen is such a “clean” fuel,
we can just burn hydrogen in air
and get pure water as the com-
bustion product plus power.
Burning hydrogen would indeed
be a considerable improvement
over burning coal, oil, or gas-
oline. However, when air is
burned, a large amount of nitro-
gen is drawn into the combus-
tion chamber and heated to
roughly 1000°C. At that tempera-
ture, it partially reacts with oxy-
gen and forms oxides of nitrogen.
So, even though the reaction
product of the main reaction is
pure drinking water, the side re-
action spoils it all by making the
resulting water unsuitable to
drink. If hydrogen and oxygen re-
act in a fuel cell at room tempera-
ture, that problem is eliminated.

Space-age power

The desirable characteristics
of fuel cells led to the develop-
ment of various systems ranging
in size from 5-watt portable
units, to the kilowatt (kW] power
level for military applications, on
up to large stationary plants de-
livering megawatts of power. The
lower-power fuel cells were de-
signed primarily for the space
program and front-line military
use where ease of operation, low
maintenance, and low noise are
important.

Fuel cells are used solely for
power generation of space crafts
because of one chief advantage:
when power is required for more
than a few hours, the battery
weight per kilowatt-hour as a
function of its operational life is
far superior to that of conven-
tional battery cells. A relatively
light-weight fuel cell can have a
lifespan of five to ten times that of
a primary battery.

Fuel cells built between 1960
and 1970 for the Gemini and Ap-
ollo space missions and in 1980
for the Space Shuttle Orbiter are
among the most successful fuel
cells to date. They were needed
because of their chief advantages
over batteries—weight and life-
span. Those fuel cells used
cryogenic reactants of hydrogen
and oxygen.

Some space-craft power gener-
ation systems use solid polymer
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FIG. 1—THE AUTHOR'S FUEL CELL uses two adjoining chambers separated by a semi-
permeable membrane. The chambers are filled with an electrolyte. Hydrogen is directed

to one electrode, oxygen to the other.
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FIG. 2—IONS TRAVEL ALONG a gel-on bridge in a glass tube placed in the electroly‘lé

solution.
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FIG. 3—THE CONTAINER used for the fuel cell consists of square-based 250-ml poly-
ethylene bottles with holes cut in their sides. A round piece of fine glass was cemented in
with sealing wax and an additional layer of beeswax.

electrolyte (SPE) technology in
the construction of their fuel
cells. That type of fuel-cell assem-
bly consists of an ion-exchange
membrane-electrode system with
gas distribution, current collec-
tion, heat removal, and water
management. Many of those as-
semblies are bolted together be-
tween end plates to form an SPE
stack assembly.

The Gemini system used three
1-kW SPE fuel-cell stacks. The
Apollo system used a larger 1.5-
kW fuel-cell stack based on a con-
centrated 45% potassium-hydro-
xide electrolyte. The Apollo power
plant was designed to operate for
over 400 hours. The fuel cell in
Apollo 8 lasted for 440 hours, the
system produced 292 kWh of
power, and 100 liters of water.



The Space Shuttle system was
more advanced in design than ei-
ther the Gemini or Apollo fuel
cells. The Space Shuttle fuel cells
are 20 kilograms lighter and de-
liver six to eight times as much
power. Each fuel cell power plant
consists of a power section where
the chemical reaction occurs,
and a compact accessory section
connected to the power section,
which controls and monitors the
power section’s performance.
The three fuel-cell power plants
are coupled to the hydrogen and
oxygen reactant subsystem and
the power distribution sub-
system. The fuel cells generate
heat and water as by-products of
electrical power generation. The
excess heat is directed to Freon
coolant loops, and the water to a
potable water storage subsystem.

Some power specifications of
each fuel-cell power plant are:

e 2 kilowatts at 32.5 VDC.

® 12 kilowatts at 27.5 VDC.

® 7 kilowatts continuous power.
® 12 kilowatts peak.

e All three fuel cell power plants
are capable of supplying a max-
imum continuous output of
21,000 watts with 15 minute
peaks of 36,000 watts.

Some experimental fuel cells
have been considered for use
with vehicles. The major pro-
hibiting factor in their use is the
difficulty in reliably containing
hydrogen gas, and the possibility
of an explosion. Also, special
fuels such as hydrogen, meth-
anol, and hydrazine are more ex-
pensive than hydrocarbon fuels.

Many advanced fuel-cell de-
signs have been developed for
power utility applications, but
because of the typical problems of
fuel storage and cost effec-
tiveness, they have not been
widely used.

An experimental fuel cell

The author was able to build a
successful experimental fuel cell
by the technique described be-
low. We must, however, issue this
word of caution: This produet
should NOT be built or experi-
mented with in any way except
under the direct supervision of
someone who is highly qualified
in the fields of chemistry or
chemical engineering. Some
chemicals and gaseous by-prod-
ucts in a fuel cell could be toxic
and/or explosive! All dangerous

CHEMICALS USED IN FUEL
CELLS
e Hydrogen—A colorless and
odorless gas which is sold com-
pressed in steel bottles. Small lab-
size bottles are available together
with simglle low-priced reducing
valves. Hydrogen is not poi-
sonous, but extremely flammable
a:rd forms explosive mixtures with
air.
® Oxygen—Also is sold in com-
ressed form in lab-sized bottles.
is not toxic but must be kept
from fire or flame since it will sup-
rort combustion and can make a
our alarm fire out of a glowing
match.
e Hydrazine—Anyone not used to
working with dangerous chemi-
cals should not handie this com-
pound. It is carcinogenic and
should be dispensed in a hood
ontlz."}:%dmine should be handled
~with rubber gloves.
e Hydrogen peroxide 30%—Most
everyone knows this chemicalas a
3% solution for bleaching or
wound treatment. The 30% con-
centration will bleach the skin and
is dangerous when swallowed.
Handle with rubber gloves.
e Sulfuric acid—It is poisonous
when swallowed. It can blind you if
splashed in the eye. It will burn
holes in your clothes. A solutionin
water should be prepared by slow-
ly pouring small amounts into
plenty of cold water while stirring
with a glass rod. Handle with rub-
ber gloves.
e Potassium hydroxide solution
30%—Potassium hydroxide is a
strong base and is poisonous. 300
rams are dissolved in 900 milli-
ﬂlem of cold water. Let it stand and
cool off. Store in a plastic bottle
with cap. Handle with gloves, it
can damage the skin.
e Palladium dichloride—Dark
brown crystals soluble in water.
Moderately poisonous when swal-
lowed. Dissolve 2 grams in 100 mil-
liliters of water.

chemicals are listed in the side-
bar. You must be familiar with
proper handling and disposal of
any chemicals used.

The author'’s experimental fuel
cell uses two adjoining chambers
separated by a membrane, as
shown in Fig. 1. An electrode
with catalytic properties is placed
into each chamber. Both cham-
bers are filled with a liquid elec-
trolyte. One electrode is then
purged with hydrogen gas, the
other with oxygen or air, and a
voltmeter is connected across the
electrodes.

In order to be able to build a
fuel cell you should be familiar

with semipermeable membranes
and catalysts. Semipermeable
means that only some ions can
pass through it but other matter
is retained. In actual applica-
tions, separation of ions is not
perfect, and some leakage usu-
ally occurs, and is permissible.
Total blockage on the other hand
would inhibit a reaction. The fol-
lowing materials could be used as
semipermeable membranes:

® Unglazed discs of baked clay
(an old clay flower pot).

® Fine glass frits (the partly
fused mixture of sand and fluxes
which glass is made of).

® Cellophane.

® Wet plaster.

® Moist, or hardened cement.

® Zinc oxide or zinc chloride
cement.

® Certain types of plastic foam.
® Silicic acid gel, prepared by
slowly acidifying sodium silicate
solution.

® Gelatin saturated with salt.

Clay, cement or plaster discs
should be as thin as possible.
The gels should be used to build
ion bridges according to Fig. 2.
Glass frits can be bought at lab
supply houses and are best for
this use. If glass frits are used,
the gases move upward, and stay
in the proper place. Any fair sepa-
ration will do. The author used
two square polyethylene bottles
and a large fine glass frit which
was glued into holes cut in the
sides of the bottles (Fig. 3).

In order to get hydrogen and
oxygen to react at room tempera-
ture they must be coaxed a little.
Without the proper catalyst,
nothing at all happens.

A catalyst is a compound that
hastens reactions without actu-
ally taking part in the reaction. If
you set up a H,/O, fuel cell with
sulfuric acid and carbon elec-
trodes for instance, there will be
no electrical energy generated. If
platinum- or palladium-coated
carbon electrodes are used, the
reaction gets going. Union Car-
bide has used this method and
supply such electrodes.

The method the author used to
plate carbon was to wrap plati-
num wire and a platinum net
around the carbon rods, which
works very well. An easy and low-
priced way of producing a large
surface of palladium is to coat
nickel netting with palladium.
That can be done by immersing a
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nickel net in a 2% solution of pal-
ladium dichloride over night.
The coating looks black. Pal-
ladium coated nickel acts like
pure palladium. The author had
a supply of platinum on hand or
he would have used the approach
just mentioned.

The amount of palladium di-
chlorides you need costs about
$20.00. Platinum, palladium, sil-
ver, nickel (especially Raney nick-
el) have been used as catalysts in
different fuel cells. Platinum-
group metals work so well be-
cause they have an affinity to hy-
drogen and will pick up consid-

drogen to disperse. Rotameters
were used to check gas flow. They
can be replaced by bubble indica-
tors if you prefer. Gas flow was
10-20 liters per hour (I/h) but can
be varied. Oxygen flow should be
about '2 that of hydrogen flow.
The reaction is sluggish at the
beginning as hydrogen has to
saturate the platinum metal sur-
face.

An indication of about 10 mV
may occur for several minutes,
which will then rise. There may
be steps in this rise, therefore it
may be necessary to put a little
drain on the system by using a

nents that react at room tempera-
ture are shown in Table 1. The
fuel cell can also be used as a one-
shot unit for liquid fuel, namely
hydrazine, and 30% hydrogen
peroxide. Both compounds are
rocket fuels but can be controlled
very well. They are, however,
highly toxic and poisonous. Be-
cause hydrazine is known to be a
carcinogen, one should not work
with it unless you are familiar
with handling very poisonous
substances. Hydrogen peroxide
at 30% concentration will bleach
your hands and should also be
handled very carefully.

FUEL-CELL COMPONENTS TI:II-:'?IF!IIEEACT AT ROOM TEMPERATURE
Fuel Oxidant Electrode Material Electrolyte Catalyst Recorded
AL Voltage (mV)

hydrogen 20 Ith oxygen 10 Ih carbon 5% sulfuric acid none No reaction
hydrogen 20 I/h oxygen 10 I’/h carbon/platinum 5% sulfuric acid platinum 533
hydrogen 20 I/h air 40 I’'h carbon/platinum 5% sulfuric acid platinum 469
hydrogen 20 I'h oxygen 10 I/h platinum 30% potassium hydroxide | platinum 988
hydrogen 20 I’h oxygen 10 I’h  |palladium on nickel| 30% potassium hydroxide | palladium o

2 ml 24% hydrazine| 10 drops 30% [|palladium on nickel| 30% potassium hydroxide | palladium *

hydrate hydrogen peroxide
“This reaction was not tried by the author, but works according to literature on the subject.

erable amounts of it for storage
in their crystal lattices. A plati-
num electrode saturated with hy-
drogen, therefore, is practically
an electrode of solidified hydro-
gen. The pure metal is too expen-
sive, so palladinized nickel,
platinized carbon or Raney nick-
el on a carrier matrix are the first
choice.

Impinger-type glass tubes with
frits or aquarium-type disper-
sion tubes are used as gas inlet
tubes. The electrodes are wound
around the tube in a coil. Copper
wire leads are connected. The
electrolyte is a 30% potassium
hydroxide solution. Oxygen and
hydrogen can be bought in small
laboratory bottles with reason-
ably priced lab-reduction valves.

Hydrogen can also be produced
from zinc and diluted hydro-
chloric acid. That leaves you with
a solution of zinc chloride which
is hazardous to the environment
and must be disposed of in a
manner prescribed by law.

The entire experiment was
conducted in the open air in
order to allow the flammable hy-

100-ohm resistor connected
across the 2 chambers. It can be
removed again after a few min-
utes. That helps overcome polar-
ization effects. The author mea-
sured 998 mV after about 10
minutes. To compensate for the
slow start, the cell will generate a
voltage for some time after the
hydrogen is turned off.

After you finish, the potassium
hydroxide solution should be
poured into a well-capped plastic
bottle. It can be used over again,
but it will accumulate carbonate
which makes it less effective.
Some prefer diluted sulfuric acid
for the same purpose because it
keeps longer. Air can, in most
cases, be substituted for oxygen.
The amount must be raised,
however, since only '5 of air is
oxygen. Hydrogen peroxide can
be used in place of oxygen but it
dilutes the electrolyte.

Hydrogen can be replaced with
hydrogen-containing gases such
as “city gas” produced from coal,
containing hydrogen, methane,
and carbon monoxide. Several
variations of fuel cell compo-

Fuel cells have been run with
“steam reformed” methyl alcohol.
At 200°C, methyl alcohol reacts
with water to form hydrogen and
carbon dioxide as shown in the
following equation:

CH30H +H,0-3H, +CO,, or
methyl alcohol + water—hydrogen + carbon
dioxide

At temperatures higher than
room temperature many other re-
actions are possible. Some of
them allow a separation and col-
lection of the water formed.

You're probably wondering why
fuel cells are not more widely
used. The first big drawback is
cost, which is always a primary
consideration in power genera-
tion. Hydrogen is an expensive
fuel compared to other types of
fuels, and the storage of hydro-
gen is still a problem. Perhaps in
the future, we'll use solar energy
on a large scale to decompose
water into hydrogen and oxygen,
which can then be stored. When
energy is needed, the two gases
can be recombined to water in a
fuel cell. R-E
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Let’s look at electronic tuning diodes, some unusual newsletters,
parametric amplification, association book resources,

and preventing modem dropouts.

DON LANCASTER

e might start off with the
reminder that we do have
our technical helpline avail-

able for your use per the box below.
That's where you can go for tech help,
referral to highly qualified consul-
tants, for book and software pur-
chases, and for general off-the-wall
networking.

Your best calling times are week-
days 8-5, Mountain Standard time.
Before you call, please re-read the
entire column and especially the
Names and Numbers and Resource
boxes. Hardware Hackers calling
without a pencil or pen handy will get
chopped up and fed to the cows.

You could also reach me via my
personal BBS, otherwise known as
GEnie PSRT. Call (800) 638-9636 for
voice connect info.

But, please do note that | am an
independent developer and author
sitting here on my sand dune in the
middle of the Upper Sonoran desert.
| have very little input to any Radio-
Electronics editorial policy and
know next to nothing about projects
by other authors. To leave comments
for the editors, you may want to use
the RE-BBS at (516) 293-2283.

Yeah, | sometimes do welcome any
visitors that call in advance. But do
note that Gurus are supposed to be
hard to reach, because (A) it adds to
the mystique, and (B) the Guru's and
Swami's Union Local #415 rules de-
mand it. At any rate, there is a seven-
hour drive involved in reaching the
nearest airport from here. | won't
even mention the deadly Gila Mon-
sters or hostile Indians.

Every once in a while I'll get a call
that sounds reasonable at the time,
but after thinking things over... For
instance, one Hardware Hacker
wanted to crystal control that low-
cost BA1404 FM stereo broadcaster
we've looked at in past issues. He
wanted to do this so that several ac-
tors in a play could be on the same
frequency.

Uh, whoops. You can't get there

from here. Sure, you can crystal con-
trol your BA1404. And you certainly
can put as many of them as you want
on the same frequency. But one of
the key properties of FM reception is
that you will receive only your
strongest station, with virtually zero
pickup of any of those others. That
normally desirable action is known as
the FM capture effect and is caused
by the hard limiting present in virtually
all FM receivers. As little as a fraction
of a decibel can cause any one signal
to utterly and totally dominate. Sorry
about that. We return you to our col-
umn already in progress...

Electronic tuning

The traditional method of tuning a
resonant circuit to your desired fre-
quency is to use some adjustable or
variable capacitor. While obvious and
cheap, those capacitors are often
large and sometimes expensive,
could be sensitive to fields and vibra-
tion, and usually require human inter
vention for their use. These days, it is
much better to go to one or more
electronic tuning methods.

The simplest method of electronic
tuning is to never do it. As much as
possible, you purposely design out
any need for a variable capacitor or a
direct replacement. For instance, you
use digitally synthesized frequencies
instead of a local oscillator or BFO.
You use switched-capacitor filters or
active filters that are tunable by an
input frequency or voltage. Or you
use ceramic or SAW filters that are
so precise and so repeatable that no

NEED HELP?

Phone or write your Hardware
Hacker questions directly to:
Don Lancaster
Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073

adjustment is needed. You also tend
to use a few higher-quality filters,
rather than lots of individually tuned
and cascaded LC circuits.

But after all of that, there remain
times and places where you'll still
need a few electronically variable ca-
pacitors. Selecting a station on a ra-
dio or TV are obvious examples.

One very popular, well performing,
and ultra-low-cost electronie tuning
method is called a varactor diode,
sometimes known by the trade-
marked name Varicap. Varactor di-
odes are diodes that have been
optimized to look and behave like a
high-quality electrically variable ca-
pacitor.

Most any diode conducts current
in the forward direction and blocks it
in the reverse direction. Specifically,
when you reverse bias a diode, you
create a depletion region containing
neither electrons nor holes. As you
increase your reverse bias, the deple-
tion region gets thicker, and vice ver-
sa. Thus, any diode will behave as an
electrically variable capacitance as
you vary its reverse bias voltage.

For most diodes, this unavoidable
depletion region capacitance is a flaw
that restricts your maximum speed of
operation. But in a varactor diode, the
depletion-region capacitance is pur
posely made rather large, quite high
quality, and very controllable.

Figure 1 shows you a typical circuit.
From the electrical control side, you
simply reverse bias your diode by way
of a large series resistance or some
other method that has a very high RF
impedance. When you change the
value of the voltage, you electrically
change the capacitance of the varac-
tor's depletion region, and thus tune
your circuit. Typically, you change
your tuning voltage over a 3- to 30-
volt reverse-bias range.

On the resonant circuit side, you
do have to provide a DC return path
to ground for the tuning voltage bias.
You also have to provide a series
blocking capacitor to keep any other
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DC path from shorting out your di-
ode. Normally the series capacitor is
very much larger than the varactor's
capacitance, so it does not signifi-
cantly alter any of your resonance cal-
culations.

Sadly, the varactor's capacitance
changes nonlinearly with the reverse
voltage. Depending on the varactor,
you might have 60 pF at 1 volt reverse
bias, 45 pF at 2 volts, and 18 pF at 20
volts. Thus, your first couple of volts
of reverse bias will by far give you the
most variation. The plot of capaci-
tance versus reverse voltage is
roughly linear when plotted on semi-
log paper.

Varactor capacitances can go from
a fraction of a picofarad with exotic
microwave devices on up to several
hundred or more picofarads for use in
audio filters or AM tuning. You can
sometimes use giant silicon power
diodes for lower frequency varactor
experiments. But the Q will often be
low when you try that, and the tuning
range will be limited.

The capacitance range of a varac-
tor is usually defined as the ratio be-
tween your 3- and 30-volt bias
settings. An ordinary varactor will
often have a capacitance range of

NEW FROM
DON LANCASTER

HARDWARE HACKER STUFF

Hardware Hacker Reprints Il or il 24.50
Midnight Engineering Reprints 16.50
Incredible Secret Money Machine 12.50
CMOS Cookbook 24.50
TTL Cookbook 19.50
Active Filter Cookbook 19.50
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Lancaster Classics Library 109.50
Enhancing your Apple | or II 17.50
AppleWriter Cookbook 19.50
Absolute Reset lle & lic 19.50
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POSTSCRIPT STUFF
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PostScript Ref. Manual (Adobe) 22.50
PostScript Program Design (Adobe) 22.50
Type | Font Format (Adobe) 15.50
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Real World Postscript (Roth) 22.50
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FIG. 1—ELECTRONIC TUNING using a
varactor diode. The diode depletion-layer
capacitance varies with the applied re-
verse bias. The large series capacitor
serves as a DC block to prevent shorting
out the tuning voltage.

3:1.

But note that a frequency change
varies with the square root of your
capacitance change in any resonant
circuit. So, this type of 3:1 varactor
can shift a resonant frequency only
by 1.73 or so.

One way to increase the range of a
Varactor is to cheat and use a lower
bias voltage. Your capacitance will in-
crease dramatically for very low val-
ues of reverse bias. But at that point
the diode will start to conduct and
very much reduce the available Q or
selectivity for your tuned circuit. Lin-
earity will also be awful.

For wider tuning ranges, special
varactors are obtainable which have
different doping profiles. Varactors
with a medium tuning range have an
abrupt doping profile, while those
with very high tuning ranges use a
hyperabrupt profile.

The tradeoffs for a wider tuning
range are more nonlinearity, some-
what higher cost, lower circuit Q, and
harder tuning. It will also become
vastly more sensitive to noise and the
precision of your tuning voltage.

The AM broadcast frequencies of
550 to 1650 kilohertz have a 3:1
range. Thus, you should use a hyper-
abrupt varactor having at least a 9:1
and preferably a 10:1 tuning range
here. The hyperabrupt Motorola
MVAM108 is one good choice here,
having an extreme 15:1 range.

Those television frequencies are
spread out over a very wide range. To
prevent having to tune them all at
once, three varactor tuners are sepa-
rately used in several individually se-
lected circuits. One for the lower VHF
channels 2—6, a second for the high
VHF channels 7-13, and a third for
the remaining UHF channels. And
sometimes a fourth for special cable
channels. Note that there is a rather
large frequency gap between channel
6 and channel 7 that holds both the

FM broadcast band and emergency
services.

Should you instead want to restrict
the tuning range of a varactor, you
can either put a fixed capacitor in
parallel with it or else use a narrower
voltage control range. The fixed paral-
lel capacitor is often the better
choice.

Varactors work best with tuned
signals in the microvolt range. Should
your signals being tuned get above
several millivolts, the signals them-
selves can add to or subtract from the
tuning voltage. Thus, your positive
signal excursions will increase the
resonant frequency and vice versa—
which can introduce moderate to se-
vere second-harmonic distortion.

You might resolve that possible
distortion problem by using a pair of
varactor diodes as shown in Fig. 2.
The two varactors are in parallel as far
as the DC tuning voltage goes, but
are in series with any signals being
tuned. Thus, on a positive peak, the
capacitance of one Varicap will in-
crease as the other decreases, and
largely cancel each other out.

Dual varactors in a single package
are rather popular. The Motorola
MV104 is one example. Note that
two capacitors in series give you one
half the total capacitance. Be sure to
allow for that in your designs.

It is extremely important to have a
very stable reference for your tuning
voltage, since any drift at all could
detune your circuit. If possible, you
will also want to use some sort of
feedback to keep your tuning locked
on channel. Various types of auto-
matic frequency control (AFC) can
sometimes do that for you.

Sadly, varactors drift over temper-
ature. Their values will increase with
increasing temperature. One typical
value is in the 200-parts-per-million
range. On the other hand, a regular
diode that is forward biased will have

VARACTOR
DIODE #2
+3 1o +30VDC
TUNING
VOLTAGE
VARACTOR
DIODE #1

FIG. 2—A PAIR OF BACK-TO-BACK varac-
tor diodes can be used to prevent larger
signals from detuning themselves. A
positive signal swing raises the capacity
of one varactor and lowers that of the
other. The changes largely cancel out.
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FIG. 3—A TEMPERATURE compensated
varactor tuner. The forward drop tempera-
ture drift of the ordinary diode can be used
to offset the capacitance drift of the re-
verse-biased tuning varactors. Resistor
R1 has to be large enough to not load the
tank circuit. Resistor R2 adjusts the tem-
perature coefficient.

a current-dependent drift with a nega-
tive temperature coefficient.

Figure 3 shows how to add an ordi-
nary diode in series with your tuning
voltage to temperature-compensate
a varactor diode. The load resistor of
the diode is adjusted to give a mini-
mum overall drift. Sometimes a paral-
lel capacitor can also be added to the
circuit having a chosen temperature
coefficient.

A precise temperature compensa-
tion over a wide range could get
tricky. At the least, everything has to
be tightly heatsinked together. More
details appear in the Motorola ap
note AN551.

As we've just seen, Motorola is
one leading supplier of a wide variety
of low-cost and easy-to-get varactor
diodes. Some cost under a dollar.
See their RF Device Data llhandbook
for data sheets and ap notes.

Parametric amplifiers
Surprisingly, varactor diodes were
not initially designed for electronic

tuning. Instead, they were created for
a unique beastie once known as a
parametric amplifier. Back in the days
of tube-style UHF TV tuners with 35
decibel noise figures, the idea of an
ultra-low-noise, high-gain, high-fre-
quency amplifier that used nothing
but a diode sounded like a great idea.

Today, low-noise and high-gain mi-
crowave transistors are a buck each
from such outfits as Mini-Circuits Lab
and Avantek. Paramps are largely lim-
ited to esoteric ultra-microwave lab
uses and for optical and infrared ex-
periments. Although | do strongly
suspect you'll soon see a stunning
resurgence of paramps in a brand-
new application area.

Figure 4 shows you how the param-
etric amplifier works. This is exactly
the same idea as pumping a swing on
the playground. The local oscillator
called the pump frequency causes
the capacitance of a varactor to
change in a time-varying manner. The
“parameter” we are varying is the
diode capacitance. A low-level input
signal known as the input frequency
is also routed to the same time-vary-
ing capacitor. A filter extracts an out-
put signal that is called the idler
frequency.

The net result can be a very strong
and low-noise amplification and a
possible frequency conversion for
your input signals. Since a purely re-
active capacitor is in use, there are
theoretically none of those noise
problems associated with resistance
or traditional tube or semiconductor
amplifier circuits. | once used a plain
old three-cent IN914 computer diode

+V BIAS

INPUT
FILTER

input §_-

IDLER

PUMP
FILTER

PUMP
OSCILLATOR

=Pl —

—@ output

FILTER

VARACTOR
DIODE

FIG. 4—A VARACTOR DIODE PARAMETRIC AMPLIFIER in which a diode provides low-
noise amplification. The pump frequency causes the varactor capacitance to vary in such
atime-dependent “parametric’ way that its interaction with the input frequency produces

an amplified output at the idler frequency.
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to produce 20 decibels of gain and a
2-decibel noise figure at 600 MHz.
The diode was DC back-biased to
— 3 volts or so and a suitable pump
frequency was capacitively superim-
posed. Long ago and far away.

Paramps can be designed as up-
converters with gain, as downconver
ters with loss, or as negative-
resistance devices with potentially
high gain but possible instabilities.

The key math behind paramps is
known as the Manley-Rowe relations.
One horse's mouth classic on the
subject is Blackwell and Kotzebue's
Semiconductor Diode Parametric
Amplifiers, published by Prentice
Hall, way back in 1961. Included is a
good summary of Manley-Rowe and
an extensive bibliography. For more
modern info on paramps, check out
the Dialog Information Service.

Professional society libraries

As we've seen a number of times in
the past, that Uhlricht's Periodicals
Dictionary on the reference shelf at
your local library is overwhelmingly
your single most important hardware
hacking resource, bar none. But
there's another set of books on the
same shelf titled the Encyclopedia of
Associations, that you might also find
quite useful.

There are zillions of professional
societies, most of which seem out-
rageously expensive and who simply
do not deliver what they think they do.
On the other hand, many of these
groups have association bookstores
that have outstanding tutorials, re-
prints, and information real hard to
find elsewhere.

To get you started, our resource
sidebar for this month lists a few of
the professional organizations. Here
is a brief rundown...

The American Association for the
Advancement of Science publishes
the “must have" Science magazine
and provides outstanding book re-
views. The Association of Energy En-
gineers carries dozens of books
including a Small Power Production
Manual and Efficient Electrical Sys-
tems Design.

That Institute of Electrical and Elec-
tronic Engineers is a very poor per
former that is way overblown and far
overrated to the point of being a
ripoff. But their reference books do
include Visual Communication Sys-
tems and Navigation: Land, Sea, Air,
and Space.

ASSOCIATION BOOKSTORE
RESOURCES

American Association for the Ad-
vancement of Science
1333 H Street NW
Washington, DC 20005
(202) 326-6400
CIRCLE 301 ON FREE INFORMATION CARD

American Society of Materials
PO Box 473
Novelty, OH 44072
(800) 368-9800
CIRCLE 302 ON FREE INFORMATION CARD

Association of Energy Engineers
PO Box 1026
Lilburn, GA 30226
(404) 925-9558
CIRCLE 303 ON FREE INFORMATION CARD

Audio Engineering Society
60 East 42nd Street, Rm. 2520
New York City, NY 10165
(212) 661-8528
CIRCLE 304 ON FREE INFORMATION CARD

Institute of Electrical and Elec-
tronic Engineers
445 Hoes Lane
Piscataway, NJ 08855
(201) 981-0060
CIRCLE 305 ON FREE INFORMATION CARD

Society of Automotive Engineers
400 Commonwealth Drive
Warrendale, PA 15096
(412) 776-4841

CIRCLE 306 ON FREE INFORMATION CARD

Society of Motion Picture and Tele-
vision Engineers
595 West Harsdale Avenue
White Plains, NY 10607
(914) 761-1100
CIRCLE 307 ON FREE INFORMATION CARD

Society of Photo-Optical Instru-
mentation Engineers
PO Box 10
Bellingham, WA 98227
(206) 676-3290
CIRCLE 308 ON FREE INFORMATION CARD

The American Society of Materials
has hundreds of books on just about
anything mechanical. Their Metals
Handbook series are classics.

The Society of Motion Picture and
Television Engineers is big on time
codes, on video production, and

other hard-to-find resources. The
Journal of the Audio Engineering So-
ciety is your foremost resource for
any music synthesizer theory, and
just about all other audio.

And we've already seen that the
Society of Automotive Engineers has
lots of great automotive electronics
books. And finally, one real sleeper,
that Society of Photo-Optical Instru-
mentation Engineers which publish a
Milestone Series that includes such
gems as Fiber Optic Gyroscopes,
Digital Image Processing, and
Ultrahigh Speed Photography.

Naturally, there are bunches more
where those come from. For the first
of our two contests this month, just
tell me about any professional organi-
zation in any field that has book or
publication resources of possible in-
terest to hardware hackers. There will
be all the usual Incredible Secret
Money Machine book prizes, with an
all-expense-paid (FOB Thatcher, AZ)
tinaja quest for two going to the very
best of all. As usual, send all your
written entries directly to me at
Synergetics, rather than on to Ra-
dio-Electronics editorial.

Teleprotection surprises

One of the ruder surprises you'll
discover when you first start using a
modem extensively is that anyone
picking up an extension phone can
blast you off the air. That can get
especially frustrating and infuriating
just before the end of along and cost-
ly upload or download.

Radio Shack offers a product
called their 43-107 Teleprotector. It
costs eight bucks and its only tiny
problem is that it may end up working
too good for you.

Any unused telephone line has
around 48 volts of direct current on it.
When the first phone is picked up, the
working voltage drops down into the
6- to 8-volt range. So, if you simply
put a plain old voltmeter right across
the red and green wires on your ex-
tension phone, you can quickly tell if
the phone line is in use by another
extension.

Figure 5 shows you the circuit for
their teleprotector, along with some
possible modifications. An extension
phone normally uses only the red and
green wires. The teleprotector
breaks the green wire and inserts a
full-wave diode bridge. The purpose
of the bridge is to make the current in
the use-sensing circuit always go in
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FIG. 5—CIRCUIT DIAGRAM for the Radio Shack 43-107 teleprotector, along with two
possible modifications. Unmodified, the extension phone is allowed on the line only
when no other phone or modem is in use. The bypass switch will defeat the teleprotector
entirely; the me-first switch lets your extension remain active if another phone gets

picked up during a call.

the same direction, even during the
ringing or if the phone polarity some-
how ends up backwards.

Initially, there is only a very high
value 390K resistor inside the bridge.
That is much too large a series value
to let the phone work. When you pick
up the phone, the full available line
voltage initially appears across that
resistor. Should you have at least 18.7
volts available (meaning that there is
no other extension in use), the silicon
controlled rectifier (SCR) turns on,
stays on, and lets the extension oper-
ate. If another phone is being used,
there will not be enough voltage to
turn on the gate of the SCR, and the
extension will remain off.

So far so good. Any SCR will stay
on only so long as its main anode to
cathode current drops to zero. This
particular SCR can get turned off one
of two ways. If you hang up your pro-
tected extension, the current in the
green wire obviously drops to zero
and resets you for the next call.

But there's also that mysterious
8.7-volt Zener diode in series with the
SCR. Should some other phone get
picked up, there won't be enough
voltage left on the line to keep the
Zener conducting, so the SCR turns
off, as does the extension phone.

Thus, your protected extension
phone will never turn on if another
phone is off hook. Should you be
using your protected extension
phone and should another one get

picked up, you will get uncer-
emoniously cut off the line!

All of which means that their tele-
protector works exactly as they ad-
vertise. There is no way to eavesdrop
with a teleprotected extension
phone. There is also no way to let the
teleprotected extension blast your
modem off the air. Or a FAX machine
for that matter.

Another trick is to hook up their
teleprotector up to your answering
machine. When you pick up your re-
mote extension, your answering ma-
chine drops off the line, stopping the
now unwanted message. Which also
can be handy.

One key point: Your teleprotector
does not go on the modem phone. It
goes on the interfering extension.

Now for the big problems. Your
teleprotected extension can not be
used for any conferencing! You also
cannot have a receptionist answer by
picking up with their teleprotected ex-
tension and then listening in long
enough to verify the correct person
picked up the call.

Two possible circuit modifications
are also shown in Fig. 5 that might be
more suited to you should you need
conferencing, but your main goal is to
eliminate any modem blasting. The
BYPASS switch completely defeats the
teleprotecting. Whenever any two
phone conversations are wanted, you
slide that switch into its "bypass’ po-
sition, shorting the works out. You
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NAMES AND NUMBERS

Avantek
3175 Bowers Avenue
Santa Clara, CA 95054
(408) 727-0700
CIRCLE 309 ON FREE INFORMATION CARD

Brooktree Corporation
9950 Barnes Canyon Road
San Diego, CA 92121
(800) VIDEO-IC
CIRCLE 310 ON FREE INFORMATION CARD

Burr-Brown
6730 S. Tucson Blvd.
Tucson, AZ B5706
(602) 746-1111
CIRCLE 311 ON FREE INFORMATION CARD

DesignTech International
7401 Fullerton Road
Springfield, VA 22153
(703) 866-2000
CIRCLE 312 ON FREE INFORMATION CARD

GEnie
401 North Washington Street
Rockville, MD 20850
(800) 638-9636
CIRCLE 313 ON FREE INFORMATION CARD

Homebuilt Rotorcraft
5555 Zuni, SE, Suite 281
Albugquergue, NM 87108
(505) 298-9362
CIRCLE 314 ON FREE INFORMATION CARD

Inventor-Entrepreneur Network
6175 Jackson Road
Ann Arbor, MI 48103

(313) 663-8000
CIRCLE 315 ON FREE INFORMATION CARD

do, of course, have to remember to
flip the switch back after any two-
phone conversations.

Closing the ME FIRST switch lets the
protected phone initiate or receive a
call so long as it is the first phone
picked up. It will stay active should
additional phones be picked up, so
two-phone conferencing can still be
done. But the protected phone still
can no longer break in on a modem or
fax in progress.

If you really want to get hairy, you
can even let your protected phone
purposely break in on an ongoing
voice conversation when in the "me
first' position. Just shout at the other
person to pick up their phone. Once

Medical Electronic Products
2994 West Liberty Avenue
Pittsburgh, PA 15216
(412) 343-9666
CIRCLE 316 ON FREE INFORMATION CARD

Medical Equipment Designer
29100 Aurora Road, Suite 200
Solon, OH 44139
(216) 248-1125
CIRCLE 317 ON FREE INFORMATION CARD

Mini-Circuits Lab
P.O. Box 350166
Brooklyn, NY 11235
(718) 934-4500
CIRCLE 318 ON FREE INFORMATION CARD

Motorola
P.O. Box 20912
Phoenix, AZ 85036
(602) 994-6561
CIRCLE 319 ON FREE INFORMATION CARD

Mouser Electronics
11433 Woodside Avenue
Santee, CA 92071
(800) 34-MOUSER
CIRCLE 320 ON FREE INFORMATION CARD

Signetics/Philips
P.O. Box 3409
Sunnyvale, CA 94088
(408) 991-2000
CIRCLE 321 ON FREE INFORMATION CARD

Teccor Electronics
46 Farrand Street
Bloomfield, NJ 07003

(800) 631-2075
CIRCLE 322 ON FREE INFORMATION CARD

you are sure their phone is picked up,
hang your phone up for half a second,
and pick it up again. Both of you
should now be in conference.

But my particular setup requires
three phones, any-way conferencing,
and no modem blasting. As a second
contest for this month, let's have your
thoughts on how to elegantly handle
this problem.

The Radio Shack teleprotector unit
is cheap enough that you probably
would not want to build one up from
scratch. But should you decide to ex-
periment completely on your own,
that oddball 2N6565 sensitive-gate
SCR is a Teccor product available by
way of Mouser Electronics.

New tech literature

From Signetics/Phillips, you
should look into their outstanding
new RF Communications data hand-
book. Included are full use details of
their hot new NE602 active VHF mix-
ers, info on cellular phone chips, and
frequency synthesizers.

Also from Signetics/Phillips, a new
Telecom IC shortform catalog. And
from Brooktree, a Product Databook
on all their A/D, D/A, color palette,
and video chips.

Our featured free software deal for
this month is the High Performance
Electronics Selection Guide offered
by Burr-Brown.

One marketing firm aggressively
seeking tested and developed low-
end consumer electronics items for
use on an ongoing royalty basis is
Mark Gottleib's DesignTech.

Two rather impressive “'labor of
love" high-quality newsletters are
Don Parham’s Homebuilt Rotorcraft
for the Gyro Gearloose crowd; and
Ed Zimmer's Inventor-Entrepreneur
Network Newsletter, that's intended
mostly for Michigan hackers.

A pair of interesting trade journals
include Medical Electronic Products
and Medical Equipment Designer.
Yes, they have info on brain-wave
electrodes. But do make certain you
know what you are doing before you
make a decision to hotwire your
neighbor's cat.

Turning to my own products, for the
fundamentals of microprocessors
and microcomputers, check into my
Micro Cookbook | and Micro Cook-
book Il. Or to pick up all the "oldies
but goodies” at once, do try out my
Lancaster Classics Library.

We also now have the Hardware
Hacker Ill reprints available, which
have the latest and best of all these
columns in them. All edited, revised,
corrected, and indexed.

Finally, | have a new and free mailer
for you which includes dozens of in-
sider hardware-hacking secret re-
sources. Write or call for info.

Our usual reminder here that most
of the items mentioned appear either
in the Names and Numbers or in the
Association Bookstore Resources
sidebars.

As always, this is your column and
you can get technical help and off-
the-wall networking per that Need
Help? box. The best calling times are
weekdays 8-5, Mountain Standard
Time. Let's hear from you. R-E
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AUDIO UPDATE

A Distortion Primer—Part 1

LARRY KLEIN

imaginary) problems troubling au-

dio reproduction, distortion would
rank right up there near the top of the
list. Almost everyone agrees that dis-
tortion is not a good thing. But
beyond that basic point, arguments
start. Exactly what's the problem?
Simply this: Electronic audio distor-
tion, while easy to measure in its vari-
ous manifestations, is devilishly
difficult to correlate with the percep-
tions of the human ear/brain appara-
tus. The situation is further compli-
cated by some manufacturers of
expensive audio equipment, ac-
cessories, and connecting wires,
who are pleased to invent wonder-
fully esoteric distortion problems
(with accompanying voodoo solu-
tions) to satisfy the needs of the de-
vout tweaks and techno-crazies.

I n any compilation of the real (and

Terminological confusion

My Illustrated Encyclopedia of
Electronics tells me that "Distortion
is any change in a signal that alters its
basic waveform or the relationship
between its various frequency com-
ponents.” Some of the misunder-
standing about standard distortions
and their audibility arises from ambi-
guities in terminology. For example,
sometimes the technical name for a
distortion describes the way the af-
flicted waveform looks on a scope
(e.g., clipping distortion when the
tops and/or bottoms of a waveform
are decapitated); other times the
name refers to the electronic flaw in
the amplifier that produces the prob-
lem (e.g., crossover distortion).

The terms harmonic distortion
(HD) and intermodulation distortion
(IMD) in effect describe kinds of test
procedures rather than specific flaws
in the equipment under test. If an am-
plifier has a problem, the same con-
dition should show up on both HD
and IMD distortion tests—and pro-
vide entirely different measurement
numbers. Keep in mind that the num-
bers provided by distortion-testing in-
struments are somewhat arbitrary;
they depend as much on the type of
test and the specifics of the test sig-

nal used as on the magnitude of the
flaw in the amplifier. And for perhaps
the same reason, none of the distor-
tion-measurement numbers correlate
directly with audible unpleasant-
ness—or with each other. In other
words, 2% distortion does not nec-
essarily sound twice as bad as 1%, or
even necessarily worse than 0.5%.

Harmonic distortion

In any discussion of harmonic dis-
tortion, keep in mind the distinction
between the natural harmonics that
are a part of all tones produced by
musical instruments and the un-
desired spurious harmonics that re-
sult from flawed amplification. It is the
natural harmonic content that causes
the same musical note played on a
clarinet, a piano, and a flute to sound
different—and to look different on an
oscilloscope. Any complex waveform
can be "discussed’ by a mathemati-
cal process known as a Fourier analy-
sis and shown to be composed of a
large number of odd and even har-
monics. Figure 1 shows a violin note
and its second, third, fourth, fifth, six-
th, and eighth harmonic components.
With the proper instrumentation, it is
possible to detect harmonics as high
as the twentieth.

HD comes about not through dis-
tortion of the harmonics of a signal,
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FIG. 1I—FOURIER ANALYSIS of a violin

note showing the relative strengths of the
strongest natural harmonics.

nor does it result from spurious har
monic frequencies generated by an
oscillating amplifier. What happens is
that the amplifier, because of some
technical inadequacy, changes (dis-
torts) the original shape of the signal
waveform. That change can be quan-
tified by analyzing it in terms of the
spurious harmonics added to the fun-
damental test signal—which is, in
general, the way the ear hears it.

When testing an amplifier's HD
performance, you feed in as distor
tionless a sine wave as can be gener-
ated. The HD analyzer, which is
connected across the amplifier's out-
put test load, operates by nulling out
the input test signal and reading (as a
percentage of it) whatever harmonics
and noise are introduced by the am-
plifier. If, say, a 3-kHz test signal was
used, amplifier nonlinearity might
produce spurious harmonics at 6
kHz, 9 kHz, and so forth. The term
THD indicates that the lumped total
of all the harmonic components is
included in the measurement. A more
sophisticated instrument, called a
spectrum analyzer, is capable of indi-
cating the relative strengths of each
of the spurious harmonics. It is rec-
ommended by the EIA Amplifier stan-
dard (RS-490) and is used by many
test labs.

To illustrate the mechanisms in-
volved, an exaggerated example of
distortion is shown in Fig. 2. Let us
say that a malfunction of the amplifier
causes third-harmonic distortion of
waveform (a), a 1000-Hz sine-wave
input signal. The distorted output sig-
nal (¢) would look as though a 3000-
Hz tone (b) were combined with the
1000-Hz tone. Keep in mind that a
distorting amplifier does not actually
generate spurious harmonic wave-
forms and mix them with the original
wave; what it does is distort the origi-
nal waveform in such a way that the
output waveform looks as it would if
specific spurious harmonics were
added. Of course, in real life we
would have not only third-harmonic
distortion but also an assortment of
various odd and even harmonics of
various strengths.



FIG. 2—SIMPLIFIED ILLUSTRATIONS of how a spurious third harmonic (b) combined with
the input signal (a) produces a distorted signal (c).

There's some evidence that the
specific HD content of a distorted
signal (meaning the relative strengths
of the distortion components extend-
ing up to the tenth harmonic or high-
er) is more audibly significant than the
absolute THD figure. In other words,
depending upon the ways that two
amplifiers are distorting a piece of
music, a measured 3% THD from one
might sound a lot worse than 3%
from the other.

Intermodulation distortion

The same amplifier nonlinearities
that produce THD also produce inter
modulation distortion (IMD), but
through a somewhat different mecha-
nism. When two (or more) signals are
fed through a nonlinear amplifier, the
signals tend to intermodulate, mean-
ing that they interact in a specific and
undesirable way. If, for example, a
low-frequency signal of 40 Hz was
traveling through a nonlinear amplifier
along with a higher frequency of, say,
2 kHz, spurious sum and difference
frequencies that are known as IM
products would be produced at 1920,
1960, 2040, 2080 Hz, and so on and
so forth.

There are two different IMD test
techniques in current use, both em-
ploying a pair of test tones applied
simultaneously. The older SMPTE
(Society of Motion Picture and Televi-
sion Engineers) IMD test uses a com-
posite 60- and 7000-Hz test signal in
a 4:1 ratio, while the IHF-IM test uses
two equal-amplitude high-frequency
tones. The description of the IHF test
incorporated in the current EIA Stan-
dard (formerly IHF-A-201 1966) reads
as follows: ""The percentage of IHF
intermodulation distortion (IHF-IM) of
a composite signal composed pri-
marily of two relatively high-frequen-
cy sinusoidal signals, one having a

frequency of f, and the other having a
frequency of f,, of equal amplitude, is
numerically equal to 100 times the
square root of the sum of the squares
of the second- through fifth-order dis-
tortion components divided by the
square root of the sums of the
squares of the amplitudes of the
sums of the components at frequen-
cies f; and £,." All of which, | think,
helps explain the relative popularity of
the SMPTE method over the IHF-IM
method.

Unlike THD, IMD distortion com-
ponents do not have a harmonic rela-
tionship with the music and,
therefore, can't be heard as part of
the music. For that reason, IMD is
generally thought of as more audibly
unpleasant. However, | would say
that, given the very low distortion fig-
ures of all of today's better standard-
brand audio amplifiers, neither THD
nor IMD are likely to be audible,
assuming that the amplifier is working
properly and is never driven into over
load. And, even under overload clip-
ping conditions, with complex pro-
gram material such as a loud
symphonic work, it is well docu-
mented that distortion (of any flavor)
has to reach approximately 6% be-
fore it becomes audible. That is true
because the spurious distortion fre-
quencies are overwhelmed (tech-
nically, “psychoacoustically mask-
ed') by music occurring at the same
frequencies. However, when the test
signal is a pure tone, distortion as low
as 0.15% can be heard. Probably for
all of the above reasons, it seems that
few professional testers will bother
with IM measurements.

In next month's wrap up on our
distortion discussion, we will look at
some of the popular “"new” distor
tions and try to place the entire topic
in a real-world context. R-E
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ROBERT GROSSBLATT

The probe we've been design-
ing can indicate circuit highs
and lows but there are things
we can do to make it better. One of
the first things that comes to mind is
to work out some way for us to have
an audible indication from the logic
probe.

Doing something like this is a good
exercise. Remember that we cur
rently have points in the circuit (the
comparator outputs) that indicate
whether a high or low is detected in
the circuit.

There are a few ways you could use
the extra pair of comparators we have
for the audible indicator, but the easi-
est thing to do is just piggyback their
inputs on the inputs of the first pair.
That is shown in Fig. 1.

By adding some extra wire to our
design, we now have two indepen-
dent outputs that signal high and low
levels in the circuit under test. Our

FIG. 1—YOU CAN ADD an audible indication to the logic probe without adding any extra
silicon to the board; we’ll use the other pair 6f comparators in the LM339.

next job is to figure out a way to make
them work as triggers for an audio
circuit.

The first thing we have to do is add
some resistors to the outputs of the
second set of comparators. That has
to be done because, if you go through
the data sheet for the 339 (or any
member of that family), you'll see that
the comparator output is an uncom-
mitted open collector of an internal
transistor. The resistors have to be
added in this case just as you would
for any transistor-based design.

All that's left for us to do so we can
add an audio indicator to the circuit is
figure out how we're going to actually
generate the audio.

It's no big deal to build a tone gener
ator out of a 555 but this application
adds a new wrinkle. We want it to gen-
erate two different sounds—one to in-
dicate that a low has been detected
and the other to indicate a high.

FIG. 2—THE FREQUENCY of the tone gen-
erator built from a 555 can be controlled
by having the high outputs of the com-
parators supply the charging current for
the 555's internal timing capacitor.

The frequency of a tone generator
built from a 555 depends on three
separate components as shown in
Fig. 2. The trick to having the output
frequency controlled by the two com-
parators is to have the high outputs of
the comparators supply the charging
current for the 555's internal timing
capacitor. In normal 555 circuits, that
current comes directly from the
power supply, but in this case we can
use a couple of steering diodes to put
different resistors into the 555's tim-
ing chain and cause it to output two
different frequencies.

The final version of the circuit is
shown in Fig. 3. With the values
shown in the schematic, the high fre-
quency will be about 4 kHz and the
low frequency will be about 500 Hz.

Since we've now got a circuit that
can generate two different tones de-
pending on whether a high or low is
presented to the input, it would be a
shame not to be able to set things up
so the probe could be used as a tone
source as well.

If you study the switch arrange-
ment shown in Fig. 4, you'll see that
S1 switches the circuit from a logic
probe to a tone generator by force
feeding either a high or low voltage
(via S2) to the input and routing the
speaker output to the probe tip.
‘When you use the circuit as a tone
generator, the speaker will be discon-
nected, but you'll be able to see
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which frequency you've selected be-
cause the LED's still work.

and the low frequency will be about 500 Hz.

The logic probe/tone generator
we've been designing is a really good

FIG. 3—IN THE FINAL VERSION OF THE CIRCUIT, the high frequency will be about 4 kHz

crecurr |
From
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FIG. 4—WE CAN SET UP THE PROBE so
that it can also be used as a tone gener-
ator; S1 switches the circuit from a logic
probe to a tone generator by force feeding
either a high or low voltage (via S2) to the
input and routing the speaker output to
the probe tip.

addition to your collection of test
gear. I've been using it for years and
have gone so far as to lay out a PC
board for it. I'll clean up the artwork
and put it in next month's column.
It's well worth building because,
when you get familiar with the circuit,
you'll find that it even gives you useful
information when you connect the
probe to clock lines. There's no way
you'll be able to measure the frequen-
cy but the audio from the probe will
bear a proportional relationship to the
frequency and duty cycle. R-E
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Windows watch

JEFF HOLTZMAN

indows is really taking the
PC world by storm. By the
time you read this, it will

have been a year since Windows 3.0
was released. What's happened in
the interim? Where are things going?

Virtually all interesting software de-
velopment is now focused on the
Windows environment. The major
computer magazines have spon-
sored special sections on Windows
products, and the technical columns
formerly associated with OS/2 now
grudgingly include Windows informa-
tion as well.

Hardly a day passes when a new,
upgraded, or converted product does
not appear for the Windows environ-
ment. In some cases, these new
products are spectacular; in pthers,
disastrous. The latter remind me of
the early 80's, when the industry
made the transition from CP/M to
MS-DOS. The first applications were
straight ports that worked worse un-
der DOS than they did under CP/M.
But gradually, the old applications im-
proved, and new ones were intro-
duced. In some cases, the old apps
(e.g., WordStar, dBASE) remained
mired in the bog of the past and,
though they're still hanging on, have
yet to capitalize on the unique
strengths of the new environment. Of
course new apps (e.g., 1-2-3) learned
to stretch that environment to the lim-
it—and beyond. For example, Lotus
was a driving force behind Hercules
graphics adapters and the EMS
specification.

Now the industry is going through
another tectonic shift. Highly influen-
tial companies (Borland, Lotus, Word
Perfect, Software Publishing) that
heretofore have ignored Windows are
now scrambling to get something to
market as soon as possible. And
some companies (WordStar, Lotus
again) are trying to buy their way in.
Meanwhile, with control of the oper
ating system (DOS) and the operat-
ing environment (Windows), serious
applications (Word, Excel, Power-

Point, Project) in all major categories
except database and telecom-
munications, and a LAN operating
system (LAN Manager) worthy of
being taken seriously, Microsoft's
dominance of the industry continues
to increase.

Windows and 0S/2

Why has Windows usurped the po-
sition many people once expected
0S/2 to occupy? There's no good
reason on technical grounds. Win-
dows requires just as much in the way
of system resources (CPU, RAM,
hard disk) as OS/2. And with that
same set of resources, Windows pro-
vides a less-stable, less-powerful en-
vironment for running programs than
0S/2.

There's lots of grumbling in the de-
veloper community about Microsoft's
seeming desertion of OS/2. People
working in that environment have in-
vested lots of time and effort learning
the OS/2 API (Application Program-
ming Interface). And now they're find-
ing that the expected market for their
products seems to have disap-
peared. Further, due to the large dif-
ferences in APl's, converting their
0S/2 work to Windows is difficult.

For a while last fall, Microsoft was
touting a so-called binary-com-
patibility layer (BCL) that would allow
Windows programs to run un-
modified under OS/2 2.0, the still-
unreleased 386-specific version of
the operating system. In practical
terms, that amounts to adding a layer
of software to translate Windows
calls to OS/2 format. However, there
were lots of questions about whether
that type of kludge was even possi-
ble. In addition, given the lackluster
performance of both environments
on anything less than a 25-MHz 386,
it's hard to believe that users would
accept that type of performance-de-
grading solution.

Recently emphasis has shifted to
0S/2 3.0, a "portable" operating
system that will run on multiple hard-

ware platforms, and will allow mixing
and matching multiple API's (DOS,
Windows, 0S/2, POSIX), file sys-
tems (DOS, HPFS, POSIX), and
graphical user interfaces (Windows,
0S/2 PM, X Windows). However,
0S/2 3.0 probably won't be seen be-
fore 1992. And when it does appear, it
just might go by another name—Win-
dows-32, perhaps. But will the indus-
try become mired in the present API
by then? According to some rumors,
0S/2 3.0 will be able to run Win-
dows, OS/2, and POSIX applications
on screen in separate windows simul-
taneously. But what sort of system
resources will be required to do so?
Will we have 50-MHz CPU’s and
16Mb DRAM's by then? If so, maybe
performance won't matter, but if
not...

Windows 3.1

A more immediate topic of spec-
ulation has been Windows 3.1,
originally due around mid-year, but
now third or fourth quarter. Expected
features include smaller size and bet-
ter speed, a built-in type-scaling/font-
management system called True-
Type, multimedia extensions, an im-
proved File Manager, support for
stylus-based input, and a Windows-
specific version of BASIC. To get a
taste for the latter, check out Word-
BASIC, the amazingly powerful
"macro” language in Word for Win-
dows. Borland should release a ver
sion of Turbo Pascal for Windows
sometime this year as well.

Windows now

When Windows 3.0 first came out,
| found it interesting and enjoyable—
but somewhat impractical. However,
gradually throughout the past year, |
have migrated more and more of my
activity there, so that now | spend
90% of my computer time running
Windows. The other 10% is used al-
most entirely for two things: system
backup (to an Irwin tape drive) and file
management (with Lotus’ Magellan).
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organized, random numbers and ways of
generating them, graphics-color-and sim-
ple animation, and even a chapter on ma-
chine code. Get your copy today. Send
$5.00 plus $1.25 for shipping in the U.S.
to Electronic Techology Today Inc., P.0.
Box 240, Massapequa Park, NY
11762-0240.

PROMPT DELIVERY!!!
SAME DAY SHIPPING (USUALLY)
QUANTITY ONE PRICES SHOWN for MAR. 31, 1997

ICs

Memaory for almost ALL compulers

DYNAMIC RAM
4M Board for hp LJ's wi2Me $150.00
M aMxs B0 ns 195.00
iMxs B0 ns
Mx9 B0 ns
4Mxi B0 ns
iMx4 B0 ns
iMx1 B0 ns
256Kkx1 100 ns
256Kkx1 120 ns
256Kx4 100 ns

BO287-8 BO3BT-16 BOIET-25

&4Kx4 100 Ns
M

R
27C4001 s12kx8 150 ns
27C1000 128kx8 150 ns
27C512 B4kxs 120 ns

3 32kx8 150 ns
16Kx8 250 ns
STATIC RAM

$120.00 $210.00 BO3A7-20 B03&T-33

BOA7-2

1 Mbit  128kx8 100 ns
G2256LP 32kx8 100 ns

Mast rd VISA or UPS CASH COD
: ﬂlg)ﬁnCS)FPHOC’E.SSORS UNLIMITED. INC.
‘ Be6as o 7z (918) 267-4961

L L] MiNEMUm Order. Feste rose prces wizect 1 craege’
COO AVAILABLE | Sheosg mswance sats uo 1 §1 lor paciong maimrai

CIRCLE 61 ON FREE INFORMATION CARD

In the past I've mentioned my big
three Windows applications: Word
for Windows, Corel Draw, and
CrossTalk for Windows. Now I'd like
to discuss some of the other applica-
tions and utilities, large and small,
that have allowed me to make this
migration.

Best spreadsheet: Excel 3.0
was built specifically for Win3, hence
is better integrated than the current
versions of Word For Windows and
Project. Excel 3.0 has several irre-
sistible new features including
spreadsheet outlining, powerful
drawing tools (something | expect to
see in the next version of WinWord),
much-improved charting (including
3D graphs), an autosum function that
intelligently figures out the correct
horizontal or vertical sum function,
and full support for different type
faces, styles, and sizes. The program
includes several add-on packages, in-
cluding a goal-seeking function that
works backward from results to modi-
fy an equation that generates said
results, and a database query tool
that allows you to query a local or
networked database.

Most useful utility: I've men-
tioned it before, but Adobe's ATM
(Adobe Type Manager) neatly and
cleanly solves one of Windows' big-
gest problems: font management.
ATM brings the ideal of WYSIWYG
(what you see is what you get) closer
to reality by an order of magnitude.
With ATM, you can print text in any

PostScript font on any dot-matrix,
ink-jet, or laser printer and, re-
gardless of the printer, see an accu-
rate representation on-screen.

You can develop your document in
your office with a PostScript laser
printer, take the document on the
road and print it on a portable ink-jet,
work on it at home with a dot-matrix,
and produce final copy on a Linotronic
typesetting machine. In all cases, you
can simply switch drivers and not
worry about font availability on the
target printer. And regardless of the
output device, the document will print
identically, within the physical limits of
the device. For example, if you call for
a 30-point headline in Helvetica,

XGA UPDATE

Last time | made some off-the-cuff
remarks about IBM's XGA video
adapter. It turns out that IBM really is
serious about making XGA a new
standard. Last month the company
made two important announcements
on this subject. (1) In addition to the
Micro Channel (PS/2) bus version,
there will be an AT-bus version of the
XGA adapter. (2) IBM will sell XGA
chip sets to OEM's who can then
build it on their own boards and sell it.
These are significant changes in
IBM's marketing direction, and will
ensure that XGA assumes VGA's cur-
rent role as standard bearer. Look for
XGA boards to appear in late 1991 or
early 1992. R-E

whether you print it on a 9-pin Epson
or a 2540 dpi Linotronic, you'll get 30-
point Helvetica. Microsoft's own
TrueType, developed in conjunction
with Apple, will incorporate ATM-like
features directly in Windows. ATM
lists for S99 and is available through
mail-order distributors for about S60.
Highest recommendation.

Best file manager: Becker
Tools 2.0 is the best |'ve found. It's
crammed with useful utilities (copy,
delete, move, format, edit, etc) and
customization options (see Fig. 1).
BT2 works better than Windows' own
File manager, and it does so in a man-
ner familiar to users of MS-DOS file
managers. The program does not al-
ways follow Windows' user-interface
guidelines, and is simply awkward in
others. It has a "pack” function for
compressing files, but does not use a
standard format; the program should
allow optional use of an external pro-
gram (PKZIP or your favorite), and
better control over compressed files.
$129.95 from Abacus, 5370 52nd
Street SE, Grand Rapids, Ml
49502-8107. (800) 451-4319; (616)
698-0330.

Tutorial/games: Microsoft has
released a Productivity Pack for Win-
dows that contains a tutorial on using
Windows. Novices to whom |'ve rec-
ommended it say that it's a big help.
Microsoft has also released an Enter-
tainment Pack that contains several
games and one of the better screen
blankers on the market.

Rates: Ads are 214" > 274". One insertion $995 each. Six insertions $950 each. Twelve
insertions §925 each. Closing date same as regular rate card, Send order with remittance to
Computer Admart, Radio-Electronics Magazine, 500-B Bi-County Bivd., Farmingdale, NY
11735, Direct telephone inquiries to Arline Fishman, area code-1-516-293-3000. FAX
1-516-293-3115. Only 100% Compuler ads are accepled for this Admart.
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5 FCC NO-CODE
AMATEUR RADIO LICENSE

I The FCC recently passed Docket 90-
55 which for the first time allows a new
codeless entry ham radio license of
technician grade. Privileges 30 MHz

I and above — All modes! (See R.E. ar-
ticle in April 1991 issue).

I Get all the no-code license details,
study & testing information plus a one-
year subscription to one of ham radio’s
longest running specialty mode publi-

I cations that will teach you all about the
new modes you will be able to operate!

FSTV SSTV FAX RTTY PACKET
AMTOR OSCAR FM REPEATERS
I MICROWAVE AND LOTS MORE!

I SEND OUR
$25 24TH
CHECK YEAR
OR SINCE
MONEY = 1967!
ORDER _ Hig=
I The SPEC-COM Journal
P.O. Box 1002,
Dubuque, |A 52004
I (319) 557-8791
o Mvnicond|
P MC/VISA (5% added) NS

tronic
BESBA  giecironics g,

L4
&
&

=)
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Your Ticket To

SUCCESS

Over 28,000 technicians have gained admit-
I tance worldwide as certified profess‘lonals.'
' Let your ticket start opening doors for you. I

l ISCET offers Journeyman certification in I
Consumer Electronics, Industrial, Medical,
Communications, Radar, Computer and
Video. For more information, contact the
International Society of Certified Electro-

I nics Technicians, 2708 West Berry Street.

I Fort Worth, TX 76109; (817) 921-9101.'

| Name I

| Address I

| City l

I State Zip i
Send material about ISCET and I

I becoming certified. I
Send one ""Study Guide for the

l Associate Level CET Test.”" En- I

L closed is $10 (inc. postage).

File Directory Backup Disk Special QOptions Applications Help
Source: F:windows \#.#
Target: C:system\ I
E%B [ ] [ ’E’ﬁ_lﬁ L 20
58 == == i = e LN P - e x y—:.._
(e ATMFONTS <DIR> |t| ARCS <DIR> kiR
Flilljlcazn)| | COREL <DIR> - BAT <DIR>
E@[—]2] PN <DIR> DOS <DIR> 1)
PSFONTS <DIR> EZTAPE <DIR>
j JL TIFFANY <DIR> LANTASTI <DIR> |
= |auRs ||+ TOOLBOOK <DIR> LANTASTI NET <DIR>
(ST} wINDOWS <DIR> LOTUS <DIR> l
EB@DT wInMisc <DIR> MAG2 <DIR> |
WINWORD <DIR> MFT <DIR> !
% FRECOUER BAK 50688 NORTON ¢DIR> |
£ FRECOUER DAT 50688 PCINDEX <DIR>
8- ] FRECOUER IDX 29 PCPLUS <DIR> |
(B ) ]
PRO <DIR> I
= PROG <DIR>
R | [ L
__@ | | SIDEKICK <DIR> L[]
B+8)[8-8|H.8) |¥+| SLEUTH <DIR> Ad
Files: 0/3 Dirs: 0/9 Files: 20 Dirs: 19 Entries: 39 |
I |

FIG. 1—BeckerTools 2.0 is the best file manager I've found. It's crammed with useful
utilities and customization options. It works better than Windows’ own File manager, and
it does so in a manner familiar to users of MS-DOS file managers.

Public domain and share-
ware utilities: Pickings here are
pretty slim at present (another paral-
lel to 1981). However, | have located a
few gems that | now load automat-
ically via the LOAD = line in WINL.INI.

CHIPS AHOY!

Mention 386 and people think Intel.
However, that may change and soon.
AMD has demonstrated a 386 clone
that may take some of the wind out of
Intel’'s sales (pun intended), and
thereby provide better prices and per-
formance for end users. The AM386
is 100% compatible, but is built en-
tirely from CMOS, so power con-
sumption runs 33—66% less than an
Intel 386. In addition, a “sleep” mode
allows the clock to stop, dropping
power consumption to about 1 mA.
The AM386 will be released in 25-
and 40-MHz versions; there are
claims that the 40-MHz version runs
as fast as a 33-MHz 486. If AMD can
find the legal wherewithal to market
its clone, it will bust the laptop/porta-
ble market wide open. Real systems
should be released this spring.

In retaliation, Intel will release sev-
eral “crippled,” lower-cost versions of
the 486, one without the math
coprocessor, one without the cache.
In addition to fighting the cloners, this
gives Intel a chance to sell 486's that
don'’t pass final inspection. R-E

They'll be posted on the RE-BBS
(516-293-2283, 1200/2400, 8N1).
® WinExit: Exit quickly from Windows
simply by double-clicking on an icon.
® Digital: Formatted display of time,
date, available memory, disk space.
® WinClock: Time/date display, in-
cludes alarms, count-down timers.
® |conLib: 200 icons for various pro-
grams, stored in a single EXE file.

@ Click: Adds keyboard click.

® 7ZM: ZIP File Manager. Functions
as a shell for PKZIP, PKUNZIP, and
several other compression schemes.
Buggy and doesn't use the Windows
interface effectively, but saves shell-
ing to DOS.

If you'd like to keep track of share-
ware/PD offerings but don't relish
the thought of scanning BBS's and
on-line services, check out the Public
Software Library. The company main-
tains a well-organized collection of
software for DOS, Windows, and
0S/2 (and the Macintosh), which it
distributes for $5/disk.

Every program in the library has
been reviewed; descriptions are avail-
able in printed and electronic format.
PSL publishes a monthly newsletter,
the PSL News, describing new and
updated programs. Subscriptions are
$24/year. For more information, con-
tact PSL at P.O. Box 35705,
Houston, TX 77235-5705, (800)
2424-PSL, (713) 524-6394. R-E



MARKET CENTER

RESTRICTED technical information: Electronic sur-
veillance, schematics, locksmithing, covert sci-
ences, hacking, etc. Huge selection. Free
brochures. MENTOR-Z,
Park, NJ 07712.

FOR SALE

TUBES: “oldest,” "latest.” Parts, and schematics.
SASE for lists. STEINMETZ, 7519 Maplewood Ave.,
RE, Hammond, IN 46324.

rawer 1549, Asbury

CABLE TV converters: Jerrold, Oak, Scientific At-
lantic, Zenith & many others. "New MTS" stereo
add-on: mute & volume. Ideal for 400 and 450
owners! 1 (800) 826-7623, Amex, Visa, M/C accept-
ed. B & B INC., 4030 Beau-D-Rue Drive, Eagan,
MN 55122,

CLASSIFIED AD ORDER FORM
To run your own classified ad, put one word on each of the lines below and send this form along with your check to:
Radio-Electronics Classified Ads, 500-B Bi-County Boulevard, Farmingdale, NY 11735

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For
special headings, there is a surcharge of $25.00.

Plans/Kits ( ) Business Opportunities ) For Sale

Education/Instruction ( ) Wanted () Satellite Television

Special Category: $25.00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
{No refunds or credits for typesetting errors can be made unless you clearly print or type your
copy.) Rates indicated are for standard style classified ads only. See below for additional
charges for special ads. Minimum: 15 words.

1 2 3 4 5

6 7 8 9 10

11 12 13 14 15 ($46.50)
16 ($49.60) 17 ($52.70) 18 ($55.80) 19 ($58.90) 20 ($62.00)
21 ($65.10) 22 ($68.20) 23 ($71.30) 24 ($74.40) 25 ($77.50)
26 ($80.60) 27 ($83.70) 28 ($86.80) 29 ($89.90) 30 ($93.00)
31 ($96.10) 32 ($99.20) 33 ($102.30) 34 ($105.40) 35 ($108.50)

We accefl MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill
in the following additional information (Sorry, no telephone orders can be accepted.):

Card Number Expiration Date

/

Please Print Name Signature

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED.

CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services)
$3.10 per word prepaid (no charge for zip code)...MINIMUM 15 WORDS. 5% discount for same ad in 6
issues; 10% discount for same ad in 12 issues within one year; if prepaid. NON-COMMERCIAL RATE: (for
individuals who want to bue; or sell a personal item) $2.50 per word, prepaid....no minimum. ONLY FIRST
WORD AND NAME set in bold caps at no extra charge. Additional bold face (not available as all caps) 55¢
per word additional. Entire ad in boldface, $3.70 perword. TINT SCREEN BEHIND ENTIRE AD: $3.85 per
word. TINT SCREEN BEHIND ENTIRE AD PLUS ALL BOLD FACE AD: $4.50 per word. EXPANDED
TYPE AD: $4.70 per word sprepald. Entire ad in boldface, $5.60 per word. TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD: $5.90 per word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS
ALL BOLD FACE AD: $6.80 per word. DISPLAY ADS: 1" x 24"—$410.00; 2" x 2¥"—$820.00; 3"
2V4"—81230.00. General Information: Frequencx rates and prepayment discounts are available. ALL
COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS USING P.0. BOX ADDRESS WILL
NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER WITH PERMANENT ADDRESS
AND PHONE NUMBER. Copy to be in our hands on the 5th of the third month preceding the date of the
issue. (i.e., Aug. issue copy must be received by May 5th). When normal closing date falls on Saturday,
Sunday or Holiday, issue closes on preceding working day. Send for the classified brochure. Circle Number
49 on the Free Information Card.

TUBES, new, up to 90% off, SASE, KIRBY, 298
West Carmel Drive, Carmel, IN 46032.

CABLE TV converiers and descramblers.
We sell only the best. Low prices. SB-3
$79.00. We ship C.0.D. Free catalog. ACE
PRODUCTS, PO Box 582, Dept. E, Saco, ME
04072. 1 (800) 234-0726.

CABLE descramblers (Jerrold) from $40.00. Tocom
VIP test chip. Fully activates unit. Also Zenith test
board. Fully activates Z-Tacs. $50.00. Call (213)
867-0081.

T.V. notch filters, phone recording equipment, bro-
chure $1.00. MICRO THinc., Box 63/6025, Mar-
gate, FL 33063. (305) 752-9202.

TOCOM VIP converters w/remotes from $289.00.
TOCOM PREMIUM SUPER CHIPS from $49.00
turn on everything, guaranteed. Phone (219)
935-4128 Evenings 6-12PM EST.

LMR's, CB/amateur, scanners, radar detectors,
auto alarms, rotors, catalog $2.00, RAYS, Box
14862, Fort Worth, TX 76117-0862.

TEST equipment pre-owned now at affordable
prices. Si?nal generators from $50.00, os-
cilloscopes from $50.00, other equipment, including
manuals available. Send $2.00 U.S. for catalog,
refunded on 1st order. J.B. ELECTRONICS, 3446
Dempster, Skokie, IL 60076. (708) 982-1973.

CALL DOCTOR
DESCRAMBLER

...for symptoms
relating to scrambled
cable T.V. signals. We
have ¢ JERROLD

* TOCOM ¢ ZENITH
» HAMLIN *0AK
¢ SCIENTIFIC
ATLANTA.

Six month
warranty! We
ship C.0.D.
Lowest retail/
wholesale prices. FREE
CATALOG: VISA, M.C.,
AM.EX.

Global Cable Network

1032 Irving St. Suite
109 8.F., CA 94122
NO CALIFORNIA
SALES!!

OPEN SATURDAYS
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| Quality Microwave TV Antennas

WIRELESS CABLE - IFTS - MMDS - Amateur TV
Ultra High Gain 50db(+) » Tuneable 1.9 to 2.7 Ghz.
» 36-Channel System Complete $149.95
» 12-Channel System Complete $114.95
« Call or write (SASE) for “FREE" Catalog
PHILLIPS-TECH ELECTRONICS
e P.0. Box B533 » Scottsdale, AZ 85252
LFeTIME  (602) 947-T700 (53.00 Credit all phone orders)
WARRANTY MasterCard « Visa » COD's « Quantity Pricing

DISCOUNT computer books: Thousands of fitles
available. Including recent releases. Please call or
write for your free catalog. BOOKWARE, 344 Wa-
tertown Road, Thomaston, CT 06787. 1 (800)
288-5662. (203) 283-6973.

KNOW the phone number of the person calling
you before answering, $79.95, brochure $1.00,
surveillance catalog, $5.00, EDE, POB 337, Buf-
falo, NY 14226.

CB RADIO OWNERS!

We specialize in a wide variety of technical
information, parts and services for CB radios.
10-Meter and FM conversion kits, repair books,

plans, high-performance accessories. Thousands
of satisfied customers since 1976! Catalog $2.
CBC INTERNATIONAL
P.0. BOX 31500RE, PHOENIX, AZ 85046

ENGINEERING software, PC/MSDOS. Hob-
byists — students — engineers. Circuit de-
sign and drawing, PCB layout, Logic
simulation, FFT analysis, Mathematics, Cir-
cuit analysis. Call or write for free catalog. 1
(800) 728-3805, BSOFT SOFTWARE, 444
Colton Rd., Columbus, OH 43207.

DESCRAMBLERS, Oak R.T.C.-56
$140.00, Tocom 5503A $199.00, Oak
X-12 $49.00, Z-Tac $225.00, Hamlin
CRX-6600 $125.00, Super Tri-Bi —
SA-3B $79.00, Sylvania 4040 replaces
Jerrold 400-DIC $89.00. All others in
stock. MOUNT HOOD ELECTRONICS
(503) 253-0459.

CABLE descramblers, Oak X-12, Tocom
5503A, Oak RTC-56, Zenith Z-Tac, Syl-
vania 4040, Hamlin 6600 — MLD 1200,
SA-3B — Super Tri-Bi top quality, best
prices, volume discounts, best warranty,
C.0.D. orders OK. S.A.C., 1 (800)
622-3799.

FREE CATALOG

FAMOUS "FIRESTIK" BRAND CB ANTENNAS
AND ACCESSORIES. QUALITY PRODUCTS

FOR THE SERIOUS CB'er. SINCE 1962
FIRESTIK ANTENNA COMPANY
2614 EAST ADAMS
PHOENIX, ARIZONA 85034

CABLE Converters: Jerrold DRX-3DIC $45.00
SB-3 or MLD-1200 $15.00 each. M35B $20.00,
Hamlin, OAk, S/A... Wholesale only ACTV, 917 Hill-
crest Avenue, Stuart, FL 34994. (407) 220-6841.

LASER beam in, animation out of spinning holo-
gram! From stellar to sexy. Brochure. HOLOVI-
ION, (206) 682-7559.

PRINTED circuit boards etched and drilled JM
ELECTRONICS, PO Box 150454, Altomonte
Springs, FL 32715-0454. (407) 767-8196.

CABLE

TB-3 (Tri-Bi) or SA-3
Quantity Prices
20 A defense

10

TV

THIS SPACE CONTRBUTED AS A PUBLIC SERVICE

$48. $43. |

Each
50

Each
100

There is evidence that
diet and cancer are related.
Follow these modifications in
your daily diet to reduce
chances of getting cancer:

$39. $35.

Each

Each

Hours open 10:00 am to 4:00 pm Eastern time
Minimum order 5 units 55.00 ea.
Dealers wanted. We ship COD.

King Wholesale
1-800-729-0036

Fax number 6173400053
“No one beats the King's prices!”

DESCRAMBLERS

1. Eat more high-fiber foods
such as fruits and vegetables
and whole-grain cereals

2. Include dark green and
deep yellow fruits and vegeta-
bles rich in vitamins A and C.
3. Include cabbage, broccoli,
brussels sprouts, kohlrabi and
cauliflower,

4. Be moderate in consump-
tion of salt-cured, smoked, and
nitrite-cured foods.

5. Cut down on total fat in-
take from animal sources and
fats and oils.

6. Avoid obesity

7. Be moderate in consump-
tion of alcoholic beverages

No one faces cancer alone,

&mmuo\mm

WIRELESS CABLE RECEIVERS 1.9 T0 2.7 GHz

30 CH PARABOLIC DISH SYSTEM
30 CH ROD ANTENNA SYSTEM

$173.90

$193.90
30 CHCAYSTAL CONTROLLED SYSTEM $294.95

SUN MICROWAVE INT'L. INC.
PO, BOX #34522

PHOENIX, AZ. 85067

(602) 230-0640

QUANTITY DISCOUNTS

SEND 51.00 FOR
CATALOG OM THESE
AND DTHER FINE
VIDED FRODUCTS

VISAMCAME X

INFRARED remote controlled RF and A/V
switches. Write or call to order or get additional
information about Infracon’s complete MediaMaster
series of infrared controlled switches: MediaMaster
RF-5X2 and MediaMaster AV-4X4. INFRACON, PO
Box 1205, Richardson, TX 75085-1205. (214)
437-3366.

PHOTOFACT folders under #1400 $5.00. Others
$7.00. Postpaid. LOEB, 414 Chestnut Lane, East
Meadow, NY 11554.

RADIO tubes. Scarce new, used. Extensive listings.
Capacitors, etc. lllustrated flyer $1.00 (deductable).
DIERS, 4276-E7 North 50th Street, Milwaukee, W
53216-1313.

ELECTRONIC supermarket great buys! Surplus
prices! Railroaders, builders, engineers, experi-
n;si;toers, LSASE, FERTIK'S, 5400 Ella, Phila., PA
1 :

¢ 40 4 % PRESENTING 4 % ¥ ¥

¥ 9 4 ¢ STARRING ¢ ¥ 9¢ ¥
JERROLD, N, OAK
AND OTHER FAMOUS MANUFACTURERS
* FINEST \WARRANTY PROGRAM AVAILABLE
* LOWVEST RETAIL I VYHOLESALE PRICES IN US.
* ORDERS SHIPPED FROM STOCK WITHIN 24 HRS
* ALL MAJOR CREDIT CARDS ACCEPTED
FOR FREE CATALOG ONLY 1-800-345-8927
FOR ALL INFORMATION 1-818-709-9937

PACIFIC CABLE CO., INC.
73252 Reseda Blvd., Dept. 2103
Reseda, CA 91335

CONVERTERS all major brands info + orders 1
(800) 782-0552 FREEWAY INC. (s.m.p.), PO 5036,
Burnsville, MN 55337. No MN sales,

BETTER TV reception, bargain prices!!! Do it your-
self, send LSASE for price list of many home TV
antenna and MATV ﬂoducls, DAIl, Box 335, High-
way 925N, Waldorf, MD 20601.

FREE catalog. Connectors: centronics, serial, au-
dio, rf. Cables: shielded, coax, ribbon. Plus more.
PO Box 1215758, Fort Worth, TX, 76121.

FM Stereo transmitters. 88-108 MHz, assembled,
crystal controlled, internal audio mixers. Broadcast
quality. $100.00 — $200.00. Catalog: OREGON
COMSYSTEMS, 1257 Siskiyou, Suite 132, Ash-
land, OR 97520.

ADULT video tapes 90 min. VHS current color vid-
eos assorted titles 1 —$10.00 3 — $25.00. Free
shipping. STRINGSOFT, Box 915-R, Old Bridge, NJ
08857.

TECHNICIANS. The ultimate test lead, jumper ca-
bles with switch $14.95 each. MHA, PO Box 152797,
San Diego, CA 92195.

INVENTORS

INVENTORS! Can you patent and profit from your
idea? Call AMERICAN INVENTORS CORPORA-
TION for free information. Over a decade of service
1 (800) 338-5656. In Canada call (413) 568-3753.

HARD TO FIND

HARD to find discontinued electronic parts. We
specialize commercial & miltary. WESTERN COM-
PONENTS, (805) 245-2727, (805) 245-2208.




DISTINCTIVE RING SWITCH
Add additional phone numbers toasingle line with
the new Distinctive Ringing service from the phone
company. RingDirector detects ring patterns and
routes calls to phones, answering machines, FAX's
or modems. 2-port $89. 4-port $149. S/H §5.

1-800-677-7969 FAX 516-676-9225
EXCELLENT TECHNOLOGY
69 Smith Street, Glen Head, NY 11545

SATELLITE TV

FREE catalog — Lowest prices worldwide, save 40
— 60%. Systems, upgrades, parts, all major brands
factory fresh and warrantied, SKYVISION, 2009
Collegeway, Fergus Falls, MN 56537. 1 (800)
334-6455,

PLANS AND KITS

DAZER personal protectors! Lasers! AM/FM/In-
frared transmitters! Detectors! More! Kits/as-
sembled. Catalog $2.00. QUANTUM RESEARCH,
16645-113 Avenue, Edmonton, Alberta T5SM 2X2.

SURVEILLANCE — Audio/video/infra-red/laser
equipment. Industrial or private. 500 item catalog
$7.00. SECURITY SYSTEMS, 3017G Hudson,
New Orleans, LA 70131.

DESCRAMBLING, new secret manual. Build your
own descramblers for cable and subscription TV.
Instructions, schematics for SSAVI, gated sync,
sinewave, (HBO, Cinemax, Showtime, UHF, adult)
$12.95, $2.00 postage. CABLETRONICS, Box
30502R, Bethesda, MD 20824,

nd +5 vdc | v
z'u mbled | Including pl!m
buil

d your own auto alarm
Quantity disca vailable

SMD How to use surface mount technology. Build
ultra miniature projects. Plans included free, infra
red control, and an interesting light display. Send
$15.00 to CHARLIE'S VIDEO, Dept. SRT, PO Box
7782, La Sierra, CA 92503.

HYPNOTIZE or relax electronically! Alpha/medita-
tion a Kg les. Complete kit $53.00. Free information.
ORLEY, Box 261113, San Diego, CA

SUFNE!LLANCE transmitter kits! Four models of
each; telephone, room, combination telephone/
room transmitters tune from 65 to 305 MHz. Catalog
with Popular Communications and Popular
Electronics book reviews of "Eleclronic aves-
droggin Equipment Design,' $2.00,
SHEFFI ELECE’HON[CS 7223 Stony Island
Ave., Chicago, IL 60649-2806.

I'LL HAVE MINE
DESCRAMBLED CHOOSE FROM THE FOLLOWING PACKAGES:

PKG. ‘1... E
10 sone s 905
PKG. '2...

If you find a betser deal, Well beat B SCIENTIFIC ATLANTA 3175“
JERROLD + TOCOM LI 8536+ COMBINATIONS

ZENITH e ask about our warrant;
AM ES. #
pmgﬁ?&c&%%&% ’CA&‘%LOG PKG 3- am
<OPEN SATURBAYS 5 SCIEN::TAH%#H#SJQ $21 5“-
8580 .
1 800 562-6884
3702 8. vEgmf.WStB Sbe 160-304 PKG . nmae N
. 10 ! AN atch $45
ADD-ONS 4

]
CABLE TV Secrels — the outiaw publication the ALL EQUIPMENT IS BRAND NEW, FACTORY FRESH !!!

cable companies tried to ban. HBO, Movie Channel, CALL

Showtime, descramblers, converters, etc. Sup- (800) 234-1006 u “A"
pliers listincluded. $9.95. CABLE FACTS, Box 711- o kit rmation and a cataog

R. Pataskala, OH 43062. :

——LASER

== l”@ Helium-Neon COMPLETE
==\ 4 Laser Tubes | HELIUM-NEON
s LASERS
New Laser ”__r__f.rfl"." 2§ L FROM
Diodes $18 |©l=____ W] s5goo

FREE CATALOG Call or Write Today !
MEREDITH INSTRUMENTS PO Box 1724/Glendale. AZ £3311/(502) 534 2387

ROBOTICS! Engines! Inventions! Muscle wires
contract with surprising strength when powered.
Send business SASE for latest flyer, MONDO-TRO-
gNig%cxo RE, 2476 Verna Ct., San Leandro, CA

FREE cable and satellite descrambler plans. Send
self addressed stamped envelope. MJM INDUS-
TRY, Box 531, Bronx, NY 10461-0208.

KITS, games, sound & light effects. Send $1.00 JM
ELEC RONICS, PO Box 150454, Altomonte
Springs, FL 32715-0454.

LASER, construct the ND-337 mega watt nitrogen
and vls:ble dye laser system. Nitrogen laser pumps
dye laser. Very simple construction. Uses no mir-
rors. Plans $15.00. INFO TECH, 537 Aero,
Shreveport, LA 71107.

BUY BONDS

LRI EXCELLERATOR..

CABLE CONVERTERS
New Auto Tri-Bi guaranteed no flashing $165.00
o b s WHEN QUALITY COUNTS

$109.00 SAAVL..
$99.00 TOCOM.
EAGLE...
$119.00 COPY GUARD.
- $99.00 STARGATE 2000... $88.00
$175.00
M.D. Electmnics will match or beat any

advertised wholesale or retail price.

Your best buys and warranties for

cable converters and descramblers

S F LU 0 O DRLE R S0 BV LB New Dynatrack™ fine tuning provides unmatched picture quality

550 Mhz tuner provides 83 channel capacity

Sleep timer for automatic shut off within 15-90 minutes
402-554-0417 2/3 switchable ~ HRC /IRC/ Standard Switchable

To order or request a free catalog 2 Year warranty, Last channel recall, Favorite channel select, Scan

1 800 624 1150 Double vented high efficiency transformer for cool performance

Stargate-2001 $99.00
Stargate-550XL $119.00 With Volume Control

Don't settle for anything less.

FF €3 &&= c.op.

Y ORDERING CABLE TV EQUIPMENT FROM M D. ELECTROMICS THE PURCHASER
Aﬁmﬁ TO COMPLY WITH ALLSTATE AND FEDERAL LAWS RECARDING FRIVA TE]
OWNERSHIP OF CABLE TV BQUIPMET. [F YOU ARE UNSURE OF THESE LAWS
CHECK, WITH YOUR LOCAL OFFICIALS

CIRCLE 53 ON FREE INFORMATION CARD
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FREE CATALOG!
1-800-648-7938

JERROLD HAMLIN OAK ETC

CABLE TV

DESCRAMBLERS

* Special Dealer Prices!

* Compare our Low Retail Prices!
* Guaranteed Prices & Warranties!
* Orders Shipped Immediately!

REPUBLIC CABLE PRODUCTS, INC.

4080 Paradise Rd. #15, Dept REG91
— Las Vegas, NV 89109
For all other information (702) 362-9026

CABLE TV
DESCRAMBLER LIQUIDATION!

FREE CATALOG!
Hamlin Combos $44, Oak M35B $60 (min. 5), etc.

WEST COAST ELECTRONICS
For Information: 818-709-1758
Catalogs & Orders: 800-628-9656

VIDEOCYPHER Il descrambling manual. Sche-
matics, video and audio. Explains DES, Eprom,
Clonemaster, 3Musketeer, Pay-per-view (HBO, Cin-
emax, Showtime, adult, etc.) $16.95, $2.00 postage.
Schematics for Videocypher Plus, $20.00. Sche-
matics for Videocypher 032, $15.00. Collection of
software to copé and alter Eprom codes, $25.00.
CABLETRONICS, Box 30502R, Bethesda, MD
20824,

VIDEOCIPHER Il manuals. Volume 1— Hardware,
Volume 2 — Software — either $34.95. Volume 3
— Projects/Software, Volume 5 — Documentation
or Volume 6 — Experimentation $44.95 each. Vol-
ume 7 — 032/Hacking $54.95. Volume 4 — Repair
$99.95. VC Primer — $9.95 Scanner Hacker's
Bible — $34.95 Cable Hacker's Bible — $34.95.
Satellite Hacker’s Bible — $54.95. Catalog —
$3.00. CODs (602) 782-2316. TELECODE, PO Box
6426-RE, Yuma, AZ 85366-6426.

3 ft Ku satellite system. Legally receive free TV
programs and pictures of current events. Systems
as low as $599.00. Call or write MOONBEAM SAT-
ELLITE, PO Box 429, Mastic Beach, NY 11951.

(516) 281-2669.
ELECTRONIC

BIG
ASSEMBLY BUSINESS

Start home. spare time. Invesiment knowledge or
experience unnecessary. BIG DEMAND assem-
bling electronic devices. Sales handled by profes-
sionals. Unusual business opportunity.

FREE: Complete illustrated literature
BARTA RE-00 Bux 248
Walnut Creek. Calil. 94597

BUSINESS OPPORTUNITIES

MAKE $50/hr working evenings or weekends in
your own electronics business. Send for free facts.
MJME INDUSTRY, Box 531, Bronx, NY
10461-0208.

YOUR own radio station! AM, FM, TV, cable. Li-
censed/unlicensed. BROADCASTING, Box 130-
F6, Paradise, CA 95967.

LET the government finance your small business.
Grants/loans to $500,000. Free recorded message:
(707) 449-8600. (KS1).

PERFECT CABLE CONNECTION !!

+ 6 months 100% paris & labor

» 24 months warranty available

+ Full technical support

» On-line computer system

» 30 days money back guarantee

» Most orders shipped within 24 hours
+ Visa, MIC. AMEX - 5%

Perfect Cable Connection is totally committed
to customer satisfaction. Our primary concemn
is o provide you with the highest quality
converters and descramblers at the lowest cost.
We empioy full time technicians to insure hassle
free service and troubleshoot any situation. Call
us today and let us prove to you why we are

Try the

Electronics.

bulletin board

MAKE $75,000 to $250,000 yearly or more fixing
IBM color monitors (and most brands). No invest-
ment. Start doing it from your home. (A telephone
required.) Information, USA, Canada $1.00 cash.
US funds. other countries $8.00 RANDALL DIS-
PLAY, Box 2168-R, Van Nuys, CA 91404 USA.

EASY work! Excellent pay! Assemble products at
home. Call for information (504) 641-8003 Ext. 5192.

MAKE $$$! Become an American electronics deal-
er! Profit opportunities since 1965. Call SCOTT
PRUETT, 1 (800) 872-1373.

 FREE CATALOG! 1-800-348-7659
ELECTRONIC COMPONENTS, AUDIO, VIDED, TELEPHONE,

| ANTENNA & ACCESSORIES.

| Poiytron Corp.. 20 Cherakee Ad. PO. Bax 1033, East Brungwick, NJ 08816
|

Video Transceiver Digital Video Stabilizer |

w\! fos :;:m e
§.&
!HHH# 1&;’|
ot Tamme Wi Moy | T e (W
: S‘SSQ .’23" : Bl§369‘5

0

4 ELECTECH /

CABLE T.V. DESCRAMBLERS
» All quality brand names -«

« All fully guaranteed - All the time -

Knowledgeable Sales Service Department

FOR FREE CATALOG 800-253-0099

BEST BY MAIL

Rates: Write National, Box 5, Sarasota, FL 34230

OF INTEREST TO ALL

CITIZEN BAND RADIO DXing. Get more out of your
Eha?'%i(?i Catalog $1.00. CBR, Box 212, Rochelie Park, NJ

the Perfect Cable Connection. e wekme system BUSINESS OPPORTUNITIES
=y $2,750 WEEKLY! CALL 1-900-988-5152, Ext. #130. $3.00
per minute.
o DF:;.;OEC i A BAIGE WA FAegal RC B3 WA “New’ (HE“BBS)
SOl 0 5 - s remos 516-293-2283

20 65
50 60
100 55

« Automatic fine luning

+ Parental lock

* Made in Japan

* Super small

» Favome memory channeds

The more you use it the EDUCATION & INSTRUCTION

more useful it becomes. F.C.C. Commercial General Radiotelephone li-
Jerrold A B500 311 WA AX 5000 M W H cense. Electronics home study. Fast, inexpensive!
. e Foak 1 We support 300 and 1200 | “Free” details. COMMAND, D-176, Box 2824, San

e baud operation. Francisco, CA 94126,

MAGIC! Four illustrated lessons plus inside infor-
mation shows you how. We provide almost 50 tricks
including equipment for four professional effects.
You get a binder to keep the materials in, and a one-

ar membership in the International Performing

All models
ol for: pricen Parameters: 8N1 (8 data
bits, no parity, 1 stap bit)
or 7E1 (7 data bits, even

parity, 1 stop bit).

Jerrold 400 8 | . zﬁ
DRX 3105 WA 150 DR 3 W H agicians with a plastic membership card that has

Add yourself to our user
files to increase your
access.

your name gold-embossed. You get a one-year sub-
scription to our quarterly newsletter “IT's MAGIC!"
Order now! $29.95 for each course + $3.50 postage
and handling. (New York residents add a%alicable
state and local sales tax). THE MAGIC COURSE,
5003—8 BiCounty Boulevard, Farmingdale, NY
11735.

goglmugicale with other
-E readers.
WE WILL MEET OR BEAT ANY ADVERTISED PRICE

receivers. Complete, with technical description.
VCR Extender, $19.95, JZO RESEARCH, Box
28131, Minneapolis, MN 55428.

w0

o IN THIS MAGAZINE. Leave your comments on LEARN IBM PC assembly language. 80 pro-
z R-E with the SYSOP. grams. Disk $5.00. Book $18.00. ZIPFAST, Box
Q PERFECT CABLE CONNECTION 12238, Lexington, KY 40581-2238.

= i = BUILD VCR extender quickly. Construction guide
B 2209 Oggfeaéledz-rsss:.lite 321 RE‘BBS shows new, inexpensivemeth)(;d lolransmilre%abte
i b VCR pictures in home over existing telephone wires.
"g Spark, NV 89431 516-293-2283 Easy‘pfun, practical. No complicgted lt:,ransmitters.
o

<

o

[=]
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LOGIC ANALYZER
continued from page 38

a controller chip. Coupled with a
standard low-power SRAM, the
SmartSocket provides all of the
benefits of standard non-volatile
memory. The logic analyzer cur-
rently uses a 32K x 8-RAM.

The TTL levels of the V25 are
converted to RS-232 levels by
IC41, a Maxim MAX232 RS-232
transceiver. The part requires
only a + 5-volt supply and has in-
tegral charge-pumps to create the
necessary — 10-volt and + 10 volt
RS-232 levels.

The negative contrast-voltage
for the LCD panel is generated by
IC42, also a MAX232 chip. The
V25 address and control lines are
decoded by IC44 and IC20 to pro-
duce device selects for the memo-
ry, LCD, and control registers. A
programmable logic device (PLD)
from Lattice Semiconductor,
IC44, (a GAL16V8) produces the
control signals required by the
LCD panel. It also generates the
RAM and ROM chip selects. The
chip selects for the registers
which control the logic analyzer

section are produced by IC20.
The LCD is a 240 X 64 pixel
graphics display with built in
RAM, controller, and micro-
processor interface. That display
allows the logic analyzer to run a
true windowed graphics inter-
face under the control of the V25.
The TL7705 is a reset and
power-supply monitor circuit. It
produces a glitch-free reset sig-
nal on power up. It will also reset
if the drops below 4.75 volts.
Each IC on the circuit board is
de-coupled using a 0.1 pF capaci-
tor. That is shown in the large
capacitor array in Fig. 6. The
power supply uses a standard
three-terminal voltage regulator,
IC43. Because the logic analyzer

draws approximately 600 mA, a more than a place thrc;
TO-3 type case and heat sink are %loung people are preparing
used. or their future. It’s where

The analyzer is powered from a
plug-in wall transformer which
supplies an unregulated 9 volts
DC. Note that the logic analyzer
can also run off batteries. Six D-
cell alkaline batteries will run the
analyzer for over eight hours.

Next month when we continue,
we'll show you how to build the
logic analyzer, and how to use it
to troubleshoot circuits. R-E

the

Support America’s
colleges. Because college is

America—and American
business —is preparing
for its future.

Give to
college of

your choice.

- P e o T Pt
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r1 2" Subwoofer Box

The perfect high volume cabinet
for dual voice coil subwoofers.
Box comes with pre-cut woofer
and port holes. Cabinet volume:
2 cu. ft. with dual ports, Charcoal
carpet. Dimensions: 137 (H) x 13"
(D) x 30" (W). Net weight: 29 Ibs.

12" Pyle Woofer

LeW
S= pyLE

12", 70 oz. magnet woofer. 2-1/2° voice
coil. 105 watts RMS, 155 watts max
power handling capability.

(1-5) (6-up)

12 Pionfgr Subwoofer
D)
X »
\"'-e____,.--
-

) PIONEER TEh—
12" super duty, dual voice coil
subwoofer. 30 oz. magnet, 27 voice
coil. 100 watts RMS, 145 watts max
power handling capability. 6 ohm
impedance (4 and 8 ohm compatible).
Sensitivity: 89 dB 1W/1M. Response:
25-700 Hz. QTS=.31, VAS=103cuft
Net weight: 6 Ibs. Pioneer #A30GU30-55D.

#RH-260-495 $59%.. #RH-290-145 $39% $368°

5-1/2" Cone Midrange

Original Sanyo high
end system midrange.
Large 5" paper cone
with gold look dust cap.
Heavy 12 oz. magnet.
1" ferro fluid cooled
voice coil. 50 watts
RMS, 75 watts max =
Sanyo part #512H10.
Net weight: 1-1/2 Ibs.

#RH-292-050 $62°$5980 #RH-281-100

800 Hz Horn

0z. magnet.
watts RMS,

Piezo midrange/tweeter driver unit.

(1-3) (4-up)

(1-3) {4-up)

Super duty, 200 watt RMS
power handling capability

/ \ Designed specially for dual
voice coll subwoofer -\
N systems. 12 dB per |
Wiz octave roll-ofi at b, T

150 Hz into 8 ohms.
Crossover also features
a set of outputs

\—(

SANYO

totally passive, requiring no power source of its own.
$5% $3%°  4rH-260-220 $28% $249°
(1-9) (10-up)

(1-5) (6-up)

watts max power

Subwoofer Crossover Network

for use with your existing speaker system. Network is

18" Eminence Woofe_r

Professional driver
for use in auditorium
and studio sound
systems. Giant 100

A

I

250
350

¢ handling capability.
Response: 800-20 KHz. Power handling fs= 30 Hz, OMS=
capability: 20-30 volts (approximately 50 9.7, QES= 373, 3
watts RMS). Sensitivity: 93 dB, 2.83V/1M. QTS=.33, Nt
4" round. Motorola #KSN1086 VAS= 105 cu ft. =
SPL= 95 dB 1W/1M.
#RH-270-085 $25° $23%° [iTske  EMINENCE

#RH-290-200 $99% $9340

(1-3) (4-up)

340 E. First St., Dayton, Ohio 45402

+15 day money back guarantee « $15.00 minimum order =

Wae accept Mastercard, Visa, Discover, and C.0.D. orders. -

24 hour shipping *+ Shipping charge = UPS chart rate + $1.00

($3.00 minimum charge) « Hours 8:30 am - 7:00 pm EST,

Monday - Friday « 9:00 am - 2:00 pm Saturday. Mail order

customers, please call for shipping estimate on orders exceeding 5 Ibs.
Foreign customers please send $5.00 U.S. funds for catalog postage.

Local: 1-513-222-0173
l FAX: 513-222-4644

E;ar‘sss

CALL TOLL FREE
1-800-338-0531

FREE
CATALOG

m

L6611 INAP

?

Y))
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CABLE TV EQ[ IPMENT

JERROLD-OAK-SCIENTIFIC ATLANTA-HAMLIN
ZENITH MANY MORE CALL TODAY!

v Only quality products sold ¥ Easy to use
VSatisfaction guaranteed ¥ KEnowledgeable sales staff
v Most orders shipped within 24 hours

CALL FOR YOUR FREE CATALOG
U@ 1-800-228-7404

MAKE THE CONNECTION

WITH
NU-TEK ELECTRONICS ||
5114 Balcones Wood Dr.#307 Dept.298
Austin, TX. 78759

I'"""""":'I

Great money in VCR repalr
Home study. Learn high-profit repairs .
without investing in high-tech instruments. g

FREE BOOKLET: 800-223-4542. L O |

Name

Address. ‘V I
I City State____ Zip I

The School of VCR Repair, 2245 Perimeter ‘

Park, Dept.VG342, Atlanta, Georgia 30341
------------

ZENITH & TOCOM SPECIALS

SUPER Zenith (Z-TAC) converters (flashing)...
$179.00. Zenith “turn-on” module... $49.00.
Tocom 5503(A) converters... $159.00. Tocom
(add-on) descramblers... $79. 00, Tocom (5503-VIP
& 550?} ‘turn-on” chips...$49.00. Tocom 5507 se-

screw removal bits,..$22.00. CINEPLEX VID-
EO ROUP. 1 (800) 726-4627.

B CABLE T.V. DESCRAMBLERS
WHY RENT !

Compare and Save - Lowest Prices
30 DAY MONEY BACK GUARANTEE - ONE YEAR WARRANTY
Free Tech Support Service - Extended Warranty Program|
Voted #1 in Customer Satisfaction

JERROLD STARCOM 6 & 7 Baseband

Panasonic - Zenith - Oak - Hamlin
Scientific Atlanta - Tocom - Etc.

Dealers Wanted - Quantity Discounts
COD's - VISA - MC - Discover - American Express
All Orders and Free Catalogs
Cable Specialists, Inc.

East Coast - Canada West Coast

[(800) 334-9494(800) 666-9494
1753C E Palmdale Bivd,, Ste 431 3389 Sheridan Street, Ste. 112
paimdale, CA 93550 |

Hollywood, FL 33021

CABLE DES
OAK M35B COMBO $39.9

Jerrold, Zenith, Hamlin, Sci. Atlanta, Pioneer
& MORE! OUR PRICES ARE BELOW WHOLESALE!
CABLE+PLUS

14417 Chase St. #481-A Panorama City, CA 91402

1-800-822-9955 ¢ Other Info. 1-818-785-4500
NO CALIF. SALES — DEALERS WANTED

ANTIQUE RADIO CLASSIFIED
Free Sample! &y S

Antique Radio's — %
Largest Circulation Monthly.
Articles, Ads & Classifieds.

6-Month Trial: $13. 1-Yr: $24 (536 -1st C!ass)

A.R.C., P.O. Box 802-L6, Carlisle, MA 01741

WANTED

INVENTIONS/ new products/ideas wanted: call
TLCI for free information 1 (800) 468-7200 24 hours/
day — USA/Canada.

INVENTORS: We submit ideas to industry. Find out
what we can do for you. 1 (800) 288-IDEA.

NEED help with your electronic project, PCB as-
sembly/artwork? Write to T.S., PO Box 5275, Flint,
MI 48505.

INVENTORS! Your first step is important. For free
advice, call ADVANCED PATENT SERVICES,
Washington, DC, 1 (800) 458-0352.

TRAVEL! High income! Radio officers wanted for
shipboard employment. Must have FCC second
telegraph license. Rae Echols, AMERICAN RADIO
ASSOCIATION, 5700 Hammonds Ferry, Linthicum,
MD.21090.

PAY TV AND SATELLITE DESCRAMBLING
ALL NEW 1991 EDITION

Dur best yet. The very latest in descrambling circusts, bypasses. turn-ons for
cable, wireless and satellita. Only $14.95, Other pay TV edrtions, Vol. 1 [Basics
of All Systerns) $14.95, 1589 Edition $14.95; Bulld satefiite systems under S600

$12.95. Wireless Cable Handbook $9.95. Amy 3/529.55 or 5/544.95. Scrambling
News Monthhy has all info on the new “Ptain Vanilla™ descramblers which em-
ulate B-Mac, VCI|, Pius and Orion. $19.954r. All new catalog §1

Scrambling News, 1552 Hertel Ave.,
Buffalo, NY, 14216. COD'S ARE OK. (716) 874-2088

UNICORN -

Laser Diode
(visible-red)

=

STOCK #
LS9200

* Output: 3 mW (max.) Laser Diode

* Current: 85-100 mA  (visible red)

* Op. Volt= 2.3-3.0V =

= Wavelength' 5TONM L

* Lens Required

* Data Sheet & =)
Application notes inc

—

PRICE
$49.99

STOCK #
LS022

Collimator Pen
(Infra-red)

<

STOCK #
LB1052

Laser Pointer
* Output: 2.5 mW (max.) //
* Current: 90-150 mA
= Op. Volt: 2.2-2.5V

* Wavelength: B2ONM

= Data Sheet inc yards

Available

PRICE

STOCK #
$39.99

LSPOINT

Disc Drive Head-
Cleaning Kit

Disc Drive & Computer
Cleaning Kit

Mot just a drive cleaner-

but a complete computer
STOCK #

cleaning kit. Includes

swabs, head cleaning
SB1099 3':" Kit
SB1100 5%" Kit

_——
fluid, anti-static cleaner, !
screen wipes and
cleaning disketie.
PRICE STOCK #
$6.99

$6.99
|

» Output: 5 mW (max.) Laser Diode

* Current: 65-100 mA

* Op. Volt

* Wavelength: TBONM

| b= * Lens Required

* Data Sheet &
Application notes inc

PRICE
$19.99

- * Output: 35 mW
* Wavelength: 670NM
* Power Supply: 2xAAA
Batteries (Included)
* Beam: Approx. 3" @ 100

Quantity Discounts

Includes cleaning
fluid and head- e

m cleaning fuid i

SB1105 3'%" Drive Kit
SB1106 5" Drive Kit

YOUR I.C. SOURCE & MUCH, MUCH MORE!

Laser Diode
(visible red)

* Qutput: 4 mW (max.)

* Current 20 mA

* Op. Voit.: 23-3.0V

* Wavelength: 6TONM

= Lens Required

* Data Sheet &
Application notes inc.

(visible red)
1.75-2.2v 3
=

STOCK #
SB3200

PRICE
$89.99

STOCK #
LS9211

Power Supply
® Input: 115/230V

y * Output: +5v @ 3.75A
“12v @ 1.5A

-12v @ 47 1702

*Size: TOLx ST W 2708

x 24" H 2716
2716-1

STOCK #

TMS2716

27C16
2732
2732A-2
2732A
2732A-4

PRICE
$199.99

STOCK #
PS1003

Anti-Static
Screen Wipes

PRICE
$19.99

For static-sensitive
applications. Dispenser
packs, individually
wrapped,

27C32
2764-20

e e 2764
r

STOCK #

PRICE sB1104
$1.99

$1.99 SB1106

PRICE
Dispenser pack
of 25 wipes
Dispenser pack
of 100 wipes

STOCK #
MK4027

4116-120
4116-150
4116-200
4116-250
4164-100

= Qutput: 5 mW (max.)

® Current: 60 mA

« Op, Volt.. 23-3.0V

= Wavelength: BTONM

= Lens Required i

* Data Sheet & .
Application notes inc

TMs2532
TMS2532P

2764A-20

Laser Diode
(Infra-red)

* Dutput: 3 mW (max.)
* Current: B5-100 mA
* Op. Volt.: 2.3-3.0V

= Wavelength: B20NM
» Lens Required

= Data Sheet inc

PRICE
$69.99

STOCK #
SB1053

PRICE
$9.99

EPROMS

100+ STOCK #
392 2764A
555 TMS52564
282 27C64
324 27T128-20
485 27128
347 2T2BA
358 27C128
324 27256-20
316 27256
273 27C256
495 27512-20
170 27512
3.24 27C512
367 27C1024
341 68764
3.41 6B766

1-24 25-89
459 438
6.43 617
328 313
379 360
578 550
383 379
419 398
378 360
369 351
319 303
579 550
189 189
379 360
429 408
399 378
399 379

1-24 25-99
349 332
579 550
320 313
493 474
479 455
479 455
479 455
529 503
479 455
429 408
648 617
589 569 512
599 569 512
1250 12,34 1111
13.99 1329 11.96
1299 1234 1111

100+
299
495
3.28
427
4.09
409
4.09
453
409
367
5.55

DYNAMIC RAMS

1-24 25-99 100+ STOCK &
59 56 50 4464-100

138 132 119 4464-120
29 94 B85  4464-150
B9 85 77 41256-60
58 56 50 41256-80

1.89 180 163 41256-100

1-24 25-99
299 284
279 265
229 w215
299 284
279. 265
199 189

100+
256
239
1.95
2.56
239
1.70

ORDER
'J I.l(TllJllI(S

10010 Canoga Ave., Unit B-8 = Chatsworth, CA 91311
OUTSIDE CALIFORNIA: (800) 824-3432 (Orders Only)
IN CALIFORNIA: (818) 341-8833
ORDER BY FAX: (818) 998-7975

Minimum Order $15.00 » 24-hour ordering available

4164-120
4164-150
4164-200
4416-120
4416-150

169 161 1.55 41256-120
159 151 136 41256-150
1389 132 119 511000-70
199 188 170 511000-80
179 170 1.53 511000-100

189 1.80
179 170
649 617
599 569
549 522

1.63
153
555
512
470

RADIO-ELECTRONICS
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—==_| CODE SCANNER

Y¥Aars) GLORA ) | Compact unit copies Morse, RTTY, ASCII
codes from your radio on 32 character
meusst =l L CD display. Ten day money back.

=)

@ Model CSCAN.......5$189.00 + $5 S&H

ﬁ — MICROCRAFT P.O. Box 513R
=g Thiensville, Wl 53092

=] Telephone (414) 241-8144

All Jerrold, Oak, Hamlin, Zenith, Scientific
Atlanta, Magnavox and all specialized cable
equipment available for shipment within 24
hours. For fast service MC /VISAor C.O.D.
telephone orders accepted (800) 648-3030
60 Day Guarantee (Quantity Discounts)
8 AM. to 5 PM. C.5.T. CLOSED WEEK-
ENDS. Send self-addressed Stamped enve-
lope (60¢ postage) for Catalog.

P.0. Box 5000
IDWeST Suite 311 (R)
d&iROnicsinc. Carpentersville, IL 60110

No lllincis Orders Accepted

THIS SPACE CONTRRDUTED AS A PUDLIC SERVICE

When someone

. everyone,
in your famil
ficeds help.

Nobody knows better than
we do how much help and
understanding is needed, That's
why our service and rehabilitation
programs emphasize the whole
family, not just the cancer patient.

Among our regular services
we provide information and
guidance to patients and families,
transport patients to and from
treatment, supply home care items
and assist patients in their return
o everyday life,

Life Is what concerns us.

S0 you Can sec we dre cven
more than the research organi-
zation we are s0 well known to be,

No one faces cancer alone.

O i

WARNING!

CABLE BOX DEALERS
Consider the facts before you buy
after-market cable equipment

An industry standard defines 25% of all
after-market cable boxes do not work when
first tested...

All wholesalers advertise low prices...but
low prices are not enough. Any price is too
high if you're without technical support or
quality control.

Now consider that your success as a
dealer depends on the satisfaction of your
customers.

Wholesale Cable Supply offers services
that are near a defined science. And we
guarantee 100% satisfaction.

Monthly Special ® Guaranteed Low Prices
TB-3 or SA-3B | ® State-of-the-Art technical support
10 ot 48 | @ Top Quality Tested Products

20 lot - 43
S | D Dealer Market Support

100 lot - 39 WHOLESALE CABLE SUPPLY
Z-TAC Low Price is only the beginning
103024149 1-800-926-6836
723 CAMINO PLAZA, STE. 108, SAN BRUNO, CA 94066

ORDER IN CALIFORNIA 800-521-MARK
MARK V ELECTRONICS, INC, oroeroursioc casaasrive

Competitive Pricing * Fast Shipping

Since 1985 FAX (213) 888-6868

FREE CATALOG & INFORMATION (213) 888-8988

A indicates the level of difficulty in the assembling of our Products. A Beginner AA Intermediate AA A Advanced * Fully Assembled
— a - ik "’ e TA-10004
¢ Amr.:rllfier TA-3600 | TA-477 | TA-802 [TA-1000A|TA-1500 ﬁ m I W -
06@\ Metal Cabinet| LG-1925 |LG-1925 | LG-1924 | LG-1924 |LG-1925| * G ool * U
3 iy g . 1
BV | Translomer | #007 | #003 | #001 | #001 | #oot saTen
Kit Set $155.61 |$125.21 | $100.45 | $113.52 | $130.00 R
Assmb. Set | $179.36 |$141.36| $113.54 | $133.36 | $150.00 TA-477
+ Due to this special offer & low price, we can only exchange or repair any of these units (TA-3600, TA-477, TA-802 Metal Cabinet 4
& TA-1000A) within 15 days of your receipt. =
 The above prices are for the complete sets. For separate unit price, please see below Transformer ¥ ’l 'a e
AMPLIFIERS KIT ASSEMB. MISCELLANEDUS
MUDEC DESERIFTION MODEL DESCRIPTION
TA-2BMK2 Digital Voice Memo A& . " 530.00 TY-238 3 Channel Color Light Controller % . ...... o § £6500
TA-50A/ B Multi-Purpose Melody Generalor & e 1284 1720 TY-25 Stereo Loudspeaker Profeclor & ..o : 14.85 20.85
TA-50C Multi-Purpose Melody (Happy Birthday, Wedding March, elc.) Generator & 13.65 1871 TY-35 FM Wireless MICTOPRONE i .........vrocerererrrssesrrrrmmmssrsrmrssarermasssssrssssssssress 120
TA-120MK2 35W Class “A° Main Power Mono Amp. A A 31,50 4280 '{\"-gﬁ g[‘.'Dt‘. G}Ja\-" th;g\Lal Clgc'x A 1 g gg 26.20
TA-300 30W Multi-Purpose Single Channel Amp, A 20.00 2900 Y-38 ound / Touch Control Switch A& 2 i 12,
SM-302 EOW + GOW Stereo Power Amplitier (with Mic. inpul) A& 57.00 78.00 TY-41MKV Infrared Remate Control Unit (w/Casz) A A A 2200 35.00
TA-323A 30W X 2 Stereo Pre-main Amp. A I I 3150 4280 p;fg gf' B ﬂ;[‘ﬂﬁm:‘:‘;:{ﬁ‘: - - : 3; Eg 32'?.1
1 i - 3 -4, Ya Lp T - - . i v
TA-3TTA State of the {\r. Fully Complementary Symmetrical FET Fre-Amp. AAA . 53.95 75.00 TY-45 20 Steps Bar / Dot Audio Level Display A& ... T an s 1614
In.-mn -!EW Solld State Mono Amp. A . 2800 3493 Ty-47 Superior Electronic Roulelte Ak, ... ) Y 1046 2724
TA 477 32N Moatel FrikaMonn Asp. AL ) 10,000u1 80V Capacitor {Suggested for TA-3600, TA-477, TA-1000A & TA-802) 2300
TA-80OMK2 120W + 120W Low Tim Pre-Main Stereo Power Amp. A& 6392 REGULATORS prevs NE
TA-802 BOW + BOW Pure DC Stereo Main Power Amp. A& 4594 59,72 ASSEMB.
TA-1000A 100W Dynamic Ciass "A° Main Power Mono Amp A A 5969 "B0.58 TR-3554 0-15V 5A Regulated DC Power Supply (no case & x'former) A §1565 S21.76
TA-1500 100W X 2 Class "A* DC Stereo Pre-Main Amp. A& A 7370 9581 TR-3558 0-30V 3A Regulated DC Power Supply (no case & x'former) A 15,65 21.76
TA-2200 DG Fet Super Class ‘A" DC Pre-Amp. A A A I 4770 58.24 TR-503 0-50V 3A Regutated DG Power Supply (no case & x'former) A & 16,75 23.65
TA-24004 Electronic Echo & Reverberation Amp, 96.00
TA-2500 HO Pre-Amp w/10 band graphic equalizer * 68.80 METAL CABINETS WITH ALUMINUM PANEL
TA-2800 BI-FET IC Pre-Amp w/3 way tone control A& 48.90 6357 MODEL H'xW' x O' MATCHING PRICE
TA-3000 Stereo Simutator (For Mono TV or Any Mono Source) A A 27.00 38.50 LG-1273 3 12 T  TA-2800.TA-377A.TA-2200 §22.85
TA-3600 300W HO Hi-Fi Power Mono Amp A A A B5.00 110.00 LG-1684 4 16" 8  TA-323A TA-377A TA-2200 27.50
SM-222 7 Band HI-F1 Graphic Equalizer A A A 26.80 3880 LG-1924 4 19 11% TA-802, TA-1500.TA120MK 2, TA-800 MK2, TA-1000A 3280
SM-328 4 Channel Professional Colos Light Controlier & 145.00 LG-1925 5 19 11% TA-477, TA-800, MK2, TA-1500, TA-1000A. TA-3600 ... 35.80
SM-333 AudioVideo Surround Sound Processor Ak k* 65,00 75,00 LG-1983 2419 8  TA-377A. TA-2800, TA-2200, TA-120MK 2 3 2925
SM-666 Dynamic Naise Reduclion A . 26.00 34.00
SM-338 Universal AudioVideo KARAOKE Mixer, Pre-Amp. 225,00 POWER TRANSFORMERS
NTER ASSEMSB. MODEL DESCRIPTION MATCHING
DIGYAL METERS AND £0U KIE 001 28Vx2B6A 1030V x26A TA-500 MK2, TA-802, TA-820A, TA-1000A, TA-1500
SM-43 3vs Multi-Funcional Led D.P.M. (w/ABS plastic case) A A $3450 54300 002 36V x 234 TR-503. TA-323A. TA-400, TA-300, TA-377A
SM-48 44: Hi-Precision D.P M A A& 38.00 48,00 003 40V x 2 BA TA-47T :
SM-48A 44% Hi-Precision D.P M. (w/ABS plastic case) A A A 4120 52.00 004 24V x 2 BA TA-120 MK 2
SM-49 34 Multi-Functional LGD D.M.P. [wiHold Funclion) & & 36 00 44 50 005 26V x 2 3A TR-3558
SM-100 150MC Digital Frequency Counterd A & 79.00 90.00 006 18V x 2 5 TR-355A
FC-10004 1 GHz Frequency Counter % 179.00 007 53V x 2 8A TA-3600

& Showroom ho
Mon. thru Fri. &
Sat

son Ave, Montebello, CA
CIRCLE 93 ON FREE INFORMATION CARD
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24 Vdec MINIATURE
GEAR MOTOR

Maxon DC motor #

2130 910 61.112 050
Rating with no load:

24 Vdc @ 5 ma-168 APM
12 Vdc @ 5 ma -84 RPM
Precision gear motor.
Designed for 24 Vidc.

has good torque when used at 24 Vdc.
CAT# MOTG-15 $12.00 each

SWITCHES
Dip P.C. Pushbutton

ITT Schadow Digitast

Series SE

S.P.D.T. momentary @

pushbutton. Mounts in

14 pin DIP configuration.

Designed for low current switching appli-

cations. Grey keycap is 0.68" X 0.67".

CAT # PB-28 $1.00 each

10 for $9.50 = 100 for $85.00

Mercury Tilt Switch
0.2 diamete
¥ oeion > : —

marcury it switch. S.P.S.T.Closes circult
when switch is tited approx. 5 degrees.
CAT # MS-3 $1.00 each
10 for $8.50 = 100 for $85.00

Rotary BCD Switch

EECO # 2310-02G
BCD 10 position
rotary switch. DIP configuration fits in
standard 8 pin |.C. socket. Right angle
style. Screwdriver actuation. 0.42° cube.
CAT# RDIP-2 $1.75 each
10 for $16.00 » 100 for $145.00

Miniature Toggles
Rated: 3 amps @ 120 Vac
S.P.D.T. (ON-ON) P.C. mount
CAT# MTS-4PC $1.00 sach
10 for $9.00 - 100 for $80.00
S.P.D.T. (ON-ON) solder lugs
CAT# MTS-4 $1.35 each
10 for $12.50 - 100 for $110.00
D.P.D.T. (ON-ON) solder lugs
CAT# MTS-8 $1.75ea. 10for $15.00

D.P.D.T. (ON-ON) P.C. mount
CAT# MTS-8PC $2.00 ea. 10 for $17.50

TELEPHONE KEYPAD
12 button telephone

keypad. Ivory finish. CER,
283" x 2.2" x 0.58" thick. EE
Matrix encoded. % EE,
Ideal for telephone or D EE)
security keypad.
CAT # KPT-1$1.00 each = 10 for $9.00
OPTO-SENSOR
TRW/Optron # OPB5447-2

IR emitter/sensor pair in
Rectangular package with
28" color coded leads.
CAT# OSR4 2for $1.00

(G-

RADIO-ELECTRONICS

©

0

Operates on 12-24 Vdc. 30:1 gear reduction
head. 2.07 long X 1.18" square mounting brack-
ot has mounting holes on 0.97" centers. Motor

test equipment.

PHOTOFLASH
CAPACITOR

Rubicon CE

210 Mid 330 Volt

photoflash

capacitor,

0.79" dia.

X 1.1" high. These are new

capacitors that have been

prepped with 1.4" black and

red wire leads soldered to the

terminals. CAT# PPC-210
$1.25 each - 10 for $11.00

100 for $100.00

Large quantities available.

Call for pricing.

RECHARGEABLE
BATTERIES

—

6 Volt 1 Amp/Hour
Japan Storage Battery Co.
Portalac @é
# PEBV1 )
6Volt 1 Ah =
rechargeable
sealed lead-acid
(gell cell). 2° X 1.635" X 2" ht.
Batteries are prepped with 5°

black and red leads terminat-
ed with 2 pin connector.
CAT# GC-61 $4.75 each
10 for $42.50

Nickel-Cad

& i |

AAA SIZE $1.50 each
1.2 volts 180 mAh
CAT# NCB-AAA

6 foot BLACK, SPH-386 jack to 3
prong molded A.C. plug. Fits most
computers, computer terminals and

CAT# LCAC-C6 $3.00 each

AA SIZE  $2.00 each
1.25 volts 500 mAh
CAT# NCB-AA

AA SIZE  $2.20 each
WITH SOLDER TABS
CAT# NCB-SAA

C SIZE $4.25 each
1.2 volts 1200 mAh
CAT# NCB-C

DSIZE $4.50 each
1.2 volts 1200 mAh

CAT# NCB-D

Microswitch #5541

Tiny, solid state switch
reacts instantly to
proximity of magnetic field.

==

Operates at extremely high speeds, up to
100 khz. Case size: 0.12° X 0.17" X 0.06"
thick. 4.5 Vdc to 24 Vdc supply voltage.
10 ma. sink type digital output. Operating
gauss - 1510 40. P.C. leads.
CAT# HESW-3 $1.00 each - 10 for $9.00
100 for $85.00 » 1000 for $750.00

INSTRUMENT ENCLOSURES

High quality moided
ABS instrument
enclosures. Integrated
PC board standoffs
and two sets of
vertical mounting slots for front and rear
sub panels. All enclosures are 6" wide X

6 1/4" deep. Choice of three his. Includes
non-skid rubber feet and hardware.
Available in beige, vory, black, and blue.
Pansl ht CAT®

21/4% CATWMB-A $7.50each 10 kor $65.00

12 Vdc 1 Amp. power pack. 8 ft,

2 conductor pwoer cord on input.
22" cord with stripped and tinned pigtail
leads on output. 3.
CAT# DCTX-121 $5.75 each

HALL EFFECT SENSOR P.C. RELAYS

258 CAT#MB-B $7.75each 10 for $5750
3 CAT# MB-C $800each 10 for §70.00
Please specily color.

RG-11/U VIDEO CABLE

100 ft. or 200 ft. rolls
of RG 11/U 75 ohm
cable terminated to
heavy duty F
connectors. Includes
75 ohm terminator and ® we @ 11—
F-61 splicer on one end.

New cables manufactured for [BM PC
networks. |IBM P/N 1501908 COM/SCOPE.
CAT# RG-11-1 100 ft. rofl $15.00

CAT# RG-11-2 200 ft. roll $27.50

FLASH ASSEMBLY

New compact flash
assemby from a
U.S. manufacturer of
cameras. Operates
on 3 Vdc and measures i)

21/2°x 1 1/4", |deal for use as a strobe,
warning light or attention getter. Includes
hook-up diagram. CAT# FSH-1 $3.75 each

-.‘\ii"’

10 for $35.00 « 100 for $325.00

Fixtu
cent

2 X23"X1.9°.
fects

The following
relays all have
p.c. pins for
both input and
output as well
as quick-connect terminals
on the output.  1.5° X 1.05"
X 1.08". UL & CSA listed.

=N

12 Vdc, SPDT
Potter & Brumfield #
T91R5D22-12-02
12 Vdc, 155 ohm coil,
Normally open contacts rat-
ed 20 amps.Normally closed
contacts rated 10 amps.
CAT# RLY-31 $2.50 sach
10 for $22.50

12 Vdc, SPSTN. O.
Potter & Brumtfield #
T91R5022-12-01
12 Vde, 155 ohm coil,
S.P.S.T. normally open con-
tacts rated 30 amps.
CAT# RLY-32 $2.00 each
10 for $18.00

Standard JUMBO
Diffused T 1-3/4 size (5 mm)

RED CAT# LED-1
10 for $1.50 « 100 for $13.00

GREEN CAT¥ LED-2
10 for $2.00 » 100 for $17.00

YELLOW CAT#LED-3
10 for $2.00 « 100 for $17.00

FLASHING LED
Wi built in flashing circuit
§volt operation. T 1-3/4
Gray Ta—

RED $1.00 each
CAT# LED4 10 for $9.50

GREEN $1.00 each
CAT# LED-4G 10 for $9.50

YELLOW  $1.00 each
CAT# LED-4Y 10 for $9.50

LED HOLDER
Two piece holder. a (=]

e

re for single mini bi-pin 6%, 4 watt fluores
lamp. Starter switch, sockets and ballas

are mounted on 7 1/4" X 3 1/4" metal plate.
Includes 8 foot power cord with strain relief.
Use with standard fluorescent lamp for displa
lighting or with ultraviolet lamp for special ef-

or EPROM erasure. U.L. listed.
CAT# FLX-1 $3.00 each

KITS

L.E.D. FLASHER KIT

Two L.E.D.'s flash in
unison when a 9 vol
battery is attached.
This kit includes a
p.c. board, all the parts
and instructions to make a simple flash
er circuit. A quick and easy project for
anyone with basic soldering skills.
CAT# LEDKIT $1.75 per kit

L.EE.D. CHASERKIT

Build this variable

Miz A,

..

P T ot (51 IRRAR
sequentially at - —
whatever spead

you sat them for.

Easy to build kit includes pc board,
parts and instructions. |deal for special
lighting effects, costumes, etc. Oper-
ates on 310 9 volts. PC board is 5" X
2.25%. A great one hour project.

CAT# AEC $6.50 sach

STEPPING MOTOR
CONTROLLERKIT

Learn about

stopping v IR et
motors while o =
building this

simple circuit.

Includes circuit board, stepping motor

and all pans except 12 Vdc power
supply. CAT# SMKIT $18.00 each

METRONOME KIT

é“%@rﬁ- @
=,

This simple device can be set to click
from 20 to 1,000 beats per minute.
Easy to build, includes circult board, al
components and instructions. Oper-
ates on a 9 volt battery (not included).
CAT# METRO $3.75 each

PHOTO RESISTO

1,000 ohms bright light. )

16K ohms dark.

0.182" dia. X .08 high. 0.18" long lead:
CAT# PRE-7 2for$1.00

CAT# HLED 10 for 65¢

100 for $45.00 « 1000 for $400.00

TOLL FREE 1-800-826-5432

FAX (818) 781-2653

Call Or Write For Our

Free 60 Page Catalog
Outside the U.S.A. send $2.00
postage for a catalog.

CIRCLE 107 ON FREE INFORMATION CARD

INFORMATION (818) 904-0524

Minimum Order $10.00 « All Orders Can Be Charged To Visa, Mastercard
Or Discovercard « Checks and Money Orders Accepted By Mail « California, Add
Sales Tax « Shipping And Handling $3.50 For the 48 Continental United States -
All Others Including Alaska, Hawaii, P.R. And Canada Must Pay Full Shipping +
Quantities Limited « No C.O.D. + Prices Subject to change without notice.

MAIL ORDERS TO: ALL ELECTRONICS CORP - P.O. BOX 567 - VAN NUYS, CA 91408
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ORDER DIRECT
1-415-770-2345
FAX DIRECT
1-415-770-2346

ORDER DIRECT

1-415-770-2345
FAX DIRECT
1-415-770-2346

TRIPP LITE — PRECISION REGULATED DC POWER SUPPLIES

Complete Line of DC Power Supplies to Convert 120vAC to 13.8vDC +0.5vDC.

Standard Features Include:

*Solid state integrated circuit provides excellent regulation.
*Output voltage maintained up to 95% of no load value.

*High quality filtering for low noise operation.

*Heavy duty power transformer for complete line isolation.

*0On/Off indicator light and rugged on/off switch on faceplate.

3 conductor grounded cord on 10 amp and larger models.
*Current limiting electronic foldback for auto overcurrent protection.

Tripp Lite DC Power Supplies Are Designed For Reliability and Superior Performance. PR25
Iics* Continuous Ripple

Order # Price (amps) Duty (amps) Fusing Voitage HxWxD(Inches) Weight
PR45 32.95 4.5 3 Infernal 0.1 vaolt mmiax. 3.125x4.75x8.25 5 lbs.
PR7 44.95 7 1 Chassis Mount 0.15 volt max. 3.75x65x7.5 7 Ibs.
PR10 64.95 10 7.5 Chassis Mount 0.15volt max, 4.5 x 6.625 x 7.625 10 Ibs.
PR15 89.95 15 12 Chassis Mount 0.15 volt max. 4.75%7.5x8.25 13 Ibs.
PR25 126.95 25 20 Chassis Mount 0.15volt max.  5.125x12.5x 10.5 20 Ibs.

*Intermittant Communications Duty (50% Duty Cycle)

SOLDERLESS PROTOTYPING BOARDS

FEATURES

*Caolor coordinates for easy recognition
*Insertion wire: 20-29 AWG (0.3 — 0.8 mm)

ACTIVE COMPONENTS
MICROS DRAMS

Order#  Price | Order#  Price Desc.
6821.... MK4027N2..... .75 4x1
6845.... 4116-20.......... 85 16x1
B8080A. . 4416-12 .. 2.95 16x4
B8085A . 4164-10 .. 195 64x1
8086.... 4164-15 .. 175 64x1
8088.... 4164-20.. .1.25  B4x1
8237A5 .. 41464-12 275 B4x4
8250.... 41256-80 275 256x1
8251A. 41256-12 215 256x1
8253-5. 514256-10......7.
8255A5 ..
B8275....

STATIC RAMS
Order#  Price
2101....... K
2114L25, 1.39
2147-3.... .3.75
6116LP3........ 2.95 .
6116-3............ 2.45 2732B45 ........ 425 125V
6264LP10 ......5. 2764-25... 3.75 21V
6264LP15 .....3. 2764A25 ......3.25 125V
6264-10.........4. 27128A25....3.95 125V
6264-15.........3.75 27256-25........ 4.75 125V
62256LP10 ....7.95 27256-30........ 3.45 125V
62256LP15 ....6.95 27C512-15....6.95 12.5V

MEMORY
MODULES-SIMMS
Order # Price Organization S
256x9-80 19.95 262,144x9 80ns
1x9-80 69.95 1,048,576x9 80ns
MISCELLANEOUS ICs

Order # Price Description
AM29843DC 2.95 9-Bit Buf. Latch - Non Inv.
D7220D 12.95 Graphics Display Cont.
D7261AD 19.95  Hard Disk Cont. (12Mhz)
FD1793PL02 8.95 Disk Drive Controller
LM345K5.0 8.95 5V Neg. Volt Reg. 3 Amp
NS16450N 6.25 Asynch. Comm. Element
NB0L286-8 14.95 16-Bit CPU (8Mhz) PLCC
WD1943 4.95 Dual Baud Rate Gen.
Z0B00110PSD 19.50 Segmented CPU (10Mhz)
Z0803008PSD 9.50 Serial Comm. Cont. (8Mhz)

*Over 10,000 insertion cycles SB830 SB1660 SB3220
*Accepts all standard components

Price | Price | Dimensions (in.) Dist. Dist. Terminal | Terminal Binding
Order # 1-9 10+ LxWxH Strips Points Strips Points Posts
SB200 299 2.49 6.5x0.37x04 2 100 x 2 0 0 0
SB400 4.89 4.39 3.3x22x04 2 100 1 300 0
SB630 5.49 4.99 65x14x04 0 0 1 630 0
SB830 6.49 5.99 65x22x04 2 200 1 630 0
SB1360 1249 | 11.99 85x39x1.2 1 100 2 1,260 2
SB1660 17.49 | 16.99 85x51x1.2 4 400 2 1,260 3
SB2390 2243 | 21.99 9.1x69x1.2 5 500 3 1,890 4
SB3220 31.49 | 30.99 9.5x83x1.2 7 700 4 2,520 4

Motorola RF Device Data - Vol. 1 & 2

This two volume set contains over 2200 pages of data on RF Power TMOS FETs, RF
Power Bipolar Transistors, RF Small Signal Transistors, Tuning and Switching Diodes,
and RF Amplifiers. Also included are drawings, diagrams, dimensions and pin-outs on all
packages. Weight: 4.25 Ibs.

Order # DL110
Motorola Memory Data

Over 500 pages on Dynamic RAMS, General and Fast Static RAMS, MOS EEPROM,
MECL Memories, etc. Weight: 1.25 Ibs.

Order # DL113 ......... s
Motorola MPU/MCU/Peripheral Data - Vol. 1 & 2
Over 2800 pages on Motorola's Microcontroller and Microprocessor families such as the
MC6800, MCB802, MCE821, MC6845, MC146818, MC6E8701, MCEB705, etc.

Weight: 4.0 lbs.

Order # DL139
National General Purpose Devices Linear Databook

Over 1600 pages on voltage regulators, operational amplifiers, buffers, voltage
comparators and instrumentation amplifiers. Weight: 3 Ibs.

Order # 400026..
National Programmable Logic Devices Databook
Over 400 pages including data sheets, designing with PLDs, methodology and
developmental tools. Also included is an introductory tutorial section. Weight: 1.0 Ib.
Order # 400081....................

Extensive range of parts & components in stock.

14.95

ciasensseuB D,

[] usps

19.95

CIRCLE 177 ON FREE INFORMATION CARD

2917 Bayview Drive
Fremont, CA 94538

Order Direct: 1-415-770-2345
Fax Direct: 1-415-770-2346

Monday-Friday, 7am - 5pm (PST)/10am-8pm (EST)
VISA
m COD-No personal checks, US funds ($5.00 Charge)

E MasterCard

[V]ups

m Airborne Express

Add 5% of total for shipping charges ($3.00 min.)

Call or write today to reserve your free copy of our 1991

catalog due in July 1991.

*California residents, add appropriate sales tax.
*12 month warranty on all EasyTech products.

*30 day money back guarantee.

*We reserve the right to substitute manufacturers.
*Prices subject to change without notice.
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Perfectly Tuned for

Test/Measurement and Prototype Equipment

51-Piece Electronic Tool Kit

Tools Included in Kit:
* 10" measuring tape
5.257 needle nose pliers
Electric tape
Utility components box
6 piece precision
screwdriver set
+ 6" long tweezers
+ 8 piece hex key wrench set
+ 7" brush and scraper
+ Digital Multimeter
+ Brush
+ 7" fine point probe
+ Round needle file
+ 10 plece screwdriver set:
6 Slotted & 4 Phillips
» 7" slotted probe
+ Flat needle file
+ 4.5 diagonal cutting pliers

scissors

* B" adjustable wrench
+ 30 Watt soldering iron  « Ulility knife with extra blade
+ 5.5" Stainless steel

+ Soldering stand
+ Rosin core solder

MS305............. SCrabiairstie s

+ 5.25" Flat nose pliers

+ Desoldering pump
+ 5.25" Bent needle nose pliers
» Carrying case:

17.63"W x 12.5"D x 3.5°H

................................... $119.95

Global Specialties Protoboard® Design Station

Features:

« Ideal for analog, digital and microprocessor * Two debounced push-button switches
circuits * Two SPDT slide switches, all leads

» Triple DC regulated power supplies, +5V, available and uncommited
+15V, -15V - A total of 2520 uncommited tie-points

» Potentiometers: one 1KQ and one 10KQ
* Includes power supply, instrumentation
and breadboarding

wissssidesninanvae 929990

* 8 logic indicators
» Function generator with sine, square,
triangle and TTL waveforms

PB503.. Ciiessaiaadiveneasond

Jameco Logic Pulser |

Jameco Logic Probe

« Compatible with TTL, DTL, RTL, HTL,
HNIL, MOS and CMOS ICs. + 1M} Sync
input impedance - Pulser mode output
current; 10mA + Square wave current
output: 5mA - Audible tone

+ Max Frequency B0MHz - Minimum detectabla
pulse: 10ns » 120KQ input impedance » Max.
supply voltage: £25V « TTL threshold: (Lo)+0.8Y
0.4V (Hi) +23V 202V + CMOS threshold:
(Lo) 30% VCC =10% (Hi) 70%VCC +10%

UVP EPROM Eraser
- s |
s

» Erases all EPROM's » Erases 1 chip in
15 minutes and & chips in 21 min

A.R.T. EPROM Programmer

+ Programs all current EPROMSs in the 2716 to
27512 range plus the X2864 EEPROM
*RS232 port * Software included + UV intensity: 6800 UW/CM?2

EPP. . i $199.950 1 DE4. et L 2558 89.95

PROTOTYPING PRODUCTS
Jameco Solderless Breadboards

Part Dim. Contact Binding

No. L"xW" Points Posts Price
JE21  325x2.125 400 0 $495
JE23 5542125 830 0 $6.95
JE24 g5x3125 1360 2 $12.95
JE25 55425 1660 3 $17.95
JE26 ga75x575 2390 4 $22.95
JE27  725x75 3220 4 $32.95
JAMECO
24 Hour Order Hotline

(415) 592-8097

FAX: (415) 592-2503

(415) 595-2664

Metex Digital Multimeters

General Specs:

= Handheld, high
accuracy « AC/DC
voltage, AC/DC
current, resistance,
diodes, continuity,
transistor hFE

» Manual ranging w/
overload protection

M3650 & M4650 only:
» Also measure frequency and capacitance

M4650 only: « Data hold switch « 4.5 digit

M3610
M3650

M4650

R TRV I S—.
3.5 Digit Mullimeter w/Frequency &
iy

ap $74.95
4.5 Digit wiFrequency, Capacilance
and Data Hold SWItEh suussssssssssnesns $99.95

Handheld Multimeter

.-u-ﬂ"lwf'
o I.‘u. . __'_.x_,—--""'

=+ 3.5 digit LCD with automatic polarity indication
+ AC/DC voltage measurement up to 500 volis
» AC/DC current measurement up to 200mA
+ Resistance measurement up to 20Mg2 + Con-
tinuity checker with audible tone « Diode and
logic tester - Auto/manual range and data hold
functions « All range protection and function in-
dications

DMM905

EPROMSs - for your programming needs

Part No. Price | Part No. Price | Part No. Price
TMS2516 $4.25 | 2764-20 $3.95 | 272560TP $3.75
TMS2532-35 9.95 | 2764-25 3.75 | 27256-15 5.95
TMS2532A 7.95 | 2764-45 3.49 | 27256-20 5.25
TMS2564 5.95 | 2764A-20 3.95 | 27256-25 475
TMS2716 5.95 | 2764A-25 3.25 | 27C256-15 5.95
1702A 3.95 | 27C64-15 3.95 | 27C256-20 4.95
2708 6.95 | 27C64-25 3.25 | 27C256-25 4.49
2716 3.49 | 271280TP 2.95 | 275120TP 4.95
2716-1 3.95 | 27128-20 6.95 | 27512-20 6.95
27C16 4.25 | 27128-25 4.95. | 27512-25 5.95
2732 4.95 | 27128A-15 5.95 | 27C512-15 6.95
2732A-20 4.95 | 27128A-20 4.49 | 27C512-20 6.49
2732A-25 3.49 | 27128A-25 4.25 | 27C512-25 5.95
2732A-45 2.95 | 27C128-15 5.95 | 27C010-15 11.95
27C32 4.95 | 27C128-25 6.49 | 68766-35 9.95
Soldering and Desoldering Stations 5

60 Watt Analog Display Soldering Station + Electronic

temperature control from 200° to 878°F » Cartridge heat- Aa
ing element for a longer life of the soldering tip j—
XY1683 ..$6095  #%

30 Watt Electronic Temperature Controlled Desoldering 3

Station + Electronic temperature control from 212° to
B842°F » Self contained high rotary vacuum pump

XY959

$39.95

XY999 $299.95

- Partial Listing - Over 4000 Electronic and Computer Components in Stock!
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Top Performance.

Computer Products and Electronic Components

Assemble Your own Computer Kit!
Jameco 16MHz 80386SX Desktop Computer Kit

+ Building your own computer provides you with a better understanding of
components and their functions

» In-depth assembly instructions included

+ Have your new computer assembled and running in an evening,
using common tools

» Software included

« Purchase computer kits configured by Jameco or design your own

~CRRWWW T F SR |

Jameco 16MHz 80386SX
Desktop Computer Kit

Includes:

+ B0386SX Motherboard with
2MB RAM (expandable to 8MB)

+ 101-key enhanced keyboard

» Multi O Card

» Toshiba 1.44MB, 3.5" DSHD
floppy disk drive

+ Baby sized desktop case

» 200 Watt power supply

+ DR DOS 5.0 by Digital
Research and Diagsoft's
QAPIus diagnostic software

Hard
Drives

Conner (16-bit IDE)
CP3044 40MB 3.5 Low Profile.....$469.95
CP3184 80MB 35'HH
CP3104 100MB 3.5HH..

ADP20  Host Adaplef..... e $29.95

Relisys 14" VGA
Color Monitor

* Max resolution: 720 x 480

* Bandwidth: 30MHz

*Input: DB15-pin (analog)

e e $449.95
Jameco 16-bit VGA Card

» Supports VGA, EGA, CGA, MDA and
Hercules modes « Comes with 256KB
video RAM upgradable to 512KB (eight
41464-80) « Capable of 640 x 480 with

256 colors, 800 x 600 with 16 colors
VG2000 $149.95

Integrated Circuits

Miscellaneous Components

Part No. 1-9 10+ | i Potentiometers
;:;m 520 $3 ; [ E::?ZNO ;;’; 13; Values available (insert ohms into space marked "XX"):
3 ! . $. 5000, 1K, 5K, 10K, 20K, 50K, 100K, 1MEG
7402 29 19 | 7473 A5 35 | 43PXX e WA TUM oooeoeosrssnesenssrssoens $.99
7404 29 19 | 7474 39 .29 | B3PXX 2 Watt, 1 Tun $.89
;:gg :g g 7475 A9 -39 Transistors And Diodes
ogse = 5 1 7476 45 35 | pN22oa ... $.12|1NAT3S........ $.25(2N4401 ...... $.15
= e 7483 69 .59 | pNogoy....... .12 |2N3904.......... .12| IN4148........ .07
7408 35 .25 | 7486 45 .35 | 1N4004.......... .10 |1N751..... .15/2N3055........ .69
7410 29 .19 7489 295 275 2N2222A ....... .25|C106B1 ......... .59|1N270.......... .25
7411 a5 25 7490 .49 .39 Switches
7414 35 .25 | 7493 45 35 | JMT123  SPDT, On-On (Toggle)
7417 35 .25 74116 119 1.09 206-8 SPST, 16-pin (DIP)......
7420 29 .19 74121 a9 20 MPC121  SPDT, On-Off-On (Toggle).... :
7427 35 .25 74123 49 .39 MS102 SPST, Momentary (Push-BuUtton) ....ueeeueseseees $.39
7430 35 25 74125 49 .39 D-Sub Connectors and Hoods
7432 39 .29 74151 39 29 DB25P Male, 25-pin searee $.65|DB25H Hood .......... $.39
7438 45 .35 74160 59 .49 DB25S Female, 25-pin...$.75
7442 49 39 | 74161 69 .59 LU
7445 75 65 74192 79 69 XC209R T1, (Red) ... s.14:| XC556R T1%4, (Red) ...$.12
7446 89 79 74193 79 69 XC556G T13/4, (Green) -;(-:1 :ozngssvlaﬁ W_B“CM‘} .;16
7. :
ol A0 19 74194 79 69 Low Profile Wire Wrap (Gold) Level #2
Dynamic RAMs .11 | BWW.... $.49
4164-100 100ns, 64K x 1 $1.95 | 41256-100 100ns, 256K x 1 $2.29 : 14WW., ...69
4164-120 120ns,64Kx1  1.89 | 41256-120 120ns,256Kx1 2.19 | : 16WW. el 9
4164-150 150ns,64Kx1  1.75 | 41256-150 150ns,256Kx1 1.99 v 24WW. 1.15
41256-60 60ns, 256Kx1 3.25 | 511000P-80 8ons, IMBx1  B.95 = . 28WW. 1.39
41256-80 Bons, 256Kx1  2.75 | 511000P-10 100ns, IMBx1 8.49 | 4O0LP.......ccoccvnvrivennenn. .28 | SOWW ......................... 1.B8
- Call for a complete listing of IC's Soldertail Standard & Header Plug Sockets Also Available

JAMECO

24 Hour Order Hotline
(415) 592-8097

FAX: (415) 592-2503
(415) 595-2664

1355 Shoreway Road
Belmont, CA 94002

Look to Jameco.....

« Wide selection of integrated
circuits and components

+ Quality prototype and test
equipment

« Computer kits and accessories

Additional items that Jameco offers:
+ Tools

+ Cables

» Connectors

+» Data Books

« Motherboards

+ Memory

» Math Coprocessors

» Computer Accessories

» Power Protection Equipment
« Much, much more !

Let us show you what we have to offer;
call or write for the latest Jameco catalog!

WELEENE] o Please
% refer to
Mail Key 2
WEMSLR
AL it ordering

$50.00 Minimum Order

Data Sheets - 50¢ each

For a FREE 90-Page catalog send $2.00 to cover
first Class Postage and Handling
© 1991 Jameco Electronics 6/91
CA Residents Add

6.00%, 6.50% or 7.00% Sales Tax
Shipping, handling and insurance are additional.
(Costs may vary according to weight and shipping method)
Terms: Prices subject to change without notice.
Items subject to availability and prior sale.

Complete list of lerme/warranties is available upon request.
IBM s a registerad irademark of inernational Business Machines

« Customer Service-Technical Assistance - Credit Department - All Other Inquiries - (415) 592-8097  7TAM-4PMP.S.T.
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ADVERTISING INDEX

A M Az I N G RADIO-ELECTRONICS does not assume any responsibility for errors that may appear in
the index below.
SCIENTIFIC & ELECTRONIC
PRODUCTS Ftee Information Numbes Page 131 Probemaster.................. 25
LASERS AND SCIENTIFIC DEVICES 108 AMCGSales ', . oo 73 78 RadioShack.. ;... 088 o .. 30
VRLZK  3mw Vis Red Laser Diode System Kit ...
LLISTK Laser Beam“Bounce™ Listener Kit ... g
LHC2K  Visible Simulated 3 Color Laser Kit.. 75 AceProducts. ................. 17 186 SCO Electronics. .............. 12
LC7 40 Watl Burning Culting Laser Plans ... ..520,
RUB4  Hi Powered Pulsed Drilling Laser Plans..... ..$20.00 107 All Electronics ................ 90 188 Sencore. s Cv4
LGU40 110 2mw HeNe Vis Red Laser Gun Assembled $199.00
LLS1  Laser Lile Show — 3 Methads Plans....... .$20.00 5 -
e e ol 20050 | — Amazing Concepts . ............ 9 — Star Circuits. ......oiooaoann 27
EML1K  Electromagnetic Coil Gim Krl ..$69.50 .
MCP1  Hi Velocily Coil Gun Plans .. ..$15.00 67 Banner Technical Books ... ..... 16 — U D b e s e A B AR e 75
LEV1 Levitating Device Plans ............. ..510.00
EH1 Electronic Hypnolism Techniques Plans.................. $10.00 109 C&S'Sales: doo ot S o 13 — The SPEC-COM Journs] _____ 82
HIGH VOLTAGE AND PLASMA DISPLAY DEVICES
HVMTK 75,000 Volt DC Variable Output Lah Source Kit........$149.50 e 5 .
I0G3K  lon Ray Gun Kit, project energy withoul wires $69.50 CIE . ool chonre nie voienn ot 11,23 183 Unicorn’......c.0co e 88
G K I
B N e e S| et Cable Ready Company 104101 g5 liigyC ISHGanles IMET GowmEl. 12
LG5K Lightning Display Globe Kit ....... ...§54.50
BTCIK  Worlds Smallest Tesla Coil Kit. -$40.50 190 Cable Warehouse . . . ........... 12 193 Viejo Publications ............. 29
BTCIK 250KV Table Top Tesla Coil Kit ... $249.50 '
BICRUel 2 loniolla g",;':uff;‘,,‘;,',;f .... $9w | S0 Caig Laboratories ............. 25 179  WPT Publications ............. 75
GRA1  Anti Gravity
PFS20  Plasma Fire Sahar.l.mmlﬂad $69. 182 Chenesko Products. . ........... 17 — Wholesale Cable. . .......... .. 89
DPL20  Dancing Plasma to Music and Sounds Assembled ...... $79.50
SECURITY AND PROTECTION DEVICES — Command Productions . ..... ... 73 180 Xandi Electronics. . ............ 17
ITM10 100,000 Volt Intimidator up lo 20' Assembled .........
IPG70  Invisible Pain Field Blast Wave Gen Assembled 176 Communications Specialists 75
PSP4K  Phasor Sonic Blast Wave Pistol Kit o T
LISTIO  Infinity Xmtr, Listen in Via Phone Assemblet 55 Contact East i ADVERTISING SALES OFFICE
TATID A Tel Ri Device Assembled............52450 | 2o womiactrast.................. A
VWPMTK 3 Mi. FM Auto Tel Tlall:mltle: Kit Gemsha_ck Publications, Inc.
FMVIK 3 Mi. FM Voice Transmitter Kit ... 58 Cook’s Institute . . oo oo SiSU=R 27 500-B Bi-County Blvd.
HOD1K  Homing/Tracking Beeper Transmitt : Farmingdale, NY 11735
ORDERING PROCEDURE TOLL FREE 1-800-221-1705 1-(516) 293-3000
e I e o e s
VISA, MC, CHECK, MO IN US FUNDS. INCLUDE 1 IPPING. .
$100.00 & UP ONLY ADD $10.00. CATALDG $1.00 OR FREE WITH ORDER. 127 Deco Industries. .. ........... .. 17 Chﬂs_ti;at fa“tl::‘::es‘ do
assistan 1
INFORMATION UNLIMITED 177 "Easyfechiisv.. ool e Ay 91 For Advertising ONLY
P.0. BOX 716, DEPT. R3, AMHERST, NH 03031 178 : 516-293-3000
Electronic Goldmine ... ... .... 04 Fax 1-516-293-3115
Larry Steckler
— Electronics Book Club . ... ... 18,7 publisher
THE ELECTRONIC GOLDNIINE : 1 ) Arline Fishman
- Electronics Engineers B.C.......18 advertising director
Denise Haven
121 Fluke Manufacturing . . . ... ... Cv2 advertising assistant
Kelly McQuade
189 General Techmics .. ....... ... . 17 credit manager
g Subscriber Customer Service
Global Cable Network . ......... 83 1.800.288.0652
~ o Order Entry for New Subscribers
184 Global Specialties. .............. 3 1-800-999-7139
— Grantham College . . ........... 69 700 /AN 6100 MM MST
grum m:m “:m W ':‘:w from the sun 86 et SALES OFFICES
a8
s 2 das b ém': [ a_'nmswmm wmﬁ%“ eathKite ML oL 1 67 EAST/SOUTHEAST
5 I cim SENGOF.
and ready o L?c. Msmmu ilem i now avallable —_ ISCET i i fe o e s 82 s“," ley u't!a"' Eastern Sales Manager
ida }m oJf the origiral cosl (Reguires 9V batery, Radio-Electronics
foLh | 259-23 57th Avenue
G934 $8.95 114 JRIECON. e o 92,93 Little Neck, NY 11362
4KV TRIGGER COIL SMALL BOARD ASSORTMENT 104  Jan Crystals .. ..... .. 1-718-428-6037, 1-516-293-3000
oy : 04, BnCrysials i a5 Fax 1-718-225-8594
o s 1927 S Kadvinlip s ooe e A=ty 0 71 MIDWEST/Texas/Arkansas/Okla.
N1700 $1.25 EA = Ralph Bergen, Midwest Sales Manager
100 for $50.00 — King Wholesale ............ ... 84 Radio-Electronics
INVERTER 540 Frontage Road—Suite 204
'I;I::&S;Omﬂl 53 MD Electronics. ............... 85 Northfield, IL 60093
iraniomer Various small CHGoN Doards wilh resisiors, 1-708-446-1444
e et i [Fet Cxa: Ol St o 4 93 Mark V. Electronics. . . ......... 89 Fax 1-708-446-8451
s S200 T 6l Microproctsoes ki G PACIFIC COAST/Mountain States
l-°°; R*;o:‘zm """"" Marvin Green, Pacific Sales Manager
Radio-Electronics
LITHIUM BATTERY i
8 e NRLSChools . . v riaasisson s ioes 76 5430 Van Nuys Blvd. Suite 316
= Q 7 - . Van Nuys, CA 91401
g 1 NTE Electronics . . ........... CcV3 1-818-086.-2001
E },:.g",';,c‘ﬂ;‘"m”ﬁ’é’:m" 185 Optoelectronics. ................ 5 Fax}-816:-085:2000
ffe and mounting tabs. Perlect for at RE Shopper
I et
= il e (o] 5 m;"ﬁ.?m‘l? 0w & 56 Parts Express ................. 87 Joe Shere, National Representative
: 20 for $7.50 Swiss k. G891 $2.00 P.O. Box 169
% MINIMUM ORDER: $1000 pus $3 ’ = Perfect Gable: . .- ouoa il 86 Idyliwild, CA 92349
We accept MC y 1-714-659-9743
= SEND ORDERS TO: The El 101 Pomona Electronics ............ 29 Fax 1-714-659-2469
PHONE ORDERS (602) 451-7454 FAX ORDERS (602) 4519495
94 CIRCLE 178 ON FREE INFORMATION CARD



NTE KEEPS YOU
UP AND RUNNING

—

b

NTE KEEPS YOU up RUNNING.

Please rush me copies of the

NTE Technical Guide and Cross Reference
manual at $3.25 each. | have enclosed

my check or money order for a

total of $

Name

Company

Address

City

State Zip

Mail to: NTE, 44-T Farrand St., Bloomfield, NJ 07003




Plus, Cut Your Video Troubleshooting
Time By 54 % * With The Patented
VA62A Universal Video Analyzer!

Identify tuner problems with the only integrated all-
channel, VHF, UHF, and cable RF generator. Standard
TV, standard cable (2-99), and exclusive programmable
cable channels eliminate the question "Is it the TV or is it the
cable?"

Pinpoint IF troubles with modulated troubleshooting signals
and exclusive programmable IF generator. How do you pres-
ently identify if the suspected defect is in the AGC, IF/Detector
IC, or caused by the tuner? Wouldn't you like to know exactly
where the defect is before you order the part or pull the tuner.
With the VA62A you will!

Exclusive video patterns completely performance test TVs,
VCRs, and monitors — without removing the cover. Is there a
picture, is it locked in, is the bandwidth correct, is the brightness
and contrast correct, and is the color tint and saturation correct?
You'll know in less than 60 seconds using the VA62A's exclusive
video patterns.

Find defective stages, without disconnecting parts, with
exclusive phase-locked drive signals. "Swamp out" the suspect
signal and replace it with a known-good signal. You'll isolate the
problem to a bad stage in minutes, guaranteed.

Test yokes and flybacks with the patented “Ringer”. Most
shops are forced to substitute yokes and flybacks instead of

Isolate These And Other
Major Components
InAllTVs And VCRs—

Guaranteed Or Your Money Back.

analyzing
circuits. The
VAG62A's patented "Ringer"

and exclusive flyback drive tests allow

you to completely analyze all yokes, flybacks,
and IHVTs before you order a new one.

Measure signal levels with a fully autoranged PPV and DCV
digital meter. The VA62A's built-in meter shows when you are
driving into a shorted circuit and prevents you from overdriving criti-
cal stages, Plus, measure bias voltages and signal levels throughout the
entire TV and VCR.

It's obsolete proof: update for new technology with exclusive phase-
locked accessories. We'll provide new companion units as the manu-
facturers announce new formats, test patterns, etc. This makes your
VA62A a protected investment.

* Based on a nationwide survey of users who reported an average time savings of 54%
compared to their preyious test equipment.

For More Details Call 1-800-SENCORE ext. 612

(736-2673)
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