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Whether you're doing first-level troubleshooting or component-level diagnosis, Fluke meters offer
you one of the widest choice of capabilities and price ranges in the industry. Choices ranging from

the basic Fluke 12 with auto function V-Chek™ and Continuity Capture™. |o the classic Fluke 77

Fluke 77
— with Auto Touch Hold® and current measurements. e classic
$169.00

To the advanced Fluke 83 with Min/Max/Average recording,
Frequency, Duty Cycle and Input Alert™. Plus a full

line of quality accessories to extend those
capabilities even further. No matter which Fluke

meter you choose, you can count on precise, reliable, consistent performance year in and

year out. llus, strong customer support and product warranties that measure up to any

FLUKE12 _ FLUKE77  FLUKE 83

The Fluke meters listed above featu-re DC/AC voltage, resistance,
audible continuity and diode test.

in the industry. Make the choice

Capacitance Auto Touch Hold® Auto Touch Hold®and
Fluke 83 ) . Relalive modes
Full-teatured that gives you the most choices. ¥ Chek™ {auto functor]  Current Current

Multimeter Min Max Record with Analog/Digital display  Analog Digital display
$255.00 Refative Time Stamp

Two-year warranty Three-year warranty Three-year warranty =
3 Continuity Capture™ Yellow hoister with Flex  Yeliow hoister with Flex
Iook to Fluke FLUKE 12mwres Stand™ Stang™
Basic accuracy 0.9% Basic accuracy 0.3% Input Alert™
For measurements Capacitance
10 4800 V-A measurements

Frequency and Duly
Cycle

for the tools you need to get the job done right.

MinMaw/Avg Recording
Basic Accuracy 0.3%

John Fluke Mfg. Co., Inc.

P.0. Box 9090. Everett. WA 98206
For more information cali:

(416) 890-7600 in Canada

See your Fluke distributor, or call 1-800-87-FLUKE

Fluke 12 (206) 356-5500 from other countries

for a catalog and the name of the Auto-function
MuHtimeter Copyright 1993. John Fluke Mfg. Co., Inc. All rights
$95.00 reserved. Prices subject to change. Suggested U.S. list price.

distributor nearest you.
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With today's sophisticated vid- are first placed on unusued UHF

eo systems, just having a televi- channels and then combined
sion set in every room doesn't with normal TV channels into one
meanthatyou can watchwhatyou cable that can feed several TV'’s.
want, where and when you want. Each set's remote control still
To do so, you'd need a VCR, cable works, and you can select the vid-
box, and maybe even a laserdisc eo source by simply changing the
S player and satellite receiver in channel. To learn how to build the
LI g each room. Or, you could buildour Video Master—so you can, forin-
e o R e Video Master video-distribution stance, play a tape in the family
Tost and bunasleshoot . o n
e system and create your own video room, and watch it in the bed-
PRI AT P ¢ Tt ot network. All your video sources room—turn to page 39.
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AUTOMATIC FOUR-LINE TELEPHONE SELECTOR
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incoming lines with this device.
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D(-2000 MHz

AMPLIFIERS

In plastic and ceramic packages, for low-cost solu- ¢ Unit price $ (25 aty)
tions to dozens of application requirements, select Mini- 8
STIC

Circuits' flatpack or surface-mount wideband monolithic

amplifiers. For example, cascade three MAR-2 monolithic  pasTi ++VAM-3 +VAM-6  ++VAM-7

amplifiers and end up with a 2508 gain, 0.3 to 2000MHz ~ SURFACEMOUNT 145 129 178

amplifier for less than $4.50. Design values and circuit 299 suffx SM T o o BErEl MRS [T e

board layout available on request. {ex. MAR-ISM) MAV-1 +MAV-2 +MAV-3  MAV-4 MAV-11
it's just as easy to create an amplifier that meets i G5 o WS S5, el O =205

other specific needs, whether it be low noise, high gain,  SEREMIS vount Gen™'  Foa2 Dows e DgMs Doa?  feye

or medium power. Select from Mini-Circuits’ wide  pLasTIC  MAV-1 +MAV-2 +MAV-3 +MAV-4 T MAv-N

assortment of models (see Chart), sketch a simple inter-  FLAT-PACK 1.10 e LD 9 230

connect layout, and the design is done. Each model MOR-1 MAR-Z MARD  MAR MRS MORT WGP

is characterized with S parameter data included in Our  FreqmHz.DC to 1000 2000 2000 1000 2000 2000 1000 1000

740-page RF/IF Designers’ Handbook. Gain, dB at 100MHz 185 125 125 83 20 135 325 127
All Mini-Circuits’ amplifiers feature tight unit-to-unit oy pur +gBm 15 45 100 125 20 55 125 175

repeatability, high reliability, a one-year guarantee, tape ¢ 45 a5 65 6.0 65 30 50 33 36

and reel packaging, off-
the-shelf availability, with
prices starting at 99 cents.

Mini-Circuits monolithic

A ’E‘ Notes: + Frequency range DC-1500MHz ++ Gain 1/2 dB less than shown

\* ‘ \\ designer's kit, KH-1 available only $59.95 includes
1 i SR 40 AMPLIFIERS* 10 MAR-1, 10 MAR-3, 10 MAR-4, 10 MAR-8
¥ MSAGI MAV MAR VAM RAM 150 CAPACITORS* 50 100 pf. 50 1.000 pt, 50 10.000 pt

amplifiers.._for innovative = M 740 page RF/IF DESIGNER'S HANDBOOK
-it- e MIXERS * POWER SPLITTER/COMBINERS ¢ AMPLIFIERS * ELECTRONIC ATTENUATORS
do-it yourself prOblem * 1&Q/QPSK MODULATORS * ATTENUATORS/TERMINATIONS « DIRECTIONAL COUPLERS

solvers.
Models above shown actual size + FILTERS * LIMITERS + FREQUENCY DOUBLERS

*values or models may be substituted without notice Typical Circuit Arrangement
depending on supplies Rbias ,
Vee
ERLozioar: Ai RFC (optional)
finding new ways Chiock \ ! biock
at
setting higher standards N —fp—— e Y, = out

- - - - M {
WE ACCEPT AMERICAN EXPRESS AND VISA

P O.Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
Distribution Centers NORTH AMERICA 800-654-7949 ¢ 417-335-5935 Fax 417-335-5945 ~ EUROPE 44-252-835094 Fax 44-252-837010

F155 REV. A CIRCLE 188 ON FREE INFORMATION CARD

« RF TRANSFORMERS ¢ DIGITAL ATTENUATORS ¢ PHASE DETECTORS « SWITCHES/DRIVERS



Electronics Now, August 1993

S UWHATS NEWS

A review of the latest happenings in electronics.

in-Charge Cards

A credit card system based on a
radio-frequency communication/
transaction system and an "‘ac-
tive 'credit card has been developed
for such applications as payment of
transportation fares and hotel bills,
or even personal identification.

The “In-Charge” card looks like a
conventional credit card with a mag-
netic read-only strip, but it contains
a single-chip RF transponder with
256 bits of memory.

Racom Systems, Inc. (Boulder,
CO) and Ramtrom International
Corporation (Colorado Springs.
CO) developed the system as a
joint venture. The “In-Charge" card
contains a Ramtron ferroelectric
random-access memory (FRAM),
which can retain data in the absence
of power. The card interacts with
Racom’'s RF communications con-
troller that is connected through an
RS-232C interface to an IBM-com-
patible PC host.

The card user positions the card
within six inches of a controller that
generates a 125-kHz signal which
powers the on-card transponder.
The transponder and the controller

create an RF interface for reading
and writing to the card’s internal
memory.

Americans have become used to
paying for goods and services with
passive credit cards and Europeans
and Japanese are now using "smart
cards” with built-in semiconductor
devices that record transactions
such as paying for phone calls. How-
ever, both of those systems have
drawbacks. Magnetic strip cards re-
quire time-consuming manual inser-
tion in an imprinter or scanner, and
even the “smart’ cards must be
placed in a machine that accounts
for the transaction and updates the
card.

Conventional credit card imprints
or readouts generate paper re-
ceipts that are sent back to the
credit organization for billing pur
poses. However, if those receipts
are misplaced or stolen, thieves can
gain access to a customer's identifi-
cation number and charge goods
and services against that number.

Because the In-Charge card does
not need to make contact with the
communications controller for read-
ing and writing in the card’s internal

memory, the card need never leave
the user's hand. Moreover there is
no “paper trail” created. Transac-
tion time is cut to a fraction of a
second, making it possible to use
the card while boarding a bus or
train, or passing through a subway
turnstile without slowing down.
Pre-programmed applications
test kits are available from Racom
(303-447-2474) for $1800.

Safer etching technique

An electron-assisted etching
technique that promises routine fab-
rication of nanometerscale semi-
conductor chips without the surface
damage caused by conventional
ion-beam etching has been de-
veloped at the Georgia Institute of
Technology (Atlanta, GA).

Quantum-scale devices, which
could have features that are one-
thousandth the size of those on to-
day’s advanced VLSl circuits are for-
seen by Georgia Tech researchers.
They see them spurring the next
wave of development in microwave
technology. The devices are also ex-
pected to have a major impact on
developments in electro-optic de-
vices, optical processing, and radia-
tion detectors.

Conventional ion-beam etching
can damage the surfaces of the de-
vices being fabricated in the same
way that dull or crude cutting tools
can damage the material of a part
being machined.

lons have enough mass and can
gain such high levels of kinetic ener-
gy that they can disrupt the delicate
crystalline structure of the semicon-
ductor surface on impact. More-
over, unwanted materials can be
introduced into the crystal structure
by this “brute force™ etching.

In the process developed at Geor-
gia Tech, low-energy electrons (10

FIG. 1. THE “IN-CHARGE” ELECTRONIC CARD has an on-card radio-trequency tran-
sponder and memory. The card’s antenna receives radio signals from the communica-
tions controller that activates its circuitry. The card than communicates with the
controller and records the transaction.

to 500 electron volts) in combina-
tion with reactive hydrogen gas (H?)

Continued on page 86




Quickly And
Accurately Analyze
Camera Video
Signals With Time-
Saving Digital
Measurements,
Waveform And
Vector Displays,
And Exclusive
Special Tests
Designed For Fast

VA94 Camera Video Analyzer

‘he CVA94 Camera Video Analyzer provides you with: Camera Servicing
Digital waveform measurements for fast signal troubleshooting.
Digital vectorscope measurements for easy, error-free color checks. And Ahgnment!

Special tests to positively identify and localize:
- Power adapter and power supply problems with exclusive “Hum” test.
- Poor picture quality with exclusive “Video Noise” test.
- Chroma circuit problems with exclusive “Chroma Noise” tests.
- Reference oscillator problems with exclusive “Burst Frequency” and
“Frequency Error” tests.

Selectable Video Inputs compatible with both composite and high
resolution Y/C camera outputs.

Scope Trigger Output to save you troubleshooting time. Plus, the new
“Marker Trigger Reference” allows you to signal trace any signal defect to
its source.

Composite and Y/C Outputs match any video monitor input, while the
exclusive integrated “Monitor Marker” positively identifies the signal
measurement.

Extra features to insure profitable servicing:
- Exclusive Beam Saver™ automatically prevents CRT phosphor burns. Use the YR940 Video Reference to

- Built-in Cal Signals for measurement confidence. 2 s
complete your camera servici

- Integrated RS232 computer interface for automated testing. P y i ne
package ~ call for details.

¢ You’d Like To See How Your Business Will Benefit
irom Having A New Camera Video Analyzer Working %mevgﬁm%m
“or You, Simply Call 1-800-SENCORE (736-2673) Today! Direct (605) 339-0100 Fax (605) 339-0317
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Whats new in the fast-changing video industry.

DAVID LACHENBRUCH

e '"CaptionVision'' is here.
Most TV sets on sale today—and all
13-inch-and larger sets in the near
future—will be able to display
closed captions. Designed origi-
nally as an aid for the hearing im-
paired, captions are expected to
have increasing applications in the
future.

By act of Congress, all TV sets
13-inches and larger, made or im-
ported after June 30 of this year
must be able to receive and display
captions generated by TV stations,
cable systems, videotapes, and
laserdiscs.

The new caption law has resulted
in the most extensive changes to
TV sets in their history. In most
cases, the TV set chassis had to be
redesigned to accommodate the
caption circuit chips. Many man-
ufacturers took the opportunity to
change the external appearance of
their sets as well. They made an
effort to recoup some of the costs
of the changeover by adding fea-
tures or making their TV sets more
attractive.

Because most people hear fairly
well, asking buyers to shell out $20
more for a captioned set is a tough
sell. So the EIA has decided to put
its best foot forward, and has
launched a campaign to sell “Cap-
tionVision,” as it has dubbed the
new service. In addition to providing
assistance to the hearing impaired,
the EIA campaign says, CaptionVi-
sion has other excellent practical
applications.

For example, captions could help
school children learn to spell and
read. They could help those who are
learning English as a second lan-
guage, and they could be a boon for
folks who want to watch TV in bed
without disturbing sleeping
spouses. Another use is envisioned
in bars, where TV sound is drowned
out by the conversation of convivial
customers and other background
noise.

Moreover, a new service is ex-
pected to grow out of CaptionVi-
sion. At present, captions are
transmitted on field one of line 21 of
TV's vertical blanking interval. The
FCC is expected to approve the use
of the second field of the same line
for expanded service. It could result
in teletext service, providing many
different kinds of graphic material to
the family TV set, even automatic
programming systems for VCR's
for the 500-channel age. That video
data service could start in the latter
part of this year if everything stays
on schedule.

® Digital video in 1994. Full-
motion, digital, high-resolution—
and even high-definition—video
should be available for consumer
use next year, in a standardized
form. It will be the result of an inter
national agreement by the Motion
Picture Experts Group on
“"MPEG-2" standards.

This follows the agreement on
MPEG-1 for VHS-quality motion on
digital media. MPEG-1 covers digital
coding of video at rates below 1.5
Mbps, low enough to provide 74
minutes of full-motion video on a
CD. MPEG-1 will be used in full-
motion video cartridge adaptors for
Philips' CD-I players.

The MPEG-2 standard extends to
the higher data rates required for
signals delivered from remote
sources, and is designed to support
a variety of picture-aspect ratios, in-
cluding both 4:3 and 16:9. Even-
tually it will support HDTV. The first
applications are expected to be for
digital high-powered satellite broad-
casts, such as the Hughes DirecTV
system, scheduled for launch next
year.

MPEG-2's audio standard pro-
vides for up to five full bandwidth
channels, an additional subwoofer
enhancement channel, and as many
as seven commentary or multi-
lingual channels.

@ Sega channel. Videogames
will be distributed by cable this fall in
a pilot venture to determine whether
a national videogame network is
warranted. The participants repre-
sent the top of the field—Sega, the
Number 2 game company, and Time
Warner and Telecommunications
Inc., the two top cable-TV operators
inthe U.S. They plan to air The Sega
Channel on some of their systems
this fall as an experimental subscrip-
tion service, which could be rolled
out nationwide early in 1994, if it
succeeds in the test.

For a monthly subscription fee of
about $10, subscribers will receive
a cartridge that connects to the ca-
ble and plugs into the standard car
tridge slot on the Sega Genesis
console. The subscriber will review
an on-screen menu that will offer
games, information, playing tips,
and previews. Subscribers will be
able to download any of about 100
games. Games will be downloaded
in a short burst into the subscriber’s
DRAM, permitting unlimited play.

® ''Ghostbusters’’ coming.
Ghost-cancellation circuitry—"the
last major improvement in NTSC"'—
will be available as an add-on for
some high-end TV sets next year,
according to Philips, which de-
veloped the system. Philips says
that more than 100 stations already
are transmitting the ghost-cancel-
ing reference signal.

The first use of ghost cancellation
is expected to be in assuring deliv-
ery of quality signals to cable sys-
tems. However, some high-end
Philips and Magnavox sets are ex-
pected to include jacks that will ac-
commodate ghost-killing adapters
next year.

Philips’ current ghost-canceling
circuit board is based on an inte-
grated circuit that replaces 450,000
transistors. Its goal is to reduce
cost to the consumer to some-
where around $50. )
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SHIPPING AT DISCOUNT PRICES 1004 s201 con)

ELENCO OSCILLOSCOPES

S-1325 25MHz 9349
Dual Trace Oscilloscope

S-1340 40MHz 9495
Dual Trace Oscilloscope

S§-1360 60MHz

Dual Trace, Delayed Sweep
* Automatic beam finder
$7 75 » Built-in component tester
¢ ImV sensitivity
¢ Dual time base

B+K OSCILLOSCOPES

2120 - 20MHz Dual Trace . $395
2125 - 20MHz Delayed Sweep _ $539
1541B - 40MHz Dual Trace . $749
2160 - 60MHz Dual Trace, Delayed Sweep,
Dual Time Base $949
2190 - 100MHz Three Trace Dual Time Base,
Delayed Sweep $1,395
2522 - 20MHz / 10MS/s Storage _~ $895
1442 - 20MHz Portable _ $1,229
1443 - 40MHz Battery / AC operated with
Cursor & Readouts _ ' $1,439

1.0GHz PORTABLE

SPECTRUM ANALYZER
Model 2610 $2,595.95

B AC/DC operation (battery included)

B 70dB dynamic range

B Resolution bandwidth of 10kHz

B 50Q and 75Q input impedance (switch setec-
table)

B Fixed bandwidth setting for viewing TV signals
B Field calibratible with internally generated
100MHz, 80dB signal

Hitachi Compact Series Scopes

V-212 - 20MHz Dual Trace $409
V-525 - 50MHz, Cursors __ ___ %975
V-523 - 50MHz, Delayed Sweep $949
V-522 - 50MHz, DC Offset $849
V-422 - 40MHz, DC Offset %749
V-222 - 20MHz, DC Offset $625
V-660 - 60MHz, Dual Trace__ . $1,095
V-665A - 60MHz,DT, w/cursor__ $1,325
V-1060 - 100MHz, Dual Trace _______ $1,375
V-1065A - 100MHz, DT, w/cursor $1,649
V-1085 - 100MHz, QT, w/cursor _ $1,995
V-1100A - 100MHz, Quad Trace $2,195
V-1150 - 150MHz, Quad Trace $2,695

Hitachi RSO Series

RSO’s feature; roll mode, averaging, save
memory, smoothing, interpolation, pretrigger-
ing, cursor measurements.

VC-6023 - 20MHz, 20MS/s $1,650
VC-6024 - 50MHz, 20MS/s $1,950
VC-6025A - 50MHz, 20MS/s $2,350
VC-6045A - 100MHz, 40MS/s________ Call
VC-6145 - 100MHz, 100MS/s_ call

-Digital Capacitance Meter Digital LCR Meter Muttimeter with FLUKE MULTIMETERS
CM-1550B LC-1801 DUU Capacitance & L
- Zmws  Transistor Tester Scopemeters (All Models Available Call)
g $58 .95 $125 Model 93  $1,225.00 70 Series
i 9 Ranges Measures: $55 cm-15008 Model 95 1,549.00 Model 70l $65.00
.1pf-20,000ufd Coils 1uH-200H 05 Reads Volts, Ohms Model 97 1,795.00 Model 7711, $145.00
.5% basic accy. Caps .1pf-200uf o o.a Current, Capacitors, 10 Serles Model 7911 $169.00
Zero control w/ Case Res .01-20M "" i T Transistors and Model 10 $62.95 80 Series
Big 1° Display | Big 1* Display Diodes / with case Model 12 $79.95 Model 87 $289.00

Quad Power Supply XP-580

$69.95

2-20V@ 2A
12v@ 1A
V@ 3A
-5V @ .5A

Fully regulated and short circuit protected

Triple Power Supply XP-620

All the desired features for doing experiments.

210 15V @ 1A,
210-15V@ 1A
{or 4 10 30V @ 1A)
and 5V @ 3A

AM/FM Transistor
Assembled $75 Radio Kit
Kit $50 with Training Course

Model AM/FM 108

14 Transistors ¢ 5 Diodes

True RMS 4 1/2
Digit Multimeter

M-700T

$135

.05% DC Accuracy
1% Resistance
with Freq. Counter

$27.95

Features short circuit protection, all supplies Makes a great school project Data Hold
Sweep/Function Generator Function Generator XK-500 Digital / Analog Trainer
with Freq. Counter Blox| A complete mini-lab for building, testing, prototyping analog and digital circuits
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Triangular, Square wave forms

B Two no bounce logic switches
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15 DAY MONEY BACK GUARANTEE
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Study At Your
Own Pace
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LIGHTING CONTROL

I have built a lighting control
system for my home using mo-
mentary switches. | have it set
up so that the first press turns
on the light and the next press
turns it off. However, frequently
a single press will cause the
light to turn on and then turn
immediately off. | think the prob-
lem is with the switches them-
selves. Can you suggest a way
around this problem?—Y.
Geben, Tetour, CO

You haven't given me much detail
about your circuit but, from what
you've described, the problem
seems to be that the switches are
"noisy.” In other words, the switch
contacts are "bouncing,” or open-
ing and closing several times very
rapidly when you push and release
the switch. This is a common prob-
lem with run-of-the-mill pushbutton
switches, and there are several
things you can try to get rid of the
problem.

The first solution, which you prob-
ably don’t want to hear, is to modify
the circuit that the switches are con-
trolling so that it won't respond to
what | believe are the extra pulses
from the switches. This can be done
with a 555 timer IC set up as a one-
shot multivibrator. But it does mean
adding some new circuitry, which
might not be easy to add to what
you've already done.

A second idea is to get rid of the
switches you're now using and re-
place them with high-quality units
that won't bounce as much—but
they are significantly more expen-
sive than the ones you now have.
Unfortunately, in spite of their price,
even the world's best switches will
bounce occasionally.

A much better fix is to debounce
the switches you're currently using.
This will take some additional hard-
ware, but much less than would be
needed for my first suggestion. You
didn’t include a schematic of your
circuit, but the switch debouncers

i
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FIG. 1—SWITCH DEBOUNCERS. These
circuits will cure problems caused by
switch-contact bounce. The one shown
in a will give you a positive output pulse,
and the one shown in b will give you a
negative output pulse.

that I've drawn in Fig. 1 should do
the trick.

By the way, it's always a good
idea to debounce mechanical
switches, regardless of the applica-
tion. In your case, the effect of
switch bouncing seems to be fairly
obvious, but in other circuits, it
might be hard to track down the
problem.

TIME DELAY CIRCUIT

l use an electronic timer in my
darkroom, and because of the
kind of work | do the exposure
times for my prints are ex-
tremely long. In order to extend
bulb life I've put a fan on the
enlarger head to cool the bulb. |
can’t have it running during the
exposure because of the vibra-
tions, but I've rigged up a circuit
that will turn it on when the bulb
is switched off. What | need is a
control circuit that will keep the
fan running for a certain period
of time and then shut it off auto-
matically. The fan control circuit
is now driven by logic signals.
Any ideas?—J. Metzler, Port-
land, OR

Regardless of what you're con-
trolling. it sounds to me as if you're
looking for a simple time-delay cir-
cuit. And whenever you need a sim-
ple time-delay circuit, your first
thought should be the 555 timer IC,
the king of time-delay circuits.

Because you already control the
fan with logic level signals, the out-
put of a 555 should be perfect for
the job. You neglected to say
whether you need a high or low sig-
nal to activate the fan, but it's a sim-
ple matter to run the output of the
555 through a transistor set up as a
simple inverter.

The circuit shown in Fig. 2 should
work for you. Rotating the potenti-
ometer wiper will change the time
delay from the 555. If you use this
circuit, it's a good idea to get a data
sheet on the 555 in case you want
to make a change in the time delay
or alter the circuit to do something
else.

14
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FIG. 2—SIMPLE TIME-DELAY CIRCUIT.
Rotating the potentiometer wiper will
change the time delay from the 555 IC.

TRIANGLE GENERATOR

I need a source of triangle
waves to test a piece of equip-
ment | have. | don’t want to
spend a lot of money on it be-
cause I'll probably use it once
and never need it again. Is there
some simple circuit | can build
to generate triangle waves that
also gives me control of the fre-
quency?—T. Barabbas, Enid,
OK

The schematic in Fig. 3 is the sim-
plest triangle-wave generator | can
come up with. All you need is three
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FIG. 3—TRIANGLE-WAVE GENERATOR.
The first two gates are set up as a
square-wave oscillator, and the last one
makes the conversion to triangle waves.

inverters and a handful of passive
components to put it together. Be-
cause it's built with CMOS parts,
the output waveform will swing pret-
ty close to the supply rails, and the
operation of the circuit will be noise-
free.

The first two gates are setup as a
square-wave oscillator, and the last
one makes the conversion to tri-
angle waves. I'm pointing this out
because if you already have a good
square-wave generator, you can
feed its output through the last part
of the Fig. 3 circuit and convert the

- square waves to triangle waves.
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Make hand shock balls, shock wands
electrify objects, charge capacitors
Great pay back for those wise guys!
SHK1KM Easy-Assembly Kit$24.50

with many more items!
FREE with order, or send $1 P&H

FOREIGN CHARACTERS

The word processor | use al-
lows me to type in the foreign
characters that are part of the
IBM character set, but it doesn’t
show me what they are. Be-
cause | write a lot of French text,
it would be a great help if | could
call up an ASCII table and see
what codes | have to use to get
the accented letters and other
foreign-language characters.
Do you have anything that
would help?—P. Durand, Trinity,
MA

This kind of request is one of the
best arguments | know for using bul-
letin boards. The freeware and
shareware files you can find there
are usually written because some-
one has had a similar problem and
decided to write a small piece of
utility software to do the job.

The answer to your problem is a
program called ASC.COM. it's a
small TSR (terminate and stay
ready) program that takes up about
1 kilobyte of memory and provides
you with a complete ASCIl table. All
you have to do is run the program—
and it's small enough to be consid-
ered as a permanent load via your
AUTOEXEC.BAT file. Once the pro-
gram is installed, it can be called up
by pressing ALT-A. A window with
an ASCIl table will appear on the
screen, and you can move around it
with the cursor keys. When you get
the code you need, the program is
exited by pressing the escape key.

There are just a couple of things
to watch out for. Because there's no
source code with the program,
there's no way to change the hot-
key assignment. Also, if you use a
spell checker, it might choke on the
foreign characters.

DENSITY PROBLEMS

I recently bought a home com-
puter so | could take work home
from the office but I'm having
trouble reading the office disks
at home. The computer in my
office is an IBM PS-2 model 50
with a 3%-inch high-density
disk drive. My computer athome
is a PC compatible with the
same kind of floppy drive. Disks
that are written in the office usu-
ally produce an “Undetermined

Continued on page 85
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POWER CONTROLLER UPDATE

I'd like to thank William E. Baker
who wrote a letter about my "‘Power
Controller” article (Electronics
Now, November 1992) that ap-
peared in the June "Letters” col-
umn. | always enjoy getting
feedback on projects.

As Mr. Baker suggested, the
Power Controller contains more
components than are needed for a
load, such as extra lights. The pur-
pose of the controller, however, is to
provide more versatility than can be
realized from a simple relay circuit.
The power controller provides: 1)
pulse sensing for wireless, wired, or
remote oscillator control; and 2) au-
tomatic reset when the vehicle is
shut down. The automatic reset
works well with the other devices in
a computer-controlled car and pro-
vides a nice “feel’ to the dashboard
controls.

Furthermore, the addition of the
electronics for pulse control repre-
sents a small percentage of the
effort needed to assemble the hard-
ware and build a suitable unit.

The circuit suggested in Mr.
Baker's letter would certainly work.
As a matter of fact, itis similar to the
one | initially built to control the
lights in my old Chevy van. However,
| would connect the indicator lamp
with resistor across the load. That
way, the lamp will positively indicate
that power is applied to the load, not
simply that power is applied to the
relay.

DAVE SWEENEY

CALL FOR CLEAN AIR

Tch, tch, tch. Forty lashes with a
wet environmental noodle to Martin
Fournier for suggesting in his article
“Remote Car Starter’’ (Elee-
tronics Now, April 1993) that you
should warm up a car for as long as
15 minutes.

Any environmentally conscious
10-year old can tell you that you
should idle a cold engine for no lon-

ger than one minute, and then drive
and accelerate gingerly while the
carwarms up. Do not idie for exces-
sive periods. Like the echo of a far-
away gunshot, we Canadians hear
(and breathe) the report a few days
later.

Remember to reduce, reuse, re-
cycle, and rethink. Every little bit
helps.

GAVIN EARLE
St. John's, Newfoundland, Canada

PREDICTING THE FUTURE OF
HDTV

The article “"The New World of
HDTV" (Electronics Now, May,
1993) was quite a thorough report
on the four finalists in the HDTV
derby.

However, it may well be that the
right answer for the long term is: E.
“None of the above.” They're really
not ready for prime time.

Look at it from the broadcaster's
point of view—from the Big Three
(and a half) networks on down to the
individual, independent, peanut-
whistle TV station. Here, Mr. Broad-
caster, is what each of the systems
offers you:

1 You'll be required to duplicate
all of your existing NTSC equipment
with brand new (and far more costly)
equipment, and you'll even have to
buy a whole new transmitter tower!

2. You'll have to staff and maintain
both facilities until the year 2008.

3. You might get Joe Sixpack to
watch a few more minutes of your
broadcasts than he does now—or
maybe not. OI' Joe's about maxed
out on his couch-potato viewing
time already.

4. You might get General Motors

to pay more to run a Chevy commer

cial than it does now—but probably
not twice as much. After all, they're
trying to appeal to the same simul-
cast audience.

The bottom line is that a mere
“NTSC with more lines on your TV
screen’’ makes no economic

sense. It means substantial amount
of extra expense, and minuscule ex-
tra income.

The big push for high-definition
TV exists only because the NTSC
standard forces us to live with the
525-line picture that was the best
that vacuum tubes could do in 1942.
Al of the proponent systems make
the same mistake of carving in
stone the limits of today's tech-
nology for yet another 50 years or
so. Then we repeat this process of
junking everything and starting over.

The good news is that there are
other concepts that do make sense.

Work is now going on within
SMPTE on a hierarchy or architec-
ture of interrelated digital image
standards. The different levels with-
in this system would identify them-
selves to broadcast equipment with
digital headers. (See the December
1992 SMPTE Journal for details.)

That would allow us to incorpo-
rate advances in technology natu-
rally and painlessly, at least
compared with the present debacle.
The situation would be more like the
sequence of compatible upgrades
that we've seen in computing.

It's the distribution, not the defini-
tion, that will make digital television
economically viable. With compres-
sio Y and a choice of resolution lev-
els, broadcasters will have the
oppo.tunity to provide many simul-
taneous services, rather than com-
peting for maximum Nielsen ratings
from a single channel. They'll be
able to tap niche markets and really
function as a kind of “common car
rier of digits.” The header/descrip-
tor is the key to that diversification.
JOHN SPRUNG
San Pedro, CA

OPEN SPEAKER CONNECTIONS
In response to Mr. Ott's request
for information about oscillating
open-load amplifiers, | think that this
is a carryover from the tube-ampli-
fier era. | have had experience with



marginally stable tube amplifiers
self-oscillating to destruction when
they were not loaded by speakers or
resistors. That is caused by reactive
parameter changes in marginally
designed output transformers per
mitting positive feedback when not
stabilized by the load.

The old Knight KG-250 Stereo Hi-
Fi amplifier (does anyone remember
Knight-Kit, or am | showing my
age? actually had a warning in its
manual against no-load operation.
The amplifier was inexpensive and
served me for many years, even
with that obvious trade-off. | fully
agree with Mr. Ott that there should
be no adverse effects from operat-
ing a reasonably well-designed sol-
id-state power amplifier without
load. Moreover, | also agree that
most tube amplifiers are stable
without a load {e.g., MaclIntosh, Dy-
naco, Marantz, Harmon-Kardon),
but caution should be exercised.

As a side note, | own a Teknika
solid-state integrated stereo ampli-
fier that places A and B speaker
systems in series, not parallel,
across the power amplifier output to
reduce the load when both pairs are
operating. That results in a definite
change of sound in both systems
because the reactive parameters of
one system affect the other.

That is not desirable for critical
listening, and it has proven down-
right irritating at times. Neverthe-
less, it reduces heating in the output
stage, even with the volume control
turned up to compensate for vol-
ume loss when driving that way. |
use the amplifier only as a back-
ground sound source. | have seen
that method of multiple-speaker
drive in several (15 to 20%) of the
low-end amplifiers that | have
worked on over the years.

Thanks for the Q&4 column.
GEOFF POMERQY
Westerville, OH

Carl Ott questioned the sugges-
tion that "'leaving stereo outputs
open (i.e., infinitely loaded) causes
strain on output transistors.” He
stated that he had been trying to
track down the source of that
“rumor"’ since his high-school days.

Mr. Ott is correct in saying that
open speaker connections do not
damage the output transistors of

stereo systems. As an electrical en-
gineer who completed college a
couple of years before transistors
were invented, | think | know how
the belief that open speaker con-
nections cause damage originated.

In my view, the practice of avoid-
ing open-circuited speaker outputs
is a carry-over from the possible
damage that could occurin vacuum-
tube audio-output amplifiers. Vac-
uum tubes are inherently high-im-
pedance devices, whereas tran-
sistors are inherently low-imped-
ance devices. It is necessary to use
a matching transformer in a tube
amplifier to match the high-output
impedance of the receiving tubes to
the very low-output impedance of
the loudspeakers.

The low impedance of the loud-
speaker is transformed from the
secondary winding of the trans-
former to the primary winding (tube-
to-plate circuit) by the square of the
turns ratio. The primary impedance,
as reflected from the secondary
winding. of a tube amplifier might be
between 2000 and 5000 ohms. If
the secondary winding is open-cir-
cuited, the primary impedance be-
comes extremely high.

Considering the relatively high
grid-to-plate capacitance of audio
output tubes, such conditions caii
easily cause runaway oscillation and
the destruction of the output tubes.
In a pentode output tube, for exam-
ple, much of the current (electron
flow) that would normally go to the
plate would be intercepted by the
screen grid. That could cause over-
heating and destruction of the
screen grid.

With relatively high inverse feed-
back, most of that damage could be
prevented in a well-designed tube
amplifier. However, as a precaution,
those who worked with vacuum
tubes always made sure that the
secondary winding of the speaker
output transformer was loaded.

Because transistors are inher-
ently low-impedance devices, they
are relatively immune to damage
when speaker outputs are open-cir
cuited. The current requirements for
an open-circuited loudspeaker are
essentially zero, so the output tran-
sistors are not damaged.

W.E. BABCOCK
Warren, NJ Q
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| NEW PRODUCTS

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

12-MHz DIRECT DIGITAL
SYNTHESIZER. Novatech's
Model 2910A is a bench-
top synthesizer based on
direct digital synthesis
(DDS). It generates a pro-
grammable sinewave (from
1 pHz to 12 MHz) and ei-
ther a CMOS/TTL or ECL
Clock signal that is pro-
grammable up to a frequen-
cy of 48 MHz.

The compact instrument
combines 48-bit DDS with
12-bit digital-to-analog con-
version to provide what
Novatech says is high
spectral purity, and low dis-
tortion and phase noise.
Phase noise is specified at
110 dBc at 100 Hz offset.
The accuracy of the output
frequency is stated as 5
ppm of setting. For critical
tasks the Mode/ 2910A can
be locked to external fre-
quency standards for 0.001
ppm accuracy. For digital

clock applications, an inter-
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nal 4 X frequency multiplier
provides up to 48 MHz of
TTL/CMOS, and ECL-
compatible outputs.
Output frequency and
amplitude can be set man-
ually with front-panel con-
trols from a computer
through its rearpanel EIA
232C interface. The 11-dig-
it, backlit LCD readout dis-
plays menu options during
setup, and allows steps as
small as 1 pHz. The sine-

wave amplitude can be set
from 10 millivolts to 10
volts, peak-to-peak, and is
said to be accurate to 1 dB
over the complete frequen-
cy range.

The Model 2910A digital
synthesizer is priced at
$1499.—Novatech Instru-
ments, Inc., 1530 Eastlake
Avenue E., Suite 303,
Seattle, WA 98102; Phone:
206-328-6902; Fax:
206-328-6904.

MAILING PACKAGE. The
safe shipment of delicate,
electrostatic discharge-
sensitive components and
systems calls for special
packaging materials.

Moore Corporation’s
Xpander Pak mailing pack-
ages can be inflated to sur-
round and protect delicate
objects. A cushion of air
filled foam automatically
conforms to the size and
shape of the item, locks it
in place, and safeguards it
from shock and breakage
during shipping.

The package is made as
a double-bag of nylon and
polyethylene. The pack-
age’s outer surface is
moisture- and abrasion-re-

sistant, and its inner sur
face is coated with a
special low-slip surface.
Compressed polyurethane
is vacuum-sealed between
the outer and inner bags.
Anti-static inserts are avail-
able for shipping ESD-sen-
sitive electronic compo-
nents and products.
Objects to be shipped
can weigh up to five
pounds and measure up to
10x 16 X 3 inches. After
the objects are inserted
and sealed in the pack-
ages, the shipper punc-
tures the outside of bag
twice on each side with a
sharp, pointed instrument.
That action breaks the her-
metic seal and allows the

".I.u i
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compressed material to
foam and expand to more
than six times its original
packaged thickness in less
than one minute.

The contents of the

package are firmly cradled
in more than three inches
of impact-absorbing foam
and air. The packages can
be opened and resealed for
multiple uses, and they can
be recycled.

There are three sizes of
Xpander Pak—9 x 12,
12 x 15, and 14 X 19inches.
Cartons containing 25
pieces are priced at $46,
$57, and $76, respectively.
Moore Corporation, Busi-
ness Forms and Systems
Division, 275 N. Field
Drive, Lake Forest, IL
60045; Phone: 1-800-EX-
PANDER.

PRINTER TESTER. The LP1
Printer Tester from Sibex
will test and troubleshoot
dot-matrix and daisy-wheel
line printers without the
help of a stand-alone com-
puter. An embedded micro-
processor simulates the
printer output of a personal
computer.

The tester can test all
line printers that have the
standard parallel interface.
it tests the parallel port 170
from the computer and the
printer's ability to commu-
nicate with and accept data
from a computer. When
troubleshooting the parallel
portinterface, LED’s on the
test unit display the status
of the data transfer and
handshaking signals that
occur between the com-
puter and the printer during
a print sequence.

Microprocessor-gener-
ated computer simulation
can make the printer print
each alphanumeric
character and then print
two lines of preprogram-
med text, giving the LP-1



Just like these
Fully Trained
Electronics
Professionals

“Thanks to CIE | have tripled my previous

. salary, and | am now in a challenging and

rewarding new field where only the sky is
the limit.”

Daniel Wade Reynolds

Industrial Electrician

Ore-ida Foods

“CIE was recommended to me by my boss.
It was appealing since ! could study at my
own pace at home and during business
travel.”

Dan Parks

Marketing Manager/Co Product:
Analog Devices, Inc.

“f loved the flexibility CIE offered. It was the
only way / could continue both school and
my demanding job."

Britt'A. Hanks

Direttor of Engineering

Peatroleum Helicopters, Inc.

*! liked the way the school was set up with
latoratory assignments to enforce
conceptual learning. The thing which
impressed me the most about CIE's
curriculum is the way they show application
for all the theory that is presented.”

Daniel N. Parkman

Missile Electro-Mechanical Technician
U.S. Air Force

L.

“Completing the course gave me the ability
to efficiently troubleshoot modern
microprocessor based audio and video
systems and enjoy a sense of job security.”
Tony Reynolds

Service Manager/Technician

Threshold Audio & Video

Graduate with an Associate
Degree from CIE!

CIE is the best educational
value you can receive if you
want to learn about
electronics, and earn a good
income with that knowledge.
CIE's reputation as the world
leader in home study
electronics is based solely
on the success of our
graduates. And we've
earned our reputation with
an unconditional commit-
ment to provide our students
with the very best electronics
training.

Just ask any of the
150,000-plus graduates of
the Cleveland Institute of
Electronics who are working
in high-paying positions with
aerospace, computer,
medical, automotive and
communications firms
throughout the world.
They'll tell you success
didn’t come easy...but it
did come...thanks to their
CIE training. And today, a
career in electronics offers
more rewards than ever
before.

CIE’'S COMMITTED TO
BEING THE BEST...IN ONE
AREA...ELECTRONICS.
CIE isn't another be-
everything-to-everyone
school. CIE teaches only
one subject and we believe
we're the best at what we
do. Also, CIE is accredited
by the National Home Study
Council. And with more than
1,000 graduates each year,
we're the largest home study
school specializing exclu-
sively in electronics. CIE has
been training career-minded
students for nearly sixty
years and we're the best at
our subject...
ELECTRONICS...

IT'S THE ONLY SUBJECT
WE TEACH!

CIE PROVIDES A
LEARNING METHOD SO
GOOD IT'S PATENTED.
CIE’'s AUTO-PRO-
GRAMMED® lessons are a
proven learning method for
building valuable electronics

career skills. Each lesson is
designed to take you step-
by-step and principle-by-
principle. And while all of
CIE's lessons are designed
for independent study, CIE’s
instructors are personally
available to assist you with
just a toll free call. The result
is practical training... the kind
of experience you can put to
work in today’s marketplace.

LEARN BY DOING...WITH
STATE-OF-THE-ART
EQUIPMENT AND
TRAINING.

CIE pioneered the
first Electronics

o
Laboratory *

S

e il
gt O

Course
and the first
Microprocessor
Course. Today, no
other home study
school can match CIE’s
state-of-the-art equipment
and training. And afl your
laboratory equipment, books
and lessons are included in
your tuition. It's all yours to
use while you study and for
on-the-job after you
graduate.

PERSONALIZED
TRAINING....TO MATCH
YOUR BACKGROUND.
While some of our students
have a working knowledge of
electronics others are just
starting out. That's why CIE
has developed twelve career
courses and an A.A.S.
Degree program to choose
from. So, even if you're not
sure which electronics career
is best for you, CIE can get
you started with core lessons
applicable to all areas in

Send for CIE’s FREE Course Catalog and

See How We Can Help Your Career Too!

0'( y«# -

electronics. And every CIE
Course earns credit towards
the completion of your
Associate in Applied Science
Degree. So you can work
toward your degree in stages
or as fast as you wish. In fact,
CIE is the only school that
actually rewards you for fast
study, which can save you
money.

D‘T ED s
o %,

3 T, ...E‘M
Y E S ! | want to get started.

Send me my CIE course catalog
including details about the
Associate Degree Program. (For
your convenience, CIE will have a
representative contact you - there
is no obligation.)

Please Prnt Clearty I

AES3
Name I
Address I
City — l
State Zip Age ____ :
PhoneNo. 000 I
Check box for G.1. Bill Benefits.

0O Veteran
O Active Duty

Cleveland Institute of Electronics, Inc.
1776 East 17th Street
Cleveland, OH 44114

A School of Thousands.
A Class of One. Since 1934.

L--



Electronics Now, August 1993

In the Sept. 1993 Issue of

Electropics

Pick up Electronics Now at your favorite

Packed into one grand issue: How to design
and produce PC Boards, Smart Turn
Signals—better than Tokyo’s version, A new
look at Bipolar Transistors and much more!

On Sale
AUGUST 3, 1993

Watch for it!

Newsstand, Bookstore or Supermarket

s Mo
AN IMPORTANT PART
OF YOUR PHOTOCOPIER
ISN’T PART OF
YOUR PHOTOCOPIER

Having a machine may not permit you to photocopy
books, journals, newsletters and magazines.
The Copyright Clearance Center CAN.
Contact us to find out
how you too can COPY RIGHT!™™

COPYRIGHT CLEARANCE CENTER

27 Congress Street, Salem, MA 01970 0 Tel. (508) 744-3350 0 Fax (508) 741-2318

© 1993 Copyright Clearance Center

EErhbias

CIRCLE 18 ON FREE
INFORMATION CARD

the ability to test a printer's
ability to generate text. A
continuously repeated test
sequence permits the LP-1
to test for intermittent
problems, and gives it
enough time to analyze
pulsing signals. An instruc-
tion manual with detailed
test sequences is included
in the purchase price of the
unit.

The LP-1 printer tester is
priced at $249.—Sibex,
Inc., 1040 Harbor Lake
Drive, Safety Harbor, FL
344695; Phone:
813-726-4343; Fax:
813-726-4434.

VCR SERVICE CASSETTES.
Service cassettes are now
available to help in the ser
vicing of VCR's. Tenma 8
mm (No. 32-4605) and
VHS (No. 32-3840) ser
vice cassettes from MCM
Electronics provide useful
input for the troubleshoot-
ing and repair of 8mm and
VHS camcorders and
VCR's.
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The service cassette is
inserted in the VCR or
camcorder, and the unit un-
der test runs as if a stan-
dard cassette were loaded.

The service cassettes in-
clude tape-detect func-
tions, latch releases, sen-
sor switches, and cassette
alignment guides to help
pinpoint problems.

The 8mm and VHS ser-
vice cassettes are priced at
$14.95.—MCM Electronics,
850 Congress Park Drive,
Centerville, OH
45459-4072;: Phone:
800-543-4330.

ENVIRONMENTAL
MONITORING SYSTEM.
SensorMetrics’ ENV-100is
both a desktop and porta-
ble environmental monitor-
ing and control system.
The system requires no ex-
ternal power. It permits the
user to measure wind
speed, wind direction,
barometric pressure, and
temperature with sensors
that are included.

e T  at T
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The system consists of a
ENVSYS software and a
PC-compatible plug-in
board with eight inputs of
12-bit resolution analog-to-
digital converter, three
counter-timer channels,
and seven digital 170 lines.
Additional sensors can be
added to the system and
they are powered by four
20-milliampere or one-volt
inputs.

Pop-up menus in the
software permit persons
without training in
meterological instrumenta-
tion to set up and calibrate
the system, perform data
logging. strip-chart emula-
tion, and data storage. A
Computer display intended
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to emulate the front panel
of a consolidated
meterological instrumenta-
tion console displays all the
measured phenomena.
Prices for the ENV-100
start at S449.—Sen-
soMetrics, Inc., P.O. Box
1049, Lakeville, MA
02347; Phone:
508-946-4904.

SCANNER ANTENNAS. The
H-TENNA-SCN receive-
only scanner antenna from
Electron Processing re-
ceives all frequencies from
25 to 1200 MHz. If your an-
tenna tower is getting a bit
crowded these days, an an-
tenna that can be conve-
niently mounted on the
side of that tower should
be a welcome addition to
your setup.

The antenna is only 44
inches long, and it can be
mounted for either vertical
or horizontal polarization.
When mounted singly
aside most towers, the an-
tenna is said to provide
near omnidirectional
coverage. More than one
antenna can be stacked to
optimize performance on a
specific band or for
customized antenna recep-

i
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tion patterns.

A two-foot “pigtail” is in-
cluded for connection to
your feedline. For UHF re-
ception or setups including
long runs of coaxial cable,

the Super-H-TENNA-SCN
includes a 16-dB gain low-
noise preamplifier to boost
reception of weak signals.
The Super model is sold
with 25 feet of coaxial ca-
ble, a 120-volt VAC power
supply, and jumper for your
scanner. Both models are
protected in PVC
radomes, and can be con-
nected with your choice of
BNC, N, or PL259 con-
nectors.

The H-TENNA-SCN is
priced at $55 and the
SUPER-H-TENNA-SCN is
priced at $90. Add a S5
shipping and handling
charge for each.—Electron
Processing, Inc., P.O. Box
68, Cedar, Ml 49621;
Phone: 616-228-7020.

DATA-COMPRESSION SOFT-
WARE. /ntegrated Informa-
tion Technology's latest
XtraDrive software com-
presses data on disk driv-
es, effectively doubling the
drives' capacity. It requires
no hardware upgrades, and
it allows the user to read
and write to compressed
floppy disks on computers
that do not have XtraDrive
installed.

Doukla
Vour Disk

Copacity!
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It provides full support
for removable memory data
including that from Ber-
noulli and Syquest drives,
optical disks, and floppy
disks. The software is said
to make data compression
easy and transparent. It
features improved directo-
ry listings, media inter-
changeability, and data-

compression safety.

If a disk crashes during
the compression process,
no data will be lost because
of XtraDrive. The program
completes and verifies a
successful compression
before erasing the original
file. Each compressed file
is stored individually to
minimize the danger of
large-scale data loss. Op-
erating on the BICS level,
XtraDrive is fully compati-
ble with most defragmen-
tation utilities such as
Norton and PC Tools.
Moreover, the compres-
sion works invisibly with
Windows swap files.

The price ofXtraDrive
Version 3.0 is $98.—Inte-
grated Information Tech-
nology, Inc. (lIT), 2445
Mission College Blvd.,
Santa Clara, CA 95054;
Phone: 408-727-1885;
Fax: 408-980-0432.

BUTANE SOLDERING IRON.
The Antex GasCat butane
soldering iron from M. M.
Newman Corporation will
come in handy if you want
to solder a connection in
the field and you are not
near a convenient electric
outlet.

The soldering tool has a
transparent fuel reservoir
and its own flint-wheel star
ter. It can heat up to 750°F
and operate continuously
for up to one hour. An as-
sortment of replacement
tips is available. The
threaded tips can easily be
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removed and replaced.

The Antex GasCat burns
commercially available
butane lighter fluid. The
multipurpose tool can also
be used for brazing, heat-
ing the air to shrink-fit plas-
tic wrap and cable jackets,
and as a hot knife for vari-
ous applications.

The Antex GasCat sol-
dering iron is priced at
$37.49.—M.M. Newman
Corporation, 24 Tioga Way,
Box 615, Marblehead, MA
01945, Phone:
617-631-7100; Fax:
617-631-8887.

DUAL-SLOT MEMORY-CARD
CONNECTORS. Hirose Elec-
tric's IC6 Series of dual-
slot memory-card header
connectors hold two mem-
ory cards per connector.
They are intended for
mobile computers that
must meet PCMCIA 2.0
and JEIDA Version 4.1 re-
guirements.
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The IC6 is made of SMT-
compatible material and
accepts Type | or Type |l
cards for insertion in either
slot. Thicker Type Ill cards
can be inserted in the up-
per slot. Ejectors are pro-
vided for each slot, and
users can choose between
2.2 mm, 5.0 mm, or no
standoffs.

The /C6 dual-slot memo-
ry-card connector is priced
at $12.50 each 1000 quan-
tity.—Hirose Electric
(U.S.A)), Inc., 2688 West-
hills Court, Simi Valley, CA
93065-6235; Phone:
805-522-7958; Fax:
805-522-3217 or
800-879-8071 (ask for No.
8005). §]



DOS: The Complete Refer-
ence, Fourth Edition; by Kris
Jamsa. Osborne McGraw-
Hill, 2600 Tenth Street,
Berkeley, CA 94710; $29.95.

This is a one-volume
DOS reference library that
answers just about any
question you could have on
the DOS operating sys-
tem. It has been newly up-
dated to cover Version 6.0.
Written for the beginner as
well as the experienced
user, Jamsa's book starts
with an easy-to-follow,
step-by-step introduction
to DOS, and takes the
reader into advanced con-
cepts. It also reveals tips
that users at all levels of
experience will appreciate.
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Iintroductory chapters
are organized for do-it-
yourself sessions to famil-
iarize you with your com-
puter, its peripherals, and
the basics of DOS. Later
chapters tell you how to get
the most from DOS direc-
tories, how to protect your
files, and how to avoid disk
crashes. You'll also learn
how to debug and recover
disk errors, and protect
against viruses. Advanced
topics include DOS memo-
ry management.

The book includes a
Command Reference
Guide to give you answers
to specific questions.
There's no need to wade

NEW LIT

through the entire 1100
pages to find the informa-
tion you need.

The FCC Rule Book: Guide to
the FCC Regulations; by
Rick Palm; K1CE. The Amer-
ican Radio Relay League,
225 Main Street, New-
ington, CT 06111. $9.00.

A understanding of FCC
regulations and how they
apply is helpful for any ra-
dio amateur trying to de-
velop his or her operating
skills and technical knowl-
edge. The ninth edition of
this popular guide contains
clear explanations of how
FCC rules apply in day-to-
day amateur radio opera-
tion, how FCC rules are en-
acted, and how citizens
can participate in the rule-
making process.

CIRCLE 26 ON FREE
INFORMATION CARD

Each chapter includes
answers to commonly
asked questions about
specific FCC rules:
“Whose call sign should be
used if a friend operates
my station?” "Because |
live near an airport, What
FCC regulation, if any, ap-
plies when | put up my tow-
er?”

This guide provides refer-
ence information on inter
national regulations, oper
ating an amateur radio in
other countries, call-sign

assignment, and testing
procedures. You'll also find
a listing of countries that
allow third-party traffic han-
dling by U.S. amateurs.
Sample application forms
for such activities as li-
cense renewal and antenna
approval are included along
with full instructions on
how to fill them out prop-
erly and completely.

Test Measurement Instru-
ments Catalog. Bel Merit
Corporation, 17 Hammond,
Suite No. 403; lrvine, CA
92718-1635; Phone:
714-586-7300; Fax:
714-586-3399; $2.

This is the latest test and
measurement instrument
catalog from Bel Merit. The
12-page catalog includes
detailed specifications and
descriptions of portable
and benchtop test and
measurement instruments
for engineers, students,
and technicians who test,
repair, or assemble elec-
tronic equipment.

Bel MERIT st
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Highlighted in the cata-
log are multifunction digital
multimeters, clamp-on cur-
rent meters, frequency
counters, sweep/function
generators, DC power
supplies, audio and RF sig-
nal generators, voltage
testers, continuity check-
ers, and circuit analyzers.

The System 7 Book, Second
Edition; by Craig Danuloff.
Ventana Press, P.0. Box
2468, Chapel Hill, NC
27515, Phone:
919-942-0220; Fax:
919-942-1140; $24.95.

Here is a new book on
version 7.1 of Apple’s Mac-
intosh operating system.
This second edition of the
reference work has been
updated to include new in-
formation on major exten-
sions and utilities. New
chapters describe Quick-
Time and offer insiders’ tips
on dozens of attractive
useful utilities.

CIRCLE 28 ON FREE
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Danuloff's book explains
all System 7 and 7.1 com-
mands and features. It also
includes a complete over
view of the benefits and
problems of working with
fonts on the Mac, covering
such subjects as the new
Fonts Folder, TrueType. bit-
mapped, and PostScript
fonts. Other topics cov-
ered are upgrades of sys-
tem software elements,
including Publish and Sub-
scribe, and how to take ad-
vantage of Finder enhance-
ments.

You'll find out how to use
the Label menu and Make
Alias and Find commands
to improve your Mac's

MON S9IU0L08(T ‘B661 J1Snbny
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speaker systems, or reading

the hi-fi directories and maga-
zines in preparation for doing so,
you should by now be fairly con-
fused. Welcome to the club! Since
even professional speaker design-
ers can't agree as to what makes
speakers sound good, it is not sur
prising that speaker shoppers faced
with hundreds of brands and mod-
els find it difficult to make their buy-
ing decisions.

The advice that follows was culled
from some 25 years of readers'
questions and answers. You won't
find it a totally definitive guide to
choosing a speaker—it would take
abook and a half to do that job—but
you should find it helpful in avoiding
the worst pitfalls that beset the
shopper. Let's start where the ac-
tion is.

If you've been shopping for

Showroom strategies

Be aware that some brands, be-
cause of a higher markup or bonus
money (“spiffs”) paid to the sales-
man, are more profitable for the
dealer than other speakers of equal
or superior performance. Also, be
cautious about the private label
"house brands” sold by some large
dealers. House brands prevent you
from making price comparisons be-
cause the brand name is not avail-
able from competing dealers. That's
not to say that spiffed speakers or
house brands are necessarily bad
buys, just that caution is in order
when a particular brand is being
pushed particularly hard and
doesn't seem to be available
elsewhere.

Beware of rigged demonstra-
tions. At one time they were an un-
happy fact of hi-fi life. They seem to
have diminished considerably over
the years, but if you have any reason
to suspect hanky-panky, make sure
that all amplifier tone and loudness
controls are switched out and
check, if you can, how the midrange
and treble balance controls (if any)

on the speakers are set. Also, don't
let a salesman demonstrate speak-
ers with his own specially taped ma-
terial; ask to hear a good CD or
audiophile disc.

It has been suggested that you
bring along a familiar disc to serve
as a "'standard of comparison”
when auditioning speakers. That
can be helpful, but only if you al-
ready know how the reference ma-
terial should sound on a good
system. If you've become used to
the sound of your disc on second-
rate equipment, you might not like
the way it sounds on a systemwith a
flatter, wider-range response.

Because speaker efficiency var
ies from brand to brand and model
to model, make sure that the deal-
er's speaker switching panel is set
to equalize the levels of the systems
being compared. Otherwise, psy-
choacoustic effects will make the
loudest speakers sound best. In
fact, a barely perceptible level boost
can make the loudest pair of sys-
tems seem subjectively more
“open’” and "live," regardless of
whether your perception can be ob-
jectively justified.

Listening tests

Don't assume that you are a good
judge of sound quality just because
you came factory-equipped with
two working ears. A sonically
trained ear is needed to appreciate
nuances of audio reproduction for
the same reason that a musically
trained ear is needed to analyze
subtleties of interpretation or per-
formance. When a listener is insen-
sitive to sonic (or musical) nuances,
speaker sound is perceived as a
more or less homogenized auditory
event. Typical speaker shortcom-
ings such as overemphasis of the
upper bass frequencies, a peaky
midrange, or a loss of the very high
frequencies might go by un-
noticed—or worse yet, be pre-
ferred.

Here are some suggestions

e
s

A
: LARRY KLEIN

about to what to listen for, starting
at the lowest frequencies:

® Bass—This end of the audio
spectrum is very much affected by
the room’s dimensions and config-
uration, as well as speaker place-
ment. A further complication is that
most people confuse a typical 70-
Hz "bump" in a speaker’s response
with true low-bass performance.
Real bass has a "thud™ and impact
that will be appreciated once it is
heard.

It is a lot easier to find well-de-
fined low-bass performance on
discs today, because CD record-
ings do not suffer from the inherent
bass limitations of LP's. Have your
dealer play some CD's with good
low bass, and use them to compare
speakers. Some systems will audi-
bly “break up” when called upon to
reproduce low bass at high vol-
umes; others, instead of breaking
up. will deliver only the higher har
monics of the bass tone, omitting
the fundamental frequencies that
give low bass its “thud" quality. |
prefer the second response, be-
cause such behavior sometimes
means that a little bass boost (from
an equalizer or tone controls) will
work wonders.
® Midrange—Performance in the
middie frequencies depends on
how efficient a speaker is, and how
loudly it plays. If the mid frequencies
{roughly defined as 400 to 3000 Hz)
are disproportionately emphasized,
vocalists and instruments take on a
forward, projected quality, which
some listeners like. Unfortunately,
this is usually accompanied by a
nasal coloration on female voices,
brass instruments, and woodwinds.
The sound also takes on a hol-
lowness, such as you would hear if
you talked into your cupped hands.
® Treble—High-frequency perfor-
mance is also best judged with a
good CD or audiophile disc. When
the higher frequencies are present
in full measure, they provide spar

Continued on page 87



Save over $20.00
on this GIANT
circuit project and
idea encyclopedia!

80 .. .o collection of more than a thousand all-
new circuits . .. includes schematics for the latest
electronic circuits from industry leaders . . .

—Popular Electronics, on the previous volume

THE ESSENTIAL REFERENCE FOR

ENCYCLOPEDIA OF ELECTRONIC CIRCUITS,
VOLUME 4 by Rudolf F. Graf and William Sheets

1,000 illustrations, 729 pages, written and compiled by two industry
experts!

#3752H ¢ $60-00". .. Special Price $39.95

Fully updated to cover over 1,000 of the latest circuits

Covers over 100 circuit categories from antennas to window circuits
Valuable circuit schematics, diagrams, and references

Turn to it when you need:
EVERYONE IN ELECTRONICS! antenna circuits audio circuits
E h PC £ L measuring and test circuits power-control circuits
Dl YO DEFOEIFANG Crua T automotive circuits fiberoptic circuits

prove the quality and sound of audio equip- computer circuits laser circuits
ment. . . protect your home and car with receiving circuits RF circuits
first-rate security set-ups. . . perform circuit filter circuits sound effects circuits
tests and measurements. . .and more. This video circuits and hundreds more!

729-page collection is bursting with circuits
you can use for all your reference and pro-
ject needs.

This comprehensive compilation of cir-

SAVE $90 IF YOU ORDER ALL 4 VOLUMES NOW!

cuit specifications, data, and uses puts There’s never been any circuit references like these before. Get thousands of
hundreds of project ideas right at your circuits and projects ideas in the Encyclopedias of Electronic Circuits. Vol-
fingertips! ume 3 covers everything from antenna to voltage circuits. Volume 2 presents
you with a wide range of circuits from fiber optics to thermal reactors. And
And, if you are adding to your Encyclo- Volume 1 features circuits from alarms to zero cross-detecting.
pedia collection, Volume 4 features a com- Order all 4 volumes (#586148-8) for only $149.95.00—regularly $240.00

plete index of every circuit in all four
volumes!

3 EASY WAYS TO ORDER:

1. T CALL 1-800-822-8158 (24 hours a day)
2. P FAX 1-717-794-2080

3. Mail Coupon to: TAB/McGraw-Hill, Inc.
Blue Ridge Summit, PA 17294-0840

Satisfaction Guaranteed—Order these references
FREE for 30 days. Within 30 days, pay the stated amount
plus postage, handling, and applicable sales tax, or
return them and owe nothing.

———————— Please cut along dotted ling — — ———— — ——
r— 8

FREE 30-DAY EXAMINATION

Mail to: TAB/McGraw-Hill, Inc., Blue Ridge Summit, PA 17294-0840

Please send me:

Book# Title Qty. Price
5861488 | Encyclopedias of Electronic Circuits, Vol. 1-4 $149.95
3752H Encyclopedia of Electronic Circuits, Vol. 4 $39.95
| Name
| Address -

| City/State/Zip
| Signature X

Offer invalid without signature. Order subject to credit approval. If you are ordering outside
the U.S., please prepay in U.S. dollars drawn on U.S. banks and include an additional $5.00
I- postage and handling. All orders over $150.00 must be prepaid.

CODE =RE83
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hard-disk efficiency. You'll
also get advice on optimiz-
ing your Mac's memory,
and how to use ColorSync
Extension for desktop
color calibration and re-
lated synchronization.

Tips and shortcuts are in-
cluded for memory man-
agement, file-sharing, net-
working, and multitasking.
The book is organized to
help readers master the
Mac. An appendix de-
scribes the installation pro-
cess step by step. The
book's purchase price in-
cludes two free issues of
The Ventana Mac Update
newsletter.

DC/DC Converter Product
Guide; Caiex Mfg. Co., Inc.,
2401 Stanweli Drive, Con-
cord, CA 94520-4841;
Phone: 510-687-4411 or
800-542-3355; Fax:
510-687-3333; free.

With this catalog Calex

has announced nearly 100
new additions to its DC-to-
DC converter product line.
The free catalog. includes
product descriptions and

CIRCLE 29 ON FREE
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specifications of Calex
AC/DC linear power sup-
plies and signal-con-
ditioning modules. To sim-
plify product selection, the
catalog includes Quick Lo-
cator charts. Other perti-
nent facts such as case
dimensions, UL-approval
announcements, and quan-
tity pricing are included

$46.95.

month FREE]

Special Offer

d4 4444 C <«
PHOTOFACTs!
. S.

- :

Y - With Every New
o o5 ﬁfﬁﬁ' Subscription Receive the
i !

T Twelfth Month FREE!
I"-.__,,---""_F- , For over forty years, PHOTOFACT has been the last
v = ﬁ: word in TV and VCR service documentation, producing
" &> essential schematics for technicians at a reasonable cost.

#L

Don't pay up to $250 for manufacturers’ service literature
when you can get 14 PHOTOFACT each month for only

Subscribe before July 31, 1993 and receive the twelfth

To begin your subscription, contact your local Sams
distributor, or call 800-428-7267. Each month your
v+  PHOTOFACT-of-the-Month packages will be delivered
to your Sams distributor ,

Howard W. Sams & Company
2647 Waterfront Parkway, East Drive
Indianapolis, IN 46214-2041

Offer gownd Heroagle fuly 31, 1995
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1993 Comprehensive Belt &
VCR Parts Cross Reference
Guide; Projector-Recorder
Belt (PRB) Corp., P.0. Box
176, Whitewater, Wi, 53190;
Phone: 414-473-2151.

If you repair VCR's and
related equipment as a
hobby or professionally,
you should have this handy
cross-reference guide on
replacement parts. It's
available as a catalog or on
5%- or 3'-inch IBM-com-
patible diskettes. The soft-
ware version includes a
menu for the quick location
and identification of re-
placement parts or belts.

CIRCLE 30 ON FREE
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Both the catalog and the
disk versions have been
updated to include the
latest data on replacement
parts and belts for VCR’s,
camcorders, answering
machines, CD players,
cassette decks, car ster
eos, and other electronic
equipment. Mechanical
parts are listed by man-
ufacturer, make, and
model. They are also cross
referenced to PRB’s rec-
ommended replacement.

Things That Make Us Smart:
Defending Human Attributes
inthe Age of the Machine; by
Donald A. Norman. Ad-
dison-Wesley, Jacob Way,
Reading, MA 01867; Phone:
617-944-3700; $22.95.

Here is a book that looks
at the man-machine inter
face, and warns us about
the consequences of over
dependence and reliance
on the many new-fangled
entertainment, work-sav-
ing and communications
devices that have invaded
modern society.

THINGS THAT
H A K E

SMART

e

u s

HORMAN
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Mr. Norman believes
that we have lost control of
our TV's, telephone an-
swering machines, and
computers. Far from help-
ing us to work more effi-
ciently, learn faster, com-
municate better, and con-
trol our environment, he
believes that they have
taken control of our lives. In
fact, he thinks they have
made us slower, dumber,
more isolated, and, in
some cases, helpless.

This is not a reactionary
book; it does not advocate
areturn to Luddite behavior
of the 19th century in which
workers smashed new ma-
chinery in hopes of restor
ing an agrarian society. But
it does urge that we evalu-
ate the effects of this tech-
nological tidal wave on
human beings and their
lives.

The author, a cognitive
psychologist, provides a
fresh perspective on how
we experience and reflect
upon the world, and the
changes in the way we live
that have been forced on
us by the introduction of
new technology. Hanson is
pleased by the latest tech-
nological achievements,
but suggests that there
should be more concern
about enhancing those
basic human attributes of
imagination, humor, and
creativity. This is bad news
for the TV "couch potato™
who has isolated himself
with an answering machine
and whose idea of society
is best expressed with a
computer network..
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'essons!

Now you don't have to be enrolled at CIE to receive our
introductory Electronic and Electricity Lesson Modules.
This program is 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 will 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 schematic readings, component identifica-
tion, soidering techniques... and much, much, more. This
introductory offer includes
the first 39 lessons in CIE's
Associate in Applied Science
in Electronic Engineering
Technology Degree.

Your commitment to CIE
ends with your payment, but
CIE's commitment to your.
success just begins when
you receive your lessons,
exams, binder and equip-
ment. This special introduc-

« $100.00 Tuition Credit

- Academic Credit

« Free issue of The Electron
« Build your personal burglar alarm
- Toll Free Instructor Assistance

+ 24-hour grading

- CIE bookstore privileges

[ ] Yes! Send me CIE’s Introductory
Electronic and Electricity Lessons

and Equipment. A7324
Name:
Street: __Apt#:
City:
State: Zipi =

Phone: ( )

e

BOOKSTORE
1776 East 17th Street
Cleveland, Ohio 44114

A Shocking Offer!

tory price includes all the benefits and assistance CIE
normally extends to its full time students. 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, access to CIE’s electronic bulletin board
and a free issue of CIE's school newspaper The Electron.

And best of all, when you decide to continue your
electronics education in any of CIE's programs you'll
receive full academic credit for successtful lessons
submitted and a $100.00
Tuition Credit Certificate.

All this knowledge and
support will put you on the road to
understanding digital electronics,
automotive and industrial
electronics, microprocessing
principals, computer systems,
telecommunications and much,
much, more.

@,

- 39 theory and hands-on training
lessons and exams.

« Patented learning method

« CIE electronic bulletin board
privileges

Total Merchandise:
Ohio Residents add 7% Sales Tax:
California Residents add 6 1/2% Sales Tax:
Total This Order:
Shipping and Handling Charge: $5.00
Method of Payment/Amount Enclosed: $
Personal Check or Money Order
Master Card Visa Discover

I |

Card Expiration Date:

_$99.50

Signature:

CHARGE BY PHONE!

Lty & .
ViSA | (ZE= 2l 9 AM to 4:30 PM Eastern Time:
= : 1-800-321-2155 ext. A7324
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KELVIN

10 HUB DRIVE, MELVILLE, NY 11747

- NCGTN

150 LE - Swdent

Established 1945

(800) 645-9212
(516) 756-1750

(516) 756-1763/Fax KELVIN CATALOG s3

Stock No. 650412

DIGITAL TRAINER

100 Basic

DC CURRENT

CONTINUITY TEST-Buzzer
3 1/2 Digit LCD

LOW BATTERY INDICATOR
@ DIODE TEST ®BATTERY TEST

INSTRUMENTS

Laptop Digital Tnlner comes with 100
page instruction manual, power supply,
built-in 1 digittrue hexadecimel display,
two independent clocks with user
adjustable freq & duty cycles, 4 data bit
switches and4 LEDdisplays. Aa:-gmbd

ARY QUARTZ
OCK w/Alarm

200 LE - Technician
Standard Features - @ AC & DC VOLTAGES

® DC CURRENT @ RESISTANCE @ TRANSISTOR
@ CONTINUITY TEST - Buzzer @ DIODE TEST

® 31/2Digt LCD @ 10M ohm INPUT IMPEDANCE
Desianed to meet IEC-348 & UL-1244 safety spedifications

BATTERY TEST
DC CURRENT

10 Amp

150 LE
Stock # 990122

BINARY QUARTZ CLOCK

CAPACITANCE
from 1pF to 20uF

AC/DC CURRENT

20 MHz SCOPE
Dual Trace 2 Yr Warrsntv-Parta & Labot
40 MHz SCOPE

Duai Trace with Delayed Sweep
2 Yr Warranty-Parts & Labor

100 MHz SCOPE

from 1pF to 200uF
AC/DC CURRENT

Stock # 890124

Stock # 990123

$2995

2 Year

Tester Res:

| TRUE RS 2|

Model 94
#990111

3199¢s

below

ENGINE

ANALYZER PtV

Model 95 #990112 DUTY CYCLE, 10M OHM
IMPEDANCE, ANALOG BAR

$199s

A Must For

* Standard Features - Models 94 & 95
® DC/AC VOLTMETERS @ AC/DC CURRENT
® OHMMETER @ DATA HOLD @ RELATIVE MODE
@ FREQ COUNTER to 4 MHz (Mode! 95)
©® AUDIBLE CONTINUITY TEST @ DIODE TEST
® MAXYMIN AVERAGE MEMORY RECORD
® 10A HIGH-ENERGY FUSE PROTECTION
® AUTO SLEEP & AUTO POWER OFF

3 Channel, 8 Trace with Delayed Sweep

N Watrantr Pae &labor ORIGINAL DESIGN -24 Hr. Binary

Quartz Accurate Clock with 2 color
LED's. Buiit-in Alarm and Alarm
Display inbinary code. DESIGNED
FOR LEARNING about digital
circuitry & binary code. Built with
individual IC components. Battery
y Comes
with rechargeable battery, DC wall
transformer and detailed instruction
Advanced Level Kit
3g9ss

(Parts & Labor)

Popular Electronics
Reviewed - May 1993

“Not only does the
Kelvin 94 boast alot of

go the extra distance.”

100K Hz to 150MHz COVERAGE
4SOMHz IN HARMONICS, AM MODULATION,
INTERNAL OR EXTERNAL, 0 - 100%

"If we had to run into a

burning buikding to do VOoICE PAD

trouble-shooting and
could carry in only one
piece of equipment, the
Kelvin 34 wouldbe it!"

NUOUSLY VA
TWO SEPARATE LED DISPLAVS GREEN
LTAGE & RED READOUT

Stock No. eoooan .30V @ 3A
Steck Ne. 680030 ... 60V @ 1.5A ....
LOGIC PROBES

An electronic note pad, able
to record your message &
replay It later. ik-i
photo cell & as soon as it senses your
presence, it will automatically playback
the message left for you.
components are PC mounted. The IC
can record amessage up to 20 seconds
& no mechanical parts or tape - only a
digital integrated circuit.

KELVIN94 The Ultimate Meter

E he only meter w;tE g !% §

Voltages built-in True RMS, Freq
to 20MHz Res: 10 Hz, LCR-inductance
10 uH, DC/AC Volitages
Res:0.1mV, Ohm Meter Res: 0.1 ohms
12 INSTRUMENTS IN ONE -
AC & DC VOLTMETERS,
AC & DC CURRENT, dBm,
OHMMETER, DIODE TESTER,
AUDIBLE CONTINUITY TEST,
20 MHz FREQ COUNTER,
CAPACITANCEMETER,
*See Standard Features INDUCTANCE METER,

Listed

LOgiC Probe LP25A - 25 MHz 33996

740088  LP50A - 50 Miz
LOGIC PULSER

SWITCHABLE 0.8/400 PULSE RATE, 100mA
No. - Model

Standard Features
¥ TEMP, TACHOME
DWELL ANGLE TESTER,

3 25+ Qty
990104 BLACK *.65604.%.50 a

GRAPH, K-TYPE TEMP
PROBE, ALLIGATORCLIP

DC TOY MOTORS

TESTLEADS, INDUCTIVE
PICKUP CLIP, 6 TEST LEA
Auto Mechanles ¢ by E CARRYING CASE

’.75«/50+oty 6V DC High Speed
Solar Motor Stock No. 850646
'60ea 1.5VDC

680100 4

WIRE JUMPER KIT
Pre-cut, Pre-Strippsd
330289 140 Plece Set

IV Lx 2916 W
-45V ¥ 330200 350 Plece Set

’5500!/300‘1 1000mA

COMPONENTS

WHOLESALE PRICES!

(10 Pe. Min.)
Stock No. TYPE YOUR COST
600021 555 TIMER............... 20 ea

600029 556 DUAL TIMER

LMS66 PPL ¢.60 oa
FUNCTIONGENERATOR

600018 741C OP-AMP ......... ¢.30 oa
NTERNALLYCOMPENSATED

600026 58 OP-AMP ......... 3.35 e
DUAL 741C OP-AMP

630041 2NR2222 ...........ccone.e $.20 ea

630383 PN2222.........cccecenmee ¢.08 e

600023 7805 Voitage Reg ....... $.36 0a

SILICON CONTROLLED RECTIFER
{Similar to GE c1osc1)4 0 arr’: 100PIV
600014 ... ¢80es ... 79 ea/10+

33,95 ea
LE DT ——i®
Stock No. Color 100+ Qty 1000+ Qvy

260020 RED 40562 *.045¢a
260027 GREEN $.08ea %.076a
260026 YELLOW %.08ea %.070a
260078 2 C(I)GLF?EN $.32ea %.200a

XENON STROBE
Stock No. TUBE
2600

’2.95523
$2.50 ea’20+ Qy

TRIGGER COIL

89u/m+oty

INFRARED LED
IR Pair, LED Infrared
Tanemitier

and receiver
Stock No. 260061

$1.95 o
NEON LAMP

Stock No. 260003
1502

$.12 ea /1004 Qty
PHOTOCELL

'65 ea ‘.455:/20+Qtv
Pholqul-‘l.SKohm
Stock No. 260018

5650 %.45 ear20+ 0ty

PUSH-BUTTONSWITCH
PUSH-ON. PUSH-OFF

Stock No. 270021

.55 ¢a

‘..49 ea/ 100+ Qty

SUB-MINFATURE MOMENTARY
SWITCH

Stock No. 990002

$350a

$ .28 e/ 100+ Oty

Ifol;lkAWRETOGGLE SWITCH
S
9,90 0a Typs-SPST

$.79 ea /504 Qty

CIRCLE 193 ON FREE INFORMATION CARD



POST CODE READ
For Your PC
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Your PC is trying to tell you something—and
a couple of GAL’s can tell you what!

LIKE THE VICTIM IN SOME CHEESY
murder mystery who scrawls
his dying message in the sand,
your IBM-PC compatible com-
puter might be trying to com-
municate with you.

Every time your PC boots, it
performs a power-on self test or
POST. The POST verifies all the
major subsystems of your PC. If
they appear live and well, the
BIOS (basic input/output sys-
tem) continues with the boot se-
quence. If any test fails, testing
halts, and the value latched in I/
O port 080x indicates what
went wrong. (Throughout this
article, an x appended to a

*Director of Engineering, JDR MicroDevices

number indicates that it’s a hex-
adecimal value; decimal values
have no special markings.)

The problem is that few moth-
erboards have any way of dis-
playing POST code values—and
that’s where we can help. This
article describes a low-cost
POST-code display board (we
call it PCODE) that you can
build in an hour or two. Com-
plete kits are available, as are
bare boards. {See Parts List.)

The heart of this project con-
sists of two custom-pro-
grammed Generic Array Logic
IC’s (also available separately),
commonly known as GAL’. Be-
fore delving in to the con-
struction details, we’ll provide

some background on GAL tech-
nology and how to design with
GALS.

PC boot sequence

When a PC boots, the CPU be-
gins executing the code at a spe-
cial location in the BIOS ROM.
One of the first things the BIOS
does is test and initialize cir-
cuitry on the motherboard and
expansion cards. Both what it
does and the order it does it de-
pend on the BIOS vendor and
the version of the BIOS. How-
ever, the general sequence is:
® Check the CPU registers.
e Set up the 8253/54 timer for
RAM refresh,
@ Set up the DMA IC for RAM

MON S2IUCI08|T ‘E661 Isnbny
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refresh.

® Verify that the RAM refresh is
working.

® Test the first 64K of RAM.

® Load the interrupt vectors
and assign stack space.

® [nitialize the keyboard and
video board.

® Size and test the remaining
RAM.

® [nitialize the COM, LPT, and
game ports.

® [nitialize the floppy disk
drive(s).

® [nitialize the hard disk
drive(s).

® Scanand link the user ROM’s,
if any.

® Boot the PC.

As the computer performs
each test, it updates the value in
I/O port 080x. If a test fails, the
CPU typically emits several
beeps and then halts. The beep
codes can be of some value in
diagnosing problems, but typ-
ically they're neither specific

nor comprehensive. So a simpleis
device that can decode and dis«#

play the value in I/O port 080x
will be a very effective diag-
nostic tool. Ergo PCODE.

Note that different BIOS man-
ufacturers use different code
values, so you must be careful
about how you interpret the val-
ues displayed by PCODE. Sev-
eral values for common BIOS’s
appear in Table 1, but you
should check with your BIOS
vendor for accurate, up-to-date
values.

Circuit overview

The procedure is really quite
simple. We need to latch the val-
ue on the lower eight bits of the
data bus whenever the CPU per-
forms a write to I/O port 080x.
Figure 1 shows a functional di-
agram of what we want to hap-
pen. Our goal is to achieve the
SELECT signal shown in the fig-
ure.

Port 080x may be represented
in binary as 00 1000 0000. In
other words, the circuit needs
to capture the condition when
address lines ao-a6. a8, and asg
are all low, and only a7 is high.
Address lines as and as must :
also be low, otherwise the cir-
cuit would trigger on multiples
of 080x, (i.e., 0180x, 0280x,
and 0380x). So note that, except.

*z

+
i

W

HEXADECIMAL OCTAL
TO 7-SEGMENT LATCH 7-SEGMENT
DECODER 7415373 DISPLAY
DATA4 1 A Do Qo A
74nnn
DATAS 2 B D1 Q1 B
DATA6 4 c D2 Q2 c
DATAT 8 D D3 03 D
GATE E D4 Q4 E
F D5 05 F
G D6 Q6 G
—07____ a7} — s
CLOCK
HEXADECIMAL OCTAL
TO 7-SEGMENT LATCH 7-SEGMENT
DECODER 74183873 DISPLAY
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DATAZ 4 c D2 2 c
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ADD4

ADDS

ADD6

TYgy

ADD7
ADD8

741511 }—
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e
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FIG. 1—FUNCTIONAL DIAGRAM provides high-level view of desired decoding. The
goal is to get a Select signal that will latch data whenever the CPU writes to 1/O port

080x.

for A7, we take the inverted
states of ao-a9. That gives the
raw port address; we also must
combine the states of three con-
trol signals to achieve SELECT.
Working down from the top,
we combine the low states of the

RESET. [/O write (7ow), and
memory access enable (AEN) sig-
nals. RESET is normally low; it
goes high only during power-up,
or when the user presses the re-
set switch (on a non-IBM com-
puter). yow is normally high: it



goes low each time the CPU
writes to an /O port. AEN is nor-
mally high: it goes low when a
DMA device (e.g., a disk control-
ler) seizes the bus.

Note in Fig. 1 that rResgT also
drives the GATE inputs of the
two display decoders. In other
words, as long as the machine is
not being reset, the “gates” are
open and the decoders can do
their jobs. Those decoders sit
on the data bus constantly de-
coding signals and feeding
them to the display latches. The
latches only accept new values,
however, when SELECT goes low.

Although it’s possible to buy
ICs for some of the functions
shown in Fig. 1, it's not possible
for them all. The most difficult
IC’s to find is the pair of de-
coders, which have to accept
hexadecimal input and deliver
outputs suitable for driving a
pair of dumb seven-segment
LEDS. In addition, combining
all the inverted and true address
and control signals would re-
quire numerous inverters and
gates, all of which increase cir-
cuit complexity and cost, and
reduce reliability.

Wouldn't it be nice if you
could combine all the address-
decoding logic, all the display-
decoding logic, as well as the
display latches and drivers, in
just a few IC's? Well you can; a
couple of GAL's make it easy.

PLD overview

Before we discuss the specif-
ics of the devices used here, lets
back up and look at GAL's from
a more general perspective. The
GAL is a member of the family of
programmable logic devices
(PLD’s). Asingle PLD can replace
several standard TTL devices.
All PLD’s share one common
characteristic: they are pro-
grammable. The GAL exhibits
one other characteristic that
makes it extremely versatile in
the design lab: Like an Elec-
trically Erasable Programmable
Read Only Memory (EEPROM),
a GAL is erasable.

Figure 2 shows a simplified
diagram of a portion of the 20V8
GAL used in this project. The
20V8 has a total of 24 pins. Two
are used for power and ground,
two for control purposes, and

TABLE 1—COMMON BEEP AND BIOS CODES

Description IBM Beep | IBM AT| Phoenix | AMI BIOS| Award
Code BIOS | 286 BIOS 2.2x BIOS
CPU Register 01 01 03 07
CMOS 1-1-3 |03 02 2D OF, 1C,
1D
BIOS Checksum 1-1-4 |02 03 09
8253/4 Timer 1-2-1 (04,05 |04 OF, 7E 08—-0E
DMA Setup 1-2-2 |06, 07 |05 15, 18 08-0E
DMA Page Register 1-2-3 |08 06
RAM Refresh 1-3-1 |09 08 12
First 64K RAM 0D, OE |09—0D, |21,24,7 |15
10—1F
8259 #1 -1- 13 1B, 1E 08-0E
8259 #2 -1- 24, 25,
26
0842 Keyboard Controller and 3-2-4 |0D, 2D, 01-05,
Keyboard 35, 36, 2A
38, 39,
3A
Address Lines 19-23 Problem 1F 60
Video Initialization 3-3-4 (22,23 48 17,18
Video ROM Scan in Progress 3-4-2 2D
Video ROM Svan 3-4-3
Real-time Clock : 3B
Serial Port | ac 93 2C
Parallel Port 3D 96 2D
Math Coprocessor 3E 90 2F
Hard Disk, Floppy Disk 3E 9C, 9F, A2 | 2B, 2E
Initialize Printer 3F
PIN 1 '1——["["\. 17T
D TPV pue
g e
— Loy o
PIN2 T TEE—
o
D,
ey —f | el
Lamnta¥
; o]
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MR s SRS P 13
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FiG. 2—SIMPLIFIED GAL VIEW indicates the logical complexity that can be hiddenina
24-pin 0.3" DIP.
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PARTS LIST

s o Fo .
looo-oJ\..(...' ° r;*ooo.oooo S R1, R2—820 ohms ;
) R3, R4—330 ohms, 8-position DIP

(AL XXX [ X X -
e package «*
“““@‘;ﬁ L [_ - C1, C2—10 wF, 16 volts, tantalum
o i —— . C3—0.1 pF, 16 volts, tantalum
. = /_'. /‘.\ IC1, IC2—G20VE GAL A
LR * DISA1, DISP2—MANT2 7-segment
s — .. LED display (or equivalent)

* LED2, LED3—T1-%% red LED

IC Sockets, circuit board, mounting
» bracket and screws, etc. %
MNote: The following parts are
~-available from JDR Micro-

Devices, 2233 Samaritan Drive, .
» San Jose, CA 95124, (800)
538-5000, (408) 559-1200:
#® Complete PostCode kit {in- -
cluding PC board, mounting
bracket, all IC's, and LED’s)}— -
$38.95 !
.. ® PC Board only—$14.95
s~ ® Programmed IC1 and IC2—
¢ $1495

CA residents add applicable
— sales tax.
PCODE COMPONENT SIDE. %

J1—15-pin D connector, female, «
—— PC-board mount
. LED1, LED4—T1-%4 grean LED :

315/16 INCHES

e
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H
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the remaining 20 are used as
general-purpose /0. Of the 20,
12 are dedicated as inputs, and
eight can be programmed as ei-
ther inputs or outputs. Pro-
gramming and erasing a GAL

»e involves applying specific volt-

F— _ ages in specific sequences. For
.p':: : = — o detailed information on design-
e—oe _ ing with GAL's, request data
jo—o % & = - from a GAL vendor (e.g., AMD,
g . Gould, Harris, Intel, Lattice,
—— * Motorola, National Semicon-
H.—.r:—° COPYRIGHT 1330 ) ductor, Rockwell, SEEQ, Sig-

lo—efo eesvesed / eecccee netics, TI, Xicor, or Zilog).

sccccccy XXX X Designing with GAL’s
If you just want to use a GAL,
JDR MICRODEVICES you don't need to worry about

the bit-banging that goes on in
programming and erasing. In
fact, that’s the whole purpose of
PLD’s in general and GALS in
particular. Instead, you concen-
trate on the logic of what you're
trying to do. Doing so allows you
to be productive almost imme-
diately.

Let’s take an example. Sup-
pose you have a conventional
TTL design that you want to
convert to PLD’s. You might do
the following:

PCODE SOLDER SIDE. 1. Eliminate discrete inverters

/ :
?/:—'f ey
it

i% 315/18 INCHES

Y



FiG. 3—COMPLETE SCHEMATIC of the POST Code display board appears here. Note
that IC1 and IC2 perform all of the decoding, latching, and display driving shown in the
functionai diagram (Fig. 1) thereby replacing about 40 IC’s.

by moving inversions to source
or destination logic connec-
tions.

2. Name the signals in your TTL
circuit.

3. Count the number of input
and output signals.

4. If the number of inputs and
outputs exceeds the capacity of
the intended device, break the
logic into sections for partition-
ing into several devices.

5. Write equations that describe
the logic of your TTL design and
that can be processed by a logic
compiler.

6. Run the compiler and gener-
ate an object file.

7. Use the object file, a PLD pro-

grammer, and special software
to “burn” the code into the de-
vice.

8. Test the device; if necessary,
modify your equations, and go
back to Step 6.

How would you apply that se-
quence to a practical problem?
Take a look at Listing 1 and List-
ing 2, the source files for the
GAL'’s used in PCODE. Note that
the two listings share a struc-
tural similarity. Both begin with
a header that specifies part
name and number, date, revi-
sion number, etc. Then comes a
section of comments, followed
by specifications of inputs, out-
puts, intermediate variables,

and last, the logic equations. To
understand the latter. take an
example logic equation from
Listing 2.

SELECT = POST & IOW & IAEN &
LOWOK & !RESET

That statement says that
SELECT is true when posT. 10W.
and rLowok are all true; in addi-
tion, AEN and RESET must both
be false. You can see that the
equation is a very compact way
of notating circuit logic.

After creating the source file,
run the PLD compiler. There are
several commercial options in-
cluding CUPL from Logical De-
vices. CUPL will compile the
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LISTING 1—PLD SOURCE FOR IC1

LISTING 2-—PLD SOURCE FOR IC2

Name POSTL;
Partno POST1; Name POST2;
Date 04/07/90; Partno POST2;
Revision 01 Date 04707/90;
Designer DERICK: Revision 0l;
Cumpany JDR Microdevxces Designer DERICK:
Assembly 06001 Company JDR Microdevices;
Location Ul; Assembly 00002;
Device G20v8; Location my2;
Device G20vs8;
R N e A tesecaseeiaaa /
/e . T R R Iy
Je TURNS HEX INTO 7 SEGMENT HEX DISPLAY INFO ¥ 1~ i
7 /| % TURNS HEX INTO 7 SEGMENT HEX DISPLAY INFQ @/
JetrAeateraeranterattritarereian sertasersararents rreaiirisatanran, . iy
/t Allcnable Tatgey Device WPE°' GzOvs t/ FAAA AR R e L N t-'../
FARAAAR AR SRR R AR SRR AR R RY LA AR A AR R AR AR R AR R R AL R L] no Allowable Target Devlce wpes G20V8 0/
Jrtrrreseaians L T R R Y
/** Inputs
/** Inputs *¢
Pin 1 CLOCK /* FROM SELECT ON OTHER GAL /
Pin 2 = AQ 7k . + e / Pin 1 = CLOCK /' WRAPPED FROM SELECT OUT PlN /
Pin 3 Al / 1A vcei 7 Pin 2 = A7 i + ol |
Pin 4 = A2 / IF Bl 2y Pin 3 = A8 i /' A VCCI >/
Pin ) = Al / Ivee < Pin 4 = A9 ; (L5 F Bl */
Pin 6 Al /i */ Pin 5 = DMAAE! ; o vee /
Pin 7 a5 ; /2 i Gl 2 Pin’ 6 = RESET i /% 3/
pin 8 A6 3 U i Ct */ Pin 7 = {IOW b 7o Gl */
Pin 9 Do /* D4 1 DB </ Pin 8 Do b fiz Cl -7
Pin 10 D1 /* DS IE o * pin 9 D1 i /* Dl DB 4
Pin il D2 / Db i ¥/ Pin 10 D2 H /* D2 IE Di */
Pin 14 D3 / D7 4 Pin 11 D3 H iy o . 54 */
Pin 23 RESET / A/ Pin 14 LOWOK 7 */
/** oOutputs * /** oOutputs **
Pin 15 1SEGG v 8 A / Pin 15 = !SEGG : 1k A U
Pin 16 = !SEGF H 7 k7 Pin 16 = !SEGF 7 7% ! =/
Pin 17 = !'SEGE H /" A Pin 17 = !SEGE i fe */
Pin 18 1SEGD % ./ Pin 18 = {SEGD H e 2
Pin 18 = !SEGC 2 ' / Pin 19 = I1SEGC 3 qe E Wi
Pin 20 I SEGB : 0+ . Pin 20 - !SEGB : 73 I U
Pin 21 1SEGA ; /* LV Pin 21 = !SEGA i /"™ D-- 2/,
Pin 22 LOWOK ; (A 7/ Pin 22 = ISELECT ; /* WRAPS TO CLOCK ON BOTH GALS ®;
/** Declarations and Intermediate Variable Definitions ** /** Declarations and Incermedxate Variable Definitions **/
FIELD ADDRESS {A6..0}; FIELD ADDRESS = [A
FIELD DATA (D3. ] FIELD DATA {D3.
POST - ADDRESS:[0801; POST = ADDRESS: (080)
/** Logic Equatioms ** /** Loglc Equatinns *«/
LOWOK POST SELECT = POST & IOW & !DMAAEN & LOWOK & !RESET
SEGA.D = DATA: 9,A,C,E,Fl & ('RESET; SEGA.D DATA:{0,2,3.5,6,7,8,9,A,C,E,F] & IRESET;
SEGB.D = DATA: 9.A,D) A !RESET; SEGB.D DATA:{0,1,2,3,4,7,8,9,A,.D} & !RESET;
SEGC.D = DATA: 8,9,A B,Dl & !RESET; SEGC.D = DATA:{0,1,3,4.5,6,7,8,9,A,B,D] & 'RESET
SEGD.D = DATA: (0,2 C,D,E}] & tRESET; SEGD.D - DATA:{0,2,3,5,6,8,B,C,D,E] & !'RESET:
SEGE.D DATA: { D.E,F] & !'RESET; SEGE.D = DATA:([0.2.6,8,A,B,C,D.E,F] & !RESET;
SEGF.D = DATA: B.C.E.F} & :RESET; SEGF.D = DATA:{0.4,5,6,8,9,A,B,C,E,F} & !RESET
SEGG.D = DATA: A,B.D.E, F] & tRESET; SEGG.D = DATA:(2.3.4,5,6,8,9,A,B,D,E,F}] & !RESET

FIG. 5—NOTE THE DISPLAY SOCKETS
mounted at right angles to the PC board.

source file and output an object
file in several formats. For exam-
ple. to create a JEDEC-compati-
ble file for the programmer, you
might enter the following DOS
command line.

C:>CuUPL -J PCODE

Next you would use a pro-
grammer to burn the logic spec-
ified by PCODE.JED into the se-
lected device. PLD program-
ming software normally reads
object files in several formats,

and can program and erase sev-

eral types of devices.

Circuit description

With that under our belts. the
rest is easy, as shown in Fig. 3.
Note that IC1, DIP resistor R3.
and DISP1 form a group that de-
codes, drives, and displays the
most-significant digit;
ilarly, IC2, R4, and DISP2 do the

least-significant digit.
Our design provides

possibilities for mounting the
1) A pair of sockets
mounted flat against the board.
2) Another pair mounted at a
right angle so they can be seen
through a hole in the mounting
bracket. 3) Connections neces-
sary for remote viewing via a 15-

displays:

pin female D connector.
The first option is for
open”’

‘e

used in a situation whe

necessary to verify correct oper-

ation remotely. Regar

which display option you

troubleshooting of a
motherboard. The second is for
case-closed " motherboard
monitoring. The third might be

choose. only use one pair of
displays at a time, because of
current-sinking limitations of
the GALS.

One note about the card-edge
connector pin numbers: We
show the official IBM pin names
and numbers: if you purchase
the kit mentioned in the Parts
List, the names and numbers
may vary.

sim-

three Construction and testing

This circuit is simple. but
there are lots of interconnec-
tions, hence we recommend use
of a PC board. Patterns are
shown here; etched and drilled
boards are also available.

Using the parts-placement di-
agram shown in Fig. 4, mount
the two discrete resistors fol-
lowed by the sockets for the IC’s,
resistor networks, and seven-
segment LED displays. The
sockets for the displays that can
be seen through the mounting
bracket must be mounted at a
right angle, as shown in the
photograph of PCODE in Fig. 5.

Mount the capacitors and dis-

“case-

re it's

dless
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FIG. 4—MOUNT ALL COMPONENTS as shown here.

crete LED’. Last, mount J1 and
attach a PC expansion-bus
mounting bracket to it. Check
your work carefully for shorts
between traces and for bad sol-
der joints; make any required
corrections.

If you're not purchasing pre-
programmed GAL's, you can
burn your own using JEDEC
format files available on JDR's
BBS (408-559-0253). They are
also available on the Electronics
Now BBS (516-293-2283). Oth-
erwise, you'll have to enter the
logic equations (Listing 1 and
Listing 2), compile them, create
object files, download them to
your device burner, and then
burn the GAL's. We can’t pro-
vide specific directions on those
operations, as they depend on
the software and hardware you
use.

Insert the GALs and the re-
maining components in the ap-
propriate sockets on the PC
board and make a final visual
check. If all seems well, turn off
the power and remove the case
from a working PC; then insert
the board in any vacant 8- or 16-

.'......a

=

iCECEE]

F R .. e

'II.
T
¥
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bit slot. When you reapply
power, the PC should boot as
normal, but PCODE should dis-
play a sequence of codes as each
POST test occurs. If the board
seems to function properly, you
can now use it to help diagnose
nonfunctional units.

Other applications

PCODE was designed to test
new motherboards, diagnose
problems with existing boards,
and provide more detailed infor-
mation than the “beep” codes
emitted by most BIOSS.

However, the ideas presented
here have applications that ex-
tend way beyond a simple dis-
play unit. Designing with GAL's
will allow you to create your own
simple PC-bus interface cir-
cuits. Using a GAL to simplify
the decoding, buffering, and
latching of I/O ports will allow
you to add your own analog and
digital inputs and outputs. Now
you can monitor and control
anything that can be repre-
sented by a voltage or current.
First POST codes, then the
world! Q
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THIS NEWS FULL-COLOR, 48 PG. CATA-
LOG FOR 1993 is full of thousands of prod-
ucts for testing, repairing, and assembling
electronic equipment. Featured: brand name
instruments such as Fluke, Tektronix, Weller,
3M, Loctite, BK Precision, and much more.
Products include DMMs, hand tools, power
supplies, tool kits, test equipment, cleaners,
ESD protection and more. Products are guar-
anteed and service is prompt. CONTACT
EAST, 335 Willow St., No. Andover, MA
01845. (508) 682-2000, or fax (508)
688-7829.

CIRCLE 55 ON FREE INFORMATION CARD

ULTRA LOW COST LINEAR PROGRAM-
MABLE POWER SUPPLIES, User-Friendly
with LCD Readouts at Analog Prices. Out-
put Voltage/Current Programming and Read-
back via LCD Panel ® Data Entry with Front-
Panel Keypad ® Power-off Memory e Voltage
and Current Step-up/Step-down Function e
Microprocessor Controlled e Superior Line/
Load Regulation ® Output Enable/Disable ®
Optional RS-232 Interface for Remote Oper-
ation (standard on LPS-305) e Intelligent
Forced-Air Fan Operation. AMERICAN RE-
LIANCE, INC., 9952 E. Baldwin Place, El
Monte, CA 91731. (800) 654-9838 e Fax:
(818) 575-0801

CIRCLE 190 ON FREE INFORMATION CARD

TWO TRANSMITTERS IN ONE! 5 MINUTE
ASSEMBLY! MONEYBACK GUARANTEE!
New Law Enforcement grade device on a
single chip is the most sensitive, powerful,
stable room transmitter you can buy. Uses
any 3V-12V battery. Or attach to telephone
line to monitor all telephone conversations
over 1 mile away without batteries! 100mw
output! 80-130MHZ. Receive on any FM radio
or wideband scanner. VT-75 microtransmitter.
$49.95 + 1.50 S&H. VISA, MC, MO. COD's
add $4.00. DECO INDUSTRIES, Box 607,
Bedford Hills, NY 10507. 914-232-3878.

CIRCLE 127 ON FREE INFORMATION CARD

o AL-AS

CABLE TV 50dB NOTCH FILTERS for inter-
ference removal or channel censoring. Filters
are user-adjustable to desired channel # or
frequency. Eight Models available, each for
certain channels: 2 & 3; 410 6; 710 13; 14 to
17;181t0 22; 23 10 29; 3010 36; 9510 99 plus O
& 1. Just $30 each or 3 for $75, includes
shipping. ONE MONTH MONEY BACK, fast
delivery. Visa, MC, check or M.O. (C.O.D. is
$5 extra) Huge discounts for higher quan-
tities. STAR CIRCUITS, P.O. Box 94917, Las
Vegas, NV 89193. Call 24 hours
1-800-535-7827.
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GET YOUR RECHARG CATALOG
FREE...EARN BIG $$ IN YOUR SPARE
TIME—AIl 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 Laser-Jet
Series I, i, HI, IV, Apple LaserWriter, QMS,
etc. Canon PC Copiers also. CHENESKO
PRODUCTS, 2221 Fifth Ave., Suite #4,
Ronkonkoma, NY 11779, 516-467-3205.
FAX 516-467-3223, 1-800-221-3516

CIRCLE 110 ON FREE INFORMATION CARD

WORLD’S SMALLEST FM TRANSMIT-
TERS! New Surface Mount Technology
(SMT) makes all others obsolete! XST500
Transmitter—powerful 3 transistor audio am-
plifier, transmits whispers up to 1 mile.
XSP250 Telephone Transmitter-line
powered, transmits conversations up to ¥
mile. Both tune 88-108 MHz. Easy to assem-
ble E-Z KITS (SMT components pre-as-
sembled to circuit board)! XST500—$44.95,
XSP250—$34.95, VISA/MC. COD add $6.
XAND! ELECTRONICS, 201 E. Southern
Ave., Suite 111, Tempe, AZ 85282.
1-800-336-7389.

CIRCLE 179 ON FREE INFORMATION CARD

PROGRAMMABLE POWER SUPPLIES ...
for the Price of Standard Linear Power
Supplies. GPIB interface Standard e Volt-
age/Current Programming and Readback via
LCD Panel ® Power-off Memory e Voltage and
Current Step-up/Step-down Function e Out-
put Enable/Sisable ® Superior Line/Load
Regulation ® Remote Sense Function e Pro-
grammable Overvoltage and Overcurrent
Protection @ Software Calibration e Voltage/
Current Outputs Controllable with External
Voltage (single output models oniy). AMERI-
CAN RELIANCE, INC., 9952 E. Baldwin
Place, El Monte, CA 91731. (800) 654-9838
® Fax: (818) 575-0801

CIRCLE 191 ON FREE INFORMATION CARD

CALL NOW
AND
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YOUR SPACE

® 6 x rate $940.00 per each insertion.

e Fast reader service cycle.

e Short lead time for the placement of
ads.

e 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, ELECTRONICS NOW, 500-B
Bi-County Blvd., Farmingdale, NY
11735.

FAX: 516-293-3115
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Enjoy video programming throughout your house with the
Video Master video distribution system.

RUDOLF F. GRAF and WILLIAM SHEETS

EXOTIC HOME-ENTERTAINMENT
containing VCR's, satellite re-
ceivers. laserdisc players. video
games. security cameras, and
more are certainly enjoyable.
However. they often fall short in
convenience. The Video Master
adds that missing convenience;
itlets you set up your own video
network and watch any video
source on any TV in your home.

The Video Master, described
in this article, consists of a se-
ries of converters that place all
your video sources on unused
UHF channels and then com-
bines them with normal TV
channels (terrestrial or cable)
into one cable. That one cable

can then feed several TV sets for
whole-house coverage. The de-
sired video source is selected
with the TV set’s tuner. All of the
TV’s remote-control features are
retained. and you'll be able to
switch between any of the
sources simply by changing the
channel!

Keep in mind that it’s illegal to
insert unauthorized signals
into any public cable system. An
isolation amplifier. incorpo-
rated in the Video Master's de-
sign, prevents signals {rom
feeding back into the cable sys-
tem. Do not omit the amplifier
portion of the system for any
reason.

Figure 1 shows a block di-
agram of a typical system setup
with the Video Master. It shows
a TV antenna (or cable system},
satellite TV receiver. VCR, secur-
ity camera. video game. and
laserdisc player. all ieeding the
Video Master. Notice that all in-
puts (except cable or antenna)
are on Channel 3. There are five
upconverters (1 through 5) and
a buffer amplifier/power supply
module. which supplies +12-
volts DC to the upconverters.

The six outputs are combined
with a splitter in reverse so that
it acts as a signal combiner. The
splitter feeds the combined out-
put to all the TV sets in the sys-
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tem. The combined output
contains all terrestrial or cable
channels (VHF 2-13, MID-
BAND, UHF, etc.) in the original
locations, plus five new chan-
nels—36, 39, 42, 59, and 61.
Those five new channels carry
the signals from the satellite TV,
VCR. security camera, video
game, and laserdisc player. Any
TV on the system can select any
signal source by tuning to its
new channel.

A buffer amplifier and power
supply module inputs the
broadcast or cable channels
into the system and prevents

signals from being fed back to
the antenna or cable system.
The amplifier also provides
about a 7-dB gain to overcome
unavoidable losses in the com-
biner network at the output of
the system. The power supply is
fed by either 12—14 volts AC or
15-20 volts DC; it supplies + 12
volts DC at up to 180 milliam-
peres to power as many as five
upconverters. (The amplifier/
power supply module requires
about 30 milliamperes, and
each upconverter module re-
quires about 35 milliamperes.)

Block diagrams of the upcon-

TV 8ETS

——)

-

1
Lltl b des
I o | 1 4 COMPOSITE

Sl

22 TV ANTENNA
’r [H2—13 + UHF
BOOSTER -—q
~ | IFUSED
CABLE
COMPANY
(ALTERMATE)
FROM 0
CABLE ANTERNA
COMPANY  [oore™| — )
=1 BOX
L
\.r\.-_}l SATELLITE
L A GHa puT
1. ol ZE
VCR
r - [=R=]
oo
T e i ::.. =
|E ]

SECURITY ™| &
CAMERA

LASER DISC
PLAYER

*| sPLITTER

FIG. 1—THE VIDEO MASTER lets you convert Channel-3 outputs from many video
devices to unused cable channels, combine them with your normal channels, and
view them from any cable-ready set in your house, simply by tuning to the proper

channel.

verter and amplifier modules
are shown in Fig. 2. The upcon-
verters consist of a preamplifier
operating at 60—66 MHz, with
23-dB gain, and a two-pole
bandpass filter between the am-
plifier and mixer. A double-bal-
anced mixer combines the
60—-66 MHz (Channel 3) TV sig-
nal with a local oscillator (LO).
The LO is set to operate at a fre-
quency 60 MHz below the low
end of the desired output sig-
nal. For example, to obtain an
output on Channel 39
(620-626 MHz). the LO must be
at 560 MHz.

Several outputs appear at the
mixer output: the original
Channel 3 signal, the LO signal,
and their sum and difference
frequencies. A three-pole band-
pass filter selects the desired
output (the sum of LO + Chan-
nel 3) and rejects the difference
frequency. (Theoretically, a dou-
ble-balanced mixer produces no
LO or Channel 3 output, but the
mixer used here is not a perfect
device, and those frequencies
still appear.) The Channel 3 sig-
nal is severely attenuated, but
the LO signal is suppressed by
only 25 dB. Because the LO level
must be about +7 dBm (deci-
bels above one milliwatt) or
about 0.3 to 0.5 volts rms at the
mixer input, the LO appearing
at the mixer output is still — 18
dBm (about 30 millivolts rms).
The desired Channel 39 signal
is at about —34 dBm (approxi-
mately 4 millivolts rms). There-
fore, the LO signal is about
16dB stronger than the desired
Channel 39 signal, even using a
balanced mixer and keeping the
input signal level as high as pos-
sible (10 millivolts) to avoid gen-
erating excessive spurious sig-
nals. The LO signal can inter-
fere with another channel 60 to
66 MHz lower (in this case,
Channel 28).

If the LO signal is suppressed
to less than half a millivolt. it
causes no problems as long as it
is placed outside an existing
UHF channel. Because typically
ten or fewer UHF channels can
be received in any given area,
ten or fewer new channels—or
upconverters—will be needed.
The upconverter channel out-
puts must be selected so as to
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FIG. 3—VIDEO MASTER SCHEMATIC. This circuit inputs a VHF signal at J1 and

—

converts and outputs it as a UHF signal at J2.

avoid placing the LO signal on
top of an existing UHF channel.
In our example, a Channel 39
upconverter output would have
its LO at 560 MHz, and there-
fore it could interfere with
Channel 28 and Channel 29. In
an area where a UHF station ex-
ists on those channels, the up-
converter should be moved up
to Channel 41 or down to Chan-
nel 37 to avoid interference with

Channel 28 or Channel 29. In
general, do not select an output
frequency 10 or 11 channels
higher than our existing UHF
channel or any UHF channel to
be used by another upconverter
in the system.

To reduce stray signal pickup
and interference problems in
general, individual upconverter
and amplifier/power supply
modules are used. That elimi-

nates crosstalk problems, and
simplifies shielding and circuit
layout. The modular approach
also lets you build only what you
need, yet still allows future up-
grades and expansion.

Circuitry

A schematic diagram of the
upconverter is shown in Fig. 3.
and its companion amplifier
and power supply is shown in

MON SOIUCHID8|T ‘€661 Isnbny

41



Electronics Now, August 1993

FIG. 4—AMPLIFIER/POWER SUPPLY MODULE. This circuit buffers and conditions
your existing cable or antenna input and also supplies power to the upconverter

modules.

SHIELDS — SEE TEXT AND FIG.9

* INSERT AND SOLDER JUMPER ON BOTH
SIDES OF BOARD AT LOCATIONS MARKED "X“

FIG. 5—UPCONVERTER PARTS PLACEMENT. Be sure to solder leads on both sides of
the board, and insert jumper wires through unused holes and solder them on bcth

sides. Don’t forget to install the shields between M1, L3, L4, and L5 (see Fig. 9).

12vDC

12VAC
OUTPUT

INPUT

Fig. 4. Channel 3 (VHF) input
from a video device such as a
VCR is supplied to J1. The sig-
nal level is assumed to be —47
dBm (about 1 to 2 millivolts).
Capacitor C1 couples the input

MOUNT ON SOLDER
SIDE OF BOARD

FIG. 6—PARTS-PLACEMENT DIAGRAM for the amplifier/power supply board.

to an amplifier consisting of Q1
and Q2. The collector of Q2
feeds a filter with a 6066 MHz
passband. The filter compo-
nents are L1, C3, coupling ca-
pacitor C4, L2, C5, and match-

ing capacitor C6. The total gain
at the mixer input (pin 1 of M1)
is about 20dB referenced to J1.

Mixer M1 is driven by a UHF
LO signal that is 60 MHz lower
than the desired channel. Tran-
sistor Q3 is in the oscillator; R7,
R8, and R9 are bias resistors,
and C15 grounds the base of Q3
for UHF signals. Variable capac-
itor C13, coil L6. and the capaci-
tance of the series combination
of C14 and varactor diode D1 de-
termine the frequency. Potenti-
ometer R12, R13, and RI11
supply DC bias to varactor D1,
which allows fine tuning of g1's
frequency by =3 MHz. The os-
cillator signal (about 0.3 to 0.5
volts) is supplied through R5
and R4 topin 8 of M1. The mixer
output appears at pins 3 and 4
of M1, where about 4 millivolts
of desired signal (the output) is
present, along with 25—30 muilli-
volts of residual LO signal. The
output is fed to tunable band-
pass filter made up of C6, C7,
L3, C8, C9, L4 and C10, Cl1,
Cl2 and L5. (Due to the very low
values of capacitors C6, C8,
C10, and C12, they are not dis-
crete components, but are
formed by traces on the PC
board.)

Filter loss is about 7dB, and
the bandwidth is about 10 MHz,
depending on the center fre-
quency. A simple attenuator pad
formed by R15 and R6 reduces
the detuning effect of varying
loads connected to J2. The filter
is a three-pole zero-ripple (But-
terworth) type that allows easy
alignment. In practice, the filter
can be tuned simply by watch-
ing the output signal on a UHF
TV receiver. It provides up to
50dB LO suppression with re-
spect to the center frequency.
Overall gain from J1 to J2 is
about + 3 to + 6dB. That allows
for loss in combining the out-
put of J2 with the outputs of
additional converters.

Figure 4, the amplifier-sec-
tion schematic, shows that the
antenna or CATV input is ap-
plied to J3. A high-pass filter
formed by C26, C18, C19, L7,
and L8 attenuates unwanted
signals (such as shortwave, CB,
amateur, and AM) below 50
MHz. A monolithic microwave
integrated circuit (MMIC) am-



plifier, IC2, has a broadband
gain of about 14dB. Resistor
R19 provides DC bias to IC2,
and C20 couples the amplified
output to resistors R16, R17,
and R18 (which sets the total
gain to about + 7 to 8dB) and to
J4. The amplifier compensates
for the inevitable loss in the sig-
nal-combining network con-
nected to J4.

A 12.6-volt AC wall-mounted
transformer feeds components
C21, D3, C22, and C23. Those
components supply approxi-
mately 16-volts DC to the input
of an LM7812 regulator (IC1),
which supplies 12-volts DC to
the rest of the circuit. (If de-
sired, +15 to +20 volts DC can
also be introduced to the supply.
In that case, D3 would guard
against reversed DC power-in-
put polarity.)

Construction

The PC board for the upcon-
verter is double-sided. and the
board for the amplifier and
power supply is single-sided;
foil patterns are provided for
both. Parts-placement di-
agrams for the two boards are
shown in Figs. 5 and 6, respec-
tively. Do not change the PC
layout, because filter charac-
teristics are dependent on it. PC
boards and complete parts kits
are available from the source
given in the Parts List.

Although the upconverter
boards are double-sided, they
are not through-hole plated.
Therefore, solder all component
leads on both sides of the board
wherever there is copper foil on
both sides. In addition, you
must place grounding jumpers
in all holes marked with an “X,”
and solder them on both sides
of the board to connect the top
and bottom foils. Short lead
lengths are important in RF
projects because long leads can
act as antennas. Also, mount all
components snugly against the
circuit board and clip their
leads close to the board.

Although it would be possible
to integrate inductors L3, L4,
L5, and L6 into the PC board,
the resulting printed inductors
would have Q values that are too
low, and there could be stray
coupling and shielding diffi-

PART # ]' NDUCTANCE I CONSTRUCTION
f— - —g== [ o s
1 {SLUG
| |
L1,L2 l ol ;
ool kA | AR A 62 TURNS OF 22-GAUGE ENAMELED WIRE |
% $=7|| WIND WIRE IN THREADS OF 8- 32 SCREW,
FORM LEADS TO FIT PC BOARD, TIN LEADS,
REMOVE SCREW, AND INSTALL SLUG
| coiL
| N I
18-GAUGE WIRE BENT TO FIT PG BOARD
| SOLDER ON BOTH SIDES OF BOARD
L3,L4.L5 AT GROUND END
UHF FILTER 0.02uH
RESONATORS
je——=3/4” ——| PC BOARD
I s . ——
18-GAUGE WIRE BENT TO FIT PC BOARD
MAKE TAP FOR R5 CLOSEST TO GROUND END OF L6.
POSITION CAN BE ADJUSTED TO VARY L.O. DRIVE
6 SOLDER ON BOTH SIDES OF BOARD AT GROUND END
OSCILLATOR 0.013pH
INDUGTANGE
9-1/2 TURNS OF 22-GAUGE ENAMELED WIRE
R WIND WIRE N THREADS OF 8- 32 SCREW,
L 0.174pH 7)| FORM LEADS To FIT PG BOARD, TIN LEADS,
AMP/POWER SUPPLY / AND REMOVE SCREW (NO SLUG USED)
|

FIG. 7—COILS L1-L7 are made according to these instructions.

|t
I 4 INCHES

N

COMPONENT SIDE of the upconverter board.

culties. A high value of Q is nec-
essary for L3, L4, and L5 to
achieve narrow filter band-
width, and for L6 to stabilize
the oscillator. Those coils are
made from lengths of No. 18

AWG wire as shown in Fig. 7.
Note that shields-—small
scraps of G-10 double-sided PC-
board material from 0.020- to
0.062-inch thick—must be sol-
dered after standing them on
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| 4 INCHES ==

SOLDER SIDE of the amplifier/power supply board.

E

All resistors are Y5 watt, 5%, un-
less otherwise noted.

R1, R8, R11, R13-—2200 ohms

R2—470 ohms

R3—100 ohms

R4, R9—330 ohms

RS, R15—15 ohms

R6-—82 ohms

R7—5600 ohms

R10,"-R19—330 ohms, Ya-watt

R12--10,000 ohms, potentiometer

R14—150 ohms, Ys-watt

R16, R17—150 ohms

R18—33 ohms

Capacitors

C1, C20—470 pF, ceramic disc

C2, C16, C21, C22, C25—0.01 uF,
ceramic disc

C3—33 pF, 5%, NPO

C4—8.2 pF, 5%, NPO

C5—15 pF, 5%, NPO

C6, C8, C10, C12—Part of PC
board

C7, C9, C11, C13—1-5 pF trimmer

C14—2.2 pF +0.5 pF, NPO

C15—100 pF, 10%, NPO

C17—18 pF, 5%, NPO

C18—22 pF, 5%, NPO

C19, C26—39 pF, 5%, NPO

PARTS LIST

C23—470 uF, 25 volts, electrolytic .
C24—10.uF, 16 volts, electrolytic
Semiconductors

IC1—LM7812 12-volt regulator

IC2—MAR1 MMIC

D1-—MV2103 varactor diode

D2-—1N757 9-volt Zener diode

D3—1N4001 diode

Q1, Q2—2N3563 NPN transistor

Q3—MPS H81 NPN transistor

Other components .

L1, L2—6% turns No. 22 AWG
enameled wire wound on 8-32
screw with 8-32 ferrite slug (see
Fig. 7)

L3-L5—0.02 pH (34-inch No. 18
AWG wire, see Fig. 7)

L6—0.013 pH (V2-inch No. 18 AWG
wire, see Fig. 7) ‘

L7, L8—0.174 pH (9% turns No. 22
AWG enameled wire wound on
8-32 screw)

M1—S8BL1X mixer

J1-J4-—chassis-mount F-con-
nector

Miscellaneous: PC boards, one *
shielded enclosure per module,
hardware, feedthroughs or bush-
ings for power inputs and outputs,

&

edge on the top ground plane of
the upconverter PC board be-
tween M1, L3, L4, and L5 in the
locations shown in Fig. 5. The
shields are necessary for proper
filter performance because they
keep down spurious outputs—
especially the LO residual leak-
age. The shields must be well
soldered to the top of the PC
board.

Mount each converter in its
own enclosure. A suitable case
is included with the previously
mentioned upconverter Kits.
Suitable connectors are F, BNC,
TNC, or SMA—do not use UHF
or RCA connectors. Figure 8
shows a suitable packaging
scheme for the upconverter
board and the amplifier board.
Do not omit the three shields in
the upconverter filter section,
as shown in the photo of the
board in Fig. 9. Figure 10 is a
photograph of the amplifier/
power supply board.

Figure 11 shows one way to
mount several modules to-
gether to make up asystem. The
module outputs all connect to
the “outputs” of a passive split-

12.6-volt AC wall transformer, two
feet of 22-gauge enameled cop-

, per wire, two feet of 18-gauge tin-
ned copper wire, 2- or 4-way
splitter, 75-ohm cable, solder

Note: The following items are
available from North Country
‘Radio, PO Box 53, Wykagyl
Station, New Rochelle, NY
10804.
o Amplifier/power supply kit
(includes case, hardware, con-
nectors, PC board, and all
parts}—$29.50
& Upconverter kit (includes
case, hardware, connectors,
PC board, and all parts)—
$34.50 .
e Four-way splitter—$5.50
e 12.6-volt AC wall trans-
former—$ 9.50

Please add $3.50 S&H (foreign
orders $5.00) to any order. NY
residents must add sales tax.
For a catalog of other kits,
please send $1 (refundable on
next order) or SASE (52 cents
postage) to North Country Ra-
dio at the above address.



ter. A passive splitter can be
used as a combiner simply by
running it backwards. That
won't work for an active, ampli-
fied splitter.

The upconverter modules
have a 3-dB gain, which is ade-
quate for compensating for
splitter loss. Because most vid-
eo devices have an RF output of
about 3dB above 1 millivolt, ap-
proximately 1 millivolt of UHF
signal will appear at the system
output for each channel, as-
suming the use of a four-way
splitter and three upconverters.
The cable level should be
arcund 1 millivolt per channel,
which will give about 50dB or
better signal-to-noise ratio for
the average TV receiver. Levels
lower than 200 microvolts
might yield a snowy picture. If
necessary, the system output
can be run through a distribu-
tion amplifier. Remember to ter-
minate all unused splitter ports
with 75-ohm terminating re-
sistors.

Test and alignment

Alignment of the completed
unit requires a video source on
Channel 3 (your VCR will do)
and a digitally tuned TV set. A
frequency counter will also be
helpful in this procedure.

First check out the amplifier/
power supply. Connect a source
of 12 to 14 volts AC. of at least
250 milliamperes to the junc-
tion of C21 and D3, and connect
the remaining lead to ground—
a plug-in wall transformer is
recommended. Alternatively, a
DC source of 15 to 20 volts can
be used, with the positive lead
to the C21-D3 junction, and
negative lead to ground. Re-
gardless of the supply you use,
verify that there is 15 to 20 volts
DC across C23.

Next check for +12 volts at
the junction of IC1, C24, C25,
and R15. If there is less than
11.5 volts or more than 12.6
volts, check to see if IC1 is defec-
tive or improperly inserted in
the PC board. Check to be sure
that IC1 does not get hot. If all
tests are passed so far, check for
+4 to +7 volts at pin 3 of IC2.
Next check for infinite resis-
tance from the center pin of J3
to ground. Next, check the re-

UPCONVERTER

R12
SHAFT

é +12
INPUT
(FEEDTHROUGH
OR BUSHING)
i

1/4” STANDOFF

(METAL, 4 CORNERS)

o

AMP/POWER SUPPLY

[FEEDTHROUGH

OR BUSHING)

]

FIG. 8—SUGGESTED PACKAGING SCHEMES for the upconverter and amplifier/power

supply boards.

FIG. 9—UPCONVERTER BOARD. Note the shields, made from scraps of double-sided
PC board material, that are placed between M1, L3, L4, and L5.

sistance from J4's center con-
ductor to ground; it should be
about 80 ohms. Mount the

MON SO1U0N08|T ‘C661 1Snbny

board in a case, apply power,
and connect a TV receiver to J4,
and the antenna to J3. Normal 45



Electronics Now, August 1993

CABLE BOXES

There are many different types of ca-
ble boxes, but as far as the Video Master
is concerned, there are only two types.
One type contains a built-in video modu-
lator and its output is spectrally clean
enough for the Video Master.

However, many cable boxes are sim-
ply RF converters, and there are other
frequencies mixed in with the Channel-3
or -4 output. You can easily test this by
changing channels on the TV's tuner. If
‘the TV can receive any channels other
than Channel 3 (or 4), you could have
problems with the upconverter modules
that will show up as lines, ripples, noise,
and beats in the picture.

if you have any of those problems and

leaking into your system, build the filter
shown here. It's designed to pass only
Channel 3, but it can be retuned for
Channel 4. its capacitors are all silver
mica or NPO ceramic. The coils are
0.175 pH, and can be made in the same
way as L1 and L2 in the upconverter
modules.

The filter can be built on a scrap piece
of G-10 copper-clad PC board material.
It should be mounted in a shielded box
and provided with F connectors for best
results. it is aligned by peaking the coils
for maximum signal on Channel 3. A
VCR can be used as a signal source.
The filter should be inserted between
the cable box and the input connector

you're sure that no stray signals are on the appropriate upconverter. Q
/ F CONNECTORS
¥ 10pF 3pF
—
75Q 24pF , 33pF
I.WSHH
L —= -

NOTE:FILTER IS SYMMETRICAL — INPUT AND QUTPUT ARE INTERCHANGEABLE

‘This filter will remove all signals except Channel 3 (or 4) from the output of your cabio

box.

--'I_

FIG. 10—AMPLIFIER/POWER SUPPLY. This board is mounted in the same type of case

as the upconverter modules.

TV reception should result,
with no loss of picture quality. If
RF test equipment is available,
measure the gain from J3 to J4.
About 7 to 8dB should be ob-
tained at 450 MHz (UHF). and
slightly more on VHF (100 MHz).
That completes the amplifier/
power supply tests.

The upconverter board is test-
ed as follows: After the board

has been visually checked for
shorts, solder bridges. and cor-
rect component placement, in-
stall the board in its case.
Connect a Channel-3 source to
J1 and connect a TV receiver to
J2. Use 75-ohm cable. Apply
power to the 12-volt input (the
junction of R10 and R14), and
check for the following voltages:
® Junction of D2 and R10—

+8.4 to 9.5 volts

® Wiper of R12—+3 to 9 volts
depending on setting of R12

® Junction of R11 and D1—+3
to 9 volts depending on setting
of R12

® Emitter of Q3—+6 to 7.5
volts (adjusting C13 should vary
the voltage by *0.1 volt—this
verifies that Q3 is oscillating)

® Base of @3—+46 to 7.5 volts
(adjusting C13 should vary the
voltage by *0.1 volt—this ver-
ifies that Q3 is oscillating)

¢ Emitterof Q2—+ 1to1.2volts
® Base of Q2—+ 1.8 to 2.1 volts
® Collector of Q2— + 8.5 volts
(typical)

® Pin 8 of M1—0.3 to 0.5 volts
RMS (this test is optional, and
can only be done with an RF
voltmeter)

Tune the TV receiver to the
UHF channel on which you
would like the upconverter to
produce a signal. Set the slugs
in L1 and L2 halfway in the coil
winding. Set C7, C9,and Cl1 so
that their plates are halfway en-
gaged, and C13 fully engaged.
Set R12 to mid-position. Turn
on the source connected to Jl.
Slowly rotate C13 with a plastic
alignment tool; at several points
the TV set should exhibit a re-
sponse of some kind. (If you
have a frequency counter. con-
nect it topin 8 of M1 and set C13
for the correct oscillator fre-
quency.) When you get a re-
sponse, you might see a very
weak piclure. but at first you
will probably only hear audio.
Note the position of C13. Now
look for other responses; the
correct one will be where C13 is
set at greater capacitance (more
of the plates engaged).

The oscillator can produce an
output either on the high or low
side of the desired channel—
you want the low side, other-
wise the converter output will
have picture and sound fre-
quencies inverted from the usu-
al positions. Next, slowly adjust
C7, C9, and Cl11 for best picture
and sound. Now go back to L1
and L2 and adjust for best pic-
ture quality as well as sound
quality. Readjust C7. C9, and
Cl1 for the best picture and
sound. Repeat any alignment as
needed.

The adjustment of trimmer
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FIG. 11—ALL OF THE MODULES for the prototype Video Master are mounted together
on a pair of aluminum rails, with everything feeding into a 4-way splitter mounted on
one end of the assembly.

capacitors C7. C9, and Cl1 is
very critical. Some difficulty

might be experienced at first.
“getting in the ballpark.” since

the bandpass filter is quite
sharp (10 MHz). and it will have
high attenuation when mis-
aligned. Once you get a picture
of any kind, the rest is easy. If
the unit appears to work but the
TV set tuning is critical, the pic-
ture “"grainy,” or the color poor,
make sure that C13 is set on the
proper side. (As mentioned be-
fore, there will be two settings.
and the lower frequency is cor-
rect.) When aligned, the picture
on the selected UHF channel
should be of excellent cable
quality.

After alignment is complete,
verify the fine-tuning adjust-
ment R12. Normally R12 is left
in the halfway position. and ad-
justed only to touch up the fre-
quency setting.

The upconverter can now be
instailed in your TV system, and
should operate reliably with no
attention from you. For overall
system stability. we recommend
leaving the upconverter system
on all the time. hence no switch
is installed in the system. Q
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CHRISTOPHER ZGURIS

A "BLACK BOX' THAT AL
lows any standard sin-
gle-line answering ma-
chine or telephone to
answer up to four lines
will make it easier to
handle up to four phone
lines in your home or of-
fice. Ring selector, the
subject of this article,
provides that service—
without the need to
modify any of your tele-
phone lines.

As a bonus, the ring
selector also works as a
ringing-line router to al-
low a standard single-
line telephone located in
a remote location (such
as a garage. basement,
or workshop) to answer
multiple lines. It can
also route multiple lines
to a cordless telephone
so that no matter where
you are, you can answer
any line.

Figure 1 is the sche-
matic for the ring selec-
tor. Its operation de-
pends on board-
mounted multipole and
reed relays for switching
the telephone line. The
circuit consists of four
identical switching cir-
cuits partitioned so that
two switching circuits
are on each of two sepa-
rate boards for convenience in
packaging. There is. however,
only one line- sense relay and
two 556 timer ICs that function
as pulse stretchers for four cir-
cuits. The 556 is a dual 555,
providing a 555 for each line.

How it works

Terminal strip TS1 mounted
on the upper board accepts the
wires from RJ-11 telephone jack
J1 and RJ-45 telephone jack J2,
as well as the positive and nega-
tive wires from the AC-to DC
adapter. Assume that telephone
line 1 rings. When the ringing
pulse arrives, the ringing volt-
age and current are limited by
diode D17 and resistor R29. The
voltage at the anode of D17 falls
to a level that energizes 5-volt
reed relay RY13.

Automatic

FOUR-LINE
TELEPHONE
SELECTOR

Build this telephone ring selector circuit
that will pick up on the first call received on

multiple-line telephone installations.

Because the ringing voltage is
an an AC signal, the relay is en-
ergized and deenergizes very
rapidly. While RY13 is ener-
gized, positive voltage is fed
through it to transistor Ql4,
which turns on and momen-
tarily grounds pin 6 of IC1. That
triggers IC1's timing cycle. Out-
put pin 5 goes high and remains
high until the timing cycle
ends. Positive voltage is then
sent to Q9. which energizes
SPST reed relay RY9. Transistor
Q1 is also activated when RY13
is energized. and it sends a
positive voltage to SCR1. With
disable relay RY9, energized,
SCRI1 conducts and relay RY1 is
energized.

Dual timer IC1 keeps the ring-
ing line connected to telephone
jack J1 by keeping RY9 ener-

gized, thus keeping the switch-
ing circuit based on SCRI1
powered. The switching circuit
is activated by SCR1 within the
first half second of the ringing
pulse.

With the switching circuit
powered and the ringing line
connected to J1, most of the
ringing pulse is passed on to
any equipment plugged into J1.
As the pulse stretching function
of IC1 ends and pin 5 goes low.
the ringing pulse retriggers IC1,
RY9 remains energized. and the
switching circuit stays
powered.

If the equipment connected to
J1 goes off-hook, positive volt-
age flows from line-sense relay
RY17 to transistor Q13, which
also triggers IC1. Timer IC1 does
not begin its timing cycle until



after its iNnruT pin 6 goes high
again.

As long as power is applied to
@13, the output at pin 5 of IC1
will remain high, and the
switching circuit will remain
powered. Relay RY17 will re-
main energized as long as any
equipment connected to J1 re-
mains off-hook.

When that equipment goes
on-hook, RY17 is deenergized
and power no longer flows to
Q13. When IC1 completes its
timing cycle, RY9 will no longer
conduct, and the switching cir-
cuit will be de-activated, line 1
will be disconnected from J1,
and the ring selector will reset
for the next telephone call. If the
equipment on J1 does not go
off-hook, the switching circuit
will automatically shut down
and reset after line ringing
stops.

With the switching circuit
powered, RY1 energizes. Relay
RY1 has two main functions: to
connect telephone line 1 to Jl
{to which equipment is con-
nected), and to disable the other
switching circuits. Its ability to
disable the other switching cir-
cuits is an important feature of
the ring selector.

The disabling of the other
switching circuits prevents
other ringing from being con-
nected to J1 at the same time. To
disable the other switching cir-
cuits, one of the switching ele-
ments of RY1 sends a positive
voltage to the disable relay of the
other switching circuit on the
board (but not to the disable re-
lay of the same switching cir-
cuit). During a call on line 1,
normally closed relay RY6 is en-
ergized, while the contacts of
RY5 remain closed.

In effect, if the switching cir-
cuit for line 1 is powered, the
switching circuit for line 2 is
disabled. Similarly, if line 2 is
powered, line 1 is disabled. The
lines disable each other, but
only one at a time because only
one switching circuit at a time
can be powered.

Another of the elements of re-
lay RY1 switches off the power to
two switching circuits on the
board. With this arrangement,
all other switching circuits are
disabled while one is powered.

o ey O B LSRRI O T 2 T T 3,)%
: B B TﬁBLE1 :
s : ELEGTH!GI;L EHLHMS:TEHISTES OF STDCK FIELM'S*

e el Contacis S
Flulu:.r !Hrwl_,. S Voitage | Hm_:iﬁtnm:u Type | Raling | Resistance”
‘Number Number {VDC) {ohms) {amps) | (milliohms)
RY1-4 WTBPCX-1 50 13K 4PDT 3.0 50
RY-5 W1 7BREL-SDC 5.0 63 SPOT 50 w00 2
RY3-13 W1178IP-1 5.0 500 1Form A o
; - SPDTN.O.| 05 e

‘Glrculct board maunung. DG ngeraﬂnn

G P R

This explains the presence of
two switching circuits per
board and two boards per ring
selector.

Building the ring selector

The prototype ring selector
was built on two stock 6% X
4'Y2-inch perforated phenolic
circuit boards with copper pads
deposited around the 0.1-inch-
spaced holes on one side for
easier solder bonding. All wir-
ing was point-to-point method.
Twelve-position terminal strip
TS1 with screw terminations
accepts all 10 wires from the
telephone jacks and the plus
and minus 6-volt DC wires from
the wall-outlet mounted AC-to-
DC adapter.

All components but line-
sense relay RY17 are standard
items available from most mail-
order distributors and elec-
tronics stores. Line-sense relay
RY17 (see Fig. 2) is a small cir-
cuit-board mount loop-current
detector with the safety and re-
liability features required for
FCC Part 68 regulated tele-
phone applications. When con-
nected to the voice pair (tip and
ring) of the telephone line, a 1
Form A relay closes in response
to current above 20 milliam-
peres flowing through the
wires.

This relay controls the ring
selector circuitry for on-hook/
off-hook operation. It is in-
stalled between telephone-re-
lated equipment and the tele-
phone line. When plugged-in
telephone equipment is off-
hook, current flows through the
two coils inside the relay and a
contact closes.

Current must flow from the
telephone line through the relay
to the telephone equipment to
energize the relay. Thus the re-

XFiew S TP AT 8 R A ¥

lay is energized only when the
connected telephone equip-
ment is off-hook. When the relay
is installed between a telephone
and the telephone line, the relay
will be energized only if that
telephone is taken off hook; it
will not be energized if other
telephone units on the line are
taken off-hook.

Caution: Take care when in-
stalling RY17. If it is connected
incorrectly, current will not flow,
and the relay will not be ener-
gized. Check and double-check
the installation of this relay.

Relay RY17 is manufactured
by Teltone Corp. 22121-20th
Ave., SE, Bothell WA 98021,
(800) 426-3926 as Part No.
M-949-01.

Relays RY1 to RY4 are 4PDT 5-
volt reed relays, relays RY5 to
RY8 are SPDT 5-volt relays, and
relays RY9 to RY16 are 1 Form A
SPDT—N.O. reed relays that in-
terface with logic-level signals.
Table 1 lists the principal elec-
trical characteristics of these
standard relays.

Electronic assembly

There are no critical require-
ments for the placement of com-
ponents on the circuit boards of
the ring selector. However, parts
placement diagram Fig. 3 is in-
cluded to show how the compo-
nents were placed on the two
perforated boards of the pro-
totype. With the components in-
serted as shown, there will be
adequate spacing for the inter-
connecting wires.

There was adequate space in
the enclosure selected to permit
some of the resistors to be
mounted vertically on the cir-
cuit boards. In the prototype,
common ground buses were
made by soldering lengths of
solid No. 18 AWG wire along

MON SOIUOI03|T ‘C661 ISnbny



A Py

3 ' ZZ yien
0 T Z quvon ; 1 quvog e s
»t i = . ]
TI6NL PLENL " PIEHL yLEML AT piENL
910 10 ' v €a 8¢ ua
- 3 -4 | -4 =
wieNs o Gl ¢ ¢ G \ 5 S 13
(R mvren — ! e p—
1sa8] 1545 ' ssasf o mfm
F Mes 5tAY ] LA c ]
o ot f—t ! — =,
ror g’ ' pgrag ! i T
|
« mm 5 " |
P G "
E 2t n U_. t
ﬂﬂ@“ SE; oLl 2220 i _
T 810 fompy 2 T “
e ] - [ T . i
..xm 4 “p 1
- j24'} 1
"9~ R ]
wrg s 2 AR ]
e B | @ Y v Tvl. NS: H
ol ) £ o F stez \
) 1 B * } |
¢.44l—.‘ 7 " i ‘
— i
1
“ | 0
| [ 2
“ 5
! 3
]
! =
[} (4]
_ @
1 £4
] Q
i a
“ i Eu
' _ o2
__ | 28
|
1 H £ 8
g (o
" =
.. '3
m | g8
0l i =)
T i (S}
we] 1 w 2
ol ] -l
w ! R
i | g%
i (&) 5
'
: Z3
i @
i w o
| 2g
| 2814 315 o ‘s
| o [ o
1
+ R Q. =
i \ NIy Lo—~ |8 w ‘s
" i ao
I ' & Tt 7] [ .m
' 3=
i 17D m o
d L. - =
| .ﬂ w3
i 095 1o, 13096 Q o
" g J [ 88 ety = W
= T ] . < | a2
o e 111006 9 9icir el s st am P s =0
Sty ey $ T[T ] 9] 1 z,x.w ! 3001 9931 we
] = S - i B R e ech L R L = T .=
s 7 v L S _®/ oo
2 moman i MOTHA NN e R N N » 2
£ { an Hl. diLdve 1031 _
0 il WOB4 ~ .2
1 - 5=
Rlugluigy IEIEIES o ¢ Gt
PICTINS | T4l NmOY8 slabrliihe ir ~®
Erim 5 oI o8 LR w o
<
T2

€661 1SNBNY ‘MON SOIU0I039|]



ELECTROMAGNETIC SHIELD
fa . T
FIG. 2—ELECTRICAL SCHEMATIC for

line sense relay M-949-01 made by
Teltone.

both long sides of the boards
near the edges on the copper-
pad side of the boards. The two
556 IC’s, IC1 and IC2, were
mounted in sockets.

After all wiring was complete
on both boards, the wires be-
tween the {wo boards were
bundled with plastic cable
clamps attached to the boards
with screws to form a loose cable
between boards. Be sure that
this interboard wiring is long
enough to permit the removal of
the upper board from the lower
board for ease in testing and
maintenance.

Mechanical assembly

A stock two-part aluminum
case was selected for packaging
the prototype ring selector. The
case measures 8 X 6 X 3 inches,
and the lower section was
equipped with four rubber foot
pads.

Drill four holes in the base
section for the four mounting
screws that support the stacked
boards, as shown in Fig. 4. De-
termine the spacing from the
holes in the circuit boards. Dis-
place the position of these holes
toward one corner of the base in
order to provide enough room
for wiring 12-position terminal
strip TS1.

Drill six holes in a horizontal
row in the vertical wall of the
case as shown in Fig. 4 with di-
ameters that will accept snap-in
sockets for T-13% LED’s LEDI1 to
LEDG6. Snap the six sockets into
the drilled holes.

Form a rectangular hole in the
vertical wall of the case, as
shown in Fig. 4, just large

tor RJ-11 jack Jl and the
standard eight-conductor
RJ-45 jack J2 together with ep-
oxy or other suitable adhesive.
Then cement both jacks to the
inside vertical wall of the case
behind the cutout. Jack J2 can
accept four telephone lines so it
takes up less space than four
RJ-11 jacks.

The power supply is a wall-
outlet mounted AC-to-DC
adapter rated for 6-volts, 200
milliampere DC output. Cau-
tion: input voltage greater than
6 volts could damage some of
the relays. Remove the plug
from the DC line cord of the
adapter and strip the insulation

back from the ends of the wires.
Drill a hole for the cord and
grommet in the case large
enough to admit a grommet as
shown in Fig. 4; install the
grommet and insert the cord
ends. Tie a knot in the cord
about 3 inches back from the
ends.

Assemble the wired boards to
the four vertical screws
mounted on the bottom plate of
the case with nuts and spacers
as shown in Fig. 4. With the
boards mounted securely in po-
sition, connecl the positive and
negative wires from the adapter
to terminal strip TSI as shown
in Figs. 1 and 4.

Q16
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enough to permit mating plugs
to access jacks J1 and J2. Ce-
ment the standard four-conduc-

FIG. 3—PARTS LAYOUT FOR TELEPHONE RING SELECTOR showing the recom-
mended arrangement of components on the two perforated circuit boards. The six
LED’s and two telephone jacks are off-board.
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11/2-INCH
SPACER
(FOUR)

Va-INCH
SPACER —_, |
(FOUR)

YELLOW

METAL CASE————»

NOTES: 1%4-INCH
1. COVER NOT SHOWN SCREW
2. J2 18 RU-11 (FOUR)
3. 4118 Ry-45

FIG. 4—EXPLODED VIEW OF TELEPHONE RING SELECTOR showing arrangement of
circuit boards and off-board components. Note the order of color coding at the
terminal strip.

Test and installation

Caution: the telephone line
has an approximate 50-volt
ringing circuit. If you are work-
ing on any exposed contacts
that are connected to the tele-
phone line, take the telephone
handset off-hook until you have
completed the work. The off-
hook voltage is only about 6
volts, so the shock hazard is re-
duced. However, you must still
avoid shorting the phone line
because this can damage the
phone line and disable your
phone service.

Before connecting ring selec-
tor to a telephone line or any

telephone-related equipment,
perform the following tests to
verify proper circuit operation:

1. Plug the AC-to-DC adapter
into an outlet and, with a volt-
meter, verify that the polarity of
the 6-volt DC available on the
board is correct. Light-emitting
diode LED5 should light. If it
does not, the DC polarity is in-
correct. Unplug the adapter and
check for the source of the prob-
lem. The power supply might
have been inadvertently con-
nected backwards.

2. Short pins 1 and 7 of relay
RY13 together to bypass the re-
lay's coil and simulate an incom-

BOARD1

AC-TO-DC ADAPTER
6V, 200mA DC

ing ring. If all wiring is correct,
the switching circuit for that
line should be powered and
LEDI should be illuminated.
However, after a few seconds the
circuit should automatically
shut itself off. Then perform
this test in sequence on relays
RY14, RY15 and RY16.

3. Repeat test 2 again after
you have actuated relays RY13,
RY14, RY15, and RY16, and
shorted pins 5 and 6 of relay
RY17. Shorting relay RY17 sim-
ulates an answering machine. If
the switching circuit under test
is working properly, one of the
corresponding line indicator



LED’s (for example, LED1 will
light for Line 1, LED2 for line 2,
etc.) will stay illuminated until
the jumper on relay RY17 is re-
moved.

After removing the jumper
from RY17, ring selector should
reset and LEDI1 (or LED2,
LED3, LED4, depending on
which relay is under test ) will
extinguish. If the switching cir-
cuit being tested shuts off while
this test is being performed, it
indicates a fault, probably with
the connections from RY17. Re-
check the wiring, and make any
necessary changes before pro-
ceeding with further testing of
the unit.

4. Repeat test 2 to verify the
proper operation of the disable
relay functions. Immediately
after shorting relay RY13, mo-
mentarily ground pin 5 of RY5.
When pin 5 of these relays is
grounded, the switching circuit
should shut off immediately.
Then test relay RY14 with RY6
grounded, RY15 with RY7
grounded, and RY16 with RY8
grounded.

5. Connect the leads of a con-
tinuity checker to positions 3
and 4 on terminal strip TS1 that
terminate the red (ring) wire
and the green (tip) wire, respec-
tively. There should be no con-
tinuity. If there is, recheck the
wiring and correct the fault be-
fore proceeding with any fur-
ther testing.

6. With the continuity check-
er still attached to the terminal
strip as in step 5, trigger relays
RY13, RY14, RY15 and RY16 (as
described in step 2). As relays
RY13 to RY16 are actuated, ob-
serve or listen to the continuity
checker to be sure there are no
shorts. If there is a short, re-
check the wiring, looking for an
error, and correct that error be-
fore proceeding.

7. With the continuity check-
er still attached as in step 6,
connect a jumper across the ter-
minals for line 1 (positions 5
and 6) on terminal strip TS1 to
short them together. Actuate
RY13 and observe or listen to
the continuity checker. There
should be an indication of a
short to indicate that line 1 is
wired properly. Repeat this test
on the other lines, being sure to

L8] - 8 P

. Al resistors are Ve-walt, 10%, un-
% rless otherwise specified..
3"R1-R12, R17—R24—1000 ohms
S R13-A16--470,000 ohms,
* R25-R28—47,000 chms
_R29-R32—2.200 ohms .
o %HSS—H&E-—SBO ohms* e

< Capacitors - ¢ -
£ C1-C4—22,F, 16 volits, alummum
? electrolytic » :

‘Semiconductors - <
" Q1-Q20—2 N2222 ¢NPN Swnchung
mﬁtransnstor ; i o i
SCR1—-SCR4-«@%1ncon controlled
recufier 1.5 ampere,&»Motorola %
w MCH?_E 20or ﬁquwalent ~
ﬂC1,,,IGE~EEE dual tlmer‘*MotoroIaé <
" MC3456 or equivalent 4
7 D1-D20—1N814. 51In::an swnchnng
*+ diode - 5
ALED1ELED4—yallow light-emitting
« “Vdipde! T-1 34 package  ”
% LED5—red light-emitting diode, T 1
« 34 package i = -
?LEDﬁmgreen light-emitting dnode
Ny #T-1 3/4 package b
&ml PRI g ’ s
WH‘V‘I F:YE RY3, Fﬁ*r’4;———4PDT Relay@ s
5-valt DG cml’,&Magnecraft
. W78PCX—1 or equivalent.. , .
,{«FWE RY&, RY7, RY&8—SPDT Re-

é’zf

** Other components

- PARTS LIST an

Relay, 5-volt DC coil Magnecraft ~

- WITSIP-1 or equivalent.

RY17—Line-sanse relay, Teltone =
Corp., No. M-849-01. (zsee text)=

" J1—RJ-11 telephone jack »
J2—RJ-45 telephone jack
TS1—12-position, PCB terminal

< strip with screw connactions

‘Miscellaneous: Two 0.10-inch per-
forated phenolic circuit boards
with copper pads (see text), two
14-pin |C sockets, aluminum two-
part case (see lext), AC-to-DC
adapter with 6-volt, 200 mA DC

H output six snap- in sockets for
T-1%4 LED's. two plastic cable
clamps, No. “15 AWGE insulated

Shookup wire, screws, nuts,
spacers, solder, plastic adhesive,

Naote: The following paris are

available from Christopher
Zguris, 521 West 26%1h Street,
New York, NY 10001

s Complete kit of components’
Including perforated boards,
relays, IC's, transistors, re-
sistors, dmdes. LED's, phone
Jacks and terminal strip.—
. '$58.00

e Line sense relay—$5.00

vy

s 5 lay, 5-volt DC coil, Magnecraft *, “," Add $4.00 for shipping and han-

v}@

. W17BRE1-50C or equivalent *
. RYS, RY10, RY11, RY12, RY13,.
. RY14, RY15, RY16—SPST Reed

%

H

& w - H

# " % b4 #

move the shorting wire to each
line you are testing. After com-
pleting this test, remove the
jumper.

8. After completing the tests,
remove the continuity checker
and wire both telephone jacks
J1 and J2 to the terminal strip.
After this is completed, plug a
telephone into J1, then connect
connect a telephone line toline 1
on the terminal strip (positions
5 and 6).

If the switching circuit for
line 1 engages, disconnect the
telephone line and reverse the
wires to the terminal strip (posi-
tions 5 and 6) to correct the po-
larity. Repeat the test for line 1.
The switching circuit should
not engage.

With the telephone line at-
tached, ask another person to
dial the telephone number for
the line attached to Ring Selec-
tor. When the phone rings, the
switching circuit should en-

dling. New York State residents
« add appropriate sales tax “tor
?un% of rg}mdenw

¥ s

gage immediately. Take the
handset off the cradle of the tele-
phone plugged into J1; LED6
should light and the circuit
should remain functional.
Speak into the handset to be
sure that the circuit is working
properly. Hang up the telephone
plugged into J1, and the switch-
ing circuit should disconnect
after a few seconds. Repeat this
test for all of the other telephone
lines.

9. The ring selector should
now be completely tested and
fully operational.

Reassemble the circuit
boards on the four screws. Then
close the cover and fasten it. If
the "immediate engage” prob-
lem discussed in step 8 should
recur, it is possible that the tele-
phone cord has reversed wires
that cause the problem. If this
happens, all you have to do is
reverse the connection as dis-
cussed in step 8. [¢)
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JOHN E. CARTER, K8YVT

PHONE-LINE SIMUIATOR

A LOW-COST. EASY-TO-BUILD TELE
phone-loop simulator will per-
mit you to test telephone
answering machines, fax ma-
chines, modems, electronic
telephones, automatic dialers,
and other telephone-related
equipment. It includes a talk
battery, ringing voltage, and
simulated dial tone that are nec-
essary for this testing.

Phone Helper. the telephone-
loop simulator described here,
makes the testing of telephone
equipment as simple as plug-
ging in RJ-11 plugs. It simulates
a common-carrier telephone
line, and permits you to test
equipment without tying up
several working telephone
lines—and possibly damaging
one of them if there is a fault in
the equipment-under-test. It
also permits you to perform
tests without an assistant.

Build this low-cost
telephone-line
simulator that tests
phone-based equip-
ment without tying
up two phone lines
and perhaps an
assistant’s time.

Figure 1is the schematic. and
Table 1 gives the unit’s specifica-
tions. One switch is toggled on
and off to obtain a simulated
dial tone. and the other can be
jogged to provide a simulated
ring signal.

Commercial telephone-loop

simulators capable of perform-
ing the same tests as Phone
Helper are priced at a several
hundred dollars or more. Phone
Helper costs a lot less: just the
parts cost less than $50. and
you can purchase a completely
assembled and tested unit with
an AC-line adapter from the
source given in the Parts List for
less than $70.

FCC Requirements

Before discussing the loop
simulator further, it will be
useful o review the related tele-
phone-ringing variables. The
Federal Communications Com-
mission’s (FCC) Rule Section
68.312 defines the permissable
AC voltages. frequencies, and
impedances for ringing cir-
cuits. These are required guide-
lines for both domestic and
foreign telephone equipment



manufacturers.

The FCC requires that man-
ufacturers submit prototype
equipment for testing by an ap-
proved laboratory, which runs
many different tests on it. The
test lab assigns a unitless ringer
equivalency number (REN) that
states the power required to ac-
tuate the ringing circuitry of the
equipment. The manufacturer
must stamp or print that
number on all approved inter-
connect products sold.

The telephone operating com-
panies require that no intercon-
nect device shall have a REN
greater than 5. In addition, the
sum of all REN's on a particular
loop must not exceed 5. A stan-
dard mechanical bell-type tele-
phone typically has a REN of
1.0A. The "A” indicates that the
device will respond to a ringing
frequency between 17 and 33
Hz). Similarly a “B" indicates
that the unit will respond to a
ringing frequency between 15.3
Hz and 68 Hz.

A long list of REN suffixes
from A to Z has been prepared to
cover all combinations and per-
mutations of ringing arrange-
ments. Nevertheless, A and B
type devices predominate, but
today most answering ma-
chines. modems, fax machines,
and electronic telephones are
type B.

That equipment typically in-
cludes a bridge rectifier in-
stalled across the telephone line
for receiving a large AC voltage

which is rectified to obtain the
signal for tripping the ring-de-
tect circuitry. As a result, most
of this equipment can be tested
with a simulator that is based
on a 60-Hz ringing-voltage
source capable of operating only
Class B ringers.

Versatile 20-Hz generator

The test unit in this article
includes a true 20-Hz ringing
generator rather than a 60-Hz
ringing voltage source, so it can
actuate both class B and class A
ringers. (See the box in this ar-
ticle for a 60-Hz alternative test-
er.) The 20-Hz ringing generator
provides about 85 volts at 20 Hz
with enough power to drive up
to five 1.0A or 1.0B REN num-
bered devices simultaneously. It
is packaged as a potted module
that can be directly mounted on
a circuit board.

The module contains a 20-Hz
multivibrator and amplifiers to
obtain the power needed to ac-
tuate the ringers. It is available
from the source given in the
Parts List.

Telephone dial tone

Now it will be useful to review
the basics of telephone dial
tones. The telephone equip-
ment industry has specified
that the dial tone be composed
of an equal mixture of 350-Hz
and 440-Hz frequencies that
leave the central office at a level
of -13 dBmO (measured at the
zero transmission level point).
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FIG. 1—SCHEMATIC FOR PHONE HELPER 1. The ringing generator is a proprietary
device available from the source in the Parts List.
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FIG. 2—PARTS PLACEMENT DIAGRAM
for Phone Helper 1 circuit board.
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FIG. 3—PHOTOGRAPH OF PHONE Help-
er circuit board showing external con-
nections.

The signal could have dropped
as much as 10 dBmO lower (-23
dBmO) when it reaches the sub-
scriber. However, tests have
shown that most telephone in-
terconnect devices will respond
if they receive a steady tone that
is close to either 350 Hz or 440
Hz.

For example, if a single-fre-
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quency tone of about 500 Hz is
presented to them, most tele-
phone-related devices will re-
spond as if they received a true
dial-tone signal. This fact per-
mits the design and con-
struction of lower cost. less
complicated telephone-loop
simulators.

A note of caution here: some
telephone-related products are
designed to respond only to a
“precision” dial tone; they won't
be fooled by a single tone. They
require both 350-Hz and 440-
Hz signals to respond—and
then only if the tones don't devi-
ate too far from their true fre-
quencies. Fortunately, these
products are in the minority.

The single-tone generator in
the simulator is included be-

DUAL WALL
PLATE

SCREWS
(TWO)

LIGHT-EMITTING
DIODE
IN HOLDER

NOTES:
1. LEADS AND WIRES
SUPPORTING CIRCUIT BOARD

MARKED WITH *

2. RED AND BLACK HOOKUP
WIRES APPROX. 6 IN. |.ONG.

3. CIRCUIT BOARD' POSITIONED
APPROX. 3/4 INCH FROM PLATE.

FIG. 4—EXPLODED VIEW OF PHONE HELPER 1 showing showing method of assem-

bly and off-board wiring.

cause some equipment, such as
modems and fax machines, are
designed to respond to a dial
tone before they will dial out.

If a product does not “hear™ a
dial tone {when directed to dial
out), it triggers the dreaded no
DIAL TONE message that can
show up on your personal com-
puters display or your fax ma-
chine. In that case. a brief tone
burst from a single-tone os-
cillator triggers the unit. caus-
ing it to dial the number.

Building Phone Helper

The construction of Phone
Helper is simple because it ob-
tains its power from a wall-
mounted AC-to-DC adapter
rather than directly from the
120-volt line. A circuit board foil

AC/DC
ADAPTER
(TO WALL

noTE1  OUTLET)

pattern has been included here
for those who want to make the
circuit board. Alternatively, you
can purchase a completed
board from the source given in
the Parts List. or use a perfo-
rated phenolic board cut to the
same size and wire the circuit
components point-to-point.

A design objective for Phone
Helper was to package it in the
smallest possible case without
making it difficult to build. A
basic requirement for the proj-
ect was the availability of two
RJ11/14 phone jacks. and this
was met by a standard dual-jack
wall plate. which also serves as
the case cover. The nominal
2% X 4'%-inch plate permits the
use of a standard 3% x 2%-
inch x 2%-inch deep (inside di-

DRILLED
HOLE FOR
COAXIAL
JACK




i you do not require the performance
offered by DC-powered Phone Helper
with its 20-Hz ringing generator, you can
build a lower-cost version. Phone Helper
2 can test only Class B ringers (Phone
Helper 1 will test both Class A and B). It
is powered directly from the 120-volt AC
line, and a transformer replaces the ring
generator.

Figure 6 is the schematic for the
Phone Helper 2. Notice that the output
side is identical to that of Phone Helper 1
(see Fig. 1), but the input includes a
transformer, and a packaged full bridge
rectifier. There is also a zener diode, and
there are some differences in the values
of the resistors and capacitors. How-
ever, Phone Helper 2 will fit in the same
plastic case that was specified for the
DC-powered unit, and the cover is the
same dual RJ-11 wall plate. Table 2 sum-
marizes the specifications for Phone
Helper 2.

Building Phone Helper 2

The principal circuitry of Phone Help-
er 2 can be built on a 3 x 2-inch piece of
0.10-inch pitch perforated phenolic cir-
cuit board, or it can be be built on a
circuit board. In both alternatives,
notches or holes must be formed at the
ends of the board to permit the passage

of the screws from the wall plate to the’

case. The foil pattern of the circuit board
is provided here for those who want to

mensions) plastic outlet box as
the case.

While referring to schematic
Fig. 1 and parts placement di-
agram Fig. 2, begin con-
struction by mounting all of the
electronics components on the
circuit board (or perforated
board). There is nothing critical
about the placement of compo-
nents on the circuit board and
the parts lavout diagram shows
a simple layout. Insert and sol-
der all of the resistors, capaci-
tors, trimmmer potentiometer
and timer IC1 before mounting
the 20-Hz ringing generator
module RG1.

Regardless of the con-
struction option vou select. {ol-
low accepted workmanship
practice in soldering all compo-
nentleads. Check carefully to be
sure that all solder joints are
shiny and clean. and that there
are no unwanted solder
"bridges” or cold-soldered
joints, which are dull gray and
lumpy. Figure 3 is a photograph
of the completed circuit board

How about an economy model?

make their own, but a complete circuit
board is available from the source given
in the Parts List.

Transformer T1 has a dual 120-volt AC
primary and a dual secondary. The
transformer in the prototype was made
by Microtran, Valley Stream, NY. It has a
12 VA rating with dual 17-volt outputs.
(Digi-Key offers the MT1127-ND that
meets this requirement.) However, any
transformer that provides up to 20 volts
DC after rectification and filtering will
work here.

One of the primaries is powered by
120 voits AC and the second primary
provides the ringing voltage. The dual
secondaries are wired in parallel to in-
crease current, and the output is rec-
tified and filtered to produce the talk
voltage and a power source for the dial-
tone simulator circuit.

Figure 7 is the parts piacement di-
agam for the AC-powered simulator. Fig-
ure 7-a shows the components on the
“component” side and Fig. 7-b shows
the components mounted on the foil
side. There are three jumpers on the foil
side. The longestis made from insulated
No. 18 AWG hookup wire and the other
two are made from scraps of bare wire.

The location of the components on
the circuit board was dictated by the size
of the case and not by any critical place-
ment considerations. Itis recommended
that all of the small components be in-

showing some of its off-board
wiring.

After completing the circuit
board assembly, proceed with
the mechanical construction.
Prepare the wall outlet case by
removing any small plastic tabs.
Drill the Yi-inch hole in the case
to admit the DC power jack in
the location shown in exploded
view Fig. 4. Then drill either one
or two smaller holes adjacent to
that hole for fastening the jack
to the case with rivets or screws.

Prepare the wall plate by re-
moving all but two of the screws
that secure the associated wir-
ing and clipping off the black
and yellow wires. The red and
green wires are for line 1. the
pair found on all standard tele-
phone-connected devices. Drill
the three holes in the wall plate
with the diameters necessary
for mounting switches S1 and
S2. and the panel-mounting
clip for LED! using the drilling
template provided here as a
guide.

Mount switches S1 and S2 on

serted and soldered before mounting
the transformer.

The transformer was clamped to the
PC board by bending the end tabs of the
frame around the edges of the board
and compressing them with pliers. A thin
strip of plastic was placed between the
transformer and the board as insulation.

After completing the component as-
sembly and wiring on both sides of the
board, refer again to Fig. 7-b and com-
plete the off-board wiring. Install the
switches in the drilled holes in the wall
plate and install the socket for LED?1.
Then install LED1. Solder bare copper
wires to the two terminals on switch S1
and one on switch S2. Solder a third 1%-
-inch bare wire to the lug on the ring (red)
terminal.

Solder a bare jumper to the center
terminals of both switches. Solder re-
sistor R2 to the tip (green) lug; solder its
other end to the anode of LED1, and its
cathode to ground. Drill a hole in the
case large enough to admit a line-cord
locking grommet and line cord. Strip the
ends of the line cord % inch, and soider
the wires to the board.

Using Fig. 4 as a guide, mount the
loaded board on the wall plate with the
foil side toward the plate. Position the
three bare wires in the appropriate board
holes and solder them in position. (Note
that the positions of the momentary and
toggle switches have been reversed.)

the back of the wall plate with
their washers and locknuts.
Then insert the snap-in-holder
for the T-1% LED in the wall
plate and insert LED1 in the
holder. Solder two bare. solid
hookup wires approximately
one inch long to two of the ter-
minals on switches S1 and S2
as shown in Fig. 4. Solder an-
other short length of wire to the
lug at the end of the red ring
wire on the back of the wall
plate. Then solder a short
length of insulated hookup wire
between the center terminals of
switches S1 and S2. (It is shown
as a blue wire in Fig. 4).

Cut two six-inch lengths of
red and black insulated hookup
wire. trim their ends. and solder
them to coaxial jack Jl as
shown in Fig. 4. Insert the other
two ends in the circuit board
from the component side as
shown in Figs. 2 and 4. and sol-
der them in position.

The circuit board assembly is
light enough to permit it to be
supported by the seven leads
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Testing the simuilator

Before plugging the completed unit
into the 120-volt, 60 Hz outlet, be sure
the line is properly protected with a fuse
or circuit breaker. The LED shouid light
up as soon as the cord is plugged in.
Caution: Do not plug any equipment into
the RJ-11 jacks J1 and J2. With a suit-
able voltmeter, measure the voltage
across the tip (green) and ring (red) con-
nections on the back of the wall plate.

If transformer T1 has dual 10- to 20-
volt secondaries, the voltage should
read between 15 and 45 voits AC rms. if
the voltage is near zero, the second-
aries were probably wired out-of-phase.
Correct any errors before proceeding. if
the voltage is significantly more than 50
volts DC, replace the transformer with
one that meets the stated requirements.

Telephone operating companies can
place from 40 to 130 voits DC across
their lines when all phone are on-hook.
Typically -the on-hook voltage for tele-
phone operating companies in the U.S.
is about 48 voits DC.

Plug a telephone into one of the two
RJ-11 jacks (J1 or J2) and remove the
handset. The brightness of LED1 should
decrease, indicating that the voitage has
dropped. Measure ‘across the tip and
ring-again. The reading should now be
between 4 and 12 voits DC. Ifitis outside
those limits, check the wiring again and

from switches St and S2, the
green tip wire lug, and the leads
of LEDI. Insert those leads in
the foil side of the circuit board
assembly as shown in Figs. 2
and 4, and adjust the spacing of
the loaded board so that it is
parallel with the back of the wall

—

115 INCHES—

FOIL PATTERN FOR PHONE HELPER
1 circuit board.

make any corrections before proceed-
ing. If the off-hook voltage is too low,
reduce the value of resistor R1 to put the
output within the acceptable range.

Toggle piaL switch S2 and listen for
the single dial-tone simulation. Trimmer
potentiometer R4 might have to be ad-
justed to obtain an audible tone. If you
have access to a telephone system
transmission test set, set it for an output
frequency of 500 Hz.

However, if that equipment is not avail-
able, you can approximate a 500-Hz
note by striking the middie C key on a
piano, which provides a 440-Hz tone.
Hold the sustain pedal in to prolong the
note, and adjust trimmer potentiometer
R4 so that the tone you hear is slightly
higher than the piano’s middle C.

Now hang up the handset and jog the
RING toggle switch $1. The brightness of
LED1 should increase, indicating that
the simutlator is working correctly.

PARTS LIST

All resistors are Ys-watt, 10%, un-
less otherwise specified.

R1—1000 ohms, 1 watt (see text)

R2—10,000 ohms

R3—2.200 ohms

plate and spaced about 7s-inch
away from it. Then solder the
seven wires on the foil side of
the board, and solder the
jumper and the red ring termi-
nal lug to the cathode of LEDI.

Testing Phone Helper

When Phone Helper con-
struction is complete, and be-
fore fastening the cover in
position with two screws. verify
that the DC power supply sec-

R4—100,000 ohms, trimmer poten-
tiometer

R5—1000 ohms

Capacitors

C1—1000 wF, 50 volt, aluminum
electrolytic

C1, C2—0.1uF

Semiconductors

IC1—555 Timer IC

BR1—Bridge rectifier, 1.5 ampere
D1—IN4742A, 12-volt, 1 watt
Zener

LED1—red light-emitting diode, T-
1% package

Other components

S1—SPDT momentary toggle
switch, panel mount, miniature

S2—SPDT toggle switch, panel
mount, miniature

T1—two 120- volt input and two 17-
volt output (see text)

Miscellaneous: circuit board, PC
or perforated board {see text),
dual RJ-11 wall plate, plastic out-
let box (see text), snap-in hoider
for a T-1% LED, insulated No. 18
AWG stranded-hookup wire, solid
bare hookup wire, six foot length
of AC line cord terminated by a
polarized plug, solder.

tion is working properly. Plug
the AC-to-DC adapter into a
120-volt AC outlet, and plug its
power cord into the coaxial jack
in the case. The LED should
light normally during this test.

Plug a telephone known to be
in proper working condition
into RJ-11 jack J2 or J3 and
make voltage measurement
with a suitable voltmeter. Place
the negative probe on the ring
(red) terminal and the positive

TABLE 1
SPECIFICATIONS FOR PHONE HELPER

Ring Signal (1) .................. ...
Dialtone (2) .......... ... .........
Power Requirements ............ .. ..

................... 12 V DC, 500 mA.

.................. 85V, 20 Hz, 5 REN

=20 dBm0 (min), 500Hz + 20%.

Notes: 1. Momentary switch S1 jogged on and off

2. Switch S2 on or off

TABLE 2
SPECIFICATIONS PHONE HELPER 2

Ring Signal (1)

Dialtones(2) et s wdecl SIS
Power Requirements .. ...............

.............. 90 Vrms, 60 Hz, 4 REN

20 dBm0O (min), 500 Hz + 20%

.................. 12 V DC. 500 mA.

Notes: 1. Momentary switch S1 jogged on and off

2. Switch S2 on or off




PARTS LIST

All resistors are Ys-watt, 10%, un-
less otherwise specified.

R1—470 ohms, 2 watt

R2—4.700 ohms

R3—3.300 ohms

R4— 100,000 ohms trimmer poten-
tiometer

R5—1000 ohms

Capacitors

C1, C2—01uF

Semiconductors

IC1—555 Timer IC

LED1—red light-emitting diode, T-
1% package

Other components

S1—SPDT momentary toggle
switch, panel mount, miniature

S2—SPDT toggle switch, panel
mount, miniature

RG1—20-Hz ringing generator,
(see text)

Miscellaneous: dual RJ-11 wall
plate, plastic outlet box (see text),
AC-to-DC adapter with 12-V, 500-
mA output, coaxial power con-
nector to mate with plug of 12-volt
adapter, snap-in holder fora T-1%
LED, insulated No. 18 AWG
stranded hookup wire—(red,
black, and blue), solid bare hook-
up wire, solder.

Note: Parts as well as an as-
sembled and tested Phone
Helper are available from JEC
TECH, 13962 Olde Post Road,
Pickerington, OH 43147.

e Assembled and tested
Phone Helper 1 with a 12-volt
AC-to-DC adapter—$69.50

¢ Complete Phone Helper 1 kit
with a 12-volt AC-to-DC adapt-
er—$59.50

e Ringing generator module
(RG1) and a complete circuit
board— $44.00

® Assembled and tested
Phone Helper 2—$44.50

e Partial Phone Helper 2 kit
with transformer and a com-
plete circuit board—$34.50

Add $4.00 shipping and han-
dling. Ohio residents add ap-
propriate sales tax.

probe on the tip (green) termi-
nal. With the attached tele-
phone’s handset on-hook, the
reading should be 15 =2 volts
DC; with it off-hook the reading
should be 4 to 12 volts DC.

Testing with Phone Helper

To test a telephone-answer-
ing machine with Phone Helper,
plug it into one of the RJ-1l jacks

FIG. 5—SETUP FOR TESTING AN ANSWERING MACHINE with phone helper.

X <, TP
s1 (GREEN)
Ik SPOT TOGGLE 10K 5
(see Text)  (RING) RING
BR1 {RED)
= pa C1 :: R3 LED1
£ T 1000uF 322 ___\}‘
R4 >—¢ =
LG 100K ] 4 p T
(FREQ)® 7 1N4TAZA RING
m A5+ 6 IC1 12v (RED)
(SEE TEXT) b3 555 | J2
®3 [2] 3 i ) TP
i C/s:" —— (GREEN)

2
01 ' 1
X

gﬁ SPDT TOGGLE
-1 (DIAL TONE)

FIG. 6—SCHEMATIC FOR PHONE HELPER 2. A transformer replaces the 20Hz ringing
generator of Phone Helper 1.
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TEMPLATE FOR DRILLING HOLES.

on Phone Helper and plug a tele-
phone into the other jack, as
shown in Fig. 5. Set the answer-
ing machine to receive calls,
and jog the rRiNG toggle switch
S1 often enough to simulate a
ring that makes the answering
machine answer. When the an-
swering machine answers, pick
up the telephone handset and
you will hear the outgoing mes-
sage.

A plugged-in telephone,
whose handset can be taken off-
hook is necessary to make this
test because most answering
machines will reset if the tele-
phone is on-hook-—indicating
that the calling party has hung
up. You can then leave a mes-
sage or retrieve stored mes-
sages, just as you would if you
were calling in from the outside.

To test a facsimile machine,

Continued on page 84
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LAST MONTH WE WENT OVER THE OP-
erating theory of the Experi-
menter. and discussed the
various commands that control
it. Now it's time to build it.

Assembly

Experimenter is constructed
on a double-sided PC board
with fine conductive traces and
through-hole plating. It is, ad-
mittedly. a difficult board for the
hobbyist to make in his home
workshop. Nevertheless, circuit
foil patterns have been provided
for those who choose to try it.
Fortunately. a high-quality PC
board. screened on both sides,
is available from the source
given in the Parts List. The com-
ponent locations printed on the
board make it easier to trou-
bleshoot the board and add cir-
cuitry at a later date.

Figure 2 is the parts-place-
ment diagram. Start compo-
nent assembly work by install-
ing power connector J2 first,
and then inserting the power
supply components. Figure 3
shows how toset the J1 juinpers
to obtain the proper power-sup-
ply polarity. However. the volt-
age regulators are designed to

RONALD M. JACKSON

withstand an accidental rever-
sal in power-supply polarity.
Test the power supplies before
installing any other compo-
nents. A measurement of about
5 volts should be obtained at the
logic-supply output. If you build
the analog supply, adjust R6 so
that the +5.12-volt test point
measurement is as close to that
voltage as possible. Jumper J10
makes the selection between
the logic supply and the analog
supply. Install J10 between po-
sitions I and 2 if you built the
analog supply, or between posi-
tions 2 and 3 if you did not.
Install all of the jumpers be-
fore adding the remaining com-
ponents. At this stage of the
construction process you will
have better access to the board
than when all the larger compo-
nents are in place. Set J4
through J7 for the specific
EPROM that you intend to use
{either the one that came with
the kit of parts offered or one of
your own choice). Figure 4
shows the jumper connections
for the different kinds of
EPROMS that can be used.
The Experimenter kit in-
cludes six rubber feet to hold

Build the Experimenter,
and put your personal
computer to work doing
interesting and useful
real-time tasks.

EXPERIMENTER

the loaded PC board off the
bench top. They mount in the
formed holes along the sides of
the circuit board. The feet can
be difficult to install, so be pa-
tient. Push the tapered end of
the foot through its mounting
hole, and grasp the end with
your fingers. With a blunt tool,
push the base of the tapered
piece through the hole while
pulling on the tapered end. The
foot will then pop into position.
Install the special heatsinks
on driver ICs IC7 and IC8 before
soldering them (o the circuit
board. The small hole in each
heatsink must line up with the
notch on the pin-1 end of the
drivers. You won't be able to see
the top of the driver when the
heatsink is installed, so you
must rely on the small hole for
the correct orientation of the
driver in the circuit board.
Solder the four center pins of
the drivers to their heatsinks. A
high-wattage, temperature-
controlled soldering iron will
make this task easier Exercise
care and patience in making all
solder joints. Be sure they are
smooth and shiny. A cold solder
joint (indicated by its dull sur-



LEDT  _»

L_CHIP CAPS C16 AND C17 MOUNT ON SOLDER SIDE

FIG. 2—PARTS-PLACEMENT DIAGRAM. Note that two chip capacitors, C16 and C17,

mount on the solder side of the board.
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FIG. 3—POWER SUPPLY JUMPERS. Be
careful that the jumpers do not touch!

face appearance) might not be
strong enough to hold the heat-
sinks securely in place.

When installing circuit board
components. start by installing
the smallest components first.
Note that two ceramic chip ca-
pacitors. C16 and C17, are

mounted on the solder side of
the PC board.

Use sockets to install micro-
controller IC6. EPROM IC4. the
RS-232C interface chip (IC5),
and the parallel interface chip
(IC9). Note that the micro-
controller socket has one flat-
tened corner that must be
oriented as shown in Fig. 2. The
microcontroller also has a
notched corner that must be po-
sitioned to match the notch on
the socket.

If you install drivers IC7 and
IC8 with sockets, they will be
easier to replace if they fail due
to overcurrent. However. their
maximum power-handling ca-
pability will be limited to about
700 milliamps for each output.
If you want to obtain 1 ampere
from each output. you must sol-
der the driver chips directly to
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FIG. 4—EPROM JUMPER SETTINGS.
Six different types of EPROM’s can be
used, ranging in size from 2 Kbytes to 64
Kbytes. Some EPROM types do not use
all four jumpers. Also note that types
2716 and 2732 are 24-pin devices, and
must be installed in the lower part of the
socket, leaving the top connections
open.

the circuit board for optimum
heat transfer. The completed
circuit board is shown in Fig. 5.

Test procedures

‘Connect the Experimenter to
your computer with a standard
serial interface cable (the same
type that is used to connect to
an external modem). Thenruna
communications program on
your computer. Use ECHO-
EXPBAS or any communica-
tions program of your choice.

If you use a program other
than the one given in this arti-
cle, set it to use the correct se-
rial port and the baud rate you
wish to run. 8 data bits. no par-
ity. and 1 stop bit. Before power-
ing up the Experimenter. set
baud-rate switch S2 for the
baud rate you selected (see Table
8). If you use ECHO-EXPBAS.
the Experimenter must be set
for 9600 baud. Flip all of the
switches on S2 at least once to
assure that solid electrical con-
tacts are being made.
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