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BUILD A MINIATURE
VIDEO TRANSMITTER //\
that works with virtually
any video camera!

Build an

AUDIO SCRAMBLING
SYSTEM

and keep your phone
conversations private!

Learn how to make
HIGH-QUALITY PC BOARDS |
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; and add color to your holldaysb
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Build our

EPROM EMULATOR
for working with
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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™. lo the classic Fluke 77

Fluke 77

i ® The classic .
with Auto Touch Hold® and current measurements. Multimeter  JP |

$169.00

J— Wm;e\tﬂ

ke ®

Pance g Lo€as
A6r0g,, e o

To the advanced Fluke 83 with Min/Max/Average recording,
H, ¥

=£\\k\\\\\'\\\\‘~""“ 3 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. Ilus, strong customer support and product warranties that measure up to any

FLUKE12 _ FLUKE77  FLUKE 83

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

Capacitance Auto Touch Hold® Auto Touch Hold®and

in the industry. Make the choice

Fluke 83 : . measurements Relative modes
Full-featured L that gIVes you the most choices. V Chek™ (auto function)  Current Current
Mullimeter b MivMax Record with Analog Oigital display ~ Analog/Digital display
$255.00 Relalive Time Stamp
Two-year warranty Three-year wamanty Three-year warranty
I00k to FIUke FLUKE 12umemcin Continuity Capture™ ;gl:;worsler with Flex ;‘ealirc‘:;v'\?ulslev with Flex
Basic accuracy 0.9% Basic accuracy 0.3% Input Alert™
For measurements Capacitance
10 4800 V-A measurements

Frequency and Duty
Cycle

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

Min/Max/Avg. Recording
Baslc Accuracy 0.3%

John Fluke Mfg. Co., Inc.

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

(416) 890-7600 in Canada

(206) 356-5500 from other countries

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

Fluke 12
for a catalog and the name of the Auto-function

Multimeter ©Copyright 1993. John Fluke Mfg. Co., Inc. All rights
reserved. Prices subject to change. Suggested U.S. list price.

Ad No 00377

distributor nearest you.

FLUKE.
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Mini-Spur.

turns your PC info a Spectrum Analyzer

IMini-Circuits®

AHPLITUDE

(dB) SPURIOUS RESPONSES BELOW DESIRED IF LEVEL

88
96

186

MIXER TYPE : SRA-1

FREQ (MHz) : 8.5-588 P to print display.

RF LEVEL : 8 dBn RF: 15.2 /D) R to run again.

L0 LEVEL : 7 dBnm LO: 14.6 (ursd) T to toggle to LOCUS.
IF LEVEL : -6 dBn IF: 25 to 35 <Esc) to return to DOS.

spot spunous S|gna|s EQS“Y . Introducing Mini-Spur™, the software simulation program for analysis
choose the best mixerforyour design problems of system spurious responses. Using actual data on Mini-Circuits mixers,

spurious signal levels are calculated and then displayed.

Operation is simple. The user defines the input frequency and power
level, the program then graphically displays the various outputs including
all the spurs (up to 10xLO =+ 10xRF) falling within the user-defined IF filter
bandwidth. As the user tunes the frequency, the output spectrum scrolls
across the screen just like that of a sophisticated spectrum analyzer.

Required hardware; IBM AT or compatible with 640k memory, and

Free...740 page RF/IF EGA or VGA display. Optional, dot matrix, laser printer or plotter.
Designer's Handbock with So maximize design efficiency.. use Mini-Spur™ only from Mini-Circuits.
purchase of Mini-Spur® program
place order as Designer's Special, DS-1 finding new ways
setting higher standards
- - - -
m M I n I = CI rc u Its 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
For detailed specs on all Mini-Circuits products refer to ¢ THOMAS REGISTER Vol. 23 ¢ MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS® 740-pg HANDBOOK

CUSTOM PRODUCT NEEDS.. LetOurExperience Work For You.
CIRCLE 190 ON FREE INFORMATION CARD
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K ELVIN

10 HUB DRIVE,
RE-ENGINEERED & DESIGNED FOR 1994

uLvee amcE

'I - 000

f _,'h"“"' -

150 LE - Stwdent

® 3 1/2 Digit LCD

Tester Res:

Res:0.1mV, Ohm

Model 94
#990111

$1 9995

*See Standard Features
Listed below

200 LE - Technician

Standard Features - ®AC & DC VOLTAGES

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

® 10M ohm INPUT IMPEDANCE

MELVILLE, NY 11747

xELvin 2000E

BATTERY TEST |[FREQCOUNTER |INDUCTANCE
TRANSISTOR  |upto 20MHz Resolution 1uH
DC CURRENT TRANSIS’I;_OR FRFQ;&L{JNTER
10A CAPACITANCE |uplo H
i from 1pF to 20uF |CAPACITANCE
from 1pF to 200uF
AC/DCCURRENT | AC/DC CURRENT
10 Amp DUTY %
150 LE 20 Amp
Stock # 990122| 200 LE 400 LE
$2995 Stock # 990123 { Stock # 990124
$4995

$7995

Designed to meet IEC-348 & UL-1244 safety specifications
2 Year Warranty (Parts & Labor)

"Not only does the

features ... the features

burning building to do
‘ some  emergency
- trouble-shooting and
' could carry in only one
piece of equipment, the
- Kelvin 94 would be it!"

| Popular Electronics
Reviewed - May 1993

KELviIN94 The Ultimate Meter

LCRYHzdBm] Logic Probe

The only mieter with 0.1% Accuarcy on DC
Voltages, built-in True RMS, Freq
to 20MHz Res: 10 Hz, LCR-Inductance
10 uH, DC/AC Voltages

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,
CAPACITANCE METER,

INDUCTANCE METER,
LOGIC PROBE

400 LE - Engineer

Kelvin 94 boastalot of

go the extra distance.”
"If we had to run into a

ounter

(800) 645-9212
(516) 756-1750
(516) 756-1763/Fax

KELVIN

100 Basic

AC & DC
VOLTAGES
® DC CURRENT
® RESISTANCE
® CONTINUITY TEST- Buzzer
@® 3 1/2 Digit LCD

® LOW BATTERY INDICATOR
®DIODE TEST ®BATTERY TEST

KELVIN

250 LE

# 990126

$5Q9

©® ACCURACY:
5%

® RANGES:20mF, 2000uF,
200uF, 20uF, 2uF, 200nF,
20nF, 2000pF, 200pF

® Zero Adjust

® Safety Test Leads

® Test Socket for Plug-in
Components

AUTO-RANGE METER
KELVIN ceivem sene

300 LE

# 990125

$499

AUTO-RANGE

®ACV & DCV
®DC CURRENT

® RESISTANCE £

® CONTINUITY TEST
®DIODE TEST 3 1/2Digit LCD
©® 10M ohm INPUT IMPEDANCE

§ aeLvew s0ace

Dual Trace 2 Yr Warranty Parts & Labol
Stock No. 74008
40 MHz SCOPE 2 Yr Warranty

Dual Trace with Delayed Sweep
Stock No. 740086 %655

SCOPE

PROBES
60 MHz, X1 & X10
SPECIAL
700072 ... $18%
53995

150 MHz, X10
700073 ........

ENGINE

Model 95 #990112

$1 9995

A Must For
Auto Mechanics

ANALYZER *1ts iy

Standard Features plus -
TEMP, TACHOMETER &
ELL ANGLE TESTER,
DUTY CYCLE, 10M OHM
IMPEDANCE, ANALOG BAR
GRAPH, K-TYPE TEMP
PROBE, ALLIGATOR CLIP
TEST LEADS, INDUCTIVE
PICKUP CLIP, 6' TEST LEAD

& DELUXE CARRYING CASE

IC CLIPS’

SOLDERTYPE
SPRING LOADED

990104 BLACK
990105 RED ¥ .656a.%.50 ea

DC TOY MOTORS

DC Toy Motor
snockNo 850647
$80ea

Established 1945
20 Mini
M/C & VISA Minimum

KELVIN CATALOG *3
Stock No. 650412

DIGITAL TRAINER

Laptop Digitai Tralnercomes with 100
page instruction manual, power supply,

built-in 1 digit true hexadecimel display,
two independent clocks with user
adjustable freq & duty cycles, 4 data bit
switches and 4 LED displays. Assembled
Stock No. 840460 ................. $999s

BINARY QUARTZ
CLOCK w/Alarm

ORIGINAL DESIGN - 24 Hr. Binary
Quartz Accurate Clock with 2 color
LED's. Built-in Alarm and Alarm
Display in binary code. DESIGNED
FOR LEARNING about digital
circuitry & binary code. Built with
individual IC components. Battery
Memory Loss Preventlon. Comes
with rechargeable battery, DC wall
transformer and detailed instruction
manual. Advanced Level Kit

Stock No. 840589 .................. S799%

Electronic
NV OICE PPAD

T e, | ]
An electronic note pad, able
to record your message &
replay it later. 1t has a built-in
photo cell & as soon as it senses your
presence, it will automatically playback
the message left for you. The
components are PC mounted. The iC
canrecord amessage up to 20 seconds
& no mechanical parts or tape - only a
digital integrated circuit.
intermediate Level Kit
Stock No. 840606 ................. 4995

BREADBOARDS
=

i Ale G4 k No. P | <urs YOUR COST
:ggzga\/’gg‘:féfr’g% g r%g?rl)%ggu%ggm $"75 eas50+ Qty 6vDCHigh Speed [l cao003. O ?05"“ 52 JSWITCH
Solar Motor  stock No. 850646 680097 O 840 .. StockNo 990002
® OHM METER @ DATA HOLD ® RELATIVE MODE s g0 ea 1.5V DC 3 1380 F
® FREQ COUNTER to 4 MHz (Model 95) $ 55 eal50+ Qty 650100 4 2390 | 28 ea/ 100+ Qty
® AUDIBLE CONTINUITY TEST @ DIODE TEST B goiar Cells 334 L35 g16'w | WIRE JUMPER KiT MINIATURE TOGGLE SWITCH
® MAX/MIN AVERAGE MEMORY RECORD Stock No. 260099 1000;‘A 45V Pre-cut, Pre-Stripped Stock No. 2700; f
® 10A HIGH-ENERGY FUSE PROTECTION $5.95 ea 330289 140 Piece Set.....5 4.%° ; -90 ea Type- SPST
® AUTO SLEEP & AUTO POWER OFF $5.50 ea/ 3+ Qty 330290 350 Piece Set....5 8.5 f| 5.79 ea/504 Qty

$2.95 ea/20+ Qty

TRIGGER COIL
for XenonStrobe Tube

$ .89 eas20+ Qty
INFRARED LE

#
IR Palr, LED Infrar%

transmitter
and recelver
Stock No. 260061

$1.95 ea

NEON LAMP

S(ockNo 260003
$15e

$ 12 ea/ 100+ Qty
PHOTO CELL

Photo Cell
S(ock No.

Photo Cell -
Stock No. 260018

PUSH-BUTTONSWITCH
PUSH-ON, PUSH-OFF
stock No. 270021
$.55ea

$.49 ea/ 100+ Qty
SUB-MINIATURE MOMENTARY

COMPONENTS

WHOLESALE PRICES!

(10 Pc. Min.)

Stock No. TYPE YOUR COST

600021 555 TIMER ............... $.29¢a

600029 556 DUAL TIMER ....... $.40ea

600039 LM566 PPL .............. $.60 ea
FUNCTION GENERATOR

600018 741C OP-AMP ......_.. $.30 ea
INTERNALLYCOMPENSATED

600026 1458 OP-AMP _......... $.35ea
DUAL 741C OP-AMP

630041 2N2222 ..o $.20 ea

630383 PN2222 ... .3.08ea

600023 7805 voltage Reg ....... .36 ea
SILICON CONTROLLED RECTIFIER
(Similar to GE C106C1) 4.0 amp, 100PIV

600014 ... $89ea ... $.79ea/10+

THERMISTER - 100 chm

110097 ....%1.35¢ea...... $1.00 ea/20+
THERMISTER - 10K ohm
110097 ...%1.35ea..... $1.00 0a/20+

PROJECT PARTS

3-9 Voit DC, 80 db
Stock No. 680089

*1.59 ea

i
$1.39 eas 10+ Qty :

Soldering \
with STAND

LONG LIFE TIP

Stock No. 990098

$3.95 ea

LED 71134

Stock No. Cotor 100+ Qty 1000+ Qty

260020 RED $.05¢ea %.045a

260027 GREEN $.08ea S.0Tea

260026 YELLOW S.08ea $.07ea

260078 2COLOR $.32ea ®.29ea
RED/GREEN )

XENON STROBE

stockNo.  TUBE

260050

$3.25 ea

Stock No. 320037
$1.25ea

450 ohm

i 45 0a /20+ Qty
1.5K ohm

$.65 ea

$.45 sa 20+ Qty

ea

A
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Couldyouuse “eyesintheback
ofyourhead’ around yourhome or
office? Perhaps a surveillance
camera would be a sensible addi-
tion to your home-security sys-
tem, or you'd feel reassured by
putting a video baby monitor in
the nursery. If you haven't in-
stalled such systems because

now'’s the time to do it—with our
Mini TV Transmitter. When used
with one of today’s reasonably
priced, palm-sized, solid-state
video cameras, the Mini TV
Transmitter can send black-and-
white pictures from remote loca-
tions to your TV set. No cables are
required, and if the TV is nearby,

no antenna is needed either. For
all the details, turn to page 29.

you've been put off by the thought
of the time and expense involved,

Learn how to use the photo-resist method
for making your own PC boards.

SO BERO o break he pank 10 itk

trscenen minan 1S pntambin v cquiproen and o+
of an el with 10-s iawn some of those mateTixls

. Cpen 25
o A i et 1 s M o prouccd win in ey pu
Phmimreaiss Tt vets have.  vout KAERER %0 s Gon't Rave  S1 haw 10 pendure vour 14 13

PAGE 33 PAGE 37 PAGE 43
S ——
As a service to readers, ELECTRONICS NOW publish ilable plans or inf ti th ducts, techni and scientific and technological d t
Because of possible variances in the quality and condition of materials and worl uucr by d ELECTRONICS NOW disclaims any responsibility for the safe and proper

blished i

functioning of reader-built projects based upon or from plans or inft tii thiu

Since some of the equipment and circuitry described in ELECTRONICS NOW may relate to or be covered by U.S. patents, ELECTRONICS NOW disclaims any liability for the infringement
of such patents by the making, using, or selling of any such equipment or circuitry, and suggests that any d in such project: a patent Y.

ELECTRONICS NOW, (ISSN 1067-9294) November 1993. Published hly by G back Publi . Inc., 500-B Bi- Coung | ar dale, NY 11735. S d-Class Postage
paid at Farmingdale, NY and additional mailing offices. Second-Class mait rogutratnon No. 9242. authorized at Mississauga, Canada. Ono Eonr subscnptlon rate U.S.A. and possessions
$19.97, Canada $27.79 (includes G.S.T. Canadian Goods and Services Tax, Registration No. R125166280), all other countries $28.97. All subscription orders &‘nyablo in U.S.A. funds only.
via international postal money order or check drawn on a U.S.A. bank. Single copies $3.50. © 1993 by Gemsback Publications. Inc. All rights reserved. Printed in U.S.A.

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

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

PLEASE TURN PAGE FOR COMPLETE CONTENTS
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BUILD THIS

29 MICRO TV TRANSMITTER
Send a picture to your TV with this wireless miniature TV transmitter.
Martin McKinney and Garnet Brace

33 HIGH-TECH XMAS ORNAMENTS
Brighten your holiday decor with the Visible Components.
Ron Holzwarth

37 AUDIO SCRAMBLING SYSTEM
Scramble your phone conversations to prevent eavesdropping.
William Sheets and Rudolf F. Graf

66 STATIC ROM
Build our inexpensive EPROM,emulator to help with microcontroller
design.
Fred Eady

TEGHNOLOGY

43 THE PHOTORESIST METHOD
How to make professional-quality circuit boards at home.
John Bercik

48 OSCILLATORS
All about transistor oscillators and multivibrators.
Ray Marston

58 THE LOST ART OF REGENERATION
Classic regenerative receivers and their modern, transistorized
versions.

Charles Kitchen

DEPARTMENTS

12 VIDEO NEWS 72 HARDWARE HACKER

What's new in this fast- Digital photo imaging, and
changing field. more.
David Lachenbruch Don Lancaster

18 EQUIPMENT REPORTS 80 AUDIO UPDATE
Interactive Image Cable conflicts.
Technologies Electronics Larry Klein
diandbEnth 84 COMPUTER

82 DRAWING BOARD CONNECTIONS
Play our game without the The holy grail of the computer
document check. industry.
Robert Grossblatt Jeff Holtzman

98 Advertising Sales

Offices 26 New Lit
98 Advertising Index 23 New Products
93 Buyer's Mart 14 Q&A

16 Letters 6 What's News



TURN A FAULTY VCR
INTO A PROFIT!

66. .. gives all the necessary information for learn-
ing the art of troubleshooting popular brands.
—Electronics For You

“. . .fully explains the mechanical systems and
electronic circuitry . . . also details servicing data on
all popular brands of VCRs. —VIDEO Magazine

“ewly revised, MAINTAINING AND REPAIRING VCRs is the ONE
book no electronics activist should be without. It gives you the
operational specifications, testing how-tos, repair procedures,
and troubleshooting techniques used by top professionals in
the field. This is the information you need to quickly pinpoint
any malfunction and fix it right down to the component level.

Packed with hundreds of helpful pinout diagrams and
exploded-view illustrations, MAINTAINING AND REPAIRING VCRs
gives you the how-tos needed to tackle even the trickiest VCR,
Beta, or camcorder repairs. Now, there’s no need to spend hours
looking through service literature, and using trial and error.
Everything you need to turn a broken VCR into cash in your
pocket is here in MAINTAINING AND REPAIRING VCRs.

Turn to Bob Goodman for expert advice

Bob Goodman explains the test equipment you need, the pro-
cedures you follow, what circuits work best where, and the
various repair options you have. He walks you through every
service, maintenance and repair you make, giving you actual
case problems, symptoms to watch for, and solutions for each.
See for yourself how easy it is to make successful VCR repairs, and
profit from that success.

FREE UNIVERSAL TEST LEAD KIT WITH
EVERY ORDER!

MAINT ATNING AND BE PRI

CRs

FREE GIFT
WITH EVERY ORDERI

e 520 pages ® 457 illustrations
* #023969-XH * $39.95

Step-by-step, MAINTAINING AND REPAIRING
VCRs will help you master maintenance and
repair procedures, including how to:

* Adjust beit and drive wheels

¢ Replace audio and video heads

¢ Fix damaged or weak control functions

¢ Minimize damage caused by
contaminants

¢ Repair and replace dirty switch contacts

¢ Troubleshoot electronic or mechanical
servo maifunctions

o Identify and correct video head sticking
and friction

¢ Turn a snowy, weak picture into a crisp,
strong picture

¢ Adjust an improperly running tape path

¢ And much more.

~ “/ =

Includes 14 electronic tools that you can use to test and measure equip-
ment. Use this kit to ® screw on alligator clips for grounding * use

probes to check for defects ¢ find where your current is coming
from e measure voltage ® and more.

éﬁ’ M

3 Easy Ways to Order:

[0 YES, send me MAINTAINING AND REPAIRING VCRs—3rd Ed.
(#023969-XH) to examine FREE for 30 days. After 30 days, I will pay $39.95
plus postage, handling, and applicable state and local sales tax. If I am
not completely satisfied, 1 can return the guide and owe nothing.

1. Call i

1-800-822-8158 | "
(24 hours a day, 7 days a week) Address
2. FAX %% 1.717-794-2080
Telephone
3. Or mail this coupon to: signature &

Order invalid without signature
Order subject to credit approval and acceptance by McQraw-Hill. Prices subject to
change. Orders made outside the U.S. and Canada must be prepaid in U.S. doliars
drawn on U.S. banks, and inciude an additional $5.00 postage and handling.
SP93EN1

N TAB/McGraw-Hili Inc.
7; ™ Blue Ridge Summit, PA
-~ 17294-0840

b\r%

\

|
|
|
|
|
|
|
|
|
|
: City State Zip
|
|
|
|
|
|
|
|
|
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Smart Card Forum

To accelerate the use of Smart
Card technology, representatives of
the telecommunications, entertain-
ment, software, publishing, comput-
er, health-care, and financial-ser
vices industries have banded with
government agencies to form the
Smart Card Forum. The Forum's
goals are to address compatibility
issues across business applica-
tions, and to facilitate the market
tests of multiple-use cards. A tech-
nology committee will provide ad-
vice on technology, systems,
security, and interoperability issues
to the various business-applications
committees.

Smart Card technology was in-
vented in 1975 and has been used
successfully throughout Europe and
Asia in banking and telecommunica-
tions applications. Prepaid cards
“contain” digitized money that can
be used as cash wherever a Smart
Card reader is available. It is pre-
dicted that by 1995 more than 1.25
billion Smart Cards will be issued
worldwide for such purposes as
making phone calls, paying tolls,
paying bus or subway fares, and
buying convenience items.

The Forum is open to pubic and
private-sector organizations with a
user- or business-applications
focus. Various categories of mem-
bership, with fees ranging from
$1000 to $15,000, are available. For
membership information, contact
800-393-6786 (813-286-2339 out-
side the U.S)).

Robot Contest

The Science Center of Connecti-
cut is sponsoring the International
Robot Contest on Sunday, April 17,
1994. The day-long event will be the
culmination of a four-month robotics
exhibit at the Science Center. The
contest is open to everyone and has
different categories to allow people
of various ages and experience lev-
els to compete. All entrants will re-
ceive an award. The top winner will

receive a $1000 check and addi-
tional prizes will be awarded to other
winners.

The challenge is to build a robotic
device that can move through a
model of a single floor of a house
(measuring 8 X 8 feet and divided by
wallls, hallways, and rooms), look for
fire (a lighted candle), and ex-
tinguish it. The robot that completes
those tasks in the shortest amount
of time will win. Robots must be less
than one foot on a side and can be
tethered to a personal computer or
controlled by a built-in micro-
processor.

Anyone who is interested in com-
peting can receive the complete
rules of the contest along with the
exact layout of the model house, by
contacting Jake Mendelssohn, Sci-
ence Center of Connecticut, 950
Trout Brook Drive, West Hartford,
CT 06119; Phone: 203-231-2824,
extension 46; Fax: 203-232-0705;
Prodigy: KJRP71A.

Amateur TV awards
program

Amateur Television Quarterly of-
fers an award program for TV
DX'ers. TV Quest is open to hams
and SWL's who engage in two-way
or one-way TV activity. Certificates
are awarded to those who receive
ham or commercial television sta-
tions from long distances (in 100-
mile increments starting at 100
miles), and to those who catch a
specific quantity of stations (start-
ing at 25).

Upon joining TV Quest, hams re-
ceive a certificate of membership
imprinted with their call sign and a
personalized Q number; non-hams
are assigned a Q number for SWL
purposes. The colorful DX Quest
Award for distance and Quantum
Award for number of stations are
both suitable for framing. Figure 1
shows a sample award.

Subscribers to Amateur Televi-
sion Quarterly receive automatic
membership; non-subscribers can

FIG. 1—A SAMPLE QUANTUM AWARD
certificate.

joint the Quest TV Society for a
modest fee. Only contacts and sta-
tions received after October 1, 1993
count toward the certificates. For
information, send a self-addressed,
stamped envelope to ATV Quest,
1545 Lee Street, Des Plaines, IL
60018.

Digital video compact discs

The basic specifications of the
“Video CD" format, as well as a
logo mark that signifies hardware
and software compatibility based on
the format, have been established
by Matsushita, Philips, Sony, and
Victor Company of Japan, Ltd.
(JUVC). The Video CD is based on
the Karaoke CD format that was
established as a standard in March
1993 by JVC and Philips and which
is already well established in Ja-
pan’s professional karaoke market.
The format has the capability to
store 74 minutes of audio and digital
full-motion pictures on a 12-cm
compact disc. It is based on the
MPEG-1 standard.

The four companies have agreed
to include in the Video CD format
two optional features: two levels
(normal and high resolution) of still
picture playback functions and play-
back control. The optional functions
are expected to broaden the
number of possible applications,
particularly in education, training,
and information.

Hardware and software manufac-
turers have begun to apply the Vid-
eo CD format to a range of
applications including movies, mu-



sic, and educational programs. Vid-
eo CD discs will play on a variety of
video products, such as Video CD
players, CD-l players equipped with
digital-video cartridges, computers
with CD-ROM drives and MPEG
decoders, and CD players (with a
digital data output) with an add-on
Video CD adapter. Licensing will be
available worldwide.

Community information
network

Zenith Electronics Corporation
(Glenview, IL) introduced an inno-
vative interface for personal com-
puters and cable television systems
at INTEROP ‘93 in San Francisco.
Part of its growing Metropolitan
Community Network strategy, the
residential PC local area network
(LAN) gateway—called ""Home-
Works —will offer cost-effective
connectivity over standard cable-
TV home-subscriber facilities.
HomeWorks provides a multimedia
communications conduit that allows
LAN data to be transmitted on fiber
optic or coaxial cable and coexist
with other services, such as video,
manufacturing networks, video tele-
conferencing, and point-to-point
data.

Zenith's “information highway" is
intended to support a range of inter-
active applications, including work-
at-home and electronic resource
services and distance learning.
HomeWorks also supports comput-
ing needs for health-care, legal, and
financial businesses. Selecting a
service will be as easy as tuningin a
television channel.

The HomeWorks system con-
sists of a PC gateway card and ex-
ternal RF modem that transmits and
receives on standard cable-TV
channels, sharing the cable with vid-
eo channels. It transmits at 0.5
megabits per second, significantly
faster than telephone modems and
ISDN. Four 0.5-Mbps sub-net-
works can be configured on a single
6-MHz cable-TV channel for an ag-
gregate data rate of 2 Mbps. The
gateway card provides software
driver support for many popular net-
work operating systems, including
Novell (PX and ODD, Microsoft
NDIS, TCP/IP, and IBM NetBIOS.
The HomeWorks model PCTV-R is
available for less than $500. Q

The Meter to Pick
When You Have
Things to F

So Many Ways!

Digital Readout
Backlit 4-digit display with big
numerals (17mm, 5/8°).

Analog Bar G'aDh ||||||_||II]||||||
Simulates an analog meter to indicate
trends and changes.

Probe Hold™

Store your last stable reading for later;
allows safer meter operation because

yOu Can keep your eyes on your work.

Peak Hold™

Measure and store peaks as short as
1ms. Detect transients, measure inrush
currents, and determine crest factors.

Auto Min Max™ with Averaging o &'/ ¥ # & + W & ¥ V vV V V
Record the minimum, the maximum :

and the average reading, unattended.

Fully autoranging for maximum

resolution.

Auto Rel™ Relative Mode
Read the difference between the
present and previously stored values.
Fully autoranging for maximum
resolution.

Intermittent Detector

Locate intermittents, broken wires,
loose connections quickly and easily.
Once you've used Wavetek's exclusive
Fault Finder™, you'll never want to be
without it.

Vvvvvy

vVvvvvy vy

vvvyvy V vvvy

VVvvvvvVvvyYvvyvvvy

vVvvvy Vv vvvy

with powerful tools for tough trouble-
shooting jobs. The exclusive Fault Finder
pinpoints intermittents faster than any other multi-
meter. Memory modes can store readings while
your hands and eyes are busy. True rms, as well
as peak readings, help hunt down damaging
power harmonics.
And there’s a big, 10,000-count backlit dis-
play, and an easy-to-use MENU system that
lets you jump between all these capabilities
without having to drag out the manual.
The Wavetek 2030. It’s the one meter
you'll choose when it’s time to
fix something.

g

The Wavetek Model 2030 DMM is packed
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Wavetek Corporation
9145 Balboa Avenue
San Diego, CA 92123
(800) 854-2708
(619) 279-2200
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No other training
to troubleshoo

Only NRI walks you through
the step-by-step assembly of
a powerful 486sx computer
system you train with and
keep—qgiving you the hands-
on experience you need to
work with, troubleshoot, and
service today’s most widely
used computer systems. Only
NRI gives you everything you need to start
a money-making career, even a business
of your own, in computer service.

No doubt about it: The best way to learn to service
computers is to actually build a state-of-the-art
computer from the keyboard on up. Only NRI, the
leader in career-building at-home electronics training
for more than 75 years, gives you that kind of
practical, real-world computer servicing experience.

Indeed, no other training—in school, on the job,
anywhbere—shows you how to troubleshoot and
service computers like NRI.

Get inside a state-of-the-art 486sx
computer system... and experience
all the power and speed of
today’s computer technology!

With NRI’s exclusive hands-on

computers

NEW!
486sx/25 MHz
Mini-Tower

Computer!

DISCOVERY LAB
DIAGNOSTIC HARDWARE Complete breadboarding system
AND SOFTWARE lets you design and modify
R.A.C.E.R. plug-in diagnostic circuits, diagnose and repair faults
card and QuickTech menu-
driven software, both from LESSONS
Ultra-X, give you hands-on Cle;ar illustrated texts
experience with today’s build your understanding
professional diagnostic tools of computers step by step

MONITOR
High-resolution, nonglare,
14" TTL monochrome
monitor with tilt and swivel
base

DIGITAL

LOGIC PROBE

Simplifies analyzing digital

circuit operation

DIGITAL

MULTIMETER

Professional test instrument for

quick and easy measurements

SOFTWARE

Train with MS-DOS and
popular Microsoft Works
applications software

e -

training, you actually build and
keep a powerful 486sx/25 MHz
mini-tower computer system.
You start by assembling and
testing your computer’s 101-key
“intelligent” keyboard, move on
to test the circuitry of the main
logic board, install the power
supply and 1.2 meg high-density
floppy disk drive, then interface
your high-resolution monitor.
What’s more, you now go on
to install and test a powerful 80
meg IDE hard disk drive—today’s
most-wanted computer periph-
eral—included in your course to

"
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dramatically increase your com-
puter’s data storage capacity
while giving you lightning-
quick data access. But that’s
not all!

Professional diagnostic

hardware and software

make troubleshooting
fast and accurate

Your NRI training now includes
a remarkable diagnostic pack-
age that allows you to quickly
locate and correct defects in
IBM XT, AT 80286/80386/80486,



shows you how
and service
like NRI!

:W! 80 MEG HARD
SK DRIVE!

u install this 80 meg IDE
rd disk drive internally, for
:ater data storage capacity
d data access speed

NRI gives you the confidence and the know-how to
step into a full-time, money-making career as an
industry technician, even start a computer service
business of your own!

NEW! 486sx/25 MHz
MINI-TOWER COMPUTER!
Features 32-bit 80486sx CPU,

1 meg RAM, 64K ROM, 1.2 meg
high-density floppy disk drive

: No experience necessary...
NRI builds it in

With NRI, you learn at your own pace in your own
home. No classroom pressures, no night school, no
need to quit your present job until you're ready to
make your move. And all throughout your training,
you have the full support of your personal NRI
instructor and the NRI technical staff, always ready
to answer your questions and give you help when-
ever you need it.

FREE catalog tells more. Send today!

Send today for NRI's big, free catalog that describes
every aspect of NRI’s innovative computer training,
as well as hands-on training in TV/video/audio
servicing, telecommunications, industrial electron-
ics, and other high-growth, high-tech career fields.

If the coupon is missing, write to NRI School of .
Electronics, McGraw-Hill Continuing Education
Center, 4401 Connecticut Avenue, NW, Washington,
DC 20008.

IBM is a registered trademark of International Business Machines Corp.
QuickTech and R.A.C.ER. are registered trademarks of Ultra’X, Inc.

and compatible computers. i ”R School of For career courses approved i
Yowll use your Ultra-X . Electronics under GI Bill .
QuickTech diagnostic so e McGraw-Hill Continuing Edication Center :_ﬂ" [ check for details
gNnostic . 4401 Connecticut Avenue, NW ,J.ﬁ .
to test the system RAM and | Washingon, DC 20008 | H ' [ ]
such pengheral adapters as 8 # Check one FREE catalog only 8
parallel printer ports, scrial ] CMICROCOMPUTER SERVICING ) Computer Programming 8
communications ports, video T TV/Video/Audio Setvicing O Security Electronics
adapters, and floppy and hard | o Industrial Electronics & Robotics 0 Electronic Music Technology [ |
disk drives. You’ll go on to use . [1 Telecommunications [ Desktop Publishing .
. . [ Basic Electroni [ Programming in C++ with Windows
your R.A.C.E.R. diagnostic card, [ ¢ Hlectronics & [ |
also from Ultra-X, to identify [ _ ]
individual defective RAM chips, g Name (G Age g
locate interfacing problems, and e i
. . . . ress
pinpoint defective support chips. = .
This §n.gemous diagnostic City/State/Zip Accredited Member, National Home Study Council 3-1293
package is just one more way [ wm 1 SN N 1 N 1N N IO O O O ]
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Whats new in the fast-changing video industry.

DAVID LACHENBRUCH

® Europe's TV dilemma. The
audio-video fair in Berlin has served
as a launching pad for Europe's ana-
log high-definition TV system, HD-
MAC, for the last six years. In 1993,
the every-otheryear event was with-
out any high-definition mooring for
its 450,000 attendees, as British
politics and American technology
combined to kill off the European
expectations for a quick transition
to HDTV. With an eye on American
development or digital HDTV and a
second eye on the recession in En-
gland, the United Kingdom refused
to subsidize the proposed analog
HD-MAC system or its anticipated
predecessor, D2-MAC. The British
decision was strongly influenced by
the existing satellite broadcasters,
who preferred to continue broad-
casting in the PAL system, as op-
posed to MAC, which virtually
nobody could receive.

So Berlin 1993, which had been
intended to mark the introduction of
European HDTV, turned into a sort
of conglomeration of watching and
waiting as broadcasters and man-
ufacturers watched the progress of
digital HDTV in the United States
and waited for the recession to lift.

® Widescreen fever. Instead of
HDTV, the emphasis of the 1993
Berlin fair was on widescreen TV,
with 16:9 aspect ratio. Virtually
every TV manufacturer exhibiting
there showed at least one wide-
screen set, and the developers of
the ill-fated HD-MAC touted wide-
screen as an interim step before a
new HDTV system could be de-
veloped. A compatible improved-
definition HDTV system was being
pushed hard by German broad-
casters, and there was a strong pos-
sibility that that technology could be
implemented in the near future—if
the European Community Council
appropriates money for a start.
The system is called “PALplus,"
and it's an ingenious method of

bringing the resolution of letterbox-
ed TV transmissions up to the stan-
dards of regular PAL broadcasting.
Under the PALplus system, stations
would broadcast compatible letter
boxed programs—that is, wide-
screen programs that can be
displayed on standard sets but with
black bands above and below the
picture area. On these standard
sets, the widescreen picture, dis-
played full width, results in only 432
of the PAL system's 576 active lines
being used for the actual picture,
the remaining 144 lines making up
the black bar.

However, when a widescreen pic-
ture is displayed on a widescreen
PALplus receiver, all 576 lines of pic-
ture information are displayed. PAL-
plus achieves this by adding
"helper” signals in the black bands
above and below the letterboxed
picture transmission. While a con-
ventional TV set will display a 432-
line letterboxed picture, a PALplus
set displays the picture in full detail.
As explained by its proponents,
PALplus “vertically low-pass filters
the 576 lines of picture information
to produce the 432 used for the
compatible letterbox display on
conventional 4:3 sets, and using the
remaining 144 lines to carry informa-
tion, derived from vertically high-
pass filtering the picture informa-
tion, to enable PALplus sets to re-
store the full detail contained in the
original 576 lines."

PALplus is backed by Europe’s
four largest TV manufacturers—
Philips, Thomson, Nokia, and Grun-
dig—as well as Germany's state-
owned broadcasters and, perhaps,
by Britain's BBC.

® Digital search continues.
Despite half-way solutions, Euro-
pean broadcasters and TV man-
ufacturers, like their American
counterparts, are convinced that a
digital system is the ultimate solu-
tion. The first European digital pro-

posal was developed by Swedish
broadcasters and is espoused also
by Finland-based Nokia, Europe's
third largest TV manufacturer. There
could be tests of this system before
1994 is over. It is expected to be
only one of many proposed digital
systems, and Europe's quest for
digital HDTV gives promise of true
worldwide compatibility.

® Laser TV. One of the Berlin
fair's real show-stoppers was
“Laser TV." demonstrated by Ger
man TV manufacturer Schneider as
the future of television. Schneider
promised to have laser TV on the
market in three years and ciaimed it
had patent protection for the sys-
tem. (Zenith demonstrated laser
projection TV in the U.S. about a
decade ago.) Schneiders demon-
strations featured a theater-sized
rear-projection system and a front-
projection system with a screen of
about 30 inches.

Schneider claims that the laser is
the perfect medium for HDTV be-
cause of size and resolution con-
straints of cathode ray tubes. In
addition, Schneider argues, laser
TV eliminates any problems of X-
radiation hazards and reduces ma-
terial and energy requirements of
CRT systems because it “‘dis-
penses with the picture tube and
screen.” Because laser light is co-
herent, focus is no problem. “The
light beam emitted from the laser TV
system and deflected by a scanner
unit carries all the picture informa-
tion in the TV colors red, green, and
blue, and is thus capable of repre-
senting any TV or video picture on
any front- or rearprojection sur
face,” says Schneider, “without es-
sential light loss, without con-
vergence problems, and in any
desired size with laser precision.”

Laser TV can provide "the high-
est definition pictures in the world, "
with only 20% the power require-
ments of CRT TV. Q




5 WAYS TO STOP
WASTING TIME IN
ELECTRONICS.

Stop wasting your
time soldering. Save
+ hours of soldering,
desoldering, resoldering
with Quick Test™ sockets
and bus strips. Connect/
disconnect resistors, capac-
itors, transistors, ICs, etc. as
fast as you can push in/pull
out leads. interlock for limit-
less expandability. Priced as
F | low as $1.60, you'll wonder
- | how you've done without
4 them!

Stop wasting
your time
breadboard-
[ ] ing. Here
are three popular PROTO
BOARD® Brand solderless
breadboarding systems that
meet any budget or time Ay
schedule. First the diminutive f .-
PB-10's 840 contact points &
and 3-color binding posts.
PB-102 has 1,240 tie points,
accepting up to 12 16-pin ICs.
Finalily, PB-103, with 2,250 contact
points, and up to 24 16-pin capacity.
They’re affordable, American-made,
lifetime guaranteed. You'll soon see

why PROTO BOARD Brand is mm
Today’s Standard .
for Quality in BOARD
Breadboarding. BRAND

B Stop wasting your
time jury-rigging

large numbers of circuits. Here are two oversized
PROTO BOARDS Brand, with expanded area, tie
points, and more to keep your ideas together. PB-
104 features 3,060 tie points, which can handle to 32
16-pin ICs with ease. Four color coded binding
posts, and roomy 9.2" x 8" metai panel make it
big...but simple. The humungous PB-105 lets you
load up to 48 16-pin ICs, and much more onto its

N
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Call toll-free for details

GLOBAL
1-800-572-1028 SPECIALTIES

CIRCLE 191 ON FREE INFORMATION CARD
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5-color coded oy
binding posts § = =
and 17

sockets, for
over 4,560
contact
points.
Lifetime

guarantee.
American-
made.

Affordably priced.

Stop wasting your
time plugging-
in external power.
n We've added the
power to the breadboard. And,
what power! Up to triple voltage
power, +5V, +12V, - 12V, reg-
ulated/current limited and DC.
Up to 2,250 tie points, with 24 IC
capacity and 14 pin DiPs. Now you
can create, test and modify TTL, CMOS,
Op-Amps and even microprocessor circuits. Plus,
there is the standard Global Lifetime Guarantee on
the sockets. And, wait 'til you see the modest prices!

0. W

Stop wasting time designing
computer circuits. Now you can
use your solderless breadboard
concepts for designing accessory
circuits. PROTOCARD® is a PROTO
BOARD Brand which fits any standard

slotin your IBM, PC/XT or PC/AT computer. Some
modules even include built-in basic decoder circuits
for memory and I/0 addressing. Breadboard areas up
to 3,360 contact points. Buffered versions eliminate

. l0ading of pc buses.

B imnir s, Ly
Eonaenaioes iy
[

Global Specialties. An Interplex Electronics Company.

70 Fulton Terrace. New Haven, CT 06512.

Telephone: (203) 624-3103. ¢ Interplex Electronics 1989.
All Global Speciatties breadboarding products made in USA.
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FIG. 1—THIS CONSTANT VOLTAGE SUPPLY has a variable output. It can supply more
than 5 amperes, and has two switchable current limits.

CONSTANT REGULATOR?

Could you please explain
what a constant voltage reg-
ulator is and draw a schematic
of one. I'm not sure what they’re
used for and how they are
made.—D. Ha, Pearl City, HI

This is an easy guestion to an-
swer. The best way to describe a
constant voltage regulator is to say
that it is a circuit that provides a
constant voltage output re-
gardless—within limits—of the in-
put voltage. The schematic for a
regulator depends largely on the
kind of regulation you want, and the
amount of power that must be regu-
lated.

Figure 1 shows a constant-volt-
age supply with a few bells and
whistles thrown in. The output volt-
age can be varied over a fairly wide
range. It can supply more than 5
amperes, and has two switchable
current limits. Perhaps you'll find an
application for the circuit in Fig. 1.

SAFETY CUTOFF
| have an electric welder that’s
powered by a 4-cylinder gas-
oline engine, and I'd like to in-
stall a safety cutoff that is

triggered by the speed of the en-
gine. | have a universal elec-
tronic tachometer and a plug-in
relay with a 12-volt coil. The ta-
chometer has five wires coming
from it, and | think I've identified
the signal, ground, and power
lines. Is it possible to pick the
signal off the meter on the ta-
chometer and use that to trigger
the relay and cut the ignition to
the engine? | would appreciate
any help you can give to me.—C.
Moren, Bonnyville, Alberta

You haven’t gone into great detail
about the tachometer and, from
what | can tell, you don’t know much
about how the tachometer works.
It's never a good idea to build a cir
cuit around something you don't
completely understand, and this is
especially true if you're trying to
control something that can be as
potentially dangerous as an electric
welder.

To start off, the cutoff switch
should interrupt the power going to
the welder, rather than the ignition
of the engine. Remember that even
if you cut the ignition, the engine will
still have to shut down, and it will
continue to generate power while it

does so. That can damage the
welder because the power gener
ated during engine turn off will be
progressively less and less; some
welders can be damaged just as
easily if they are underpowered as if
they are overpowered. The cutoff
circuitry should be designed to sup-
ply power to the welder only as long
as the engine is running at the cor
rect speed.

The key to the safe operation of
the system s the tachometer. Many
tachometers will produce a signal at
a settable RPM, and they're the
units | would use. You can find them
at your local auto parts store, look-
ing through the J.C. Whitney cata-
log (they're located at 1917-19
Archer Ave., PO Box 8410, Chi-
cago, IL 60680), or reading the clas-
sified advertising pages of a good
automobile magazine.

It's also possible to build your
own tachometer. If you look back in
the June 1987 issue of Radio-
Electronics you'll find a ta-
chometer project that just might be
useful to you. If nothing else, do
keep in mind my suggestion to cut
power to the welder, and not the
engine. Q



Introducing a New Era
In Technical Training.

World College, an affiliate

of the Cleveland Institute of
Electronics, was created to
provide a four year, indepen-
dent study, technical degree
program to individuals seeking
a higher education. The
Bachelor of Electronics Engi-
neering Technology Degree,
offered by World College, pre-
pares students for high-paying
careers in electronics, telecom-
munications, electrical power,
computer and control systems.
World College’s curriculum

is taught in an effective, time-
proven, independent study
environment. With World
College’s flexible study sched-
ule, students have the opportu-
nity to work or spend time with
their family without having to
worry about rigid scheduling
residential colleges offer.

A Quality Education
with a Fexible
Schedule.

In a world heavily dependent
on electronic equipment,
people who understand elec-
tronics will have no problem
putting their knowledge to
work... in high-paying careers.
The staff and faculty of World
College have invested over ten
years developing, what we be-
lieve to be, the finest indepen-
dent-study, baccalaureate
degree program available.
World College’s mission is

to instill in each student the
knowledge, education, and
training that employers are
seeking for the many technical
positions available today. It's

a program created to provide
the best education and
training possible with
a flexible schedule

to match your busy
lifestyle.
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World College is currently seeking
approval to confer the Bachelor
Degree from the Virginia Council of
Higher Education.
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Earn A
Bachelor of
Electronic

Engineering
Technology
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WORLD

COLLEGE

Bringing Technology Home!

Lake Shores Plaza
5193 Shore Drive, Suite 113
Virginia Beach, VA 23455-2500

Send For Your Free
Course Catalog.

Take the first step towards a new start
In life. Send for World College’s Free
Independent Course Catalog today and
discover how easy and affordable it is
to get started on your Bachelor Degree.

World College is affiliated with

IR,

Complete the Entire
Degree Program Under

One Roof. Yours!

Only World College offers an
independent study, four year
technical degree which can
be completed through one
school. All lab equipment”,
parts, and software are
included in your tuition and
the program’s 300-plus
laboratory experiments can be
completed in your own home.

You Pay Only For Time
Actually Used.

World College not only
provides a means to earn

a Bachelor Degree while
fulfilling current obligations,
but there are no restrictions
on how fast you can complete
the program. At World
College, you pay tuition only
for the actual upper-level
semesters it takes to graduate.
The quicker you complete the
program, the less you pay in
tuition. It's an effective way to
keep you motivated in order
to complete the course and
move on to a better paying
position as quickly as possible.
Currentty not available in Chio.

' Student must have access to a personal
computer system.

|

I D YES! Please send me I

] world College’s Free Course |
Catalog detailing the full
curriculum.
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Return to:

World College

I Lake Shores Plaza
5193 Shore Drive, Suite 113

l Virginia Beach, VA 23455-2500
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KEEP IT SIMPLE

| enjoyed reading Jon Bek's arti-
cle, "PC-Based Universal Remote
Control," in the June 1993 issue of
Electronics Now. It must pro-
duce fabulous delusions of gran-
deur, at least, to be able to turn off
your TV with “SILENCE, PEAS-
ANT!”

But, do | just not get it? If the 4051
really does connect the I/O pin 3
with input channels O through 7 on
pins 13, 14, 15, 12,1, 5, 6, and 7,
respectively, based on the address
supplied to pins 9 through 11, and if
it is bidirectional as /0O implies, why
not just use two of them?

First, connect the eight input-
channel pins of one 4051 to col-
umns 1 through 8 of the keyboard.
Then connect five of the input chan-
nel pins of another 4051 to rows A
through E of the keyboard, and con-
nect their I/0 pins 3 together. Next,
connect the address lines of the
first 4051 to parallel port output bits
0 through 2 and its enable pins 6 to
3. Finally, connect the address lines
of the second 4051 to parallel port
output bits 4 through 6 and its en-
able pinto 7.

Then, one can connect any row to
any column by sending column +
row * 16 to the parallel port and
disable it with 255, all assuming pull-
up resistors, etc., as shown in the
schematic.

So, what am | missing?

R.S. FLEISHMANN ||
Delta, PA

Of course! I'm embarrassed that |
didn't see that myself. Your sugges-
tion greatly simplifies the circuit.
You are henceforth invited to peek
over my shoulder anytime—prefera-
bly before | wire-wrap another un-
necessarily complex design! | offer
the poor excuse that the 1 X8 mux |
originally had in mind was a unidirec-
tional device. My favorite surplus
parts house was out of that chip, but
my trusty dog-eared copy of Don
Lancasters CMOS Cookbook was
in my back pocket, and the 4051

device described therein seemed
the ideal replacement. The fact that
the device is bidirectional didn't
really register until | received your
note. I've been kicking myself ever
since.

I've received additional requests
for a serial-port implementation of
the interface. One way to add this
would be to add serial-to-parallel
conversion ahead of the existing in-
terface. It should be fairly straight-
forward to add a UART here to
perform the conversion, and a Max-
im MAX-232 chip to convert the
PC's RS-232 signal levels to ordi-
nary logic levels. The MAX-232 is
neat because it runs off a 5-volt sup-
ply, which keeps things simple.

I've also recently discovered two
companies that market smart re-
motes with serial interfaces built in.
The OnefForAll is offered by Home
Automation Laboratories
(800-935-4425), and a similar IR kit
with source code is available from
Home Control Concepts
(619-693-8887).

My new project is to rework Invis-
ibot as VideoBot for Windows and
the Covex Voice Blaster, which
adds voice recognition to a variety
of PC sound cards. Video for Win-
dows will bring form to VideoBot in
the full-motion image of a very prop-
er English butler, and, if | can sell my
wife on the idea, a pretty French
maid.—Jon Bek

50% DUTY CYCLE 555 CIRCUIT

Seeing all of the recent interest in
the venerable old 555 timer circuit,
and having been a 555 user since
the mid-70’s, | felt compelled to
write. Now | can safely state that the
old 555 has been outdated by its
successors: the LTLC555 and the
ICL7555, which are the CMOS ver
sions of this extremely useful chip.
The new chips are faster, have a
wider supply range, use less cur
rent, and (probably most important)
are more immune to input noise.

s
Rl c=s ~»v
e Y

L TLC 5SS

FIG. 1

I've recently seen quite a few ver-
sions of 50% duty cycle 555 cir
cuits, all of which suffer from one of
two problems: poor symmetry from
loading of the output or difficult, if
not impossible, variable frequency
control. The one design flaw of the
chip itself is that a discharge tran-
sistor is provided on the chip at pin
7, but there is no charge transistor!
By adding an external charge tran-
sistor (2N2222) and one diode
(1IN4148), you can have 50% duty
cycle with no output loading and
one control for the frequency.

The simple circuit shown in Fig. 1
uses that technique to provide a
continuously variable output of
about 100 Hz to 100 kHz at 50%



ity cycle. When the discharge
—ansistor is off, the 2N2222 acts as

1 emitter follower, charging C1
irough R1/R2. When the dis-
large transistor turns on, the
N2222 turns off and C1 dis-
1arges through R1/R2 at the exact
ame rate. The 1IN4148 adds some
amperature compensation.

The one quibble | might have
sout using the CMOS 555s could
2 the lower output current they de-
ser. It's very easy to add buffers to
1eir outputs, as shown in Fig. 1.
ach gate of a CD4049/CD4050
an supply at least =10mA, so you
an parallel as many as you need
sing one input gate to buffer the
55 output from the parallel input
apacitance of the combined gates.
KIP CAMPLSI
south Bound Brook, NJ

DISK DENSITY

In reference to "‘Density Prob-
ems’ (Q&A, Electronics Now,
August 1993), | have had to deal
with that problem in the past. Not
having the correct hole puncher (the
one | used for my 5%s-inch Apple |l
disks wouldn't work), | considered
drilling a hole, as you mentioned. |
discarded that idea, not relishing the
idea of plastic chips and dust grind-
ing into the media, drive heads, and
other moving parts of the drive.

Figuring | had nothing to lose,
since | was unable to recover the
data from the disk anyway, | heated
up the old pencil soldering iron and
carefully melted a hole in the appro-
priate place. Apparently, it need not
be as big as the square hole that the
manufacturers put in, as long as it is
correctly placed. That method
worked like a champ, and | was able
to recover my data files.

Although | have used the disks
intermittently for several years, | al-
ways back up the data on another
disk. | am as cheap as the next guy.
but first-class, big-name, high-den-
sity diskettes can be purchased at
department stores or warehouse-
type shopping clubs for a song.
Why risk losing your data for a 20-
or 30-cent savings? | only use the
double-density disks for my old Mac
Plus, and for backing up something
that will fit on a 720K disk.

JACK HARRAH
Sacramento, CA

AMAZING

Remember those Martian

Space Ships in HG Wells _—
War of the Worlds?
MYSTERY

Levitating Device
Objects float on air and move to the
touch. Defies gravity! Amazing gift,
conversation piece, magic trick or
great scientific project.

. | 670nm diode. Caution, Class llla item.
TV & FM Joker/Jammer %080

» ELECTRONIC ‘®
PRODUCTS and KITS

l Laser Pen
Pen sized laser, great for movies,

drive- ins, pointer. Ready to use, with
_,»I batt's. LAPN1 Laser Pen . $149.50

77| pocket Laser Kit

' 3mw or Smw kits, with solid state

| VRL3KM 3mw Laser Kit .

Crystal clear, ultra-sensitive pickup
transmits voices, sounds to any FM
radio. For security, monitoring

chikiren, invalids. Be the local Dy | C.ecironic module,

ANTIK Easy-Ass'y KiUP1ans$19.50 | pocyer size device lets
\NTIR & you remotely
3 MILE | disrupt TV or radio reception. Great | VRLSHM! 5 Chesrikily, 3“9 o
. gag!' Discretion required. Easy-build MORE Laser Kits!
FM ereless' electronic kit EJKIKM ... $19.50 | | AS1KM 1mw Laser, 632nm, HeNe
Microphone! Easy to Build Kit ........ $69.50

100,000 V - 20’ Range
Intimidation Device!

for handheld, portable, or fixed uses.

| LAS4KM 3mw Version, Kit $99.50

| LATOS Low Cost HeNe Laser Tube!
| 5mw Tube & Plans . . only $24.50

may be enclosed

Automatically transmits 2 sides of
phone conversation to any FM radio.
Tunable, easy-assembly PC board.
Operates only when phone is in use.
VWPM? Plans
VWPMK7 KltIPIans

INFORMATION UNLIMITED
Dept RE-4  Box 716, Amherst NH 03031
Phone 603-673-4730  FAX 603-672-5406
MC, VISA, COD, Check Accepted. ADD $5 S&H.

TAP20X System

MVP1Plans  .......... $7.00 Other parts available separately.
MVPIK KitPlans ......... $39.50 :mgKP',‘("’t‘s&(f,’mfbf‘? © f"“)‘ gggg | Great Low Budget Science Project!
3MILE READY-TO-USE, AUTOMATIC | Shocker Force F.ie_ld
Telephone 4 N\ | Phone Recording ENAN Vehicle Electrifier
Transmitter! System | £

Complete with extended play tape |
recorder & line interface switch.
Automatically records both sides of
conversation. Check Local Laws on
Proper Use! Ready-to-Use System.

%z?

Make hand shock balls, shock wands
"""" $149.50 | electrify objects, charge capacitors.
— | Great pay back for those wise guys!
| SHK1KM Easy-Assembly Kit$24.50
Order by Malil, or by 1
ZLbrOrderBhone with many more items!
LFREE with order, or send §1 P&H

800-221-1705

Save on cable rental fees!

CABLE TV
DESCRAMBLERS

WE’LL BEAT &
ANY PRICE ?

JERROLD-TOCOM-ZENITH
HAMLIN-OAK-PIONEER

SCIENTIFIC ATLANTA

e 24 HOUR SHIPMENTS!
= 30 DAY MONEY BACK GUARANTEE!
* QUANTITY DISCOUNTS!

MASTER CARD /AEX /VISA/C.0.D.

Have make and model number of
equipment used in you area ready.

CALL TOLL-FREE ¢
1-800-284-8432%

CABLE WAREHOUSE g

10117 West Oakland Park Blvd., Suite 315, Sunmse. FL 33351

NO FLORIDA SALES MEMBE[%] &
Anyone implying theft of service E %
CPNTPNT 2N 20T 2N 2N

%@(ﬁ\.
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will be denied assistance.
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BeanFCC
LICENSED

ELECTRONIC TECHNICIAN!

Yleamat home in spare time.
Al No previous experience needed!

No costly school. No commuting to class.
The Original Home-Study course prepares
you for the “FCC Commercial Radio-
telephone License.” This valuablelicenseis
your professional “ticket” to thousands of
exciting jobs in Communications, Radio-
TV, Microwave, Maritime, Radar, Avionics
and more...even start your own business!
You don't need a college degree to qualify,
but youdo need an FCC License.

No Nead to Quit Your Job or Go To School
This proven course is easy, fast and low
cost! GUARANTEED PASS—You get your
FCC License or money refunded. Send for
FREE facts now. MAIL COUPON TODAY!

command PRODUCTIONS
FCC LICENSE TRAINING, Dept. 90

P.O. Box 2824, San Francisco, CA 94126
Please rush FREE details immediately!

NAME
ADDRESS e — —
L2 1 — STATE ___ ZIP
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EQUIPMENT REPORTS

 The on-disk
- electronics
laboratory.
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lectronics is one subject that
Ecan't be learned with the help

of books alone. Hands-on ex-
perience is essential for students
who want to gain an understanding
how components work and to be-
come familiar with test equipment.

Unfortunately, many students
lack the test equipment, power sup-
plies, and components that are re-
quired on an electronics learning
workbench. That's where the
Electronics Workbench circuit sim-
ulator can be a real help.

Electronics Workbench Version
3.0is produced by Interactive Image
Technologies Ltd. (908 Niagara
Falls Blvd., North Tonawanda, NY
14120). It allows users to build and
test computer-simulated analog and
digital circuits. It runs on IBM-stan-
dard PCs with an 80286 or better
processor, a hard disk, 512 kilo-
bytes of RAM, a Microsoft compati-
ble mouse, EGA or VGA display
capability, and MS-DOS 3.0 or high-
er. A math coprocessor is sup:
ported, but not required. Interactive
Image Technologies also produces
a monochrome version that will run
on an XT with floppy-disk drives, and
CGA or Hercules graphics ca-
pability. A version for Macintosh
computers is also available.

Just as Microsoft Windows pre-
sents computer users with a “desk-
top metaphor,” Electronic Work-
bench presents the user with a
workbench metaphor. The main part
of the screen is the workspace,
which acts as the breadboard for

Electronics Wnrkbencﬁ :Circuit Simulator

circuit assembly. Along the right edge
of the screen is a "parts bin” from
which components are selected. Test
instruments and program controls are
along the top edge.

The program consists of sepa-
rate analog and digital modules; cir-
cuits cannot combine both analog
and digital components. Both oper-
ate the same way. Parts are se-
lected with a click of the mouse, and
dragged from the parts bin to the
breadboard. Parts can be con-
nected together by clicking the ter-
minal of one, and dragging a “‘wire”
over to the desired terminal on the
other component.

Test equipment can be dragged
from the top of the screen to the
breadboard and connected to the
desired monitoring points in a sim-
ilar manner. Double clicking on the
equipment increases its size so that
its front panel can be seen, and so
that its controls can be adjusted.
The analog module features four
tools: a function generator, an os-
cilloscope, a digital multimeter, and
a bode plotter (for frequency-re-
sponse plots).

The digital module features three
tools: a logic analyzer, a logic con-
verter (which converts and sim-
plifies logic), and a word generator
(which drives circuits by producing
streams of 16 eight-bit words.

The components available in the
analog module inciude resistors, ca-
pacitors, coils, diodes, batteries,
current sources, Zener diodes, op-
amps, bulbs, NPN and PNP tran-

sistors, fuses, and transformers.
The values of the passive compo-
nents can be varied through stan-
dard ranges. To specify transistors,
a number of parameters must be
set, including saturation current, for-
ward and reverse current gain, and
thermal voltage. Op-amp param-
eters that can be adjusted include
open-loop current gain, input and
output resistance, bias current, and
offset current. Configured compo-
nents can be saved for future use.

The analog simulations are per
formed using SPICE algorithms.
The software can be configured to
analyze the transient or steady-
state response of the circuit.

The digital module contains anD
OR. XOR, NAND, NOR, and NOT gates.
RS, JK, and D-type flip-flops are

.JJ
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THE ANALOG MODULE of Electronics
Workbench. Note the parts bin along the
right side of the screen and the os-
cilloscope’s front panel near the bottom.

available, as is a half adder, seven-
segment display, and an LED probe.
To keep things simple, digital cir
cuits are simulated with ideal com-
ponents. Such real-world problems
as fan-out limitations and propaga-
tion delays are ignored.

Electronics Workbench is an ex-
cellent tool for any student of elec-
tronics. It's certainly not a substitute
for “getting your hands dirty” with
real components. But in some
ways, the software provides a bet-
ter learning experience than a real
electronics lab. Circuits can be built
far faster than is possible with actual
components, and errors become
apparent immediately. 0



Just like these
Fully Trained
Electronics
Professionals

“Thanks to CIE 1 have tripled my previous
salary, and | am now in'a challenging and
rewarding new field where only the sky is
the flimit."

Daniel Wade Reynolds

Industrial Electrician

Ore-lda 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/Consumer Products
Analog Devices, Inc.

I loved the Hexibility CIE offered. It was the
only way | could continue both school and
my demanding job."”

Britt A. Hanks

Director of Engineering

Petroleum Helicopters, Inc.

“l liked the way the school was set up with
laboratory assignments to enforce
conceptual learning. The thing which
impressed me the most about CIE's
curriculum is the way they show application
for alf the theory that is preserted.”

Daniet N. Parkman

Missile Electro-Mechanical Technician
U.S. Air Force

“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 Reynoids

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'il 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
Laboratory

Course
and the first
Microprocessor
Course. Today, no
other home study
school can match CIE's
state-of-the-art equipment
and training. And all 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 AS.
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!

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.

I Y ES ! | want to get started.

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

Please Print Clearly

AES7
Name
Address
State Zip _______ Age _____

Phone No.

Check box for G.1. Bill Benefits.
O Veteran

3 Active Duty

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

A School of Thousands.
A Class of One. Since 1934.
- G N N S -
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|
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EDC VS. PARITY CHECKING

On the parity controversy (Q&A,
Electronics Now, July 1993 and
Letters, October 1993), | have to
disagree with James Bigger's letter.
Long ago it was decided that parity
checking just doesn’t cut the mus-
tard on “real” computers.

Error Detection and Correction
(EDC) was developed to correct
even multi-bit memory errors on the
fly. without crashing or halting the
computer. A disk log of "Correcta-
ble Errors™ is normally updated each
time a correctable error occurs,

which can enable the maintenance
personnel to replace defective
memory devices later, after the
computer has been brought to a
graceful halt—with no lost data, no
screaming users, and absolute data
accuracy! Some of the more elabo-
rate mainframes will even automat-
ically re-map the memory (bypass-
ing any memory boards that have
logged errors), thus allowing board
replacement without shutting the
system down!

EDC does take additional memo-
ry bits and extra hardware, but with

Design and Verify Circuits. Fast.

Electronics Workbench’

¥ s
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Analog Module includes:
+ compilete control over all component values
+ ideal and real-world models for all active components
* TesiStors. capacitors. inductors, transformers, relays,

diodes, Zener diodes, LEDs. BITs, opamps, bulbs, fuses,

JFETs and MOSFETs

+ manual. timedelay. voltage-controlled and cusrent-
controlled switches

+ independent, voltage-controlled and current-controlled
sources

« multimeter

* function generator (1 Hz to 1 GHz)

¢ duaktrace oscilloscope (1 Hz to 1 GHz)

* Bode plotter (1 mHz to 10 GHz)

* SPICE simulation of transient and steady-state response

+ fast simulation of ideal components

* AND, OR, XOR, NOT. NAND and NOR gates

+ RS, JKand D flipflops

+ LED probes, halfadders. switches and seven-segment
displavs

¢ word generator (16 eight-bit words)

o logic analyzer (eight<hannel)

+ logic converter (converts among gates, truth table and
Boolean representations)

" i tki g!;‘*"":
Digital Module includes:

Complement Your Test Bench

Here’s why Electronics Workbench belongs
on your test bench: Wires route themselves
Connections are always perfect. And the simulated
components and test instruments work just like
the real thing. The instruments are indestructible
and the parts bin holds an unlimited supply

of each component. The result, thousands of
electronics professionals and hobbyists save
precious time and money. Over 90% would
recommend it to their friends and
colleagues. Electronics Workbench: the ideal,
affordable tool to design and verify your analog
and digital circuits before you breadboard.

And now the best is even better - Electronics
Workbench Version 3.0 is here. It simulates more
and bigger circuits, and sets the standard for

ease of use. We guarantee it.*

@ Features in Version 3

¢ new components include JFETs, MOSFETS,
controlled sources, manual, time-delay and
controlled switches

+ reakworkd models for opamps. BITs. JFETs.
MOSFETS and diodes

+ MSDOS version now supports up to 10 MB of
RAM for simulation of bigger circuits

+ new Microsoft® Windows™ and Macintosh*
versions available

+ support now available on CompuServe*

Electronics Workbench®

The electronics lab in a computer™

Call: 800 263-5552 §

INTERACTIVE IMAGE TECHNOLOGIES LTD.
908 Niagara Falls Bivd. #068, North Tonawanda, NY 14120-2060
Telephone: (416} 361-0333 FAX: (416) 368-5799

Efscmics
i ‘Winkbench

Just $2991

*30-day money-back guarantee.

Prices ;n U.S dolfars, shipping $15. Ofter valid in U.S and Canada only.
All trademarks are the property of their respective owners.
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memory prices so cheap (even with
the recent summer price spike), |
think it is a matter of engineering
malpractice that IBM and major
clone makers chose not to imple-
ment EDC in their top-of-the-line
PCs. After all, desktop PCs are tak-
ing on roles that would have been
given to mainframes just a few years
ago.

Tomorrow's denser, faster chips
will probably be much more prone to
"soft” errors (usually caused by
background ionizing radiation). | pre-
dict that the next generation of
super-fast, memory-bloated PCs
will have to implement EDC, or re-
liability will suffer slightly.

Personally, if | had to work on an
assembly line close to a big indus-
trial PC-controlled robot, | would
feel a bit safer if the PC had EDC
rather than parity checking. On the
other hand, the human programmer
would be the most likely culprit if the
robot should happen to do a Termi-
nator Il impersonation, so | would
also hope that plant engineers were
wise enough to install a mega-dose
of watchdog timers, limit switches,
safety interlocks, and other failsafe
devices on Mr. Terminator.
CHARLES E. BARRETT
Flower Mound, TX

KEYING (AND SEEING) FOREIGN
CHARACTERS

To answer P. Durand’s question
("Foreign Characters,” Q&A, Elec-
tronics Now, August 1993) con-
cerning seeing on screen the
foreign characters that he enters in
his word processor, there is a sim-
ple solution.

He can simply get a hold of a
memory-resident program such as
Systeme Bilingue from MicoQue
Inc. (C.P.40, Postal Box R,
Montreal, Quebec, H2S 3K6, Cana-
da; telephone 514-279-1597). This
very useful program allows you to
type in French and view exactly
what you type; there is no need to
enter ASCII codes. You can also
toggle between the standard (En-
glish) keyboard and the French key-
board.

| hope that this is of help to P
Durand and anyone else who has
the same problem.

JUSTIN LEGAULT
Sudbury. Ontario, Canada Q
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Use the Free Information Card for more details on these products.

MODULAR PROTOTYPING
SYSTEM. Although bread-
boarding remains a conve-
nient way to check a design
idea, it can be the most
time-consuming stage of
the design process and, if
not done properly, can pro-
duce unpredictable resuits.
Common problems with
breadboarding include im-
proper grounding, lack of
flexibility, wrong size, and
high cost. Circuit Tree's
Smart Pro modular pro-
totyping system was de-
signed to solve those
problems. The system you
to build prototypes the
same way as the block di-
agram. It provides simple
analog and digital function
modules that can be con-
nected to each other
through a motherboard,
the same as the blocks of
your diagram. With Smart
Pro, you need only wire-
wrap the inputs and out-
puts of the modules
through the motherboard.
The 4.5X9X1.2-inch
motherboard is clear to al-
low you to easily see the
connecting wires. Circuits
are easy to build and trou-
bleshoot, and they can be
reused for other projects.
Each module is built
around one or more inte-
grated circuits and can be
configured through switch-
es and/or jumpers to per
form several related func-

CIRCLE 20 ON FREE INFORMATION CARD

tions. Each fully tested and
calibrated module provides
stand-alone functions with-
out the need for external
clocks or voltage refer-
ences. All modules have
bypass capacitors for
power supplies, sockets
for ICs, and eyelets for ad-
ditional components. The
modules are built on
2.5x2.8-inch, double-
sided PC boards with 30-
pin edge connectors.
Available analog function
modules include general-
purpose op-amps, preci-
sion amplifiers, com-
parators, A/D and D/A
converters, 555 timer,
RMS/DC converter, func-
tion generator, peak detec-
tor, stereo amplifier, volt-
age reference, and data
acquisition. Digital function
modules include counters,
comparators, contact de-

bouncer, digital word gen-
erator, line drivers and
receivers, flip-flops, multi-
plexers, and micro-
controller. In addition, there
are modules that have con-
nectors for interfacing with
PCs or microcontrollers,
bus-state LED indicators,
relays, and power FETs.
Blank breadboards also are
available for use with the
Smart Pro system.

The Smart Pro mother
board costs $89.99, mod-
ular function cards range in
price from $29.99 to
$$69.99, and blank pro-
totyping boards cost $9.99
(one blank board is free
with the purchase of five
modules).

Circuit Tree

27402 Via Caudaloso
Mission Viejo, CA 92692
Phone: 714-454-2208
Fax: 714-454-1607

WAVE-TABLE SYNTHESIZER
CHIPS. Ideal for applica-
tions in music keyboards,
karaoke equipment, MIDI
sound modules, arcade
games, and PC sound
boards, two wave-table

music-synthesizer chips
from Crystal Semiconduc-
tor provide CD-quality mu-
sic synthesis and are
compatible with the Roland
General Synthesizer (GS)
enhancements to the Gen-

eral MiDI standard. Gener
al MIDI specifies a stan-
dard set of sounds and
performance capabilities
that should be imple-
mented in MIDI syn-
thesizers, and the GS

enhancements include
sound variations, adjusta-
ble reverb, and chorus
effects. The chips also
comply with the Microsoft
Windows Multimedia Ex-
tensions and are compati-
ble with the MPC Level 2

Extended Multitimbral .

specification, which de-
fines the capabilities of
high-performance syn-
thesizers in the Windows
environment.

The CS8905 is a pro-
grammable music pro-
cessor well suited to cost-
sensitive music synthesis
and digital effects applica-
tions. It can generate up to
188 melodic timbres and
variations, 91 drum effects,
and 46 special-effect
sounds. It can simulta-
neously generate up to 16
sounds or up to 16 timbres,
producing a 16-bit stereo
digital audio output up to
441 kHz.

CIRCLE 21 ON FREE
INFORMATION CARD

The CD9203 is an ad-
vanced music synthesizer
that is polyphonic up to 32
simultaneous timbres, pro-
ducing two 16-bit stereo
digital outputs. In combina-
tion with associated pa-
rameter data, it can gener
ate up to 191 melodic
timbres and variations, 118
drum sounds, and 46 spe-
cial-effect sounds.
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The two chips can be
used together to create a
powerful synthesizer with
digital effects. A full set of
development tools and
software, including demon-
stration and evaluation
boards and design data
packages with complete
schematic and circuit-
board layout information, is
available.

The CS8905 and
CS9203 music-syn-
thesizer chips, packaged in
68-pin plastic leaded chip
carriers (PLCCs), cost $24
and $36.50 each, in quan-
tities of 1000.

Crystal Semiconductor
Corp.

P. O. Box 17847,78760
4210 South Industrial Drive
Austin, TX 78744

Phone: 512-445-7222
Fax: 512-445-7581

TV TRIGGER MATE. Os-
cilloscopes with built-in TV
triggering are expensive
and their functions are lim-
ited. An alternative for
working with composite
video is Ultech's TVT601
TV Trigger Mate, which
provides a stable trigger for
oscilloscopes. It can be
used for developing and
testing multimedia prod-
ucts, TV receivers, VCRs,
on-screen display sys-
tems, video-editing equip-
ment, closed captioning,
cable and satellite TV sys-
tems, and video-compres-
sion devices. It also can be
used to monitor video
waveforms at broadcast
sites, cable TV head ends,
satellite uplink/downlink

CIRCLE 22 ON FREE
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sites, and video production
studios.

The NTSC/PAL/
SECAM-compatible TV
Trigger Mate can trigger on
allfields, odd or even fields,
or individual field 1, 2, 3, or
4; it can even trigger on all
lines in just one field.It can
sync on weak and copy-
protected video and is un-
affected by VCR head-
switch noise. The device's
blinking marker signal,
available at the video out-
put connector, flashes on a
TV or monitor a pixel that
corresponds to the trigger
point. The marker can pro-
vide coordinates of objects
on the screen such as text
boxes. The TV Trigger
Mate also provides hori-
zontal, vertical, field, and
composite sync from an in-
coming video signal. Those
outputs are available on
rear-panel BNC con-
nectors or front-panel
probe terminals. '

The TV Trigger Mate
costs $695.

Uitech Corporation
28C Great Hill Road
Seymour, CT 06483
Phone: 203-735-5805
Fax: 203-735-6653

AUTOMATIC SAFETY ANA-
LYZER. The SA7115 univer-
sal and automatic safety
analyzer from Bapco (an af-
filiate of Sencore) is the
first product in a line of
safety equipment aimed at
the electrical, electronic-
manufacturing, electronic-
service, and medical mar-
kets. The analyzer tests
both the power and the
product to NEC, NFPA,
ANSI, AAMI, CSA, and UL
specifications.

The SA115's automatic
test functions are se-
quenced and broken into
three areas: receptacle
testing, grounding-ca-
pability testing, and AC-
leakage testing to 10 mA. A
hot-chassis test checks
the product before power is

Ao =
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turned on to prevent a
shock hazard to the tester,
the test equipment, or the
product under test.
Products can be tested
with 120 or 240 VAC to 15
amps from the front panel.
Current capabilities can be
extended with high-current
adapters. Test results are
displayed on a four-digit
LCD readout, or can be
printed on adhesive-
backed certification tape.
A built-in, preprogrammed
RS-232 port allows the
PR116 printer to directly
print any reading, or to be
interfaced with a PC to be-
come a low-priced man-
agement system for medi-
cal or production-line tests.
The SA115 analyzer
costs $1295; the PR116
printer costs $395; and the
CC119 carrying case,
which holds the analyzer,
printer, and accessory ca-
bles, costs $125.
Bapco
100 Industrial Road
Box 536
Viborg, SD 57070
Phone: 800-419-4000
Fax: 605-326-5138

DYNAMIC NOISE REDUC-
TION (DNR) COMPONENT.
Vista's universal stereo
Dynamic Noise Reduction
(DNR) Component is non-
complimentary and does
not require encoded
source material to achieve
10 dB of noise reduction
from virtually any line-level
source material—disc, FM
or TV broadcast, and tape.

The device should be in-
stalled after any signal pre-
amplifiers and before any

volume-control or tone-
control circuits. Because
the DNR can handle line-
level signals from 300 mV
rms to 3 V rms, a good
location is at the tape-
monitor inputs and out-
puts. It also can be in-
stalled at the line output of
a stereo TV to hi-fi amplifier
toimprove the quality of the
audio.
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Once installed, only one
adjustment is required. An
LED bargraph display
shows instantaneous
bandwidth from 1-35 kHz.
A front-panel switch allows
A/B comparison of the
DNR's effectiveness to be
made by forcing the band-
width open to 50 kHz.

The Dynamic Noise Re-
duction Component has’ a
suggested list price of
$139. (DNR is a registered
trademark of National
Semiconductor Corp.)
Vista
Box 1425
Bolingbrook, IL 60440
Phone: 708-378-5534

440-MHz HAND-HELD
TRANSCEIVER. Designed
“by hams for hams,” the
Realistic HTX-404 440-
MHz UHF/FM hand-held
transceiver is aimed at both
the newly licensed Techni-
cian-class user and the
more experienced ham.
The radio offers rugged
construction, easy opera-
tion, and performance that
rivals a full-sized mobile
transceiver. A selective
440-MHz-band receiver
front end minimizes inter
modulation interference,
and true FM modulation
provides a clearer voice
signal and superior packet
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performance. The
HTX-404 features a high-
capacity rechargeable bat-
tery pack and an AC
charger; 5-watt operation
when powered by 13.8
VDC power; a high/low RF
power switch; and built-in
subaudible tone (CTCSS)
encoder and decoder and
touch-tone (DTMF) en-
coder and pager. Five 15-
number touch-tone se-
quences and 16 frequen-
cies can be stored in
memory. The radio offers
multifunction scanning with
user-programmable fre-
quency steps.

The Realistic HTX-404
hand-held transceiver (Cat.
No. 19-1202) is available
for $299.99 at Radio
Shack stores nationwide.
Radio Shack
700 One Tandy Center
Fort Worth, TX 76102

ACCELERATION MEASURE-
MENT CHIP. Originally de-
veloped for air-bag sys-
tems, Analog Device’s
ADXL50, a single-chip inte-
grated acceleration sys-
tem, has been broadened

to meet industrial and in-
strumentation needs. Re-
taining the high reliability of
the automotive version,
two new versions also in-
corporate the function
blocks—sensor, modu-
lator, demodulator, os-
cillator, reference, ampli-
fiers, and self-test circuit-
ry—needed in vibration
analysis, shipping record-
ers, motion/position sens-
ing, and instrumentation
and testing.

The device has a max-
imum measurement range
spanning O to =50 g, sin-
gle +5V operation, and
complete self-test on com-
mand, including testing of
the sensing element. The
ADXL50 offers a fully
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scaled, conditioned 19-
mV/g analog output. An in-
ternal buffer ampilifier al-
lows the user to alter
sensitivity and set the zero-
g level.

Currently available are
the ADXL50JH (tempera-
ture range 0°—+ 70°C, typ-
ical 0-g bias drift =45 mV)
and the ADXL50AH
(—40°-+85°C, =60 mV),
which cost $39 and $55,
respectively. Soon to be-
come available are the
ADXL50KH (0°—+ 70°C,
+10 mV) and the
ADXL50BH
(—40°-+85°C, =25 mV),
priced at $70 and $77.
Analog Devices, Inc.

181 Ballardvale Street
Wilmington, MA 01887
Phone: 617-937-1428
Fax: 617-821-4273 Q

Be An
tlecironics
Techniciant!

As an electronics techni-
tion you assist engineers :
with the design of electronic equipment, build prototypes,
take tests an(f measurements on manufactured products
and install, service, maintain and repair equipment. The
process is creative and challenging. Now you can join the
%r‘owing field of electronics technology and earn more
than $40,000 a year.* Peoples College of Independent
Studies (PCIS) offers you training in this exciting field
without interrupting your current job or home life.

PCIS courses include:

e Professional equipment that is yours to keep at the end
of the program.

¢ Low monthly payments with no finance charges.

¢ Accelerated Leamning System, video training tapes,
hands-on lab experiments and industry certification
guide.

Five programs to choose from! Ask about our Specialized

Associate Degree. All programs accredited by the Accredit
ing Commission of the National Home Study Council.

FOR FREE CATALOG CALL TOLL FREE 1-800-765-7247

PEm_ES No obligation. No sales

OF INDEFENGENT STUDIES Person will call.
233 Academy Drive * P.O. Box 421768 :Sgurc; ltJSt Bureau of
Kissimmee, FL 34742-1768 clalfecibies
Member, D.L. Peoples Group R1293

Approved for Veterans Training
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QUARITY TV & VCR PARTS

REPLACEMENT SEMICONDUCTORS

BU208A  10/up §1%%ea o STR30120 495ea
250860  10/up 31 .99ea TNty 330123 $5.9500
2301397 10/up }199sc T STR30130 $10.95ea
2501426  10/up $) #9ea STK4273 10/up $7.9500
25D1427  10/up $1 #7en TK0080 IO/up§|3.5Doa
STK5481  10/up $10.95ea

REPLACEMENT FLYBACKS

154-040 GOLDSTAR 19.95e0 -

1540746 GOLDSTAR 19.95ea -~ 1Jf i

1-439-254-11 SONY 27.950a0 = A

1-439-357-11 SONY 9580 =& g

3214003 EMERSON 45080 u

3220011 EMERSON 29,9580

%Lmar F%Asocm C w'gm

NI i i

TLF14530F  PANASONIC  $29.958a

FCC1415AL SAMSUNG 19,9580 ( >
VCR IDLERS

164113 ORIGINAL 3.25¢a 10/up §2.99ea

VXP0521 ORIGINAL 3.2500 10/up j2.99ea

V45 0-4202-00400 REPLACEMENT  $2.95ea 10/up j2.7500

NPLYD107GEZZ REPLACEMENT 95ea

REPLACEMENT gz.sooo 10/up i|.'99.a
2 1:99ea

e REPLACEMENT  $2:50ea 10/up

POPULAR CAPACITORS

T FREE
e s 58 PACE
100M/250V 1o/tor $1250 CATALOG!
ATM/250V 10/for $5.50

10M/350V 10/for $7.50

CALL TOLL-FREE

975 JAYMOR ROAD
SOUTHAMPTON, PA 18966

MATEECTRONICS  1-800-628-1118
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NEW LITERATURE

Use The Free Information Card for fast response.

Electronics Grade Chemi-
cals, Materials & Supplies
Catalog. Chemtronics Inc.,
8125 Cobb Center Drive,
Kennesaw, GA 30144;
Phone: 404-424-4888.

Several new specialty
products for the elec-
tronics industry, including
many that are CPC-free or
have little or no potential to
damage the ozone layer,
are featured in Chem-
tronics’ latest catalog. A
special section clearly
spells out the new "CFC
Labeling Rule” (EPA Rule
40 CFR Part 82, requiring
labeling of products made
with ozone-depleting sub-
stances), along with the im-
plications of that rule for
electronics manufacturers
and servicers. Also new to
the catalog is a section on
adhesives and sealants
that are packaged to pro-
vide maximum conve-
nience and flexibility in
repair and field-service ap-
plications. Colorcoded
icons clearly identify prod-
uct categories, and cross-
reference information
helps users match older
products to the new alter
natives. The catalog also
contains detailed applica-
tions and compatibility
charts designed to help
users more closely match
specific needs with the
right products as well as
complete information on
the environmental impact
of products.

INFORMATION CARD

Mark Waller’s Managing the
Computer Power Environ-
ment: A Guide to Clean
Power For Electronic Sys-
tems; by Mark Waller. Prom-
pt Publications, 2647 Water-
front Parkway, East Drive,
Indianapolis, IN
46214-2012; Phone:
800-428-7267 or
317-298-5710; Fax:
317-298-5604; $19.95.

1 o
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For error-free operation,
every computer system re-
quires clean power. Unfor-
tunately, as electricity
travels from the utility com-
pany to your home or of-
fice, noise, surges, static,
and a host of other prob-
lems that can seriously af-
fect computer perfor-
mance and data security
are introduced. This book,
written for data-processing
specialists, technicians,
field engineers, and com-
puter-network profession-
als, provides the back-
ground in electrical tech-
nology that will help you
understand and control the
quality of the power that
drives your computer sys-
tem. The book covers basic
electricity, with an elemen-
tary lesson on electrical
power and its physics; the
difference in quality be-
tween what your computer
needs and what the power
company provides; the
effect of buildings on

power and your computer,
effective solutions to the
threats of lightning, static,
and noise; practical ways
to ensure protection with
surge-suppression devices
and grounding; and stand-
by power systems. A full
glossary and an index are
included.

Sound Blaster: The Official
Book; by Richard Heimlich
with David M. Golden, Ivan
Luk, and Peter M. Ridge.
Osborne McGraw-Hill, 2600
Tenth Street, Berkeley, CA
94710, Phone:
510-549-6600; Fax;
510-549-6603; $29.95, in-
cluding 3.5-inch disk.

Covering Creative Lab’s
entire family of sound
cards—including Sound
Blaster, Sound Blaster Pro,
the new Sound Blaster 16,
and the Sound Blaster Mul-
timedia Kit—this book-
and-diskette set contains
all you need to know to get
the most out of your sound
card and have fun doing it.
The book provides com-
plete instructions for hard-
ware and software installa-
tion, as well as trou-
bleshooting tips for solving
joystick problems, inter-
rupt conflicts, volume trou-
bles, and the like. Thereis a
thorough discussion of the
features and functions of all
the software included in the
Sound Blaster family. Cre-
ative Lab’s top technical
support staff divulge the
answers to most-often-
asked user questions, and
offer tips and tricks to en-
hance your recording and
playback, including the in-
side scoop on sampling,
microphones, and pro-
gramming.
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The book also features a
survey of, and buying tips
for, selected speakers and
third-party software for
Sound Blaster, as well as
coupons for special deals
on third-party products.
The included diskette con-
tains top-notch utilities
such as SPUTMON and
BLASTER Master, along
with dozens of sound files,
songs, and musical jingles.

Your Packet Companion; by
Steve Ford, WB8IMY. The
American Radio Relay
League, 225 Main Street,
Newington, CT 06111;
Phone: 203-666-1541; Fax:
203-665-7531; $8.

Packet radio, a form of
digital communication be-
tween one computer sys-
tem and another, can be an
exciting hobby, but begin-
ners are often confused by
packet technology and op-
erating styles. Written spe-
cifically for Amateur Radio
operators who are explor-
ing packet radio for the first
time, this book cuts
through the jargon with
clear, easy-to-understand
explanations. The book de-
scribes how packet oper
ates and provides details
on how to set up a basic
packet station, enjoy con-
versations with other ama-
teurs, and access a variety
of information.

The book also shows
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| 016805, 68HC05 and 6BHC11 Development Tools Why Take Chances
AMPLIFIER TEF{'éStW'“'“.ig"d to D’°Vfidti"€{(hi°vthléa'li.‘yn low costlools |} The FCC has revised and updated the
b leve in Cl er t . . v
CONSTRUCTION satistaction with :;?Jng:yomoanseys back gﬁa?aﬁtee, S month || commercial license exam. The NEW
{ warranty and free tech support. Call for your free catalog. | EXAM covers updated marine and
6805 Primer for Beginners 5195 aviation rules and regulations transistor
| 6805/68HC0S/6BHCTT Cross Assemblers ... .. 599 | | and digial circuitry.

: o b | 6805/68HC05 Simulator/Debugger ... irom599 | { OUR CURRENT HOME-STUDY GUIDES/
BP277—Here's background and practical de- 4 ¢g76's3 ps 3 (5, R3, RS Programmers . from $349 || AUDIO, VIDEO OR PC DISKS MAKE T
sign information on high power audio ampli- E | 48HC705/68HCB05 Pro ,;Jmmersg """ from$395 | | FAST & EASY. FEATURING NEW
fiers capable of 300+ 400 watts tm.s. You'll £} Complete PC Based Deve%opmem Systems ... om$449 | | “CAREER GUIDE" 1000'S OF SATISFIED "
find MOSFET and bipolar output transistors in - £ 6GHCDS/68HCI 1 Real Time Emultors .. ... from S895 CUSTOMERS
inverting and non-inverting circuits. To order § | Call for Current Special Offers and Combination Packages |\ FREE DETAILS

your copy send $6.25 plus $2.50 for shipping
in the U.S. to Electronic Technology Today
Inc., P.O. Box 240, Massapequa Park, NY

11762-0240.

- TE C]yﬁ; Engineers Collaborative Inc.

AR #3, Box 8C, Barton, VT 05822, USA
4 TEL: 802-525-3458 FAX: 802-525-3451

800-336-8321

WPT PUBLICATIONS
7015 N.E. 61st Ave.
Vancouver, WA 98661

Phone (206) 750-9933 Dept. 50

v

CIHCLE 181 ON FREE INFORMATION CARD

CIRCLE 105 ON FREE INFORMATION CARD

Your=— —~

PACKET
COMPANION
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readers how to use the au-
tomated bulletin boards
that form the hubs of most
packet networks, including
how to send and receive
mail, send bulletins, and
access many other useful
features. Specialized net-
works, such as DX Pack-
etClusters, are discussed
in detail.

To tempt readers to ex-
plore packet even further,
the book offers glimpses of
network alternatives such
as ROSE, TCP/IP, and Tex-
NET. Readers also are
shown how to use the
many Amateur Radio pack-
et satellites now in orbit.
informative tables and
sidebars appear through-
out the book.

1994 Catalog. Radio Shack,
700 One Tandy Center, Fort
Worth, TX 76102; $2.95 at
local Radio Shack stores na-
tionwide.

This 196-page. full-color
catalog contains more than
the usual product and pric-
ing information. For the first
time in its 44-year history,
the catalog includes
money-saving coupons on
single-item purchases of
$3 and $15 and more, 10%
off any item marked "new”
in the catalog, and 10% off
any Tandy Service Plan. In
addition, the brochure fea-
tures easy-to-understand
explanations of the fea-
tures and technologies
used in many items, and
convenient definitions of
“buzzwords” in many prod-
uct categories. The largest
Radio Shack catalog ever
printed, the 1994 edition in-
cludes quick-index gloss-
aries and color-coded
pages to easily identify
such product categories as
audio, video, telephones,
communications, auto-
motive, do-it-yourself,
home and family, comput-
ers, "just for fun,” and cal-
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culators. In each category,
easy-to-read charts match
products feature-by-fea-
ture for quick comparison
shopping. Close to 500
new products are featured,
including the Optimus Pro-
fessional Series of audio
equipment, the country’s
first digital Compact Cas-
sette (DCC) recorder, a
line of Optimus home-the-
ater components, two Tan-
dy multimedia personal
computers, and the Tandy
Z-PDA Personal Digital As-

sistant.

Wiha Professional Quality
Tools Catalog. Willi Hahn
Corporation, Box 660, 1400
East Broadway, Monticello,
MN 55362; Phone:
800-328-8310 or
612-295-5500; Fax:

612-295-4440; free.

This 24-page, full-color
catalog details the Wiha
line of professional-quality
hand tools, including
screwdrivers, T-handles, bit
selectors, dead-blow ham-
mers, awls, screw-holding
screwdrivers, and a mag-
netizer/demagnetizer. Also
included are the complete

Wiha tools

| |

I I
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line of Torx tools. Wiha also
offers insulated tools that
meet all necessary stan-
dards and are certified to
1000VAC/1500VDC. New
products include a 6mm re-
versible blade with either a
ratcheting or a power han-
dle. Those blades also are
available in slotted, phillips,
Supradriv, hex/ball,
nutdrivers, Torx, and slot-
ted/phillips. Q
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TO ORDER
CALL TOLL FREE

1-800-292-7711
1-800-445-3201 (Can.)

24 HOUR ELENCO « HITACHI « B&K PRODUCTS
SHIPPING GUARANTEED LOWEST PRICES

AFFORDABLE - HIGH QUALITY LENCO OSCILLOSCOPES
2 YEAR WARRANTY

Hitachi Compact Series Scopes

V-212 - 20MHz Dual Trace $399
V-525 -50MHz, Cursors ___~ $995
V-523 - 50MHz, Delayed Sweep, $949
V-522 - 50MHz, DC Offset $895
V-422 - 40MHz, DC Offset $795
V-222 - 20MHz, DC Offset $649
V-660 - 60MHz, Dual Trace_ $1,149
V-665A - 60MHz,DT, w/cursor $1,325
V-1060 - 100MHz, Dual Trace $1,395
V-1065A - 100MHz, DT, w/cursor $1,649
V-1085 - 100MHz, QT, w/cursor $1,995
V-1100A - 100MHz, Quad Trace $2,495
V-1150 - 150MHz, Quad Trace $2,895

B&K OSCILLOSCOPES

2120 - 20MHz Dual Trace %389
2125 - 20MHz Delayed Sweep $539
1541B - 40MHz Dual Trace $695
2160 - 60MHz Dual Trace, Delayed Swesp,
Dual Time Base $949
2190 - 100MHz Three Trace Dual Time Base,
Delayed Sweep $1,395
2522A - 20MHz / 20MS/s Storage $875

DELUXE SERIES
$-1330 25MHz $449
$-1345 40MHz $575
$-1360 60MHz $775

STANDARD SERIES

$-1325 25MHz $349

$-1340 40MHz $495

$-1365 60MHz $849

Features:
B Delfayed Sweep

B Automatic Beam Finder
B Z Axis Modulation

B Buiit-in Component Test
B Plus all the features of the “affordable” series

Features:

B High Luminance 6" CRT
B 1mV Sensitivity B2 -x1, x10 Probes
B X-Y Operation B Complete Schematic
B Voltage, Time, + Frequency differences displayed
on CRT thru the use of cursors (S-1365 only)

88 Plus much, much more

B Dual time base
B |lluminated internal
gradicule

BTV Sync

Digital Capacitance Meter
CM-1550B
by Elenco

$58.95

9 Ranges
1pt-20,000ufd

5% basic accy.
Zero control w/ Case

Digital LCR Meter
LC-1801

$125
Measures:
Coils 1uH-200H
Caps .1pf-200uf
Res .01-20M

by Elenco

Digital
Multimeter
DVM-638
$39.95

11 Functions with
Case

FLUKE MULTIMETERS

Scopemeters (Ali Models Available Call)
Model 83 $1,225.00 70 Serles
Model 85 $1,548.00 Mode! 701l
Model 87 $1,795.00 Mode! 7711
10 Serles Model 7811
Model 10 80 Serles
Model 12 Model 87

%, 3 s

$65.00
$149.00
$169.00
$62.95
$79.95

Big 1° Display $288.00

Big i BISP ay

12A DC Power Supply
2 B+K 1686
_-';-' $169.95

314V @ 124

B&K 390
$139

3-3/4 Digit DMM
Bargraph

9 Functions
Including

Temp, Freq
Rubber Boot

Quad Power Supply XP-580
by Elenco

Dual-Display LCR Meter
w/ Stat Functions
B+K 878

$239.95

Auto/Manual Range
Many Features

w/ Q Factor

High Accuracy

Fully regulated & protected
Separate voit & current meters
with current limiting , low ripple

5V @ 3A
-5V @ 5A

2-20V @ 2A
$79.95 “v 6
Fully regulated and short circuit protected

Sweep/Function Generator
with Freq. Counter

$239
Elenco
GF-8026

InVExt operation
Sine, Square, Triangle, Pulse, Ramp

Digital Multimeter Kit
with Training Course
Elenco

M-2665K

$49.95

Fun & Easy
to Build

Audio Generator
Elenco GF-800

$59
20Hz-150KHz
Sine/Square
Waves
Handheld

¢ b a.é

.210 2MHz, Freq Counter .1-10MHz

IR &5

Learn to Build and Program
Computers with this Kit

Includes: All Parts, Assembly and Lesson Manual
Model
MM-8000

$129.00
by Elenco

Starting from scratch you build a complete system, Our
Micro-Master trainer teaches you to write into RAMs,
ROMs and run a 8085 microprocessor, which uses
similar machine language as IBM PC.

WE WILL NOT BE UNDERSOLD
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UPS SHIPPING: 48 STATES 5% OTHERS CALL 1245 ROSEWOOD, DEERFIELD, IL 60015
FAX: 708-520-0085  (708) 541-0710

IL RES add 7.75% TAX
PROBES INCL ALL SCOPES & METERS

N
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Elenco Wide Band
Slgnal Generators

$G-9000 $119

RF Freq 100K-450MHz AM Modula-
tion of 1KHz Variable RF output

$G-9500 w/ Digital Display &
150MHz built-in counter $239

C&S SALES INC.

B+K 3011B $219.95

LED Display, Sine, Square, Triangle, Ramp
& Pulse Waves. TTL & CMOS

Full Function 34 Ranges, Includes
Capacitance, Transistor/Diode Testing
20Amp AC/DC, Extra Large Display, Idea
School Project M-2661 (assembled) $55

TELEPHONE PRODUCT TESTER

B+K 1045A $499.95

Provides basic operation tests for corded
& cordless telephones, answering
machines and automatic dialers.

Multi-Function Counter

Elenco F-1200
1.2GHz

$229

Measures Frequency, Period, Totalize
8 LED digits. Crystal oven oscillator,
.Sppm accuracy

15 DAY MONEY BACK GUARANTEE
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FULL FACTORY WARRANTY
WRITE FOR FREE CATALOG
G15 5uB ) CHANG
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e reless mini video
anerditter sends a piciure
IOPPL g TV set. It's ideal for

sSerurit

csronitoring

BT SErving nature.

MARTIN MO

THE MINIATURE SINGLE-BOARD VID-
eo camera used in this project is
an excellent example of how re-
cent advances in integrated cir-
cuit and surface-mount tech-
nology have led to remarkable
advances in video technologies.
A complete, reasonably priced
solid-state camera will easily fit
in the palm of your hand.

This article describes how
you can build a simple modu-
lator/transmitter and connect it
to a commercially available vid-
eo camera to obtain a portable,
battery-operated camera that
can transmit black and white
pictures from remote locations
back to your TV set. No antenna
is needed to transmit to a near-
by TV set, but if an external an-
tenna is used, the modulator
has enough power to transmit
about 100 yards. The RF modu-
lator/transmitter can transmit
over standard NTSC channels 7
to 13 or UHF channels 14 to 29.

The mini video camera on
which this project is based mea-
sures 0.91x1.81 x2.76 inches

CINNEY/ & GARNETIBBACE

and it weighs only 1.3 ounces.
The camera requires a 6- to 12-
volt DC power supply, and
draws a current of only 65 milli-
amperes.

The applications for a battery
powered, hand held TV trans-
mitter are limited only by your
imagination. Home or business
security come most readily to
mind. Because cables are un-
necessary, there is no danger of
an intruder cutting cables and
disabling the camera. The cam-
era can be placed in an unob-
trusive location protected from
the weather.

You can also use this camera
transmitter to keep an eye on an
infant in a crib or observe a dis-
abled or bedridden person. And
you could also put this camera
to work as the “eyes” of a robot
or for monitoring industrial
welding or machining opera-
tions that would pose a safety
threat to people standing too
close.

If you are a farmer, you can
monitor the behavior of live-

stock in a barn, and if you're a
nature hobbyist, you can ob-
serve wild animals and birds at
close range. The ability of the
camera to “observe” action in
reduced light will be par-
ticularly attractive.

The camera/transmitter sys-
tem can be powered from an AC
to DC wall-mounted adapter, or it
can be powered from a standard
9-volt battery. The service life of
an alkaline-manganese battery
is approximately four hours.

Camera modules with several
different configurations are
available from the source given
in the parts list. One is a super
wide-angle (110° field-of-view) 3-
mm, f1.8 lens; the other is a nar-

-rower angle (78° field-of-view)

4.3-mm, f1.8 lens. A 12-mm,
f1.8 lens is available for those
interested in aerial or nature
photography. This camera,
when placed behind the view-
finder of a single-lens reflex
(SLR) still camera, will accept
the full field-of-view of the still
camera lens and permit remote
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FIG. 1—MODULATOR SCHEMATIC. Coil L1 is the key component that determines the

frequency of oscillation.
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FIG.2—PARTS-PLACEMENT DIAGRAM. Note that the board can be cut, if needed, to fit

in a smaller case.

SOLDER SIDE of the board.

2 7/16 INCHES

COMPONENT SIDE of the board.

’4*2 7/16 INCHES

monitoring of the picture to be
taken.

The CCD mini camera is also
sensitive to infrared (IR) radia-
tion, and when paired with a
simple infrared light source,
can be used to see in the dark.
For robotic or industrial ap-
plications, a single infrared-
emitting LED emits enough en-
ergy to illuminate nearby ob-
jects.

The modulator is built on a
2% x1%-inch printed-circuit
board, which is mounted on in-
sulating standoffs above the
camera module. A wiring har-
ness and plug connect the cam-
era to the modulator.

Modulator operation

The schematic of the trans-
mitter is shown in Fig. 1. The
circuit operates as follows:
Transistor Q1 is the amplifier in
a transistor oscillator that oscil-
lates in the frequency range of
VHF channels 7to 13 (174 to 216
MHz) or slightly above (250
MHz), depending on the desired
transmitter frequency. The out-
put from the resonant tank cir-
cuit of the oscillator, formed by
coil L1 and capacitor C3, is ca-
pacitively coupled by C4 to the
base of the Class-C amplifier
stage that includes Q2.

The combination of L2 and
the parasitic capacitance of the
PC board broadly tunes the out-
put of Q2 to either the same
range of frequencies as the os-



cillator stage, or to a frequency
that is twice that of the os-
cillator stage, which permits
the transmitter to cover Chan-
nels 14 to 29 (470 to 580 MHz).

The Class C amplifier stage is
collector-modulated by a two-
transistor modulator that con-
sists of Q3 and Q4. The output
from the camera is directly cou-
pled to @3 through variable re-
sistor R6. The ratio of resistors
R9 and R8 in the collector and
emitter circuits of Q3 deter-
mines the gain of approximately
three for this stage. The output
of the camera is an NTSC com-
posite video signal of approxi-
mately 2 volts peak-to-peak
amplitude with a 0.7 volt DC off-
set. The output of Q3 is directly
coupled to emitter follower Q4,
which collector-modulates the
Class C output stage.

THE MODULATOR BOARD after being
mounted on the video camera module.

The modulator has been de-
signed to work primarily with
the camera described, but it can
also be used as a modulator for
any composite video device.
This is accomplished by chang-

PARTS LIST

All registors are Ya-watt, 5%, un-
less otherwise specified.

R1, R3—2700 ohms (see text)

R2—4700 ohms

R3—470 ohms

R4—100 ohms

R5—220 ohms

R6—5000 ohms, potentiometer

R7, R8—1000 ohms

R10—68 ohms

R11—15,000 ohms (see text)

Capacitors

C1—56 pF, ceramic disk

C2, C4—S5 pF, ceramic disk

C3—2 to 10 pF trimmer

C5, C8—470 pF, ceramic disk

C6, C10—47 p.F, 16 voits, aluminum
electrolytic

C7, C9—0.1F, ceramic disk

Semiconductors

Q1, Q2—-MPS3866 NPN transistor

Q3, Q4—2N3904 NPN transistor

D1—1N4001 rectifier diode

Other components

L1—a3 turns tinned bus wire wound
on a %s-inch drill bit for channels
7-13 OR 2 turns tinned bus wire
wound on a ¥e-inch drill bit for
channeis 14-29 (see text)

L2-—Same as L1 (see above)

J1—Bulkhead-mounted RCA jack
(optional)

J2—2.1 mm DC power jack

J3—-right-angle RCA jack (op-
tional)

S$1—-SPDT miniature switch

Miscellaneous: CCD Camera
Module (Chinon CX-102), PC
Board, plastic case, 9-volt al-

kaline battery, hardware, %4s-inch
nylon standoffs, Y2-inch No. 2-56
screws and nuts, coaxial cable,
wire, solder.

Note: The following items are
available from Bayview Hobby
Supplies, 14800 Yonge St.
#110, Aurora, Ontario, Canada
L4G 1N3. Tel: (416) 713-0528.
Fax: (416) 841-4436:

e Camera module including
wiring harness—$229.00
(specify Model M100W with
wide angle 3 mm lens and 110
degree field of view or Model
M100N normal angle 4.3 mm
lens and 78 degree field of
view)

e Modulator
(M200)—$12.95
e Drilled plastic case (M201)—
$14.95

e 9-voit AC wall adapter
(M202)—$14.95

e Modulator kit (M300)—
$49.95

e Completed modulator
(M301)—$99.95

e Kit including camera mod-
ule, all parts, hardware, and
case (M400)—$299.00

e Semi-kit, includes camera
module and fully assembied
and tested modulator board
(M401)—$329.00

e Completely assembled and
tested camera and modulator
mounted in case (M402)—
$349.00

All prices in U.S. funds.

PC board

ing the value of R9 from 2700
ohms to 4700 ohms, thus in-
creasing the gain of the input
stage and adding 15 K resistor
R11, which removes the DC off-
set from the amplifier stage.
Provision has been made on the
modulator printed circuit board
to add an optional right-angled
RCA connector that can provide
baseband video output or ac-
cept baseband video input
when the modulator is used
with other devices.

Diode DI and resistor R10
form a simple battery-charger
circuit. Diode D1 also protects
the camera from reverse voltage
should a charger with the
wrong polarity be connected ac-
cidentally.

Construction

A complete modulator circuit
board can be purchased from
the source given in the parts
list. However, foil patterns are
provided for those who want to
make their own. Note that the
circuit board stock is 0.031-
inch thick glass-epoxy with cop-
per foil on both sides. (Paper-
based PC boards should not be
used at the high frequencies
produced in this circuit).

Certain parts of the ground-
plane foil on the component
side of the board must be re-
moved to provide insulated sur-
faces for some components. See
the parts-placement diagram
in Fig. 2.

Mount all components on the
non-solder ground-plane side of
the board. Mount all resistors
vertically after forming the
leads. Mount all disc capacitors
as close as possible to the
ground plane. Both electrolytic
capacitors are mounted hori-
zontally and their axes lie paral-
lel to the surface of the board.

Begin by mounting the short-
est components first. Start first
with the variable capacitors,
variable resistor, and the ce-
ramic disc capacitors. Then add
the transistors, resistors, and
coils.

Although there are no critical
component positioning re-
quirements, take special care
when installing the transistors.
They look alike, but the circuit
will not work if they are acciden-
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tally interchanged. Capacitor
C8 is an RF bypass capacitor
that forms part of the tank cir-
cuit. Its leads should be as short
as possible.

Coil L1 is a 2- or 3-turn coil
(depending on the output fre-
quency selected) of No. 22 AWG
tinned wire wound on an %e-
inch drill bit. The coil, in con-
junction with variable-capaci-
tor C4, determines the os-
cillator frequency. This frequen-
cy is in the range of 174 to 216
MHZz for channels 7 to 13, or 235
to 280 MHz for channels 14 to
29. (The oscillator frequency is
doubled to 470 to 560 MHz in
the Class C stage for the higher
channels). Diode D1 should be
mounted with its anode closest
to power jack J2.

After all components are sol-
dered, install the battery clip,
wiring, and plug for the TV cam-
era module. These wires enter
from a hole in the bottom of the
board to provide strain relief,
and they are soldered after in-
sertion into holes in the top of
the board. The modulator can
be operated without an antenna
but, if longer range is desired,
an antenna can be connected to
output capacitor C5 (see op-
tions section).

Alignment

When the board components
have been assembled and sol-
dered, check the current drain
with the modulator connected
to a 9-volt supply. The current
drain should be about 25 milli-
amperes, and should drop to
about 10 milliamperes when the
main oscillator is inhibited
(which is accomplished by
touching L1 with a finger.) This
simple test indicates that the
oscillator is functioning and the
Class C stage is amplifying.

After testing, mount the
finished modulator board above
the camera module with two %4e-
inch long nylon standoffs and
two Y2-inch long No. 2-56 screws
and nuts.

After mounting the modu-
lator board, the camera plug
can be connected. At this time,
check the current drain again.
With the camera connected, the
drain from a 9-volt supply
should be about 85 milliamps.

With a television receiver
tuned to the desired channel
near the completed unit and
power applied to the camera
and modulator, tune C3 until a
video image appears on the
screen. Turn R6 clockwise to a
position that gives a picture
with maximum contrast and no
“tearing.”

If no video image appears on
the screen after all other possi-
ble sources of assembly error
have been eliminated, adjust L1
by separating its turns to raise
the output frequency or com-
press the turns to lower the fre-
quency. When using video
sources other than the camera,
it will be necessary to change R9
from 2.7K to 4.7K to increase
the gain of the modulator. Also
add the 15K resistor R11 to elim-
inate DC offset.

Once these adjustments are
made, mount the completed
unit in the plastic case and fas-
ten the back in position with
four self-tapping screws.

There is no voltage regulation
to compensate for battery-volt-
age variation. The resistor val-
ues in the oscillator section
have been selected so that the
oscillator exhibits a minimum
frequency shift over the usable
battery range.

Options

Provision has been made in
this design to offer the user a
number of options to give the
camera extra versatility.
® Frequency. The modulator is
designed to operate either on
Channels 7 to 13 or 14 to 29. For
Channels 7 to 13, coils L1 and
L2 are three turns of No. 22 wire
wound on a %e-inch form. For
Channels 14 to 29, coils L1 and
L2 are two turns of No. 22 wire
wound on a 3%4s-inch form.
® Enclosure. You might want
to mount the unit in its own
enclosure such as a picture
frame or lamp for surveillance.
The modulator board can be
mounted to the camera without
modification, or it can be cut
with shears along line A-A to
make it smaller.
¢ RCA Input/Output Jack.
Provision has been made on the
PC board for a right-angle RCA
jack. (Note that the board will

not fit in the case pictured if
this option is selected.) This op-
tion provides composite base-
band output from the RCA jack,
or composite video can be intro-
duced to the jack from an exter-
nal source.

® Wall Adapter. The camera
unit can be powered from any
negative ground (positive tip) 9-
volt wall adapter. When a wall
adapter is used, the battery
should be removed. Be sure that
the output of the adapter does
not exceed 12 volts.

® Rechargeable Battery. A re-
chargeable nickel-cadmium
battery can replace the sug-
gested alkaline battery, al-
though battery life will only be
about half as long (two hours
instead of four hours) before the
battery needs a recharge. Re-
sistor R10 has been selected to
recharge the battery in approxi-
mately four hours. Many re-
chargeable 9-volt batteries actu-
ally have terminal voltages of
7.2 volts and will charge at a
higher rate. Most wall-mounted
chargers are poorly regulated
and their voltage rises dramat-
ically when lightly loaded. Make
sure that the battery does not
overcharge.

® RF and Baseband Output.
For short range use (up to 30
feet), no antenna is necessary as
long as there is an adequate an-
tenna on the TV receiver. For
longer range, a 1 foot length of
No. 18 stranded copper hookup
wire can be connected to output
capacitor C5 and extended
through the case. If you want
both baseband output and RF
output, an optional RCA jack
can be mounted on the front
panel of the case and the output
from C5 can be connected to it
by a short length of wire.

A length of coaxial cable from
the camera harness can be con-
nected from the jack to the cam-
era output on the modulator
board. (The cable effectively
blocks RF from getting back
into the camera.)

If you want baseband output,
an RCA plug and cable inserted
into the jack will provide com-
posite video output to a video
monitor. If you want RF output,
an antenna can be inserted into
the RCA jack. Q
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—v what that means.
~____'n an actual resistor. current
noyes at a constant rate
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sweep through the LEDs at a
continuous rate for three cycles
and then turning off. The cycle
then repeats again after a few
seconds. The number of cycles
during which light sweeps
through the LEDs can be varied
by changing certain component
values.

Resistors do not store energy
in an electric field, as do induc-
tors and capacitors. To illus-
trate that. no LEDs are on
during the off state.

A capacitor can store elec-
trical energy while in a static
state. This is illustrated on the
visible capacitor by having the
six LEDs that represent the
lower plate of the capacitor re-
main lit during the off cycle.
After a few seconds, the bottom

plate dims completely and the
top plate then lights. The follow-
ing clock cycles successively
turn oft the outer LEDs of the
top plate. and the bottom plate
begins to light again indicate a
buildup of charge.

The visible inductor has two
display sections. the coil itself
and the leads. An electromag-
netic field striking the coils of
the inductor is illustrated by
sweeping the ten coil LEDs se-
quentially.
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FIG. 1—VISIBLE RESISTOR SCHEMATIC. This circuit drives 17 LEDs in a pattern that

represents current flow through a resistor.
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Circuitry

All three visible components
share some common circuitry.
Each is controlled by an LM556
dual timer IC and a CD14017
decade counter. Also, all three
can be powered from a single 12-
volt DC wall transformer. For
the sake of discussion, we’ll first
examine the visible-resistor cir-
cuit shown in Fig. 1.

The reset time is controlled by
one timer, ICl-a, whose timing
components are C1, R1 and R2.
The clock cycle time is set by the
other timer, IC1-b, which uses
timing components C2, R3, and

4

The electrical differences be-
tween the visible components
are the manners in which the
decade counter is controlled by
reset timer ICl-a.

In the visible resistor, the out-
put at ICl-a pin 5 is connected
to the reseTinput (pin 15) of the
decade counter (IC2). As long as
the reseT line is held high, 1C2
will not cycle and will keep pin 3
high. Since there is no LED con-
nected to pin 3, no LEDs will be
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FIG. 2—VISIBLE CAPACITOR SCHEMATIC. This circuit drives 20 LEDs that are laid out

in the pattern of a capacitor symbol.
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FIG. 3—VISIBLE INDUCTOR SCHEMATIC. The 20 LEDs in this circuit represent the
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FIG. 4—VISIBLE RESISTOR PARTS PLACEMENT. The LEDs can be mounted on either
side of the board as long as the cathode side points toward the power-supply leads.

 +12V

FIG. 5—VISIBLE CAPACITOR PARTS PLACEMENT. You can choose whatever colors

you like for the LEDs.

on at this point. When RESET
goes low, IC2 will begin its count
and repeat until it is again re-
set.

On the visible capacitor,

shown in Fig. 2, pin 3 of IC2 is
connected to the base of QI
(through R5) and also the anode
of D1. When pin 3 is high, Q1
will turn on, lighting LED1 and

LED2. Each of the current-lim-
iting resistors (R9—-R11) are
shared by two sets of two LEDs
on different sides of the visible-
capacitor plate. The Ya-watt re-
sistors are sufficient because
they have to supply current to
only one set of LEDs at any time.

Steering diode D1 directs cur-
rent to the base of Q2 and Q3, so
that they also light their respec-
tive LEDs when one output is
high. The diodes prevent il-
lumination of adjacent LEDs, so
that the outer LEDs are ex-
tinguished as the clock counts
continue. The diodes are re-
versed for the other capacitor
plate so that the LEDs illumi-
nate from the center outward.

On the visible inductor,
shown in Fig. 3, the ICl-a out-
put (pin 5) controls the crLock
ENABLE input (pin 13) of IC2.
Since IC1-a’s RESET line is never
pulsed high. the LEDs stay in
the state they were in when the
CLOCK ENABLE input went high.
The carry output of IC2 (pin 12)
provides the clock signal for
IC3. Each complete cycle of IC2
results in the advancement of
only one output of IC3, and so
99 steps are required for IC3 to
make a complete cycie.

Timing resistors included in
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FIG. 6—VISIBLE INDUCTOR PARTS PLACEMENT. Mount the LEDs last, so they’re not
in your way when installing the other components.

the kit available from the source
mentioned in the parts list are
supplied as fixed units with the
values specified in the parts list.

If you would like to experiment
with different timing-resistor
values, the kit also includes an
adapter board that lets you sub-

> MISIBLE RESISTOR PARTS

A1, A3—1000 ohms, W-watt, 5%
R2—1.2 magohms, Yewatt, 5%

R4—18,000 ohms, Y-watt, 5% ;i

4 B1-C3—2.2 uF, 25 vols, tantalum g
1C1—LM556 dual timer N
G2 004017 decade counter

17 LEDS {any color), 12-volt DC 300-mA ©
wall transformer {one is sufficient Iu’ﬁ
power gl three visible componeanis), PC &
* board, wire, solder ]
#

-~ VISIBLE CAPACITOR PARTS

Fii, R3—1000 ohms, Y-watl, 5%
R2—1.2 megohms, 1e-watt, 5% %
Rd—a2 000 ohms, Y-watt, 5%
RE-RB—4700 ohms, Yi-watt, 5%
AS-R11—&80 chms, Ye-watt, 5%
C1=C3—2.2 wF, 25 voits, tantalum
IC1—LMS556 dual tirmer s
IC2—CD14017 decade counter
D1-D4—1N514 diode

OH-06—PN2222 NPN transistor

20 LED= {ary color], 12-volt DC 300-mA
wall transtormer {one is sufficient 1o
power all three visible componants), PG~
board, wire, solder

VISIBLE INDUCTOR PARTS

1. R3, R4—1000 ohms, Ve-watl, 5% &

R2—1.2 megehma, Yi-watt, 5% %

C1-03—2 2 uF, 25 volis, tantalum

1C1—LM556 dual timer

IC2, IC3—CD14017 decade counter  °

20LEDs= (any color). 12-volt DC 300-mA »

“wall transformer (one is sufficient to

« power all three visible components), PC
board, wire, solder =

ORDERING INFORMATION
Note: The following items are
available from Art Works, 415 E. *

- Emerson Street, St. Francis, Kansas .-

* B7756:

+* PC board for any single visibla
component (specify cholce of re-

. alstor, capacitor, or inductor)—
$12.00 i
& Set of three visible component PC

* boards {ohe of each)}—530.00, or $25

* each when buying three or more sets
& Complete visible componant kit in-
cluding threa PC boards, power sup-
ply, and 57 LEDs (specify choice of
LED colors; red, grean, yellow, or
mixed}—$65.00, or $55.00 each when

., buying three or more kits

‘ ® Assembled string of three visible
componants (specity colors desir-
od)}—575.00 %
All prices include taxas, shipping,

--and handling. Visa'Mastercard or-
ders call (800) 436-6862, 24 hours a -

- day. For technical assistance call

{ (913} 332-2726, Foreign orders re-

- fquire a bank check or postal money

“ order in US funds and will be shipped

: air mail at no extra cost. =~

s

il EIR N 4%

stitute multiturn potentiome-
ters for fixed resistors. That will
be useful if you are not sure
what flash rates you want.
Continued on page 47
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FuoNE  SCRAMBAER

THERE ARE MANY INSTANCES
where some form of speech en-
cryption is needed for privacy or
security. Complex and costly
voice-scrambling systems are
common in covert military oper-
ations, but simpler and less-
expensive systems are adequate
for discouraging the casual
eavesdropper. The voice-encryp-
tion system described here in-
verts the frequency spectrum of
the speech about a reference
frequency to scramble the
audio, and reinverts it to de-
scramble the speech. Although
the system is intended pri-
marily to scramble telephone
conversations, it is not limited
to that. The device can also
scramble tape recordings,
which will be made intelligible
only with the correct de-
scrambler.

This method of speech scram-
bling is accomplished by mix-
ing the audio input to be
scrambled with a carrier tone as

shown inFig. 1. The mixing pro-
cess is carried out with a bal-
anced modulator, which results
in a double-sideband sup-
pressed-carrier signal. The two
resulting sidebands are the
lower-sideband audio frequen-
cies in the voice range (about
150-3000 Hz) and upper-side-
band frequencies (about
3000-7000 Hz).

Since most voice circuits are
designed for frequencies in the
lower sideband range, the up-
per sideband is filtered out. The
lower sideband contains fre-
quencies that are similar to the
original voice frequencies, but
it has an inverted spectrum. As-
suming a 3000-Hz carrier sig-
nal, an input signal of 500 Hz
will produce a 2500-Hz output,
and a 1-kHz signal will produce
a 2-kHz output. The spectral en-
ergy of a human voice is more
concentrated at the ends of the
voice spectrum, mainly the
300-1000 Hz range, and some-

PHONE SCAAMRLER

Rass

what less in the 2000-2500 Hz
range. The resulting output will
therefore have a very high-
pitched sound, and be unin-
telligible. It can, however, be
carried over normal telephone
lines without being understood
by eavesdroppers.

A digital voice-scrambling
method is used in the circuit
because it requires fewer parts
than an analog system, needs
no adjustment, and requires no
switching. Because the de-
scrambling process is the in-
verse of the scrambling process,
the same circuit can be used for
both functions. The encryption
system has two channels for
full-duplex operation, which al-
lows easy two-way communica-
tion. Note that two complete
systems—one at each end of a
phone line—are required for
two people to carry on a
scrambled conversation.

The system operates as fol-
lows: An audio input is first fil-
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FIG. 1—AUDIO IS SCRAMBLED by mixing the audio input with a carrier tone. The two
resulting sidebands are the lower sideband audio frequencies in the voice range
(about 150-3000 Hz) and upper sideband frequencies (about 3000-7000 Hz).

FIG. 2—A 1-KHZ SINEWAVE IS SAMPLED (a), and

o 2 2

even-numbered samples are inver-

ted, resulting in a lower-frequency sinewave (b).

tered with an active switched-
capacitor bandpass filter to lim-
it the frequency range to be-
tween 150 Hz and 2700 Hz. The
signal is then digitized with a
sampling rate of 5.86 kHz,
which is more than double the

highest audio frequency (2700
Hz). Every second eight-bit dig-
itized audio sample has its sign
bit inverted while being fed to a
digital-to-analog converter.
That has the effect of inverting
the spectrum of the analog out-

putsignal after conversion from
the digitized audio. The signal
is then fed to a bandpass filter to
remove switching components,
leaving the final audio signal as
one that corresponds to the in-
put signal, except that its spec-
trum is folded around one-
fourth of the sampling frequen-
cy. or 1465 Hz.

In Fig. 2-a it can be seen that

i

. PARTS LIST

- Al resistors are -watt, 5%, unless
- otherwise noted.

" R1—2.2 megohms
R2, R3—470 ohms
R4, R5—100 ohms
R6, R7—22,000 ohms
R8, R10, R14, R15, R17—1000 ochms
RS, R11—6800 ohms
R12—8200 ohms
R13—1000 ohms, potentiometer
R16—10,000 ohms, potentiometer

-R18-R20—10,000 ohms
R21—33,000 ohms =
Capacitors
C1—22 pF, NPO
C2, C3—82 pF, NPO .
C4, C5, C11, C14, C16—0.01 uF, disc
C6, C9, C10—1 pF, 35 volts, electrolytic
C7, C8—10 pF, 16 volts, electrolytic
C12—470 pF, disc

_C13, C15—470 pF, 16 volts, electrolytic

Semiconductors

IC1—74HC86 quad 2-input exclusive-or
gate

IC2, IC7—74HC74 dual D-type flip-flop

IC3, 1C4—74HC161 synchronous 4-bit

- binary counter -

IC5, IC6—TP3054N Codec (National
Semiconductor)

IC8—LM7905 - 5-voit regulator

IC9—LM7805 5-volt regulator

D1, D2—1N4002 diode

Q1—2N3565 or 2N3904 NPN transistor

Other components

§1, S2—DPDT slide switch

J1, J2—RJ-11 4-conductor modular tele-
phone jack

J3—%s-inch power connector jack

XTAL1—3 MHz crystal (2.5 to 4 MHz
usable)

Miscellaneous: PC board, %-inch rub-
ber grommets, insulated standoffs,
case, hardware, 614 VAC, 100 mA
transformer, IC sockets (optional),
wire, solder. 3

Note: A kit of parts for one voice

scrambler {two complete units are

necessary) including a PC board
and all parts that mount on it (does
not include a telephone, case,
phone cords, or wall transformer)
is available from North Country Ra-
dio, P.O. Box 53, Wykagyl Station,

New Rochelle, NY 10804 for $59.00

+ $3.50 shipping and handling. A

wall transformer is available for

$9.50. A North Country Radio cata-
log is $1. New York State residents

i $must add appropriate sales tax.

=

=



-4
b g AR AL
P 5 o Voo |8 8] 4| c5
1 -8 5{ 0D 9 3 8 TR
rntss o4 o ol : g |2 1
947 g Lot iC2a ClR  Df2 e 1o TR Ho_Joi offe =
11 = | [verancrs o2 | 4315 74HC161 10 10 ED
- T S /2 T4HCT4 | 1 v, 8 - v, |16
/4 T4HCBS 2 WX 9G] _L—B- ok coft— Hax  cof
) o EE 1SMHz 750k L + R4
I ND olfdd | = D 100Q
S c3 57 ‘GNZ 256 COUNTER G'Nz
2pF  3MHz 82pF = CLocx1.500MHzJ__ Ly | 12
= e = CLOCK + 2 o 470pF
R1 COUNTER OUT 5.86kHz
2 OMEG XTAL OSC 1(3_
POWER e >
IC * ]
INPUT > . +5V 14 10 .
6-14VAC | DI i i 5 § P S a— S
75mA | 1N4002 2 4 CLK af>- CLK pji2
o—1 c13 ns ' POWER L1 o CO T b af®
Y A70uF 2 SUPPLY D_g__] 518
2| 18 B IC7-a I67-b
14 7905 —I——O‘ 12 T4HCT4 12 TAHCT4
1N4o02 < i c6 - TIMING GENERATOR
E o1
c15 _L__'P.
A70uF X DATA INVERT PULSE _ 2.93kHz
s  5.86kHz SAMPLING 5.86kHz o ;
1 IC1c
Ve Tancas 51 e s| le  vatances !
- Tox 8 _1.500MHz CLOCK 1.5MHz _ 8], Tsx B
9 9
* > CLOCKS
DX DX
88K ) —— 10 ‘% o7 o 10 i 8.8
WA 4 10uF -5V i Ay
- 15| TP3ose Ves < 10 WNes  Trgons [15
$R8 CODEC gnp}2 2lsNp  CODEC e
$ 1K 511(1“((5 RIS | 7 7 Rs Ri3 A2
AA— Wy AUDIO $R= 0 py R 0T g g wupiold W8 W
= xMiT | T ool T2k Tk K WF 2ok ou ﬁ =
LEVEL Voo i 2 RECEIVER
1
ﬂ. . ;
c11 INCOMING AUDIO
133F T ot PHONE  R2I RIS FROM PHONE BASE AUDIOTO
iNTERFACE 33K 1 ! HANDSET RCVR) 10
2 SCRAMBLE HC'L i QUL
L : DS
3 —ohlo— (5
Ri9g R C6 ! A S
- Qe=—==0——}|-#
- ' @ }zusm . 1B o+ 1o
U i i
Ri2 & - MIC HoT | L
B2k 3 opjo-- SEETEXT, I TQ BASE
1 . GEER
o1 B Ho ¢ %o——o—*—-' s
= ; ‘
XMIT iN FROM HANDSET MICROPHONE oot 5 E 20 DD EE Pl
XMIT OUT AUDID TO PHONE BASE AUDIO [N ! T?j“"’l—.:
L _RCVRHOT | L

FIG. 3—VOICE SCRAMBLER/DESCRAMBLER SCHEMATIC. The clock and control
circuitry supports the two Codecs, IC5 and IC6 (one for each channel).

a 1-kHz sinewave sampled as
shown, with even-numbered
samples inverted, results in a
lower-frequency sinewave (b).
The process also works in re-
verse; if the lower-frequency
waveform (2-b) is sampled at the
same points, and alternate sam-
ples inverted. the original wave-
form can be regenerated.

Circuitry

Figure 3 is the schematic of
the voice scrambler/de-
scrambler. Two chips—each a
National Semiconductor
TP3054 coder/decoder, or co-
dec—form the heart of the cir
cuit. The two integrated cir-
cuits, IC5 and IC6. contain all of
the necessary A/D and D/A con-

verters, switched-capacitor fil-
ters, and associated tuning and
control circuitry.

The scrambler’s “ground”
must be isolated with respect to
true earth ground. Therefore
the PC board of the scrambler
should be mounted on insu-
lated standoffs and fed about 75
milliamperes of isolated, low
voltage AC from a wall-mounted
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FIG. 4—FOR LOUDSPEAKER APPLICA-
tions, a small audio amplifier like this
one will generally be needed.

transformer. Do not connect the
unit to the AC line without such
a suitable isolating trans-
former. )

Most of the rest of the circuit
is clock and control circuitry
that supports the two codecs.
The clock signal is generated by
an oscillator made up of 3-MHz
crystal XTAL1 and ICl-a and -b.
The 3-MHz signal is divided in
half by IC2-a to produce the
main 1.5-MHz clock signal, and
IC2-b again divides by 2 to pro-
duce an optional clock frequen-
cy of 750 kHz. That signal is
further divided down by IC3
and IC4 to produce 5.86- and
2.93-kHz signals. D-type flip-
flop IC4 produces a 2.93-kHz
pulse train that’s used for bit-
sign inversion.

The 5.86-kHz pulse shifts a
serial data stream, eight clock
pulses wide, from the codec’s
A/D converter to the D/A con-
verter. Data {rom an A/D con-
verter (pin 11 of IC5 or IC6) is fed
to ICl-d ar -c, respectively.
Those EXCLUSIVE Or gates act as
inverters if one input is held
high, or as straight-through
non-inverting buffers if the
other input is held low. By ap-
plying a 2.93 kHz pulse on one
input, alternate data-stream
sign bits (which occurat a 5.86-
kHz rate) are inverted. There-
fore, the data from pin 11 of IC5
(or IC6) that is fed back to the D/
A converter section (pin 6) has
every other sample reversed in
sign. That has the aforemen-
tioned effect of inverting the {re-
quency spectrum of the recon-
structed analog signal.

The circuitry required to in-
terface the voice-encryption sys-
tem to a telephone is contained

SCRAMBLER MICROPHONE
INPUT
N CH1 oUTf———— ©
MICROPHONE :
{0UT CH2 INf—=—T3= || ©
EARPHONE
: OUTPUT
DO DESCRAMBLER CASETTE
HEADPHONES RECORDER
SPEAKER
SCRAMBLER
MICROPHONE
s N CH1 ouT T
MICROPHONE RADIO
4 SPEAKER TRANSCEIVER
JOUT CH2 N SV
(=) () DESCRAMBLER
HEADPHONES
SPEAKER

FIG. 5—THE SYSTEM can make scrambled audio recordings (a), or it can also be fitted

to a radio transceiver (b).

in Fig. 3. Resistor R17 couples
audio from amplifier Q1 to IC5.
Transistor Q1 provides about a
10 dB voltage gain.

Modular jacks J1 and J2 con-
nect to Sl and S2 via jumpers
that are configured for your par-
ticular telephone set. Because
direct insertion of the device in
a telephone line would not be
feasible without a lot of switch-
ing due toringing and signaling
considerations, it is necessary
to install this device in the
handset line. This way only the
microphone and earphone have
to be considered.

The TP3054 can drive a 600-
ohm load (the impedance of a
telephone line) directly. If tele-
phones are not being used, sim-
ply use the input and output
pins directly of each codec. To
have the chip drive a loud-
speaker, a small audio amplifier,
such as that shown in Fig. 4 is

required. Note that, when using
a microphone to input audio to
the codec, some microphones
have internal audio amplifiers
and can produce well over one
volt of audio. Those microphone
outputs can be input directly to
the codec. Low-output micro-
phones require amplification.

A switching network (S1 and
S2) is added on the PC board to
switch the scrambler in or out
of the telephone circuit. Re-
sistor R13 sets the sound level at
the telephone receiver, and R16
is set for optimum reception at
the other end of the telephone
line.

Figure 5 shows two more ap-
plications; 5-a shows how the
system can be used to make
scrambled audio recordings,
and 5-b shows how a radio
transceiver can be fitted with
this device. (Bear in mind that
in services such as amateur ra-



FIG. 6—PARTS-PLACEMENT DIAGRAM. Install through-board jumpers in all locations
marked with an “X” and solder them on both sides of the board. All component leads
that pass through a hole copper clad on both sides must also be soldered on both

sides.

SPELCH
SCHBLR

) O
INPUT
6-12v

5 INCHES

Construction

The circuit can be point-to-
point wired by hand or made on
the double-sided PC board for
which foil patterns are provided
in this article. Figure 6 is the
parts-placement diagram. Be-
cause the PC board does not
have plated-through holes, first
install through-board jumpers
in all locations marked with an
“X,” and solder them on both
sides of the board. All compo-
nent leads that pass through a
hole with copper on both sides
must also be soldered on both
sides.

Install all passive compo-
nents such as resistors, capaci-
tors, jumpers, and switches on
the PC board. Then install volt-
age regulators IC8 and IC9. Also
install the sockets for the rest of
the ICs, if you are using them
(they are recommended). Before
the ICs are inserted in their
sockets, apply 6 to 12 volts AC to
the junction of D1 and D2 and
ground. Check for 5 volts at pin
4 of IC5 and IC6, and pin 16 of
IC2, IC3, and IC4, and pin 14 of
IC1. Next, verify -5
volts at pin 1 of IC5 and
IC6. If these voltages
check out, insert the ICs
in their sockets. Figure
7 shows how to gang
switches Sl and S2 to-
gether mechanically,
and Fig. 8 shows the
finished board, with the
ganged switches,
mounted in a case.

Testing

Verify that a 5-volt
peak-to-peak, 1.5-MHz
signal exists at pin 2 of
IC3. Check for a 5.86-
kHz pulse train at pin 15
of IC4, pins 5 and 12 of
IC5, and IC6. Check for
2.93-kHz pulse train at
pin 1 of IC1-c and pin 4
of IC1-d. Due to the
short pulse width (250
nanoseconds), it might
be difficult to see these
pulses with an economy
model oscilloscope.

|
I-‘

COMPONENT-SIDE FOIL PATTERN for the voice scrambler.

dio, it is illegal to use encryp-
tion, so check FCC rules to

verify the legality for any intend-
ed application.)

If all checks out, apply
a 0.5-volt peak-to-peak,
1-kHz tone to the junc-
tion of R17 and C9; a 2-
kHz tone should be pro-
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FIG. 7—SWITCHES S1 AND S2 must work in conjunction with one another, so they
must be ganged together as shown here.

TO +5V SUPPLY

ANY
10K CAPACITOR

+ {0.1 70 100uF) HOT CONNECT 70

o s ¢ O AUDIO AMPLIFIER (FIG.4),
T0 HANDSET 0SCILLOSCOPE,

UNDER SIGNAL TRACER,
TEST OR OTHER SUITABLE
= § 4 oNp AUDIO-MONITORING DEVICE

FIG. 9—TO DETERMINE THE POLARITY of the microphone leads, connect the micro-
phone pair to this test circuit and see if the microphone works; if not, reverse the
connections.

3 _—
FIG. 8—HERE'S WHAT THE FINISHED
board looks like mounted in the case.
Notice how St and S2 are ganged to-
gether.

duced by IC5. Now temporarily
connect pin 3 of IC5 to the junc-
tion of C10 and R14 using a
100K resistor. Pin 3 of IC6
should produce the original 1-
kHz tone.

Next, apply an audio signal
(from a tape deck or radio) with
about 2 volts peak-to-peak to
the junction of R17 and
C9. Listen to the output
at pin 3 of IC5; it should
sound “scrambled.”
Now listen to the output
of channel 2. It should
be normal, but note that
the high and low fre-
quencies might sound
somewhat attenuated
due to the narrow band-
width of the system.

Adapting a phone

Note that this unit
cannot be connected di-
rectly to the phone lines.
It will handle speech au-
dio only, and will not
pass ringing signals or
rotary dialing pulses. It
will also distort dialing
tones. You must use
only a phone whose
handset has accessible
microphone and re-
ceiver connections. You
cannot use a unified
telephone (where the

| 5 INCHES

SOLDER-SIDE FOIL PATTERN for the voice scrambler.

dial or pad is built into
Continued on page 46



Learn how to use the photo-resist method
for making your own PC boards.

ANYONE CAN MAKE PROFESSIONAL
single- and double-sided pro-
totype circuit boards using just
a few basic materials and tech-
niques. The techniques shown
in this article will allow you to
produce a PC board for your pro-
totype in a matter of hours.
Board houses can often take
weeks to produce a board. Once
you are familiar with the tech-
niques described in this article,
you will expose, develop, and
etch boards in about 40 min-
utes, at an average cost of about
825 each.

Boards produced with the
photoresist method can have

JOHN BERCIK

traces as thin as 15 mils (a mil is
Y000 of an inch) with 10-mil iso-
lations. Pads of 65 mils and drill
holes of around 30 mils can also
be produced. Once you get the
hang of the procedure, you can
make many copies of the same
board with a sucess rate of
around 95%; the 5% of the
boards that are unusable usu-
ally result from reusing etchant
and developer too much.

Many of the things you'll need
to make PC boards using this
technique can be found right in
your kitchen, so you don’t have

to break the bank to try it out.
Table 1 shows a list of the neces-
sary equipment, and Figure 1
shows some of those materials.

Artwork

There are many sources for
the artwork for your board
layout. For you own designs. if
you have access to a CAD pro-
gram and a laser printer, you
can get a clear plot from the pro-
gram onto paper. If the circuit is
small you should plot the art-
work at double the actual size (a
2:1scale). If you can’t use acoms-
puter for your board design. you
will have to produce your PC
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TABLE 1—NEEDED MATERIALS

* Artwork (from a printer, preferably a laser printer)

+ Sunlamp (not an infrared heat lamp)

 Darkroom safe light
« Kitchen timer

* A piece of plate glass larger than the desired board size (you can use the

glass from a cheap picture frame)
* Hot plate
+ Glass brownie pan
+ Candy thermometer
* Plastic tray
* Bucket
* 1 pint of etchant
+ 1 pint of developer

* Light sensitized PC-board material (single- or double-sided)
* Rubber gloves resistant to chemicals (available at hardware stores)
* Drill press and small bits (around .030- or .045-inch)

.
Aty

Boned Oroit Readuer

. YO GO
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e
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pattern on clear acetate film
with black tape and donuts.
Taping is recommended only for
small boards. If CAD software is
available don't use tape at all
unless you are experienced in
laying out boards by hand.
Next, you might need to have
a film, or transparency, made of
the artwork. (It is not necessary
ifyour artwork is on acetate and
at a 1:1 scale.) Printing shops
charge about $15 a sheet. Two
sheets are required for double-
sided boards unless the pat-
terns are small enough that
they will both fit on one sheet
(see Fig. 2). Try to keep a 1- to 2-
inch border around each piece

of artwork.

Determine which side of the
transparency you want the
emulsion (the image) on, so that
when the film is laid on top of
the PC-board blank, the pattern
is touching the board and not
on the side of the film facing
away from the board. That pre-
vents light from going under
the artwork and causing traces
to be etched away.

You must also specify if the
film is to be scaled from the pa-
per. If your paper plot is twice
normal size, you'll have to get a
50% reduction to get the proper
size. Finally, specify if you want
a positive or negative. If your

film is positive, use positive-
sensitized boards and positive
developer. With negative film,
use negative-sensitized boards
and negative developer.

Making a board

The following procedures are
necessary to make double-sided
boards:; some of them are not
necessary for single-sided
boards. Once you have the film
ready. cut a 2-inch border
around the solder-side film and
a l-inch border around the com-
ponent-side film.

Place the component-side
film on top of the solder-side
film with the correct orientation
to simulate a finished board.
Line up the patterns and tape
the component-side film to the
solder-side film along the top
and side edges. Don't cover any
of the artwork with tape. Insert
a l-inch wide scrap piece of PC-
board material along the bot-
tom edge to act as a spacer be-
tween the two films. Position
the scrap material %-inch away
from the edge of the artwork on
the film. Then tape the material
in place on both sides making
sure that the through holes on
the film still line up. Remove the
tape from the sides and top of
the film leaving only the scrap
stock connecting the films.

You will need light-sensitized
board material, developer, and
etchant to complete the board.
You can use positive or negative
techniques as long as your film
matches, although the positive
technique is described here.
Handle the sensitized boards by
the edges so that the coating re-
mains intact.

Place the sun lamp 10 inches

FIG. 2—PUT ALL PATTERNS on a single
sheet of film, if possible, to save money
on having the film made.
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forms.

FIG. 4—A SUNLAMP IS MOUNTED to a
base that makes exposing the blanks
relatively easy. The base holds the glass
securely in place.

above the surface to be exposed.
Set up the hot plate with the
glass brownie pan on it. Mount
the candy thermometer to the
side of the brownie pan. (The
author softened a piece of scrap
plastic into the shape of a clip
and drilled a hole in it to hoid
the thermometer firmly).

The etching solution should
be prepared before exposing
your board, so that it's ready
when you are. Ferric chloride

- e
FIG. 3—ETCHANT IS AVAILABLE from many different suppliers, and in many different

can be used to etch the boards,
although environmentally safer
sodium persulfate etchant can
also be used. Figure 3 shows dif-
ferent kinds of etchants. Re-
member, when working with
caustic chemicals, make sure
there's good ventilation, wear
old clothes because the etchant
stains don’t wash out, and wear
rubber gloves.

Place the glass pan on the hot
plate and pour the etchant
about 1% inches deep into the
pan. Turn on the heat and get
the etchant stabilized to be-
tween 125 and 135 degrees
Fahrenheit—do not let the
etchant get over 140 degrees.

Fill the bucket with cold
water. Get a clean glass bottle
and mix the developer with the
correct ratio of hot water (ac-
cording to the manufacturer’s
directions—it might not be nec-
essary at all), and pour it into
the plastic developing tray.

Place your film, the large piece
of glass, some tape, the sen-
sitized board in its sealed, light-
tight plastic bag, and a knife in
front of you on a clean surface.
Turn on the red safety light and
turn off the other lights. Make
sure the etchant is up to tem-
perature. Open the sensitized

board in the red light and, hold-
ing it by the edges, place it be-
tween the two fiims. Flatten the
film out beneath a piece of paper
(so you don't touch the board)
and tape the film firmly to the
board on both sides making
sure not toupset the alignment.
You can cut the corners off the
film to make room for the tape.

Place the board and film un-
der the sun lamp with the glass
on top to keep the film pressed
flat against the board (see Fig.
4). Set the timer for 62 minutes
and turn on the sun lamp being
careful not to look directly at the
bulb. After the board has been
exposed for 62 minutes, turn it
over very quickly and reset the
timer for another 62 minutes.
Finally, turn the sun lamp off.
Wearing a rubber glove, remove
the film and dip the board into
the warm developer. Use a stick
tomove the board around in the
developer. Lift it up and down
from the edge to get a wave ac-
tion going. Also flip it over a
couple of times. A faint image
will appear after a minute or
two.

After about 3 or 4 minutes,
take the board out and plunge it
into the bucket of cold water.
That stops the development
process and hardens the etch
resist.

This is a good stopping point
if you plan to make multiple
copies of the same board. as you
can set the developed board
aside, expose more of them, and
then etch them all at once. If you
are making only one board. you
can turn on the lights at this
time. After the board has been
in the cold water for about a
minute, remove it and then
place the board into the
etchant. After about 1 or 2 min-
utes, begin moving it around
with a stick continuously to pre-
vent dissolved copper from
sticking to the board. Check
that your temperature is correct
as you continue etching. It
should take from 5 to 15 min-
utes to etch, depending on how
fresh the etchant and how big
the board is. An etching tank—
a tank specially made to etch
and agitate PC boards—will
speed up the process, and is a
worthwhile investment should
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you decide to make boards on a
regular basis. You can buy an
etching tank from suppliers
that carry materials for making
PC boards, or even build one
(see Radio-Electronics, De-
cember 1989).

When you can see that the un-
wanted copper is almost fully
etched, take the board out of the
etchant and plunge it into the
bucket of water to rinse off the
etchant. If it is not etched
enough, put it back into the
etchant. It's better to stop etch-
ing too soon and then put it
back in again than to etch it too
much. When the board is done,
rinse it off and towel dry it.

If your board does not etch
completely, even with fresh de-
veloper and etchant, you must
repeat the entire procedure, ex-
posing the board a bit longer to
the sun lamp. However, if traces
are being etched away along
with the unwanted copper, then
you must reduce the exposure
time. Once you determine the
correct exposure time, it will
work every time. Call your local

city officials to find out how to
properly dispose of the used
chemicals—don’t just pour
them down the drain!

With a piece of fine steel wool,
polish the board to remove all
remaining etch resist. Inspect
the board for any broken traces.
You are now ready to drill the
board. Remember to wear safety
goggles. Although a drill press is
best for drilling PC boards, a
hand drill and a steady hand
will also work.

When double-sided PC boards
are professionally made, holes
are plated through the board to
connect traces from top to bot-
tom. With our technique there
is no plating through of the
holes. We simulate the through-
holes by inserting short lengths
of wire through the holes and
soldering them on both sides.
In through-holes where compo-
nent leads pass through, the
leads are simply soldered on
both sides. Because some com-
ponents have leads that are dif-
ficult to solder on the compo-
nent side, it is good practice to

place as many traces as possible
on the solder side when laying
out the board.

When your board is complete,
you can assemble your pro-
totype. If everything checks out,
you are ready to send the infor-
mation to your PC board man-
ufacturer and have them make
as many boards as you need,
with the assurance that they
will work properly. Q

SOURCES

Everything you need to ‘make your

own PG boards can be oblained from
thie folfowing suppliers:
® Kepro Circuit Syslams, 630 Ax-
ministar Drive, Fenton, MO 63026-2092
(800} 325-3878, (314) 3431630
& Datak Corporation, 3117 Paterson
Plank Road, North Bergen, NJ 07047
(201) B63-7667.
# A list of circuit-board houses who pro-
vide prototyping and full production ser-
viges for boards up to 18 [ayers can be
obtained free of charge from Skychasar,
980 Sherwood Place, Eugene, OR
97401 (503) 345-4609,

AUDIO SCRAMBLING

continued from page 42

the handset). The handset
should preferably have an elec-
tret microphone. However, car-
bon microphones (found in
older phones) can be used, if
necessary, but R19 should be
changed to about 1K, and R20
might have to be increased if ex-
cessive audio from a carbon mi-
crophone overdrives Ql, caus-
ing distortion.

Depending on the phone you
have, you must make the proper
jumper connections on the PC
board near J1 and J2. A Radio
Shack telephone model No.
ET-171 (cat No. 43-374) was
used in the author’s prototype.

You must identify the follow-
ing things on your phone(s):

1. The handset microphone and
earpiece connections

2. The type of microphone (elec-
tret, dynamic, or carbon)

3. Microphone polarity (if it’s
the electret type)

4. The base connections

There are usually four wires
that connect a telephone hand-
set to its base. If you can’t visu-
ally identify the wires after
disassembling the handset, try
connecting a 1.5-volt battery to
alternate pairs of wires on the
handset until you hear a click in
the earpiece. Mark these as the
receiver leads; there should be
between 50 and 1000 ohms be-
tween them. The other two
leads are for the microphone.

Check for short circuits be-
tween both of the receiver leads
and the microphone leads with
an ochmmeter on a high resis-
tance range. A low resistance or
a short between any two leads
indicates that they are the
ground leads for the micro-
phone and receiver. If you find
no continuity between the two
sets of leads, connect the micro-
phone pair to the test circuit
shown in Fig. 9, and see if the
microphone works; if not, re-
verse the connections. This will
identify the microphone’s hot
and ground leads. Once you've
identified all of the handset

leads, note their positions on
the modular connector. The
telephone base connections can
now be determined from the po-
sitions of the handset leads at
the modular connector.

When you have all of the tele-
phone connections identified,
install the jumpers on the PC
board near jacks J1 and J2. In
Fig. 6 there are four jumper
pads labeled A—D near each
modular jack; the pads are also
labeled by function. Once you
know the signal positions at
jacks J1 and J2 for your phone,
install four jumpers per jack to
properly route the signals.

The finished board can be
mounted in a case like the one
pictured in Fig. 8, or in any
other suitable case. The case
pictured allows the telephone to
be placed on top of the
scrambler without taking up
any extra space.

With a pair of scrambler
phones in hand, you're ready to
start talking. All you need now
is someone to talk to and a con-
fidential topic to discuss. Q



VISIBLE COMPONENTS

continued from page 36

Construction

Assembly of the visible com-
ponents is not difficult. Al-
though you can build the
circuits on perforated con-
struction board, PC boards will
provide a better appearance.
Perfectly shaped component
outlines are difficult to achieve
when laying out the parts by
hand. Parts-placement di-
agrams for the visible resistor,
capacitor, and inductor are
shown in Figs. 4-6.

A solder mask on the commer-
cially available boards covers all
runs and feedthroughs on both
sides of the board, so that solder
shorts are easily avoided. The
solder mask gives the PC boards
their color; the component
sides of the boards are blue, and
the solder sides are green.

Install the LEDs on each
board last, as it will be more dif-

0450 A

4 3/4 INCHES

VISIBLE INDUCTOR component side.

4 3/4 INCHES

Y
VISIBLE INDUCTOR solder side.

ficult to solder the other compo-
nents in if you have to work
around the LEDs. The LEDs are
installed on all three boards
with the cathode lead (the flat
side) pointing away from the
power-lead connections. The
LEDs can be installed on either
side of the board depending on
whether you want your com-
pleted visible component to
have a blue or green back-
ground. The LEDs can be any
color available. You can specify
LED colors when ordering.
Once the LEDs are in place,
solder the +12-volt and ground
wires to the appropriate points
as labeled on the PC board. Two
sets of power pads are included
on each board, and either set of
holes can be used. The extra
pair of holes are for stringing all
three (or more or less) visible
components together so that
they can be draped around a
tree or along a wall. After you're
done soldering, check for cor-
rect component placement and
good solder connections. Q

Earn $1000

A Week While You Learn High
Paying VCR Repair.
Earn While You Learn . . .
Secrets Revealed . . .

@y 17ain at Home
If you are able to
work with small
handtools and pos-
"W sess average me-
%= Chanicalability, you
3 could earn top dol-
lar part time or full
time. Ourlearn by doing method teaches you how
to work on VCR’s without boring unnecessary
electronic basics.
For Free Information Package Send Coupon to:
Foley-Belsaw Institute, 6301 Equitable Road,
Kansas City, MO 64120

r_ (Chack One Box Only)
Cheak VR 13 VCR Repair, Dept. 62108

HighPaying [ Computer Repair, Dept. 64022
Gareor [] Advance VCR Repair, Dept. 6501
Fisld 3 Camcorder Repair, Dept. 66019

I
3|
| DFaf Repair, ert.67019 :
[ Printer Repair, Dept. 68019
I
I
I
I

|$im:a 1926 [ Digital Electronics, Dept. 69019
| Name
I Address
I City

CIRCLE 186 ON FREE INFORMATION CARD

m————

Be a computer
I : |
repair expert:

CAREER-LEVEL HOME STUDY

Learn PC repairs, I
troubleshooting,
servicing, upgrad-
ing, installation. In-
crease your value I
as an employee or

open your own

business. I
No expensive
instruments,

no high-tech

electronics.
# Over 90% of |
4 PC repairs
o and service
involve easy
mechanical pro-
cedures or parts I
replacements.
Send or call for
P free literature.

1 800-223-4542 |

NS DEES DMEE DEES DNED DN NN DS AN
‘\. o

Name Age, I
Address I Phone ()
City, State Zip I

i The School of PC Repair [
6065 Roswell Road
Dept.JP342 Atlanta, Georgia 30328 J

CIRCLE 177 ON FREE INFORMATION CARD

MON SJIUOI08|T ‘E661 Jaquase(

Y
~



Electronics Now, December 1993

P
[+-]

Learn about transistor oscillators

and multivibrators that generate
useful sine and square waves.

OSCILLA

OSCILLATORS BASED ON THE BI-
polar junction transistor (BJT)
are the subjects of this article.
Previous subjects in this series
have included an article on the
characteristics of the bipolar
junction transistor, one on the
common-collector amplifier, a
third on the common-emitter
and common-base voltage am-
plifiers (September, October,
and November).

Oscillator fundamentals

An oscillator is a circuit that
is capable of a sustained AC out-
put signal obtained by convert-
ing input energy. Oscillators
can be designed to generate a
variety of signal waveforms, and
they are convenient sources of
sinusoidal AC signals for test-
ing, control, and frequency con-

RAY MARSTON

version. Oscillators can also
generate square waves, ramps,
or pulses for switching, signal-
ing, and control.

Simple oscillators produce
sinewaves, but another form,
the multivibrator, produces
square or sawtooth waves.
These circuits were developed
with vacuum-tubes, but have
since been converted to tran-
sistor oscillators. Figure 1 is a
simple block diagram showing
an amplifier and a block repre-
senting the many oscillator
phase-shift methods.

Regardless of its amplifier, an
oscillator must meet the two
Barkhausen conditions for os-
cillation: 1, The loop gain must

TORS

be slightly greater than unity.
2. The loop phase shift must be
0° or 360°.

To meet these conditions the
oscillator circuit must include
some form of amplifier, and a
portion of its output must be
fed back regeneratively to the
input. In other words, the feed-
back voltage must be positive so
it is in phase with the original
excitation voltage at the input.
Moreover, the feedback must be
sufficient to overcome the
losses in the input circuit (gain
equal to or greater than unity).

If the gain of the amplifier is
less than unity, the circuit will
not oscillate, and if it is signifi-
cantly greater than unity, the
circuit will be over-driven and
produce distorted (non-sin-
usoidal) waveforms.



FEEDBACK
PROVIDING
PHASE SHIFT
OF 0° OR 180°

INPUT ¥ | AMPLIFIER OUTPUT

GAIN >1

FIG. 1—OSCILLATION CONDITIONS of a
sinewave generator. Loop phase shift
must be 360°, and there must be ade-
quate loop gain.

As you will learn, the typical
amplifier—vacuum tube, bi-
polar junction transistor, or
field-effect transistor—imparts
a 180° phase shift in the input
signal, and the resistive-capaci-
tive (RC) feedback loop imparts
the additional 180° so that the
signal is returned in phase. En-
ergy coupled back to the input
by inductive methods can, how-
ever, be returned with zero
phase shift with respect to the
input.

Specialized oscillators such
as the Gunn diodes and
klystron tubes oscillate because
of negative resistance effects,
but the basic oscillator princi-
ples apply here as well.

RC oscillators.

Figure 2 is the schematic fora
phase-shift oscillator, a basic
resistive-capacitive oscillator.
Transistor Q1 is configured as a
common-emitter amplifier, and
its output (collector) signal is
fed back to its input (base)
through a three-stage RC ladder
network, which includes R5
and C1, R2 and C2, and R3 and
C3.

Each of the three RC stages in
this ladder introduces a 60°
phase shift between its input
and output terminals so the
sum of those three phase shifts
provides the overall 180° re-
quired for oscillation. The
phase shift per stage depends
on both the frequency of the in-
put signal and the values of the
resistors and capacitors in the
network.

The values of the three RC lad-
der network capacitors C1, C2,
and C3 are equal as are the val-

ues of the three resistors R5,
R2, and R3. With the compo-
nent values shown in Fig. 2,
The 180° phase shift occurs at
about 1/14 RC or 700 Hz. Be-
cause the transistor shifts the
phase of the incoming signal
180°, the circuit also oscillates
at about 700 Hz.

At the oscillation frequency,
the three-stage ladder network
has an attenuation factor of
about 29. The gain of the tran-
sistor can be adjusted with
trimmer potentiometer R6 in

AAA
v

b4

R4

4.7K
(OUTPUT
‘H(—J’—l T LEVEL)
ci ) C3
01 01 01 o4
10pF
[
a1
SRS an3gps]  OUTPUT
$ 10K R6

4: 1K

o 3EE

c5 1eam)
1000F |

FIG. 2—PHASE-SHIFT OSCILLATOR has
a three-stage RC network phase shifter.
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FIG. 3—WIEN BRIDGE will function as a
180° feedback network in an oscillator.

the emitter circuit to compen-
sate for signal loss and provide
the near unity gain required for
generating stable sinewaves. To
ensure stable oscillation, R6
should be set to obtain a sightly
distorted sinewave output.

The amplitude of the output
signal can be varied with trim-
mer potentiometer R4. Al-
though this simple phase-shift
oscillator requires only a single
transistor, it has several draw-
backs: poor gain stability and
limited tuning range.

There are ways to overcome
the drawbacks of the phase
shift-oscillator, and one of them
is to include a Wien-bridge or
network in the oscillator’s feed-
back loop. The concept is illus-
trated in the Fig. 3 block
diagram. A far more versatile
RC oscillator than the phase-
shift oscillator, its operating fre-
quency can be varied easily.

As shown within the dotted
box in Fig. 3, A Wien bridge con-
sists of a series-connected re-
sistor and capacitor, wired to a
parallel- connected resistor and
capacitor. The component val-
ues are “balanced” so that Rl
equals R2 and C1 equals C2.

The Wien network is excep-
tionally sensitive to frequency.
That shift is negative (to a max-
imum of —90°) at low frequen-
cies, and positive (to a max-
iumum of +90°) at high
frequencies. It is zero a center
frequency of 1/6.28RC. At the
center frequency, network at-
tenuation is a factor of 3.

As a result, the Wien network
will oscillate if a non-inverting,
amplifier with a gain of 3 is con-

b +9T0 +12V
e Ri > R2 > R3 < R4
$ 21K a7k 330K 347K
L—+(|‘,e_4' I o
2
q
o ¢ QUTPUT
1 02 .033
2N3904 2N3904
R5
3 K < R7 $ R8 g RO
h’:» (SET 2 22K < 3.3K $ 47K
o3 ReLGAIN) -
S
10uF KPS .033

FIG. &—WIEN-BRIDGE OSCILLATOR has an Wien-bridge network as its phase shifter.
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FIG. 5—TUNED-COLLECTOR oscillator
has a tuned- transformer resonant tank.

nected as shown between the
amplifier's output and input ter-
minals. The output is taken be-
tween the output of the ampli-
fier and ground.

Abasic two-stage Wien-bridge
oscillator schematic is shown in
Fig 4. Both transistors Q1 and
Q2 are configured as as low-gain
common-emitter amplifiers.
The voltage gain of Q2 is slightly
greater than unity, and it pro-
vides the 180° phase shift re-
quired for regenerative feed-
back. The 4.7-kilohm resistor
R4, part of the Wien network,
functions as the oscillator’s col-
lector load.

Transistor Q1 provides the
high input impedance for the
output of the Wien network.
Trimmer potentiometer R5 will
set the oscillator’s gain over a
limited range. With the compo-
nent values shown, the Wien-
bridge oscillator will oscillate at
aboutl kHz. Trimmer R5 should
be adjusted so that the sinewave
outputsignal is just slightly dis-
torted to achieve its maximum
stability.

Many different practical vari-
able-frequency Wien-bridge os-
cillators can be built with
operational amplifier integrated
circuits combined with an auto-
matic gain-control feedback
systems. No inductors are
needed in these circuits.

LC oscillators
Resistive-capacitative sine-
wave oscillators can generate
signals from a few hertz up to
several megahertz, but induc-
tive-capacitive (LC) oscillators

can generate sinewave outputs
from 20 or 30 kHz up to UHF
frequencies.

An LC oscillator includes an
LC network that provides the
frequency-selective feedback
between the output of the am-
plifier and its input terminals.

i+9v

o AAA

2N3904 QUTPUT
)
_[ C3 < R2
0.1 247K

FIG. 6—HARTLEY OSCILLATOR has a
tapped tank coil.

FIG. 7—COLPITTS OSCILLATOR has a
dual-capacitor voltage divider.

C1
.002
C2 4
L1 01
2.5mH
C3
033

FIG. 8—CLAPP OSCILLATOR is a
Colpitts oscillator with improved sta-
bility.

i +9V

_AAA

*
L3 C2
727

2N3904
L2

C1

0l
*1.
< R2 b3
310K <+
*SEETEXT =

FIG. 9—REINARTZ OSCILLATOR induc-
tively couples emitter and collector sig-
nals to its tank circuit.

Because of the inherently high
Q or frequency selectivity of LC
networks or resonant tank cir-
cuits, LC oscillators produce
more precise sinewave out-
puts—even when the loop gain
of the circuit is far greater than
unity.

The tuned-collector oscillator
shown in Fig. 5 is the simplest
of many different LC oscillators.
Transistor Q1 is configured as a
common-emitter amplifier, with
its base bias provided by the
junction of series resistors Rl
and R2. Emitter resistor R3 is
decoupled from high-frequency
signals by capacitor C3.

The primary turns of trans-
former T1 (L1) in parallel with
trimmer capacitor C1 form a
tuned collector resonant tank
circuit. Collector-to-base feed-
back is provided by coil L2 in
transformer T1. Coil L2, with a
smaller number of turns than
L1, is inductively coupled to L1
by transformer action.

The necessary zero phase
shift around the feedback loop
can be obtained by adjusting
trimmer capacitor Cl1. If loop
gain exceeds unity at the tuned
frequency, the circuit will oscil-
late. Loop gain is determined by
the turns ratio of L1 with re-
spect to L2 in transformer T1.

The phase relationship be-
tween the energizing current of
all LC tuned circuits and induc-
ed voltage varies over the range
of —90° to +90 deg, and it is
zero at a center frequency given
by the formula:

f = 12aVLC.

Because the circuit in Fig. 5
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FIG. 10—BEAT-FREQUENCY oscillator
that can amplitude modulate audio sig-
nals.
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FIG. 11—BEAT-FREQUENCY oscillator
with varactor tuning frequency modu-
lates input signals.

provides a O° overall phase shift,
it oscillates at this center fre-
quency. The frequency can be
varied by trimmer capacitor Cl1
from 1 MHz to 2 MHz. The cir-
cuit can be enhanced to oscil-
late at frequencies from less
than 100 Hz to UHF frequencies
with a laminated iron-core
transformer. The same circuit
will oscillate satisfactorily in the
UHF regions with an air-core
transformer.

Classic LC oscillators
Figure 6 illustrates the
Hartley oscillator, which is a

variation of the tuned-collector
oscillator that was shown in
Fig. 5. This oscillator is recog-
nizable by the tapped coil in its
tuned resonant circuit. Oscilla-
tion of the Hartley oscillator cir-
cuit depends on phase-splitting
autotransformer action of the
tapped coil in the tuned reso-
nant circuit.

The tap is located on load in-
ductor L1 about 20% of the way
down from its top so that about
Y% of the turns are above the tap
and % are below. The positive
power supply is connected to
the tap to obtain the necessary
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FIG. 12—ASTABLE MULTIVIBRATOR
produces 1-kHz square waves (a), and
waveforms at the collectors and bases
of Q1 and Q2 (b).

autotransformer action.

the signal voltage across the
top of L1 is 180° out-of-phase
with the signal voltage across
its lower end, which is con-
nected to the collector of Q1. The
signal from the top of the coil is
coupled to the base (input) of Q1
through isolating capacitor C2.
The oscillator will oscillate at a
center frequency determined by
its LC product.

The Colpitts oscillator shown
in Fig. 7 is another classic cir-

cuit. It is identified by the volt-
age divider in its tuned reso-
nant circuit. With the compo-
nent values shown, this Colpit-
ts circuit will oscillate at about
37 kHz.

Capacitor C1 is in parallel
with the output capacitance of
@1, and C2 is in parallel with
the input capacitance of Ql,
Consequently, changes in Ql's
capacitance (due to tempera-
ture changes or aging) can shift
the oscillator frequency. This
shift can be minimized for high
frequency stability by selecting
values of Cl1 and C2 that are
large relative to the internal ca-
pacitances of Ql.

The Clapp oscillator, a modi-
fication of the Colpitts os-
cillator, shown in Fig. 8, offers
higher frequency stability than
the Colpitts oscillator. This is
achieved by adding capacitor C1
in series with the coil in the
tuned resonant tank circuit. It
is selected to have a value that is
small with respect toC2 and C3.

§+370 420V
R RE ¢RI S R4
183 a 66K $68K P 1.
i C2
= Oty
03 4
1N4148 D4
N 61483
01 v y, 02
1N4148 1N4148
1 2
QUTPUT 1 OUTPUT 2
. _ 2N3904 _ 2N3904

FIG. 13—ASTABLE MULTIVIBRATOR
with frequency correction produces 1-
kHz square waves.
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FIG. 14—ASTABLE MULTIVIBRATOR
produces long-period square waves.
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As a result of the presence of
this capacitor, the resonant fre-
quency of the tank and os-
cillator will be determined
primarily by the values of L1 and
Cl.

Capacitor C3 essentially elim-
inates transistor capacitance
variations as a factor in deter-
mining the Clapp oscillator’s
resonant frequency. With the
component values shown, the
Clapp oscillator oscillates at
about 80 kHz.

Figure 9 shows the classic
Reinartz oscillator. In this cir-
cuit, tuning coil L1 in the collec-
tor circuit and the tuning coil
L2 in the emitter circuit are in-
ductively coupled to tuning coil
L3 in the resonant tank circuit.

Positive feedback is obtained
by coupling the collector and
emitter signals of the transistor
through windings L1 and L2,
and inductively coupling both
of these coils to L3. This
Reinartz oscillator oscillates at a
frequency determined by L3
and trimmer capacitor C2. With
the values and turns ratios
given in Fig. 9, the circuit will
oscillate at.a few hundred kHz.

Modulation

The LC oscillator circuits
shown in Figs. 5 to 9 can be
modified to produce amplitude-
or frequency-modulated (AM or
FM) rather than continuous-
wave (CW) output signals. Fig-
ure 10 is the schematic for a
beat-frequency oscillator (BFO).
It is based on the tuned-collec-
tor circuit of Fig. 5, but modi-
fied to become a 465-kHz ampli-
tude-modulated (AM) BFO.

A standard 465-kHz IF trans-
former (T1), intended for tran-
sistor circuits, is the LC
resonant tank circuit in this os-
cillator. An audio-frequency AM
signal fed to the emitter of Q1
through blocking capacitor C2
will modulate the supply voltage
of Q1 and thus amplitude-mod-
ulate the circuit’s 465-kHz car-
rier signal.

This BFO can provide 40%
signal modulation. The value of
emitter-decoupling capacitor
C1 was selected to present a low
impedance to the 465-kHz car-
rier signal, while also present-
ing a high impedance to the low-

FIG. 15—ASTABLE MULTIVIBRATOR
with waveform correction.

i +37T0 +18Y

FIG. 16—ASTABLE MULTIVIBRATOR
with sure-start capability.

FIG. 177—VARIABLE MARK/SPACE gen-
erator runs at 1.1 kHz.

frequency modulation signal.

Figure 11 shows how the BFO
circuit in Fig. 10 can be modi-
fied to become a frequency mod-
ulator. Tuning is adjusted by
trimmer potentiometer R5. Sil-
icon diode DI functions as an
inexpensive varactor diode. A
1IN4001 diode frequency modu-
lates the 465-kHz BFO circuit.
Here, C2 and diode “capacitor”
D1 are in series.

Consequently, the oscillators
center frequency can be
changed by altering the capaci-
tance of D1 with trimmer poten-
tiometer R5, and frequency-
modulated signals can be ob-
tained by introducing an audio-
frequency modulation signal to
D1 through a C1 and R4. Capac-
itor C2 provides DC isolation
between Q1 and D1,

Astable oscillators

Conventional oscillator cir-
cuits produce sinewaves, but
repetitive square waves are im-
portant in electronics. One way
to generate them is with the as-
table multivibrator circuit
shown in Fig. 12-a.

This multivibrator is a self-os-
cillating regenerative switch
whose on and off periods are
controlled by the time constants
obtained as the products of R2
and C21, and R3 and C1. If these
time constants are equal (be-
cause both values of R and C are
equal), the circuit becomes a
square-wave generator that op-
erates at a frequency of about
1/1.4 RC. The waveforms taken
at the collector and base of tran-
sistors Q1 and Q2 are shown in
Fig. 12-b.

The frequency of the astable
multivibrator in Fig. 12 can be
decreased by increasing the val-
ues of C1 and C2 or R2 and R3,
or increased by decreasing
them. The frequency can be var-
ied with dual-gang variable re-
sistors placed in series with 10-
kilohm limiting resistors in
place of R2 and R3.

The operating frequency can,
if required, be synchronized to
that of a higher-frequency sig-
nal by coupling part of the exter-
nal signal into the timing
networks of the astable circuit.
Outputs can be taken from ei-
ther collector of the circuit, and
the two outputs are in opposite
in phase. The multivibrator’s
operating frequency is essen-
tially independent of power sup-
ply voltage between +1.5 and
+9 volts.

The upper voltage limit is set
by inherent transistor be-
havior: as the transistors
change state at the end of each
half-cycle, the base-emitter
junction of one transistor is re-



FIG. 18—VARIABLE MARK/SPACE gen-
erator features waveform corrrection
and sure-start.

verse biased by a voltage that is
about equal to the supply volt-
age. Consequently, if the supply
voltage exceeds the reverse
base-emitter breakdown voltage
of the transistor, circuit timing
will be affected.

This characteristic can be
overcome with the circuit modi-
fications shown in Fig. 13. A sil-
icon diode is connected in series
with the base input terminal of
each transistor to raise the
effective base-emitter reverse
breakdown voltage of each tran-
sistor to a value greater tha
that of the diode. :

The protected astable multi-
vibrator will operate with any
supply voltage from +3 to +20
voits. Its frequency will vary
only about 2% when the supply
voltage is varied from +6 to
+ 18 volts. This variation can be
further reduced to 0.5% by
adding another “compensa-
tion” diode in series with the
collector of each transistor, as
shown in Fig. 13.

Multivibrator variations

The basic astable multi-
vibrator shown in Fig. 12 can be
modified in different ways to im-
prove its performance or change
the shape of its output wave-
form. Some modifications are
shown in Figs. 14 to 18.

A shortcoming of the multi-
vibrator shown in Fig. 12 is that
the leading edge of each of its
output waveforms is slightly
rounded. The lower the values
of timing resistors R2 and R3

with respect to collector load re-
sistors R1 and R4, the more pro-
nounced will be this waveform
rounding.

Conversely, the larger the val-
ues of R2 and R3 with respect to
R3 and R4, the sharper the
waveform edge will be. The max-
imum permissible values of R1
and R2 are, however, limited by
the current gains of the tran-
sistors. These gains are equal to
hp multiplied either by the val-
ue of resistor R1 or R4.

One way to improve the cir-
cuit waveform, of course, would
be to replace transistors Q1 and
Q2 with Darlington transistor
pairs and then substitute tim-
ing resistance values that are as
large as permissible. That is
done in the long-period astable
multivibrator that is shown in
Fig. 14.

Resistors R2 and R3 can have
any value between 10 kilohms
and 12 megohms, and the mul-
tivibrator will run from any sup-
ply voltage between +3 and

+ 18 volts. With the R2 and R3
values shown in Fig. 14, the
multivibrator’s total period or
cycle time is about 1 second per
microfarad when C1 and C2
have equal values. This multi-
vibrator generates sharp-cor-
nered square waves.

The square waves with the
rounded leading edges pro-
duced by the multivibrator
shown in Fig. 12 are caused by
an inherent characteristic of
the transistor. As each tran-
sistor is switched off, its collec-
tor voltage is prevented from
switching abruptly to the
positive supply value. This is
due to the loading between that
collector and the base of the ad-
jacent conducting transistor
from timing capacitor cross-
coupling.

This characteristic can be al-
tered, and sharp square waves
can be obtained by effectively
disconnecting the timing ca-
pacitor from the collector of its
transistor as it turns off. That

. improvement is shown in Fig.

15, aschematic for a 1-kHz asta-
ble multivibrator. It includes di-
odes D1 and D2 that disconnect
the timing capacitors at the mo-
ment of switching.

The important time con-

stants of the multivibrator in
Fig. 15 are also determined by
Cl and R4, and C2 and R1. The
effective collector loads of Q1
and Q2 are equal to the parallel
resistances of R1 and R2, and
R5 and R6, respectively.

Basic astable multivibrator
operation depends on slight dif-
ferences in their transistor
characteristics. Those dif-
ferences cause one transistor to
turn on faster than the other
when power is first applied,
thus triggering oscillation.

If the multivibrator’s supply
voltage is applied slowly by in-
creasing it from zero, however,
both transistors could turn on
simultaneously. If this hap-
pens, the oscillator will be a
nonstarter.

The possibility of nonstarting
can be avoided with the “sure-
start” astable multivibrator cir-
cuit shown inFig. 16. There, the
timing resistors are connected
to the transistor's collectors so
that only one transistor can
conduct at a time, ensuring
that oscillating will always be-
gin.

All the astable multivibrator
circuits shown so far are in-
tended to produce symmetrical
output waveforms, withaltol
ratio of square wave to space
(1:1 mark/space ratio). Non-
symmetrical waveforms can be
obtained by installing one set of
RC astable time constant com-
ponents that is larger than the
other.

Figure 17 shows a 1.1 kHz
variable mark/space ratio gener-
ator. The ratio can be varied
over the range 1 to 10 with trim-
mer potentiometer R5. How-
ever, the leading edges of the
output waveforms of this cir-
cuit could be too round for some
applications when mark/space
control is set at its extreme posi-
tion. Also, this generator could
be difficult to start if the supply
voltage is applied slowly to the
circuit.

Both of those drawbacks can
be overcome with the modifica-
tions shown in the schematic of
Fig. 18, another 1.1-kHz varia-
ble mark/space ratio generator.
The circuit includes both sure-
start and waveform-correction
diodes.
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Never before has so much

professional information on the art

of detecting and eliminating
electronic snooping devices—and

how to defend against experienced

information thieves—been placed
in one VHS video. If you are a
Fortune 500 CEO, an executive in
any hi-tech industry, or a novice
seeking entry into an honorable,
rewarding field of work in
countersurveillance, you must
view this video presentation again
and again.

Wake up! You may be the victim of
stolen words—precious ideas that would
have made you very wealthy! Yes, profes-
sionals, even rank amateurs, may be lis-
tening to your most private con-
versations.

Wake up! 1f you are not the victim,
then you are surrounded by countless vic-
tims who need your help if you know how
to discover telephone taps, locate bugs, or
“sweep” a room clean.

There is a thriving professional service
steeped in high-tech techniques that you
can become a part of! But first, you must
know and understand Countersurveilance
Technology. Your very first insight into
this highly rewarding field is made possi-
ble by a video VHS presentation that you
cannot view on broadcast television, sat-
ellite, or cable. It presents an informative
program prepared by professionals in the
field who know their industry, its tech-
niques, kinks and loopholes. Men who
can tell you more in 45 minutes in a
straightforward, exclusive talk than was
ever attempted before.

Foiling Information Thieves

Discover the targets professional
snoopers seek out! The prey are stock
brokers, arbitrage firms, manufacturers,
high-tech companies, any competitive
industry, or even small businnesses in the
same community. The valuable informa-
ton they filch may be marketing strat-
egies, customer lists, product formulas,
manufacturing techniques, even adver-
tising plans. Information thieves eaves-
drop on court decisions, bidding
information, financial data. The list is
unlimited in the mind of man—es-
pecially if he is a chief!

You know that the Russians secretly
installed countless microphones in the
concrete work of the American Embassy
building in Moscow. They converted

1-516-293-3751

HAVE YOUR
VISA or MC CARD
AVAILABLE

what was to be an embassy and private
residence into the most sophisticared re-
cording studio the world had ever
known. The building had to be torn
down in order to remove all the bugs.

Stolen Information

The open taps from where the informa-
tion pours out may be from FAX5, com-
puter communications, telephone calls,
and everyday business meetings and
lunchtime encounters. Businessmen need
counselling on how to eliminate this in-
formation drain. Basic telephone use cou-
pled with the users understanding that
someone may be listening or recording
vital data and information greatly reduces
the opportunity for others to purloin
meaningful information.

CLAGGK INC.
P.O. Box 4099 ¢ Farmingdale, NY 11735

Please rush my copy of the Countersurveillance Technigues
Video VHS Cassette for a total cost of $53.95 cach (which
includes $ £.00 postage and handling).

No. of Casscttes ordered

Amount of payment §_

Sales tx (N.Y 8, only)

Totwal enclosed _ _— S
Billmy O visa [ MasterCard
Cardd No. R

Expire Date /

Signature
Name
Address
Gy

_ State zIr

All payments in U.5.A, funds. Canadians add $4.00 per VHS
cassette. No foreign orders.

The professional discussions seen ¢
the TV screen in your home reveals ho
to detect and disable wiretaps, midge
radio-frequency transmitters, and othe
bugs, plus when to use disinformation t
confuse the unwanted listener, and tt
technique of voice scrambling telephor
communications. In fact, do you kno
how to look for a bug, where to look for
bug, and what to do when you find it

Bugs of a very small size are easy t
build and they can be placed quickly in
matter of seconds, in any object or room
Today you may have used a telephon
handset that was bugged. It probabl
contained three bugs. One was a phon
bug to fool you into believing you found
bug and secured the telephone. The sec
ond bug placates the investigator whe
he finds the real thing! And the third bu,
is found only by the professional, wh
continued to search just in case there wer
more bugs.

The professional is not without hi
tools. Special equipment has been de
signed so that the professional can sweej
a room so that he can detect voice-acti
vated (VOX) and remote-activated bugs
Some of this equipment can be operatec
by novices, others require a trained coun
tersurveillance professional.

The professionals viewed on your tele
vision screen reveal information on th
latest technological advances like laser
beam snoopers that are installed hun
dreds of feet away from the room the
snoop on. The professionals disclose tha
computers yield information too easily

This advertisement was not written by
a countersurveillance professional, but by
a beginner whose only experience came
from viewing the video tape in the pri
vacy of his home. After you review the
video carefully and understand its con-
tents, you have taken the first importans
step in either acquiring professional hely
with your surveillance problems, or yo.
may very well consider a career as a coun-
tersurveillance professional.

The Dollars You Save

To obtain the information contained in
the video VHS cassette, you would attend
a professional seminar costing $350-75C
and possibly pay hundreds of dollars more
if you had to travel to a distant city to
attend. Now, for only $49.95 (plus
$4.00 P&H) you can view Countersur-
veillance Techniques at home and take
refresher views often. To obrain your
copy, complete the coupon or call.



SPENCER KLEIN

WE RECOGNIZE TWO KINDS OF ELEC-
tronic noise—external and in-
ternal. External noises can be
man-made—originating from
such sources as motors, relays,
and auto ignition—or natural—
originating from lightning or
aurora. Its effects can usually be
eliminated by proper shielding.
By contrast, internal noise is
generated within your circuit; it
can have many different causes
and the best way to combat it is
to pick your components with
care.

Think of internal noise as a
limiting factor on the smallest
signal that can be amplified by
your circuit. We can’t eliminate
it entirely, but we can minimize
its effect. You will not have to
worry too much about internal
noise in your digital circuits or
power amplifiers, but if you're
designing or building audio am-
plifiers or sensitive instru-
ments for scientific experi-
ments, it will be very important
to you. As you might expect, in-
ternal noise shows up when the
input signals are small. It's still
there when the input signals get
bigger although it's likely to be
masked.

It's most important to deal
with noise in the first stage. If
you deal with it there, you won't
have to worry about subsequent
stages. Internal noise is com-
pletely random; we can't predict
what it will do to the output at
any given time. Passive compo-
nents such as resistors usually
have a single noise mechanism,
but transistors can have three
or more sources. Figure 1 shows
what random noise might look
like on an oscilloscope.

Properties of random noise
Two properties can be deter-
mined for random noise: the
average energy (or power) pro-
duced by the noise, and the
average frequency distribution
of this energy—commonly
called the power spectrum. The
average power can be thought of
as the net effect of many actions
in the random phenomenon.
(It's analogous to the square of
the rms value of a sine wave,
which refers to the sine wave's

ELECTRONIC
NOISE

If you know what causes internal
electronic noise you can select
components to minimize
its effect on your circuit

average effect without consider-
ing time.)

It's impossible to predict
noise amplitude or phase at any
given time. Consequently, it is
customary to work with a noise
frequency spectrum—the aver-
age noise level as a function of
frequency. Independent noise
voltages do not add linearly. If
two sources are independent,
the noise power is added, not
the voltage. Because of their
random phases, the sources
can be in phase and add, and

they can be out of phase and
destructively interfere with
each other. The average over
phases is calculated by taking
the root-mean-square sum of
the sources. Average ampli-
tudes are squared and added,
and the total noise is the square
root of the result. (This is also
known as adding in quad-
rature.) For two equal sources,
the sum has an amplitude that
is twice that of the individual
amplitudes.

Of the many possible power
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FIG. 1—RANDOM INTERNAL NOISE as viewed on an oscilloscope. The power spec-
trum of thermal noise is flat. Whenever noise has a flat power spectrum, it can be
considered as containing components of all frequencies and is called “white” noise.

spectrums of random waves, we
will be concerned with two
types: a power spectrum that is
“flat,” that is, the power density
at all frequencies is equal; and a
power spectrum that varies
with frequency. The most basic
type of noise, thermal noise,
has a flat frequency spectrum
and is called “white” noise. If its
spectrum varies with frequency,
it’s called “pink” noise.

In noise analysis, the impor-
tant variable is noise power, the
square of the noise voltage di-
vided by the characteristic im-
pedance. However, for circuit
modeling, it is usually easier to
work with the noise voltage, e,.
Noise power is related to the fre-
quency bandwidth, B, so the
noise voltage is proportional to
the square root of the band-
width. Noise power is measured
in units of microwatts per
hertz, so noise voltages are ex-
pressed in units such as
nanovolts per root hertz, with
the square root obtained from
the power-to-voltage con-
version. Because noise power
varies with frequency, noise
specifications must include the
measurement frequency.

Figure 2 is an equivalent cir-
cuit for a signal source-ampli-
fier combination. The signal
source could be an antenna, mi-
crophone, or a sensor such as a
strain gauge, thermocouple, or
RTD. The input signal source is
shown as a voltage generator,
V.. in series with a source noise
voltage, e, ., and a source im-
pedance, Z_,. The amplifier in-
put is modeled as an amplifier
noise voltage, e ., amplifier cur-
rent noise, i_,, and amplifier in-

putimpedance, Z,. In a properly
designed circuit, only the first
stage noise need be considered;
the gain of the first stage is high
enough so that noise from suc-
ceeding stages can be neglected.

In addition to amplifying the
signal, the succeeding stages
will also act as filters. Because
noise is broadband, it is advis-
able to design for the narrowest
possible bandwidth to limit the
output noise. It is also impor-
tant to match the amplifier in-
put impedance with the signal
source output impedance to
prevent signal loss and a reduc-
tion in the signal-to-noise (S/N)
ratio. Thus, the input imped-
ance of the signal source deter-
mines the choice of amplifier
circuit. For example, FET's are
selected where high input im-
pedances are required and bi-
polar transistors are selected
where that parameter is not
quite as important.

Many different noise sources
can be present in a single device
so the output spectrum can be
complex. Figure 3 maps the re-
gions where the various noise
types predominate in the fre-
quency domain. There are
many different designations for

SIGNAL SOURCE | AMPLIFIER

the same type of internal noise.

Thermal noise

Thermal noise is the most
common type of noise in elec-
tronic components. (It is also
called resistive noise, Johnson
noise, and Nyquist noise). Be-
cause it is present in every elec-
tric conductor (whether or not
it is connected), it is present in
every electric circuit. Thermal
noise is due to the random mo-
tion of free electrons within a
conductor with resistance. In
addition to their forward mo-
tion, electrons exhibit random
(or Brownian) motion, which
introduces current fluctua-
tions. In an ideal resistor, the
thermal noise voltage is given
by

e, = V4KTRB

Where e, = mean value of noise
voltage, k = Boltzmann’s con-
stant = 1.38 X 1023 Joules/Kel-
vin (absolute), T = temperature
of conductor in Kelvins, (Room
temperature is approximately
300 K), R = resistance (or real
part of a complex impedance) in
ohms, B = frequency band-
width in hertz = f,—f].

kT represents the average
available thermal energy. The
appearance of the term KT in
most noise expressions sug-.
gests that cooling might be a
suitable noise reduction tech-
nique. Unfortunately, cooling
individual components is diffi-
cult and often impractical.
Moreover, as will be noted in the
discussion of semiconductors,
some noise actually increases
with cooling.

Shot noise

Shot noise is present in any
electronic device where elec-
trons move across a potential

AN
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FIG. 2—NOISE EQUIVALENT CIRCUIT for a source-amplifier combination.




varying activity levels is added,
the spectrum becomes more
complex and can vary with tem-
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FIG. 3—MAP OF REGIONS OF INTERNAL NOISE in the frequency domain. The varia-
ble e, is the equivalent short-circuit noise voltage and the variable i, is the equivalent

open-circuit noise current.
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barrier in a random manner.
For example, a noise current
flows through a diode as a result
of current pulses produced by
individual charge carriers.

Excess noise

Another common noise
source in electron devices is ex-
cess noise. (It is also known as
flicker noise, 1/f noise, current
noise, contact noise, or defect
noise.) This noise is inversely
related to frequency. A 1/f spec-
trum is one in which noise
power amplitude increases lin-
early with decreasing frequen-
cy; the lower the frequency, the
higher the noise level. Excess
noise occurs because the re-
sistive material is not uniformly
distributed in the component.
Thus some electrons encounter
higher resistance than others.
These non-uniform paths lead

to current flow variations or
noise. Because it is electron-
flow dependent, excess noise is
proportional to the current
through the resistor. In active
devices the causes are more
complex, but they relate to crys-
tal lattice and surface effects.
Excess noise is generally ex-
pressed by a noise index in deci-
bels.

Generation-recombination
The doping centers of semi-
conductors also generate noise.
Electron-hole pair generation
and recombination at these
centers creates generation-re-
combination (GR) noise. It is
frequency- dependent and has a
complex spectrum. For a single
site, the spectrum is considered
to be 1/falthough this is an ap-
proximation. When the noise
from a large number of sites of

perature in very unpredictable
ways.

Two other potential noise
sources are avalanche noiseand
crystal defects (popcorn noise).
Avalanche noise occurs when a
PN junction is reverse biased
into breakdown, producing a
current avalanche. This event
can damage the junction, per-
manently increasing its noise
level. Popcorn noise is caused by
a temporary breakdown within
the device. It shows up as a cur-
rent flow with a duration vary-
ing from milliseconds to sec-
onds. This noise source is diffi-
cult to characterize because it is
intermittent. However, it can be
observed on an oscilloscope.

Avalanche and popcorn noise
will not be covered in greater de-
tail because they can usually be
avoided by proper care in device
selection and handling. You can
avoid this noise by operating
semiconductor devices within
their rated voltage and current
limits.

Noise in resistors

Figure 4 illustrates noise
equivalent circuits for a re-
sistor. Figure 4-a represents
thermal noise across the re-
sistor, Fig. 4-b is the voltage
equivalent circuit of the resistor
shown as a voltage source in se-
ries with a noisless resistor. Fig-
ure 4-c is the shot noise
equivalent circuit of a resistor
shown as a current generator in
parallel with a noisless resistor.
Referring to the thermal noise
equation, it should be noted
that kT is roughly 4 x10-23
Joules at room temperature, so

e, = V(R/64)B

Thus a 64-ohm resistor has a
noise of 1 = nV per root hertz.
Another useful relationship is
that a 1-K resistor has a noise
level of about 4 nanovolts per
root hertz. Thus a 20K resistor
has an average noise level of 2.5
millivolts when measured over a
20-kHz (audio) bandwidth.

Excess noise can also be pres-
ent in a resistor. It can be re-
duced by minimizing the volt-
age drop across the resistor.
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TABLE 1—

RESISTOR EXCESS NOISE
: 3 Excess
|Material noise (dB}
| Metal oxide —15to —40
Wirewound -15t0 —40
Carbon-film -5to0 —25
|Carbon composition +10to —20

Excess noise is related to re-
sistor materials, asshown in Ta-
ble 1. Proper resistor selection
can help to keep it low.

Noise in capacitors
Capacitors introduce two
sources of electrical noise: leak-
age and dielectric loss. Leakage
noise occurs because capaci-
tors, like resistors, have finite
resistance values. Fortunately,
that resistance is effectively in
parallel with the capacitor’s ca-
pacitative impedance, a much
smaller value, which effectively
shorts the leakage noise.
Dielectric losses occur as a ca-
pacitor charges and discharges.
In each cycle a small portion of
the stored energy is dissipated
in the dielectric medium. This
dissipation is characterized by
a factor called the dielectric loss
angle, which generally corre-
sponds to the fraction of energy
dissipated. The loss angle is re-
lated to the dielectric, ranging
from 10-2 to 10—4. The noise
voltage for capacitors is:

€n = V4kTdB/wC

where C = capacitance in
farads, d = the dielectric loss
angle, and w = 2xf.

Noise can be minimized by
choosing a capacitor based on
its dielectric loss angle. Table 2
lists typical dielectric loss an-
gles for capacitors.

If noise is to be reduced in
large-value capacitors, tan-
talum capacitors are preferred
because tantalum oxide has a
lower dielectric loss than alumi-

TABLE 2—CAPACITOR
DIELECTRIC LOSS ANGLES

Approximate
Dielectric loss angie (d)
Teflon 10-4
Mica 1038
Paper 10-2

num oxide. However, loss angle
for tantalum capacitors varies
with dielectric properties, man-
ufacturing process, and tem-
perature. By contrast, noise
output is highest in aluminum
electrolytics. It is well known
that electrolytic capacitors
must be properly polarized at all
times. What's not so well known
is that in addition to possible
damage, accidental polarity re-
versal can trigger noise bursts
that take several hours to sub-
side.

Noise in inductors

Inductor noise is rarely of se-
rious concern in circuit design
because of its low level. Induc-
tors generate noise in much the
same way as capacitors. When
they store energy, some of it is
dissipated, creating a noise cur-
rent, but it is generally at very
low levels.

Noise in diodes

Shot noise is the principal
source of noise in diodes. Actu-
ally two separate currents con-
tribute to noise in a forward-
biased diode: thermally gener-
ated minority carriers flow
across the junction in one direc-
tion, and majority carriers dif-

FIG. 5—HYBRID Pl| EQUIVALENT circuit
of a transistor.
fuse across the barrier in the
opposite direction. The size of
those currents depends on the
voltage. With no applied voltage,
the two currents are opposite
and equal, and the average net
current is zero. However, the
two currents are independent,
and each contributes noise,
even when their sum is zero. In
areverse-biased diode only leak-
age current is a factor in noise.
The noise current from shot
noise in a diode is given by

in =V2qiB

Where q = the charge of the
electron = 1.6 x10~!° coulomb
and I = bias point or average
value of junction current.

Noise in transistors

Transistors are the sources
for at least three types of noise:
thermal noise, shot noise and
excess noise. Thermal noise oc-
curs in the bulk semiconductor
material like thermal noise in
resistors. Shot noise occurs at
the PN junctions of semicon-
ductor devices because of the
flow of discrete electrons across
the junction, each carrying one
unit of charge. '

Shot noise is a major noise
source in bipolar transistors,
but it is less significant in
FETS. Both PN junctions in bi-
polar transistors conduct sig-
nificant current, but because
FETS do not have current flow-
ing across PN junctions, shot
noise can be ignored.

Data sheets for transistors
typically specify noise with two
curves, one for noise voltage
and one for noise currrent, as a
function of frequency. At high
frequencies, transistor perfor-
mance falls off, so the signal-to-
noise ratio suffers. It is advisa-
ble to choose transistor devices
that operate in their mid-band
range, although for very high
frequency circuits this may not
be possible.

Bipolar transistors

Figure 5 is a simplified hybrid
pi equivalent circuit of a bipolar
transistor. The generator gV,
produces a current propor-
tional to the voltage across re-
sistor r,.. In more familiar
terms, B = g r,.. For small sig-
nals, g.m can be shown as ql./
kT.

The resistors represent inter-
nal resistances in the tran-
sistor. Each has an associated
thermal noise generator. Re-
sistor r,,, represents the base
contact resistance, typically a
few hundred ohms. Because it
occurs at the input, its noise
contributes directly to the tran-
sistor noise. Resistor r, .. is usu-
ally very large but, because it is
in parallel with capacitor C_,
the noise is shunted, and can be
neglected. Similarly, r., is large



and in parallel with the output,
so its noise can be neglected.
The clfective base-emitter resis-
tance, r,,... is B kT/ql.. Because it
is not a real resistance, it does
not contribute noise.

The total transistor noise can
be represented by a voltage gen-
erator and two current sources
at the transistor input and out-
put. The input voltage gener-
ator represents the noise from
resistor r,,,. The input current
generator accounts for the shot
current across the base-emitter
junction as well as the genera-
tion-recombination noise. The
output current generator ac-
counts for the shot noise across
the base-collector junction.

Generation-recombination
noise in a transistor is generally
represented as a single spec-
trum source added to the base-
collector shot noise. It is given
by

lgr = VIKlg/T /B

Where K = a constant for the
transistor and I, = the base
current.

Generation-recombination
activity is proportional to cur-
rent. Because the recombina-
tion sites are dispersed
throughout the transistor,
rigorous determination of an
equivalent voltage can be com-
plicated. The base resistance,
r,, is often used for this; mis-
matches are absorbed in the
constant K. High 1/f noise often
indicates faults in the device
and is correlated with low tran-
sistor reliability.

Typical noise curves for a bi-
polar transistor are shown in
Fig. 6. As the collector current
increases, transistor gain rises,
so the noise voltage drops. How-
ever, the noise current (shot
noise) rises with the increased
current. The relative sizes of
these two sources must be con-
sidered in choosing the mini-
mum noise operating point. At
low frequencies, 1/f or flicker
noise dominates. Where graphs
are not given, a third parameter,
the corner frequency,- might be
given. This is the frequency at
which 1/f is equal to the mid-
range noise.

Table 3 gives examples of mid-
range voltage and current
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FIG. 6—TYPICAL NOISE CURVES FOR A BIPOLAR TRANSISTOR.

noises for typical bipolar tran-
sistor. At a lower collector cur-
rent, for example 1 microam-
pere, the 2N4250 noise voltage
rises to 2.2 nanovolts per root
hertz, while the noise current
drops to 0.5 picoampere per
root hertz. Because the relative
contributions to total noise
from noise voltage and noise
current depend on the input
source impedance, the optimal
operating current also depends
on this impedance.
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FIG. 7—NOISE EQUIVALENT CIRCUIT
for a JFET.
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TABLE 3—TYPICAL BIPOLAR
TRANSISTOR NOISE VALUES

Noise Noise

Transistor IC voltage current
2N404 1mA 20nV/ 1.8 pA/
VHz VHz
2N4250 1 mA 1.6 nV/ 1.2 pA/
VHz VHz
2N4124 1 mA 1.8 nV/ 1.4 pA/
VHz  VHz

Field-effect transistors

Field-effect transistors (FET)
have noise sources that are sim-
ilar to those in bipolar tran-
sistors, but they have different
levels. Figure 7 is an equivalent
circuit of a JFET for noise analy-
sis. The current generator g, V1
amplifies the signal and pro-
duces a current proportional to
the voltage V.. The value rgg
represents the channel resis-
tance, C,4 and Cy, represent the
capacitance of the junction,
and C,, represents the dis-
tributed channel capacitance.

Most of the voltage noise in an
FET is caused by the bulk resis-
tance of the channel. Because
this channel resistance is dis-
tributed over the entire chan-
nel, this noise is fed back to the
input via the transconduc-
tance, g,,,, in acomplex manner.
A detailed analysis leads to the
relationship

e, = VaKT (0.7/gm)B

Where 0.7/g,, is the noise coeffi-
cient for a FET.

In most cases, this formula
provides satisfactory estimates
of the voltage noise. However, at
high frequencies, the channel
noise is also transmitted
through C,4. This shows up as
an apparent increase in current
noise at high frequencies.

To minimize e, you can max-
imize g, by choosing a FET
with a large g, , and biasing it to
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a maximum. This occurs at the
maximum drain current, with
Vs close to 0. However, in se-
lecting a FET for maximum gm,
an input- capacitance problem
is introduced. Voltage noise is
reduced with the selection of
large FET's because of their
higher g .. or by using multiple
FETs in parallel. However, the
input capacitance rises in both
those options. When the FET
capacitance becomes compara-
ble to the source impedance,
the signal coupling drops, and
the signal-to-noise (S/N) ratio
falls. To maximize the S/N ratio,
the FET must be matched to the
source impedance.

At lower frequencies, noise
from generation-recombination
centers adds to the noise volt-
age. As in bipolar transistors,
the 1/f noise amplitude cannot
be calculated so it must be mea-
sured. It has a complex temper-
ature dependence because ma-
jority and minority carriers
have contributions that vary
with temperature. Because of
the temperature dependence,
moderate cooling of an FET can
lead to an increase in noise.

The main source of current
noise in an FET is the gate leak-
age current that appears di-
rectly at the gate. This is given
by the equation:

in = V2018

As with bipolar transistors,
FET noise is specified by graphs
of noise current and noise volt-
age as a function of frequency. A
typical characteristic is shown
in Fig. 8.

Single numbers can be given
for midrange noise voltage and
noise current. Because 1/fnoise
is a problem only at low kilo-
hertz frequencies, and reflected
noise is generally quite small,
these two numbers are usually
usable over a wide range of fre-
quencies. Because of their low
junction current, JFET’s emit
much lower noise current than
bipolar transistors while JFET
noise voltage is typically slightly
higher. Table 4 gives some typ-
ical noise figures for JFET's.

The noise equivalent circuits
for MOSFET's are similar to
those for JFET’s. However, a
MOSFET does not have a PN
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FIG. 8—TYPICAL NOISE CURVES FOR A JFET.

junction so it does not exhibit
leakage current or shot noise.
However, MOSFET’s have a
much larger 1/fnoise voltage, 10
to 1000 times that of a JFET. For
this reason, MOSFET's are used
only in applications requiring
very high source impedances
and frequencies.

Noise in IC's

Noise equivalent circuits for
integrated circuits consist of
equivalent circuits for their in-
cluded components. IC’s exhibit
slightly higher noise levels than
equivalent discrete device cir-
cuits because their fabrication
requires tradeoffs that err in the
direction of higher noise. How-
ever, these differences are di-
minishing because of IC fab-
rication improvements, and the
slight handicap in terms of
noise is offset by the IC's bene-
fits such as lower power con-
sumption, higher reliability,
and smaller size.

The noise generating ele-

TABLE 4—TYPICAL
JFET NOISE VALUES
Noise Noise
JFET voltage  current
2N4416 2.0nv/ 2.0 fA/
VHz VHz
2N4469 2.7 nVv/ 7.0 fA/
VHz VHz
2N5266 12 nV/ 5.0 pA/
VHz Hz

TABLE 5—TYPICAL ANALOG IC
NOISE VALUES

Noise Noise
Device voltage current
741opamp  25nV/ 0.7 pA/

VHz  VHz
OP-37opamp 3nV/ 0.4 pA/

VAz  VHz
LF357 op amp 12nV/ 10 fA/
LFET input VHz  VHz

ments in IC's are concentrated
at the input stage, so noise
modelling should focus on the
input device, whether it is a
JFET or a bipolar transistor. For
simplicity, noise specifications
of IC’s are lumped together as an
e, and i, referred to the input.
The noise current might not be
given for a JFET input IC be-
cause it is so small. Table 5 gives
typical values for some popular
ICs. The corner frequency, be-
low which 1/f noise is large, is
only 2.7 Hz.

Designing for low noise

Ideally, noise should be one of
the first considerations in de-
signing a circuit. Many noise-
reduction techniques are fun-
damental to the design process.
Most noise sources are wide-
band so the circuit should have
the narrowest possible band-
pass. Frequency shifters can re-
duce the bandwidth. By con-
verting RF to a lower-frequency



IF, it is easier to select only the
desired frequency range. At very
low frequencies, where 1/f noise
is likey to cause problems, it
might be desirable to chop or
upconvert that low-frequency
signal to a higher band, es-
pecially if the signal source can
be modulated.

A second major consideration
is the selection of the first-stage
active device, which usually de-
pends on the frequency that the
device must operate at and de-
sired input impedance. For sim-
ple projects, the obvious choices
are bipolar transistors or
JFET’s. For special projects
such laboratory equipment, the
designer might wish to use
more exotic (and expensive) de-
vices such as Josephson junc-
tions, superconducting quan-
tum interference devices
(SQUID’), or tunnel-diode pa-
rametric amplifiers, all of which
offer very low-noise inputs.

The crucial factor in bipolar
transistor or FET selection is
input impedance; FET's are in-
herently high-impedance de-
vices, while bipolar transistors
are lower impedance devices.
Bipolars are favored for imped-
ances in the 100-ohm to 1
megohm range, JFET's are sat-
isfactory above 1K, while
MOSFET? are the best choices
for impedances above 1
megohm. If the input condi-
tions are not established or sub-
ject to variation, as in an
oscilloscope input, a JFET is
preferable. JFET’s offer much
lower noise current than bi-
polar transistors, but their
noise voltage is only slightly
lower. Except when they must
operate at very high frequen-
cies, MOSFET' are at a disad-
vantage because of their large 1/
f noise.

Once a device type is selected,
the next step is to choose a spe-
cific device. This can be done by
looking at the noise specifica-
tions on the data sheets. For
best noise performance, it is ad-
visable to choose a device that is
operating in its midrange. Also,
high-gain devices generally ex-
hibit lower noise.

Itis important that signal im-
pedance be matched. Compare
the source impedance (a func-
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FIG. 9—COMMON-EMITTER AMPLIFIER
with traditional biasing.
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FiG. 10—COMMON-EMITTER amplifier
with low-noise biasing. Noise from re-
sistors R1 and R2 is shunted to ground
by the capacitor.
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FIG. 11—JFET AMPLIFIER biased for low
noise.

tion of frequency) vs. the de-
vice’s noise current and voltage
at the operating frequency, in-
put impedance, and operating
point. If the source impedance
is less than a few hundred
ohms, transformer coupling
should be considered. Re-
member that if two FET's are in
parallel, the effective input im-
pedance will be halved. This
doubles transconductance and
noise current noise while halv-
ing the noise voltage.
Suprisingly, feedback has lit-
tle effect on noise performance.
Except for the possible intro-
duction of noise from the feed-
back resistors, the addition of
feedback does not affect the S/N
ratio. Also, the amplifier config-
uration—common base. com-

mon emitter, or common collec-
tor—does not significantly af-
fect device performance. This
gives you the freedom to choose
the amplifier configuration that
best matches the signal source
impedance.

The next step is biasing. Fig-
ure 9 shows a typical common-
emitter amplifier stage. For a
high-gain stage, R is unlikely
to contribute noise, and noise
produced by Rg is shunted to
ground by C. Resistors Rl and
R2 bias the base. For minimiz-
ing amplifier noise, the values
fo those resistors should be as
small as possible.

Because these resistors have
significant voltage across them,
resistor excess noise must be
considered. A tradeoff might be
necessary. If calculations indi-
cate that the excess noise is a
problem, the circuit shown in
Fig. 10 can be used. Noise from
Rl and R2 is shunted by Cg.
Only R3 contributes noise, but
because the voltage drop across
this resistor is low, excess noise
does not present a problem. The
analysis for a common-collector
amplifier stage is similar to the
common-emitter except that in
this case the emitter resistor
should be as large as possible to
maximize the gain.

JFET biasing is illustrated in
Fig. 11. Because of the low FET
leakage current, Ry can be
quite large so that it does not
contribute much noise. Be-
cause a JFET's channel effec-
tively isolates it from the gate,
Rg and Ry, are decoupled from
the input. Therefore, noise from
those resistors appears in the
second stage, after the input
signal has been amplified by the
FET.

Once the input stage is de-
signed, be sure that external
noise is excluded. This means
ensuring that the input signal
source and input stage are well
shielded and noise from the
power supply is filtered out.
Low-inductance capacitors can
bypass power supply noise
effectively. For more demanding
applications, it might be neces-
sary to use a separate modular
power supply. In extreme cases,
the isolation of a battery might
be required. R-E
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THIS ARTICLE IS DEDICATED TO ALL
electronics experimenters who
have discovered the micro-
controller. Developing a new mi-
crocontroller-based project is
rewarding, but it can be difficult
even with the aid of a micro-
controller simulator. After all,
you can’t flash an LED or write
to an LCD with a simulator be-
cause programs don’t energize
relays—hardware under pro-
gram control does. Our inex-
pensive Static-ROM project is
designed to be an alternative to
the expensive professional mi-
crocontroller emulation sys-
tems. The Static-ROM in com-
bination with an assembled
8048 board (discussed in great-
er detail later on) is the perfect

named for its ability to emulate
ROM (Read-Only Memory) with
static RAM (Random-Access
Memory). It plugs in directly
where the EPROM would go,
and eliminates the hassle of
EPROM swapping. An average
program change and load to
Static-ROM takes less than a
minute; it takes a minimum of
15 minutes to erase an EPROM!

Static ROM can be made to
emulate the EPROM family from
2716 to 27256 simply by switch-
ing EPROM emulator cables. In
addition, Static-ROM provides
an automatic processor-reset
pulse (active-high or active-low)
after your program download
that can be used to restart your
target processor.

each instruction is executed ir.
1 microsecond. Its beauty lies ir
the power and simplicity of the
PIC16C55 instruction set, as it-
takes less than 60 instructions-
to implement the entire al-
gorithm for Static ROM.

The algorithm programmed=
into IC3 reads the sTROBE line ofm
parallel port 1 or 2, responds on-
the Busy line of the respective
parallel port, and supplies con-
trol line signals and sequential-
address information to the
43256 static RAM, IC4. Termi-
nal software controls the se-
lected parallel port, and com-
municates with the PIC16C55
and the user while routing bin-
ary user-written data to IC4.
The PIC16C55, as implemented

learning tool for the beginner,
and the perfect debugging tool
for the experienced micro-
controller user.

Designing projects that use
EPROM (Erasable Programma-
ble Read Only Memory) tech-
nology without reliable and
helpful hardware tools can be
an iterative and painful pro-
cess. Each time you change the
firmware embedded in the
EPROM for your project, you
must remove, erase, reprogram,
and remount the EPROM. Even
if you have dozens of EPROMS,
and cycle through them as you
change your firmware, it is still
very time consuming. An alter-
native to development with
EPROMsS is the use of battery-
backed RAM modules. But they
are expensive, require special
programming tools and tech-
niques, and you still have to re-
move and remount them.
Wouldn't it be nice to be able to
emulate the EPROM in your
project and eliminate the
vicious erase/program cycle?
Wouldn't it be nice to be able to
build your own EPROM emu-
lator in an evening for less than
$60.007?

Our Static ROM project is

Build your own
EPROM emulator
for less than
$60.00!

FRED EADY

Operation

The Static-ROM is built
around the PIC16C55 CMOS
microcontroller (IC3 in Fig. 1).
The 28-pin PIC16C55 provides
one 4-bit and two 8-bit bi-direc-
tional I/O ports, as well as a
timer/counter input, clock in-
put, and clear input. The
PIC16C55 contains 512 bytes of
EPROM and 32 bytes of RAM.
That doesn’t seem to be much,
but good things come in small
packages. The EPROM bus is 12
bits wide, while the RAM bus is
standard 8 bits wide. The 12-bit
EPROM bus allows the use of a
simple and powerful instruc-
tion set with emphasis on high-
speed bit, byte, and register op-
erations. There are only 33 12-
bit instructions for the
PIC16C55. With a 4-MHz clock,

in the Static-ROM, is essentially
an intelligent 15-bit up-counter
triggered by the paraliel port
STROBE line and synchronized
with the parallel port sBusy and
END lines. The EnD input on the
PIC16C55 serves as an end-of-
download indicator, and also
supplies the reset pulse for the
target system’s processor. Re-
sistor SIPs R4 and R5 perform
the necessary pull-up functions
for the PIC16C55 output lines.
Static RAM chip IC4 (a 43256)
holds all of the downloaded
user-generated binary EPROM
image data. If your application
does not use raw binary data,
Static-ROM does not care—it
downloads whatever the termi-
nal program sends. Therefore,
special tables and unique
characters can also be down-
loaded and used during emula-
tion. The 43256 has the
equivalent storage capacity
(32K) of the 27256 EPROM.
Only the amount of storage nec-
essary to emulate a particular
EPROM is used during actual
emulation. In the program-
download mode, the address
lines of IC4 are controlled by the
PIC16C55. In the EPROM-emu-
lation mode, the 43256 is con-
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FIG. 1—THE STATIC-ROM is built around IC3, a PIC16C55 CMOS microcontroller that
has one 4-bit, and two 8-bit bi-directional I/O ports, 512 bytes of EPROM, and 32 bytes

of RAM.

nected via address and data
buffers to the target system ex-
actly as an EPROM would be.
The target system does not
know the difference.

While the PIC16C55 is gener-
ating address information for
the static RAM, the static RAM
address and data lines must be
isolated from the target system’s
address and data lines to elimi-
nate any conflict, and the static

RAM data lines must be gated to
the data lines of the parallel
port. IC1. a 74LS541, provides
the gate for incoming data from
the parallel port. The chip pass-
es data to the 43256 static RAM
when the sTROBE line is active
(TTL low). When the sTROBE line
is inactive, IC1 isolates the par-
allel port data bus from the stat-
ic RAM data bus.

When in the EPROM-emula-

tion mode. the sTROBE line is in
the inactive state. which allows
the static RAM data bus to be
used exclusively by the target
system. During the download
cycle, the PICI6C55 emits a
BUSY signal to the paraliel port,
and generates the WRITE ENABLE
(WE) signal required to store
data in the 43256. During the
BuUsy time, the PIC16C55 gener-
ates the We signal that writes
the incoming data to RAM, in-
crements the address counter,
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updates the address lines to
RAM, and checks for the END
signal. Before dropping the
BUSY line, the PIC16C55 also
verifies that sTROBE has gone
from an active to an inactive
state. The terminal program
senses an active Busy line and
stops data transfer until the
BUSY line is made inactive or
cleared by the PIC16C55.

Another 74LS541 octal buffer,
IC2, has its ENABLE lines tied di-
rectly to the target system
EPROM cHip SELECT (CS) and
OUTPUT ENABLE (OE) lines. When
the target system processor is
fetching data from the Static-
ROM (which it thinks is an
EPROM), IC2 gates IC4’s data
bus to the target processor’s
data bus. When the target
EPROMS select lines are inac-
tive, the outputs of IC2 float,
thus isolating the RAM's data
bus. That allows the processor
data bus to be used by other de-
vices requiring its services.

The incoming address lines
are buffered by IC5 and IC6
from the target system. The en-
able lines for IC5 and IC6 are
tied directly to the PIC16C55
OUTPUT ENABLE (OE) pin. The
PIC16C55 disables IC5 and IC6
during program download and
enables the line after target pro-
cessor reset. Those two IC’s pro-
vide isolation from the target
system address lines during
program download, and act as
target-system address-line driv-
ers during EPROM emulation.
That allows the Static-ROM to
download a new software image
regardless of the state of the tar-
get system.

Inverters [C7-b and IC7-c pro-
vide an active-high or active-low
RESET pulse in synchronization
with the Enp input from the par-
allel port. Gate IC7-a, driven by
the parallel port sTROBE signal,
drives the base of switching
transistor Q1 via R1 to indicate
program download activity with
LEDI1 and R2. Upon sensing an
active END signal, the PIC16C55
resets its internal address coun-
ter to zero, refreshes the ad-
dress bus to RAM, floats the ad-
dress lines to RAM, enables the
address buffers (IC5 and IC6),
and waits for the next active
STROBE signal from the parallel
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FIG. 2—INST:ALL ALL PARTS as shown here. Note that IC5 and IC6 are mounted in a
direction opposite that of the other IC’s, and that C6 mounts within the confines of

IC4’s socket.

on the outside of the case.

port. Upon receiving an active
STROBE signal, the PIC16C55
disables IC5 and IC6, which iso-
lates the Static-ROM address
bus from the target. The pro-
cessor then proceeds with load-
ing the incoming data from the
parallel port into RAM. Once the
download is complete, the cycle
repeats.

Static-ROM doesn’t require
personality modules, jumpers,
and software to define the
EPROM being emulated. In-

FIG. 3—~THE COMPLETED PROTOTYPE. The

et 2 N

reset probe plugs into a banana jack, J1,

stead, each EPROM has a par-
ticular cable wiring scheme that
allows the user to switch
EPROM’s simply by installing
the appropriate cable between
the Static-ROM target socket
and the target system’s EPROM
socket. An advantage to this
scheme is that you need only
make the cables you will actu-
ally use.

Capacitors C1 through C8 fil-
ter and bypass the 5-volt DC
power bus. LED2 along with re-
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sistor R3 serve as a POWER-ON
indicator. An external 5-volt DC
regulated power supply is re-
quired to power the Static ROM.

The software for the Static-

ROM consists of a terminal pro-
gram that transports user-gen-
erated data, and controls the
selected parallel port. It has an
intelligent address generation

algorithm that resides within
the PIC16C55. If you own a
PIC16C55 programmer, the
PIC16C55 source listing is
available, so you can program
your own. Source listings of the
software for both the PIC16C55
and terminal program are avail-
able on the RE-BBS or from the
address in the Parts List.

Construction

A PC board is recommended,
but not necessary. If you choose
to make one, use the supplied
foil patterns; otherwise you can
obtain one from the address in
the the Parts List. Placement of
the DB25 parallel-port con-
nector is critical, so follow the

PARTS LIST

Resistors

Ri1—1000 ohms

A2, R3—180 ohms

A4, R5—10,000 ohms = 9, SIP

Capacitors

C1—470 wF, 16 valits, elactrolytic

C2-Ca—0.1 uF, Mylar

Semiconductors

LED1, LED2-—light-emitting diode, any
colar

H—PMN2222A NPN transistor

IC1, 102, IC5, IC6—T4L5541 octal bulf-
erflineg driver

IC3—PIC1BCES CMOS microcontroler
{programmexd)

IC4—43256 static RAM

CT—74L504 hex invertar

Other components

XTAL1—4-MHz caramic oscillator

E1—5PDT switch

J1—banana jack

Miscalianacus: 5-volt DC power supply
{500 mA), 28-pin ZIF socket (optional,
for the target socket), |G sockets, 25-
pin right-angle D shell connector,
EPROM cables, serial cable, PC
board, wire, solder, mounting hard-
warae, etc,

Mote: The following items are avail-
able from Fred Eady, PO box
541222, Merritt Island, FL 32954:

* A complete kit of parts including
PC board, 25-pin connector, SPDT
switch, and IC sockets (not includ-
ing 8048 target board, power sup-
ply, ZIF socket, and cables)}—59.95
+ 5.00 5&H

& Agzembled 8048 microcontroller
target board and software routines
on diskette—520.00 + 5.00 S&H
& Programmed PIC16C55—$25.00
+ 5.00 S&H

® PC board only—$15.00 + 5.00
S5&H

® Static-ROM software on dis-
kette—55.00 postpaid

Check or monay orders only. For
technical assistance and inquires
call 407-454-9905
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component layout if you choose
to handwire the Static-ROM.

It’s a good idea to socket all of
the ICs. Install all IC sockets as
shown in the parts-placement
diagram of Fig. 2, paying par-
ticular attention to the pin-1 po-
sitions of IC5 and IC6, which
are mounted in the opposite di-
rection from the other IC’s. Ca-
pacitor C6 mounts within the
confines of the socket for IC4.
The dot on SIP resistors R4 and
R5 indicates pin 1, as do the
square pads on the printed cir-
cuit board. The Static-ROM
does not require a case, but if
you decide to use one, re-
member to mount the LED’s
and switches in the appropriate
locations.

At this point you should have
all of the components except the
IC’s and the DB25 shell con-
nector mounted on the printed-
circuit board. Apply power (the
poweR LED should illuminate)
and check for power and ground
on all of the IC’. If the specified
voltages are not present, re-
check your work. When you are
satisfied with the voltages, in-
stall the DB25 connector.

Depending on your choice of
target processor, solder alength

| 1
1
1
RIBBON
CABLE
HEADER
SOCKET

FIG. 4—USE NEEDLE-NOSE PLIERS to
insert the wirewrap wire into the insula-
tion-displacement header pins, and then
insert the ribbon cable on top of the
wirewrap jumpers (see text). Table 1
shows the connections for different
EPROM’s.
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of wire with a microclip on one
end to either pin 5 or pin 6 of
IC7 to act as a target-system re-
set probe. Remember, you will
be attaching this lead directly to
the pin of the target processor,
so be sure to select the appropri-
ate microclip. The prototype
was built with SPDT switch S1
supplying either an active-high
or active-low reset pulse to a ba-
nana jack, J1, on the outside of
the case. The prototype’s reset
probe consists of a multimeter
test lead with banana plugs on
both ends. That makes con-
necting the probe to the Static-
ROM painless and allows for dif-
ferent types of clips at the op-
posite end of the reset cable.
Incorporating switch S1 not
only makes switching between
active-high and active-low reset
outputs simple, but also pro-
vides a way for manually reset-
ting the target processor by
simply toggling the switch. Fig-
ure 3 shows the completed pro-
totype.

Referring to Table 1 and Fig. 4
as a guide, assemble the
EPROM cables of your choice.
Use wirewrap wire and insula-
tion-displacement ribbon-cable
headers to make the EPROM ca-
bles. Use needle-nose pliers to
insert the wirewrap wire into
the required insulation-dis-
placement header pins, and

then insert the ribbon cable on '

top of the wirewrap jumpers,
and then complete the assembly
of the header. Maximum
EPROM cable length should not
exceed 36 inches for reliable op-

eration. The data cable from the
parallel port has a 25-pin, pin-
to-pin male connector on the
parallel-port end and female
connector on the Static-ROM
end. That cable can have a max-
imum length of 6 feet. For ease
in making the data cable, use
insulation-displacement DB25
shell connectors on both ends.
When you are satisfied that all
connections are correct, install
the IC's.

Initial testing and use

The best test for Static-ROM
is to write some simple routines
for controlling a small micro-
controller system and execute
them with it. If you do not have
an EPROM-based target sys-
tem, the author will provide an
assembled 8048-based micro-
controller system that contains
a microcontroller, UART (Uni-
versal Asynchronous Receiver
Transmitter), I/O ports, RAM
and EPROM (see Fig. 5). A sche-
matic diagram and software
routines to exercise the as-
sembled 8048 board are also in-
cluded. The author-provided
fully commented software rou-
tines consisting of an LCD driv-
er, I/O drivers, and a serial I/O
routine using the onboard
UART. The serial routine is writ-
ten to talk to an ASCII terminal.
A feature of the assembled 8048
board is that you can replace the
8048 and EPROM on the as-
sembled board with a pro-
grammed 8748. This feature
permits you to eliminate the
EPROM if you decide to dedicate



